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ABSTRACT 

The purpose of this study is to analyze the causes of 

the water problems in the Middle East. The study is divided 

into two sections. The first section analyzes each 

transboundary river system, which facilitates understanding 

the regional problems in these river basins. Regional 

problems are considered as geographic, demographic, climatic 

and political problems. The second section analyzes the 

water use. Water use is calculated by using Ordinary Least 

Squares (OLS) statistical teqhnique and the World Resources 

Data Base (WRD) . 

The study shows that population and population density 

have negative effects on the per capita water use. 

Agriculture and irrigated land percentage drain most of the 

water in the Middle East. Lack of coordination, 

mismanagement and inadequate interstate cooperation make the 

water problem worse. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background to Study 

Water allocation by itself is a complex phenomenon 

because most parts of the society are affected by either 

water or water-related issues. Water relates to other 

issues like security, nationalism, economic development, 

internal politics, ideology and the environment etc. Many 

rivers and underground aquifers are shared by several 

countries thus complicating this relationship even more. 

Water is essential for survival. It is also necessary 

for agriculture and industry and may also represent a 

valuable source of energy. Water can be a cause for 

conflict when water resources have to be shared between 

different nations/states. 

Common water resources used by several countries 

produce an upstream-downstream dichotomy which results in a 

water competition between the riparian states. In the 

Jordan River case, parallel users of the river basin share 

the same problem as upstream-downstream users. This problem 

puts strains on the regional and global water resources thus 

creating conflict. 

The problems of water, mainly scarcity and quality, 

have reached regional and even global dimensions. Another 
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issue which creates problems is the attitude towards and/or 

the perception of water. In a simplified manner, people 

tend to react to existing problems and not to anticipated or 

predicted ones [Falkenmark, 1990] . 

The Middle East is one of the most important regions in 

the world where water conflicts surface most critically. As 

Kolars [1992] stated, the Middle East is the crossroads of 

eastern hemisphere, where critical air, land and sea roads 

converge. It encompasses the southwest-Asian countries of 

the Arabian Peninsula, as well as Iran and Turkey. Across 

the Red Sea, in northeastern Africa, the Middle East 

includes Egypt, Libya and Sudan. Four great rivers course 

across the mostly desert landscape of the region: the Nile, 

the Jordan, the Euphrates and Tigris and the Litani. 

The countries of the Persian Gulf hold the largest 

deposits of petroleum in the world. That is one reason why 

the Middle East appears as an important economic region in 

the world. The conflicts in the Middle East have gained 

international attention in recent years because of fears 

that the flow of oil might be cut off. The Gulf countries 

have more than a hundred years of proven reserve at the 

present rate of world consumption and possibly that much in 

unproven deposits. Petroleum is the sole natural resource 

of the oil-rich countries of the region. The income of 

these countries may fluctuate because of the international 
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conditions; embargoes may be imposed; price wars may come 

and go; but in the end the oil will continue to flow. 

However, water resources are very poor in the Middle 

East. Two-thirds of all Arabic-speaking people in the 

Middle East depend for their water on rivers that flow from 

non-Arab countries. Almost a quarter of Arabs live where 

there are no streams [Kolars, 1992]. 

When one looks at the water resources in the Middle 

East, the only water system which has a surplus of water is 

the Tigris-Euphrates system. The region which consists of 

the Jordan River and its headwaters is already facing an 

imminent water shortage. Lack of rainfall and unfeasible 

tapping of non-replaceable underground water sources have 

created water shortages on the Arabian Peninsula. Since the 

Middle East is considered to be composed of semi-arid or 

arid lands, the process of irrigation usually disturbs the 

ecosystem of the region. The end result is the 

desertification and salinization of the lands. High soil

salinity usually results in a drastic reduction of crop 

growth. The effect is not a gradual decline of productivity 

but rather a catastrophic breakdown of the intensive 

agriculture system [Clor, 1988]. 

The breakdown of agriculture system caused by water 

scarcity is the most important damage for most of the Middle 

East countries. Most of the countries have an agrarian 
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economy which puts strains on water resources and oil 

1ncome. According to the Middle East countries, attaining 

self-sufficiency is a part of national security. This 

belief was suggested using food as a weapon against the 

West. Many of the Middle East governments subsidize the 

agricultural production in order to be self-sufficient by 

using expensive underground water. The most typical cases 

were Saudi Arabia and Libya. Libya is building a $25 

billion complex system of pipeline, known as the "Great Man

Made River." The purpose of this scheme is to pump the 

underground water in the Sahara Desert to the coastal region 

for use in agriculture [The Economist, 1990]. The Arab 

governments have to realize that food security is not 

compatible with water security. According to the journal of 

The Middle East, the concept of self-sufficiency is 

unachievable. However, agriculture still represents the 

only real, viable alternative to oil production, as an 

industrial base, and revenue source in many Arab countries 

[The Middle East, 1987] . 

To summarize the causes of water problems in the Middle 

East, certain domestic and geographic factors affect water 

availability in the Middle East region. Throughout most of 

the region, rainfall is irregular and varies between 250mm 

and 400mm annually. This presents a problem since 

agricultural cultivation requires at least 400mm of regular 
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rainfall. Besides, there are only four major rivers in the 

Middle East: the Nile, Tigris-Euphrates, the Litani and the 

Jordan. These countries also depend on water stored beneath 

the earth's surface and on rainfall. However, it takes 

years for rain-water to seep into the earth and collect in 

the deep aquifers and, these resources are considered to be 

non-renewable. 

The second cause of the water scarsity problem in the 

Middle East is population growth. Annual population growth 

is around 3 ~ 0 • This means that more and more people will be 

competing for scarce resources and for water of course as an 

important condition of life. 

The third important factor is the political factor. 

Geographic and demographic problems are exacerbated by 

political disputes. It is the political dimension of the 

water problem which is the most immediately dangerous. 

Egypt's late president Anwar Sadat and Jordan's King 

Hussein, for example, both said that water was the only 

thing which could make them go to war against another state. 

These water-related factors could potentially spark off 

armed conflict in the region. First, the location of 

resources does not coincide with national boundaries. 

Second, most countries depend on a few major water resources 

which could be disrupted into hostilities [Tal, 1992]. 
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In addition to the problems mentioned, water is 

important by itself because of its complexity and the chain 

effects it has on every aspect of life. This is not true 

just for the Middle East but also for the world. Since the 

mobility of water is a geographical phenomena and the 

flowing from one country to another is inevitable. This 

characteristic of water creates international and regional 

conflicts especially in regions like the Middle East where 

water is scarce. Yet, people usually oversimplify the water 

problem. When most people, including social scientists, 

think of water, their vision is limited to visible water, 

such as a river system or a water supply scheme. Water 

flowing through the root zone tends to be thought of as 

soil, water in the atmosphere as climate, and water quality 

as ecology [Falkenmark, 1990] . 

1.2 Purpose, Method and Data 

The purpose of this study is to analyze the causes of 

the water problems in the Middle East. The study is divided 

into two sections. The first section analyzes each 

transboundary river system, which facilitates understanding 

the regional problems in these river basins. Regional 

problems will be considired as geographic, demographic, 

climatic and political problems. The second section 

analyzes the water use. Water use will be calculated by 
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using Ordinary Least Squares (OLS) statistical technique and 

the World Resources Data Base (WRD) . The specific 

objectives in the study are as follows: 

1. To analyze the transboundary river systems to see 

the regional water created problems in these river basins in 

the Middle East. 

2. To model which variables affect the water use. 

3. To estimate the model and discuss the empirical 

policy implications. 

The second and third objectives will be pursued by 

conducting Ordinary Least Square (OLS) statistical 

techniques. The data set used in this study is "World 

Resources 1992-1993 Data Base from World Resources 

Institute.'' The analysis covers the year of 1989 because 

some variables contain data for only a single year. This 

problem prevents utilizing the pooled technique in the 

regression analysis. All African countries are also added 

to the Middle East water allocation to increase the number 

of the countries. Stepwise method is used in the regerssion 

analysis. Furthermore, Goldfeld-Quandt test is used to test 

the heteroscedasticity problem in the regression models. 

1.3 Outline of Study 

Following this introduction, Chapter 2 will present the 

statement of the problems in the Middle East region and the 
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literature review of water use. Because there is not enough 

research about water use in the Middle East, some samples 

from the USA are introduced in this chapter. Then, each 

transboundary river system in the Middle East will be 

discussed. This is the first objective of this thesis to 

show the nayure of each river systems in terms of the 

characteristics of the rivers, water consumption, water use 

and water projects. This chapter will help visualizing the 

regional problems in the Middle East. 

Chapter 3 provides a discussion of the data and 

methodology. First, the data are introduced and some 

problems associated with the data are described. Then, the 

methodology that is utilized in the empirical analysis is 

introduced . The models and their purposes are described. 

Chapter 4 contains the empirical models and the results 

of the Ordinary Least Square (OLS) estimation of the 

determinants of water use. 

In Chapter 5, the findings of this research are 

summarized and potential policy implications are identified . 

Those findings are considered and suggestions for further 

research are stated. The study concludes with a 

bibliography. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

In this section, the problems in the Middle East will 

be analyzed in terms of geographic, demographic, politic 

and economic features of the Middle East. Then, empirical 

research about water use and water allocation will be 

presented. Because, there is not enough empirical research 

about water use in the Middle East some samples from the USA 

are chosen to see the estimation of water use. Then, each 

transboundary river system in the Middle East will be 

discussed. 

