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ABSTRACT 

 
The Spate Irrigation Network Foundation (SpNF) is promoting Flood-based Farming 
Systems (FBFS) for multiple use including crop production, agro-forestry, domestic 
and livestock water supply, groundwater recharge and climate mitigation. This focus 
on multiple use make the concept of IWRM very relevant. The questions remaining 
are: (a) to what extent can the IWRM be a useful tool in practice? (b) What are the 
major limitations and (c) how can these limitations be addressed? These questions 
are central to this paper and the Harnessing Foods for Enhanced Livelihoods and 
Ecosystem Project that is being implemented by the Hydraulic Research Centre, 
Sudan. The project has employed RIBASIM modelling for optimum allocation and 
multiple use of the available floodwater resources as well as Modflow to assess 
groundwater recharge. Further, the impact of the floodwater allocation on agricultural 
production has been analysed using AquaCrop software. The project also identified 
two major challenges facing the implementation of IWRM: (1) integrating gender 
priorities, and (2) suitability and enforcement of the exiting water governance. 
 
Keywords: Adaptation strategies, Irrigation schemes, Climate change, Regional 
Climate Models, Crop water requirement, Mexico. 
 

1. INTRODUCTION 
 
The concept of IWRM is well recognized, focusing on: achieving social equity, 
economic efficiency and environmental sustainability for a given water system. It is 
also cross-cutting a number of disciplines (engineering, economics, sociology, politics 
… etc.). This is very relevant to what the Spate Irrigation Network Foundation (SpNF) 
is targeting through promoting Flood-based Farming Systems (FBFS) for multiple use 
including crop production, agro-forestry, domestic and livestock water supply, 
groundwater recharge and climate mitigation (Hydraulic Research Centre, 2016). 
 
The IWRM, as defined by the Global Water Partnership (GWP, 2000) is a process 
constitutes many steps. Starting from formulation of water policy based on the goals 
and objectives, to the final step of reviewing and evaluating the outcomes of the 
process. IWRM approach could be applied to any system: river basin, region of 
interest, irrigation scheme, locality, state. 
 

2. BACKGROUND 
 
The research project “Harnessing floods to enhance livelihoods and ecosystem 
services” is funded by CGIAR research program on Water, Land and Ecosystems 
and it is being implemented in the Gash area in Sudan by the Hydraulics Research 
Centre (HRC) of the Ministry of Water Resources, Irrigation and Electricity (MoWRIE) 
over the period January 2015 to December 2016, in collaboration with its partners: 
Spate Irrigation Network Foundation (SPNF), MetaMeta, as a leading partner and 
UNESCO-IHE. The research project aims to optimize the use of floods for agriculture 
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and ecosystem services to support livelihoods settings in the Gash River basin. The 
main components of the project are: 
 

 Water resources allocation of the Gash River Using RIBASIM; 

 Ground water modelling using MODFLOW; 

 Assessment of ecosystem services; 

 Gender and equity; and 

 Communication techniques as IWRM awareness tools.  
 

3. RESULTS AND DISCUSSION 
 
3.1  Water resources assessment 
 
Gash River is a flashy river. It experiences high flow fluctuations. Minimum and 
maximum extremes annual yields of 140 and 1430 million cubic meters were 
recorded during the rainy seasons in 1921 and 1983, respectively. Figure 1 below 
shows the average annual yield and highly recorded discharge of Gash river during 
the period 1904 – 2005 (Ahmed, 2016). 
 
As the river originates from highlands, the quality of the water resource is highly turbid 
and the annual average sediment yield is estimated to be in the order of 5.5 million 
cubic meters.  
 
The absence of sound flood forecast tool and uncertainty associated with the 
estimated amount of river flows (float method), stand as a real challenge to water 
resources assessment and allocation and hence implementation of IWRM.  
 

 
Figure 1. Gash River average annual yield & highly recorded discharge (1904-2005) 

 
3.2  Water resources allocation modelling 
 
Gash River serves different water users in Kassala State, and it is considered as the 
main source for the domestic, agricultural and environmental uses. One of the biggest 
challenges in Gash River Basin is to attain the optimum water use and allocation 
among the different users. The main beneficiaries of the Gash River surface water 
are: Gash Agricultural Scheme which most of Kassala State citizens are dependable 
on it, environmental flow to Gash Die at the downstream of the river and also the 
groundwater is mainly recharged from the river and it is the source for the drinking 
water for all the surrounded area and the Private Agricultural Schemes (PAS) or 
Sawagi. 
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Figure 2.  Multiple use of Gash River: Recharging wells and reservoirs for domestic 
and livestock production; crop production (Mehari, 2015) 

 
In order to allocate the surface and ground water resources in Gash River, RIver 
Basin Simulation Model (RIBASIM) was used. RIBASIM is an effective tool to support 
the process of water resources planning and the analysis of water uses, sourcing and 
distribution. It can be used to allocate different water resources at the river basin level 
by linking the hydrological inputs with the water users and it is based on water 
balance approach. 
 
