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2. ABSTRACT
In Morocco, as in many parts of the Mediterranean region, climate change is likely to exacerbate

water stress unless water management policies and practices are improved. This policy brief

recognizes the significance of water accounting and its potential to improve the effective and

equitable use of water across the Souss-Massa river basin in Morocco.

Water accounting is a vital tool for achieving an improved evidence base for water management and

a sustainable water balance. The lack of reliable hydrological information is a fundamental problem

in understanding water management processes and constitutes one of the main challenges in

managing basin water resources.

This brief explores the implementation of a water accounting approach to quantify the water

balance, water use and water availability in the Souss-Massa river basin under current climate

conditions, while also incorporating future climate scenarios. The policy issues presented in this brief

are drawn from the project report on water accounting in the Souss-Massa river basin that was

prepared by the International Water Management Institute (IWMI) in September 2021, as part of the

Center for Mediterranean Integration (CMI)-led and Foreign, Commonwealth and Development

Office (FCDO)-funded Water Security Nexus project.

This brief explores the water scarcity challenges and how water accounting can be used to improve

water management, with the goal of helping policymakers to promote productive and equitable use

of water across the Souss-Massa river basin. It makes the following recommendations:

● Establish a regular water resource monitoring and reporting system: Accurate and
permanent monitoring of both water availability and water use can play a crucial role in
helping water governance institutions to manage the complex challenges facing the water
sector.

● Improve institutional capacity for water governance: To fully utilize water accounting in
managing water resources, it will be important to build institutional capacity to facilitate the
interpretation and application of science-based information.

● Formulate policies in the context of integrated water resource management: There is a need
for an integrated approach to managing water resources to meet the growing demand for
water while continuing to protect resources as climate and land-use conditions change.

● Introduce drought monitoring and early warning systems: River basins and their populations
face increasing risks of drought, requiring effective and proactive drought management
policies.

2. INTRODUCTION
Morocco is considered to be a country that is highly exposed to climate impacts and is expected to
witness a rise in temperature above the global average, along with a further decrease in
precipitation. Annual precipitation is projected to decline by 10–40 per cent, including a 10–30 per
cent decrease during the wet season from October to April, and a 10–40 per cent decrease during
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the dry season from May to September. As a consequence, droughts and other extreme weather
events will increase in frequency and intensity in Morocco.1

The Souss-Massa river basin, which is located in central-western Morocco, drains an area of 27,000
km2 and is one of the country’s most important hydrological basins. The basin has experienced
significant agricultural expansion, urbanization and degradation of natural vegetation over the past
three or four decades, while significant overexploitation of groundwater resources and the
increasingly variable climate have resulted in decreased water levels and reduced water supply.2

A continual decline in water quality from saline intrusion, excessive siltation, anthropogenic pollution
from fertilizers and wastewater, and erosion are thought to be major contributors to the degradation
of water quality in the basin.3 Given these challenges, climate-informed water accounting is essential
for the sustainable management of the basin’s water resources.

The Food and Agriculture Organization of the United Nations (FAO) describes water accounting as the

systematic acquisition, analysis and communication of information relating to stocks, flows and fluxes

of water.4

Figure 1. Souss-Massa river basin: location within Morocco (left panel), topography and stream network (right panel)

Source: IWMI

4 Food and Agriculture Organization (2012). Coping with Water Scarcity: An Action Framework for Agriculture and Food
Security. FAO Water Reports 38. Rome. https://www.fao.org/3/i3015e/i3015e.pdf.

3 Boudarfa, F., Gallouli, E., El Hafa, M. and Oulad Ali, H. (2020). Impact of drought on water quality in the Youssef Ben
Tachafine dam (Souss-Massa region, Morocco). E3S Web of Conferences, 183 (02007), 1–12. doi:
10.1051/e3sconf/202018302007.

2 Hssaisoune, M., Boutaleb, S., Benssaou, M., Bouaakkaz B. and Bouchaou, L. (2017). Physical geography, geology, and water
resource availability of the Souss-Massa River Basin. In The Handbook of Environmental Chemistry Volume 53. Choukr-Allah,
R., Nghira, A., Hirich, A. and Bouchaou, l. (eds.). Springer International Publishing. 27–56. doi: 10.1007/698_2016_68.

1 World Bank (2021). Climate Change Knowledge Portal (CCKP). Morocco.
https://climateknowledgeportal.worldbank.org/country/morocco/climate-data-historical.
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3. WATER RESOURCES IN THE
SOUSS-MASSA RIVER BASIN
Limited water resources mean that Morocco is facing the challenges of increased demand for water

to meet growing agricultural and domestic needs. In the Souss-Massa river basin, analysis shows that

over the last decade, between 20 and 40 per cent more water was withdrawn from the basin than

was recharged via rainfall. Moreover, a substantial proportion of the basin’s precipitation exits as

outflow into the sea.5 This puts more pressure on groundwater resources to meet growing demand.

