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Abstract

L

The oases of the Draa are part of the biosphere reserve recognized by UNESCO, 2000. These oases are agro
systems located in the Saharan region of southern Morocco. They are the main sources of livelihood of the
indigenous population. The sustainability of the oasean system for centuries has made him a rich and resilient
ecosystem. Despite its aridity and isolation, the population had always been able to adapt and optimize natural
resources, which are scarce. However, during the last 50 years extreme events (droughts, floods and locust attacks)
have become increasingly frequent, and have a considerable threat. The article is a diagnostic of resilience state
and the impact of extreme events on food security and even existence of this heritage.
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Introduction

The oasis can be defined as intensively cultivated areas in a desert
environment that is strongly influenced by aridity [1]. Several stratums
of cultures developed thanks to the favorable microclimate created by
date palms. This is commonly called the oasis effect [2]. Oases have a
long history, stretching some 6,000 years. The areas of Egypt
Mesopotamia (Iraq) are the birthplace of the date palm [3]. Today, the
oases are distributed throughout the arid areas of the world. We
distinguish the new oasis in North America and Australia, and the
oldest, throughout arid regions linking Africa to Asia [4]. In Morocco,
there are 11 provinces phoenicicoles (Figuig, Errachidia, Ouarzazate,
Tata, Tiznit, Guelmim, Tan Tan, Laayoune, Smara, Boujdour and
Oued Ed-Dahab), located in the South and Southeast of the country,
representing two-thirds of the national territory. They are limited to
the north by the chain of the High Atlas, to the east by the Moroccan-
Algerian border, to the south by the Moroccan-Mauritanian border
and west by the Atlantic Ocean [5]. The major ones are the oasis of
Tafilalet (Errachidia) and of the Draa Valley. Draa valley is a rural area
characterized by an (irrigated) oasean agriculture, this oasis has been
declared as «biosphere Reserve» by UNESCO [6], covering an
approximate area of 7.2 million ha over the provinces of Errachidia,
Ouarzazate, and Zagora [4]. Middle Draa valley oases occupy about
27,000 ha in six palm groves characterized by a vegetation
management in stratum dominated by the date palm that promotes
micro-hot and humid climate conducive to diversified agricultural
production [7]. This canopy provides protection against the arid
climate for the lower levels of fruit, tree crops such as Henna,
grenadiers, gardening, and livestock fodder. "The local economy is
dominated more than 70% by extensive agriculture and pastoralism,
these activities are inefficient and do not always meet the daily needs
[8]. Recognizing that food security is central in any region of the
world, we emphasize the place of agricultural and livestock products in
human nutrition, as principal sources of income in oasean
communities.

The oases have adapted to harsh conditions for centuries and
ensure the sustainability of this system. The oases, which now
represent a real growth potential in seemingly hostile environments,
are adaptive models and tools to fight against desertification [9].
Despite its importance, during the last 50 years extreme events
(droughts, floods, and locust attacks) have become increasingly
frequent, and have a considerable threat on this agro-system. In fact,
the oasis currently faces new challenges like reduced production
resulting from Bayoud disease, soil salinization, soil encroachment,
water erosion and drought [7,10]. The oasis civilization, its lifestyle,
and its special ecosystems are part of the common heritage of
humanity: these threats could make them disappear within one or two
generations [4]. Is this acceptable? Through this paper, we will prove
or disprove this claim. We will diagnose the oases's resilience and the
impact of extreme events on food security, and even the viability of
this heritage, by a detailed spatiotemporal analysis.

In general, after Sabbari and Larbi [5], the oasean environment is
characterized by:

o Low and irregular rainfall in time and space (between 50 and 200
mm/year);

o Very high in summer and relatively low temperatures in winter
(-5°C to +45°C);

+ A daily thermal amplitude generally quite high (15 to 20°C);

« An intense evaporation: in fact, it reached more than 2500 mm
annually. Inside the palm, evaporation is reduced by micro-climate
created by the arboreal stratum;

o Two types of winds in the North East and East that are dry and
warm known Chergui.

