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1. Introduction

Within the framework of the VLIR-EI/Merja Zerga Project and based on the recommendations of the UNESCO-FUST workshop, 21-22 February 2006, Sale, Morocco, the Ecole Nationale Forestière d'Ingénieurs (ENFI) together with the Ecosystems Management Research Group (ECOBE-UA) organized a launching workshop of the project. The workshop was held in ENFI, Sale, Morocco during the day 31 October 2006. Also a Field expedition and measurement campaign was organized during the period 02-10 November 2006.

2. Objectives

The objectives of the workshop are as follows:
1. Inform the interested researchers and administrators of the existence of the cooperation between Flemish university (UA) and the ENFI;
2. Bring together the theme researchers of Integrated Water Resources Management (IWRM) with the other theme researchers to discuss and define the way to consolidate research which will help starting up the activities of the project’s first phase;

3. Introduce and give an overview on the eco-hydrology discipline and its application for IWRM;

4. Enhance the understanding of eco-hydrological processes/functions within the Merja Zerga Basin;

5. Establish recommendations for synergies to develop and of new initiatives to prospect;

6. Stimulate the participation of the different actors to the project in a vision of partnerships;
7. To result in a consensus on the needs in the matter of thematic of research to student by the project;
8. Set up a multi- institutional steering committee for the project.
3. Participants

The participants of the workshop were as follows:

· Director of the ENFI;

· Moroccan Project promoter and Coordinator of Socio-economic (SE) Component;

· Flemish Project Co-promoter and Coordinator of the Ecohydrology (EH) Component;

· Theme Researchers of different components;
· UNESCO Morocco Office Representative; 
· FAO office representative; and
· Representatives from different Moroccan Ministries, NGO and Universities
A complete list of 62 participants with their correspondence details is given in Annex (1)
4. Opening Session Welcome Speeches
The opening session was addressed by Prof. Dr. Mohamed Sabir, and Prof. Dr. Abdellatif Khattabi. The opening started by a welcome address from the Director of ENFI, He welcomed the workshop participants. He stressed on the full technical support of Flemish counterparts to all research persons of the project. In closing, he expressed his pleasure to participate in the workshop and he promised to give the full support to the project. He extended his thanks and appreciation to the Flemish Interuniversity Council (Government of Belgium) for supporting the Merja-Zerga Project. Also, special thanks to all persons who have contributed to the success for funding this project and to all researchers who are participating  to its implementation, especially Dr. Mohssine El Kahloun (as Moroccan and Flemish participant) for his efforts and contribution to the project.
Prof. Dr. Abdellatif Khattabi welcomed all the participants and gave a brief overview on the Merja Zerga Project. He summarized the activities that should be done during the workshop and he pointed out the effort made for executing the project.  Finally, he gave thanks to all participants and organizers of the workshop.

After the opening session the participants adopted the agenda of the workshop. A copy of the agenda is shown in Annex (2).

5. Proceedings of the workshop

The workshop was divided in four sessions; two in the morning and two in the afternoon.  The first session of the morning was dealing with general information on wetlands goods and services and on tools used to manage natural resources (four presentations); the second session of the morning was devoted to the wetlands in the region of Merja Zerga and on activities carried out on the site of Merja Zerga (three presentations); In the first session of the afternoon, the projects objectives, activities and outputs was presented and reference was made to a similar project in which eco-hydrological modeling was applied (two presentations).  The fourth session of the afternoon was reserved to a general discussion, recommendations to orient the research interests of the project on the setting up of a multi-institutional and tans-disciplinary steering committee for the project. Each one of the three sessions was followed by five to 10 minutes discussion.  The first and the fourth sessions were moderated by Prof. Dr. Khattabi; the second and the third sessions were facilitated by Prof. Dr. Ezzahiri (Annex 3).   The presentations were as follow:

· Problématique des zones humides et politiques de conservation

· Use of GIS-tools for the Merja Zerga lagoon

· Les biens et services des zones humides

· Les impacts des activités humaines et le dysfonctionnement des écosystèmes humides marocains

· Approche floristique biographique & biodiversité des zones humides de la région du Gharb
· Les activités du WWF dans la lagune de Moulay Bousselham
· Principales études réalisées dans la Lagune de Moulay Bousselham « Merja Zerga »

· Discussions
· Eco-hydrology: A new tool in Integrated Water Resources Management

· Eco-hydrological and socio-economical approach  for the restoration
     of Merja Zerga lagoon in Morocco
· General discussion
Morning session

During this session, the participants presented the different Ecosystems Good and Services of wetlands in general and some specific information about the MZ lagoon.   