Land degradation and over-extraction of groundwater can also reduce the base flows of rivers and

streams, leading to reduced stream flows and exacerbating periods of drought.6 Land-use changes

are thought to have contributed to the increasing number of extreme flood and drought events

observed across the Souss-Massa river basin over the past decade.7

Previous research within the basin has highlighted declining trends in water quality due to increased

salinity from seawater intrusion, anthropogenic pollution from fertilizers, mismanagement of

wastewater and extensive agricultural activities within the basin.8 Water quality is, therefore, a major

concern and is projected to continue to be so into the future, with large portions of the basin

outflows being degraded and unavailable for further use.9 Addressing the causes of water quality

degradation would increase water availability, particularly during the dry season. The water accounts

show that on average over the ten-year period, 97 per cent of the available water is utilized during

the wet season and 99 per cent is used during the dry season. This leaves very little water available

for further allocation during the wet season and negligible amounts during the dry season.

As reflected in the water accounts, water scarcity in the Souss-Massa river basin is projected to

increase in the future. The assessment of the water balance under future climate scenarios indicates

that “with the climate extremes predicted for RCP8.5, water scarcity will increase during the 2030s

and 2050s, and issues around water quality will become even more critical. Projected decreases in

precipitation are likely to result in the basin becoming more water-limited and consequently arider.

The projected seasonal water demand for both the 2030s and 2050s time horizons will be unmet,

requiring on average an additional 1.86 km3 in the wet season and 0.64 km3 in the dry season for the

2030s, and an additional 1.43 km3 in the wet season and 0.60 km3 in the dry season for the 2050s.

During the dry season, evapotranspiration is projected to exceed precipitation by 6 and 28 per cent

9 Project report on water accounting in the Souss-Massa river basin published by the IWMI in September 2021, as part of
the CMI-led and FCDO-funded Water Security Nexus project.

8 Milewski, A., Seyoum, W.M., Elkadiri, R. and Durham, M. (2020). Multi-scale hydrologic sensitivity to climatic and
anthropogenic changes in northern Morocco. Geosciences 10 (1), 1–22. doi: 10.3390/geosciences10010013.

7 Roman, A. and Ait Hssaine, A. (2016). Causes and consequences of the November 2014 torrential rains in the center &
south of Morocco. International Journal of Environment 5 (3), 11–30. doi: 10.3126/ije.v5i3.15701.

6 AghaKouchak, A., Feldman, D., Hoerling M., Huxman, T. and Lund, J. (2015). Water and climate: Recognize anthropogenic
drought. Nature, 524 (7566), 409–411. doi: 10.1038/524409a.

5 Hssaisoune, M.; Bouchaou, L.; N’da, B.; Malki, M.; Abahous, H.; Fryar, A.E. Isotopes to Assess Sustainability of
Overexploited Groundwater in the Souss–Massa System (Morocco). Isot. Environ. Health Stud. 2017, 53, 298–312. have also
observed large quantities of water flowing to the ocean at Ait Melloul station.
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across all years, resulting in further water withdrawals. The basin water balance will continue to be in

deficit, with negligible volumes of water available for additional (sustainable) development under the

projected climate scenario.”10

Figure 2. Projected monthly water flows and fluxes in the Souss-Massa river basin for the 2030s time-horizon (2020–2039;

top figure) and the 2050s time-horizon (2040–2059; bottom figure)

10 Ibid.
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4. WATER ACCOUNTING FOR
BETTER WATER MANAGEMENT
There is growing interest in water accounting approaches as a means of quantifying water resources

and uses, in the same way, that financial audits provide information on revenue and expenditure.

FAO describes water accounting as the systematic acquisition, analysis and communication of pieces

of information relating to stocks, flows and fluxes of water.11 In a practical sense, water accounting

quantifies how much water is in a system, where, when and in what quality it is available, and how

much is used when and where. The integrated and cross-sectoral presentation of water accounting

information helps users to see the bigger picture and understand cross-linkages in water

management.12

To address the potential implications of future climate conditions in the Souss-Massa river basin, and

to better manage its scarce water resources, effective water accounting provides a foundation for

sound water management decisions. Improved water management is key to meeting socioeconomic

needs in an efficient and environmentally sustainable way, especially in water-constrained areas such

as the Souss-Massa river basin. However, improved water management must be informed by solid

evidence-based data, as water managers and decision-makers are unable to make informed decisions

with incomplete information. Water accounting is therefore a cornerstone of achieving better water

governance.

The water accounts produced through the IWMI study provide a baseline for addressing water

resource scarcity in the Souss-Massa river basin. The data collected will support the careful allocation

and reallocation of scarce water resources, protect water quality, and promote water conservation

and the careful monitoring of policy commitments and decisions.