2 . 1 Statement of the Problems 

2.1 . 1 Climatic Problems 

The Middle East's water problem stems largely from the 

areas pertaining to climate: seasonal temperature 

variations are wide, precipitation is irregular; and much of 

the region does not receive adequate rainfall [Lonergan and 

Kavanagh, 1991] . Throughout most of the region, rainfall is 

irregular and varies between 250mm and 400mm annually. This 

presents a problem since agricultural cultivation requires 

at least 400mm of regular rainfall. Secondly, there are 

only four major rivers in the Middle East: the Nile, the 

Tigris-Euphrates, the Jordan, and the Litani. They do not 
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live in the major river basins and they often depend on 

water stored beneath the earth's surface. Groundwater is 

replenished by rainfall but it cannot sustain long-term 

economic growth. Deeper aquifers contain fossilized water. 

It has usually been trapped beneath the earth's surface for 

thousands of years and it is extracted by drilling. 

However, these resources are nonrenewable because it takes 

years for rainwater to seep into the earth and collect in 

the deep aquifers [Tal, 1992]. 

2.1.2 High Population Growth 

As Lonergan and Kavanagh [1991] stated, rapid 

population growth is resulting in new demands for freshwater 

resources and an increasing rural-urban migration is 

resulting in more limited access to supplies and a need to 

transfer water over long distances. 

In water-scarce countries, population size and 

consumption patterns determine the quality of life. Rapid 

population growth diminishes the water available per person 

and may degrade water quality and threaten human health . 

Scarcity of water also limits the ability to develop 

economically and to attain self-sufficiency in food 

production. 

Rapid population growth creates a vicious circle when 

combined with water scarcity. It causes four types of risks 
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on the way of economic development. Inadequate water 

quantity causes frustration among regions and population 

groups, disputes and conflicts arise concerning access to 

water. Secondly, with growing population, water quality 

deteriorates and industrial waste water pollution increases 

the risk of water related diseases. Thirdly, rapid 

population growth damages food security. Finally, when 

population pressure increase, manipulation of the land 

intensifies. Without proper management, this can lead to 

desiccation of the soil, lowering of water tables, erosion, 

and consequent siltation and flooding of downstream areas 

[Falkenmark and Widstrand, 1992] . 

The Middle East is a sample which most drastically 

combines the problems of high water scarcity and rapid 

population growth. As Tal [1992] stated, the Middle East is 

a demographic time-bomb ready to explode. In the United 

States and other Western nations, annual population growth 

is around 1% or less. In the Middle East, it is around 3%. 

This means that the countries of the Middle East and North 

Africa will have to absorb another 80 million people by the 

end of this decade. More and more people will be competing 

for scarce resources and current problems will become acute. 
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2.1.3 Regional and Global Conflicts 

Water is a dynamic resource. It is this feature of 

water that diverges the problems into regional and global 

conflicts. These conflicts reflect themselves most 

drastically in the upstream-downstream dichotomy. Lonergan 

and Kavanagh [1991] stated that the boundaries of water 

resources are not necessarily the same as political ones, 

and extraction at one point of the river may seriously 

affect the supply of water at another. The quantity and 

quality of water reaching downstream countries depends on 

the activities of the upstream countries. If the flow of 

the water is not adequate, this leads to conflicts. 

However, international law is not adequate to solve the 

conflicts between riparian states. Since there is no 

comprehensive set of rules of international law which 

defines the rights and obligations of a state on the non

navigational uses of transboundary rivers, one has to look 

at the international customary law or general principles of 

law. Numerous treaties attempted to solve competitive water 

usage and controversial ideas of the upstream and downstream 

states. In application, this becomes the rule that any use 

of the water is permitted so long as it does not cause 

unreasonable injury to another rightful user. There is 

customary law which clearly shows that no state has a right 

to extract water from a watercourse if that state is not 
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riparian to the watercourse. According to this rule, a 

river or a watercourse should pass from a state territory or 

at least touch its borders. Yet, the customary 

international law does not solve and/or proves 

unconvincing. The variety of solutions (treaties, 

agreements, etc.) show that there is no certain customary 

rules in international law. Also the rules which are 

formulated by non-governmental organizations, like the 

Helsinki Rules in 1966, have no binding decisions. These 

rules, like customary international law, leave the solution 

of competing claims to consumptive use of fresh water to 

negotiation, mediation or decision. 

If there is no rule or procedure on this issue in the 

international customary law, one should look for the general 

principles of law for solutions. However, the general 

principles of law are unable to fill the gaps of 

international and customary law. One of the sources of the 

general principles is the borrowing principles common to 

all. In other words, the same principles based on different 

national systems of law can be borrowed as general 

principle. Throughout the Middle East legal systems, there 

is one principle, the principle of domestic use which would 

take priority over any other kinds of uses, can be found. 

However, there is no universal, nor local common definition 

for this principle [Naff and Matson, 1984] . 
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The gaps in the international law mentioned above make 

the conflicts more complicated and open the way to the 

influence of power politics. Tal [1992] argued that the 

political dimension of the water problem is the most 

dangerous. Egypt's late president Anwar Sadat and Jordan's 

King Hussein both said that water is the only thing which 

could make them go to war against another nation. Three 

water-related factors could potentially pave the way for 

armed conflict in the region. First, the location of 

resources does not coincide with national boundaries. 

Second, most countries depend on a few major water resources 

which could be disrupted in the event of hostilities. 

Finally, water security means that most countries are 

extremely protective of water resources lying within their 

borders. The Middle Eastern countries, with their scarce 

resources, cannot afford to be careless with their water and 

thus wary of any plan designed to share water with other 

particularly hostile nations. These countries are equally 

dismissive of any scheme which would require them to depend 

primarily on water from another country. 

This phobia of being dependent on the countries with 

different orientations damages the possibility of 

cooperation. Gregory [1991] stated that when Turkish 

President Turgut Ozal proposed a peace pipeline to channel 

water from Turkey into Syria, Jordan, Saudi Arabia and the 
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Gulf states remained suspicious. They refused to cooperate 

with Turkey because they did not want to be dependent. 

However, the relationships between Arabs themselves are 

not better. There have been traditional political conflicts 

between Pan-Arabic oriented states and conservative 

traditional monarchies. Also, the Palestinian and Israeli 

conflict blocks the way for cooperation between Arabs 

(especially Jordan) and Israel. These hostilities in the 

region diminish the communication between the states and 

pave the way for armed conflicts. 

2.1.4 Agriculture: Self-sufficiency in 
Food Production 

The fear of being dependent on foreign countries 

reflects itself also on the economic preferences of Middle 

Eastern countries. They think that self-sufficiency in food 

production is the way that leads to independence. Middle 

Eastern countries give priority to food production, thus 

agriculture, in their economic activities. However, 

agricultural production is the activity that needs water. 

Allan [1992] argued that no other economic activity uses as 

much water per unit of area as agricultural applications. 

On the other hand, economic returns to agriculture are 

relatively poor compared with those from industrial activity 

or from municipal uses. 
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Irrigated agriculture consumes most of the water that 

could be used by people. Falkenmark and Widstrand [1992] 

stated that water usage is the highest in the countries that 

irrigate agriculture most of the year, such as in Middle 

Eastern countries. 

Tal [1992] suggested that water scarce Middle Eastern 

countries should shift valuable resources away from costly 

agricultural ventures and channel them towards more 

profitable industrial schemes. Another solution would be 

maximizing water-use efficiency by new technologies: drip 

irrigation, artificial replenishing of aquifers, recycling 

of sewage water and use of saline-resistant and high

yielding seed varieties. 

Another solution would be desalinization of water. 

Saudi Arabia leads the world in desalinization. Its 22 

large plants produce 30 percent of all desalinated water in 

the world. It is also a leader in the pumping of fossil 

water. Although mining non-renewable water is like 

extracting oil that will run out in the future, Saudi fossil 

water reserves at the present rate of pumping range from 25 

to 100 years. Using such water, Saudi Arabia has exceeded 

its goal of self-sufficiency in wheat [Vesilind, 1993]. 

However, these are only short-term solutions. When the 

problems reach the conflict level, the only long-term 

solution would be international agreement. 
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2.2 Empirical Evidence in Water Use 

It is generally acknowledged that demand for all 

natural resources, including water is growing throughout the 

world. In many developed and developing countries, demand 

of resources is increasing at a rapid rate. 

2.2.1 Theories of Water Use Allocation 

The obvious basis for forecasting future use of any 

resource is its use in the past and present which is simply 

extrapolated to predict future use. Traditionally, water 

use forecasting has been based primarily on extrapolation of 

historical trends, using simple multivariate regression 

analyses. Various types of extrapolation have been used. 

The simplest method is linear extrapolation which, by 

definition, assumes that use is increasing over time. This 

type of extrapolation accomplished by unambiguously using 

linear regression and can provide reasonably accurate short 

time forecasts. 

In many cases, the data indicate that the increase in 

water use over time is not linear and some type nonlinear 

function is more appropriate as the basis of prediction. In 

practice, short-range predictions, a year or two in the 

future, extrapolation usually can support judgment without 

estimating a mathematical relationship. Long-range 

forecasting is more difficult, since social, economic, 
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technological, and industrial developments are known and 

must in fact be forecast, at least implicitly, in order to 

forecast the use of resources. 

Because of the importance of long-range forecasts, 

various methods are used to obtain them reliably. Recently, 

probably because of the general accessibility of computers, 

many forecasts have been based on fairly elaborate 

mathematical models. Most of these are either linear or log 

linear multiple regression models which express requirements 

or use as a function of other variables such as population, 

and income; the other variables represent the social, 

economic, and technological factors. A linear regression 

model is easily estimated and manipulated using a computer, 

but its interpretation depends not only on the applicability 

of past data for forecasting, but on the validity of the 

statistical assumptions underlying the model. 

There are several inherent problems in forecasting, 

most of which result from the fact that forecasting must be 

based, at least partly, on past data and observations, 

although there is frequently little reason to suppose that 

the future will be very much like the past in relevant 

respects. This is a basic difficulty which cannot be solved 

by any particular methodological approach. It is 

particularly serious in the case of forecasting water 

requirements, in view of the limits on growth. Water 
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requirements forecasting in a constrained environment must 

be integrated with decision-making and planning 

methodologies for allocating limited supply in the face of 

changing, generally increasing, competition for that supply 

(Domokos et al., 1976). 

