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INTRODUCTION

The Kingdom of Saudi Arabia has seen tremendous changes in its social and economic spheres in the last 30 years. Wealth from oil revenues made it possible for the government to develop all sectors of the economy. One major sector which has seen tremendous growth is the agricultural sector. It has grown so fast during this period causing huge withdrawals from the country's limited deep groundwater reserves. The growth of cities, increase in the population and the rise in the standards of living caused domestic and industrial water consumption to increase many folds.

The constant pressures on the country's water resources made it necessary to develop both the conventional water resources (surface and groundwater) and the unconventional ones (desalination of sea water and treated wastewater). More than 230 dams for different purposes were constructed to utilize surface water which is available in some regions of the country. The Kingdom's huge aquifers were also extensively studied and utilized for different uses. With respect to desalination of sea water, many stations were built on the Red Sea and the Gulf. Saudi Arabia is currently the world's largest producer of desalinized sea water. Desalination plants produce water for coastal urban centers and for many cities in the interior of the country including the capital city of Riyadh. Wastewater treatment plants were also constructed in many urban areas. Utilization of treated wastewater, however, is still limited.

In spite of the tremendous efforts made by the government to develop the water supplies in the country, the consumption of water in Saudi Arabia has reached alarming levels.  The objective of this paper is to seek sustainable management for water resources in the Kingdom of Saudi Arabia through the following:

1.
Review charges in supply and demand for water during the last few decades.

2.
Predict future supplies and reserves as well as demands (for all sectors) up to the year 2025. This was done using different scenarios and assumptions.

3.
Discuss major future problems facing water resources management in the country and suggest possible solutions to meet these problems.

PAST WATER SUPPLIES AND DEMANDS

Available Water Resources 

Water resources In Saudi Arabia can be classified into four types: surface water, groundwater, desalinized water and treated wastewater.

Except for the mountainous area, in the southwestern part of Saudi Arabia, precipitation is very low and infrequent with extreme variation from one year to the next. The average rainfall for the whole country is about 90 mm per year. In Saudi Arabia surface runoff occasionally occurs during the rainy seasons when there are rain storms. Estimates of the amount of runoff water range between 2,000 and 2,400 MCM (Ministry of Planning, 1985) per year. Most of the runoff occurs in the coastal areas and highlands of the southwest, where rainfall is relatively abundant and regular.  The Ministry of Water and Electricity (MOWE) has constructed about 230 dams throughout the country to utilize surface runoff water. While these dams store runoff water and increase infiltration for recharging groundwater resources, they also prevent flash floods. It is expected that the efficient use of dams provided a potential surface-water supply of up to 900 MCM/year for the Kingdom in 1985 (Ministry of Planning, 1985). Since 1985, more surface water has been utilized especially after the completion o King Fahad Dam in Bishah (capacity 325 MCM), but surface water resources in Saudi Arabia are very limited and are important only in the southern region of the country.

Al-Ibrahim (1990) presented the most concise summary of groundwater resources. He stated that groundwater is the most important source of water in Saudi Arabia. It comes from two types of aquifer: renewable and nonrenewable. The first type, shallow aquifers, contains a renewable water supply charged by infiltration from rainfall and surface-runoff. The renewable groundwater is estimated at around 950 MCM/year. The other type, deep aquifers, contains a reservoir of water formed thousands of years ago when water was trapped in sedimentary rocks such as limestone and sandstone. These deep aquifers receive negligible or no recharge and therefore store nonrenewable and depletable groundwater resources. The depth of these aquifers ranges between 100 and 500 m and may exceed 1,000 m in some areas. Nonrenewable groundwater reserves were estimated at 500,000 MCM of which 67% is stored in seven major aquifers, while a series of secondary aquifers holds the rest (Ministry of Planning, 1985). The renewable groundwater resources are utilized mainly for agricultural purposes in small farms located adjacent to wadis (dry water courses) in many areas of the country. The nonrenewable groundwater has been used extensively especially since 1980 at alarming rates to provide water for irrigation in the extensive areas put under cultivation outside the traditional agricultural oases. It was estimated by Al-Turbak and Al-Dhowalia (1996) that about 30% of the nonrenewable groundwater resource (500,000 MCM) has been used by 1995.  However, there are detailed studies going on now to review existing reserves of groundwater.  

