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READING GUIDE 

In the underlying report the simulation results of some alternative water manage
ment scenarios for the Eastern Nile Delta will be presented. The report also inclu
des short descriptions of the SIWARE package, input data, and the calibration and 
validation procedures applied More detailed information can be obtained from the 
basic reports in the Reuse modelling series as enumerated on the next page. 

This report will be preceded by an extensive summary and, where relevant, conclu
sions drawn from the subjects as treated in the various chapters. 

In chapter 1 an introduction to some of the current the water management pro
blems in the Nile Delta in Egypt will be presented. The objectives and comple
ted activities of the 'Reuse of Drainage Water Project', as well as the future 
possible activities of this project will be discussed. 

In chapter 2 a short explanation of the simulation model package 'SIWARE' will 
be given. The majority of the relevant physical and functional relationships which 
are combined in the model will be discussed. 

In chapter 3 attention will be paid to the important required input data which have 
been used for the simulation of the water management in the Eastern Nile Delta. 
The accuracy and reliability of these data will be discussed, as well as the reasons 
for calibration of some of these data. 

In chapter 4 the simulation results for the year 1986, which has been used for the 
model input parameter calibration, will be compared with the results of the moni
toring network. The model performance will be further illustrated by confronting 
the simulation results of the complete period 1984-1988 with the measured data. 
Attention will be paid to the analysis of the water management system and its 
performance during 1986. Furthermore, the crop response simulated by the model 
will be compared with experimental data and results from both the international 
and the Egyptian relevant literature. 

In chapter 5 the simulation results for a number of alternative water management 
scenarios will be discussed The scenarios considered take into account effects of 
changes in the cropping pattern, changes in the crop water duty of rice, extension 
of the agricultural area in the Eastern Nile Delta, and changes in the irrigation 
behaviour of farmers. 
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The regional water management in the Eastern Nile Delta of Egypt (756,000 ha) has been analyzed 
for the years 1984 through 1988 using the SIWARE model package. This versatile package has been 
compiled for integrated agricultural water management under arid and semi-arid conditions. It 
comprises 4 sub-models: DESIGN for dimensioning irrigation canals and allocating water to the 
main intakes; WDUTY for calculating the farmers' water requirements; WATDIS for distributing 
irrigation water; and REUSE for on-farm water and salt management, and reuse and disposal of 
drainage water. The modelled processes in SIWARE warrant reliable simulations of irrigation and 
drainage flows and salt loads, confirmed by the model calibration and validation. Three alterna
tive water management scenarios have been evaluated, leading to the following conclusions: reducing 
the rice water allocation duty rather than reducing the rice acreage is a better proposition to save 
on irrigation water; saved irrigation water can be used profitably in reclaimed desert areas for winter 
crops; and unofficial reuse of drainage water by farmers should not be prohibited. 
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RECOMMENDATIONS 

Irrigation water is becoming more and more a scarce commodity in Egypt with the 
continuously increasing demand for food crops. Since the use of Nile water, 
Egypt's main resource, is reaching its limits, a more efficient exploitation of this 
water becomes imperative. 

In order to provide the Ministry of Public Works and Water Resources with infor
mation regarding reusable drainage water in the Nile Delta, a monitoring network 
and a mathematical simulation model have been developed simultaneously. The 
monitoring programme includes drain discharges, salinities and the chemical com
position of the drainage water at a comprehensive number of locations through
out the Nile Delta. All measured data have been reported in a series of yearbooks. 
The SIWARE1 integrated water management model package provides a quantitative 
estimation of alternative water management measures in irrigated agriculture under 
arid and semi-arid conditions. 

One of the merits of the SIWARE simulation model is its ability to provide intelli
gent estimates of the future conditions in the modelled system brought about by 
changes in the system's input parameters. The real consequences of such changes 
on the short and the long term, however, can only be verified through field surveys 
and measurements. 

1. It is therefore strongly recommended to maintain the present measurement network 
along with its frequent data collection. 

The application of the SIWARE model package on the Eastern Nile Delta has 
proven its accuracy and validity. Further verification of the model approach can 
only be obtained by simulations for other areas where different agricultural and 
hydrological conditions prevail. Expanding the modelled area also contributes to a 
more accurate prediction of the aggregated effects of alternative water manage
ment scenarios on a national scale. 