2.2.2 Empirical Results of Previous 
Investigations 

Wong [1972] studied 11 years of per capita water use 

for Chicago and its surrounding communities from 1961 to 

1971. The basic statistical method applied was least square 

multiple regression analysis. Only three input variables 

were considered: water price, per capita income and average 

summer temperature. Autocorrelated model errors were 

ignored. In comparing the income elasticities of Chicago, 

it is interesting to note that income did not seem to have 

any significant impact on per capita water consumption. 

This insignificance is also reflected on the low partial R 

in the regression equation. On the contrary, the income 

parameter for Chicago was found to be significant at the 2 

percent level. In both the demand functions, average summer 

temperature was found to have a significant impact at the 

0.01 and and 0.02 level, respectively. The high multiple 

R2 's in both the equations are largely attributable to this 

variable. The price elasticity coefficient was 

insignificant only in the smallest community size group. 
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Except for this case, all the price elasticity constants in 

the cross-sectional analyses are larger than those of the 

time-series analyses for Chicago. The higher price 

elasticities in the larger comunity size groups, when 

compared with those for Chicago, suggest the possible 

effects of source of water supply and differential pricing. 

At a point in time, his logarithmic regression model, 

however, indicated that income was significant at a 2% level 

with a positive impact for Chicago, water price was 

significant at a 5% level with a negative impact, and 

temperature was significant at a 5% level. 

Young [1973] investigated 26 years of water consumption 

in Tucson, Arizona, from 1946 to to 1971. Population, price 

and incomes were the the principal factors expected to 

influence the demand of the water supplies. Since 

significant portions of water use in arid areas are for 

cooling and for irrigating lawns and climatic factors would 

be important variables influencing the consumption of water 

over time. Regression coefficients relating consumption to 

price and rainfall were estimated by conventional least 

square procedures. The income variable was found to be 

highly intercorrelated with the price variable, and its 

regression coefficient was found to be negative in sign, so 

that it was deleted. In his further analysis, Young (1973) 

concluded that the regression coefficients of temperature 
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and evaporation were insignificant and that the coefficient 

of income had a sign positive and price had a sign negative. 

Danielson [1979] studied with the data from 1969 to 

1974 in North Carolina. Results of the study were based 

upon pooled cross-section and time series data. Tests for 

validity of assumptions were made and a methodological 

approach was used that provides unbiased estimates of 

parameters and standard errors with data that exhibit 

serially correlated residuals. Three of the input variables 

which affect per capita water use were considered: 

population, water price, and income. The results of the 

study generally support the contention that sprinkling 

demand is highly responsive to water price. The use of the 

pooled data resulted in less elastic price elasticities than 

obtained in past studies based upon cross-section data but 

in line with estimates using time-series data. The results 

suggested that water price is an important variable in 

determining water use. Water price, population and per 

capita income had a negative impact on the per capita water 

use. Population and per capita income were also as 

important as the water price. 

Colander and Haltiwanger [1979] recalculated the 

results of a time series study of Young's [1972]. These 

recalculations supported the hypothesis that time series 

elasticity estimates are likely to be more inelastic than 
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cross-sectional elasticity estimates. They concluded that 

Young's statistics appeared not to provide a reliable 

estimate of the time series price elaticity. The data were 

too fragmentary to reveal much, and each modification of 

Young's statistical procedures resulted in much more 

inelastic price elaticities. 

Cross-sectional studies have been the primary 

methodology for estimating the response of water use to 

price. If real water prices and other economic variables 

have maintained relatively stable differentials among most 

of the cross-sectional units used in a study, then the 

resulting estimate of the price elaticity is likely to be a 

reasonable approximation of the long-run elasticity. If 

price diffrentials have not been stable, it is difficult to 

interpret the results. Time series rather than cross

sectional analysis is necessary to distinguish between the 

short- and long-term effects of the price. 

Carver and Boland [1980] estimated the short- and long

term effects of explanatory variables in the flow adjustment 

model, where lagged consumption is included as one of the 

explanatory variables. The observations of the dependent 

variable in this study consist of 6 years of water 

consumption for Washington City. Exogenous variables 

include income, price, and population. Based on economic 

theory and on the empirical results of this study, the 
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response of the water use to a price change is substantially 

greater in the long-run than in the short-run . Price 

coefficient had a negative impact on water use, whereas 

income had a positive impact . 

In a more recent study by Cochran and Cotton [1985], 

aside from the 1ssues raised by Schefter [1986] , 

autocorrelated model error was still ignored. They studied 

20 years of per capita water consumtion from 1961 to 1980 

for two cities, Oklahama City and Tulsa. The goal of this 

study was to define and and analyze the postulated social, 

environmental and economic factors which influence 

consumption. Five candidate input variables were initially 

selected: water price, income, population, precipitation, 

and temperature . Ordinary least squares (OLS) regression 

relating annual water use to each individual input variable 

was performed to identify whether the variable should be 

included or dropped in their final multiple regression 

model. Cochran and Cotton's identification procedure had 

two major problems . First, with only one input variable, 

each of their regression equations was likely to have highly 

autocorrelated residuals. Consequently, the statistical 

tests performed in their identification procedures were 

likely to be inappropriate. They failed to observe that the 

variations of water use, as well as three socioeconomic 

series, were dominated by linear trends while the two 
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climatic variables varied randomly over time. Their 

selection procedures, almost inevitably would lead them to 

conclude that all three socioeconomic variables were highly 

significant, while the two climatic variables were not 

significant and were excluded in their final equation. 

Miaou [1990] proposed stepwise time series regression 

identification to alleviate these problems. The proposed 

procedure adopts the sequential input variable selection 

concept of stepwise regression. Autocorrelated model error 

is assumed to follow an autoregressive integrated moving 

average process. Subsequently, input variables were 

selected and inserted into the equation one at a time until 

the last entered variable is found to be statistically 

insignificant. Dependent variable was annual per capita 

water use. Other candidate variables were price of water, 

per capita income, and population from Cochran and Cotton 

[1985] and precipitation and temperature from Ruffner and 

Bair [1987]. Cochran and Cotton's study indicated that 

income was the only significant input variable in their OLS 

regression model. Income is, however, not selected to be 

included in the final model according to the proposed 

procedure. However, all the regression coefficients were 

same as they were expected. 
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2.3 Transboundary River Systems in 
the Middle East 

The Middle East, being one of the arid or semi-arid 

region of the world, has four major river systems (Fig.2.1) 

These are namely; the Jordan river, the Litani river, the 

Nile river and the Euphrates-Tigris river systems. All 

these rivers, except the Litani, cross (transbound) and 

divide many countries which have been already divided due to 

oil, super power rivalry and regional and international 

strife. Here, each river system will be stressed and 

explained according to their characteristics and importance. 

2.3.1 The Jordan River 

The Jordan River is a complex system with a number of 

tributaries (Fig.2.2). In the North, the Hasbani tributary 

rises in Lebanon, the Dan and the Banias originates from 

Syria. To the Northeast, joins the Yarmuk River, of which 

1424 km lies within Jordan and 5828 km within Syria. From 

Mt. Hermon, the Jordan River close with its tributaries 

jointly 500 km all the way down to the Dead Sea, the lowest 

point on the surface of the earth. The Northern tributaries 

and the Yarmuk River collect most of the water. The 

Northern tributaries are a group of springs of which the Dan 

is the largest. The annual discharge of the Dan River is 

245 MCM (million cubic meters), the least variable discharge 
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among other tributaries. The Yarmuk River joins with the 

upper part of the Jordan just below Lake Tiberias. 

Together, these two rivers provide the greatest potential 

source of water for irrigation, an average of 1,013 MCM per 

year. The Jordan River basin covers up to 18,300 sq km, 

where the system discharges an average of 1,850 MCM/yr to 

the Dead Sea. This is almost double the amount of water 

available from all other water sources in Israel and three 

times that of Jordan [Lowi, 1984]. 

Twenty-five percent of the entire Middle East receives 

an average of over 125 mm per year. Rainfall varies from 

the slopes of Mt. Hermon in the north to the Negev Desert in 

the south. Though it appears to be adequate rainfall when 

compared to the other regions, it is not. On the other 

hand, the main discharge of the Jordan River comes from the 

groundwater in the north. The discharge is supplemented 

with springs from various places. However, much of this 

contribution 1s too saline and it only degrades the water 

quality. Water in this region is saline. However, at the 

present time, there are also other water quality 

deteriorating factors, such as pollution and eutrophication, 

becoming more and more important. Groundwater from various 

springs degrade the quality of water in the region. These 

are the main export items of the Jordan and can be extracted 

by evaporating the water. Water development plans carried 
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out by Israel for the diversification of the upper Jordan 

had accelerated the salinity in the lower part of the system 

[Lowi, 1984]. 

The riparian states of Jordan River systems are Israel, 

Jordan, Syria, Lebanon and West Bank. The major users of 

the Jordan River are Israel and Jordan. For Lebanon and 

Syria, the Jordan River supplies only five percent of their 

total demand of water. 

The estimated total amount of water needed by Israel 

is about 1750 MCM. Considering all renewable water 

resources, both surface and underground, Israel uses more 

than ninety-five percent of her renewable water resources. 

This illustrates an extremely high usage of water . Within 

the short-term, Israel is expected to fall into a water 

deficit by the year 2000; its annual demand has been 

projected to be about 2500 MCM [Naff and Matson, 1984] 

It is important to note that most of the water supply 

of Israel comes from the occupied lands, the West Bank and 

the Golan Heights. The conquest of the Golan Heights had 

given Israel control over the upper Jordan where one-third 

of Israel's water comes from, and control over any Arabian 

efforts to divert the headwaters. Another one-third of the 

Israel's water originates from the rainfall over the slopes 

of the West Bank and is obtained from the aquifer system 

which also supplies the West Bank. Almost one-half of 
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Israel's total water supply consists of water that has been 

diverted or preempted from Arab sources located outside of 

the boundaries [Naff and Matson, 1984] . 

