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Abstract

Integrated Water Resources planning and Manageisertnsidered a very complex issue. It is usuadlyed
through the multi-sectoral, Interdisciplinary anderarchal decomposition approaches. In generaégiated
management indicates the consideration of waterals@ocio-economic, economic and environmentales. The
current study aims at merging the GIS and Multi€ra evaluation (MCE) approaches and solves ttegiated
management of a cultivation area. Thus, an areabofit 120.000 thousand acres (250.000 Feddan) des b
selected to be simulated through the merging of &8 MCE for the scale of integrated managemeng Th
selected area is located at Northern Nile Rivettdatea with a coastal zone on the Mediterranehe.dlS has
been applied to picture the area with its differeattors that are: social, economic, environmet \@ater.
Different randomization cropping pattern distrilmmiscenarios have been proposed. Through the nyeodi®I1S
and MCE three scenarios have been run and evaloatdutee different levels: farmer, canal catchmemea and
integrated area. It has been found that this mgrigimesult in a very powerful and robust tool &waluation of
different proposed plans on the integrated levEh® merging of GIS and MCE is really facilitatea thecision
making process for such type of problems. It isoremended to use such methodology in the integrated
management of similar problems.

Additional Keywords: GIS, MCE, Integrated watesgarces, Water balance.

Introduction

Water is considered nowadays an important issudtdisearcity especially in the Middle East zordso, water
now is considered a limiting factor for developmémtmany countries. Usually water is controlled \wgter
resources authorities that are responsible for gingavater resources. These authorities have ystilpower to
control the infrastructures that deals with watieclkdarge along rivers, canals and drains. Alsanamy places all
over the world the water authorities are respoadiblassess penalties in the case of violatingviiter distribution
laws and irrigation rotations. However, from tiéerdisciplinary point of view, a number of otheitlzorities are
also involved in water use. There are Agriculturel dand reclamation, Health, Tourism, Power gemmnat
Transportation, Industry, Housing and New commasitiEach of these authorities has different roldealing
with water. For example, the agriculture and leexlamation authority has special responsibilitiethe countries
that are depending on irrigation rather than rbesause agriculture consumes the highest amouméateir. For
example, in Egypt agricultural sector is respormsfbl use about 85% of surface water. On the dthed, and due
to the globalization several countries have stattedhange the cropping pattern to the liberalesysivhere the
farmer has the right to cultivate whatever he warRsior to this liberalization, the cultivationthorities used to
decide, depending on the international market prased national food safety, which crops had toroevg and in
which localities. Such planning was undertaken aryia advance. From this exercise, the requestedifgp
volumes of water to be delivered to each canalccdd estimated by the water distribution sectowater
resources authority. Then, water resources tolbeaa¢d for each spatial zone through the irrigatanal network
system.

Accordingly, the main problem that faces the waistribution and water resources decision makevgays in a
country that has a canal network and totally depemdirrigation is how to estimate water volumenglohe canal
network under the condition that there are randermzthe cropping allocation. This will lead to lkeawvery high
difficulties in assigning water volumes along cansince the water distribution engineer has to kmdvat the
current cropping pattern is in each spatial unitcliwimay be either governorate level or agricultulia¢ctorate or
farm...etc. Thus, the water distribution enginsarsing some previous data, may be the last yeaptg pattern
to assign water for the New Year. Moreover, tlerigésof integrated water resources managementdsraitsed
everywhere, since water now is considered oneefrihjor issues in the sustainable developmentytaantry.
Thus, any water resources plan for a certain ares aonsider the economical, environmental andasEsues.
Case Study for Merging GIS and MCE

Sudy Area
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In the current study, an area in Northern Egy®eiected to be a case study of merging GIS and M@Er the
shed of the integrated water resources managembatstudy area is located in the NorthEast of tla&ablia
governorate, The area is named by El-Khalalah whiashthe longitude and latitude between® (& - 31° 30’) N
and (31° 15' - 31° 30’) E. It spreads over 34 km in length and 24ikrwidth. The population in this area is about
1.5 million capita and it contains 350 village atifferent land use type.