2. It is therefore recommended to apply the SIWARE model package on the Middle 
and Western Nile Delta. 

The analysis of the water management during 1986 revealed a significant discre
pancy between the calculated crop water requirements and the fixed crop allocation 
duties used by the Ministry of Public Works and Water Resources. Investigations 
into these deviations, which are mainly caused by the spatial variability of the 
crop water requirements, may lead to a higher efficiency in the irrigation water 
distribution and savings on irrigation water. 

3. It is therefore recommended to analyze the spatial variability of the crop water re
quirements through literature and Field research in order to determine the validity 
of the spatially distributed values simulated with the SIWARE model package. 

Three clusters of different water management strategies have been simulated and 
analyzed. All identified strategies were aimed at water savings, either through con
versions in the cropping pattern, or through improvements in the irrigation water 
distribution, or by resorting to reductions in the Nile water supply to the old lands. 

1 SIWARE stands for Simulation of Water Management in the Arab Republic of Egypt 



All performed cropping pattern simulations, except those for extreme water savings, 
indicated that reducing the allocation water duty of rice rather than substituting part 
of the rice area with maize is a better proposition to save on irrigation water. This 
finding was supported by a financial and an economical analysis using price levels 
of 1979/1980. 

4. It is therefore recommended, in case of water shortages, to consider a reduction in 
the allocation water duty of rice rather than replacing rice by maize in the southern 
part of the Nile Delta as was implemented in 1988. 

5. It is also recommended to repeat the financial and economical evaluation of the 
various cropping pattern strategies with more up-to-date price levels and figures con
cerning governmental pricing policy, and to include cash crops like vegetables and 
trees in this evaluation. 

The strategies handling the extension of the old lands with reclaimed desert areas 
showed that water saved in the old lands can be profitably used in the new areas. 
Despite a total Nile water supply limited to the very low amount of 1988, the sim
ulated productivity of the winter crops was good. Summer crops performed less 
well. 

6. It is recommended to collect crop yield and price data for reclaimed areas on which 
a sound cost-benefit analysis can be based, justifying the investments for such areas. 

SIWARE model simulations indicated that banning small diesel pumps used by far
mers for lifting water directly from the irrigation canals offers some relief with 
respect to the irrigation water distribution. Major improvements, however, could not 
be established because these effects will be primarily noticeable on a 3 times lower 
scale as employed in the model simulations. 

7. It is therefore recommended to apply the SIWARE model package on an equal scale 
as currently used for the calculation units (approximately 15,000 feddan') in order to 
determine the non-uniformity in the water distribution within these units. 

The same strategy cluster also showed that banning these diesel pumps for the 
unofficial reuse of drainage water will lead to negative effects on crop yields 
caused by local and temporal water shortages. 

8. It is therefore recommended not to prohibit the unofficial reuse of drainage water 
by farmers under the presently prevailing conditions in the Eastern Nile Delta. 

In none of the strategies studied, Nile water savings by extending the official reuse 
of drainage water has been considered. The precarious situation of Egypt's water 
resources requires the engagement of such a task with utmost priority. 

9. It is therefore recommended to investigate the prospects of expanding the official 
reuse of drainage water quantities and to predict the effects on the water management 
in the Delta. 

10. It is also recommended to balance various water saving strategies against each other 
to pinpoint the optimum strategy with the least adverse effects. 

'or 6,300 hectares 
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SUMMARY 

THE PROJECT 

The total acreage of Egypt amounts to roughly one million km2, but the majority 
of the Egyptian inhabitants is concentrated on 4-5% of this area only. Expansion 
of agriculture by reclaiming new lands will be the first priority measure in Egypt 
to overcome the presently prevailing food balance crisis, caused by the rapidly 
growing population. 

Reuse of drainage water appears to be one of the most promising, fast, and econo
mic means to increase the Egyptian water budget and to improve the efficiency of 
water use. 

In order to provide the Ministry of Public Works and Water Resources with the 
necessary information regarding the available drainage water, which potentially can 
be reused for irrigation purposes, the 'Reuse of Drainage Water Project' has been 
initiated. The project consists of three main activities: 

- to establish a monitoring network in the main drainage canal system in the Nile 
Delta to provide information on drainage water with respect to quantity, quality 
and location, for the present situation; 

- to predict future changes of quantity and quality of the drainage water as a result 
of changing water management through model simulations; 

- to train Egyptian counterpart staff in the techniques to obtain the above mention
ed information. 