Among the river systems of the Middle East, the Jordan 

River system holds the greatest potential for conflict. The 

main underlying issue for this water conflict is the Arab

Israel and inter-Arab disputes. Long years of hatred and 

conflicts have undermined a cooperative and united actions 

for water usage. Israel enjoys an overpowering military 

advantage and upper riparian position in relation to Jordan. 

West Bank and Golan Heights provide Israel with 40 percent 

of its fresh water. The price of withdrawal would be 

greater than that of continuing the occupation [Nasrallah, 

1990] . 

Israel already reinforces its exercise of sovereignty 

over the occupied territories. With the water subsidies 

given to Israeli settlers, use of water by Israeli settlers 

is at least five times greater than that by the Arabs. 

Application of power over West Bank Palestinians enables 

Israel to use water as an instrument for maintaining control 

over a majority population in the interests of a minority 

group [Frederick and Naff, 1985]. Israel's ambitions are 

not limited to the waters of the Jordan system. Long before 

the Litani River had been added to the proposed Israeli 

water plans, control of the Litani River and tributaries of 
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the Jordan had been one of the underlying issues behind the 

Israel's invasion of Lebanon in 1982 [Cooley, 1985]. 

Also another ambitious plan of Israel to join the Dead 

Sea to the Mediterranean by canal is an issue which creates 

problems among Israel, Jordan and Egypt. With the water 

released into the Dead Sea, raising the level by 50 feet 

over 20 years, a $500 million-worth potash mining plant 

would be flooded. Not unexpectedly, Jordan has rejected the 

Israeli plan [The Economist, 1980]. 

In face of dwindling water resources, as riparian needs 

increase, water will be a strategic factor in regional 

politics. 

2.3.2 The Nile River 

The Nile is the world's longest river, flowing 6,695 km 

from Burundi to the Mediterranean. It drains 2,978 million 

square km which is approximately 1/10 of the total Africa. 

The Nile and its tributaries flow through a large number of 

nations and are vital to the economies of several of them. 

These are: Egypt, Sudan, Ethiopia, the Central African 

Republic, Tanzania, Uganda, Zaire, Zambia, Malawi, Rwanda 

and Burundi. 

One of the major sources of the Nile rises in a rain 

forest close to the Equator. The river flows north passing 

through a sub-tropical savannah in Sudan and cutting through 

29 



the Sahara, it enters Egypt and discharges to the sea 

(Fig. 2. 3) . 

The head of the Nile is represented by a large number 

of streams that drain the highlands of the polygon of land 

contained between the two branches of the African rift 

system in East Africa [Naff and Matson, 1984] . 

As shown in Figure 2.3, the sources of the Nile 

successively drain from Lake Victoria to Lake Kioga and then 

to Lake Mobotu. Here, as the Nile leaves Lake Mobotu from 

the north end, it flows down to the Central Sudan. Here 

lies the largest freshwater swamp in the world, called Sudd. 

From Lake Mobotu to Sudd, the Nile is called Bahr-el-Gebel. 

In Sudd, the Bahr-el-Ghazal and Sobat rivers join with the 

Bahr-el-Gebel and form the White Nile River. Then the Nile 

River flows to Khartoum where another tributary, the Blue 

Nile, joins. Another tributary joins 322 km down from 

Khartum, called the Atbara River that periodically carries a 

large discharge. Below the junction of Atbara, the Nile, 

receives no further inflow until it reaches the 

Mediterranean [Naff and Matson, 1984] . 

The peculiarity of the Nile, which accounts for its 

unique role in the evaluation of agriculture and 

civilization, is the pattern of its discharge throughout the 

year; 80% of its water courses through the Nile Valley 

between August and October, only 20% during the remaining 
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nine months. Apart from the seasonal variations in the 

discharge, the Nile River is subject to wide fluctuations 

from year to year [Benedick, 1979] . 

Water quality in the Nile, at present, is generally 

good in terms of salinity. However, agricultural 

development plans undertaken by Egypt and Sudan may decrease 

the quality of water in the future. Upstream riparians also 

have plans for agricultural expansion which may increase the 

salinity of water. However, although there 1s no serious 

pollution of water, many of the endemic diseases in Egypt 

and Sudan are waterborne diseases. Cooperation among the 

riparian states is a must to avoid salinity, future 

pollution and finally waterborne diseases [Naff and Matson, 

1984] . 

Almost all of the Egypt's population, exceeding 50 

million, live along the Nile which is only 4% of the total 

land. In the face of the ever-increasing population, an 

increase in the agricultural output became the main concern 

in Egypt. Improvement of land and water usage and 

additional 150,000 acres/yr of reclaimed land till the year 

2000 have become major strategies. 

As a whole, agriculture accounts for the 95% of water 

use in Egypt. More than half of the 84 billion CM of Nile 

River water available for use is transported to otherwise 
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dry land for irrigation purposes [Middle East Water and 

Sewage, 1981] . 

Throughout history, the Nile has been the site of some 

of the most ambitious and most successful schemes of water 

resource management. Apart from successful water 

managements, until the construction of the Aswan High Dam, 

Egypt had faced floods and about 40% of the annual flow 

discharged unused into the sea. Construction of the dam was 

started in 1960 and completed by 1968 and the project 

reached full completion in mid-1970 [Benedick, 1979] . 

Historically, Egypy and Sudan are the major users of 

the Nile. Like Israel, Egypt is more technologically 

developed, more militarized and politically more powerful 

than Sudan and other riparians. Of the Nile riparian 

states, Sudan is pivotal to Egypt's control of the Nile. 

Political affinity between Cairo and Khartoum is essential 

for the continuance of peaceful cooperation under the 1959 

agreement. The Sudan's stability and friendliness are 

perceived to be paramount to Egypt's Nile interests [Naff 

and Matson, 1984] . 

2.3.3 The Litani River 

Unlike the Jordan and the Nile, the Litani River with 

its basin totally lies entirely within one country, Lebanon. 

32 



The Litani River rises in the Bekaa Valley near Baalbek 

and flows to the south down the Lebanon mountains. At 

Qirawn, the Litani river continues to flow between the 

Lebanon mountains and Mt Hermon. Near Khardale, the river 

turns sharply to the west and discharges itself to the 

Mediterranean through the Galilean uplands (Fig. 2.4). The 

discharge of the river is mainly in the form of winter 

rainfall on the upper portions of the Lebanon mountain 

range. The greatest amount of rainfall, of about 1000 mm/yr 

to 1,600 mm/yr, falls on the Lebanon mountains. Towards the 

northeast near Baalbek and in the Lebanon mountains, the 

average rainfall decreases to 500 mm/yr. 

In terms of salinity, the Litani River water is high 

quality for any crop. The future of water quality in the 

Litani will be determined by the agricultural development. 

In Lebanon, like the rest of the Middle East, there are five 

major users of water: households, business, industries, 

hydroelectricity for cooling in thermal electric plants and 

two irrigation projects at anjar in the Bekaa and Qasimiyah 

on the coast. 

Lebanon is a water-rich country as compared to its 

neighbors. There is a surplus of water to satisfy the needs 

of Lebanon. However, the Litani River is the only 

additional supply of high quality water within the reach of 

Israel. This fact puts external pressure on the existing 
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situation. After the establishment of its unity, there will 

be growing demand for development within Lebanon which would 

put extra pressure to the Litani river. Nevertheless, with 

respect to water use, Lebanon's most urgent requirement is 

to re-establish its unity and sovereignty to avoid further 

internationalization of the Litani River [Naff and Matson, 

1984] . 

2.3.4 The Euphrates and Tigris Rivers System 

The Turkish water resources are the river valleys of 

the Euphrates and the Tigris. Both the Tigris and Euphrates 

rise in Turkey. About 90% of the water from the Euphrates 

leaves Turkish territory to flow into first Syria, then 

Iraq. The Tigris flows directly into Iraq at Cizre. Its 

eastern tributaries then join it from Iran. Turkey and Iran 

have a power to dam the water and prevent its entering Iraq. 

This gives both states great potential coercive power over 

Iraq. 

After Euphrates flows through Turkey, it enters Syria 

at Jarablus, continues for about 350 miles and enters Iraq 

at Abu Kamal. In Iraq, the Euphrates combines with the 

Tigris to form the Shatt al-Arab which flows into the 

Persian Gulf. It remains a major cause of contention 

between Iraq and Iran which killed hundreds of thousand of 

each other's nationals during the 1980-88 Iran-Iraq war. 
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The Euphrates is crucial to Syria's survival. It is 

Syria's largest river. It gains new water inside Syria from 

three tributaries: the Sajur, contributing 125 MCM each 

year, the Balikh with 100 MCM and the Khabur with 1.9 BCM. 

Estimates vary widely of how much Euphrates water flows 

annually into Iraq from Syria from 20 BCM to 29 BCM [Cooley, 

1992] . 

The Euphrates River carries an average of 31,820 

MCM/yr. The annual discharge varies from 16,871 MCM to 

43,457 MCM. The melting of winter snow in the uplands of 

Turkey releases large quantities of water into the river to 

produce a discharge peak during April and May. The 

discharge drops sharply in June and July as the frozen 

precipitation of the winter season is exhausted. In August, 

September and October, the mean discharge at Hit is around 

300 m3 /sec. The discharges may fluctuate with respect to 

difference in weather conditions over the years. 

The Tigris acquires most of its discharge from Turkey 

and Iran; contributions to its discharge from within Iraq 

are limited to the flow of the streams that enter the middle 

stretch of the Tigris from the western slopes of the Zagros. 

