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ABSTRACT 

Pastoral nomadism in arid and semiarid regions has evolved over many 

centuries as a rational response to uncertain climatic conditions and fragile ecosystems. 

Nomads are the main inhabitants of the bast area of marginal rangeland in Saudi Arabia. 

However, in the past few decades, modernization, in the form of improved transportation 

and access to water, combined with government subsidy of supplemental barley to the 

nomads of regions such as At-Taisyiah in the northern part of Saudi Arabia have 

provided the nomadic tribes with a buffer against uncertain climatic conditions and 

against the consequences of increasingly aggressive grazing of the range. 

In this study, an integrated approach is adopted to assess the impact of 

modernization and government intervention on the nomads and on the health of 

rangelands in At-Taisyiah. The approach consisted of interview with nomads in the 

region, a socio economic study of the region's nomadic lifestyle, analyses of several 

range capability assessment studies, and utilization of stochastic simulation models. 

Three major areas were identified in need of major improvements. These are 

the nomads' perception of range land resources, use of rangeland, and government 

policies towards nomads and rangeland. Improvement in these areas will play a major 

role in slowing the acceleration of desertification of marginal range lands in Saudi 

Arabia. Comparison of Monte-Carlo simulations of four different grazing intensity 

scenarios and 12 different levels of government subsidies confirmed that lower 
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grazing intensities provide the only means for sustainable utilization and for the 

combating of desertification of the rangelands in At-Taisyiah region. 
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CHAPTER 1 

INTRODUCTION 

Problem Statement 

For at least part of a year, much of the land area of Saudi Arabia is used for 

livestock grazing. It has been determined that a significant portion of this land is 

already desertic or is in eminent danger of becoming desertic. The terms desertic and 

desertification refer, in part, to the relative capability of the dryland ecosystem to yield 

primary production of forage for livestock. As used here, desertic areas are those that 

have been over-utilized and show evidence of reduced vegetation cover, an abundance 

of unpalatable forage and browse species, and/or evidence of accelerated soil erosion 

by wind and water. 

Pastoral nomadism in arid and semi-add regions has evolved over many 

centuries as a response to regionally erratic rainfall patterns and fragile ecosystems. 

Nomads are the main inhabitants of the vast areas of marginal rangeland in Saudi 

Arabia. In the past, nomads have relied on the traditional strategy of human and animal 

mobility to ensure maximum sustainable use of marginal grazing resources. Nomadic 

populations have undergone dramatic social, economic and technological changes and 

improvements in the standard of living and increased income have resulted in increased 

demand for local animal products. Over the past two decades, a number of 

improvements such as settlement acculturation, education, government subsidies, 
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mechanized transport, increased availabili^ of water and veterinary services have 

encouraged overgrazing of rangeland resources. However, misuse of the rangeland 

began in the 1930s (Allred, 1968) and accelerated to gross misuse beginning in the 

1950s as a result of mechanized and improved modes of transportation for man and his 

livestock and more importantly, the need for water for animals. According to Kingrey 

(1972), over two-thirds of the natural vegetation of Saudi Arabia had been destroyed 

by overgrazing by 1972. Current grazing practices (Arar and Huss, 1977), in excess 

of carrying capacity, threaten the long term productivity of rangeland and have resulted 

in the acceleration of desertification (Arar and Huss, 1977; Dregne, 1986). 

Currently, rangeland resources are suffering serious degradation because of 

overgrazing, wood gathering for fuel, and dry land farming. The relaxation of 

traditional tribal boundaries has allowed free access to all rangelands. This, in turn, has 

fostered larger herds and more livestock. Water available through government wells, 

water tanks and trucks, improved roads and four-wheel drive vehicles have all promoted 

access to grazing areas which were not previously accessible. Li addition, government 

services and private capital investments have encouraged nomads to change the 

composition of their herds from camels to the more profitable sheep and goats. 

Government subsidies provided to nomads to feed their herds during the 1960 

drought were continued afterwards with the goal that the country should become self-

sufficient in animal products. This encouraged rapid increase in the number of 

livestock, causing detrimental effects on rangelands. Efficient herd transport in 

combination with competition among nomads for rangeland compounded the problem. 
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Grazing areas were unable to adequately recover from overgrazing, leading to 

permanent degradation and accelerated desertification. 

Similar to overgrazing, wood gathering for fuel increased over the last decade 

as four-wheel drive vehicles became available. Recreational camping also increased, 

placing further demands on already sparsely vegetated areas. Unfortunately, grazing and 

wood gathering areas sometimes overlap and tend to spread outward around towns, 

villages, and watering points. 

Governmental policy to establish self-suftidency in food production is 

manifested through the distribution of free land, subsidies to mechanize, and price 

support for crops, such as wheat and barley. These services have led to a dramatic 

increase in the area of cultivated farmlands at the expense of rangeland. Farming 

activities have increased the use of vehicles and heavy machinery, causing the 

destruction of wild plants and resulting in the breakdown of soil structure. In addition, 

in some areas, accelerated wind and water erosion and soil salinization have 

permanently destroyed the soil. All these factors have resulted in deterioration of range 

conditions. 

Objectives 

Rangelands have been used excessively by nomads without consideration to 

natural response of these fragile ecosystems. It is necessary to determine the extent of 

damage done to these rangelands and then propose management strategies that, if 
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implemented, will reduce the exploitation of these natural resources and restore 

ecological balance to the rangelands. 

The goal of this study is to assess the impact of the introduction of modem 

technology and govemmental subsidies on the rangelands and socioeconomic conditions 

of the nomads. The following objectives were pursued to achieve this goal: 

1. Evaluation of the impact of range practices on the productivity potential of 

rangelands over the long term; 

2. Documentation of current socioeconomic status of the bedouin and 

identification of the impact on both well being and traditional production 

systems caused by the changes occurring over the last twenty years. 

3. Identification of appropriate management strategies to restore and improve 

degraded rangelands. 

Methodology 

Few field studies have examined how access of modem technology to nomads 

has effected the natural resources of the drylands of Saudi Arabia; hence, there is little 

field data available. Therefore, the indirect approach of simulation was used to quantify 

the impact of various grazing practices on the productivity potential of rangelands. This 

required the application of simulation models to generate a time series of range 

condition and forage production that were used to evaluate the impact of a particular 

range practice or intervention over the long run. The simulation was based on past 
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range conditions and expected seasonal precipitation using a modified transitional matrix 

(Fogel and Duckstein, 1978). 

The first step of this study involved a review of the literature on the nomads of 

Saudi Arabia in general and the history of the Haifo tribe in particular, as the majority 

of the nomads in the study area belong to this tribe. The literature dealing with 

simulation techniques for predicting precipitation and langeland conditions based on 

estimates of forage production was also reviewed. Sustainability concepts of arid land 

were elaborated on to establish a balance between natural resource use and consumption 

as weU as the factors influencing the environment. 

The anthropological component of this study involved field visits to At-

Taysiyah region for preliminary assessment with respect to human and natural resource 

characteristics. It involved the collection of background information about the social and 

economic well-being of nomads as well as the physical setting in relation to soil, 

vegetation, climate and governmental services. Informal field interviews were conducted 

to obtain information on livestock type and herd composition, family size, income, 

education, nomadic movement, grazing practices, water availability, range conditions 

and the impact of modernization (Appendix A). Data analysis covered information 

available from previous studies as well as that collected from the field. 

For predicting future land capabilities, simulations w»e used. Seasonal rainfall 

data from two Meteorotological and Environmental Protection Administration (MEPA) 

stations adjacent to the study site were used to obtain a probability distribution of the 

seasonal rainfall. The Monte-Carlo simulation technique was applied to generate a 100 
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year synthetic data set of seasonal precipitation. The mean and variance of the synthetic 

data were compared to that of observed data to determine the representativeness of the 

synthetic data. Then, using the transitional matrix and the synthetic seasonal xain&ll, 

the range condition for each of the 100 years was simulated for a given grazing 

intensity. Forage production will also be simulated using range condition, seasonal 

rainfall and a linear relationship between rainfall and production developed &om 

available data. 

The final phase of the research involved a set of recommendations, based on the 

results of a series of simulations and literature reviewed that identified methodologies 

to assist nomads in implementing appropriate grazing strategies within the ecological 

constraints of the rangeland system on a real time basis. 

In this chapter, an introduction to the topic in general was presented. The 

problem statement and proposed goal and objectives of this study were explained and 

the methodology for achieving these objectives was discussed. In the following chapter, 

the literature is reviewed documenting the work of the many researchers relation to the 

topic. 
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CHAPTER 2 

LITERATURE REVIEW 

This chapter is divided into five sections. The first section deals with 

nomadism in Saudi Arabia in general, followed by a detailed account of the Harb 

tribe of Saudi Arabia as the majority of nomads in the At-Taysiyah region belong 

to this nomadic tribe. The second section deals with desertification including its 

definition, problem and causes, its indicators and the trend of desertification in 

the world. The next section describes the concept of sustainability and the 

definition and factors that affect sustainability. The fourth section details the 

concept of range health and range conditions. The final section reviews the 

research work performed in the area on simulation of natural resource systems. 

Nomadism in Saudi Arabia 

Arabia was the heartbeat for the flourishing civilizations between Egypt 

and Mesopotamia. Its history goes back to the year 7,000 B.C., where people in 

the eastern region developed trading ties with the Ubaid culture in the north. Two 

different groups lived in the Arabian Peninsula. One was mainly nomadic, 

roaming the huge deserts that extended between the Euphrates and the center of 

the desert. The other group were inhabitants of the southern portion, Yemen. 
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Usually, the nomadic groups were referred to as Arabs. Nomadism means the 

way of life and living in the desert, the opposite of settled life. The bedouin are 

the people of the desert, that is to say the opposite of the settled folk (Jabbur 

1995). Nomadism expresses itself in various degrees over a long graduated scale, 

the first level being in contact with settled life and occasionally having strong 

direct relations with it, and the other extreme being the type of nomadism so 

firmly fixed in the sand desert that hardly any disruptive upheaval, however 

powerful, can dislodge it from its home territory. 

