
European Water 60: 203-209, 2017. 
© 2017 E.W. Publications 

Climate change and water valuation in Souss-Massa region: Management 
and adaptive measures 

L. Bouchaou1*, R. Choukr-Allah2,3, A. Hirich3, M.S. Ennasr1, M. Malki1, H. Abahous1, B. Bouaakaz1,4 and 
A. Nghira4  
1 Applied Geology and Geo-Environment Laboratory, Ibn Zohr University, Faculty of Science, Agadir, Morocco 
2 Hassan II Institute of Agronomy and Veterinary Medicine, Morocco 
3 International Center for Biosaline Agriculture, Dubai, UAE 
4 Souss-Massa-Drâa Hydraulic Basin Agency, Agadir, Morocco 
* e-mail: l.bouchaou@uiz.ac.ma 

Abstract: Southern part of Morocco is characterized by a semi-arid climate with economy based mainly on tourism, fishery and 
agriculture. The population and quality life increase in these areas lead to an increase in the domestic and agricultural 
water demand. The groundwater constitutes the principal resource to satisfy the significant water demand. Water 
resources overexploitation combined with drought impacts during the last decades caused a depletion of water level in 
the main aquifers, reduction in water spring flow and deterioration of water and soil quality (increase in salinity, 
nitrates accumulation). For a better management of this resource under changing conditions, several projects and 
studies were undertaken in Morocco and particularly in Souss-Massa basin focusing mainly in the renewal of 
groundwater, improvement of irrigation efficiency and crop adaptation. Since most of the IPCC climate models 
predict a significant decrease in precipitation in arid zones over the next few decades, water shortage and salinization 
induced by climate change and human pressure are expected to aggravate the already existing water crisis in these 
regions. Several studies conducted in Souss-Massa basin aimed to establish adequate management practices, and 
implement adaptive governance under water scarcity conditions. This report integrates a scientifically-based 
evaluation of water management scenarios coupled with analysis of institutional adaptation to achieve sustainable use 
of water resources under water shortage conditions and increasing salinity. 
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1. INTRODUCTION  

In Morocco, climate change is already well documented in view of the climatic trends observed 
between 1960 and 2005. If the scarcity of water resources or their limitation is an intrinsic and 
structural characteristic of the climate in Souss Massa basin, this phenomenon experienced a certain 
accentuation during the last decades marked by longer and frequent droughts (Bouchaou et al., 
2011; Ait Brahim et al., 2016) and consequently groundwater in the Souss-Massa region showed a 
continuous depletion in the last decades. The water deficit was equal to -58 Mm3 for the Chtouka 
aquifer and -283 Mm3 for the Souss aquifer in 2007 (ABHSMD, 2006, 2007). Several studies show 
that earth global climate is changing exhibited by a change in precipitation patterns and increase in 
extreme events frequency. 

The water scarcity in Souss Massa basin coupled with growing demographic pressure, urban 
development, tourism and industrial sector development increase the demand of water in terms of 
volume and quality. The problem of water resources limitation requires the stakeholders to adopt a 
good management, preservation and governance of water within the context of climate change and 
groundwater overexploitation. 

The objective of this study is to describe the current water resources situation in the Souss-Massa 
region and to summarize some relevant solutions for their management and sustainable 
development. 
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2. OVERVIEW OF CLIMATE CHANGE IMPACTS AND FUTURE FORECASTS 
FOR ADAPTATION 

A recent study by Seif-Ennasr et al. (2016), carried out in Chtouka Ait-Baha within the Souss-
Massa basin, predicted under different models, that temperatures will increase up to 2°C during 
2030-49 and up to 4°C during 2090-2100 under RCP8.5 scenario compared to the baseline (1986-
2005). Precipitation will also decrease especially at high altitude areas, and the extreme change 
under RCP8.5 will concern the end of the 21st century attending -53%.  

Obviously, these changes are meant to have several impacts on water balance (Fig. 1). As a 
response to temperature and evapotranspiration increase, agricultural water demand will also 
increase. This phenomenon is accompanied by a significant depletion of groundwater reserves 
caused by several stressors including uncontrolled overexploitation of aquifers (Choukr-Allah et al., 
2012; Hssaisoune et al., 2016).  

 

Figure 1. Climate change impacts on water resources in the Souss-Massa basin during 2030-2050 (Mm3) 

Souss-Massa river basins is located in semi-arid region and faced to important water scarcity 
challenges, which will be aggravated by climate change in the coming decades. Among other 
consequences, climate change will intensify the water cycle, altering water availability, timing, 
quality, and demand (Herrera-Pantoja and Hiscock, 2015; Whitehead et al., 2017). As a result, 
actual problems such as drought, irrigation requirements increase and water quality deterioration 
will only be magnified by climate change (Bouchaou et al., 2008; Malki et al., 2016a,b).  

