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Abstract: Water resources management in arid regions and 

semi-arid such as Egypt is a continuous  process for the 
achievement of rational use of the scarce water resources for the 
benefit of the  national economy. Water scarcity in Egypt is a 
major challenge, which is annually increasing  due to the high 
water demand of different sectors, while the share of Egypt from 
the Nile is  fixed at 55.5 billion cubic meter (BCM). 
Non-conventional water resources, such as drainage  water, are 
essential alternatives to improve the water use efficiency. In Nile 
Delta, a  considerable number of reuse pump stations (RPSs) are 
distributed along the drains network  already decades ago. But 
farmers are unofficially using small pumps to divert drainage 
water  directly to their fields. The major concern in the reuse of 
agricultural drainage water is the  build-up of salts. This research 
aims to assess the water balance in El-Behira governorate 
to  reduce the negative impacts of water scarcity on the crop yield, 
soil deterioration,  evapotranspiration. The model was calibrated 
using the water and agriculture data of the year   2014 which was 
used as a base year then it was validated using the data of year 
2015. Two  statistical goodness-of-fit coefficients [Nash–Sutcliffe 
model efficiency coefficient (NSE) and  ratio of the root mean 
square error to the standard deviation of measured data (RSR)] 
were used  to assess the re-calibration and validation of the model; 
where the results of the model showed  good and very good 
performance with the observations. In addition; the water 
allocation of  the study area was simulated by the SIWARE Model 
during the studied two years to assess  the current water uses and 
soil conditions, while the results are visualized using 
Geographical  Information System (GIS) as an essential tool for a 
decision support system. The simulation  results indicated that the 
study area suffers from water stress that forces the farmers 
to  unofficially reuse the drainage water. Electrical Conductivity 
(EC) of the unofficially reused  water ranged between Medium and 
high hazard salinities that gives restrictions on the crop  pattern, 
causes hygienic risks, and increases the pollution in the shallow 
aquifer.   

Keywords: Drainage Water Management, SIWARE, 
EL-Behira Governorate, Water Scarcity, Reuse of Drainage 
Water 

I. INTRODUCTION 

Water scarcity in Egypt is a major challenge which is 
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increasing year by year. That’s because  the water demand of 
the different sectors is increasing while the share of Egypt 
from Nile  River is fixed at 55.5 BCM [1], While the demand 
is about 72.4 BCM [2]. The Nile is the main source of Egypt’s 
water budget and developments in the Upper  Nile threaten to 
decrease its supply. The expanding population of Egypt 
creates an ever- growing pressure on the government to 
provide new land reclamation areas. In addition,  public water 
supply and industrial water requirements are increasing at the 
expense of  agricultural water use [3]. Egypt, an arid country at 
the end of the longest river in  the world, has a negative water 
balance. Its annual supply of water from the Nile, 
rainfall  along the Mediterranean Coast, and deep groundwater 
amounts to approximately 57.7 billion  cubic meters. But each 
year, the farms, industries, and people of Egypt use around 
72.4  billion cubic meters of water. In Egypt, the reuse of 
agricultural drainage water provides an  integral supplement to 
the water supply increasing the country’s available water 
resources by   20% [2].  

Reuse of drainage water is essential nonconventional water 
management strategies in Egypt  to optimize the water use 
efficiency. In the Nile Delta, a considerable number of reuse 
pump  stations (RPSs) are distributed along the main drains 
network already decades ago. Some of  RPSs are still working 
while others are stopped due to quality problems in canal 
reaches  downstream of these RPSs. However, farmers at the 
end of the canals are unofficially reusing  drainage water to 
divert drainage water directly to their fields. The major 
concern about the  reuse of agricultural drainage water is the 
build-up of salts and other trace elements in the root  zone to 
such extent that it interferes with optimal crop growth and 
causes degradation of  shallow aquifers [3].  