Saudi Arabia, located in southwestern Asia, is a vast land occupying an 

area of 865,000 square miles, which is four-fifths of the Arabian Peninsula. 

Saudi Arabia is still strongly nomadic and ranks high among the nomadic 

countries of the world, both in absolute numbers and in ratio to the total 

population. According to the an official Saudi estimate of 1965, over 50% of the 

country's population was bedouin (nomad or semi-nomad). With an estimate of 

the population then between seven and eight million people, the bedouin 

numbered three and one half to four million (Shamekh, 1975). There are 

contrasting figures regarding the exact number of nomads in Saudi Arabia. 

According to first population census in 1962-63, the total population was 

3,297,657 of which 2,611,459 (79.2 %) were listed as sedentary and 686,198 

(20.8 %) were classified as nomads. This census was not accepted by the 
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government of Saudi Arabia because it regarded the total population of about 3.3 

million too low. The latest census taken in the early nineties indicates that the 

Saudi Arabian population is about fourteen million. (Rashid and Shaheen, 199S). 

But the data on the percentage of nomads in the total Saudi Arabian population 

is not available. 

There are marked regional variations in total number of nomads and their ratios 

to total population. On the largest regional scale, Najd has the greatest absolute number 

of nomads as well as highest ratio of nomads to the total population. On a country-wide 

basis the highest ratios (86.5%) of bedouin are in the northern and central interior 

regions and lowest (2.1 %) in the west and southwest coastal zones on the Red Sea (Al-

Gazebo, 1963). 

The Tribe of Saudi Arabia 

The bedouin nomads or semi-nomads constitute about one-fourth of the 

population of Saudi Arabia or 1.7 million people (Al-Wohaibi, 1974:1). They are 

divided into various tribes and clans. Each tribe is concentrated in a certain region of 

the country. The Harb is an important tribe or confederation of tribes, mostly nomadic, 

of al Hijaz. They occupy territory from the Tahamah shores of the Red Sea from Yanbu 

in the north to al-Qunfiidhah in the south as well as in the mountains along the road 

between Mecca and Medina. It is one of the largest tribes of Najd. The Harb tribe has 

a total population of more than 50,000 persons (Lipsky 1959). Other branches have 

moved into Najd around Hail and al-Qasim. According to Palgrave (as cited in Scoville, 
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1995), they trace their descendants to the Qahtan, Rabia, and Mudhair. In the first part 

of the 20th century, the western Harb came under the authority of the Sharif of Mecca 

while the eastern Harb owed allegiance to the A1 Rashid rulers of Hail. They were 

particularly noted for attacks on caravans. 

Divisions of the Harb Tribe 

The Harb tribe consists of two main divisions, the Masruh and the Bani Salim. 

The subdivisions of the Masruh are three: the Bani Ali, the Bani Amr and the Bani-as-

Safar. 

The Bani Ali subdivisions of Masruh are: 

Abidah Karashif 

Dahaim Kitimah 

Dawairah and Kalakhah Turafah 

The Bani Ali section of this tribe live entirely to the east and northeast of Qasim and 

are Mendly with the Shammar, the two often being seen camping together. Some of 

these are "pitiless day sleepers and coffee drinkers"; some are ultra religious while 

others, on the contrary, are unable to say their prayers and do not fast during the month 

of Ramadhan. Some of the Bani Ali pitch their tents in a circle and keep their animals 

in the middle, an unusual form of camp among the bedouin of Central Arabia. 

The Bani-as-Safar subdivisions of the Musrah are: 

Auf Makallaf 

Faridah Wahoob 



26 

The Auf are second in the tree of Musiah. They live near Warqan and Quodous 

mountains, reaching into Al-H^akiyah. Some of them are nomads living in the Najd 

desert, whereas the members of the subdivision of Wahoob live in the study area in the 

north of Qassim. The village, Az-Zabira, is named after a well dug by the nomads in 

this area. Later on, nomads from the subtribe Wahoob settled around the well and it 

became a village. 

The subdivisions of Bani Salim are two: the Maimun and the Mizainah. As a 

rule, the Salim appear to be honest, kindly, hospitable and for bedouin, well clad. 

Distribution of the Harb Tribe in the Region 

A large portion of the population reside between Mecca and Medina within 

the basin of the Red Sea; others live to the south of Khabar about the head of Wadi-ar-

Rummah and Wadi-al-Hamdh down to Medina. The remainder, with whom we are 

chiefly concerned, inhabit the country on the upper course of Wadi-ar-Rammah and the 

tract called Hazam-ar-Raji to the south of it, sometimes pushing as far east as 

Dilamiyah, Ab-as-Dud and Subaih in Qasim and at Aqlah, Balaziyah, Murwarah and 

Odhaim in Jabal Shammar. The Harb bedouin are occasionally seen in Aridh. Settled 

Harbs are found at Barrud in Wadi-as-Sir, at Zilfi in Sadair, and at Rghabah in Aridh; 

some of the inhabitants of the permanent village in Qasim claim to be of Harb descent, 

especially at Basr, Bukairiyah, Shiqqah, Subiah and Ummahat-az-Ziyabah. The bedouin 

who adjoin the Harb in Najd are the Hataim to the north, the Mutair to the east, and 

the Ataibah to the southeast and south. 
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The Harb are camel and sheep owners. Li the past, a number of the tribe acted 

as escorts to pilgrim caravans passing through their country. In complexion, Harbs are 

extremely dark, but they have the features of true Arabs. In religion, they are Hunbali 

Sunnis; in character and disposition they seem to vary considerably from section to 

section; many of the poorer Harb live among the Hataim, but they abstain from 

intermarriage with them. 

History and Evolution 

According to Caskel (as cited in Scoville, 1995), the Harb were native for ages 

in the Hijaz, but newcomers in the Najd. But according to Aklial (as cited in Al-Baladi, 

1984), the Harb tribe originally belonged to a place called Saada in Yeman, and as a 

result of war between the Harb and their uncle Rabia Ben Saad, the Harb tribe moved 

to Al-Hijaz and the Qudous mountains in 131 A.D. Until recently, they lived a purely 

nomadic existence. Their immigration was made possible by the departure of Aneze 

(Ruwalla and Amarat) from the area of Wadi al Rima. But on a large scale, this was 

only possible during the time of the Wahhabi wars, 1815-16, the Harb accompanied 

the army of the Turco-Egyptian from Medina to Qasim. Their group remained in the 

country, occasionally enlarged by new immigrants. After the departure of foreigners 

(1840-41), they were free for some time, but under Faisal Ibn Turki (1843-65), they 

were again subject to Al Saud. 

At the beginning of the 1870's, they were subjugated by Muhammad Ibn Rashid. 

Afterwards, they were part of the Shammar empire and during the wars between Ibn 
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Rashid and A1 Saud often were exposed to raids by the A1 Saud. In the peace treaty of 

1908, the Harbs were considered subjects of AI Saud. The peace of 1910 again gave 

them to Ibn Rashid. They remained his subjects until, in World War I, the first signs 

of dissolution of the Shammar empire began. 

In 1917 the Harb took part in forming a cordon which the English set up to stop 

the smuggling from Kuwait to Hail and Damascus. In the summer of 1918, when Saud 

began his attack on the Jabal Shammar, the Harb protected his left flank between Wadi 

al Rima and Salma. In 1929 when the Dcwan broke with Abdul Aziz al Saud, the Harb 

took the side of the king because the rebels were Mutair and Utaiba, their old enemies. 

The groups known to be from the Hijaz from the Bani Salim and Hani Amr were 

again in Najd. But while the groups became less tribally oriented, because of 

sedentarization and isolation in villages, those in the Najd kept their true tribal character 

because a few related tribes, who were too weak in the Najd to remain independent, 

merged with the Bani Amr. Some of the Bani Salim moved between the Hijaz and 

Najd. 

Occupational Life of the Harb Tribe 

The following listing is the main sources of occupation for the members of the 

Harb tribe: 

Hajj; At one time, the Harb tribe controlled the road between Mecca and Medina for 

more than 1000 years, and they were responsible for transporting the pilgrims by camel 

between the two cities. This venture was very profitable because they charged about 
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seven gold coins for the use of camels between Mecca and Medina. Each camel brought 

in about 20 golden coins per year. Those bedouin with no camels set up stations along 

the road between Mecca and Medina and sold camel feed and fuel wood to the traveling 

caravans. 

1. Agriculture: Part of the population was involved in dryland agriculture, 

mainly along the road between Mecca and Medina. There were about 120 small wells 

(Aiin) in the area and about 400 people lived around each well, cultivating the lands in 

addition to raising camels and sheep/goats. These dual occupations limited the 

movement of the members of the Harb tribe except those who moved to Najd. 

2. Fishing: The Harb territory passed through the eastern part of Red Sea which 

had over 500 species of fish. In the past, a large portion of the Harb population 

depended on indigenous methods of fishing. Although the fish were sold locally, during 

the Hajj season, pilgrims were the main buyers. 

3. Livestock: The members of the Harb tribe who lived on or near the Hajj 

route between Mecca and Medina were able to sell their sheep/goat and camels to the 

pilgrims at relatively high prices. It encouraged them to raise these animals in large 

number; thus, many were dependent on raising the animals for their livelihood 

Decline of the Harb Tribe 

At one time in history, the Harb tribe was among the most prosperous and well 

established in Saudi Arabia. During World War I and n, the Arabian Peninsula 

experienced one of the worst droughts and, thus famine, in its history. As a result, the 
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Haib and other tribes that lived in the valleys moved to the cities, especially Mecca. 

With the introduction of vehicles, camds were no longer used as a means of 

transporting the pilgrims between Mecca and Medina. This left many Harb without an 

income. This forced the members of the Harb tribe living near the road between Mecca 

and Medina to return to the desert and live a nomadic life. When severe drought and 

famine occurred, it forced group migration of the bedouin back into the cities of Mecca 

and Medina, causing housing problems and the Saudi government moved them to 

another area, Mur A1 Zahran. In 1365 A.D. (1945), these people were allowed to come 

back to Mecca. Currently members of the Harb tribe are playing an important role in 

Saudi society. Based on field interviews, about 30-50% of young members of the Harb 

tribe serve in the National Guard or other military services. Some members of the Harb 

tribe in Mecca and Medina work in car repair shops, own trucks, or drive buses and 

taxis. Other members of the Harb tribe are serving as professionals in various fields, 

such as medicine, engineering, social sciences and teaching and are contributing to the 

development of the country. A good percentae of local meat products are furnished by 

the Harb tribes. 