By the end of the presentations, the second session chairman, Prof. Dr. Mustapha Ezzahiri challenged the participants to outline their thinking, so it can help giving an overview for the coming years. The participants outlined the following points:

· Some deliverables should be prepared as MSc thesis.

· Budget needed for data collection and problems raised for communication and data sharing.

· Suggestion raised concerning that initiatives should help capacity building by allowing for more researchers.
Afternoon session

Dr. Mohssine El Kahloun presented a new tool in integrated water resources management for the Merja Zerga basin. He outlined some definitions for the eco-hydrology. He explained the term Hydro-ecology and Eco-hydrology. Hydro-ecology used to describe studies of ecological and hydrological processes in rivers and floodplains. It links hydrology to biology for understanding freshwater biota. It also studies the changes in aquatic ecosystems due to river flow regime, water quality, and channel structure. However, Eco-hydrology used to describe terrestrial plant responses and effects on the land-phase of the hydrologic cycle. It includes ecosystem patterns and soil moisture, climate and soil. It also takes into account vegetation role in water balance, energy partitioning and surface fluxes. He also presented some examples of eco-hydrology.
After this short presentation of eco-hydrology, Dr. Mohssine El Kahloun presented the historic outlines of the project, the activities already achieved to get funding. He point to the degradation of the natural resources of the coastal lagoon Merja Zerga in Morocco (MZ) is an environmental problem with major impact on the quality of life of the local population. After that he reported that this problem will be used as a model for improving the capacity of the ENFI to strengthen its role in monitoring environmental and socio-economical data. He reported that environmental sustainability is the focus, but it cannot be looked at in isolation from economic and social sustainability. In this context, economic, social, and ecological criteria will be defined and the project takes a rather broad perspective by supporting the development of the Integrated Development Planning framework in the region, mainly the implementation of the Management Plan of the MZ reserve. Furthermore, he outlined that special attention is paid to the extension aspect by implementing the Southern unit’s collaboration with other academic and governmental institutions.
6. Conclusions and recommendations

1. The outlines of the VLIR-OI/MZ project were presented and discussed;

2. The objectives, deliverables and work plan of the first year for each component (MSc thesis) have been discussed and agreed upon;

3. It was strongly agreed that the hole catchments (not only the lagoon itself) shall be used for work for all different components so, discussion among the components is important for the selection of catchments to be possible for all research persons;
4. The participants emphasized on the importance of supporting data acquisition for the implementation of the research activities as a first step for the first phase of the project;
5. The required data needed for GIS applications were discussed and reviewed. We came to an agreement with the ONEM (Observatoire National de l’Environement) to exchange knowledge and information on GIS data of the MZ Basin (more details are reported in Annex 4). 
6. Collaboration needed with initiatives that they should help introducing training in the capacity building to have more experienced researchers (MSc and PhD students);

7. Set up of a steering committee, composed by different Moroccan institutions (ministries, universities and NGOS). The steering committee will follow up the execution of the project and give some recommendation.  The agreed institutions to be a part of the steering committee which will be coordinated by Ecole Nationale Forestière d’Ingénieurs in collaboration with the University of Antwerp are:
· Ministère des Finances 

· UNESCO (Rabat office)

· FAO (Rabat office)

· Université Ibn Toufail, Kenitra (Faculté des sciences)