Due to scarcity of fresh water resources in Saudi Arabia desalinized sea water is extensively used as an additional source for domestic water supplies. Saudi Arabia is the largest producer of desalinated seawater in the world. The Saline Water Conversion Corporation (SWCC), which is the authority incharge of desalination, presently operates 25 desalination plants, with a total daily production capacity of about 3 MCM. Seawater desalination is an expensive operation that requires a large amount of money to construct, operate, and maintain. In addition, the TDS level in the Red Sea and the Gulf (which varies between 40,000 and 60,000 ppm) is much higher than that of other seas and oceans (Wojcik, 1981). For this reason, water desalination in Saudi Arabia is more expensive than in other countries using the same methods of desalination. Moreover, considering the fact that the operational life of a desalination plant is in the range of 15-25 years, Saudi Arabia will require large amounts of expenditure to replace worn-out plants. This will impose a heavy burden on the country's financial resources.

In an arid country where natural water resources are limited reclaimed wastewater can be an important potential source of water supply. In addition, the treated wastewater has several advantages over other sources of water. It is cheaper than seawater desalination; it minimizes pollution; and it is good nutrient source for landscape and farm irrigation. The total amount of collected wastewater in all urban centers of the Kingdom was estimated to be 1017 MCM in 1995 (Al-Turbak and Al-Dhowalia, 1996). Out of this amount, 418 MCM were treated using secondary treatment or better.  This has increased in 2005 to 1300 MCM and it is expected to grow rapidly as more sewer network and more treatment plants are constructed in the future.

Water Demand

Water demands in different sectors are met from either traditional sources (surface and ground​water) or from non-traditional ones (desalination and treated wastewater) depending on the type of use. The agricultural sector uses mostly non renewable groundwater with some of its demands met, by surface water, renewable groundwater and treated wastewater. Water for domestic use comes mainly from desalination or groundwater. Industrial sector demand comes mainly from deep nonrenewable groundwater.  Table (1) shows water demand in different sectors from 1985 to 2005.  Demand for water in the agricultural sector has grown at a very alarming rate since 1985.  In 1985, it reached a level of 7430 MCM.  By the year 1990, this demand reached 14580 MCM/year and in 1995 it was estimated at about 16400 MCM.  Since then, however, the increase was at lower rates.

Table (1):  Water Demand in Different Sectors (MCM).

	
	1985
	1990
	1995
	2000
	2005

	Urban
	900
	1300
	1400
	1750
	2100

	Industrial
	300
	350
	400
	450
	640

	Agricultural
	7430
	14580
	16400
	18540
	17530

	Total Demand
	8600
	16230
	18200
	20740
	20270


Municipal water demands has also increased during the same period due to increase in population; rising standard of living and the immense growth of urban centers. In 1995, municipal water requirements were put at 1400 MCM. Industrial and other demands were estimated for 1995 to be 400 MCM.  For the year 2000 and 2005 the table shows the demands.

FUTURE WATER SUPPLY AND DEMAND

Prediction of Future Water Resources

It is expected that utilized surface water resources will increase to about 2000 MCM by the 2025. This will be mainly due to the construction of more dams throughout the country.

Renewable groundwater resources that are utilized are also expected to increase due to developments taking place in the areas where they are available. It is expected that by the end of the study period, about 1500 MCM of renewable groundwater will be available. Available nonrenewable groundwater resources will continue to decline as more water is pumped from major aquifers. The amounts withdrawn upto the year 2025 will highly depend on different scenarios future development especially in the agricultural sector.

Desalinized seawater is expected to increase at about 3% annually. This estimate was based on the last few years increases and on the number of desalinization projects planned during the future development plans. This resource will be about 1750 MCM by the year 2025 and will exclusively be used for domestic purposes.

Treated wastewater will continue to be available at increasing amounts as more treatment plants are constructed and as more parts of different cities are connected to sewage networks. It is anticipated that the amounts of this important resource will increase from about 30% of domestic water supply to almost 70% by the end of the study period.

Estimating Future Water Requirements


Al-Saadi (2006) conducted a study on estimating water requirements for Saudi Arabia for the next 20 years taking 2005 as the base year.  The following is a summary of that study.


The agricultural water requirements were estimated based on crop irrigation requirements of the major crops in the Kingdom and the recent agricultural strategy put forward by the Ministry of Agriculture.  Table (2) shows the estimated consumption of the agricultural sector based on the new strategy.

Table (2):  Agricultural Water Requirements (MCM).

	Year
	2005
	2010
	2015
	2020
	2025

	Water Requirement
	17373
	16099
	14823
	13546
	13546



Future urban (domestic) water needs were estimated based on present population and their growth rates and the per capita consumption.  Table (3) shows the Kingdom's population (Saudis and Non-Saudis) estimates based on growth rates given by the Department of Public Statistics.

Table (3):  Future Population Estimates.

	Year
	Population (Millions)

	2005
	22.67

	2010
	25.65

	2015
	29.02

	2020
	32.84

	2025
	37.15



The urban water requirements for the next 20 years were then calculated based on two per capita values.  The first alternative (A1) : 273 (/cap./day is the average water available in 2005 while the other alternative (A2) is based on reduction of present figure (273) to 200 (/cap./day by the end of the period.  Table (4) shows the estimates of urban water requirements up to 2025 for these two alternatives.