Potential of Oasean Ecosystems

Because of its strategic position between the Sahara and the north of
Morocco, and due to the importance of its resources, the Draa Valley
has been highly attractive to people of various origins throughout its
history [11]. Traditional agricultural techniques allow coping with low
average values of precipitation together with a high variability by using
a mixed system of irrigation agriculture and transhumant livestock
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grazing [12]. For centuries nomads and oasis communities have been
demonstrating their adaptive capacities and resilience by coping with
tough environmental conditions [10]. In fact, transhumant
pastoralism mitigates variability in rainfall by mobility of herds on
collective rangelands [13]. The access to collective lands used by tribal
and intertribal groups as well as the opening and closing dates of
pastures are fixed by the pastoralists at a local level [14]. Oases are
support production systems based on a learned association of crops
and livestock of sheep and goat breeds known for their high prolificacy
[15]. Legumes are predominant and highly complementary major
contributors to increased fertility of soils, favorable to other cultures,
and restrict the use of nitrogen fertilizers, which pollute groundwater
[16]. Early agriculturalists were led to the installation of oasis by the
availability of water resources. It is primarily in the valleys and Wadis
he went to fetch water, where it was shallower. The oases installed
along the southern piedmont of the Saharan Atlas receive periodic
flooding waters used for irrigation [17].

The biodiversity in oasis is concentrated on the borders of large
desert areas on planet [4]. In dry-land land-use systems is centered on
the conservation, use, and optimization of moisture and organic
matter in the soil. Biodiversity is carefully managed and nurtured to
interface with hydrological and nutrient cycling and provide for
ecosystem resilience, food security/diversity, and risk minimization
[6]. Agro-biodiversity in oases is not only conservatory but also
continuously produces new branches of living species [4].

Agriculture adapted to dry land area

The oasis economy is closely linked with the agricultural sector,
which has been a form of adaptation for centuries [11]. Oases had over
the centuries a model of adaptation to climate change by integrating
the constraints of natural resource management.

Several studies were mentioned some aspects of adaptations of the
oasean model cited in several studies [9,11,18]. We quote here some
adaptation methods cited by RADDO [9] like:

« Intensive agriculture within the oasis associated with extensive
livestock on large external pastoral spaces of oasis allowed
constant fertility maintenance.

o The traditional gravity irrigation of surface water, with water
sharing according to the needs of the plots.

« Rational use of space is an expertise of flood spreading allowing
the cultivation of large areas in years with heavy precipitation or,
on the contrary, to fall back on irrigated perimeters in the dry
years.

o In many cases, a system of water collection of groundwater and
gravity adduction as “Khettaras” or “Foggaras”, to cultivated areas
from several kilometers.

o Development of an adapted biodiversity as a genetic reservoir of
local species necessary to adapt to climate changes.

Traditional oasis consists of the superposition of three stratums:

o Stratum of trees: date palm 15 to 30 m.,

o The shrub stratum: fruits such as apples, pomegranates and henna
and,

o The herbaceous stratum: market gardening oasis with many
varieties.

In fact, the oasis contains an important source of species and
varieties of highly endemic fruits—grapes, peaches, apricots,

pomegranates, dates, figs-in addition to cereals and legumes (barley,
wheat, alfalfa)and animals (poultry, goats and sheep) among these
D'man race (southern sheep race of the Moroccan oases) [4]. The palm
trees are considered as umbrellas that offer various crops underneath a
favorable microclimate for their development [11] (Figure 1).