· Province of Kenitra

· Agence du Bassin Sebou

· Direction Régionale des Eaux et Forêts, Kenitra

· Inspection Régionale de l’environnement Kenitra

· Office Régional de Mise en Valeur Agricole du Gharb

· Office Régional de Mise en Valeur Agricole de Loukkos

· Institut National de la Recherche Halieutique
· WWF (Maroc office)
7. Field expedition

The expedition was composed of local (two Moroccan MSc students) and Flemish researchers (co-promoter of the project and potentially Flemish PhD student). During this field expedition, the identification of the geographical regions where most case studies related to this project will take place were identified. Next, the lines of research for each of the two masters and doctoral research scholarships starting in the first year were streamlined.  For each thesis, terms of reference will also be prepared as for local and Flemish promoter(s), supervisor(s) and expected papers resulting from each thesis. 

Hydrology is the major driving factor for this ecosystem development. Groundwater and water flows are the spatially connecting factor between land use and ecosystem impacts. Eco-hydrological study using hydrological models seems to be crucial to determine the impact of water (fluxes and quality) on this lagoon. 

For this propose, surface water, groundwater and soil quality was investigated. The nutrients, ions, cations and heavy metal field monitoring should allow us a first evaluation of the eutrophication level in surface water, the groundwater and the soils in the surrounding areas of the lagoon.  Two cross section on the Dradar River and Canal Nador were made to estimate the debit and nutrients input to the lagoon. This is basic information to set up an eco-hydrological monitoring schedule for the coming years. This monitoring is the basic knowledge required for quantitative modeling of nutrient fluxes throughout the lagoon, and it’s an essential step for future management of the area.

Participants to field expedition:

Mohssine El Kahloun, University of Antwerp (30 October; 02- 10 November 2006).
Souad Ghazi, National School for Forest Engineers, Morocco (05-10 November 2006)

Vera Verhaert, University of Antwerp (30 October; 02-10 November 2006)

Mouad Besri, National School for Forest Engineers, Morocco (02-10 November 2006)

Marleen Coenen, University of Antwerp (30 October 2006).

Jan Staes University of Antwerp (30 October 2006)

More details concerning the results of the field expedition are reported in Annex 5 and Annex 6.
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Annex 2. Workshop agenda
Journée d’étude sur les zones humides

A l’occasion du démarrage du projet :

Approche écohydrologique et socioéconomique pour la restauration des zones humides au Maroc – cas de Merja Zerga-

Financé par le Gouvernement Belge – Région Flamande (VLIR-OI 2006)

Ecole Nationale Forestière d’Ingénieurs, Salé

(en collaboration avec l’université d’Anvers)

31 Octobre 2006
Programme

09:00- 09 :15. Inscription
09 :15-09 :30. Ouverture du séminaire par M. Sabir (Directeur de l’ENFI) et présentation des travaux de la journée par M. Khattabi (pour le comité d’organisation du séminaire)
09 :30-09 :45. Problématique des zones humides et politiques de leur 


  conservation, A. Khattabi
09 :45-10 :10. Les systèmes d’information géographique et la gestion des


  ressources naturelles dans les zones humides.  M. Staes 


(Université d’Anvers).
10 :10-10 :30. Biens et services des zones humides.  M. Khattabi et Mlle Ghazi
                       (ENFI).
10 :30-10 :45. Pause Café

10 :45-11:05. Impacts des activités humaines et le dysfonctionnement des
                       écosystèmes humides.  M. Khattabi  et M. Besri (ENFI).

11 :10-11:30. Approche floristique biographique & biodiversité des zones
                        humides de la région du Gharb. M. Gmira Najib (Université Ibn
                       Ttoufail, Kenitra)
11 :30-11:50. Les activités du WWF dans les zones humides.  M. Rahoui (WWF).

11:50-12:10. Principales études réalisées dans la lagune de Moulay Bousselham
                      « Merja Zerga ». M. Doumi (MATEE).

12 :20-12 :45. Discussion

13 :00-14 :30. Déjeuner

14 :30-15 :00. Approche écohydrologique et socioéconomique pour la
                         restauration des zones humides au Maroc – cas de Merja Zerga-
                        M. El Kahloun (Université d’Anvers, Belgique).