Thus, climate is related to many complex predicaments whose solutions are not always suitable 
to our conventional knowledge systems. For this reason, an improvement of resiliency and adaptive 
capacity is needed (Iglesias and Garrote, 2015; Seif-Ennasr et al., 2016). 

3. SOCIOECONOMIC PROFILE OF THE SOUSS-MASSA REGION 

According to HCP (2014a), Souss-Massa population is equal to 2.6 million inhabitants (44.6% 
living in rural area) including 1.35 million females. The total, rural and urban active population 
represents 44.3, 38.6 and 48.6% of the total population respectively. Most of active population is 
represented by male (73.8%) while female active population represents only 17% which indicates 
that gender issues still need to be addressed in the local development policies and programs. Souss-
Massa contributes by 6.6% (61 Billion DH) of the national Gross Domestic Production (GDP). 
Agriculture and fishery contributes by 16.7% of the regional GDP of the region (HCP 2014b). The 
HCP 2014 report projects that Souss-Massa population will raise to 3.15 million by 2030 which 
clearly indicates a growing water and food demand. Agriculture is so far, the main economic 
activity of the Souss-Massa with 143,640 ha of irrigated lands of which about 60% is under modern 
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systems dedicated to fruit and vegetables 34%, citrus 25%, cereals 10%, and 28% livestock. The 
production of citrus and early vegetables contributes to over 50% of the national exports (Haddouch 
et al., 2016). 

4. ECONOMIC VALUATION OF GROUNDWATER DEPENDENT ECOSYSTEM 
SERVICES 

Groundwater plays an integral role in sustaining certain types of aquatic, terrestrial, and coastal 
ecosystems and associated landscapes, both in humid and arid climatic regions (Marre et al., 2016). 
It is thus a key factor in efforts to maintain the ecological integrity of some key ecosystems. In 
Souss-Massa region, all ecosystems including the agroecosystem, forest, wetlands, are depending 
on groundwater for their continuity (Fig. 2). Hirich et al. (2016) reported that the agroecosystem in 
Souss-Massa region contributes by more than 74% in the Total Economic Value (TEV). This rate 
shows the important development of the agricultural sector making the region the most productive 
in Morocco. The forest who contributes by more than 13% in the TEV has more regulating services 
than provisioning services compared to agroecosystem where climate regulation, CO2 sequestration, 
and erosion control services contribute by more than 43% to the TEV. Compared to agroecosystem 
where regulating services contribute only by 3% in the ecosystem TEV. Ecotourism represents 
about 6% of TEV in the whole Souss-Massa region ecosystem and reflects its importance in the 
ecological and socioeconomic development of the region. Aquifer ecosystem contributes by 5%; 
however, it is the most important ecosystem on which the whole ecosystem is depending for its 
sustainability. 

 

Figure 2. Groundwater dependent ecosystems in the Souss-Massa basin. The figure presents the water cycle in the 
watershed, blue words are related to water cycle, black present the different ecosystems and yellow show ecosystem 

services. The figure illustrates also the agricultural intensification exhibited by groundwater depletion caused by 
pumping, as result the sea water intrusion is occurred. 

5. ECONOMIC AND CROP WATER PRODUCTIVITY OF IRRIGATION WATER 

Productivity is a ratio between a unit of output and a unit of input. Here, the term water 
productivity is used exclusively to denote the amount or value of product over volume or value of 
water depleted or diverted. The value of the product might be expressed in different terms (biomass, 
grain, money) (Kijne, 2003). Figure 3 shows the economic and crop water productivity for the main 
crops cultivated in the Souss-Massa region under two types of irrigation systems (drip and surface 
irrigation). 

The presented data indicate that both crop and economic water productivity are lower for crops 
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cultivated under surface irrigation system, while drip irrigation system allows an important 
improvement of both crop and economic water productivity. For example, for field tomato crop and 
economic water productivity were increased by 2 and 10 times respectively. Production under 
greenhouse conditions is also a good practice to improve significantly crop and economic water 
productivity which were increased by 50 and 34,1% for tomato respectively and by 70 and 33,5% 
for pepper respectively (Elame et al., 2016). This finding indicates clearly that drip irrigation and 
greenhouse cropping system allow maximizing water use efficiency both at agronomic and 
economic level. Drip irrigation and greenhouse systems have been developed significantly during 
the last three decades and now most of farmers in the region adopt drip irrigation and greenhouse 
systems for better production and income improvement.  