High soil salinity is a major problem in Egypt in the last few 
decades [4]. It was addressed  with regards to the need to 
create water supplies for new irrigation projects by reusing 
of  Agri-drainage waters [5] and high-water tables in 
intensively irrigated areas [4]. Soil  salinization is considered 
ecologically dangerous because it suppresses the growth of 
many  agricultural plants. It also decreases the agricultural 
productivity in arid and semiarid zones   [6]. Moreover, 
processes of waterlogging, soil compaction, soil salinity and 
alkalinity are  partly too high at different land units [7]. 

This research aims to assess the water balance in El-Behira 
governorate to reduce the negative  impacts of water scarcity 
on the crop yield, soil deterioration, evapotranspiration. 
SIWARE  numerical model was used to fulfil the research aim 
while the results were visualized using  geographical 
information system (GIS). 
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II.   STUDY AREA   

El-Behira governorate is about 6770 km2, which is part of 
the Western Nile Delta (WD) and bounded by Rasheed 
Branch of the Nile from the east, the Mediterranean Sea and 
Northern lakes from North, the western desert from west and 
south as in Fig.1. The study area is served with three main 
canals in the WD that are Rayah El Beheri, El-Mahmoudia 
and Rayah El- Nasry, which takes their water directly from 
Rasheed branch. The fields of the study area are irrigated by 
the distributaries of these main canals. El Behira governorate 
contains three main drains in the WD which are El-Umom, 
Edko and Barsiq drains. Moreover, to compensate for the 
irrigation water shortage in this governorate 10 reuse pump 
stations (RPS) were distributed along the drains of the 
Governorate by MWRI as shown in Fig.1 and Fig.2; three of 
them (RPS) were stopped because of the water quality and 
health problems. 

 
Fig. 1 Drainage pump station catchments in the study 

area and its’ borders with respect to  El-Behira 
Governorate 

 
Fig. 2 El-Behira Governorate Canals, Drains, Drainage 

pump stations and Reuse locations.   

III. METHODOLOGY 

In order to assess the current water uses and soil conditions 
in the study area (about 6770 km2),  SIWARE Model was 
used to simulate the area considering its characteristics as well 
as the  hydrological and meteorological conditions. The 
Model was recalibrated and validated using the  water and 
agriculture data sets of two successive years 2014 and 2015. 
Then, the simulation  results were represented using 
Geographical Information System (GIS) technique which is 
as a  vital tool for decision support.   

The program package SIWARE (Simulation of Water 
management in the Arab Republic of  Egypt) has been 
developed and calibrated for applications on a national and 
regional level in  Egypt [4]. The model was calibrated during 
the Enhanced Water Resources  Management Project 
(EWRMP) in the year 2014. SIWARE simulates effects of 
water  management strategies and alternatives under arid 
conditions [5]. In the model  applications, the supply rate to 
the major irrigation canal intakes is fully controlled, and 
the  areas grown with certain crop pattern can be limited [6].   

SIWARE model consists of four main modules as shown in 
Fig.3 each one with special  functions [6]. In SIWARE model, 
the study area is divided into sub- areas, called Calculation 
Units (CU); each CUs have the same soil type. Also, canals 
are  divided into nodes, while drains are divided into sections, 
where each CU takes water from  one node and drains into one 
section. The farmer behavior was also considered also in 
the  model as if the freshwater was not enough; the farmer 
would irrigate his field from the  nearest water source as 
drains, which is called unofficial reuse. Fig.4 displays 
the  mechanism of SIWARE Model.   

 

Fig. 3 Modules of SIWARE and inputs of each module 
[6] 
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Fig. 4 SIWARE model mechanism  

IV.  DATA COLLECTION 

In order to apply SIWARE Model on El Behira 
governorate, all required data were collected  covering 
meteorological and hydrological conditions, soil types, canals 
and drains catchments,  water duties, crop pattern, water and 
soil salinity, etc. Following the mechanism of SIWARE,  the 
study area (El-Behira Governorate) was divided into 74 
Calculation Units (CUs).   