To facilitate the implementation of water accounting in the Souss-Massa river basin, stakeholders are

encouraged to actively participate in the auditing process. Active stakeholder participation helps

ensure that the data collected are accurate and that findings and recommendations are adopted. The

effectiveness of the proposed policy actions will largely depend on the capacity of the local

authorities and other stakeholders to implement them.

12 Food and Agriculture Organization (2018). Water Accounting for Water Governance and Sustainable Development. Rome.
http://www.fao.org/3/I8868EN/i8868en.pdf.

11 Food and Agriculture Organization (2012). Coping with Water Scarcity: An Action Framework for Agriculture and Food
Security. FAO Water Reports 38. Rome. https://www.fao.org/3/i3015e/i3015e.pdf.
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5. POLICY RECOMMENDATIONS
5.1 Establish a regular water resource monitoring and reporting system

The United Nations World Water Development Report13 argues that better measurement, monitoring

and understanding of the values of water are essential for achieving sustainable water resource

management. Water monitoring and reporting can play an important role in helping water

management institutions to manage the complexity of the issues facing the water sector. Credible

data on water availability, quality, usage and the state of water resources will trigger public and

private investment and inform decision-making at all levels. Monitoring water availability will

encourage improved allocation between users and uses, and promote best practices for the efficient

use of water.

Moreover, water monitoring enhances agricultural productivity and reduces water pollution. Robust

water monitoring, modelling and accounting collectively constitute the 14foundations for water

valuation and are a necessary step toward sustainable management of water resources.15 Under the

auspices of a project on using remote sensing in support of solutions to reduce agricultural water

productivity gaps, funded by the Ministry of Foreign Affairs of the Netherlands, water accounts have

been produced in five river basins in Africa and the Middle East: the Litani river basin, the Jordan

river basin, the Awash river basin, the Niger river basin and the Nile river basin. The purpose of these

studies was to demonstrate how water accounting data, in conjunction with other data sources, can

help generate information that provides an insight into major flows and fluxes, thereby determining

water availability, withdrawals, consumptive use, non-consumptive use and the benefits and services

obtained from it.

5.2 Improve institutional capacity for water governance

According to the World Bank’s report, Making Water Accounting Operational,16 some of the main

obstacles to implementing water accounting in developing countries include: (i) lack of knowledge

and skills for using advanced technologies, such as geographic information systems (GIS), remote

sensing and spatial hydrological modelling; (ii) insufficient commitments from country leadership,

primarily due to a lack of awareness of the benefits the technology presents; (iii) shortage of the

financial resources necessary for implementation; and (iv) insufficient internal capacity to assemble,

integrate and share knowledge among relevant government agencies.

16 World Bank (2020). Making Water Accounting Operational: For Informing Improved Agricultural Water Management.
From Concept to Implementation. A Synthesis Report. Washington, D.C.
https://documents1.worldbank.org/curated/en/529611593671631459/pdf/Making-Water-Accounting-Operational-For-Info
rming-Improved-Agricultural-Water-Management-From-Concept-to-Implementation-A-Synthesis-Report.pdf

15 Garrick, D.E., Hall, J., Dobson, A., Damania, R., Grafton, R., Hope, R. et al. (2017). Valuing water for sustainable
development. Science 358 (6366), 1003–1005. doi.10.1126/science.aao4942.

14 Food and Agriculture Organization (2019).WaPOR, remote sensing for water productivity, no date.
https://www.fao.org/in-action/remote-sensing-for-water-productivity/en/.

13 United Nations Educational, Scientific and Cultural Organization (2021). The United Nations World Water Development
Report 2021: Valuing Water. UNESCO, Paris.
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To overcome these challenges, it is necessary to provide knowledge and capacity-building for all

stakeholders involved in water management. Collaborative programmes with research institutions

and universities can also be aligned with capacity-building activities. Furthermore, capacity-building

approaches should be tailored to local contexts. It is important to create an enabling environment for

all organizations involved in water accounting. Training and capacity-building are required at all

institutional levels, including ministries that inform policymaking, water boards, water utilities, local

agricultural associations, and all types of public or private organizations involved in water resource

planning, management and operations. Voluntary contributions can come from countries or

institutions that are supportive of water governance and willing to fund capacity-building activities

through specific grant agreements. The CMI can facilitate outreach and communication with

counterparts by hosting meetings, liaising for outreach and communication, contributing to

seminars, workshops or surveys, and/or mobilizing a range of expertise as needed.