Desertification 

Desertification is usually defined as the loss of biological productivity of arid 

and semiarid lands (Kassas, 1995). In the case of the rangelands of Saudi Arabia, this 

may be interpreted as the reduction of natural vegetation. Thus, any project to evaluate 

the impact of human induced desertification must include analytic methodologies for 
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detecting and identifying those areas which are experiencing a decline in levels of 

natural vegetation. 

The process of desertification first came into focus during 1969-1973, when a 

major drought in Sahel caused much human suffering and environmental destruction. 

The extent of the problem called for the 1977 United Nation's Conference on 

Desertification. Even though drought was thought the main motivator for the 

conference, the conclusion of the meeting identified human activities as the major cause 

and that drought only contributed to the process. Since the time of the conference, more 

attention has been paid to understanding the process of desertification. 

While desertification is frequently regarded as a process (e.g., Glantz and 

Orlovsky, 1983; Rozzanov, 1990) it is also used to describe an end state of a process. 

For example, in Aubreville's (1949) original usage, desertification was defined as "the 

changing of productive land into wasteland as the result of man's actions (p. 225)." 

Grove (1971) defined desertification as "the laying of wasteland resulting from 

diminishing surface water and increasingly sparse vegetation, with a loss of usefulness 

to man and beast (p. 11)." The United Nations Committee on Desertification (UNCOD, 

1977) defined desertification as "The diminution of destruction of the biological 

potential of the land that can lead ultimately to desert like conditions. It is an aspect of 

the widespread deterioration of ecosystems and has diminished or destroyed the 

biological potential, i.e., plant and animal production, for multiple use purposes at a 

time when increased productivity is needed to support growing populations in quest of 

development" (p. 1). 
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In another attempt by FAO and UNEP (1984) desertification was defined from 

a more human perspective, including the general contributory foctors, the areas affected 

and the general environmental outcome, as 

A comprehensive expression of economic and social processes as well 
as those natural and induced ones which destroy the equilibrium of soil, 
vegetation, air and water, in areas subject to edaphic and /or climatic 
aridity. Continued deterioration leads to a decrease in, or destruction of 
the biological potential of the land, deterioration of living conditions and 
an increase of desert landscape, (p. 15) 

The most recent UN official definition of desertification is "Land degradation in arid, 

semiarid and dry subhumid areas resulting mainly from adverse human impact". 

Desertification Processes and Causes 

Because of new mechanical means allowing the drilling of wells and the reaching 

of remote areas with 4-wheel drive terrain cars, a major change in the use of arid and 

semiarid ranges has taken place over the last three to four decades. This change has 

caused an enormous increase in grazing pressure. Desertification processes vary with 

land use although they can be grouped under the two categories of vegetation and soil 

degradation. Land degradation by man is initiated when the vegetative cover is reduced 

or destroyed by overgrazing, cultivation, woodcutting vehicular traffic, improper 

management of irrigation water, and other activities that disturb the natural condition. 

Three major processes are involved in the land deterioration that we call desertification. 

First is the degradation of vegetative cover, second is soil erosion. Soil compaction is 

a third process that undoubtedly is important wherever livestock and vehicular traffic 
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pack the soil. The first two processes affect the most land by fiar and are the most 

significant in their effect on environment quality and human well being. 

The desertification process on grazing land has three phases: 1) perennial grasses 

are replaced by annual grasses and forges, usually followed by an increase in the 

density of shrub and tree types; 2) an absolute decrease in the amount of plant cover 

of all types occurs, leaving soil less protected from the impact of livestock hooves and 

the erosive force of wind and water; and 3) soil crusting caused by animals trampling 

the bare ground leads to increased runoff and greater wind and water erosion 

Degradation of Vegetative Cover 

Plant cover on grazing and cultivated lands serves as a direct or indirect source 

of human food and as protection against soil erosion. Under natural conditions, plant 

cover varies from sparse or non-existent in the extremely arid deserts to fairly dense 

in the wetter part of the semiarid regions. The potential for damage to plants is greatest 

in the drier part of the arid regions, whereas the potential for recovery is greatest in the 

wetter areas. This means that a given percentage of destruction of vegetation in the 

drier areas is more difficult to reverse than the same amount of degradation in the 

wetter areas. In turn, the likelihood of being able to economically improve grazing 

lands by introducing new grazing control techniques becomes less as the climate 

becomes drier. 
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Water and Wind Erosion 

Water erosion is the dominant type of erosion in the arid regions in the 

extremely arid deserts just as in the semiarid grass lands. (Erosion may be geologic or 

accelerated because of man's activities). In desertification, the concern is with 

accelerated erosion on the premise that geologic erosion is very difficult to control for 

an extended period. Accelerated erosion, since it is due to man's abuse of the land, can 

be controlled by altering man's activities. Wind erosion is different from water erosion 

in one important effect it has on plants: sand blasting. Moving sand can be highly 

destructive to plants by shredding leaves through abrasion and, in extreme cases, by 

killing entire plants. Sand blasting injury to seedlings can make it difficult for plants 

to regenerate under natural conditions. Erosion control is cheapest and most effective 

if it is initiated before significant degradation has occurred. 

Grazing/Overgranng 

One third of the world's land surface is used for grazing and includes large areas 

of arid and semiarid regions. Overgrazing, the continued overuse that will result in a 

deteriorated range condition, is considered one of the most serious causes of 

environmental degradation in the arid lands (Al-Welaie, 1985). Overgrazing is a kind 

of overexploitation that leads to soil erosion, desertification, and pasture deterioration. 

The degradation process that is the most common in rangelands begins with livestock 

overgrazing the desirable perennial and annuals, leaving the way open for an invasion 

or increase of less palatable grasses, forages and shrubs and of poisonous plants. 
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because competition by perennial grass is reduced (Heady and Bartolme, 1977). Total 

biomass may, in the early stages of desertification, be increased, but with a less 

desirable mixture of species. Ultimately, after continued overgrazing and trampling 

have been followed by increased runoff and accelerated erosion, total plant production 

decreases. Commonly, watering points are the first places around which land 

degradation occurs. It is there that livestock concentrate, putting heavy grazing pressure 

on the nearby range. Figures on the average number of livestock grazing a large area 

are often misleading with respect to grazing pressure. Rarely are animals scattered 

evenly over grazing lands. Rather they are concentrated in herds which may overgraze 

an area near a pond while undergrazing more remote areas. 

Overgrazing is a widespread constraint to the sustainable development of 

drylands, requiring inputs to improve animal husbandry, livestock off-take and the 

integration of grazing control with water development. However, overgrazing is but a 

syndrome and the true causes are embedded in the nature of pastoral livestock 

production (FAO, 1993). Sandra (1989) considers that degradation on rangelands takes 

the form of a deterioration in the quality and eventually the quantity of vegetation as 

a result of overgrazing. As the size of livestock herds surpasses the carrying capacity 

of perennial grasses on the range, less palatable annual grasses and shrubs move in. If 

the overgrazing and trampling continue, plant cover of all types begin to diminish, 

leaving the land exposed to the ravages of wind and water. In the stages that follow, 

the soil forms a crust as animal hooves trample nearly bare ground and erosion 

accelerates. The formation of large gullies or sand dunes signals that desertification can 
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claim another victory. Ironically, years of abundant rainMl, seemingly beneficial to the 

pastoral peoples, can often sow seeds of further degradation and hardship. During wet 

seasons the area suitable for grazing oqKUids, leading pastoralists to increase the size 

of their herd as insurance against another drought. When the next dry spell hits, the 

number of livestock exceeds what the reduced area of grass can sustain. The result is 

overgrazing and accelerated land degradation, a pattern most visible in Afirica where 

more than half the world's livestock-dependent people live. 

Different animals have different grazing habits and thus tend to utilize 

various parts of vegetation. Sheep graze and browse while cattle graze and reach 

higher. Both are in great need of water during the dry season, so they cannot travel 

long distances. They usually stay close to water points. Goats and camels are more 

adapted to the arid environment. Normally, goats move quickly and in a dispersed 

fashion and there is a general consensus that goats are the most destructive of all 

domesticated animals. This is due to the ability of goats to browse and climb trees for 

small branches. This permits them to be herded in areas with little vegetation already 

overgrazed by other animals. Therefore, goats tend to accelerate the deterioration of 

pastures (Sherbrooke and Paylore, 1973). Peyre de Fabregues (1970) concluded that 

overgrazing results in: 

1. The destruction of vegetation and changes in its regeneration; 

2. Alteration of the physical structure and chemical composition of the soil 

caused by trampling and manure which generally produce changes in 

vegetation; 
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3. The introduction of seeds of foreign plant species brought in by animals in 

faeces or attached to their coats. 

Overgrazing has direct as well as indirect effects on the environment. The direct 

effects are trampling and heavy grazing. Trampling has proven to be more 

than grazing, especially around watering points (United Nations, 1977). Excessive 

trampling during dry season periods destroys soil structure and plant litter, thus, making 

the soil prone to wind deflation. Trampling by puddling soil surfaces decreases 

infiltration capacity and diis increases soil erosion. On the other hand, light grazing 

such as nibbling usually increases the productivity of pastures and, in some species, 

allows succulent sprouts to appear (Goudie, 1981). Grazing animals tend to come 

together around watering points. There, livestock numbers are almost always larger 

than what the pasture can support, even during wet seasons. The first herd to arrive 

grazes in the nearest pasture. However, as time goes by the radius of grazed area 

increases and the animals must go £uther to find enough forage. Consequently, around 

the drinking points, there will be a bare area where the pasture is totally overgrazed and 

no vegetation can grow as a result of trampling by thousands of animals and because 

of the accumulation of their waste. Also &om the watering points radiates a network 

of tracks used by herds when going and coming for water. These tracks become incised 

as a very well observed microrelief where soil is loosened and no vegetation grows 

(Government of Niger, 1980). 