Irrigation Systemin the Area

The irrigation network is considered relatively deralong the area, it contains different trapezaidaals of
different bed width ranged from main canals witlwidth more than 25 m in width, bifurcated into dleracanals
ranged from 10 to 25m width and these canals amecbed into small canals ranged from 5 to 10m wiQth the
other hand, the drains in this area ranged fromZbtm in width. The area remain is classifieddcepnial lake or
ponds and marshes or under reclaimed. Figure €Bepts the canal network and Drainage networkeohtha

Cropping Pattern

The main feature responding to cropping systenhigdrea is agricultural plants. However this asedivided to
old cultivated land, reclaimed land and non-cuttdbland. The main crops in this area in summeriaeg maize,
cotton and vegetables. On the other hand wintepscare wheat, barley, berseem, etc. This informatiere
obtained based on 1999 cropping pattern system KO¥$? 1998)

Social Systemin the Area

The area under investigation is mainly inhabitantadsmers. The farmer is either has his own lahéns he works
in it or works in different farms by daily or momgtsalary. Men and women are usually works inicating lands.
There are different statistics that relates thedalsequirements for each crop at different st{gg&sPMAS, 1998)
and (EAYB, 1986,1992,1995).

Health Hazard Issues

Water borne diseases are very common in the faromrsnunities. Usually Shcitomaizes is very commnion
Egypt due to the infected waterways. Also, the afspesticides and fertilizers is highly suspeddhe health
hazard issue. Accordingly, data regarding the cemuirements from the Nitrogen- Phosphorus an@d3aim
Fertilizers are collected (EAYB, 1986, 1992, 19@b)d (CAPMAS, 1998). Also, pesticides such as fudgic
herbicide-and insecticide are collected (EAYB, 198892, 1995) and (CAPMAS, 1998). These typesath @re
collected for type of crops that are cultivatedhia area under study.

Economic Issues

Information regarding farm gate price, crop cultiva cost, net return, return,...etc are colledtadthe

different crops in the area and their related enunassues (EAYB, 1986,1992,1995).

GIS Application

Basic GIS Information

The information obtained for this study was frorpdgraphically maps of 1: 50,000 scales that colwerstudy
area. Moreover, two field trips were done in ortiehave a better idea of the region of interest

Problem Simulation

The following steps are followed to simulate thetiem:

* The area has been classified into parcels, whioge from 3 to 305 feddan according to the farmer
families whom owned these areas. The croppingpats following the agricultural administration as
basic scenario for the whole area.

« The area served by each irrigation canal has betrmined from the area served irrigation maps and
defined through GIS.

* To create more scenarios that simulate the fregpang pattern system a random distribution appraosch
assigned for each parcel. Accordingly, each raeva random cropping pattern allocation for eaclcgar
is proposed. The crops are limited to those dsstrin Table (1). Figure (6-a and 6-b) presentdex
crops and summer crops in one of these scenarios.

« The databases, for different attributes, relatedrops with the spatial data along the area ofstey
using GIS are merged and different required cafituia are done in this stage.
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Proposed Scenarios

Different scenarios using the random distributippraach for the different parcels in the area kocate crops has
been proposed and presented in Table (2). Tablesu@marizes the percentage of each crop for wsdason
while Table (4) summarizes the crop percentagedch crop in summer season.

Analysis of Results from GIS Application

Water Related Output Results

Canal Water Discharge

Through the GIS technique water requirement of eactal in the distributed system is determinede monthly-
required inflow of each major and minor canal isedmined. Figures (9-a and 9-b) show the requitiedharge
for major and minor canals in winter and summepeetvely. This discharge has been directly cal@ad through
the GIS technique. It can be presented in map fortable or graph. This is considered one of tregom
advantages for using the GIS in water distribuigstem. Discharge can also be calculated alangvtiole canal
length following the water distribution at diffeteframes. The discharge is calculated by the nhatgnce
approach

Water Sufficiency

The water shortage has been determined througBl®é¢echnique by calculating the demand of eachgbarThe
accumulation of water from each parcel inside thielument area of each canal will result in the nawf water
needed to be delivered through each canal. Aaoglsdithe input information of delivered water iach canal in
the system is gained from the proper authoritiés.comparison is done between the calculated wagethb
previous described method and that of the volumeaiér delivered by the governmental authoritiésmap that
describes the shortage, balance, or excess watachtcatchment is resulted from the GIS technidtigure (13)
presents one of these maps. It can be easily sttmvarea where water shortage occurs and excéss @zaurs.
Thus, this system is very applicable in determinthggywater balance of any cultivated area so tblatnve of water
distributed in the channels can be modified uhgl balance in the area can be occurred.

