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1. Introduction 
There are 3 research projects in Tunisia and 1 in Mauritania, related to water resource management 

and water environment (Fig.1). These projects are conducted by the research teams that include the 

researchers in ARENA.  

The distributions of precipitation in those two countries show extreme heterogeneity. In Tunisia, 

Northern part has comparatively high precipitation while southern area is hyper arid. In Mauritania, 

almost all of the territory is occupied by Sahara desert. The limited available water resource exist 

along Senegal River. The first priority in these countries is ensuring the sustainability of the 

available water resource and advanced use of that. Even in the area rich in water resource, the 

shortage of the water resource is constraint of the regional development of these countries. The 4 

main projects are field studies that contribute to find the practical solution of conservation of water 

resource and water environment in the area comparatively high water resource.  

This article introduce the outline of these 4 main projects. In addition to these main research 

projects, the researches on the water resource management in the area poor in water resource are 

conducted by the corroborators of ARENA. ARENA also consulted and accommodated their field 

surveys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Outlines of the projects I: Exploitation of sediment in reservoirs for sustainable use of 

surface water 
Securing stable water resource is one of the most important issues in the arid land countries because 

the extension of desertification caused by the global climate change is urgent matter. However, 

sedimentation reduces the water storage capacity of reservoirs. The countermeasure to the 

sedimentation is imperative in these countries, but it has not been carried out because the 

conventional technologies against the sedimentation, such as dredging and bypass for sediment 

discharge, are quite costly for the North African countries which are in severe economic condition. 

We studied about the exploitation of the sediment which is taken from the reservoirs in Tunisia, 

as soil amelioration (Mtibaa & Irie et al., 2012, 2016), medicine (Irie & Han et al., 2014) and 

construction bricks (Irie & Kashiwagi et al., 2012; Irie & Tarhouni, 2015). Uses as soil amelioration 

and medicine are expecting the humic substances contents in sediment. The effects of the humic 
substances were found in the laboratory experiments, but the extracted amount was too short. The 
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Figure 1: Projects sites of Environment group of ARENA 
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most reliable use is as construction bricks. However the price of the construction brick is too low for 

covering all the cost of dredging or other countermeasures. More value-added use is expected. 

On the other hand, fluoride contamination in drinking water from groundwater is found in 

Tunisia, which cause teeth and born health problem. Fluoride can be removed by the chemical 

reaction with phosphate compound. We propose that the basis of the purification unit will be 

prepared with the ceramics made from the sediment from reservoir. For mounting the phosphate 

compound, the porous media made from the sediment will be prepared. In addition, outer case of the 

purification unit can be also made from sediment.  

By using the sediment for manufacturing fluoride purification unit, the two big issues, surface 

water loss by sedimentation and groundwater pollution would be solved at once.  

 

 

 

 

 

 

 

 

 

 

 

 

 

There are 3 subtopics in this project, (i) Estimation of soil erosion and sedimentation for best 

practice of catchment area management and reservoir management, (ii) Developing a functional 

material for fluoride removal and build up fluoride removal unit, (iii) Developing Easy Analysis kit 

of Fluoride concentration.   

The behavior of turbid plume in reservoir was reproduced with computational model (Shintake 

& Irie, 2015; Ishikawa & Irie et al., 2015) as part of activities related to subtopic (i). Bottom density 

plume was formed when the flood turbid water enters to the water body and accumulation process 

was well reproduced. In addition to this, modeling of soil erosion process has been studied. As a 

primary step of that, accuracy improvement of land use classification from satellite image is 

discussing (Mtibaa & Irie, 2016). 

Study on material for fluoride removal is going on. Mechanism of fluoride removal by chicken 

bone char is studied as a model of the material (Arioka & Tafu, 2016). Phosphate extracted from 

food waste or industrial waste will be the key functional ingredient of matrix. Besides that, large 

surface area of the media contribute rapid adsorption of fluoride. We developed porous ceramics that 

was produced by detergent forming and gel-casting method from sediment in reservoir (Irie & Taga, 

2016). We will try to develop the material with the combination of rapid adsorption with porous 

ceramics and Fluoride slow fixation with phosphate in bone. The porous ceramics can also be used 

as physical filter that separate the fine media and water (Fig. 3). 