Overgrazing and woodcutting have catastrophic and irreversible impacts. 

The removal of vegetation enhances the rate of run-off as opposed to infiltration, thus 
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reducing the benefits that may be drawn from rainwater. The presence of vegetation 

increases infiltration while reducing the rate of runoff (Cloudsley-Thompson, 1977). 

Preservation of litter in herbaceous formations is a tey element for sustained stability 

of ecosystems on grazing lands. If, however, the litter is allowed to build excessively, 

this may retard the productivity of vegetation, 

since organic acids and other compounds evolving from the litter can hinder seed 

germination, deter plant growth, and limit productive capacity. Controlled livestock 

grazing tends to improve the condition of rangelands and to prevent soil erosion. 

Grazing is less detrimental to shrub vegetation than cutting or burning of shrubs and 

grasses. 

Salaheldin (1991) surveyed a typical rangeland of Acacia Tortillis-Mearua 

crossifolia grassland projecting the changes that have taken place over the years. 

Inhabited by nomads and seminomadic tribes, the area is one of the traditional animal 

rearing grounds in the Sudan. The study showed that a slight increase in the frequency 

of unpalatable species in semi-nomadic sites because of heavy selective grazing. The 

forage production was higher inside the wadi (depression) than outside. There was a 

drastic reduction in livestock because of the lack of adequate grazing land, which 

resulted in animals dying or being sold. Areas cultivated decreased sharply imtil 1985 

when they increased again with an increase in the amount of rainfall. However, 

productivity was much lower than in the past because of soil impoverishment as a result 

of degraded vegetation cover, which is aggravated by tree cutting for fuel, especially 

in semi-nomadic areas. He further concluded that it is evident that serious 
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environmental degradation is taking place as indicated by low tree stocking, increasing 

rock and bare ground, and active sand movement-early symptoms of desertification. 

This can be attributed to aridity and land misuse which may be the main cause of 

environmental degradation on such lands. 

Woodcutting 

Use of wood for energy purposes has many environmental and socioeconomic 

implications. Frequent and continuous harvesting of fiielwood resources for energy 

results in soil compaction, soil erosion by both water and wind, and depletion in 

nutrients and organic materials. Environmental impacts include dislodging plant, 

animal, and human populations, degrading soils and site productivities and reducing 

genetic diversities of native species (FfoUiott, 1993). Woodcutting on arid lands for 

fiiel, fence building and other purposes contributes significantly to further deterioration 

of environmental conditions by removing shrubs and trees that provide protection to the 

soil (Eckholm, 1975). Their removal exposes the soil to accelerated erosion and 

increased runoff. Acacia is the most common woody tree that is cut and the area under 

study is no exception. Cutting of trees has resutled in denudation of the vast areas of 

At-Taysiyah. Since wood is the sole source of fuel for cooking in underdeveloped and 

developing countries of the world, wood cutting contributes to environmental 

deterioration and will for the foreseeable future. 
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Wood collection for fuel and other uses destroys the sparse vegetation of arid 

lands. Nomads all over the world cut trees to gather feed for camels, to satisfy the 

demand for fuel, and to build enclosures for their livestock. 

Ngmadism 

The keeping of livestock is the principal subsistence strategy of many people 

inhabiting the arid and semiarid lands of the developing world. In Africa, it has been 

estimated that between 25-30 million people depend on livestock as their major source 

of food and money (Sandford, 1983). Despite many efforts by different international 

development agencies to increase production, some of the most basic questions 

regarding indigenous methods of livestock management and their effects on the 

environment remain unsolved. Overgrazing and environmental degradation is one of 

them. The nature of relationships that exists among populations of nomadic pastoralist, 

their livestock and the environment in which they live has been a contentious issue for 

many decades. A review of the literature reveals two distinct positions: some 

researchers remain entrenched in the position that pastoral nomadism is inexorably 

caught in the cycle of livestock accumulation that leads to overgrazing, environmental 

degradation and famine (Lamprey, 1983; Ingold 1980; Picardi and Siefert, 1976). Other 

researchers hold the position that pastoral nomadism is environmentally sound and that 

it has been the disruption of the normal system that has caused the environmental 

problems (Hogg, 1987). 
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Nomads have been living in arid lands for thousands of years and have managed 

to survive by maintaining a balance with nature. It was only with the intervention of 

the so-called "improvements of the nomad's condition" that this balance has been 

shattered. Veterinary medicine and animal disease control have contributed to the 

increase in the number of livestock beyond the carrying capacity of pastures. To make 

matter worse, many wdls are drilled not far from each other. This act has solved the 

water problem, but it has directed the movements of nomads and so they cluster around 

these wells where overgrazing occurs (Ware, 1977). 

While Toupet (1975) asserts from case studies in central Mauritania that 

nomadism is the most suitable way of utilizing the fragile desert ecosystem and that the 

type of life that nomads live can actually contribute to the conservation of nature instead 

of provoking desertification, there are few places in the world where grazing in arid 

rangelands by domestic livestock has been anything but destructive. Nomads probably 

came close to maintaining an ecological balance before the availability of veterinary 

services for their animals and the drilling of deep wells increased livestock numbers and 

intensified grazing pressures (Dregne 1983). 

McCabe (1990) conducted a multidisciplinary field study to investigate land use 

and livestock management practices and their impact on the environment. He attempted 

to demonstrate that pastoral populations do not sacrifice long-term stability for short-

term gain at the expense of the environment. He further concluded that pastoral 

populations do recognize the necessity of preserving their resource base and that some 
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social institutions operate in a manner to avert risk stemming firom environmental 

perturbations, while others protect local resources from overexploitation. 

Indicators of Desertification 

Assessment of degree to which range land and environmental deterioration is 

getting worse or is being reversed is essential for coping with the problem of land and 

environmental degradation. Mabbut (1986) wrote "the status of desertification is 

difficult to detennine, determination of the trend of desertification is even more difficult 

to assess." In the case of assessing trend, sequential surveys are needed where 

environment and practices are changing. Assessment, monitoring, and interpretation of 

observed variation in interannual vegetative cover proved to be difficult (Dregen and 

Tucker, 1988). Rozanov (1990) stated that the only reliable and measurable criterion 

of desertification is a reversible soil and terrain degradation, or loss. He added that the 

decline of biological productivity cannot be regarded as an indictor of desertification 

because this process might be reversible and connected with the climatological cycles. 

Ayoub (1996) noted that land degradation and desertification in the Sudan were linked 

more to soil degradation than vegetation degradation. Vegetation was found to be 

prevalent in more areas (120 million hectares vegetation degradation versus 64 million 

hectare soil degradation), but on the return of rains vegetation was re-established very 

quickly, at least in areas where soil degradation had not been severe. 

Reliable indicators of change over relatively short periods of time are needed to 

determine whether current management practices are beneficial, harmful or of a neutral 
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character. Range deterioration is one form of desertification, therefore knowing the 

potential productivity, the present condition, and the connection trend (whether it is 

getting better, or worse, or staying about the same) of range site over time means that 

degree and rate of desertification can be determined. 

Indicators of desertification must be indicators of changes that have occurred. 

Indicators should, desirably, be quantitative, sensitive to small changes, easy to measure 

and small in number. Physical, biological or sociological &ctors that integrate a numbo* 

of other factors are especially helpful. Berry and Ford (1977) proposed an indicator 

monitoring system operating at the global, regional, national and local level. Five 

global, five regional, and three national/local indicators were selected to embrace 

climate, soil, plant, animal and human factors affecting or responsible for desertification 

(Table 1). 

Table 1 Critical fodicators of Desertification by Monitoring Scale 

Monitoring scale 
Global 

Regional 

National / local 

a. albedo 
b. dust storm 
c. ndnfall 
d. soil erosion and sedimentation 
e. salinization 

a. productivity 
b. standing biomass 
c. climate 
d. nutrition 
e. salinization 

a. productivity 
b. human well being 
c. human perception 

* Source: Berry and Ford, 1977 
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Trend in Desertification 

Desertification is land degradation in arid, semiarid and dry sub-humid areas 

(drylands), resulting mainly from adverse human impact. At present, desertification 

directly affects about 3.6 billion hectares-70% of the total drylands or nearly one 

quarter of the total land area of the world and about one sixth of the world's 

population. At the same time, assessment of the current global status of desertification 

/land degradation has shown that accurate data, which would allow it to be stated with 

some preciseness to which degree and with what rate desertification is taking place in 

various parts of the world, are still lacking (UNEP, 1992). 

Assessment by UNEP. C1984') 

The results of the general assessment of the status and trend of desertification 

concluded that desertification has continued to spread and intensify despite efforts 

undertaken since 1977 and the efforts were too modest to be effective. Land degraded 

to desert-like condition continued at 6 million hectares annually, and land reduced to 

zero or negative net economic productivity was showing an increase (from 20 to 21 

million hectares annually). Projections to the year 2000 indicated that desertification in 

rangelands would continue to increase at existing rates; in rainfed cropland it would 

accelerate into a critical situation; in irrigated lands, the status of desertification would 

likely remain as it was, with gains, balances, losses and with the possible local 

improvement (rqwrted from UNEP, 1992, p. 23) 



Assessment bv UNEP fl99D 

A new assessment of the world status of desertification was undertaken in 1990-

91. Two global data sets showing different aspects of dryland deterioration were 

obtained in the course of the present assessment. The data of land degradation in soil 

within drylands of the world provides the following picture of the status of 

desertification in million hectares: degraded irrigated lands, 43; degraded rainfed 

croplands, 216; degraded rangelands (soil and vegetation), 757; drylands with human 

induced soil degradation, 1016; degraded rangelands (vegetation degradation without 

recorded soil degradation), 2576 for a total degraded drylands of 3592 million hectares 

These results indicate that the largest area of degraded rangelands occurs in Asia 

followed by Afirica, while the percentage of degraded rangelands is similar in both these 

continents and in Europe and America as well. About 3,333 million hectares of 

rangeland or nearly 73% of its total area in the world's drylands are affected by 

degradation, mainly by degradation of vegetation on some 757 million hectares) 

accompanied by soil degradation, mainly erosion. It shows an increase of some 233 

million hectares (about 7.5%) in comparison with the 1984 assessment. This falls within 

the range of ±10% accuracy. Therefore, it would be safe to assume that the situation 

did not change appreciably during this period and remained very unsatisfactory with a 

tendency to get worse. 