Remote sensing techniques were used to classify the land 
cover especially the vegetated  areas. Three Landsat images in 
year 2014 were downloaded from USGS earth explorer 
to  cover the study area as shown in Fig.5. Moreover, Fig.7 
shows the total and the  irrigated area of each CU as a fraction 
of the gross area of each CU as measured from remote  sensing 
images (see Fig. 6)  

Meteorological daily data were collected for reference 
Evapotranspiration (Eto) and  Precipitation (P) using World 
Association for Public Opinion Research Database 
[WAPOR] [7]. WAPOR database uses remote sensing images 
to calculate the climate variables.  In SIWARE model, the Nile 
Delta is divided into three climatic regions: Northern 
Delta   (ND), Middle Delta (MD) and Southern Delta (SD). As 
the study area lies in the Northern  and Middle Delta, Table I 
tells the maximum and minimum values of ETo and P for the 
two  regions for in 2014. Fig.7 shows the cultivated area as a 
percentage of the total area in   2014. It can be noticed that the 
cultivated area is about 89% of the total study area. The 
code  numbers of the calculation units given in Fig. 7 are 
according to the code numbering system  of the calculation 
units used in the database of the whole Nile Delta.   

For Crop pattern, the data was collected according to the 
Governorate scale [8], then it was downscaled into CUs scale. 
In the study area, ten main crops are  cultivated: Cotton, Fruits, 
Maize, Rice, Wheat, long and short Berseem and 
Vegetables   (winter, summer and Nili). Fig.8 shows the 
cultivated area for each season in percentage of  total 
cultivated area of the year for El_Behira governorate of year 
2014.   

The officially reused water quantity and salinity were 
collected from DRI report of year   2015 [9]. About five 
working reuse PS serve the study area where the total quantity 
of the  officially reused water in the study area were 0.258 

BCM/yr.   
The irrigation water quantities of the main canals (e.g., El 

Rayah El Beheiry, El Rayah  El  Naseri and El Mahmodia 
canal) and the total amount of the Nile water supply to  the 
whole  delta were collected from MWRI (Planning 
Sector)  that  presents the decadal data collected  from MWRI 
and also the fractional  decadal data for the main canals in the 
WD in each  month and Decade.  The input data of the model 
was in as a decadal fraction of the total   water supply to the 
WD and the total water supply that enters the  whole WD .  

 
Table I The Meteorological data needed for SIWARE 
downloaded from WAPOR database for each Region 

in the Nile delta [WAPOR] [7] 

Zone 
 

Eto (mm) 
Precipitation 

(mm) 
ND Max 7.39 1.23 

Min 2.09 0.01 

MD Max 8.39 0.00 

Min 1.86 0.00 

SD Max 9.28 0.38 

Min 1.81 0.17 

 

 
Fig. 5 True color three Landsat image that covers the 

WD in 2014 

 

Fig.6 the classified land cover image in WD (August 2014) 
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Fig.7 The ratio between the cultivated Area to the total 
area on CUs for year 2014 

 

Fig.8 Percentage of cultivated crops in behira 
governorate for the re-calibration year [8] 

V. RESULT AND DISCUSSION 

A.  Calibration and Validation 

The model was calibrated for year 2014 which is considered 
as a base year. The calibration  was carried out in the main 
canals discharge data using two statistical tests that Classifies 
the  simulation results into four classes (very good, good, 
satisfactory and unsatisfactory) as in  Table I. The first test is 
(NSE) which is a normalized statistic that determines 
relative  magnitude of the residual variance (“noise”) 
compared to the measured data variance   (“information”) and 
it’s calculated as in (1). The second test is (RSR) 
that  standardizes RMSE using the observations standard 
deviation, and it combines both an error  index where it’s 
calculated as the ratio between RMSE and standard deviation 
of measured  data as in (2). [10] 

      (1) 

    (2) 
Where Y_i^obs is the observed value, Y_i^sim is the 

simulated value,  Y_i^mean is the mean of observed data, and 
n is the total number of  observations. (Moriasi et al. 2007)  

The two tests were conducted on the the canals of El Behira 
governorate and its’ performance were Very good and good 
for all results in the calibration and verification years. Fig.9 
and Fig. 10 shows the canals simulated and measured 
discharges on year 2014 and the validation years (2015 and 
2016) for the main and secondary canals in El Behira 
Governorate. 