The monitoring network covers the complete Nile Delta. The accuracy of the mea
surement results of this monitoring network has improved steadily since the start 
in 1980, and from 1984 onwards the results are reliable or fairly reliable. 

At present an amount of about 14 billion1 m3 (1984) to 12 billion m3 (1988) of 
drainage water flows annually to the Mediterranean Sea and coastal lakes. The 
salinity ranges between 1,000 and 7,000 gm"3, but around 75% (1984) to 70% 
(1988) of this quantity has a salinity of less than 3,000 g-m"3. An amount of 3 
billion m3 (1984) to 2.4 billion m3 (1988) of drainage water is reused annually in 
the southern part of the Nile Delta by mixing, in most cases, with fresh Nile water 
in the larger irrigation canals. 

So far, the model simulations have been performed for the Eastern Nile Delta only. 
Consequently, the analysis of the present water management, as well as the alter
native water management scenarios discussed in this report, concern the Eastern 
Nile Delta only. It has been envisaged that during the next phase of the project 
model simulations will be carried out for the Middle and Western Nile Delta. 

'one billion m* equals 109 m' 



THE MODEL 

In order to predict future changes of drainage water quantity and salinity, as a 
result of changed conditions in the water management, agronomic changes, or chan
ges in the hydraulic conditions, the SIWARE model has been developed. SIWARE 
is the abbreviation of Simulation of Water management in the Arabic Republic of 
Egypt. In this simulation model for the Nile Delta all relevant physical and other 
functional relationships have been combined. This has been done in a simplified 
and schematized way, which is inherent to regional modelling with the present 
knowledge and technical facilities. 

The following subsystems can be distinguished in the water management in the 
Nile Delta, and consequently in the simulation model: 

- the water allocation to the intakes of the highest order irrigation command canals, 
which is treated in the model 'DESIGN'; 

- the estimation of the water requirement at farm level, taking into account the 
hydrological and climatic conditions and the soil moisture and salinity status of 
the soil, which is treated in the model 'WDUTY'; 

- the water distribution from the intakes of the command canals to the agricultural 
fields within the command areas, including the operational losses to drainage 
canals and to the aquifer, which is treated in the model 'WATDIS'; 

- the water losses from the Nile Delta to the atmosphere through evaporation and 
transpiration, to the aquifer through leakage and seepage, and to the Mediter
ranean Sea and Coastal Lakes through the drainage system, which is treated in 
the model 'REUSE'; 

- the drainage water collecting and transporting system, which is the source for 
reuse of drainage water either through reuse pump stations, or through abstraction 
by farmers' pumps (unofficial reuse), is included in the model 'REUSE'. 

Two types of processes are simulated in the SIWARE model: 

- physical processes, such as: the water flow through the irrigation canals and 
control structures; the flow of water and salt to the (sub)surface drains; the 
évapotranspiration and related increase in soil salinity and osmotic pressure; 
decrease in soil moisture, etc.; 

- human behaviour processes, such as: decisions related to the allocation of irri
gation water among the irrigation command areas and the determination of target 
water levels at control structures in the irrigation system (decision maker); the 
simulation of the height of the gate openings of control structures (gate operator); 
the abstraction pattern during the day for field irrigation of agricultural crops and 
decisions related to the distribution of the limited available irrigation water among 
the fields crops (farmer), etc. 

The water allocation to the main intake canals in the Nile Delta is based on the 
official Ministry of Public Works and Water Resources water requirements of the 
agricultural crops grown in the command area, the local groundwater use, the 
intended official reuse of drainage water, the occurrence of rainfall (since 1988), 
the industrial and domestic water requirements, and a percentage of the allocation 
for conveyance and operational losses. 



The hydraulics of each irrigation canal can be characterized by a stage-discharge 
relation. Given the water requirement for each month, the target waterlevels in the 
irrigation system can be determined for each point in the system where control 
structures with movable gates or movable crests are situated. 

The farmers' demand for irrigation water depends on the initial soil moisture 
conditions in the field, on the local hydrological conditions, and on the local 
climatic conditions (evaporative demand). Farmers will try to maximize the quantity 
of irrigation water given to the crops in order to leach as much accumulated salts 
from the crop root zone as possible. This intended irrigation quantity is limited, of 
course, by the hazard of crop damage due to oxygen shortage in the root zone 
under prolonged ponding. 