Two complementary models of degradation have been proposed that are both 

coherent and consistent for observed patterns, with variations imposed by differences 

in soil and rainfall regimes on different continents. This suggests that desertification 
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may be more fact that fiction, at least based on experiences in the southwestern United 

States and South Africa. However, it niight also suggest that there are difierent forces 

at work in the Sahel and other places. 

Some comprehensive historical studies of the Sahelian studies have been 

proposed (UNEP, 1992). However, there is no consensus and little hard evidence 

offered to prove that these ecosystems have rebounded from more than a generation of 

drought and overuse. Perhaps more importantly, no new theories have been offered to 

expalin the rebound, should it exist. Based on the evidence at hand, we are left with 

two possible conclusions: (1) like earlier claims of degradation, recent assertions of 

resilience are inaccurate or overstated, or (2) the cases of the Sahel and the 

southwestern United States are not comparable and the differences in each case have 

not been adequately examined. 

Given the general lack of consensus, it might be reasonable to assume that there 

are different lessons to be learned in each environment regarding the question of dry

land resilience or degradation. Until more conclusive comparative studies are 

conducted, the question remains open. However, because nations and donor agencies 

are now beginning implementation of an international convention to control 

desertification, the answer to the question is no longer academic: it will determine the 

shape of policies and programs (taken from Hutchinson, 1995). 



47 

3000 

ui 

o 09 

A (A 3 O 

CO <D 

•500 

1000 

500 

r.y jlV 

<> V 

•• yy 

WP 
>-0-'.J^^ C_ V.A''̂ .v<>.V 

Afnca Acta Auatrilla 

Xy"^ Slight to none / 

Severe ?" 

•f rf }"• 
ff i* if 

; /J/ 

Europ* 

, Moderate 

i Vary severe 

N.Amenca S.Amencft 

Fig. 1 Land degradation of rangelands within die world's dry 
1992, p. 33). 

land (taken from UNEP, 



48 

Sustainability 

Pastoral production systems and societies of the West Asia/North Afirica 

(WANA) region have been at the forefront of the debate on efficiency and suitable 

resource use for more than forty years. In the 1950s, the debate concentrated on 

whether the nomadic mode of production was an efficient resource use. The general 

view was that pastoralism and, consequently, nomadic systems were not efficient 

resource users and were the main cause of environmental degradation (Livingstone, 

1985:8). Thus, from the 1950's to 1970's most governments of WANA introduced 

policy reforms and implemented rural developments to settle nomadic people and 

transform them into agricultural producers (Leyboume, 1993). Institution and land 

tenure reform policies were implemented without taking into consideration the positive 

features of local resource management systems (Livingstone, 1985:2). In recent years 

there has been a shift of concern from people and institutions to resources. This shift 

has a wider scope because the question is no longer merely efficiency but also 

sustainability. Sayegh (1992:3) argues that the inappropriate management of land, 

water, and other national resources has been the result of an over-optimistic wish to 

maximize short-term gains, without taking into account long-term productivity, thereby 

threatening long-term survival. Under this mind-shift, nomadic production systems are 

now perceived as examples of efficient indigenous sustainable resource management 

systems and risk aversion strategies (Masri, 1991; Behnke et at,, cited in Ngaido et al., 

1996). 
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Environmental deterioration through its impact on the economy is also 

undermining the peace and security of the world. As Brandtland (1987) stated, "threats 

to global peace and survival of the human conmiunity are greater than those posed by 

the prospects of a cumulative and irreversible degradation of the biosphere on which 

all human life depends (p. 8)." 

Protection of the environment and promotion of economic development are not 

separate challenges. Development cannot subsist on a deteriorating environmental 

resource base and the environment cannot be protected when growth plans consistently 

fail to consider the cost of environmental destruction. Also, the inexorable growth of 

populations, the persistence of poverty, the brealdown of society, the continuation of 

conflict, the geographic expansion of pollution, and the loss of soil must all somehow 

be controlled. The solution is sustainability. The word sustainable leapt into prominence 

following the publication of Our Common Future by the United Nations World 

Commission on the Environment and Development (WCED, 1987). This report 

recognized that much environmental damage was caused by poor populations exploiting 

the environment merely to survive. It recognized other ravages caused by wealthy 

nations, exploiting the environment to support extravagant lifestyles. To deal with this 

double onslaught, the report emphasized the need for sustainable development. What 

is needed now is a new era of economic growth-growth that is forceful and, at the 

same time, socially and environmentally sustainable. 

WCED (1987) defines sustainable development as development that meets the 

needs of the present without compromising the ability of future generations to meet 
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their own needs. The tenn has been criticized as ambiguous and open to a wide range 

of interpretations, many of which are contradictory. The confusion has been caused 

because sustainable development, sustainable growth and sustainable use have been used 

interchangeably as if their meanings were the same. They are not. Sustainable growth 

is a contradiction in terms: nothing physical can grow indefinitely. Sustainable use is 

applicable only to renewable resources: it means using them at rates within their 

capacity for renewal. 

On the other hand. The World Conservation Union (1991) uses the term 

sustainable development to mean: "improving the quality of human life while living 

within the carrying capacity of supporting ecosystems (p. 10)." The precise definition 

of carrying capacity is difficult, but there are limits to the carrying capacity of the 

Earth's ecosystems~to the impacts tiiat they and the biosphere as a whole can withstand 

without dangerous deterioration. The limits vary from region to region and the impacts 

depend upon how many people there are and how much food, water, energy and raw 

materials each uses and wastes. A society is ecologically sustainable when it: 

a. Conserves ecological life support systems and bio-diversity; 

b. Ensures Uiat uses of renewable resources are sustainable and minimizes the 

depletion of non-renewable resources; 

c. Keeps within the carrying capacity of the supporting systems. 

The International Union for Conservation of Nature and Natural Resources 

(lUCN, 1989) proposed that sustainable development involves maximizing the net 

benefits of economic development, subject to maintaining or enhancing the services and 
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the quality of natural resources over time. The following points are presented to amplify 

this definition: 

a. Economic development is broadly constructed to include increases in real 

per capita income, nutritional improvement, longevity, reduced infant 

mortality, educational status, access to sanitation and other indices of social 

welfare. Economic development involves structural change within the 

economy; 

b. The reference to net benefits allows for the fact that virtually any 

development causes losses to some parts of society; 

c. The natural resources in question are nonrenewable resources such as 

minerals, fossil fuels and fossil water supplies, biomass (forest and 

rangelands) and the capacity of the environment to receive waste products 

and mixed renewable/nonrenewable resources, such as soil; 

d. Maintaining the services and quality of stock of natural resources which 

involves both utilizing natural resources at rates less than or equal to the 

natural or managed rates at which they regenerate, and optimizing die 

efficiency with which nonrenewable resources are used, subject to 

substitutability between resources and technological progress. 

The concept of sustainable development, as explained by different organizations 

and individual development, encompasses: 

1. Help for the poor because they are left with no option other than to destroy 

their environment; 
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2. The idea of self-reliant development within the constraints of natural 

resource; 

3. The idea of cost effective development using different economic criteria for 

the traditional approach; that is to say, development should neither degrade 

environmental quality, nor should it decrease productivity in the long run; 

4. The greatest issues of health control, appropriate technologies, food self-

reliance, clean water and shelter for all; 

5. The notion that people-centered initiatives are needed; in other words, 

human beings are the resources in concept. 

Factors Affggting Sy?tainal?ility 

1. The mismanagement of our natural resource base, 

2. Poverty and its effect on human beings and their environment, 

3. Overconsumption and the impact of the demands of the privileged on the 

environment, 

4. Population growth specially in those areas where the increase in human 

numbers is undermining the carrying capacity of the biosphere, 

5. The squandering of human and natural resources on the development and 

manufacture of armaments, 

6. The widespread lack of understanding on the part of decision-makers and 

the public-at-large of the implications of environmental destruction for 

social, economic and political stability. 
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A consensus on the means to achieve sustainable development has also emerged 

and can be summarized as follows: 

a. Raising indigenous environmental or natural resource management 

capability; 

b. Building upon existing experience in the North so as to ensure that lessons 

are learned from the mistakes of the past; 

c. Ensuring that environmental considerations are not left out in development 

planning; 

d. Gathering sufficient hard data of an environmental kind (taxonomic, 

ecological, geological) so as to enable sound development planning to be 

implemented; 

e. Informing the public of what is at stake; 

f. Concentrating on systems, particularly at-risk ones, be they arid lands, 

watersheds, moist forests or areas of rapid urban expansion. 

In summary we can say that the definition of sustainability varies by individual, 

discipline, and profession. Virtually all definitions, however, incorporate the following 

characteristics: long-term maintenance of natural resources and productivity, minimal 

environmental impacts, adequate economic returns, optimal production with minimized 

chemical inputs, satisfaction of human needs for food and income, and provisions for 

the social needs of farm families and communities. All definitions, in other words, 

explicitly promote environmental, economic, and social goals in their efforts to clarify 

and interpret the meaning of sustainability. Enhanced productivity cannot be gained at 
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the expense of the resource base, but it depends on constant conservation efforts. High 

rates of soil loss are causing decline in soil productivity worldwide, and most nations 

do not have sound land use policies to protect their soil and water resources. The 

limited availability of fossil energy resources and its cost, which is expected to 

increase, make it unlikely that fertilizers and other inputs can offset severe land and 

water degradation problems, specially in impoverished nations (Pimental et al., 1987). 

As the availability of new arable lands decreases, sustainability will require continual 

enhancement and improved management of soil and water resources and the protection 

of bio-diversity in the system. 