Figure 1: Khettara system. Water produced in the underground
tunnel of the khettara (A), which is visible thanks to the vertical
excavation shafts (B), runs beneath the habitat (C), and gathers in
decantation tanks (D) useful for drinking water, ablutions and for
cooling the dwellings. Once conveyed in open air channels (F),
water irrigates the palm grove (E) subdivided into tilled parcels by
low mud walls (G). Source: http://www.hydriaproject.net/

The population is concentrated in villages and ‘ksours’ (traditional
agglomeration in oasean system) located outside the oasis. They settled
in elevation on the edges of the alluvial terraces probably for defense
and surveillance [19]. The date has always been, from time
immemorial, a very important component of diet for both humans
and animals in all countries of the southern and eastern
Mediterranean [20]. Despite the severe climate, the farmer oasis has
significant advantages, particularly plant and animal material quality
with good adaptation to difficult conditions [5]:

« High productivity of certain local products (Cereals: Fartas,
Cheguira, forage alfalfa, Filalie, etc.).

» Precocity of production (fruits, vegetables and cereals).

»  Exceptional Characteristics of the ovine race (D'man race).

Considering the severe environmental constraints (unreliable water
supply, high temperatures, soil salinity), wheat oases (called "Béldias"
varieties) are likely to be veritable models for the study of the
physiological bases of adaptation to the constraints of the dry land.
These wheats of Sahara could, for the same reasons, be interesting
spawners in the creation of varieties for the surrounding semi-arid
areas [21]. Ducellier [22] was the first to draw the attention of
agronomists to the originality of Saharan wheat and the cultural
opportunities of the real importance that offered these cereals. With
the significant reduction in the number of male palms, the oasean
farmers have used artificial pollination locally called "Dokkar". This
method has been used since Mesopotamian and Egyptian agriculture
started using it thousands of years before our era [21].

In terms of livestock and animal power, it is well established that
livestock have an important part to play as they provide food security
and regular income; and the indigenous population have used this
source since the creation of the oases. Animals of the oasis are used for
the production of organic manure to fertilize the soil, already less
fertile, and also used as a labor force. The ovine animals, mostly the
‘D'mane’ race, is particularly adapted to climatic hazards with "elastic"
character known for its high prolificacy (220%) and the ability to dual
lambing [5]. In the oasis economy, livestock in general and sheep in
particular are an adaptation strategy [11] intended for consumption,
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and cash flow. The camel is one of the species well adapted to the
bioclimatic conditions of the Sahara. It offers milk, meat, wool, and
leather, and locals use it for the transportation [11]. There are many
sources of feed in the oasis, either as forage or from by-products of
food crops [23].

Water management

Located in pre-Saharan regions, the oases suffer from severe aridity
and scarcity of water resources. The largest part of surface water comes
from the High Atlas Mountains, while the use of groundwater
resources is provided by digging wells. The ancestral populations have
shown a major form of adaptation to aridity constraints through the
development of knowledge and heuristic expertise on a traditional
water supply system called 'Khettara' [24].

Where water is scarce regulating the use of water is more complex
and detailed. Roman and Arab civilizations were able to rationally
distribute and use water in diverse and ingenious ways [25] (Figure 2).
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Figure 2: Relation of water availability and area cultivated from
1974 to 2006. Source: ORMCAO [26]

In 1888, Ch De Foucauld reported that the Draa region (the study
area) was very rich in terms of water resources and biomass. The
following paragraph is an extract from his report on this area (1888):

All Draa has the same enchanting look: same freshness everywhere,
same abundance of water, same lush vegetation. However, there is no
place where water is never dried up in the river: in some summers,
parts of its basin dry up, but the years when this happens are rare.
Even then, the channels that serve to feed and water the Draa do not
cease to flow at full edges. In the Draa, floods are more frequent then
droughts. It is not uncommon to see in winter the river flooding the
whole valley even till the walls of the Ksars. The water from the Oued
Draa, even of it is a little yellow, it is pleasant to drink. Among the
countless trees that shade the river, palm trees dominate everywhere...
there was a large quantity of fruit trees, figs, pomegranates, peaches,
grapes and so on. ... Throughout the Draa country, bees are numerous
and honey is abound"... Ch De Foucauld 1888: 286. Cited by Ait
Hamza et al. [11].