In the water distribution model the water distribution, as intended by the Ministry 
of Public Works and Water Resources, is confronted with the water needs of the 
individual farmers. The realized water distribution within the Nile Delta depends 
on the water allocation and distribution strategy of the Ministry of Public Works 
and Water Resources and on the farmers' behaviour. Farmers may influence the 
water distribution to a certain extent with respect to the total quantity they consider 
necessary, and through their daily abstraction pattern (day versus night irrigation). 

The actual water distribution is also influenced by the operation of the irrigation 
system by gate operators, who act as an intermediary between the Ministry objec
tives (intended water distribution) and farmers' objectives (irrigation during day 
time and farmers' water requirements). 

Farmers use sakkias (water-wheels) and diesel pumps to lift the water from the 
lowest order irrigation canals to irrigate their fields. Water supply to these lowest 
order irrigation canals normally takes place through submerged movable gates. Two 
times daily, during irrigation-on periods, the height of the gate openings are 
adjusted according to the target waterlevel downstream of the canal inlet If farmers 
withdraw more water than their official share, the gate opening is enlarged, thus 
rewarding such behaviour. Obviously the reverse holds if farmers withdraw less 
than their official share. 

The main purpose of the regional drainage model REUSE is: 

- organization of input and output for the module FAIDS, where the on-farm water 
management is simulated; 

- distribution of irrigation water supplied to the agricultural areas among the 
different field crops; 

- simulation of crop succession after the harvest, at the onset of the next growing 
season; 

- simulation of unofficial reuse of drainage water by farmers; 
- simulation of the irrigation water salinity after mixing with drainage water by 

reuse pump stations; 
- taking care of the simulation sequence of the agricultural areas distinguished in 

relation to official and unofficial reuse of drainage water, 
- calculation of time-lags in the drainage system; 
- preparation of output for presentation. 



THE INPUT DATA 

The data required for performing model simulations can be classified in four 
categories: 

- time invariant input data, also called model parameters, such as soil permeability, 
soil anisotropy factor, etc.; 

- time dependent input data, such as total water supply, cropping pattern, meteoro
logical data, etc.; 

- model variables which have to be initialized, such as soil moisture contents, soil 
salinity, groundwater depth, etc.; 

- field measurements for the comparison of simulated model output in order to 
calibrate some of the time invariant model parameters. 

Any simulation model is a simplified reproduction of the complex reality. Although 
it is the objective of the modeller to include all relevant relationships in the model, 
implicit assumptions made during the modelling process will limit the equivalence 
between the simulation model and reality. For the actual model simulations in a 
certain defined study area, such as the Eastern Nile Delta, not only the processes 
are schematized. Also the area itself and the associated relevant input data have 
to be schematized. The reasons for subdividing the area into smaller units and 
schematization of the input data are not only related to limited computing facilities, 
but frequently also with insufficient knowledge about the detailed spatial and tem
poral variability of the required input data. 

For the subdivision of the Eastern Nile Delta into calculation units, the boundaries 
of the administrative Irrigation Districts have been respected. Since the simulation 
model follows both the hierarchy of the irrigation and drainage canal system, these 
districts have been split up into smaller units. Finally, the (schematized) calculation 
units have been defined in such a way that its irrigation water originates exclusi
vely from one canal, and its drainage water flows exclusively to one drainage 
canal. The resulting number of calculation units in the Eastern Nile Delta is 88. 

Correct cropping pattern data are of vital importance for the simulation of the 
water management. Cropping pattern data are also important for the allocation of 
the available irrigation water over the intakes of the main irrigation canals. In order 
to reduce the amount of calculations required in the on-farm water management 
model the number of crops considered has been reduced from the 28 crops distin
guished by the Ministry of Public Works and Water Resources to the 9 major 
field crops. 

For the water allocation model DESIGN the planned cropping partem, as negotiated 
between the Ministry of Agriculture and the Ministry of Public Works and Water 
Resources, should have been used. For the crop water requirement model WDUTY, 
and for the regional agricultural and drainage model REUSE, the actual realized 
cropping pattern, should have been used as input. This aspect has been neglected, 
and the same cropping pattern has been used for the three models. 

For the initial model soil moisture and salinity input data, equilibrium conditions 
have been assumed. These initial conditions have been generated by running the 
SIWARE model for a sufficiently long period with the same irrigation water allo
cation, climatic, and soil use input data. The year 1986 has been selected for 



calculating the initial input data, because both the cropping pattern and the irri
gation water supply are both more or less equal to the long term historical average. 
The same year has been used for the calibration of model input parameters. 