In this chapter, the research on nomadism in Saudi Arabia with particular 

reference to the Harb tribe, its history, distribution and decline has been summarized. 

This is followed by a section describing desertification, its causes and indicators. The 

final section in this chapter explains the concept, definition and factors that affect 

sustainability. Li the next chapter, the study area, its location, climate, land forms, 

topography and soil and vegetation is examined. 
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CHAPTER 3 

THE STUDY AREA 

Introduction 

The Arabian Peninsula lies in the desert belt and is a desert region. In general, 

Saudi Arabia is an arid country with conditions varying fix)m severely arid (25-75 mm 

precipitation per annum) in most of the country to arid (300 mm per annum) in the least 

arid areas. In general, 80% of the area of Saudi Arabia has been classified as 

rangeland. This chapter describes the study site in terms of its location, climatic 

conditions in the area, land forms and topography, and soils and vegetation. MEPA has 

initiated a program, Environmental Support of Nomads (ESON), to assess the causes 

and effects of nomadic migrations and the interrelations of meteorological and terrestrial 
» 

conditions and seeks to evolve means to generate accurate advice and guidance for 

nomads to improve their livelihood and economy. This study site is one of the four 

areas that ESON has selected for investigation of rangeland conditions. Because At-

Taysiyah is a well known grazing rangeland in Saudi Arabia, the results of this study 

can be generalized to similar rangelands in the rest of the country. 

Location 

The study area is located in the north central region of the Saudi Arabia. The 

At-Taysiyah is situated near N 28°,00' 66" - E 43° 41' 03" at an altitude of 653 feet, 

northwest of Qibah between two major Saudi Arabian dunes running from the northwest 
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(Ad Dhana) to the southwest (A1 Madhur) (Fig. 2). Three main villages exist within the 

At-Taysiyah region: (^bah in the southwest, Az Zabiiah in the west, and Unah in the 

north. The major dirt road in the area runs southeast-northwest between Qibah and Az 

Zabirah, just north of Ai Mudhur dunes (Combreau et al., 1993). 

Climate 

There is significant ecological variation in rainfall and topography in the At-

Taysiyah region, although central Saudi Arabia is by definition a fragile arid 

environment. Precipitation and temperature are two of the climatic variables critical to 

vegetative growth. Mean rainfall is low and varies throughout the year (Table 2). 

Three-quarters of the annual average rainfall occurs in the winter and spring seasons 

with stc 's being highly localized. The temperatures also follow a distinct pattern with 

average summer temperatures doubling those of winter. The data in Table 2 indicated 

that winter/spring is the prime growing season when rainfall and temperature levels 

combine to promote vegetative development. Nonetheless, it is important to emphasize 

the variation from one year to the next, and even between localities within the study 

area. 

Rainfall data have only recently systematically been collected by government 

weather stations; thus, estimates of rainfall for At-Taysiyah must be derived by 

extrapolation from nearby stations in (^m and Hail. These data are presented in Table 

2, and they indicate a pattern typical of arid and semi-arid regions where available 

rainfall is concentrated into a brief season. More than half of the annual rainfall occurs 
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Table 2. Rainfall and temperature data from adjacent regions 

Climatic Characteristic Al-Qasim H^ Riyadh 

Annual Rainfall (mm) 168.5 138.5 96.1 

% in winter 31.7 25.8 32.1 

% in spring 53.4 45.1 64.6 

% in summer 0.1 0.2 1.2 

% inf^ 14.3 28.6 3.2 

Annual Temperature (C°) 24.6 21.9 26.0 

winter average 13.4 11.2 15.3 

spring average 24.2 21.5 26.3 

summer average 34.0 31.4 35.5 

fall average 25.8 23.6 26.9 

Source: MEPA (1981-1995) 

during the spring months of March to May, while there is little rainfall during the 

summer season. Rains arrive from the north (Hail, for example, experiences significant 

precipitation in the fall season), which traditionally has influenced the northern nomadic 

routes. Tribes located to the south move north to meet the rains (and emergent 

pastures), then follow them to their dirahs for the summer, and the rainless season. 

Land Forms and Topography 

The study area also varies significantly in terms of land forms and topography. 

From the flat Saudi Arabian lands around Taif, the landscape becomes increasingly 

vertical towards the north and becomes mountainous around Hail, yielding to the central 

Nafiid sand formations to the northeast. The bedouin recognize several forms as 
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significant to pasture and herd management. In the fragile environment of the desert, 

vegetation is not evenly distributed. Annual grasses tend to favor the inter-dunal valleys 

of the Nafiid and the runoff alluvia that store scarce moisture. The thicker stands of 

vegetation mark the large wadis and the smaller sheibs (chaimel runofQ. The At-

Taysiyah and Jundaliyah areas are particularly comprised of wide flat valleys that are 

defined by spectacular sand formations or by rocky plateaus, and this formation 

provides quality rangelands. Certain land forms, such as the rowdah, capture and retain 

moisture after a rainfall and the bedouin associate these areas with good grazing 

opportunities. 

Soil and Vegetation 

The At-Taysiyah region is an elongated plateau wedged between the Nafiid al-

Mahzur sand dune formation to the west and the ad-Dahna dune formation to the east 

(Habib 1995:6-9). The narrow plateau runs northwest and southeast of HaU and north 

of Riyadh for a distance of approximately 150 kms, and its width varies from 30-50 

kms. The surface of the plateau slopes toward the east and is cut by several important 

wadi systems that widen out toward the ad-Dahna. The plateau crust is gravelly with 

poor vegetation, although it is dotted with many shallow depressions that support 

important plant communities. Following the Habib report, human activity is 

concentrated along the major wadi systems where the vegetation is more abundant, 

particularly the Wadi al-Hasaki in the eastern part of the region. Detailed local 

knowledge of these resources is critical to the livelihood of the nomads that reside 
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there. Different vegetation types of varying economic value are found in specific land 

forms and ecological micro-niches, and they may become available for optimal grazing 

at different times of the year. 

Vegetation cover seems to have been degraded over the past 10 years. Dead, 

woody sticks and roots that occur over the landscape indicate there were once 

widespread shrubs where today there are none. Herders recall that grass and forb cover 

was once so thick that it "completely hid one's feet." Now the plants barely make it 

above the tops of the feet before sheep and goats graze them (Marsh and Hutchinson, 

1996). 

The vegetation of the region and the corresponding land form/soil type is shown 

in Table 3. Annual grasses appear with die rainy season and are consumed both as 

green pasture in the winter and spring and later as dry forage in the summer months. 

Several species of perennial shrubs are common throughout the region and can provide 

forage throughout the year. In the wadi bottoms, woodier species (such as Acacia) are 

available for fiielwood and for browsing. It is important to emphasize that the 

distribution of vegetation types is not random but determined by a complex combination 

of factors, such as land form, soil type, and annual rainfall. 



61 

Table 3. Vegetation in At-Taysiyah identified by local bedouin (Finan and 
Alharatani, 1996) 

Local 
Name 

Scientific 
Name 

Plant 
Type 

Land Form/ 
Soil Type 

Season Animal 
Preference 

Status 

Ramram Hettotropium 
baccciferum 

shrub shallow sands 
over limestone 

year 
round 

small 
ruminants 

common 

Shih Artemisia 
judaica 

shrub sand or wadi 
floor 

year 
round 

small 
ruminants 

rare 

Remth Haloxylan 
salicomium 

shrub shallow to 
deep sands 

year 
round 

camel common 

Qaysum Achillea 
fragrantissima 

shrub rocky plains year 
round 

aU disperse 

Nuqd Arvillea 
garcini 

shrub silt floors of 
wadis 

year 
round 

all disperse 

Talh Acacia 
raddiana 

tree wadi floors year 
round 

camel disperse 

Awsaj Lyciwn shawii shrub rocl^ plains year 
round 

camel disperse 

Arfaj Rhanterium 
epapposum 

shrub shallow sands spring all disperse 

Ja'dah Teucrium 
polium 

shrub rocky plains winter aU disperse 

Hadaj Cuciams 
postulants 

shrub sandy soils year 
round 

all disperse 

Sidr Ziziphus 
munmularia 

shrub silty basins year 
round 

camel common 

Thumam Pardcim 
turgidum 

grass well-drained 
sands 

year 
round 

aU disperse 

Samnah Carthamus 
oxyacantha 

shrub disturbed 
soils 

spring small 
ruminants 

rare 

(Continued) 
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Table 3. (Continued) 

Aita Calligonum 
comosum 

shrub deep sands year 
round 

all disperse 

Adhir Artemisia 
monosperma 

shrub deep sand year 
round 

small 
ruminants 

disperse 

Qirdi Ochrademts 
baccanis 

shrub roclgr plains spring small 
ruminants 

disperse 

Sabat Stipagrostis 
drarii 

grass deq) sand year 
round 

small 
ruminant 

common 

Ribl Plamago 
albicans 

grass shallow or 
deep sands 

spring small 
ruminants 

disperse 

Mussay Cyperus 
conglomeratits 

shrub deep sand year 
round 

all disperse 

Nusi Stipagrostis 
plumosa 

grass shallow, 
stable sand 

year 
round 

small 
ruminants 

disperse 

Alanda Ephedra alata shrub calcareous 
gravel 

year 
round 

aU disperse 

Shafallah Capparis 
spinosa 

shrub silty soils 
over 

limestone 

summer aU rare 

Hamat Amebia 
tuspidissima 

shrub shallow and 
deep sands 

year 
round 

all disperse 

Rukhama Convolvulus 
oxyphyllus 

shrub sandy wadi 
floors 

spring all disperse 

Silla Zilla spinosa shrub wadis and silt 
basins 

winter/ 
spring 

small 
ruminants 

common 

Sadan Neurada 
procwnbens 

grass shallow to 
deq) sands 

winter/ 
spring 

smaU 
ruminants 

common 
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In summary the various aspects of the study area, such as location, climate soil 

and vegetation were explained in this chapter. In the next chapter, the various 

techniques that are used to monitor the rangelands, including remote sensing, SRF, etc., 

are explained. The land cover and land system maps, desertification status and hazard 

maps are discussed. 
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CHAPTER4 

MONITORING THE RANGELANDS 

Introduction 

This segment of the study was conducted with assistance of the Office of Arid 

land Studies (OALS) under a contract with MEPA. The field work done in Saudi 

Arabia included systematic reconnaissance flights (SRF). A section of the following 

discussion of the OALS desertification analysis was extracted with permission from the 

authors. 