15 :00-16 :00. Discussion pour définir les orientations à donner au projet
                        (Café servi en salle)

16 :00-16 :30. Recommandations pour la mise en place d’un comité de 
                         pilotage du projet.

Annex 3. Photos from the workshop
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Coffee served during the meeting
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Annex 4. GIS application

VLIR-EI/Merja Zerga Project-Launching Workshop

GIS application

Background

Within the Eco-hydrological study, the GIS application aims to understand and quantify hydrological and ecological processes within the greater Merja Zerga basin (Drainage basin of Nador Canal, Drader River and the lagoon itself). Not only do freshwater fluxes determine the salinity gradients in the Merja Zerga wetlands, but they also transport nutrients and pollutants that affect equally wetland quality and vegetation composition. Indirectly this also affects fish stocks and bird wildlife as they depend on the wetlands for nursery, feeding etc... Therefore it is a necessity to monitor the hydrology and ecology of the region. A water/nutrient balance for the lagoon (based on a range of credible assumptions) helps to understand where the vulnerability is the highest.

Delineating the drainage basin of this lagoon is of crucial importance. However groundwater systems do not always coincide with the run-off drainage basin and therefore sufficient attention should be given to the study of the geological situation, groundwater aquifers, their recharge areas and the withdrawals from these groundwater systems.

Hydrological processes (transpiration, evapotranspiration, run-off, infiltration) are strongly affected by land-use and it is therefore necessary to study historical and actual land-use. This helps us understand which the main factors influencing current hydrological situation, detect changes that have occurred over time and exploit possibilities for remediation, restoration and mitigation of the hydrological system.

The land-use component should be explored to the highest possible detail and therefore combinations of different data sources can be combined.

Hydrological fluxes are estimated (ranges) for the current land-use and for well-defined climatological conditions. This can then be extrapolated to historical land-use conditions and to future projections of land-use developments.

Requested data

Thematic maps of rivers and surface water:

This data will be used to delineate the drainage basins in combination with elevation maps/visual interpretations/GPS field data. The river system will be divided in sections, to Asses possibilities for buffers strips and other measures to increase eco-hydrological purification potential.

Geological maps and hydro-geological maps (aquifer systems):

For a general assessment of the aquifer extent.

Analog or digital maps with topography.

This is needed for drainage basin delineation, but also to derive topographical gradients, which are indicative for subsurface freatic groundwater flows. Travel time towards the river, canal and lagoon will be calculated as an indicator for hydrological response.

Thematic soil maps or derived maps (soil conductivity, erosion sensitivity).

These are necessary to estimate run-off versus infiltration potential. Run-off peaks during intensive rainfall-events usually are the largest source of nutrient and sediment input. It is desirable to identify the most sensitive areas for erosion.

Land-use maps (Corine Land Cover, Landsat TM, aerial photographs of different periods).

Thematic land-use maps for forestry

Forests affect the hydrology as they in general increase the infiltration potential by decreasing run-off. However forest types might have different effects (e.g. eucalyptus forests and deep-rooting water consumers that deplete phreatic groundwater).

Additional statistical thematic maps on administrative levels:

Population

Revenues (income)

Industrial activities

Agriculture (type, irrigated)

Cattle densities

Others

These statistical maps will first be allocated to the relevant land-use types for the respective administrative region and then be clipped for the Merja Zerga drainage basin. This is necessary as administrative and hydrological units seldom coincide.

Results and output

A detailed and updated land-use map of the wider region

A detailed vegetation map of the Merja Zerga Wetlands

Watershed delineation for Drader River, Nador canal and Merja Zerga lagoon.

A digital elevation map (digitalization and field mapping)

Water quality data (piezometer transects across the study area)

A salinity gradient map

A groundwater vulnerability map with respect to harming the Merja Zerga Ecosystem.