 

Figure 3. Economic and crop water productivity for the main crops cultivated in the region under two types of 
irrigation systems (drip and surface irrigation) in Souss-Massa region (Elame et al., 2016) 

6. GROUNDWATER CONTRACT OF SOUSS-MASSA: OBJECTIVES, 
ADVANTAGES AND CHALLENGES 

 Since climate change significantly impacts the availability of water resources, Morocco has 
implemented its National Water Strategy, established in 2003 with main goals designed to 
overcome the negative impacts. The most important measure is regarding demand management and 
water efficiency through water saving irrigation program with incentives to use efficient practices. 
Then several options are supposed to improve water supply and increases water management 
flexibility at the local level including the construction of 60 large dams to mobilize 
1.7 billion m3/year and several small dams; water resources transfer from the North basin to the 
South (800 Mm3/year); the mobilization of unconventional resources through the treated wastewater 
reuse, rainwater harvesting, seawater desalination and brackish water. Some of the above-
mentioned strategies are already undertaken in the Souss-Massa region such as irrigation efficiency 
improvement through conversion from surface to drip irrigation (more than 90% of farmers are 
using drip irrigation), construction of seawater desalination plant for high cash crop irrigation. As 
well, water transfer from North to South is currently planned and the feasibility study was achieved.  
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The groundwater contract constitutes an innovative tool for local governance to meet sustainable 
management of water resources. Several participants and stakeholders are involved in this contract 
(Fig. 4). 

  

Figure 4. Scheme for implementing the Souss-Chtouka groundwater contract (ABHSMD, 2006) 

The aquifer contract developed in the Souss-Massa region within public-private partnership for 
irrigation using groundwater constitutes a successful case. Saving groundwater is planned within a 
public service delegation to a private operator, which will be responsible for financing, designing, 
building and managing seawater desalination infrastructures and irrigation systems. 

The objectives of the contract are: 
n Contribution to the implementation of a participatory policy to protect groundwater in Souss-

Massa; 
n Completion of a negotiated and concerted participatory action plan in harmony with the 

recommendations and provisions of the water resources development plan for the protection 
and preservation of the groundwater in the area; 

n Establish a (measurable) monitoring of the performance of groundwater management. 
n Restore and maintain good water quality for user satisfaction; 
n Concertedly manage water resources in the Souss-Massa and establish operational water 

governance through the development of an ambitious program of conversion from surface 
irrigation to drip irrigation. 

 
To carry out water resources safeguarding, some action plans have been established: (i) 

desalination of sea water as a relay of conservation and safeguard of groundwater. Its objective is to 
meet an annual need of 58 Mm3 of desalinated water with a rate of 167,000 m3/day. This 
desalination plant will allow the region to compensate a deficit of 60 Mm3 (Nakhil, 2015). 

With this new resource, in addition to surface water from dams and groundwater, the Souss-
Massa region will be rescued as well as water scarcity, climate change and salinization will be 
mitigated and mastered.  

Moreover, relations are made between individual farmers and Hydraulic agency without 
intermediary mediation (AFD, 2012). This approach does not make it possible to ensure the 
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effective participation of users in the groundwater regulation groundwater. 
It is important to note the rapid expansion of modern private areas, especially in the northern 

Chtouka, where the irrigated perimeter area has exceeded 7500 ha (ABHSMD, 2006) 
Treated wastewater can be considered to cope with negative impacts of water scarcity and could 

be used for Agriculture and watering of green areas. Aquifer artificial recharge, forest irrigation and 
artificial wetlands are among other options being discussed for wastewater reuse in the region. 

7. CONCLUSION AND RECOMMENDATIONS 

The Souss-Massa is suffering from overexploitation and degradation of water resources 
aggravated by drought and climate change. The future of the region relies in the rational planning 
and integrated management based on water saving and quality protection to make the best use of the 
available water resources. To make water a factor in the sustainable development in the region, we 
must therefore adopt a new strategy based on three pillars: 

n Larger and much more ambitious objectives; 
n Improvement in population behavior; 
n Strict long-term water management. 
 
It is necessary to update the master plan for integrated water resources management, modeling 

groundwater with reliable models, and reducing vulnerability to water-related risks and adaptation 
to climate change. It is also important to identify and carry out a technical, economic and 
environmental assessment of the possibilities for water resources development, as well as actions to 
save these resources and develop non-conventional water resources. 
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