 

 

 

 

 

 

 

 

 

Figure 3: Porous ceramics from sediment (Left)    Figure 4: Performance demonstration 

        and its SEM Image (Right)                      in the JICA training 
 

In order to find the end of life of media, easy fluoride concentration analysis kit that can be 
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Figure 2: Structure of project I 
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handled even by local users is desired. The system working with smart phone is developed (Manaka 

et al., 2016). Performance demonstration and hearing from users was tried in a JICA training. 

This research is running with Prof. Tafu, Prof. Manaka, Prof. Furuyama from National Institute 

of Technology, Toyama College, Prof. Kawakami from Toyama Prefectural University, Prof. Fuji 

from Nagoya Institute of Technology, Prof. Tarhouni from National Institute of Agronomy of 

Tunisia (INAT), and Prof. Irie and Dr. Kawachi from ARENA.  

 

3. Outline of project II: Environmental Conservation of Ichkeul wetland from the point of 

view of SS budget 
Ichkeul wetland, one of natural world heritage sites has environmental problem due to the change of 

hydraulic condition for human activity in the basin. Tunisian Government constructed the new 3 

reservoirs in 80’s, Joumine, Ghesala, Sejnane that are located on the northern mountain, relative 

humid area for the dilution of water supply from Sidi Salem reservoir, largest dam in Tunisia. 

However, the construction of these 3 dams affects the environment of Ichkeul wetland which is 

located at the downstream of the reservoirs. These reservoirs reduce the freshwater inflow, and then 

the water level of Ichkeul wetland is decreased. Finally the sea water intruded to the wetland and it 

changed the flora from emergent plant dominant to moss dominant. It has been supposed that the 

main reason of this problem is reduction of inflow to the wetland due to the constructions of dams.     

In addition to the reduction of fresh water inflow by the 3 dams, inflow of suspended solid (SS) 

was also reduced. Seeing the sedimentation in the reservoirs, SS inflows were dammed by the 

reservoirs and reduce the inflow. By the tidal water exchange between Ichkeul wetland and Bizerte 

bay through Tinja channel, certain amount of SS outflows to Bizerte bay. As a result of 

sedimentation dammed in the upper reservoirs, SS budget in Ichkeul was also changed, only the 

outflow to Bizerte bay remains and the level of the bottom of wetland have been depressed. Finally, 

the sea water intrusion from Bizerte bay might be enhanced due to that bottom level depression. 

Based on that hypothesis, we are carrying out field surveys related to SS budget and re-suspension of 

solid driven by turbulence occur by strong wind (Fig. 5). As a result of satellite image analysis, the 

relationship between wind and the resuspension was confirmed (Ouni & Irie, 2016). 

 

 

 

 

 

 

 

 

Figure 5: Field survey in Ichkeul wetland 
 

In order to mitigate the effect of bottom depression of the wetland, the regulation of resuspension 

from the bottom by microbiological method was proposed (Hata and Irie, 2015; Hata et al., 2016). 

This project is running with Prof. Hata and Prof. Tebakari from Toyama Prefectural University, 

Dr. Watabe and Dr. Mizutani from Port and Airport Research Institute, Prof. Suetsugu from Saga 

University, Prof. Tarhouni from National Institute of Agronomy of Tunisia (INAT), and Prof. Irie 

and Dr. Kawachi from ARENA.         