Table (4):  Urban Water Requirements (MCM).

	Year
	(A1)
	(A2)

	2005
	2190
	2190

	2010
	2479
	2307

	2015
	2805
	2425

	2020
	3174
	2534

	2025
	3591
	2630



The future industrial water requirement was estimated with an annual increase of 5% based on estimate of previous studies.


Total future water requirement with urban water consumption given by the alternative (A2) is given in Table (5).

Table (5):  Total Future Water Requirements (MCM).

	
	2005
	2010
	2015
	2020
	2025

	Agriculture
	17373
	16099
	14823
	13546
	13546

	Urban
	2191
	2307
	2425
	2534
	2630

	Industrial
	640
	800
	960
	1120
	1280

	Total
	20204
	19206
	18208
	17200
	17456


DISCUSSION


Based on the previous analysis, future demands in different sectors will be met as follows:

1.
Demand for agriculture is met by all renewable surface and groundwater and 80% of treated wastewater. The rest is met by pumping from nonrenewable groundwater.

2.
Municipal water supplies will come from desalinization and from well fields drilled in deep aquifer.

3.
Industrial and other uses will be met by 20% of treated wastewater with the balance coming from deep groundwater.


If the second alternative in meeting municipal water requirement and the new agricultural strategy is adopted, the dependence on non-renewable groundwater will be greatly reduced.  This will result in making at least 45% of the agricultural water demand comes from renewable resources by the end of the study period. This will not only result in the conservation of deep groundwater resources but also will allow the country to have a sustainable agricultural production.

MAJOR PROBLEMS FACING WATER SECTOR IN SAUDI ARABIA

Water supplies and demands in any developing country face many difficulties and problems. Saudi Arabia provided the water supplies with its utmost attention. However, certain problems continued to bother planners and there will be probably worse in the future if no solutions are introduced. The most serious problems are:

1.
Demand for water in the agricultural sector has grown to a level much higher than the renewable resources of the country. This meant that major aquifers were mined at a very fast rate. If this trend continues in the future, nonrenewable groundwater resources will be depleted soon. The government, however, has introduced some measures to reduce to some extent the excessive pumping from groundwater reserves.  The proposed agricultural strategy is the most important development in this direction.

2.
Desalinized sea water is currently used to meet part of the ever growing domestic demands.  The government has spent billions of dollars in the construction, operation and maintenance of desalination plants. But with the increase of population in urban centers, decreasing groundwater supplies and lack of conservation, domestic water supplies will be in danger in the future.

3.
Treated wastewater represents a very important source to be utilized for many purposes in Saudi Arabia. However, the amounts actually used are now small. This is mainly due to slowness in wastewater treatment plants construction and in providing necessary facilities to transport treated wastewater to areas where it can be efficiently used.

4.
Surface water and renewable groundwater represents the most important natural water resources for the future. In spite of this, they have not been developed properly in some parts of the country. They also suffer from neglect and inefficiencies in the areas close to wadis and in old oases.

SUGGESTED SOLUTIONS TO MEET FUTURE WATER PROBLEMS

Shortages of water in arid areas are normal and expected.  However, severe shortage of water will have serious social and economic effects. They will also cause severe health problems and may result in economic collapse. To avoid the problems that will be faced by the water sector in Saudi Arabia, or at least reduce their effects, it is necessary to concentrate actions in the following areas: 

1.
Reduce, in a gradual manner, the consumption in the agricultural sector, to a safe level.  That level should be no more than the sum of renewable surface and groundwater resources and treated wastewater.  The proposed agricultural strategy should be followed.

2.
Conservation of water use in arid regions is of a paramount importance. Although some conservation efforts (public awareness programs, television and other public media messages etc.) were made in the past, there is urgent need to do more. Actions needed include the use of drip irrigation, increase prices for water and require drainage water recycling.

3.
Give priority in government spending to wastewater treatment plants construction and to distribution and pumping facilities for transporting treated wastewater. This will result in more treated wastewater being available for different uses. Hence, some of the demands for agriculture and industry can be met from this resource.

4.
Due to possible future shortages of domestic water supplies, it is necessary to reserve parts of the areas covered by major aquifers for future domestic use. MOWE has made an effort in designating few protected areas for that purpose. However, there is need to do more in this regard. The reserved areas should be large enough especially close to major urban centers with at least 1 km2 of protected surface area per 1000 people.

5.
Increase production of desalination sea water and carry on more research in the area of desalination especially on methods and materials that will help to reduce costs.

6.
Develop water resources in areas adjacent to wadis and use the renewable surface and groundwater in old oases in an efficient manner.
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