Micro-climate enabling

The oasis effect is an internal microclimate created under the
influence of sunlight filtering through the palm, moisture, heat and
light; it is very suitable for agriculture and livestock [4]. The

characteristic insularity of the oasis, environed by the desert, precludes
surrounding refuge vegetation, which acts as a reservoir in other
regions, especially for auxiliary insects [27]. The oasis also plays
another physical role. It is a protective role against the effects of wind
in conditions of sufficient density respecting the space devoted to
intercropping [15]. For the traditional oasis, several vegetation strata,
interception of solar radiation will increase the cooling near the soil
[2]. The soil is generally alluvial and little evolved with an alkaline
trend. It has, in places, high levels of salinity [5]. As the main tree of
the oasis and unlike many other plants, the palm tree can support up
to 30 g of salt per liter of water - water in arid regions often contains
high levels of minerals such as salt - but with some decrease in
production [4]. These strengths have enabled the people of the oasis to
adapt to the harsh climatic conditions, scarcity of water resources, and
low soil quality in order to adopt appropriate means of production.

Agriculture and farming are the main economic activities in the
area. Agricultural development might provide economic development;
through the increase of agricultural land and improvement of
productivity there will be, subsequently, assurance of food security.
Date palms can help ensure that food security. The date palm is used
as food for humans and even livestock. In fact, it is the main source of
income for the community oasis, as the finished product and also as
byproducts. Unfortunately, for the past 50 years, the impact of climate
change and human intervention has changed the dynamics of this
system, which has become vulnerable.

Environmental Vulnerability and the Impact of
Climate Change

The number of palm trees in the world can be estimated at 100
million trees. The yield per hectare is variable: 9 tons and 1.2 tons in
Egypt to Morocco [28]. Recent indirect drivers of change in the
Maghrebian oasis (on the northern border of the Sahara) have been
population increase, policies to settle nomadic populations,
investments generated by migrants working abroad, and
transformation of self-sufficiency to open-market economies in
countries of the Maghreb. Consequently, in Draa Valley, altogether
over 1.4 million date palms can be found in the region. But from a
number of over 15 million palm trees at the beginning of the 20th
century, the situation has changed drastically due to a specific palm
tree illness called Bayoud, water stress, and the aggradation of sand
from the Sahara Desert [29]. The main forms and degradation
processes that affect the oasis agro-system are presented as follows:

Salinity and desertification

The strong hot winds and high temperatures accelerate the
evaporation rate which encourages increasing salinity of the soil in this
region (Table 1). The salinity causes a 35% decrease of total
agricultural profits; passing from 189.6 MDH (22,9USD) without
salinity to 119.4MDH (14,4USD) with salinity; based on the value
(USD/MAD = 0.12108).

When water scarcity alone is taken into account, farmers will
probably decrease crop areas, but also crop yields to a minor extent to
deal with the scarcity situation. But in a situation which combines
water scarcity and high salinity of the water available, farmers face a
more complicated dilemma, as a reduction of the amount of irrigation
water per hectare as in the scenario without salinity would swiftly
increase soil salinity and depress yields by far more [30].
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Without salinity With salinity
Normal Medium Low Normal Medium Low
Total water use (Mm®) 233.8 186.6 98.7 218.0 137.6 29.6
Use of available crop area (%) 63.9 50.7 26.0 47.7 32.0 6.1
Agric. Profits total (MDH) 260.4 189.6 79.6 171.0 119.4 20.5

Table 1: Basin-wide simulation results for normal, medium and low water availability without and including salinity effects [30].

In the last decade; 93% of Moroccan territory is affected by
desertification [31], and the province of Zagora (Middle Draa Valley)
is considered among the most barren of the country [32]. The problem
of silting became threatening from the 1970s. This threatens homes,
farmland, irrigation canals and road infrastructure in the palm groves
[15]. Advancing sands constitute a real threat for the poor rural
population [11] Today, the Services of Agriculture, and those of
Waters and Forests must be constantly mobilized against salinisation
and sand that invade palm groves, mainly those located downstream
(M’hamid, Ktaoua and Fezouata) [11]. In the Draa Valley, 20% of
modern and traditional irrigation networks are sanded to varying
degrees [33].