Socio-Economic Output Results

The labour during May and September during sumdseruary and April during winter season, noticed there

is difference between the two months in each seascause of the needs of different crops at diftetenes.

Moreover, more studies could be done by studyieddbour travelling, immigration from different figes ...etc.
Economic results are also presented such as ctapawene, crop production cost, and return per Badeghd farm
gate price of the different areas. As an analykisome results one can show the spatial variatiothese two
items along the different zones. The high cosasare located in the northern area, while thengeime has the
highest value in the southern and western zones ciidp yield is also considered in the current\sttiae level of

Berseem production along the area of study, it shearieties due to change in salinity. On the othend, the
wheat production was located and concentrated tivithighest level in the southern area. The creld ys related
to the soil salinity map.

Environmental Output Results

From the environmental point of view, the agro-cleais used in the area under investigation haven bee
determined in a qualitative scale. These are futhgjiterbicide and insecticide. It is obvious thiag¢, high quantity
from pesticides located in the northern zone andemelated with crops, while the winter vegetaldedilargest
amount from pesticide. Related to fertilizer uséas been indicated that the high quantity iscemtrated on the
northern zone where the reclaimed land are existihgee different types of pesticides are commasigd in this
are which are nitrogen, phosphorus, and potassium.

Multi-Criteria Evaluation

Multi-criteria Evaluation: Basics and Methods

The basic mathematical approach for the Multi-Ciatevaluation depends on a filling an evaluaticatnw for all
the possible alternatives and evaluation critéiext to this matrix there are the different progbpeeferences or
weights for each criterion. Through the differenéthiods of solving such matrix, results are appearedhat
defined as the appraisal scores. The conclusigrtingaefore be the selection of alternate withdvedtore.

There are several arithmetic techniques for MutiteCia evaluation techniques and many researchexe
classified the Multi-Criteria methods in differemays. The most common one is the Quantitative-Qaidlée
classification given by (Nachtnebel, 1991). Hobbsle 1992 have designed an experiment to evallifferent
multi-criteria methods such as Goal ProgrammingEELRE I, Additive Value Functions, Multiplicativetility
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Functions, and three techniques for choosing @itaeights. The authors concluded that experiemtadners
generally prefer simpler, more transparent methods.

Compromise Programming method

This method is a distance-based technique. Thitndis based techniques are designed to identifydoonnated
solutions that are closest to an ideal solutionsbgne distance measure. An ideal solution, in géneaa be
defined as the vector £ (f,’, f, ,......, f') where { are the solutions to the problem stated as Optifix), i = 1,
2,......, N. In a discrete setting such as the pasblem Under consideration, the ideal solutionléfined as the
vector of best values selected from the payoff mafihe vector of worst values represents the mimmobjective
function values denoted as f These values are valuable in determining theedegf closeness of an alternative
to the ideal solution. One of the most commonlyduseasure of closeness is a family gintetrics that could be
expressed as:

N fo-f (X 1
Le= [ D WP I—/——1"15%
=1 f.o-f,
Where f = min f ;= 1, 2,...... ,N is the minimum objective fttion in terms of criterion i, & is the criterion

weight, and p is the balancing factor and is uguaken equal to 2.

As a last step in this technique, upon determinadicthe distance of each alternative from thelidehution in the
preceding procedure, the alternative with the mimmdistance is selected as the compromise solution.
Evaluation Criteria

In this study the selected criteria are choseratisfy the Multi-Criteria basis. The evaluatiorshaeen decided to
be done on three major levels that varied fromfénen level, canal catchment level and whole argalleThis is
in order to simulate the real needs of differentislen maker levels. Farmer will evaluate his dieei based on
social and economic aspects. However, the mid eeision maker usually evaluate his decisiongtham the
water issues, some minor environmental issuesalsissiues. Getting to the higher decision levieés decision-
maker will evaluate based on environmental, wateonomic and social levels. Thus, the currentysaiths at
introducing the evaluation of the different sceosirirom different prospective. Table 5 shows basialuations
criteria that were selected in the current study.

Scenarios Evaluation

A- Field Level

Under this level, applied MCE analyses for threféedint fields that were selected in three différeril salinity

levels. Field A with high salinity, field B in avage salinity area and field C in low soil salinéiea. A sample of

the output is presented in Table 6 for the differieglds. It must be concluded that this evaloatwas done

giving equal weight for the different criteria.

