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Due to the arising awareness of the water scarcity threat, it was intended to support the
decision practice regarding water allocation plans in Egypt by a systematised decision process
that takes account of controversial issues within the agricultural system. To achieve this
objective, the ensuing course of actions has been undertaken.

At first, the water situation in Egypt has been reviewed with a special focus on the
challenge to satisfy increasing demands despite limited resources. Constraints impeding the
development of water resources have been identified. The role of climatic fluctuations in the
anticipated water scarcity has been highlighted. It has been concluded that the governmental
efforts being undertaken to promote water availability should be coupled with optimising
decisions on water allocation in order to generate sound disciplines of water use.

The Nile Basin Simulation Model (NBSM) has been introduced as a powerful tool for
investigating physical impacts brought about by applying different water use alternatives. A
detailed description of the model input and output has been provided. Weaknesses including
confining New Lands within the closed irrigation system have been revealed. Proceedings for
sorting out these shortcomings have been proposed.

Light has been thrown on Decision Support Systems (DSS). The role of computers in
emphasising the usefulness of decision support has been explained. Composite programming
has been introduced as a decision technique based on hierarchical tradeoff analysis.
Implications of the introduced technique have been exemplified by applying the DSS
procedure on a simple decision problem.

Based on the Composite Programming framework and NBSM output, a DSS has been
developed to optimise water allocation schemes in Egypt. A questionnaire has been
developed to reflect experts' views regarding the relative importance of DSS components.
Schemes are prioritised according to their closeness to the top index '‘Welfare of Egypt'. The
whole process has been computerised and introduced 1n a user friendly package.
Implausibilities affecting the acceptability of the developed model have been discussed.

Controversial issues of the Egyptian agriculture have been included in eighteen water use
scenarios tested within the DSS. The variables used in outlining these scenarios are: 1)

projected reclamation areas, ii) cropping patterns, and iii) the distribution efficiency of the old
irrigation system. The DSS run has resulted in favouring the scenarios undertaking a modest
horizontal expansion, an improved canal efficiency and a change to less water consuming
patterns and/or high value cash crops. A conducted sensitivity analysis has confirmed the
attained results.

An endeavour has been carried out to remodel the NBSM in order to remedy the revealed
weaknesses and to increase its potential for growing into an optimisation planning tool.
Modifications have been made to split New Lands from the closed irrigation system and an
optimisation routine has been added to the original model. Based on conducted runs of the
modified model, it has been concluded that no Nile water should be diverted to New Lands.

Finally, a discussion has been performed about DSS results and the factors impeding a real-
time application of the favoured scenarios. Also, the performance of DSS modules (NBSM
+ tradeoff hierarchy) has been brought under a general evaluation. Highlighting
opportunities for further improving the developed decision process has been the closing
recommendation for a growing programme of optimum water use.
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INTRODUCTION

Numerous arid and semi-arid countries occasionally encounter serious shortfalls

in water availability. Consistently, Egypt is endangered despite the existence of the

Nile, the High Aswan Dam and the world's most ancient and most extensive irrigation

system. Straitened water conditions might have prevailed, due to Sahelian Drought
(1980-1988), if only the 1988's flood had not taken place.

The possibility that Egypt will suffer still further cannot be discarded. Climatic
fluctuations are expected to take part in determining the magnitude of the foreseen
water crisis. The problem is aggravated by an anticipated increase in population and a
low sustainability and/or high price of untraditional water abstractions. On the other
hand, the Egyptian Government attempts to alleviate the food gap problem and mitigate
the urban pressure on agricultural land by adopting a horizontal expansion policy. This
implies a reclamation of desert areas outside the Nile Valley and Delta. The anticipated

water scarcity puts decision makers 1n a dilemma as to whether to keep Nile water

within old lands' boundaries or to divert it partially to less mature new lands.

In order to achieve an optimum water use programme, water allocation plans,

currently based on officials' experiences and farmers' complaints, should be supported
by a systematised decision technique that takes account of issues and controversies of
the Egyptian agricultural system. The objective of the current study 1s to establish a
prototype decision process, using modelling tools, to help Egyptian policy makers
become more decisive about controversial water use disciplines. In this context, the
current and prospective water situations in Egypt are reviewed. A planning model
(NBSM) that simulates twenty years of Nile Basin operation is analysed. 'Composite
Programming' is introduced as a promising decision making technique. Using the
NBSM output and the Composite Programming framework, a Decision Support System
(DSS) 1s structured and computerised in a user friendly environment. The DSS is used
to analyse different water allocation strategies and propose the one(s) that best satisfies
various interests regarding the welfare of Egypt. Finally, an endeavour is made to

increase the NBSM reliability as a simulation planning tool and probe its potential for

growing into an optimisation planning model.

