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Abstract

In arid and semiarid regions of the world, where water resources are scarce, man has developed many methods of utilising surface and groundwater, as well as rainwater. Efficient methods to catch rainwater and use it for many purposes have been used throughout the Middle East for many centuries. One very-well known method of utilising rainwater for irrigation is terracing. It is widely practised in the southwestern part of the Kingdom of Saudi Arabia. System of terraces used will be described. Its advantages and limitations will also be presented.

Introduction

Throughout history, civilisations have flourished in Europe and the Middle East in areas where water resources were sufficient to sustain life. Some of these civilisations used water efficiently through conservation practices. Because of supply limitations they learned how to effectively collect, store and utilise rainfall and runoff through water harvesting. Water harvesting is a technique which can be used to augment the quality and quantity of existing water resources, or provide water where other sources are either not available or are too costly to develop.


Evidence of ancient water harvesting systems appears throughout the Arabian Peninsula (Myers, L.E.). The first water harvesting system was built around 4500 B.C. in Iraq. It is known that terracing systems were used to supply water for pilgrims and caravans travelling from the Arabian Gulf to Makkah. Evidence of these systems can still be seen today along some desert roads throughout Saudi Arabia.


During the past 6500 years, many water harvesting systems have been constructed in different parts of the world, especially in arid regions. Some have been employed successfully to achieve their objectives while others were abandoned due to poor design, lack of maintenance and changes in social and economic conditions. Recently, however, there has been renewed interest in traditional water harvesting techniques. Scientists have been called on to ensure the success of old water harvesting techniques through the use of new revolutionary technology and innovations. Thanks to their efforts, some of the old water harvesting techniques have been revived and have proven to be efficient methods of water utilisation. Some of these methods are currently in use in the countries of the Arabian Peninsula. Further enhancement of their efficiency, however, can be achieved through proper maintenance and operation, thereby increasing their importance and value as water harvesting systems (UNESCO).


Terracing, also known as staircase farming, is one of the oldest water diversion and soil conservation systems in the world. In the Middle East, it is said to have been first developed by the Phoenicians along the western coast of the Mediterranean and practised in northern Africa and the Arabian peninsula. The ancient traditional system of terracing was found to be a solution for growing crops on steep slopes and preventing erosion, as well as allowing efficient use of water. Water for irrigating the terraces was stored in underground storage tanks, leather bags and even hollowed out trees.


The objective of this paper is to describe the system of terraces used for irrigation in the southwestern part of Saudi Arabia. Discussion on its advantages, limitations and possible improvements will also be included.

Study Area


Natural water resources in Saudi Arabia, like in other arid countries, are limited. There is also a lot of pressure on these resources due to alarming rates of increase in demand for irrigation (Al-Turbak, A.). In many parts of the Kingdom, especially in Central, Eastern and Northern regions, groundwater is available in huge quantities. However, in these areas, rainfall is very small (50 – 100 mm/year). Due to the increase in agricultural demand in these regions, more and more groundwater is being pumped every year. By contrast, rainfall in the southwestern part is much greater and more dependable. The area is mountainous and groundwater resources are very limited. In this rugged terrain which is known as Asir mountains, farmers have utilised rainwater directly for irrigation purposes. Fig. 1 is an isohytal map showing the mean annual rainfall distribution in the southwestern region of Saudi Arabia (UNESCO). Rainfall distribution is influenced by the escarpment ridge of the Asir mountains, which runs parallel to the Red Sea. Along the coastal area near the sea the annual rainfall is often less than 50 mm/yr. The elevation gradually increases from sea level to 500 meters over a distance of 50 kilometres, with a corresponding increase in rainfall which averages between 250 to 300 mm/yr. in the escarpment. At the top of the escarpment the elevation reaches more than 2000 meters and rainfall may be more than 500 mm/yr. in the higher elevations.