A water/nutrient balance model for the Merja Zerga

Land-use development scenarios (including buffers zones/strips).
Annex 5. Field expedition:
Eco-hydrological study (water quality and soil nutrient availability) in Merja Zerga lagoon and its wetlands (Morocco)

Mohssine El Kahloun1; Vera Verhaert1+; Mouad Besri²; Souad Ghazi²; Abdeltif Khattabi² and Patrick Meire1
1University of Antwerp, Universiteitsplein 1, Wilrijk, Belgium
² National School for Forest Engineers of Sale, Morocco
Key words: Water quality, Coastal lagoon, Wetlands, Ecological restoration,
Introduction


As early as the 1960s Morocco initiated significant economic and social development programs that were dependent upon water resources.  During the 1980s, there were successive drought-years and water management, particularly water distribution, became problematic. Hence, in the coming years, demands on water resources will continue to increase, as well as the levels of pollutants. Wetlands and coastal lagoons   are characterized by delivering very important goods and services and they are potential sources of water. In the past water resources and wetlands were the responsibility of separate sectoral agencies, each with very different objectives and modes of operation. As result there have been, and continue to be, regular conflicts over water resource use and river basin management. A mediation of conflicts of interest between economic development and environmentally sensitive areas (RAMSAR) is crucial. Morocco has made great benefits in recent years regarding the technical, economic and social aspects of installing the River Basin Agencies (presently more that seven RBA are operational), but still faces formidable challenges especially regarding the eco-hydrology approach that provides a view of the interaction between nature and hydrology, within a socio-economic context. 


The lack of technical support (laboratories, instruments) and the funding has forced the African researchers to focus more on the effect of socio-economical factors on environment. We believe that the socio-economic approach is crucial for the ecosystem management, but for assessing and recognizing the nature values (goods & services), some special analysis of biodiversity and ecological/hydrological approach are needed. 


The “Merja Zerga” in Arabic or “Blue lagoon” is a one of the most important Moroccan freshwater resources in an otherwise water deficit area.  Apart from the invaluable freshwater it also supports large and vitally important economic activities - mainly fishing, tourism and agriculture. The area is thus a major contributor to the socio-economic development of the Moulay Bousselham region.  Lagoon Merja Zerga is also a Ramsar site, being a wetland of international importance with a rich biodiversity, including some endangered species, and supports tourism and research activities. The Lagoon and its surroundings are fragile with dynamic ecosystems and a yet uncertain water balance in a basin surrounded by intensively irrigated agricultural land and a fast growing township.  It seems certain that the Lagoon can not sustain further development on the scale seen over the past 15 to 20 years without there being in place a coordinated plan for the future. 


The basic dataset required for quantitative modelling of nutrient fluxes throughout the lagoon is an essential step for future management of the area. The estimation of fertilizers used by farmers will be achieved by a questionnaire of the farmers and will be integrated in the quantitative nutrient fluxes in order to determine the impact of agriculture on the lagoon. The study presented here will provide the basic information to set up an eco-hydrological monitoring schedule for the coming years. This monitoring is the basic knowledge required for quantitative modeling of nutrient fluxes throughout the lagoon, and it’s an essential step for future management of the area. The study addresses the following topics: 

1) how groundwater quality change from agricultural land to the MZ wetlands. 

2) characterization of soil nutrient availability from agricultural land to MZ wetlands.

3) to how extend the Drader River and Canal Nador contribute to the eutrophication in the lagoon: estimation of nutrients input to the lagoon.  

Methods

Study site

The “Merja Zerga” is one of the most important Moroccan wetlands in an otherwise water deficit area.  Apart from the invaluable ecological services and functions it also supports large and vitally important direct and indirect use values:

(1) Direct-use values: at least 2.500 households derive part of their income from the lagoon and its surrounding wetland (806 US $ per households per year, which represents 30 % of the total income of these households (Khattabi, 1997). The main activities are fishing and agriculture. Tourism advantages of the site are exploited informally through camp-sites and local hotels which lag far behind their real potential. 

(2) Indirect-use values: the lagoon provides protection against coastal erosion and floods.