First, the schematization and translation of the nature in the model have been done 
(Figure 3). After that the hydrological data used for the model was entered which 
includes: the inflow time series for an upstream station which is New Geera, the 
groundwater recharge that was estimated using two methods reported by Kabeer 
2015) which provided an average percentage of 32% of the total inflow to be 
recharged to the groundwater. Other literature stated that the groundwater recharge 
from the Gash River is 28% of the total inflow. For this study the 32% is considered 
for the analysis.  
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Figure 3. Schematization of surface and groundwater of Gash River Basin. 
 
The irrigation data as the areas and the crop water requirement were used for both 
GAS and PAS, the irrigated areas of GAS were provided by the GAS offices for the 
previous last years while an average area for PAS was considered. The water 
consumption rates and the population served from groundwater in that region were 
also used. 
 
The analysis at first has been carried out for the available records of the previous 
years (2005 – 2013) to assess the average situation of the water allocation for the 
different users and to estimate the average flow to Gash Die which has limited 
records. The simulation of the Gash system has been analysed on yearly basis using 
time step of 10 days and this resulted in average allocation as follows: 46.2% for 
GAS, 32% for the Groundwater Recharge and 21.8% flows to the Gash Die. 
 
Furthermore, different scenarios have been tested and analysed for an average year 
(650 Mm3/year) and for the worst case that has the minimum recorded yield (170 
Mm3/year) of the Gash River. Three scenarios were carried out for each year based 
on applying different priorities for the different users. In the three scenarios the 
groundwater recharge, Public water supply and the PAS were always given constant 
priorities (First Priority for groundwater recharge and drinking water and second 
priority for the PAS). The scenarios can be described as follows: 
 
Scenario 1 (Sc.1) was related to giving the priority for the Gash Die environmental 
Flow and then the second priority for GAS. 
 
Scenario 2 (Sc.2) was related to giving the priority for GAS and so the second priority 
for the Flow to Gash Die. 
 
Scenario 3 (Sc.3) was taken based on the average water allocation percentages of 
the previous years and so only 21.8% of the total inflow will be oriented to Gash Die 
and so the GAS has second priority. 
 
The average year simulation for the different scenarios resulted in percentages as 
40.8, 61.7 and 46.2% of the total inflow (650 Mm3/year) allocated to the GAS when 
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running scenario 1, 2 and 3, respectively. The allocated percentages for Gash Die 
were 27.2, 6.3 and 21.8% for the same order of scenarios. 
 
It has to be noted that as reported by Adeeb (2014a) and HRC (2014b), the 30-day 
inundation based irrigation practice is based on the requirements of cotton crop, 
which is much higher than the amount of water needed by sorghum, the major stable 
crop in the area currently. 
 
3.3  Groundwater modelling 
 
The Gash aquifer is highly depending on annual recharge of the River Gash seasonal 
flood. Therefore, the aquifer is replenished during the rainy season (July-October) 
and water levels starts to drop to reach condition of dryness in some wells in late 
summer. The water level in the basin is highly sensitive to amount of recharge and to 
rate of pumping by wells for irrigation and drinking water supply uses. The natural 
discharge through evapotranspiration by citrus, mango, and other fruit trees in the 
midstream and Miskieet dense forests in the downstream and Gash delta, consumes 
about 30% of the aquifer recharged water.  
 
MODFLOW was used to model the ground water system within Gash River Basin. 
The model shows that the basin can be grouped into the following parts considering 
the potential of the aquifer together with its performance during pumping (Fig. 4): 
 
The area of the upstream from the Sudanese boundary with Eritrea up to Wad 
Sharefaee is characterized by moderately groundwater potential, due to the relatively 
occurrence of thin alluvium deposits (9-14) and therefore thin aquifer (2-14m). 
 
The area of the midstream, especially around Kassala town, El Sawagi north and 
south, Khor Esshigia, and Salaam Elekum, has high groundwater potential, 
considered the most productive zone in the basin. It is characterized by relatively big 
alluvium sediments (23-48 m) and aquifer thickness (10-30m), high to moderate 
hydraulic conductivity. In the west central part of this area of the Gash Basin, 
relatively high hydraulic conductivity zone can be inferred from widely spaced 
simulated equi-potential (water level elevation) lines. Hence, this area was confirmed 
to be the most productive zone in the area. The eastern part of this area has relatively 
moderate potential as compared to the western part, due to thin aquifer thickness (2-
24m). 
 