 

4. Outline of project III: Effective surface water allocation for groundwater quality 

improvement in coastal agricultural area of arid and semi-arid regions 
In arid and semi-arid regions, available water resource is generally limited because precipitation is 

less and evapotranspiration exceeds the precipitation. Additionally, surface water such as river and 

reservoir waters is not suitable to regularly supply large amount of water due to large interannual 

variation of precipitation. Groundwater, therefore, is often main water source there. In coastal areas 

of arid and semi-arid regions, groundwater salinization is one of water issues. Seawater wedge 

normally forms beneath freshwater aquifer due to difference of water densities and water level 

between freshwater and seawater bodies. However, seawater wedge moves depending on hydraulic 
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gradient balance between freshwater and seawater. The wedge would intrude toward inland when 

freshwater groundwater level relatively draws down due to less groundwater recharge, groundwater 

pumping, or seawater level rising. Particularly, intense groundwater pumping would force seawater 

to draw up and mix with freshwater. In the process of groundwater salinization, anthropogenic 

impacts is not a little. 

In this project, we investigate effective allocations of surface water from a dam reservoir in a 

coastal agricultural area on Korba aquifer, Cap Bon, Tunisia in order to improve groundwater quality. 

The study area is famous as one of the main agricultural zones in Tunisia. Since groundwater has 

been exploited there for irrigation, groundwater level depression and salinization have been reported 

in parts of the study area. On the other hand, surface water from a dam reservoir is distributed to 

some areas in the Korba aquifer, and the farmers use it for irrigation instead of groundwater. Using 

surface water can reduce groundwater use and increase groundwater recharge due to return flow of 

irrigation water. However, the positive impacts on groundwater quality and quantity have not been 

quantified yet.  

Therefore, we aim to quantify the impacts of surface water on groundwater quality formation, 

based on both hydrogeological and agro-economic surveys. Hydrogeological survey has been 

conducted to characterize the spatial distribution of groundwater level and quality, and groundwater 

level depression or/and salinized areas were distinguished based on multivariate analyses using 

chemical parameters of groundwater. Additionally, groundwater flow system associated with 

groundwater quality formation was estimated using contents of major and minor ions concentrations 

and stable hydrogen and oxygen isotopic compositions in groundwater. As agro-economic surveys, 

questionnaire surveys were performed to estimate irrigation water demand, groundwater use, and 

water productivity of main irrigation crops. Estimated groundwater use in the groundwater 

depression areas seems to be more, and the total amount of groundwater use was estimated 6 times 

more than the provided surface water amount from the reservoir annually. It indicates difficulty of 

compensation for groundwater use by surface water. However, the salinized area is in the plane land 

area where the hydraulic gradient is smaller while no salinized area in the hill side area where the 

hydraulic gradient is relatively larger. In addition to that, surface water is distributed in the hill side 

area. It means that there could be mismatching of water allocation from the viewpoints to improve 

the groundwater salinization. 

 

 

 

 

 

 

 

 

Figure 6: Field surveys in Korba 
 

Further works using numerical modeling should be conducted to identify the mismatching and 

quantify the impacts. We also intend to economically and physically evaluate another options for 

groundwater quality improvement: artificial recharge using surface and reclaimed waters; 

construction of underground dam; and water supply from another areas in the country.  

This project is running with Dr. Kefi from Water Researches and Technologies Center 

(CERTE), Prof. Tarhouni from National Institute of Agronomy of Tunisia (INAT), and Prof. 

Kashiwagi and Dr. Kawachi from ARENA. 

 

5. Outline of project IV: Farm field development based on flood control of Senegal River 
The agriculture along Senegal River, especially on the right bank of Mauritanian territory side, 

depends on the flood inundation. The recession agriculture that uses the flood plain of the river after 

inundation is traditional style but gives unstable productivity. In addition, catastrophic damages on 

the farm field are given in the big rainy years. The authors propose that Lake R’kiz, the dry lake 

located on the right bank of Senegal River can be used as the retention pond for flood control and 
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water reservoir for the agriculture in dry season. 