1



CHAPTER 1

THE WATER SITUATION IN EGYPT

1.1 BACKGROUND

Egypt is one of the oldest agricultural lands in history. Despite having no
rainfall, Egyptians have been practising farming for more than 5,000 years, being
the primary beneficiaries of the Nile water. This section presents some background

on the Egyptian climate and physiography, population and agricultural system.

1.1.1 Climate and Physiography. Climatically, Egypt is generally
classified as an extremely arid zone. Located between latitudes 22°N and 31°35'N,

about 86 percent of Egypt's total area is considered as extremely arid and 14
percent as arid (Abu Zeid, 89). The total gross area is 1,001,450 km2, of which
only about 3.6 percent is agniculturally productive. This can be divided into three
distinct agro-climatic zones (MMP, 88):

1) Lower Egypt (the Delta), extending from Cairo to the sea and characterised
by some winter precipitation in the coastal belt. Average annual rainfall
ranges from 65-190 mm and the mean monthly temperature ranges between
11.9°C and 26.6°C.

2) Middle Egypt, extending from Cairo (28 mm precipitation) south to the
boundary of Minia/Assiut Governorates and characterised by minimal
rainfall. Maximum temperatures and diurnal temperature variations are
greater than in the Delta and winters are generally warmer.

3) Upper Egypt, extending southwards from the Minia/Assiut Governorate
boundary to the Sudanese border and characterised by the almost complete
absence of rainfall. While temperatures are very high from April to
October, reaching 42°C in April and May, winters are generally mild.

Upper Egypt is mostly subject to wide diurnal variations in temperatures.

2



Besides the Nile Valley and Delta, Egypt comprises:

»  Western Desert, considered one of the most arid regions in the world. It

occupies about two third of the area of the whole country.

» Eastern Desert, similar to Western Desert. It occupies more than one fifth

of the total area of Egypt.
» Sinai Peninsula, characterised by a slightly greater rainfall than that in the

other desert regions.

Fig. 1-1 shows a map showing the location of the River Nile. Ever flowing

northwards to the Mediterranean sea, it induces human settlements to thrive in the

lower reaches of the Nile River basin, in what is now Egypt.

1.1.2 Population. Estimates of Egypt's population indicate a growth from
26 million in 1960 to 55 million in 1990. Consequently, the per capita cultivated
area that amounted to 0.19 feddans in 1960, is now 0.12 feddans. It is expected

that, if this trend of growth were to continue, the population of Egypt will attain
117.4 million by the year 2050 (Biswas, 91a). It was found that, to keep the per
capita share of the agricultural area from decreasing still further, it 1s necessary to
add new areas at a rate of at least 150,000 feddans per year (Abu Zeid, 89). Table

1-1 shows the evolution of the annual increase rate of population over the period
1965-1988.

1.1.3 Agricultural System. Egypt's agricultural system may be typified by
the following features:

> Rainfed agriculture, confined to the coastal belt and yielding an uncertain
harvest of crops, such as barley and olives.
> Irngated agriculture, elsewhere in the country (mainly in the Nile Valley and

Delta), yielding the main agricultural products of Egypt namely: wheat, rice,

sugar, pulses, cotton, meat, etc.
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FIGURE I-1. Map of Egypt



TABLE 1-1. Population of Egypt

ear Population x 1,000 Persons | Annual Increase Percent

1965
.72

1967 2.33

1968 2.28
o | mas | o

Source: Mid-year Estimation, Statistical Yearbook; Cited in: JICA, 91
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The agricultural land base of Egypt totals to 7.5 million feddans. This area
comprises some 7.3 million feddans lying within the Nile Basin and about 200,000
feddans elsewhere (rainfed and oases). Of the former area, some 5.5 million
feddans located in the vicinity of the Nile are called 'old lands'. The remaining 1.8
million feddans are called 'new lands' for being recently reclaimed along the desert
fringes of the Nile Basin. Table 1-2 shows the values of cultivable land, planted
area and cropping intensity in Egypt over the period 1970-1989.

TABLE 1-2. Cultivable Land, Planted Area and Cropping Intensity in Egypt

Source: Ministry of Agriculture; Cited in: JICA, 91
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The contribution of the agricultural sector to the Egyptian economy declined
significantly from 32 percent of total gross domestic product (GDP) in 1960 to

about 20 percent in 1989. However, patterns for agricultural water demand

currently account for nearly 84 percent of all water used (Biswas, 91Db). Table 1-3
shows the evolution of the agriculture sector's contribution to Egyptian GDP,

exports and employment during the last decade.