The Tigris carries a mean annual discharge of 1,339 

m3 /sec equivalent to 42,230 MCM/yr. The Tigris in its lower 

reaches is more subject to sudden and distractive flooding 

than is the lower Euphrates [Naff and Matson, 1984] . 
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According to Thomas Naff [1984] , although there is no 

data to quantify it, the headwaters of the Euphrates river 

provide water which is of high quality. However, in the 

lower parts of the Euphrates especially the Shatt-al-Arab 

region is facing salination as a result of centuries of 

irrigation and poor water management. 

The Euphrates and Tigris River systems faced with 

water-resource management for irrigational purpose. In 

modern times, there are formulated plans and projects from 

these two rivers to control flood and to use their waters 

for electricity, large-scale irrigation, urban and 

industrial development. However, all these projects have 

been mainly on a country-by-country basis though there have 

been joint technical consultations among the riparian 

countries since the early 1960s. The first formal agreement 

relevant to the Euphrates waters was the Iraq-Turkey 

friendship treaty in 1946 in which Turkey agreed to inform 

Iraq of her plants on the Tigris and the Euphrates and to 

adopt projects which would be mutually beneficial [Naff and 

Matson, 1984] . 

Throughout the period 1909-1974, the absence of 

integrated planing on water resource sharing let to serious 

international conflicts among the riparian states. As more 

comphrensive plan developed, Turkey, Syria and Iraq held a 

number of discussions relating to water resource sharing. 
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However, little is known about the content of these 

discussions. 

Iraq was the only user of the two rivers till the early 

1960s. In 1973, the Ath-Thawhrah dam in Syria and in 1974, 

the Keban dam in Turkey became operational. Iraq 

experienced a sharp reduction in the flow of the Euphrates 

but releasing extra 200 MCM of water by a request from Iraq 

to Syria aroused no conflict in the mid-1974. However, in 

1975, during the spring flood which was impounded by the 

Turkish and Syria dams, a major crisis developed between 

Syria and Iraq which brought the two countries to the brink 

of war [The Economist, 1987]. Iraq claimed that they should 

be receiving 13,000 MCM of water but because Syria was 

filling up the reservoir behind the Tabqa (Ath-thawhrah) 

dam, and because of excessive Turkish diversions farther 

upstream, Iraq received only 7000 MCM. They also claimed 

that more than 3 million of their people could starve to 

death because of Syria's reduction of the river's flow [The 

Economist, 1975]. To discuss the situation, Iraq called for 

a meeting of the Arab League Foreign Ministers. But Syria, 

claiming that it was passing onto Iraq 71% of the water it 

received from Turkey, declined to participate. As the 

threat of war grew, it was the Saudi Arabian and Soviet 

mediation efforts which ended the crisis in June 1975. The 

Saudi's achieved an understanding in which Syria agreed to 
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release an additional amount of water from Tabqa [Naff and 

Matson, 1984]. However, no Syrian-Iraqi agreement has ever 

been announced. Also it was doubtful that this crisis was 

primarily a conflict over water. According to the Economist 

[1975] , the dispute over the river antedates the falling out 

of the two factions of the Baath party but it was this 

intra-party rivalry that gave the quarrel its viciousness . 

To overcome the water problems, the three countries 

held practical talks throughout the 1980s. Turkey and Iraq 

set up a joint technical community in 1980 to report in two 

years time. Meetings began in 1982 and 14 meetings were 

held. Meanwhile, Syria has also joined in 1983. However, 

this committee has not yet produced its report [Jansen, 

1990] . 

In January 1990, Turkey blockaded the Euphrates flow 

for about 30 days to fill the lake behind the Ataturk Darn, 

in accordance with the existing agreements. Furthermore, 

despite the hatred between Iraq and Syria, the two countries 

signed a Euphrates sharing agreement on April 1990. 

According to this agreement, Syria and Iraq shared the 

Euphrates water as it passes the Turkish-Syrian border by 42 

percent and 50 percent respectively . Finally, Turkey has 

guaranteed to Syria that the discharge of the Euphrates 

would not be below 15,768 MCM annually [The Economist, 

1990] . 
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2.3.4.1 Water Projects of Turkey and 
Great Anatolian Project 

Turkey began to develop plans to utilize the Euphrates 

and Tigris. The country's best hydroelectric sites on the 

Euphrates force Turkey to implement massive hydrological and 

irrigation projects on the river. The potential generating 

capacity on the two rivers has been estimated at 7.7 billion 

Kw. This represents about 46 percent of all potential 

generating capacity and 53 percent of all potential annual 

hydroelectric potential in Turkey. Projects for developing 

water resources on the Euphrates started in 1961. The 

Euphrates basin development report and the lower Euphrates 

project development were completed in 1964 and 1966, 

respectively. However, a complete master plan called as the 

Southeastern Anatolia Project, GAP, was finalized by the 

State Hydraulic Works in 1980 [Kolars, 1986]. 

Turkey is a major agricultural country of the region. 

In the country, 28.05 million hectares (approximately 28 

percent of the total land surface) are classified as 

agricultural land [Turan, 1993] . The first stage of GAP 

included 13 projects on the Euphrates and Tigris rivers 

costing in all $ 12 Billion. The project provides irrigation 

to about 2.5 Million acres and generation of 7,513 mw of 

hydroelectric power. The Ataturk Dam, the fifth largest 

rock-fill dam in the world, was established on August 27, 
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1990. The first of the dam's eight turbines began 

generating electricity in 1991 [Cooley, 1991]. 

It is anticipated that consumption of water in Turkey 

will rise rapidly in coming years. First, the government is 

pursuing a set of irrigation programs, the completion of 

which will increase demand on the country's water resources. 

Second, the population is growing at a steady and high rate, 

generating new needs for water consumption . Third, the 

country is urbanizing rapidly, a phenomenon that is 

accompanied by the use of larger quantities of water. And 

finally, the rapidly expanding industrial base on the 

country creates new and additional water requirements 

[Turan, 1993] . 

The Euphrates and Tigris system is less critical 1n 

terms of water competition levels for the riparian 

countries, if compared with other river basins. There are, 

however, threats also in this region: the Southeastern 

Anatolia Project is said to be reducing the river inflow to 

Syria and Iraq [Falkenmark, 1989] . 

When nations share the same river, the upstream nation 

is under no legally binding obligation to provide water 

downstream. But the downstream nation can claim historical 

right of use and press for fair treatment . In 1989, 

Turkish President Turgut Ozal alarmed Syria and Iraq by 

announcing that Turkey would hold back the flow of the 

40 



Euphrates for a month to start filling the Ataturk Dam, 

despite and earlier guarantee to provide an average flow of 

500 cubic meters a second at the Syrian border. Turkey 

increased the flow for two months before the cutback, but 

even this did not prevent an outburst of criticism. Full 

development of the Anatolia project could reduce the 

Euphrates' flow by as much as 60 percent [Vesilind, 1993] 

Savage [1991] stated that there are 21 candidate dam 

schemes and 17 candidate hydroelectric power schemes on the 

Euphrates River in Turkey, but only three are currently 

under consideration. Active storage is 19.3 BCM of the 

total 26.8 BCM, compared with the annual discharge of the 

Euphrates into Syria of 32 BCM. The problems are concerned 

with the need to start filling the ''dead storage" in the 

reservoir. 

The World Bank supports Turkey's Great Anatolia Project 

(GAP) and the only reason for holding back funds as reported 

in the press has been due to certain riparian issues. There 

is an evidence that it will be used as a vehicle for 

peaceful economic development. 

2.3.4.2 Peace Pipeline Project 

Although it is outside the Euphrates-Tigris River 

basins, it is important here to mention about the project of 

the peace pipeline because it can be used as a tool to 
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settle down the disputes over the water usage and riparian 

rights of the Euphrates- Tigris River to share the excess 

water of Turkey with other Middle East countries. The Peace 

Pipeline project seeks to provide a supply of water 

available in Turkey and deliver a firm supply to regions of 

need in Syria, Jordan, Saudi Arabia and other Arabian Gulf 

states. 

As we can see in Fig. 2.6, the Peace Pipeline calls 

for the building of two long-range water pipelines 

southward. The first, about 1,500 miles long, would reach 

Kuwait, Saudi Arabia's eastern province and other gulf 

Emirates crossing a combination of Syria and Iraq on the 

way. The second one following a track through Syria and 

Jordan would supply water to Syria, Jordan, Israel and 

western Saudi Arabia. Early cost estimates for both lines 

range from $16 billion to $21 billion. 

The rivers supplying the two pipelines would be the 

Ceyhan and Seyhan, rising in east-central Turkey and flowing 

into the Mediterranean between Mersin and Iskenderun. 

Together they carry about 39 MCM clean water per day. 

Turkey plans to use 23 MCM/per day of this and is prepared 

to export about 6 MCM/per day southward. The largest, 

western line would traverse Syria and Jordan before ending 

at Mecca, Saudi Arabia. It could feed main cities and towns 

between Aleppo, Syria, and Saudi Arabia's Hejaz province. 
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The two largest single recipients of its 3.5 MCM per day 

capacity would be Damascus and Amman. Although Israel does 

not appear in blue prints, Israeli and American water 

consultants have made plans to extend to Israel a spur from 

Amman, a downward flow through the hilly Ghor country to the 

Jordan Valley [Cooley,1991]. 

The project would cost about $20 billion and depend 

heavily on Arab financing. It would be completed in 6 to 10 

years and would create jobs throughout the region. 

But many Arabs remained suspicious. Although nearly 

all Turks are fellow Muslims, they are a different race, 

conquerors who ruled Arabs for centuries before the collapse 

of the Ottaman Empire in 1919. They live in a secular state 

that has looked to the West for inspiration ever since 

Ataturk founded the Turkish republic in 1923. 