5.3 Formulate policies in the context of integrated water resource management

To meet the growing demand for water, while continuing to protect resources as climate and

land-use conditions change, there is a need to make water-related decisions that are well

coordinated and integrated among the relevant stakeholders at a multisectoral level since water is

essentially a cross-cutting issue. Integrated water resource management represents a plan-led,

multi-scale, catchment-based approach that incorporates the interests of diverse stakeholder groups

operating at various political levels and in different policy sectors.17 Enabling a wide array of

stakeholders to contribute to decision-making on water governance ultimately leads to more

equitable outcomes. The CMI’s Regional Water Hub18 could contribute to increased collaboration on

water issues in the water-scarce Mediterranean region, taking into account best practices and

experiences from around the world.

A wide range of population groups could be included in the decision-making process. Governments

are encouraged to embed the knowledge and beliefs of local communities into water governance

processes. In addition, women usually provide most of the labour for securing household water

needs, yet they remain underrepresented in formal water management structures.19 Moreover,

empowering young people and involving them in water governance has a major influence on

environmental policy. Youth networks such as MedYWAT20 could greatly influence sustainable water

resource management by bringing together young water researchers, entrepreneurs and activists

from both edges of the Mediterranean to network, share knowledge, collaborate, engage in

capacity-building and influence water policies in their countries of origin and the region.

20 The MedYWat (Mediterranean Youth for Water) network was launched by the CMI in 2017. It is a network of young water
professionals from across the Mediterranean region, encompassing over 192 young Mediterranean water researchers,
entrepreneurs and activists working to solve the water challenges in the region with support from the CMI.

19 World Bank (2019). Women in Water Utilities: Breaking Barriers. Washington, D.C.
openknowledge.worldbank.org/handle/10986/32319.

18 Regular Water Hub meetings have been held with the CMI Water Program partners since 2016 to set up a multi-partner
regional agenda and ensure ongoing exchanges and joint programming between Water Hub partners (Agence Française de
Développement (AFD), International Center for Advanced Mediterranean Agronomic Studies (CIHEAM), Deutsche
Gesellschaft für Internationale Zusammenarbeit (GIZ), European Investment Bank (EIB), Plan Bleu and World Bank) and
observers (SwitchMed, Global Water Partnership Mediterranean (GWP-Med), World Water Council, Union for the
Mediterranean (UfM), United Nations International Organization for Migration (IOM), FAO, CEWAS Middle East and others).

17 Lubell, M. and Edelenbos, J. (2013). Integrated water resources management: A comparative laboratory for water
governance. International Journal of Water Governance 1 (3–4), 177–196. Doi: 10.7564/13-IJWG14.
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5.4 Introduce drought monitoring and early warning systems

Given the inherent water scarcity and increased severity of drought events in Morocco, drought risk

management through effective monitoring and early warning systems is critical. Drought monitoring

is carried out at several levels and coordinated by different institutions responsible for water

resources and agricultural management.21 Some examples of drought monitoring and early warning

systems include: (i) remote sensing; (ii) seasonal forecasting and observational monitoring; (iii)

agricultural and hydrological monitoring. By linking national and river-basin efforts to anticipate and

respond to drought events, farmers and the agricultural sector will be better able to adapt to climate

change. The development and use of effective drought monitoring systems require wide stakeholder

involvement22 from various levels of government, research institutions, civil society organizations and

private sector organizations.

Involving technical, institutional and political participants is beneficial for the development of

drought monitoring and early warning systems. The CMI could support the development of expert

evaluation networks with the potential to form the basis of drought monitoring coalitions that

actively participate in policymaking and public interventions.

6. CONCLUSION
In summary, water management has critical policy relevance in the context of Morocco and in the

Souss-Massa river basin in particular. Understanding the stakeholder and institutional arrangements,

roles, responsibilities and capacity requirements is necessary to involve a wide range of beneficiaries

in water accounting initiatives, develop appropriate interventions, underpin capacity-building as

needed and embed the products and knowledge developed within water governance plans. Urgent

policy actions are required across the key issues identified in this policy brief: (1) Establish a regular

water resource monitoring and reporting system; (2) Improve institutional capacity for water

governance; (3) Formulate policies in the context of integrated water resource management; (4)

Introduce drought monitoring and early warning systems.

These four core issues should be key pillars of a policy framework, which could be followed by a

clearly articulated climate and development strategy. Given the critical significance of climate change

in Morocco, policymakers at the national and local levels should mainstream climate change

adaptation into development planning. Institutional coordination mechanisms, resource

mobilization, and monitoring and evaluation of climate change adaptation at all levels are likely to be

the most important drivers for building resilience in Souss-Massa.

22 Wilhite, D.A., Sivakumar, M.V.K. and Pulwarty, R. (2014). Managing drought risk in a changing climate: The role of national
drought policy. Weather and Climate Extremes 3, 4–13. doi: 10.1016/j.wace.2014.01.002.

21 Verner, D., Tréguer, D., Redwood, J., Christensen, J., McDonnell, R., Elbert, C. et al. (2018). Climate Variability, Drought,
and Drought Management in Morocco's Agricultural Sector. World Bank, Washington, D.C.
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