Bayoud desease

The ‘bayoud’ is a fungus (Fusarium oxysporum £ sp. albedinis)
which attacks mainly palm trees. The fungus enters the tree by its roots
and causes death once it and its toxins reach their terminal bud [11].
This is the most serious disease of the date palm. In Morocco, 10 to 12
million trees have been destroyed in a century and two varieties
marketed have virtually disappeared [34]. Thus the phytosanitary
status of the oasis is constantly threatened by introductions of pests
and diseases which are largely from import of plants [35].

Local varieties and unsustainable crops introduced

The oasis areas, have suffered, like other regions, strong genetic
erosion due to the introduction of new, varieties. Some local varieties
may disappear completely in a few years if they are not carefully
collected and stored [28]. To genetic erosion is added to the
introduction and expansion of unsustainable cultures especially like
watermelon. Cultivation of henna or watermelon in the dry season
seems absurd and unsustainable. Pumps spit huge amounts of water to
irrigate the crops at this time, knowing that the groundwater level
continues to decline. Farmers switch to more profitable crops but this
practice is harmful in the long run, especially the cultivation of
watermelons which exacerbates the demand for water [6]. In fact, from
2012 to 2013 the area of watermelon cultivation almost doubled (670
in 2012 to 1130 in 2013) [36].

Impact of drought on water availability, yield and livestock

Saharan and pre-Saharan regions are subjected to periods of
drought that may last several years and cause considerable losses both
by falling production and by the dying of trees [37]. Table 2 shows the
impact of drought on potential resources: the surface water resources
decrease from 225 Mm? in an average year to 102 Mm? in a dry year.

Average Year Dry Year
Potential resources Mm’ % Mm’ %
Surface water resources (Draa and tributaries) 225 85 102 56
Extracted groundwater resources 40 15 80 44
Total exploited resources 265 100 230 100

Table 2: Potentiel de la zone en ressources hydriques. (Source: Cited by Heidecke [30])

The impact on water resources is seen especially on yield. In fact, on
average, palm trees can yield 18 kg of dates per tree in the southern
regions of Morocco [29].

Yields of date palms, measured in kilograms per tree, are highly
correlated to the amount of available surface water [30]. Production
strategies are strongly related to climatic conditions. Water stress
caused by drought and salinity is the most important abiotic factor
limiting plant growth and crop productivity in arid lands [38].
Therefore, enhancing osmotic stress tolerance in crops grown under
such conditions could provide a solution to this problem [39]. In Draa
valley, the agricultural sector is a key to economic development. This
valley is mainly rural and its economy remains highly dependent on
irrigated agriculture [40]. Although agriculture is essential to provide

sustenance [41], the droughts in the Draa Valley have consequences on
agricultural yields, causing low income and poverty in rural areas.

Regarding the livestock, it is not only a source of income, but also
plays a role in food supply. A high number of cattle, sheep, and goats
assure meat consumption for a large part of the local population [30].
In the Draa oases, a smaller number of livestock is kept near houses
which profit from fodder cultivated in the oases, namely alfalfa, barley,
dates, maize, but also leftovers of food from the house [42]. Livestock
can also be affected by climate change. Specifically, livestock can be
affected in 2 ways: the quality and amount of forage from grasslands
and direct effects on livestock due to higher temperatures [43].

There is evidence that intensively managed livestock systems are
potentially more adaptable to climate change than crop systems
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because they are better able to adapt to extreme events [44]. In the
Middle Draa Valley, the decrease is more severe for all animals as
precipitation and hence fodder availability is weaker in the area [30].

According to Figure 3, the number of animals depends on the
precipitation variability. This is mainly due to the latent water stress of
plants. Livestock is an important income source for families in the
Draa region [30]. During drought years, the number of animals is
reduced due to fodder shortages.