Thus Arabs' suspicion gave an end to a possible 

peaceful cooperation in the Middle East. 
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Fig. 2.1 The Middle Eastern Rivers 
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Fig. 2.2 The Jordan River 

45 



. 2.3 The Nile River F~g. 
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Fig. 2.4 The Litanl.· River 

47 



Fig. 2.5 The Euphrates and the Tigris Rivers 
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Fig. 2.6 The Peace Pipeline Project 
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CHAPTER 3 

DATA AND METHODOLOGY 

The general purpose of this chapter is to examine the 

data set used in this study and the methods used in the 

regression analysis. In order to pursue this study, a 

series of specific objectives as listed in Chapter 1 have 

been identified. It is obvious that, realization of those 

objectives depends on the availability of data. A data set 

was obtained and objectives were specified around the idea 

of utilizing the full potential of the data. 

In this section, first, the data will be introduced and 

discussed. The discussion of the methodology will follow. 

3.1 Data 

The data set used in this study is "World Resources 

Data Base 1992-1993 from World Resources Institute." It has 

been published by DSC Data Services in a diskette. 

The World Resources Data Base (WRD) is designed to be 

used with the accompanying volume of world resources 1992-

93, the biennial report of the World Resources Institute. 

WRD contains an expanded version of the data and covers 483 

variables, forty percent of which have time series data 

ranging from 2 to 75 year period. The data on WRD may be 

examined by country, country grouping, and variable code. 
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Variables and variable codes are organized according to 

topical data chapters in which they appear in World 

Resources 1992-93. 

WRD variables have a 5-digit code. The first two 

digits of this code identify the corresponding chapter 

number in World Resources 1992-93, while the third digit 

identifies the table within the chapter that contains the 

corresponding data. For example, 15.01.02, "Gross National 

Product-Per Capita" corresponds to the first table in 

chapter 15, table 15.1, in World Resources 1992-93. In most 

cases, the final two digits of the variable code correspond 

to the column in the table in which this variable is 

reported, so the code 15.1.02 refers to per capita Gross 

National Product data found in column 2 of table 15.1. 

The WRD Data Base contains three types of time series 

data. 

1. Annual time series. These variables contain up to 

twenty years of annual data. 

2. Five-year time series. These variables contain 

averages over five year periods, reported every fifth year. 

For example, "Infant Mortality" for 1955 represents average 

child mortality during the 1951 to 1955 time period. The 

five year time series range from 1950 to 2025, and are the 

only projections available in the Data Base. On the other 

hand, the variable "Population-Total is a five-year time 
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series with a twenty year interval (1971 to 1990) where data 

are provided annually. Annual numbers have been 

interpolated using five year total population numbers and 

growth rates. 

3. Single-point series. These variables contain data 

for only a single year or range of years. If, for a 

particular variable, data for different countries is 

available in different years, then the data is recorded 

under 1989 for all the countries, although the data may be 

from earlier years, or represent an average for a period of 

several years. Single-point variables that are available 

for the same year for all countries appear under the year 

specified in the text. 

Data can be examined or extracted for thirteen regional 

and economic groupings. These groupings are comparable to 

the United Nations' regional classification system. 

3.1.1 Problems in Data Set 

The most striking aspect of the data for use in this 

study was the availability of some detailed information. On 

the other hand, because there are three types of time series 

in the data set, some problems have occurred in terms of the 

variables that were used in the regression models. The most 

important problem was due to the single-point series. This 

problem necessitated the use of cross-section analysis in 
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the regression analysis. When observations are available 

for several units over a period of time, some method of 

combining the data should often be used. If data were 

available for each unit over a series of units, one might 

question whether cross-section parameters remain constant 

over time. If they do, the possibility of combining the 

data can be considered to obtain more efficient parameter 

estimates. Although some variables had annual time series, 

some of those had just a single-point or five-year time 

series. Therefore, the pooling method would not be used in 

the regression analysis. The data set had some serious 

limitations which in some cases modified some variables. 

Although there are some limitations about the data, it 

has been efficient to have the most realistic outcomes of 

the empirical results. 

3.2 Methodology 

This study will examine the effects of different 

variables on per capita water use and the effects of 

different variables on per capita water use in terms of per 

capita Gross National Product. The determinants of water 

use will be investigated. Afterwards, these determinants 

will be examined in different models step by step. 

Because of the limitations of the data set, the pooling 

method would not be used in the regression models which will 
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be mentioned below. Cross-section analysis has been the 

statistical technique in the models. This has been limited 

for just one year which is 1989. Therefore, whole African 

countries which can also be counted as semi-arid and arid 

lands had to be added to the data set to increase the 

observation number. Otherwise, estimates would not be able 

to yield realistic emprical results because the observation 

number would be limited to twenty Middle East countries. 

Ordinary least squares regression analysis was the 

statistical technique of choice given its desirable 

properties for such an investigation. The computer program 

called RATS 386 was used to estimate the models. 

The empirical specification is based on the following 

simple models. Afterwards, these basic models were improved 

by using other determinants which affect per capita water 

use and per capita water use in terms of Gross National 

Product. 

Estimates of the amount of annually renewable water 

available in a country include both internally produced 

surface and groundwater, and river water flowing into an 

area from another country. 

The potential increase in overall water use in a 

society will be limited by irrigation and industrial needs 

as well as population growth [Falkenmark and Widstrand, 

1992] . 
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The basic models can be described as: 

WPj=F (PGNPj I POPj I IRRj) I 

PWPj=F (PGNPj I POPj I IRRj) I 

where, 

WPj = annual withdrawal per capita which is water use per 

capita, 

PWPj = annual withdrawal per capita in terms of Gross 

National Product per capita, 

PGNPj = Gross National Product Per Capita, expected sign of 

coefficient is positive for the first model and 

negative for the second model. 

POPj = Population, expected sign of the coefficient is 

negative for these models. 

IRRj = Irrigated Land, expected sign of the coefficient is 

positive on the per capita water use. 

Parameters for basic models and their modifications 

were estimated for the water use determination. 

Regression models were of the form: 

WPj ={3 0 +{3 1 PGNPj +{3 2 P0Pj +{3 3 IRRj +£j 

PWPj ={3 0 +{3 1 PGNPj +{3 2 P0Pj +{3 3 IRRj +£j 

The purpose was to specify and estimate the empirical 

models for water use determination and to examine the 

effects of the each determinants. 

Those models differed not in their basic make up, but 

only in the variables that they contained. 
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First the experiment was made by using linear 

formulation but it did not yield good results. Therefore, 

log linear formulation was used in each regression model to 

get improved results. Variables used in regression 

equations usually take values over some continuous range. 

This need not be the case, however, and at times we may wish 

to use one or more independent variables that take on two or 

more distinct values. For example, we may wish to account 

for the fact that some individuals go to college and others 

do not. To do so, we create a dummy variable, which takes 

on the value of 1 if the individual goes to college and 0 if 

not. Dummy variables are particularly useful when dealing 

with qualitative data. In this case, a dummy variable was 

created to evaluate the regional differences between Middle 

East and Africa. Linear regressions were then fitted by 

using stepwise regression methods. Stepwise regression was 

used to identify significant variables and if these included 

highly correlated pairs, the variable of least importance 

was removed and the model refitted. While stepwise 

regression can be useful in looking at data when there are a 

large number of possible explanatory variables, it is of 

little value when one is attempting to analyze a model 

statistically. The reason is that t- and F- tests consider 

the test of a null hypothesis under the assumption that the 

model is correctly specified. If we have searched over a 
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large set of variables, selecting those that fit well, we 

are likely to get significant t tests with great frequency. 

As a result, the large t statistics do not allow us to 

reject the null hypothesis at a given level of significance. 

Finally, Goldfeld-Quandt test was used in the 

regression models to test for heteroscedasticity. The 

Goldfeld-Quandt test procedure involves the calculation of 

two least-squares regression lines, one using data thought 

to be associated with low variance errors and the other 

using data thought to be associated with high variance 

errors. If the residual variances associated with each 

regression line are approximately equal, the 

homescedasticity assumption are rejected, but if the 

residual variance increases substantially, it is possible to 

reject the null hypothesis. The choice of the number of the 

middle observations to eliminate from the test is somewhat 

arbitrary. If no middle observations are eliminated, the 

test is still correct, but experience shows that 

eliminations of observations associated with errors of 

almost equal variance from the test procedure improves the 

power of the test. 

In the next chapter, emprical results will be presented 

and discussed. 
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CHAPTER 4 

EMPIRICAL MODELS AND RESULTS 

In this section, the determinants of water use, as well 

as the effects of these determinants are empirically 

investigated. There are eight models which differ in the 

variables that they contained. 

First, the variables in these models will be described. 

Second, the models' formulation will be presented with their 

standard errors. Then, regression results for each model 

will be explained below these models. Finally, a general 

discussion will be undertaken. 

4 . 1 Definition of the Variables 

The economist's familiar demand curve has much to tell 

about how to improve the use of water. Demand curves for 

water would be expected to be non-linear, illustrating the 

normal tendency for the elasticity of demand to be high at 

low prices and low at high prices . This has two meanings : 

on the one hand, water will be used frivolously when it is 

cheap, but such behavior will tend to end as prices rise and 

less important uses are dropped or cut back; on the other 

hand, there are certain uses for which water is essential, 

and such uses are not significantly reduced even at high 

prices [Brooks et al . , 1990] . 
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Estimates of the amount of annually renewable water 

available in a country include both internally produced 

surface and groundwater, and river water flowing into an 

area from another country. The potential increase in 

overall water use in a society will be limited by irrigation 

and industrial needs as well as population growth 

[Falkenmark and Widstrand, 1992] . 

J 

LPWP 

LWP 

LPGNP 

LPOP 

LIRR 

LDEN 

=Countries (2 . . . . 65), All Middle East 

and African countries 

= Natural log of (annual withdrawal per 

capita/gross national product per 

capita) 

= Natural log of annual withdrawal per 

capita (cubic meters) 

= Natural log of gross national product 

per capita ($US) . Expected sign of 

coefficient is positive for LWP and 

negative for LPWP. 