TABLE 1-3. Evolution of the Agriculture Sector's Contribution to Egyptian GDP,
Exports and Employment

Share(%) of Agriculture in GDP (1987 prices) m

Share(%) of Agriculture in Exports
Share(%) of Agriculture in Employment

Source: WSP, 93a

1.2 PRESENT WATER RESOURCES AVAILABILITY

Egypt has been for long depending on continued 'cheap, easy and abundant’
flow of the Nile River to sustain its ever increasing demands. Despite the
construction of the High Aswan Dam (HAD), which not only provided Egypt with

the complete regulation of annual Nile flows, but also gave sufficient over-year

storage, Egypt seems unable to keep pace with the increasing water demands of its

population growing at a rate approaching three percent annually. The exploration

of additional water resources has become a top priority after experiencing the nine-
year Sahelian drought that affected the quantity of water inflowing to Lake Nasser.
This may be an introduction to a series of climatic changes that may influence the

Nile Basin catchment, as will be shown in subsequent sections. Fig. 1-2 shows how

the water upstream of the HAD reached a critical level and threatened the function

of the turbines used in power generation. The Egyptian main water resources

currently used are:
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- The River Nile.
- Groundwater.
- Rainfall.

- Wastewater Reuse.

1.2.1 The River Nile. Between 1900 and 1959, the annual flow of the niver
at Aswan ranged from 65 to 130 bn. m® with an average of 84 bn. m’ (El Kady,

79). These waters were allocated by the 1959 Agreement between Egypt and Sudan
in the following amounts:

Billion cubic meters

Egypt 55.5
Sudan 18.5
Evaporation & Seepage 10.0

TOTAL 84.0

1.2.2 Groundwater. The Nile Valley and Delta constitute an aquifer
system receiving water mostly as seepage from the River, canals and irrigated fields
(MMP, 88). The lower boundary of this aquifer system is considered impervious.
Its lateral boundaries along the sides of the Nile Valley allow a negligible horizontal

flow. The Delta's western boundary comprises newly reclaimed lands, especially 1n
West Behera, which, due to the groundwater build up, is now recharging the aquifer
to the east of it by subsurface inflow. An exception exists in the Wadi Natrun area.
This area, comprised within the Delta western boundary, is a discharge area because
of its low altitude compared to surrounding areas. Eastern Delta is bounded from
the south by Ismailia Canal that functions as a recharge boundary and from the
north east by the Suez Canal. In the Nile Valley, flows across the southern and
northern boundaries, at Aswan and Cairo respectively, are insignificant because of
the decrease in aquifer thickness and the valley narrowing. The Delta's northern

coast 1s characterised by the presence of a saline water zone that reduces gradually

towards the south. This underlies the fresh water zone as shown in Fig. 1-3.
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Groundwater is also found in the Nubian sandstone aquifer underlying most of the
Western Desert (Fig. 1-4) and is discharged naturally and artificially in the oases.
Most recent studies have indicated that this is not a renewable resource. Further

studies are carried out to investigate the groundwater potential within this regional

aquifer. Groundwater aquifers of promising potential are also available in Sinai,
but on a very limited scale (Abu Zeid, 92).

1.2.3 Rainfall. The total gross volume of precipitation over the Nile Valley
and the Delta is about 1.5 bn, m® per year. The total net effective rainfall is

equivalent to some 0.5 bn. m® per year (MMP, 88). Precipitation is only significant

along the northern coast where it amounts to an annual average of 200 mm. A

seasonal agricultural activity takes place along the coastal belt depending on this

limited amount of rainfall.

1.2.4 Wastewater Reuse. An annual drainage to the sea and terminal lakes
of about 13 bn. m’ gives an indication of how important it is to consider reusing
wastewater. This can do much to alleviate the dilemma of increasing water
demands and limited water resources. However, the extent to which this process

can be carried out depends on several factors. The latter include water quality

considerations and the practical and economical feasibility of making drainage water

readily available when and where it is needed for irrigation.

In Upper Egypt, all drains flow into the Nile (except in Fayoum
Governorate where drainage water, of which an annual amount of 0.25 bn. m’ is

reused within the Governorate's boundaries, ends in Lake Qarun). The main

projects for drainage water reuse are, therefore, concentrated in the Delta. The

total quantity of official reuse in 1991 was estimated at 4.3 bn. m* (DRI, 93).