In the past 50 years, the oasis has experienced many disruptions
caused by droughts, more severe salinity, siltation, the “Bayoud”
disease, overgrazing of natural vegetation and excessive harvesting of
woody vegetation. The combined actions of these factors have
gradually degraded the oasis, and have made it now reliant on
financial transfers by migrants. The Environmental vulnerability has
radically changed the socio-economic situation. In general,
agricultural income of farmers in oasis is steadily declining [4].
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Figure 3: Number of animals in the Draa region from 1980 to 2003.
Source: ORMVAO [45].

Table 3 shows that farmers recorded a margin negative due to high
amount of costs (Labor, Seeds, Irrigation...).

Charges Total costs from survey | Total costs US $/ha
dh/ha

Total costs 7123 854,76

Total revenues 3472 416,64

Gross margin -3651 -438,12

Table 3: Gross margin of wheat per ha in the Draa valley in 2005.
Source: Heidecke [30] Note: 1 US $ = 8.26; IMAD = 0.12 US §$;
www.oanda.com; Sept. 28, 2013.

Otherwise as already mentioned before, soils in the Middle Draa
Valley are little developed which cause lower crop yields. Moreover,
tourism is a growing but limited sector, but declining agriculture and
the absence of industry offer only a few jobs for the increasing
population. These problems drive people to leave their areas for
migrating, predominantly out of the Draa Valley, is common to
support families left behind [46]. In fact, 65% of households in the
Draa valley depend on remittances from migrants [47]. Oases
communities of Middle Draa valley are geographically at the periphery
they often live in remote and isolated areas on ecologically fragile land
which increases their exposure and vulnerability to climatic events. In

human terms, these oases housed about 240 000 of inhabitants in 2004,
85% of the rural population of the region (Table 4).

Urban area Rural area
Population 42 802 240 566
llliteracy 34.75% 55%
Rate of access to drinking water 86% 63%
Poverty rate 12.75% 37.64%

Table 4: Social aspects of Middle Draa Valley [33].

All these factors contribute to accelerate poverty in rural areas and
the reliance of the poorest on fragile ecosystems. Environmental
vulnerability is much greater in from upstream to downstream of the
Middle Draa Valley [6] which means that the socio-economic
problems are more pronounced downstream than upstream. In fact,
M'hamid (rural area in most downstream) passed from 8671 to 7764
inhabitants and Ktaoua (40 km to upstream of M’hamid) from 24780
to 17553 inhabitants, with a loss of 907 and 7227 inhabitants
respectively [48]. The indexes of fertility in the year 2004 (3.4 for
Ktaoua and 2.9 for M'hamid) show that the rate of natural increase is
still very high [11]. Within families, parts of the remittances from
migrants are used to “subsidize" pastoral activities [47]. Dryer
conditions in the future, however, are a highly probable scenario and
might substantially affect livelihood options within the socio-
ecological system. Drought and desertification have a negative impact
on water availability and quality, which have damaged the
agriculturally based economy of the region. In addition the quantity
and quality of domestic water has decreased. Apart from the indirect
economic consequences, increasing migration, the direct negative
impacts of the water crisis can be seen in the areas of nutrition,
hygiene, and quality of life [48].

Annual Rainfall in mm
(2036-2050) minus (1886-2000)

32N Annual Rainfall in mm
1986-2000

Atlas Montains.

Figure 4: Annual mean rainfall 1986-2000 in mm (left) and the
difference between the periods (2036-2050) minus (1986-2000).
The small map in the right panel shows the significance of the
climate change signal, Source: Born et al. [49].

Future trends based on water resources

This section, looks to the future. It reviews the drivers that have
changed and what the implications will be for agricultural products
and livestock contributing to food security in the dryland area,
specially the oasean community. The existence of the oasis is due to
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the presence of water resources, in this section we will focus on the
future situation in relation to water resources.