The area around Jammam has moderate groundwater potential due to an aquifer of 
wide and big thickness (15-20). The aquifer has good transmissivities and hydraulic 
conductivities as compared to the Gash delta in the north.  
 
The downstream part of the Gash basin (from north Jammam area to Gash Die) is 
characterized by aquifers of moderate to low potential. The Gash delta up to Gash 
Die is characterized by a highly heterogeneous sedimentation pattern which leads to 
the fragmentation of the aquifer into small pockets characterized by thin aquifer (4-
12m) with poor hydraulic conductivity. 
 
The water level depth and water table elevation in the aquifer vary seasonally, where 
they rise during and after the rainy season (July- December) and start to drop during 
dry season. The seasonal variation is between 3 to 7 meters depending on the 
location and pumping rate from the aquifer. Late in summer (may-June) some water 
wells become dry. The excessive drop in water table is observed in areas of high 
pumping rates around Kassala town and in South and North El Sawagi areas 
(figures).  
 
The downstream parts of the aquifer around Jammam, the water levels vary between 
July to December 2015 in the range of 2 to 4meters. 
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Delta area, the aquifer although poorly developed but the water levels vary between 
wet and dry season in the range 4 to 6 meters and also drop to dryness.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Utility map showing groundwater potential in Gash Basin. 
 
 
3.4  Integrating gender priorities  
 
The research project area falls within four of the eleven localities that comprise 
Kassala State. The localities are Rural Kassala, Kassala, Rural Aroma and North 
Delta. As shown in Figure 5, the population in this area is 642,956. The female 
population represents 47%. Based on their living mode they are urban 51%, rural 
39% and nomads 10% (WFP, 2012). 
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Figure 5. Gender representation based on living mode. 
 
It must be recognized that the gender situation in the project area is problematic. 
Although it varies according to the socio-ethnic groups concerned, in all cases women 
are basically marginalized and excluded from most economic activities and the social 
and political decision making processes.  
 
The major tribe in the project area is the Hadendowa and its affiliated groups. Other 
tribes include Beniamir, Northern Sudanese, Fellata, Rashaida and some tribes from 
Western Sudan. 
 
3.5  Suitability and enforcement of water governance  
 
Water governance concept concerns with the political, social, economic and 
administrative systems. In simple words, water governance is a set of systems for 
controlling the process of decision-making regarding the development and 
management of water resources.  
 

 In Gash River Basin, a set of rules have been issued. Some of these are: 

 Development and Utilization of Gash Basin Water Act (1992); 

 Water Resources Act (1995); 

 Drinking Water Corporation Act (1996); 

 Development and Utilization of Ground water Aquifers (2009) … 

 It is noticed that the common articles among those acts are: 

 Abstraction and digging of shallow wells licensing; 

 Water fees; 

 Water resources pollution … etc. 
 
The main bodies responsible for activating such acts are: Federal Government, 
Kassala State Government, Gash River Training Unit, Groundwater and Wadi 
directorate – Eastern Sector, Gash Agricultural Scheme, drinking water corporation, 
Vegetable & fruits Farmers’ Union, Water Users Associations, state ministry of 
agriculture and livestock. 
 
It is evident that there is over-abstraction from the groundwater and significant 
increase in the number of shallow wells to be dug every year. Recent proposals for 
solving Issuing restricted state act for management of water abstraction, utilization 
and shallow wells digging; 
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 Formation of a council, upon the above proposed act, constitutes 
representatives of the different stakeholder categories who are utilizing the 
groundwater resources; 

 Stoppage of the horticultural agricultural expansion and save groundwater for 
the development of the existing farms; 

 Introducing modern irrigation systems 

 Minimize the spread of mesquite trees through replacing by other forestry 
trees. 

 

4. `CONCLUSIONS 
 
The absence of sound flood forecast tool and uncertainty associated with the 
estimated amount of river flows (float method), stand as a real challenge to water 
resources assessment and allocation and hence adopting IWRM. 
 
The Gash river flow, if managed properly, i.e, losses due to poor operation and 
maintenance practices are minimized - is sufficient to meet multiple upstream and 
downstream uses.  
 
The Gash die, the most downstream area has been deprived of water for the last 20 
years – this is mainly due to poor distribution arrangements and over utilization in 
upper Gash – not because of floodwater shortages. 
In-activation of the existing rules and acts, makes the groundwater availability at risk. 
In addition, the drastic drop in ground water table has its negative economic impact. 
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