 

Fig.9 Observation Versus simulation discharges of 
main canals intakes for years 2014 and   2015 that are used 

in calibration and validation of the model  

 
Fig.10 Observation Versus simulation discharges of 

secondary canals intakes for years 2014  and 2015 that are 
used in calibration and validation of the model 

B. Simulation Results of Intake Discharges from Main 
Canals 

Fig.11 and Fig.12 show the simulation results of the intake 
fresh water discharges from main canals and the branch 
canals  that feeds El Behira Governorate. 

 

Fig.11: Simulation results of the intake discharges of main 
canals (Rayah El Behiry, Rayah El Nasry, El and El 

Mahmoudia Canal) in El Behira Governorate 
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Fig 12: Simulation results of the intake discharges of 
Secondary canals (Ferhash and El  Hagger Canals) in El 

Behira Governorate 

C. Simulation Results of Drainage Water   

Fig.13 and Fig.14 present the spatial distribution of the 
unofficial reuse of drainage  water quantities on year 2014 and 
2015. Due to the need for irrigation water at the end  reaches of 
the distributary canals, the farmers unofficially extract water 
from the nearest drain  to cover the shortage of irrigation 
requirements of their lands. The simulated amount of 
the  unofficial reuse in the whole study area for year 2014 and 
2015 is about 0.811 and 0.870 BCM/yr relatively.  According 
to the simulation results, it was found that the unofficial reuse 
in El Behira  Governorate were about 9% and 10% of the 
simulated fresh water supply in the Area in both  year 2014 
and 2015. Additionally, the unofficial reuse of drainage water 
in year 2015  increased by about 7.3% than year 2014. Also, 
the total simulated unofficial reuse amount is  about 3 times of 
the official reuse in the study area [9].   

D. Impacts on the Crop Water Use (ET) 

Fig.15 shows the spatial distribution of the simulated 
Evapotranspiration (ET) in the study  area on years 2014 and 
2015. It can be noticed that the crop water use in 2015 is 
smaller than  that of 2014 which happened due to the lack of 
the fresh water supply and official reused  drainage water. The 
SIWARE model results show that the crop water use is about 
77% and 76%  of the simulated fresh water supply in the whole 
Area in both year 2014 and 2015.  Additionally, the simulated 

ET for the Meteorological region MD (middle delta) showed 
the  most significant difference between year 2014 and 2015 
where Et of year 2015 is less than Et  of year 2014 by 15.5 %  

E. Impacts on Salinity (EC) 

 Unofficial Reuse Water Salinity 
  Fig.16 shows the spatial distribution of the simulated 

Unofficially Reused Water Salinity classified according to 
[11] in El Behira Governorate  (year 2014 and 2015); where 
the Unofficial reuse salinity ranged between 0.00 to 5.5 dS/m. 
the Unofficially reused water salinity increases in the 
Northern parts of El Behira Governorate which could be 
because of the salt water intrusion of the Mediterranean sea in 
addition to the decreased water quality of drainage water at 
the end of drains. Additionally, the unofficial reused drainage 
water salinity is about 3 times that of the irrigation water. 

 Drainage Water Salinity 
 Fig.17 shows the spatial distribution of the simulated 

Unofficially Reused Water Salinity classified according to 
(Hopkins et al. 2007) in El Behira Governorate  (year 2014 
and 2015); where the Unofficial reuse salinity ranged between 
0.00 to 5.5 dS/m. the Unofficially reused water salinity 
increases in the Northern parts of El Behira Governorate 
which could be because of the salt water intrusion of the 
Mediterranean sea in addition to the decreased water quality 
of drainage water at the end of drains. Additionally, the the 
unofficial reused drainage water salinity is about 3 times that 
of the irrigation water. 