= Natural log of population (millions) . 

Expected sign of coefficient is 

negative. 

= Natural log of irrigated land (as a 

percentage of cropland) . Expected 

sign of the coefficient is positive. 

= Natural log of population density (per 
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LCH 

~G 

LPRICE 

DUMMY 

1,000 ha). Expected sign of the 

coefficient is negative with relating 

to population. 

= Natural log of cropland hectares per 

capita. Expected sign of the 

coefficient is positive with relating 

to irrigated land percentage. 

= Natural log of sectorial withdrawal for 

agriculture (percent) . Expected sign 

of the coefficient is positive with 

relating to irrigated land percentage. 

= Natural log of annual withdrawal (total 

cubic km)/ [Annual internal renewable 

resources (total cubic km) + Annual 

river flows from other countries 

(cubic km)] which is water use/water 

supply. Expected sign of the 

coefficient is negatine. 

= 1 if j=Africa 

0 Otherwise (Middle East) 

4.2 Regression Models 

All the models obtained are shown below with the 

standard errors. Also, the explanations of the results will 

be discussed. 
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4.2.1 Model 1-A 

LWPj = /3 0 + /3 1 LPGNPj + /3 2 LPOPj+ /3 3 LIRRj + /3 4 DUMMY + Ej 

LWPj = 7.518622 + 0.199371 LPGNPj - 0.659732LPOPj 

(1.599048) (0.136884) (0.131697) 

+ 0. 558276 LIRRj 

(0.082994) 

- 0.549758 DUMMY+ Ej 

(0.435546) 

F(4,37)=18.9 R2 =0.67 Usable Observations=42. 

Both per capita gross national product and irrigated 

land have positive effects on the annual water withdrawal 

per capita. Any increase in the gross national product and 

irrigated land percentage is increasing the per capita water 

use. On the other hand, population has a negative effect on 

the per capita water use. When population increases, the 

amount of water use per capita will decrease. The model is 

significant at the level of 1% in the F-test. Coefficient 

of determination which is R-square value means that 

approximately 67% of the variation was explained by the 

model. Usable observation number is 42 while the total 

number of the countries is 63. 

4.2.2 Model 2-A 

LPWPj = (3 0 + /3 1 LPGNPj + /3 2 LPOPj + /3 3 LIRRj + /3 4 DUMMY + Ej 

LPWPj = 7.518622 - 0.800628 LPGNPj - 0.659732 LPOPj 

(1.599048) (0.136884) (0.131697) 

+ 0.558276 LIRRj - 0.549758 DUMMY + Ej 
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(0.214765) (0.082794) 

F(4,37)=16.6 R2 =0.64 Usable observation = 42 

Irrigated land percentage has a positive effect on the 

per capita water use in terms of gross national product. If 

the amount of irrigated land increases, per capita water use 

in terms of gross national product will also increase. 

However, we can not say the same thing for population. If 

the population increases, the amount of water use per capita 

in terms of gross national product will decrease. Per 

capita gross national product has also a negative effect on 

the dependent variable which is divided to per capita gross 

national product. The model is significant at the level of 

1% in the F-test and all the parameters are significant at 

the 1% level in the individual t-tests. 

4.2.3 Model 1-B 

LWPj = {3 0 + {3 1 LPGNPj + {3 2 LPOPj + {3 3 LIRRj + {3 4 LDENj 

+ {3 5 DUMMY + Ej 

LWPj = 8.267059 + 0.238574 LPGNPj - 0.662343 LPOPj 

(1.636376) (0.136400) (0.129076) 

+ 0.546315 LIRRj - 0.159352 LDENj 

(0.081684) (0.100301) 

- 0.543658 DUMMY + Ej 

(0.426861) 

F(5,36)=16.6 R2 =0.69 Usable observations=42. 
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With R-square value, approximately 69% of the variation 

was explained by the model. Both per capita gross national 

product and irrigated land percentage have positive effects 

on the water use per capita. Population is significant at 

the level of 1 2-
0 • However, per capita gross national product 

is significant at the level of 10%. Irrigated land is 

significant at the level of 1 2-
0 • When population and 

population density decrease, per capita annual water use 

will increase so, they have negative effects on the per 

capita water use. Population density is not significant at 

a level of 12%. All the variables are as expected. 

4.2.4 Model 2-B 

+ {3 5DUMMY + Ej 

LPWPj = 8.267059 - 0.761425 LPGNPj - 0.662343 LPOPj 

(1.636377) (0.136400) (0.129076) 

+ 0.546315 LIRRj - 0.159352 LDENj 

(0.081684) (0.100301) 

- 0. 543658 DUMMYj + Ej 

(0.426861) 

F(5,36)=14.4 Usable Observations=42. 

All the parameters except population density are 

significant at the level of 1%. Population density is not 

significant at a level of 12%. Irrigated land percentage 
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has a positive effect on per capita water use in terms of 

gross national product. When the irrigated land percentage 

increases, the per capita water use in terms of gross 

national product will also increase. Other parameters have 

negative effects on per capita water use in terms of gross 

national product. The model is significant at the level of 

1%. Usable number of the countries is 42. 

4.2.5 Model 1-C 

LWPj = ~o + ~1LPGNPj + ~ 2LPOPj + ~ 3LDENj + ~ 4LIRRj + 

~ 5LCHj + ~ 6LPRICEj + ~7DUMMY + Ej 

LWPj = 8.184373 + 0.212616 LPGNPj - 0.423235 LPOPj 

(2.573445) (0.179825) (0.373618) 

- 0.186463 LDENj + 0.661039 LIRRj 

(0.117148) (0.225202) 

- 0.326075 LCHj + 0.267665 LPRICEj 

(0.306887) (0.077092) 

+ 0.662677 DUMMYj + Ej 

(0.537809) 

F(7,11)=7.5 Usable Observations=19. 

In this model, price and the irrigated land percentage 

are significant at the level of 1%. Although the expected 

sign of the price is negative, the sign of the coefficient 

in the model is positive. Therefore, the price variable is 

not as it is expected. However, per capita gross national 
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product, population, population density, and cropland 

hectares per capita are not significant at high significant 

levels. One reason is that there might be a 

multicollinearity problem between parameters. The other 

reason is that the number of observations has decreased to 

11. Therefore, these two reasons can cause insignificant 

results. On the other hand, 82% of the variation was 

explained by the model. 

4.2.6 Model 2-C 

LPWPj = {3 0 + {3 1 LPGNPj + {3 2 LPOPj + {3 3 LDENj + {3 4 LIRRj 

+ {3 5 LCHj + {3 6 LPRICEj + {3 7 DUMMY + E j 

LPWPj = 8.184373 - 0.787383 LPGNPj - 0.423235 LPOPj 

(2.573445) (0.179825) (0.373618) 

- 0.186463 LDENj + 0.661039 LIRRj 

(0.117148) (0.225202) 

- 0.326075 LCHj + 0.267665 LPRICEj 

(0.306887) (0.077092) 

+0.662677 DUMMY + Ej 

(0.537809) 

F(7,11)=12.4 R2 =0.88 Usable Observations=19. 

Per capita gross national product, irrigated land and 

price are significant at the level of 1%. On the other 

hand, other parameters are not significant with high 

significant levels. Same problems in model 1-C might be the 
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cause of insignificant results. Per capita gross national 

product, population, population density, and cropland 

hectares have negative effects on the per capita water use 

in terms of gross national product. On the other hand, 

price and irrigated land have positive effects on the per 

capita water use in terms of gross national product. 

Although price variable is significant, it is not as 

expected. The usable observation number is 19. 

4.2.7 Model 1-D 

Model 1-D and model 2-D were solved with stepwise 

method. 

LWPj = {3 0 + {3 1 LAGj + {3 2 LPRICEj + Ej 

LWPj = 5.013194 + 0.292404 LAGj + 0.333278 LPRICEj + Ej 

(1.985425) (0.433426) (0.082048) 

Usable Observations=19. 

Agricultural water withdrawal and price have positive 

effects on the per capita water use. Although price is 

significant with the level of 2%, agricultural water 

withdrawal is not significant. The number of the countries 

has decreased to 19. 

4.2.8 Model 2-D 

LPWPj = {3
0 

+ {3 1 LPGNPj + {3 2 LAGj + {3 3 LPRICEj + Ej 

LPWPj= - 0.734060 LPGNPj + 0.981066 LAGj 
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(0.119914) (0.187191) 

+ 0.226337 LPRICEj + Ej 

(0.065154) 

Usable Observations=19. 

All the parameters are significant at the level of 1 ~ 0 • 

Per capita gross national product has a negative effect on 

the per capita water use in terms of gross national product. 

Price and agricultural water withdrawal have positive 

effects on the per capita water use in terms of gross 

national product. 

4.3 Discussion 

Although there have been some problems about the number 

of observations, this study has shown what affects the water 

use in the reality. Population and population density have 

negative effects on the water use per capita and on the 

water use per capita in terms of gross national product. On 

the other hand, any increase in the irrigated land 

percentage and agricultural water withdrawal corresponds to 

increase in the use of water in these arid and semiarid 

lands. An increase in the per capita gross national product 

leads to an increase in the per capita use of water. As 

mentioned in the literature, if a country has a high amount 

of gross national product, it can adopt stratagies to 

increase its water resources such as desalination of 
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available water or import water from neighboring water rich 

countries. Price is a complex one. It has a positive 

effect on the per capita water use and per capita water use 

in terms of gross national product. It is not as expected. 

If the per capita water use increases (because demand is 

increasing), the price of the water may increase. 