For the simulations with the SIWARE model a number of simplifying assumptions 
with respect to the subdivision of the study area into calculation units have been 
made. The input data have been schematized with respect to spatial and temporal 
variability. The most important simplifying assumptions are: 

- rotation of irrigation water supply takes place below the level of the distinguished 
calculation units; 

- the gate operation procedures are considered valid for all gates in the complete 
study area; 

- the irrigation water uptake pattern is considered uniform for the complete study 
area; 

- the irrigation intervals are considered identical for the complete study area;* 
- the seasonal distribution of the groundwater abstraction in the calculation units 

is assumed constant with time; 
- the climatic input data are based on long term observations, and differences 

between individual years are not considered; 
- the same cropping pattern is used both for simulating the water allocation and for 

the crop water requirement and regional drainage water simulations; 
- only the nine major field crops are considered; 
- uniformity is assumed within the schematized calculation units with respect to soil 

and hydrological characteristics; 
- uniformity is assumed with respect to growing period of the crops in the study 

area; 
- crop development input data, such as rooting depth, relative soil cover, crop 

height, etc., are assumed uniform within the calculation unit; 
- the feedback of saline soil conditions to crop development data is not considered; 
- unofficial reuse of drainage water is applied uniformly within each calculation 

unit. 

THE MODEL CALIBRATION 

The collection of sufficiently accurate and representative field data as model input 
for the Eastern Nile Delta has proven to be a too large effort to be implemented 
within the framework of the project. Instead, model input data calibration has been 
used in order to improve the accuracy of the model results. During this procedure 
the measured output has been used as a yardstick for changing the input data 
between certain ranges. The input data values which gave the best results were 
selected. Accurate model results for the circumstances for which the data have been 
calibrated does not automatically mean that the simulation results are reliable. 
Therefore it is always necessary to use an additional set of measured output data 
for different circumstances in order to prove the validity of the used input data and 
the model approach. 

Model input parameter estimation (calibration) and checking (validation) has been 
performed at the three levels for which measurement data are available: 

- at canal command level for checking the water allocation procedures; 
- at irrigation branch canal level for checking the water distribution within the 



irrigation canal command; 
- at drainage catchment level for checking the integrated result of irrigation water 

supply, hydraulic and operational relations in the irrigation canal network, field 
water distribution, évapotranspiration, drainage and salt accumulation relations, 
and official and unofficial reuse of drainage water. 

The input data which are required for performing model simulations with the 
SIWARE model package can be subdivided into three categories, which are funda
mentally of a different nature: 

- input data which define the water management strategy, such as cropping pattern, 
water allocation duties, and water supply data (time dependent input data); 

- model input parameters which determine the system's behaviour (time invariant 
input data); 

- initial input data for moisture and salinity conditions of each soil layer for each 
crop in each calculation unit considered. 

Of these input data, only the system behaviour model input data are subject to cali
bration. For this model input data calibration one year (1986) of field observations 
of drain discharge and salinity has been selected. For this selection the following 
two considerations have played an important role: 

- the drainage water discharge and salinity observations of 1986 are sufficiently 
accurate; 

- 1986 is a more or less average hydrological year with respect to cropping pattern 
and water supply. 

Comparison of the water allocation and distribution simulated with the SIWARE 
model with field observations can be done only for the main canal intakes and the 
main side branches of the irrigation canals. Below the level of side branches in the 
irrigation canal system no data are available for checking the model performance 
with respect to the water distribution. The next level of comparison of model 
results with field observations is the drainage catchment for which discharge and 
salinity data have been collected by the Drainage Research Institute. 

The accuracy of the model simulation results has been determined for each location 
in the Drainage Research Institute observation network by calculating the 'average 
monthly deviation' parameter. This parameter has been defined as the average of 
the absolute differences between the monthly simulated and observed values ex
pressed as a percentage. Because deviations tend to average out when the results 
of small individual catchments are combined, the 'average monthly deviation' 
parameter should have lower values for composite catchments and for the complete 
study area, compared to the individual drainage catchments. 

THE MODEL VALIDATION 

Accurate simulation results for 1986 with model parameter values, which have been 
calibrated for the same period, does not prove that the simulation model represents 
the complex reality sufficiently well. It also does not prove that the model para
meter values used are representative for the actual values in the physical reality. 
Since more parameters are calibrated simultaneously, it is very well conceivable 
that a different combination of parameter values will produce a similar quality of 