B- Canal Catchment Level

In this stage the MCE has been applied assumirtigd@sion-maker preference has different orieoeti First,

all of the criteria are giving the same weight, @hen the evaluation is done giving the environmkissue the

highest weight. Also, the evaluation was done tiwees more by giving the highest weight to the abaspects

and water aspects respectively. The results anersin Table 7.

It can be shown that the scenario ranking changehd changing the bias level. For example, tlfuStQuo

scenario was ranked the third when giving equablateio all of the criteria. However, changing thias to the

environmental, water and Scio-economic criteriasée scenario gained the first rank. This isbeanonsidered

a very important issue when evaluating the scesaiace the giving weight to any criteria is highlfyected the

ranking results. Different results are obtaineairf different catchment areas.

C- Whole Area level

Table (8) is presented that, biased on equal weggnario 1 was recorded the best one along tlhebatebased on

environmental, socioeconomic and water aspectshelse scenario was the scenarios 3.What meand ikahe

best one using fertilizers and pesticides. Moreoliais been a good income and return where low pefe

shortage and low water quantity requirement.

Conclusions

From the current study the following can be conetlid

* A methodology for integration the environment, sbend economic aspects in order to help the dgcisi

maker to evaluate water resources plans underotiditon of free cropping pattern has been develope
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« The amalgamation of GIS and environmental, soam aconomic aspects shows a powerful tool for
studying and analyzing several issues in watemurees management.

» The MultiCriteria evaluation technique shows a Higant powerfulness is evaluating complex and
diverted scenarios based on randomize distributfamops at a certain area.

» Mutlicriteria evaluation provides the decision miakeith very powerful information for ranking the
different scenarios which lead to facilitate theiden procedures.
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LIST OF TABLES
Table (1) The main crops existing in the area undeniestigating during different seasons

CropID Winter season CropID Summer season
C1l Berseem C7 Maize
C2 Wheat C8 Sorghum
C3 Barley C9 Rice
C4 Suger beet C10 Cotton
C5 Legumes Cl1 Vegetables
C6 Vegetables C12 Fruits
Table (2) proposed cropping pattern in each scenario
Scenarios ID Winter Summer
Scl Ci+C4 C2+C5
Sc2 C2+C3+C5 C3+C6+C2
Sc3 C6+C4+C1 C4+C5+C3
Table (3) The percentage of each crop in Winter Scarios
Crops Status Quo Scenariol Scenario 2 Scenario 3
Berseem 17% 30% 4% 20%
Wheat 33% 4% 30% 5%
Barley 12% 5% 25% 3%
Sugerbeet 4% 30% 3% 32%
Legumes 2% 10% 28% 8%
Vegetables 5% 5% 3% 30%
Table (4) The percentage of each crop in Summer Saaio
Crops Status Quo Scenariol Scenario 2 Scenario 3
Maize 7% 30% 7% 4%
Sorghum 2% 10% 31% 5%
Rice 1% 8% 27% 18%
Cotton 30% 6% 4% 25%
Vegetables 7% 30% 5% 30%
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Fruits 4% | 5% 25% 7%

Table (5) Major and sub-evaluation criteria
Sub-Criteria

Major Criteria

Water Water Requirements-Water Shortage

Environment Amount of Fertilizers used (NitrogehpBphors, and Potassium)

Amount of Pesticides Used ( Fungicide, Herbicidel bsecticide)

Social Labor- Net Income of the farmer- Return

Economic Whole area Return-Cost- Crop Yield

Table ( 6 ) MultiCriteria Evaluation analysis Field Level - Summer Scenario

Scenario A B C
Status Quo 1 1 2
Scenario 1 3 2 1
Scenario 2 4 3 3
Scenario 3 2 4 4

Table (7) Example of Multi-Criteria Analysis results for Catchments Area Summer Scenario: Table shows Ré& of different
scenario 1= the highest score , 4= the lowest score

Scenario Evaluation Criteria

Equal Weight Environmental Socio-Economic Water
StatusQuo 3 1 1 1
Scenario 1 1 3 3 3
Scenario 2 2 2 2 2
Scenario 3 4 4 4 4

Table (8) Example of Multi-Criteria Analysis results for Whole Area -Summer Scenario: 1= the highest sce, 4= the lowest score

Scenario Evaluation Criteria

Equal Weight Environmental Socio-Economic Water
StatusQuo 3 3 3 3
Scenario 1 1 4 4 4
Scenario 2 4 2 2 2
Scenario 3 2 1 1 1
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