The condition of the error variance not being constant 

over all cases is called heteroscedasticity [Neter et al., 

1989] . We used the Goldfeld-Quandt test to see if there is 

heteroscedasticity problem in the models. We did not use 

dummy variables while using Goldfeld-Quandt test as they 

caused multicollinearity problem. There has been a constant 

variance for whole data. This showed that there is not a 

heteroscedasticity problem in the models. However, we could 

not apply heteroscedasticity test to models 2-C because the 

inclusion of LPRICE and LCH variables has been 

insignificant. The degrees of freedom are negative and test 

statistics are not valid. Therefore, we assume that the 

test statistics from model 1-A are still valid for the other 

models. 
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Table 4.1 Empirical results of Model 1-A, Model 2-A, Model 
1-B, Model 2-B 

MODEL 1-A 2-A 1-B 2-B 

LPGNP + - + -

LPOP - - - -

LIRR + + + + 

LDEN - (ns) - (ns) 

LCH . 

LAG . . . . 

LPRICE . 

ns (not significant) 
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Table 4.2 Empirical Results of Model 1-C, Model 2-C, Model 
1-D, Model 2-D 

MODEL 1-C 2-C 1-D 2-D 

LPGNP + (ns) - -

LPOP - (ns) - (ns) . 

LIRR + + 

LDEN - (ns) - (ns) 

LCH - (ns) - (ns) 

LAG + (ns) + 

LPRICE +" +" + + 

* (not as expected) n.s. (not significant) 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

The countries in the Middle East are bound by common 

rivers and aquifers which are subject to overwithdrawal and 

contamination. The Middle East, with the 3% annual growth 

rate of population, have to absorb about one hundred 

millions people in the face of diminishing water resources. 

The most problematic side of this issue is the lack of 

coordination, mismanagement and inadequate interstate 

cooperation. According to Joyce Starr [1991], water 

consumption for all uses is still less than available water, 

although fresh water is increasingly scarce throughout the 

region. Since water resources do not recognize boundaries, 

the interdependency on water should force countries to take 

the cooperative actions. The four important rivers of the 

Middle East-- the Euphrates and Tigris, the Jordan and the 

Nile-- rise from non-Arab countries. Water security is very 

important. However, all the Middle East countries have to 

realize that in the near future, there will be little water 

left and the claims for water security will be meaningless. 

Every riparian country has to cooperate for the most 

efficient use of the water. Economic necessity has led to a 

degree of cooperation [The Middle East, 1981]. Yet it is 

not enough. Another problem which further deteriorates the 

71 



situation is the uneven distribution of the water resources. 

The oil-rich or water-poor countries could rechannel their 

oil funds in exchange for water from water-rich but oil-poor 

countries. This would save water resources both on the 

surface and underground. 

As we can see from the empirical results in Chapter 4, 

most of the Middle Eastern countries have economies based on 

agriculture or ideologically give importance to agriculture. 

This is also true for Israel. Although, agriculture 

accounts for 5% of the total GNP, it drains more than 70% of 

the country's water [Naff and Matson, 1989] . Agriculture is 

also very important for the Arab countries. In many 

countries, like Saudi Arabia and Libya, growing one's own 

food is a national pride which is paid at high prices. 

Since water mostly has been used by the agricultural sector, 

it will be useful to de-emphasize agriculture in order to 

make water more useful for domestic consumption and 

industry. However, this is economically and ideologically 

painful in the sense that, shifting away from agriculture 

where most of the people settled can create unrest or even 

turmoil in the societies. On the other hand, current 

policies in this issue can lead to further scarcity which in 

return would also create popular unrest in the Middle East. 

In both ways, the outcome could be the undermining of the 

existing regimes in the region. If one should take the 

72 



optimistic side of these facts, one has to conclude that 

they can enforce the states to take more cooperative 

actions. Internal management alone is not enough. The 

outcome of these facts is that water resource policies and 

management is a must for regional security and stability. 

This would mean restructuring water resource policies and 

institutions within Middle Eastern countries in accordance 

with plans for integrated economic development [Starr, 

1991] . 

The lack of international law about the non

navigational uses of transboundary rivers had forced states 

to take actions multilaterally. However, the legal 

arrangements proved to be inconclusive in the Middle East. 

The Arab-Israeli conflicts had worsened the remaining 

arrangements. The Middle East peace conference and the 

water summit clearly shows the reluctance of the concerned 

parties to solve their political problems. Especially, on 

the water resources, the lack of goodwill becomes evident as 

Syria seeks to avoid discussion of the Yarmuk river even 

with Jordan [Trendle, 1992] . These conferences are or 

should be the ultimate way for dissolving conflicts and 

cooperation among governments because the water problem in 

the Middle East, requires adequate legal regime and 

institutions for stable and mutually benefitted solutions. 
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According to the water experts, by the year 2000, 

Israel will have a 30 percent water deficit. Steadily, the 

region is heading for a catastrophe and fears of a war over 

water resources growing [The Middle East, 1991]. Fears may 

be postponed for a little while by sewage reclamation, 

desalination or by better irrigation methods. Israel 

appears to have taken all that she can take by force. 

Israel has to reach an agreement on water-related matters 

with the other riparians, and find alternative water 

resources. Meanwhile, Syria is suffering by the projects of 

Turkey on the Euphrates and is planning to divert the 

Yarmouk River which is Jordan's (river) main tributary. 

However, without the consent of Israel and Jordan, this plan 

remains inconclusive. Without any agreement, the unilateral 

actions of Syria and Israel have left Jordan short of water. 

Projected estimates show that, by the year 2005, Jordan will 

face a 50 percent water deficit. 

Also, population and population density have negative 

effects on the per capita water use. The projected 

population of Egypt for the year 2000 will be 75 million 

people, meaning that water needs of Egypt are increasing at 

an alarming rate. The 1959 agreement had settled the 

disputes between Egypt and Sudan. However, Ethiopia causes 

the greatest concern to both Egypt and Sudan, for its 

tributaries provide some 85 percent of the Nile flow through 
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these two states. Ethiopia has refused so far to join the 

Nile basin association [The Middle East,1981]. Egypt has 

been trying to improve its relations with Ethiopia but 

achieved very little up until now. Egypt's relations with 

Sudan also deteriorated after the overthrow of Numeiri in 

1985. 

As mentioned above, water has been a tool for Israel to 

exert economical and political pressure under occupied 

territories. Water is playing a major role in shaping 

politics and policies between the riparian states of the 

Jordan River. On the other hand, politics has been more 

dominant over water issues in the other basins of the Middle 

East. Since Egypt is the lowest riparian country in the 

Nile basin, it has little control over the actions of the 

eight upstream governments. Until Egypt faces with 

chronicle water scarcity or a threat from the upper 

riparians over the use of the Nile, it will continue to 

demand its interests through less water dominated diplomacy. 

Mismanagement and internal political strife had led to 

internationalization of the Litani River. The failure to 

irrigate the south is the main issue in Lebanon which 

enabled Israel to interfere. Thus, the Arab-Israeli 

conflict has been carried on to Lebanon. The solution of 

the Litani problem could be solved when Lebanon retains its 

sovereignty. 
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In the Euphrates and Tigris basin, irrigation and 

hydrological projects carried by three riparian states, that 

is, control of water, has become a tool of bargaining in 

politics. The GAP project aroused by the domestic 

necessities prepares two distinctive grounds for politics. 

One, the economic welfare and growth after the realization 

of the project would certainly initiate new political 

demands within that region. Two, the project is becoming 

the subject of provocative international political acts. 

The efforts to cut financial suppliers for the GAP project, 

all above examples show that interests in water are deeply 

rooted in politics. However, not only as an upper riparian 

but being in a strong geographical position and financially 

independent for the development of these rivers, Turkey 

enjoys a clear advantage. Turkey has diplomatic relations 

and growing trading ties with its Arab neighbors [The 

Economist, 1990] . With its advantages, Turkey can play a 

balancing and leading role in the Middle East. According to 

Turkey these projects will yield further integrated 

cooperation among the states in every aspect. However, 

downstream users do not think the same way as Turkey does. 

They are trying to bring the Euphrates-Tigris problem into 

the international political arena. Without international 

law, cooperation on water issues seems to be the best way 

for solving the conflict. 

76 



As Allan [1992] stated, scarce water must be allocated 

and managed so that it brings an optimum economic return now 

and in the future according to sustainable economic 

principles. It should also be allocated and managed at all 

levels so that social benefits from its use are optimized. 

That is, the social benefits of existing water allocations 

should be recognized and the social costs of reallocating 

water should also be recognized. 

They also must go to supply management and demand 

management. Supply management involves the modification of 

the natural system in order to increase the amount of water 

available and to improve the quality of water to the point 

that it is fit for consumption. Demand management 

concentrates upon modifying human behavior so that water is 

used more efficiently, or so that less water is consumed 

[Downey and Mitchell, 1993]. 

The politics of the Middle East countries are shaped by 

two natural resources: oil and water. While the Middle East 

is synonymous with oil, water is becoming more and more 

significant due to its scarcity. The water problem in the 

Middle East has been neglected in the international rush for 

oil. While the leaders of the Middle East are so conscious 

of this problem, the Western leaders seem too reluctant to 

respond. This is a typical role to react to existing 

problems and not to predicted ones [Falkenmark, 1990] . 
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Furthermore, the unawareness that the Middle East is a part 

of the global water cycle, means that environmental 

disruptions like water scarcity and contamination through 

this continuous system will cause first regional but later 

global problems. So the water problem of the Middle East 

should be taken not only within regional politics and 

cooperation but globally as well. This is true for the 

other parts of the world also. 

Middle East water problems should be taken more 

seriously, otherwise they could create deep cleavages and 

conflicts which could be more destructive than they could be 

today. Regarding the water shortages and contamination in 

the Middle East, one can conclude that the situation in the 

region is a reflection of likely future global problems. 

The Middle East is a good research field where finding 

solutions for water problems can generate global water 

policies. Yet this policy making process should be 

initiated at once and results should be effective and quick 

for two general reasons. One, water is a non-replaceable 

resource when it gets scarce and contaminated. Secondly, 

water is a necessary condition for all life. 
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