The Draa Valley (Upper and Middle presents a spatial contrast of
precipitation between upstream (High Atlas) and downstream Sahara
(Iriki) let’s say that this gradient follows the topography (Figure 4).

2010 2020
Reference scenario (Million m3) 76 113
Climate change B2 (Million m3) 76 144
Climate change A2 (Million m3) 76 183

Table 5: Water demand under climate change B2 and A2 Scenarios for the Ternata palm grove (In Middle Draa Valley). All months in Million

Cubic Meters.
) 1970 b) 1998 ©) 2030
Palm Qases Palm Oascs Palm Oases
100% 100% 100%
50% 50% 50%
0 0 0
Q Dum GW Q Dam GW Q Dum GW

Figure 5: relative water use in Draa for a) pre-dam conditions, b)
post-dam conditions and ¢) future scenario. Q=discharge, dam=
Mansour Eddahbi dam, GW=Groundwater (based pn direction de
la recherché and Minstére des Travaux Publiques (1998) and
Minstére de 'Equipement (2002), Source: De Jong et al., [53].
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Figure 6: Simulated development of the capacity of the reservoir
"Mansour Eddahbi" under socioeconomic scenario
MI1"Marginalization" and M2 "rural development” and climate
change scenario. 250Mio m3 is required for satisfying water
demand of the middle Draa valley [52].

The study projected locally shows a tendency towards dryness and
reduced precipitation will increase the water crisis in the region and
beyond will impact the food security. In order to predict water
demand of the Middle Draa Valley, we used trends of water demand
developed by [50] using the WEAP model (Water Evaluation and
planning System), created by Stockholm Environment Institute (SEI).
This model allows an analysis of the water demand under climatic and
socio-economic scenarios, for the agricultural districts of Middle Draa
Valley. We present here, the water demand of the palm grove of
Ternata, the most important of the Middle Draa Valley oases. The
model predicts an increase in water demand (Table 5) in Ternata palm

grove under the two IPCC greenhouse gases scenarios (A2 and B2).
Through this table, we see that under A2 scenario, in the coming years,
the water demand will be more important than under B2 scenario. In
fact, under A2, the demand in 2010 was 76 Million meter cubic
(MMC), and will be about 183 MMC by 2020, whereas, under B2 will
be 144 MMC.

In fact, climate change alters the hydrological regime and
accelerates the land degradation of MDV and thereafter influencing
agricultural production. Vulnerability is exacerbated by population
growth, as well as poor standards for health, education, and
governance [51]. The main water resources of middle Draa Valley
(palm groves or palm oases) are Mansour Eddahbi dam in upstream
and groundwater. The hydrology of the MDYV is controlled by releases
of Mansour Eddahbi dam which was constructed in 1972 with an
initial capacity of 583 million m3 [9,52].

As showed in Figure 5, before the Mansour Eddahbi dam was built
in upstream of Middle Draa Valley (1970), irrigation was mainly
dependant on river discharge (G) and groundwater extraction (GW).
After the dam was built (1998), the palm groves of Middle Draa Valley
became dependant on dam water use.

In 2030, if the rapid infill of dam due to high sediment transport
rates in rivers continues at the present rate the dam will no longer be
fully functional for irrigation [52]. In fact, the Mansour Eddahbi dam
experienced a number of problems which include siltation [9]. Indeed,
the capacity was reduced by approximately 25% to 438 Mm? (in 1998)
due to siltation; this corresponds to a mean erosion rate of 5,6t/ha/year
[53]. According to forecasts (Figure 6), the dam would hold less water
in the future under different scenarios.