Much of the land area of Saudi Arabia is used for livestock grazing at least for 

part of the year. It has been determined that a portion of this land is already desertic 

or is in eminent danger of becoming desertic. One of the primary objectives of the 

ESON study was to ensure that the rangelands used by Nomad groups will support its 

continued utilization. There is a concern for the rangelands which must not be allowed 

to continue degrading through overgrazing or other human activities. Human-induced 

problems are regularly cited among the primary causes of desertification and these 

effects may be more varied and pronounced in arid and semi-arid lands. For example, 

Nahal (1995) lists overgrazing, agricultural development, the creation or movement of 

human settlements, and mineral/petroleum extraction among the primary causes of 

desertification. He notes that the arid and semiarid rangelands of Syria and Iraq contain 

three times the amount of livestock that can be supported by the carrying capacity of 
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the range. The ESON project focused on identifying such environmental risks and 

mitigating and reversing current damage, while preventing further degradation of these 

rangelands. This ambitious set of goals first required the identification of those areas 

(within the ESON study areas) which are experiencing, or are at risk of, desertification. 

Remote Sensing Techniques 

The desert ecosystem is a particularly fragile component of the earth's 

biosphere, and understanding the physical and biological conditions of arid and semiarid 

lands is essential to our understanding of the desertification processes. Remote sensing, 

the acquisition of information about an object at some distance from the sensor, 

provides a wide range of effective tools for mapping and monitoring arid and semiarid 

lands. Earth observing satellites have yielded multispectral data from Saudi Arabia 

dating back to 1972, while current and future systems provide an ever increasing data 

base. Data from visible (0.4-0.7 /xm), near infra red (0.7-1.3 ^m), short wave infrared 

(1.3-3.0 /tm), thermal infra red (3.5-5.0 and 8.0-14.0 nm) and microwave (1 mm to 

1 m) regions of the electromagnetic spectrum are currently being acquired by a wide 

range of sensors. 

Two of the most commonly used approaches for mapping the natural vegetation 

and monitoring desertification processes in arid and semiarid lands involve application 

of advanced very high resolution radiometer (AVHRR) data sets witii high temporal 

resolution but coarse spatial resolution and work with higher spatial resolution data 

from the LANDSAT and SPOT satellites. Mapping and monitoring both natural and 
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man-induced environmental impacts have also been made possible by the s^Ucation of 

remote sensing. Many desertification studies have made significant use of remote 

sensing and geographic information system (GIS) to gain a historic perspective of 

change, map current conditions and model future trends (Tucker et al., 1991). 

Svstematic Reconnaissance Flights rSRFl 

SRF were flown to assess the seasonal distribution of animal herds (sheep/goat 

and camel), corrals, camps and villages. This entailed use of an airborne video data 

acquisition system designed and built by the Arizona Remote Sensing Center at The 

University of Arizona. The system consists of three cameras, one recording normal 

color, and the other two filtered to record only energy in the red and near infrared 

regions of the electromagnetic spectrum. The output from the red and near infrared are 

mixed to produce a simulated color infrared image of the surface. The signals from 

both camera systems are integrated with continuous location information from a Global 

Positioning System (GPS) receiver. In this way, the Greenwich Meridan Time (GMT), 

latitude and longitude position and altitude of the aircraft are recorded directly on the 

video images. SRF missions were flown at 1,500 and 3,000 feet above ground level. 

This produces image swath widths of approximately 300 and 500 meters. Sheq)/goat, 

camel, corral, camp and villages were readily identified utilizing the SRF data. 

Land Cover and Land Svstem Mapping 

Land systems are units of land that are judged to be homogeneous in their 

physical properties. Land systems in the same class are generally similar in their 
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productive capacity and response to specific management practices. In practice, land 

systems mapping is a form of land capability assessment at a reconnaissance level. In 

mapping land systems, landform units that are assumed to have a common origin are 

recognized and identified on aerial photographs, or satellite images. Automated 

techniques of image classification can be used to speed-up the mapping process or 

improve the consistency of the map product. In this approach, a multispectral digital 

image-such as those acquired by satellite-is examined by computer. 

The objectives of the land systems mapping segment of the ESON project were 

aimed at providing detailed information in the form of a series of maps of land cover 

types and range capability for the four ESON study areas. These maps were then 

integrated with results of the SRF missions to assess the relationships between range 

utilization (based upon the SRF video sample collected during 1995) and range 

capability. Therefore, these information products provide the first comprehensive 

assessment of land systems for the four ESON study areas. 

Land cover was mapped utilizing Landsat TM satellite data with a spatial 

resolution of 30 meters, employing six visible and near-infrared spectral bands 

provided by the system. Ultimately, these data were classified into seven land cover 

classes that were applicable to all four study areas; 1) Agriculture and Natural 

Vegetation; 2) Rock Gotcrop; 3) Rocl^ Uplands and Plains; 4) Aeolian Sand; S) Basin 

Deposits; 6) Stable Sandy Plains; and 7) Active Alluvium and Outwash. The 

classification procedure was interactive and iterative in nature, utilizing ground 

observations from field visits and insights gained through the airborne video 
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reconnaissance missions to produce the optimum classification. Results of the 

classification were used to provide a series of maps for each study area with associated 

quantitative data on the total area and percentages represented by each land cover class. 

Creation of the land systems maps began with field surveys. Results from these 

observations and interviews with bedouin inhabitants of the areas revealed that the main 

determinant of range utilization is rainfall followed by soil and cover type. 

Unfortunately, the lack of information on the spatial and temporal distribution of 

rainfall events within the study area precluded more detailed analysis. However, soils 

maps produced by Saudi Arabia were available (MAWLMD, 198S) at a scale of 

1:250,000. It was determined that this information, when integrated with the land cover 

data, could provide a means of establishing a static characterization of range capability. 

The 1:250,000 scale maps covering the study area were digitized and registered to each 

other and to the map base. This allowed the production of a series of digital map 

products derived from the soil survey. Information provided in the soil survey, based 

upon soil taxonomic units was extracted for those factors that had the greatest impact 

on rangeland suitability and, thus, the potential for the rangelands to support vegetation 

after rainfall. These factors (flooding susceptibility, soil water permeability, soil water 

retention capacity, and soil salinity) were individually scaled and combined to produce 

a modified rangeland suitability map. This was then integrated with the land cover map 

to produce the final map of rangeland capability. Ratings of rangeland capability ranged 

from very low to very high. 
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The results of the range capability mapping are summarized in Table 4 which 

provides the total area and percent for the five arbitrary capability classes (V»y Low, 

Low, Medium, High, and Very High) for the At-Taysiyah area. Results of the 

rangeland capability mapping indicate that approximately 45 percent of the study area 

exhibit low to very low range capability, and that only 15 percent of the area can be 

considered to have high range capability. Approximately 35 percent of the area is 

classified as having moderate range capability. More importantly, the spatial 

distribution of rangeland capability within the study area was provided in a series of 

maps for the study area. These maps are presented in Figs. 3-5. 

High range capability was mapped along the northwest boundary of the study 

area and along a relatively narrow strip of land in the central portion of the area. These 

areas are associated with aeolian sand and basin deposits. Low to very low capabilities 

are present within the west central and southwest portion of the study area and are 

associated with rocky plains. Approximately 40 percent of the study area was mapped 

as low to very low, 35 percent as medium, and 25 percent as high range capability. 

Analysis of the distribution of large sheep/goat herds (~ 50 animals) located in the 

study area during the winter months indicate that most were within or directly adjacent 

to areas mapped as exhibiting high range capability. However, several small (-10-15 

animals) and medium size herds (-20-25 animals) identified in the video sample along 

the southern boundary of the study area were found in the low to very low range 

capability classes. The three large herds and one medium size herd identified during the 

spring mission were also located within or directly adjacent to areas of high range 
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Table 4. Range capability: class area (sq km) and percent of total area 

Range Capability Area (sq. Km) % of Total area 

Class 

I - VERY LOW 1984.47 2L30 

2- LOW 1784.05 19.15 

3 - MEDfUM 3340.44 35.85 

4 - HIGH 2208.55 23.70 

5 - VERY HIGH 0.17 0.00 

Total Area 9317.68 100.00 

capability. One small herd in the spring was located in an area of low to very low 

capability. Two medium size herds identified in the summer mission were found in the 

southern half of the study area where no range capability data could be generated 

because of the missing satellite data. A far greater number of herds (-50) were 

identified during the winter months, which would indicate that the capability of this 

range to support large sheep/goat herds is greatest during the wetter winter months. 

A relatively large number of camel herds were identified during all four seasons. 

The herds appear to be concentrated at selected sites within the study area and many 

of these sites are also within or adjacent to areas of high range capability. Nevertheless, 

approximately 25 percent of the camel herds are located in areas of low to very low 

range capability. The ability to recognize camel herds throughout the year and their 

wider spatial distribution may reflect their ability to successfully graze under harsher 
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conditions with limited water. These patterns indicate that the study area is most 

heavily grazed by sheep/goat herds during the winter months with far fewer herds 

evident in the video sample during the remainder of the year. The position of these 

herds show a clear spatial correlation with areas of the highest range capability. There 

are more camel herds present during the winter months. However, a significant number 

of herds were also identified in the spring and fall. The position of the camel herds 

were generally correlated with higher lange capability but were also found in areas of 

low to very low range capability. 

The results of superimposing sheep/goat and camel herd positions on maps of 

range capability indicate that there was an affinity between herd locations sampled 

during 1995 and the higher range capability classes. This provides a good indication 

that the land systems mapping methodology is valid. This correlation seemed greatest 

with sheep/goat herds and weaker with small camel herds. This reflects their different 

management and grazing requirements, patterns and preferences. 