Reuse of drainage water in Egypt can take place on three different levels
(DRI, 90):

1) The official reuse: This reuse of drainage water takes place by pump

- —m . s rE—— - —
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FIGURE 1-4. Regional Extent of the Nubian Sandstone Aquifer
Source: Hefny, et al, 92
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stations. The quantity to be reused is part of the irrigation water allocation

and distribution strategy of the Ministry of Public Works and Water

Resources.

2) The unofficial external reuse: In case of water shortages, farmers may use

drainage water generated in upstream areas and passing through or along

their catchment for irrigation.
3) The unofficial internal reuse: If crop water demands are not satisfied despite

unofficial external reuse, farmers start pumping drainage water from the

smaller internal drains within their catchment.

1.3 EXPECTED EFFECTS OF CLIMATIC FLUCTUATIONS ON THE NILE
BASIN

A tangible global climatic change is increasingly taking place. This change
is mainly due to the growing atmospheric concentrations of greenhouse gases. The

latter arise primarily from the burning of fossil fuels, the manufacture of cement,

the changes in land use and other natural and anthropogenic activities disturbing the

atmospheric balance. If measures are not taken to avoid the detrimental changes in

human behaviour, climatic fluctuations will influence several parts of the world,

including the Nile Basin region.

1.3.1 Effects on Temperatures. It is well established that atmospheric
water vapour, carbon dioxide (CO,), methane(CH,), and other greenhouse gases
trap a part of the Earth's radiant heat due to sunlight, thus causing warm

temperatures that make life on earth possible. However, evidence exists that a

global warming of 0.5°C manifested itself since 1860 with nearly half this rise
occurring since 1965 (World Resources Institute, 90). An overall warming over the
Nile Basin of about 0.5°C is also evident, but this warming mostly occurred in the
early decades of this century (Hulme, 90). Using results from General Circulation

Models (GCM), it is predicted that if CO, (or its equivalent in other greenhouse gas

concentrations) reaches twice the preindustrial level (280 ppm in the year 1800), the
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average global temperatures would rise by 1.5 to 4.5°C, depending on the
particular model used (National Research Council, 83). Similarly, the synthesised
scenario that could result from a doubling of CO,-equivalent (i.e., from 300 to 600
ppm) using the five GCM experiments performed at the Goddard Institute for Space
Studies, the Geophysical Fluid Dynamics Laboratory, Oregon State University, the
National Centre for Atmospheric Research, and the U.K. Meteorological Office,

suggests mean seasonal temperature increases over the Nile Basin of between 2 and
4°C (Hulme, 90). Nevertheless, it is not expected that this doubled-CO,

environment will take place before the year 2030 if current trends of greenhouse gas

production continue (World Meteorological Organization, 86).

1.3.2 Effects on Precipitation. The fluctuations in global precipitation are
influenced by a number of forcing factors of either a natural or anthropogenic

origin. Historically, the natural factors were dominant. Currently, anthropogenic
processes, such as human-induced land cover change, evaporation by the creation of

artificial water bodies, and vegetation by the extraction of woodfuel (Ahlcrona, 88),

are significantly affecting precipitation.

A possible future global rainfall scenario using the Goddard Institute of
Space Studies Model spots the following changes (Jager, 88):

» Higher midlatitudes (45-60°N): rainfall increase of 5 percent in summer and

15 percent in winter.

» Lower midlatitudes (e.g., semi-arid Mediterranean climates): limited
summer rainfall and 5-10 percent decrease in winter.
> Low latitudes (0-30°N): rainfall increase of 5-10 percent (large increase in

equatonial regions, diminishing towards higher latitudes).

The precipitation climatology of the Nile Basin is not uniform. The
contribution of the precipitation input to the overall Nile discharge may be divided
between three selected regions of 5° latitude by 5° longitude dimensions each

(Hulme, 90), as shown in Fig. 1-5. The three regions represent the Upper White
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FIGURE 1-5. The Three Regions Contributing to the Precipitation Input to the Nile
(U = Uganda, E = Ethiopia, S = Central Sudan)
Source: Hulme, 90
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Nile catchment (Uganda), the Upper Blue Nile catchment (Ethiopia) and the Middle
Nile Basin (Central Sudan). Precipitation over the Blue Nile contributes 70 to 80

percent of the main Nile discharge. Rainfall over the White Nile accounts for 20 to

30 percent of the overall discharge. The contribution of precipitation over central
Sudan in the Nile discharge 1s small.

Using a composite model scenario derived from a number of GCM

experiments for estimating future precipitation changes over the Nile Basin suggests
a high probability (between 0.8 and 0.9) for increased precipitation in both th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>