Description of Terracing System


Terracing as means of rainfall utilisation and soil conservation is extensively used in the mountainous areas of southwestern Saudi Arabia. Terraces are usually narrow on the steep slope of the Asir mountain ranges, especially in watersheds draining towards the Red Sea. The objective of terracing in these regions is to collect rainfall for farming and slow down the runoff process. Rainwater collects in the terraces and soaks into the shallow soil. Walls at the edge of the terraces prevent runoff from flowing down to the next terrace except during intense rainfall events. The walls of the terraces are built of stones, while voids between the stones allow water to move down to successive terraces without eroding the soil. Water can also move from level to level near the sloping bedrock. Subsurface drainage is required in these areas to channel flow from one terrace to the next to relieve the pressure of excessive subsurface water. The terraces also trap fine sediment. They are designed and constructed in a manner to allow the passage of runoff through sheet flow, which prevents damage to the terraces from runoff concentrating at certain points. This method is effective if terraces are constructed in the upper parts of the wadi. An example of typical terrace construction is shown in Fig. 2.

In Saudi Arabia, an elaborate terrace system is being used in the upstream catchments of wadi Bishah in the southwestern region. Size of the terraced area as of 1980 was estimated at 270 km2 and the average rainfall was estimated at 450 mm resulting in an estimated 120 mcm of harvested rainfall. More than 27,000 hectares of rained terracing located at an elevation of 1700 m or more are being farmed, and the terraces are cultivated twice a year. The number of terraces is estimated at 59,000 distributed in the areas of the Asir highlands. Rainfall in this region is adequate for most crop requirements, as well as for forested areas, estimated at 1.6 million hectares. Rain-fed agriculture is practised on the terraces of the Asir highlands of Saudi Arabia. It has been estimated that rainfall harvesting techniques can be used into this area to meet domestic and livestock water demand. (Abdulrazzak, M.).

Advantages and Limitations


In spite of the high cost involved in terracing system and the need for patience and accuracy during construction, it is the only way to produce crops from vast areas in mountain regions where annual rainfall reaches 500 mm. Terraces are used to produce fruit trees and crops, while they also help in protecting top soil from erosion. Terraces are the most efficient method for combating soil erosion on steep lands; particularly on lands with slopes ranging between 10 and 30 percent. They are considered to be the best way to convert poorly productive lands into highly productive farms. Rainwater that falls on the terrace is harvested and used to improve soil moisture.


Terrace agriculture has been practised successfully for centuries. Over the last twenty years, however, use of terracing has been declining due to lack of maintenance, migration of labour and emphasis on large scale agricultural development. Cultivation of terraces is known to be labour intensive, especially at high elevations. Farmers may have to travel long distances to maintain their terraces. Traditionally, the family unit was large enough to farm these areas and maintain the terraces. Unfortunately, migration of new generations to urban areas has decreased the local labour force and caused the use of terrace farming to decline. In addition, seasonal shortages of labour makes it difficult for this form of farming to remain commercially viable.


This loss of terrace farming on a regional scale has far-reaching implications. Losses in local agricultural production and related income result in migration of population to urban areas. Residents who remain depend heavily on food imported from surrounding areas. Expansion of irrigated farming in other areas that depend on groundwater results in further mining of groundwater resources, depletes local water supply and results in salinity build-up. Loss of terraces can lead to the deterioration of sediment and water control to the point where downstream agricultural systems and communities are threatened.

Concluding Remarks


Very few studies are available on direct rainfall utilisation methods. There is urgent need to survey existing terracing systems and their function in relation to hydrological characteristics in the southwestern part of Saudi Arabia. Detailed technical evaluation of water storage and movement through the terracing system is needed to determine whether rehabilitation or reconstruction of existing terraces would be beneficial in enhancing water harvesting schemes. If so, appropriate maintenance procedures and agricultural practices that support efficient water use within the terrace systems should be developed and implemented.


The socio-economic aspects of terrace agriculture should also be considered in terms of capital investment, labour migration, personal income, human settlement, land tenure and environmental preservation. All elements should be used to develop quantitative models for terrace function and stability.


There is also need for detailed evaluation of runoff and soil moisture potential, infiltration rate, drainage, sediment accumulation and erosion of terraces. It is essential to understand the dynamics of water movement in relation to rainfall frequency, crop type and salt accumulation.
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Fig. (2) Nlustration of Typioal Terrace Construction