 Soil Salinity 
The unofficial reuse affects directly the soil salinity as the 

farmers are forced to use drainage water with high salinity to 
irrigate their fields. This causes the accumulation and 
build-up of salts and causes soil deterioration. Fig.18 shows 
the spatial distribution of soil salinity, classified according to 
[12]; where soil salinity ranges between Low and Medium 
salinity according to [12]. In addition, the higher salinities 
could adversely affect the crop yield and quality as shown in 
Fig.19. 

 

 
Table- I General Performance Ratings for recommended statistics for monthly time step [10] 

Performance Rating RSR NSE 
Very Good 0.00≤RSR≤0.50 0.75<NSE≤1.00 

Good 0.50<RSR≤0.60 0.65<NSE≤0.75 
Satisfactory 0.60<RSR≤0.70 0.50<NSE≤0.65 

Unsatisfactory RSR>0.70 NSE≤0.50 
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Fig.13: the spatial distribution of the simulated unofficial reuse (MCM/YR) (year 2014 and 2015) 

 
Fig.14: The spatial distributions of the simulated official reuse (MCM/YR) (year 2014 and 2015) 

 
 Fig.15: Spatial distribution of the simulated Evapotranspiration (ET) (MCM/YR) in El Behira Governorate  (year 2014 

and 2015) 
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Fig.16: spatial distribution of the simulated Unofficially Reused Water Salinity classified according to [11] in El Behira 

Governorate  (year 2014 and 2015) 

 
Fig.17: spatial distribution of the simulated Drainage Water Salinity classified according to [11] in El Behira 

Governorate  (year 2014 and 2015) 

 
Fig.18 Spatial distribution of simulated Soil salinity classified according to [12] in El Behira Governorate  (year 2014 

and 2015) 
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Fig.19 Division for classifying crop tolerance to salinity [13] 

VI. CONCLUSION 

SIWARE Model was re-calibrated and validated then it 
was used to assess the impacts of unofficial drainage reuse on 
the water use efficiency, crop yield and soil salinity El Behira 
Governorate located in Western Nile delta for two successive 
years 2014 and 2015. The model was re-calibrated using data 
of the base year 2014 then it was validated on year 2015. Two 
statistical goodness-of-fit coefficients NSE and RSR were 
used to assess the re-calibration and validation of the model 
where the results of the model showed good and very good 
performance with the observations.  

The simulation results showed that the study area suffers 
from water stress which is considered as the main reason for 
the unofficial drainage water reuse in the study area. 
According to the simulation results, the unofficial reuse of 
drainage water in year 2015 increased by about 7.3% than 
year 2014. Also, the total simulated unofficial reuse amount is 
about 3 times of the official reuse in the study area. 
Additionally, the simulated ET for the Meteorological region 
MD (middle delta) showed the most significant difference 
between year 2014 and 2015 where Et of year 2015 is less 
than Et of year 2014 by 15.5 %. Moreover, the simulated soil 
salinity was between 1 and 4 dS/m, that ranges between low 
and medium- high salinity hazard, which is affecting 
negatively the crop yield and quality. While the drained water 
salinity ranged between 0.64 to 8.0 dS/m. However, the 
salinity increases in CUs near to Mediterranean Sea which 
may be the reason of the high salinity of the northern parts of 
the study area. The unofficial drainage water reuse in the 
study area causes the rapid soil deterioration, as the salinity of 
the unofficially drainage water reuse is in the range between 
medium and high salinities.  

Accordingly, it is recommended to generalize the use of the 
SIWARE model to simulate the Nile Delta region to 
configure the effects of water shortage on the irrigated areas 
then studying the different management alternatives to meet 
the food and energy requirements of Egypt 
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