(3) Non-use values: Lagoon Merja Zerga is also a wetland of international importance protected by the international RAMSAR convention with a rich biodiversity, including some endangered species. 

In the last 5 years, agricultural intensification in the catchments of Merja Zerga has led to a decrease in the quantity and quality of freshwater entering the lagoon Merja Zerga wetland via the Nador Canal to the south and Dradar River to the North (Figure 1). The surrounding sandy soils are now exploited for so-called plasticulture (strawberries, tomatoes etc), and increased groundwater extraction via wells has lowered the water table. Some wells around the lagoon are now experiencing saltwater intrusion. Water levels in the Merja have dropped and the area of salt marsh and Phragmites vegetations fringing the wetlands has been reduced by agricultural encroachment.


[image: image10]
Figure 1. Location of the Merja Zerga in Moulay Bousselham.

Study design

The present study was conducted in the Ramsar nature reserve located in the former basin of the River Dradar in the Gharb region, about 100 km North of Rabat, Morocco (34°50´N 006°20’W). In this area, the Dradar River with an average annual discharge of 4 m³s-1 and a slope of less than 0.4 mkm-1, and the Nador Channel drains a very big catchment. The flow regime can be characterized as rain fed with the highest discharge levels occurring between November and March and lowest levels occurring during the summer months.  A cross section in the connection area between the Dradar River and the lagoon was made to determine the river profile and the discharge of Dradar River into the lagoon (Figure 2). A second cross section was made in the Nador Channel. 

Groundwater and surface water sampling.

In 03 November 2006 a total of 25 wells (to act as piezometers) were selected around the MZ lagoon (Figure 2). In the wells, the elevation of the groundwater was measured and the coordinates of the wells were noted.  In each well, two groundwater samples were taken.  One sub-sample was used to determine nutrient and ions concentration and the second one was used to determine the heavy metals concentrations. The concentrations of the next ion contents: H, Ca, Mg, Na, K, Fe, Al, Cl, SO4 were determined by an inductively coupled plasma-emission spectrometry (ICP). The concentrations of phosphate (PO43--P), nitrate (NO3--N), nitrite (NO2--N) and ammonium (NH4+-N) were measured colorimetrically with a segmented flow analyzer (Skalar). For the heavy metals, the sub-sample was conserved with acetic acid. The two sub-samples were directly frozen and transported to the lab in Belgium.

For surface water about 12 sampling points were selected in the Dradar River, Channel Nador, and MZ lagoon itself (Figure 2). The same methodology was used as for the groundwater samples.  
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Figure 2. Sampling points: SW1,2,3.., are surface water sampling points, M; OM; R; G and D are groundwater sampling transects (from agricultural land to the wetland areas). River cross-sections were located in SW1 and in SW4. S1,2,.. are soil sampling points.
Soil analysis


After removal of the standing vegetation, one soil core (15 cm depth, 5 cm diameter) was taken in each place (Figure 2). Roots were directly removed manually and soil extractable N was determined on a sub-sample using 1 M KCl, followed by centrifugation and colorimetric measurement of the NO3-, NO2-, and NH4+ concentrations with a Skalar auto-analyser (Skalar, Breda, Netherlands). Extractable P was determined through extraction with ammonium acetate EDTA and colorimetric measurement of the PO43- concentrations with a Skalar auto-analyser. Soil acidity (pH-H20) was determined by soil extraction with distilled water and pH measurement in the supernatant solution (Houba et al., 1989). Cation exchange capacity (CEC) was determined by percolation with 1M NH4OAc, followed by ammonium extraction with 1 M KCl and colorimetric measurement of NH4+ -concentrations with Skalar auto-analyser (Chapman, 1965).

Results (will be reported latter)

Annex 6. Photos of field expedition.
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Discussion with the guard of MZ

              Measuring the conductivity in the lagoon
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Cross section of the Nador Channel


Measuring the flow in Nador Channel
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Preparation of water sample for analysis 

Measuring the flow in Dradar River
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Working on data and discussions 


End of the expedition
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