As mentioned above, agriculture is a major activity in the Draa
region, which means that, water scarcity is a principal problem.
During the drought period, farmers substitute surface water by
groundwater. Groundwater on the other hand is more saline which
leads to decreasing crops yields [54]. The changes have affected crops
and livestock in a number of ways resulting in reduced productivity. It
is necessary to gather the resources necessary to improve crop yields
by introducing routes more efficient techniques that provide better
profitability. Traditional oasis is less and less productive and modern
plantations are often based on farming systems that are fragile and
present a high economic and ecological risk [55]. But, the nature of the
biophysical and the human responses to them are complex. We
recommend alternatives for development assistance strategies to
increase the benefits that can generate small tanks and participatory
irrigation management.
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They include crop diversification of agricultural production to
improve benefits and have greater participation and better interactions
between farmers and planers. The oases of the Middle Draa valley are
characterized by the fragility of the "natural environment". Oases are a
model for efficient resource-management for the whole planet; they
can become a new model for development and economy through the
actions undertaken to safeguard and value them [56].

Conclusion

Dryland and oasis communities in developing countries are
considered to be among the most threatened by climate change
impacts and the consequences of increasing human pressure on the
environment [9]. Dryer conditions in the future, however, are a highly
probable scenario and might substantially affect livelihood options
within the socio-ecological system. Drought and desertification have a
negative impact on water availability and quality, which have damaged
the agriculturally based economy of the region. In addition the
quantity and quality of domestic water has decreased. Succession of
dry periods, ‘Bayoud’ disease, water and soil salinization,
desertification and dam silting, were key stressors on environment and
ecosystems groves of the Middle Draa Valley.

The actual annual rate of growth of the population is very high (3%
mainly due to a relative improvement of hygiene conditions and food
and the precocity of marital unions [5]. The palm is the originality of
this region. The preservation and restoration of the palm are a
condition for the Advancement and success of any project. The
rehabilitation of the palm through a number of crucial actions:

o Solve the problem of soil salinization

o Improve drip irrigation

o Use cultural practices that consume less water

« Improving the management of natural resources

o Improving the living conditions the populations concerned while

diversifying their income sources to relieve the pressure on natural
resources.

Agriculture in the Draa region is mostly for subsistence and local
consumption; marketable products play a minor role. One exception is
the production of dates, which generate additional income. Most
farmers cultivate similar crop mixes consisting of alfalfa, cereals (sweet
corn, barley, maize), henna (in the south) vegetables (tomato, potatoes,
onion, beetroot), fruit trees and date palms [56]. Agricultural activity
is an essential source of life for the majority of the population and
most of the arable land is plowed regularly. The date palm is
confirmed as a fitting quality of the ecosystem oasis. Forage crops
provide the basis for fertilization and coexist with the palm in good
conditions. Food crops and cash crops are in turn competing and
complementary to the soles, according to fluctuating demand markets,
their distribution and size are dependent on the availability and cost of
labor [15], there are so many things to learn from her fruit, diet fibers,
strips, spathe, fins, trunk, stem, leaflets, nothing is lost. Nowadays,
traditional agriculture food became totally incompatible with
modernization lifestyle. The impact of climate change is seen in these
areas especially on water resources and on agriculture, the main
economic resource in the oases region, which makes the region very
vulnerable and adaptation is related to water management. To do this,
in the Middle Draa Valley, the flood-driven natural system has been
replaced by a human controlled flow regime, since the reservoir
Mansour-Eddahbi went into service [57]. Since then, discharge in the
Middle Draa Valley takes place in controlled portions, so-called

“lachers”. The region , a soil fungus that attacks the best varieties of
date palm. What aggravates the situation is the orientation of farmers
to more profitable crops but harmful in the long run, especially the
cultivation of watermelons which dramatizes the demand for water
[7]. In the 70’s, water for irrigation was mainly drawn from the Draa
River, but during the last decades, irrigation with surface water has
been increasingly supplemented or substituted by irrigation with
groundwater by farmers in the Middle Draa Valley. In 1990, the IPCC
noted that the greatest impact of climate change would be on human
migration. This is became the most common strategy of survival in the
oasis and the remittances enabled villager’s o finance local agriculture
and modern irrigation tools [57]. The exceptional genetic resources
(current), is an unrecognized wealth may eventually diminish, regress
and even disappear [3].
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