We tried to simulate the inundation on the flood plain under the current river system as a first 

step. Based on this numerical simulation model, the construction of the cannel from Senegal River to 

R’kiz Lake will be considered in further study. The digital elevation model (DEM) of the flood plain 

of the study site from upper Podor to Dhiama dam was obtained from the free database of Shuttle 

Radar Topographic Mission (SRTM). The hydrological data used as the boundary condition on 

Dhiama dam and Podor are the observed data in 1999 when there was a big flood. iRIC that solves 

the 2 dimensional shallow water flow equation was applied to those conditions and result of the 

simulation was evaluated by the comparison with the water surface area estimated by satellite image 

analysis. (Irie & Ould Ahmed et al., 2015; Maruyama & Irie et al., 2016) 

Final goal of this project is reginal economic development based on farm field extension. In 

addition to the hydraulic simulation for flood control and water resource management, socio 

economic survey was also carried out (Iwasaki & Irie et al., 2015) 

 

 

 

 

 

 

 

 

Figure 7: Field survey in Senegal river terrace 

 

This project is running with Prof. Iwasaki from Sophia University, Dr. Bouya Ahmed Ould 

Ahmed from l’Institut Supérieur d'Enseignement Technologique de Rosso and Prof. Kashiwagi and 

Prof. Irie from ARENA. 

 

6. Social contribution 
Extension course was held in July 2015. Title of the lecture was “Global water shortage –Message 

from North Africa to Japan for future for coexistence-”. 46 audiences joined the extension course. 

 

 

 

 

 

 

 

Figure 8: Lecture of “Global water shortage: Message from North Africa 

to Japan for future for coexistence” 

 

Environment group of ARENA organized a workshop session “Survival Strategy in Arid Land: 

Management of Water Resource and Agriculture” in Tsukuba Global Science Week on 28th 

September. We invited 3 international speakers from Tunisia and Mauritania; Jamila Tarhouni from 

National Institute of Agronomy Tunis, Mohamed Kefi from Borj Cedria Techno Park and Cherif 

Ould Ahmed from Institut Supérieur d' Enseignement Technologiques de Rosso. In addition, Prof. 

Erina Iwasaki from Sophia University spoke about our joint research in Mauritania. 45 audiences 

joined the workshop. 
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Figure 9: Session in Tsukuba Global Science Week, “Survival Strategy in Arid Land: 

Management of Water Resource and Agriculture” 
 

We also contributed the workshop of South-south cooperation in Tunisia on Water resource 

management. This workshop was supported by JICA Tunisia and ATCT on September. Trainees 

came from North African and West African countries. Prof. Jamila Tarhouni from National Institute 

of Agronomy Tunis (INAT), was the chief organizer. Prof. Iman Nouiri from INAT and Prof. Maki 

Tsujimura and Prof. Irie from University of Tsukuba are lecturer and adviser for this workshop. The 

trainees brought some water-related topics in their home countries. The trainers gave advises and 

solutions to their own problem. 

 

 

 

 

 

 

 

 
Figure 10: South-south cooperation training in Tunisia 

 
ARENA also received the visit of JICA training course group organized by Tottori University 

last 6 years. The name of the training course is “Appropriate management of land and water resource 

for sustainable agriculture in arid land”. 10 trainees from Africa and Asia spent a few month in 

Tottori. As a training trip, they had visit to Tsukuba, going around our university and National 

Institutes. ARENA introduced our comprehensive activities in North Africa to the trainees. 

 

 

 

 

 

 

 
Figure 11: Lecture in ARENA for JICA training organized by Tottori University 

 

7. Further studies 
As mentioned in above articles, the Environment group of ARENA aims interdisciplinary practical 

research, and we also held social activities in order to implement the research results. It is impossible 

to carry out these comprehensive approach only with the limited human resource in ARENA. 

Corroborations with visiting researches are indispensable for the activities of the Environment group 

of ARENA. Further studies will be conducted by the visiting researchers from other universities, 

national institutes and companies that are interested in the research in North Africa. 
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