Analysis of the temporal or seasonal distribution of the herds with range 

capability also reveals an interesting pattern. The greatest numbers of both sheep/goat 

and camel herds were identified in the video sample in the study area during the winter 

months when rains make the range most favorable for grazing. Fewer animals were 

present in the video sample during the dry summer months. It is unlikely that these 

animals leave the study areas completely, though a portion of the sheep/goat herds may 

have been sold prior to the summer (May/June) mission. The absence of herds in the 

summer video samples reflects their movement from widely distributed on the open 
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range to areas primarily within or n»t to camps, where they have access to 

supplemental feed (barley) and water. When the range is able to support grazing during 

periods of rainfall, the herds are more widely distributed throughout the study area. 

Therefore, there is far greater opportunity for them to be sampled in the video data. 

When the herds have been moved to more confined locations near camps and corrals, 

they are not as widely distributed and could not be separated from the camps or corrals 

on the video data. However, the movement of herds from the open range to areas 

within the camps where they are fed barley clearly reflects the seasonal capability of 

the range to support grazing and the seasonal impact of grazing on the range. 

Desertification Status Maps 

Creation of the Desertification Status Maps for the four ESON study areas was 

a two-step process. A separate data set showing areas where desertification has taken 

place was derived from the 7.6 km resolution Advanced Very High Resolution 

Radiometer (AVHRR), Global Area Coverage (GAC) dataset and was used to assess 

the changing condition of vegetation cover from 1982 through 1994. Though this 

information is directly applicable to understanding desertification in the study areas, the 

coarse spatial resolution (~58 sq km per pixel) of the original data diminished our 

ability to fully interpret the results. Therefore, the second step in the creation of the 

Desertification Status Maps involved integrating this data with the higher spatial 

resolution Land Cover Maps derived from the Landsat TM data. 
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The final Desertification Status Maps were then created by integrating the 

desertification information layers with general land cover information. The seven land 

cover classes originally mapped (Table 5) utilizing the Landsat TM data and 

Table 5. Landcover class, area (sq km), and percent of total 

Land Cover Class Area (sq.km) % of total area 

Aq & Natural Vegetation 0.94 0.01 

Rock Outcrop 5.07 0.05 

Rocky Uplands & Plains 2655.87 28.51 

Aeolian Sand 2580.04 27.69 

Basin Deposits 3143.58 33.74 

Stable Sandv Plain 0.00 0.00 

Active Alluvium/Out^vash 932.18 10.00 

Total Area 9317.86 100.00 

represented on the ESON Land Cover Maps were grouped into three more general, but 

distinctive, classes. This generalization of the land cover classes was considered prudent 

given the limited spatial detail available firom the desertification data. 

The three classes are Outcrop/Rocky Plain, Sandy Surfaces, and Vegetation. 

These classes were separated on the basis of soil retention of rainfall which is extremely 

important to range production in the study area. The Vegetation class is the same as the 

Agriculture and Natural Vegetation unit on the original Land Cover Maps. This 

distinctive class is unique in its ecological and economic value and in its vulnerability 
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to exploitation. The Outcrop/Rocky Plain class combines the original Rock Outcrop and 

Rocky Uplands and Plains land cover classes. These classes have very low water 

infiltration rates and cannot retain rainfsdl as well as the other classes (except in small 

isolated areas of windblown sand). The Sandy Surfaces class combines all of the 

predominately sandy soil classes. [Follow-up studies may wish to examine whether the 

Roclgr Uplands and Plains class might be more appropriately grouped with the Sand 

class or as a fourth and separate class. Further refinement of the data may lead to a 

more consistent identification of ephemeral stream courses with riparian vegetation]. 

Figure 6 provides the final Desertification Status Map for At-Taysiyah created by 

identifying areas of no change, areas with declining vegetation cover and areas with 

improving vegetation cover for each of the three general land cover classes— 

Outcrop/Rocky Plain, Sandy Surfaces and Vegetation. The color key for these maps 

was designed so that each of the three land cover classes has three unique colors 

representing no change, decline and improvement. In addition, the color key was 

constructed so that all areas of no change are represented in white, gray or black, 

improving areas are in shades of green and all declining areas are in shades of 

yellow/orange/magenta. In this way the Desertification Status Maps convey land 

degradation or improvement based upon land cover originally mapped at 30 meter 

spatial resolution. 

Analysis of the set of all these maps gives an indication of the nature of both the 

declining and improving surfaces within the study area and establishes other geographic 

setting and locations. Table 4 provides the quantitative results for the Desertification 
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Status Maps by total area in square kUometers and percoit of total area for the study 

area. These data indicate that the study area is the most stable (94% unchanged), that 

only 5% of the area is becoming more desertic and that these areas are on Sandy 

Surfaces. 

Pgsgrtificatiftn Hazards Map 

Development of the Desertification Hazards Maps for the study area also utilized 

the 1982-1994 desertification datasets. To assess the desertification hazard, or perhaps 

more appropriately risk of desertification to the land surfaces, desertification data was 

integrated with the Land Systems or Range Capability Maps. 

The rationale behind creation of the Hazards Map is that desertification data 

portrays areas of degradation or desertification over the 1982-1994 period while the 

Range Capability Map rates the surfaces on the basis of the capability of the range to 

support vegetation growth and, thus, grazing. The Range Capability Maps utilize five 

rating classes: Very Low, Low, Medium, High, and Very High. Values from 1 (Very 

Low) to S (Very High) were assigned to these classes, integrating the Range Capabili^ 

Maps with the desertification maps for the study area. The resulting maps provide 

levels of risk on the basis of range potential. For example, areas of high range potential 

with significant degradation have a greater risk value than areas of low range potential 

with the same level of degradation. 

The range-of-risk values were then level-sliced into nine classes. One class was 

established for risk values near zero, representing no apparent risk. Four classes of 
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improving vegetation levels representing decreasing risk and four classes representing 

decreasing vegetation levels and increasing risk were created. To help further define 

current risk on the Hazards Maps, the composite positions of sheep/goat and camel 

herds identified from the SRF missions were superimposed on the risk maps. These 

data are from four missions fiown during the winter, spring, fall and summer of 1995 

and were selected to represent herds identified over four seasons of one year. In this 

way areas mapped as having high risk of desertification that also had herds present 

during the past year can be considered as most endangered, while areas mapped as low 

risk with herds present may be of less concern. The dynamic nature of herd movement 

forces any conclusions concerning herd positions in relation to risk to be strictly limited 

to 1995. The final Desertification Hazards Map for the study area is provided in Fig. 

7. Analysis of this map indicates that the study area has 56% of the at-risk surface 

mapped. 

The Desertification Status and Hazards Maps, collectively, provide an indication 

of both the degree of desertification within the study areas and the areas of rangeland 

most at risk. Results indicate that At-Taysiyah has undergone the least desertification 

(< 5%) but this area also faces significant risk based upon range capability and herd 

densities. Any comprehensive study of desertification must also consider long-term 

climatological factors, particularly rainfall. Unfortunately, these key data were not 

available. Therefore, any foUow-up studies should include any and all historical rainfall 

data. These current results tend to confirm the statements by nomads that the rangelands 

have significantly declined over the past three decades. However, this study provides 
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information to the changing conditions only over the past 12 years and herd over 

the past one year. Future studies should continue the process begun here with new 

satellite data and more comprehensive censuses of livestock as they become available. 

The process of monitoring the rangelands was explained in this chapter through 

various available techniques, such as remote sensing and SRF. The landcover, 

desertiication status and desertification hazard maps were prepared and their results 

were discussed in this chapter. In the following chapter, socio-economical changes are 

presented from the study area to show how modernization has changed the nomads in 

the At-Taysiyah area. 



83 

CHAPTERS 

SOCIO-ECONOMIC CHANGES IN 

NOMADIC LIVELIHOOD IN AT-TAYSIYAH 

Introduction 

This chapter describes an anthropological study to assess the impact of policy 

change and modernization on the economic well-being of a select nomadic group in the 

At-Taysiyah region of northwest Saudi Arabia. The changes in traditional herding and 

rangeland management strategies and their economic consequences have been 

ascertained to assess the sustainability of these changes within a harsh and uncertain 

environment as well as to seek bedouin appraisal of environmental degradation. 

Nomads still comprise a portion of the country's population numbers and 

influence. The national total share of the total population is estimated at 25 percent 

(Cole 1981: 137), and they are a vocal, diverse group in the political arena. The 

bedouin have been undergoing a major change over the past 40 years, beginning with 

the Public Lands Decree of 1953, prohibiting traditional rangeland reserves Qiema) and 

abolishing restrictive tribal power over their dirahs, or tiibal lands (Cole 1981: 141). 

This process was hastened by the rapid economic surge that began in the 1970s with 

the growth of oil wealth. In effect, the rangeland is now common property, available 

to all who wish to use it, and, as a result of economic prosperity, the technology of 

range use has escalated dramatically. 
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Since the bedouin have substantially changed their traditional herding and 

rangeland, these changes and their economic consequences were examined. These 

nomadic pastoralists live in and utilize the resources of a fragile arid environment and 

changes of any type in range management bears potentially serious implications for the 

sustainability of natural resource base itself. 

Methodology of the Study 

During the summer of 199S, a five-month field visit was conducted at At-

Taysiyah, the customary dirahs of the Wuhub, Ben-Auf, and Bani Ali clans of the Harb 

tribe, and 84 bedouin families were contacted and interviewed. A survey (see Appendix 

A) was conducted at all camps, and more detailed interviews were carried out with a 

few select bedouin. While staying with the bedouin, the traditional anthropological 

technique of participant observation was utilized. 

While this region is often visited by the Otaybah, Mutair, and Dawassir tribes 

during the winter and spring, Harb camps were encountered only in the hot summer 

season. Of the 84 families interviewed, five were categorized as "nomadic" in the sense 

that their routine consisted of regular migrations in search of winter pastures to the 

north; three were sedentary bedouin families who resided in al-Zabirah but travel to 

their herds daily; and the rest were classified as "semi-nomadic" in the sense that they 

remain in the general area of the dirahs moving only short distances to procure new 

pastures or clean campsites. 
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Bedouin Ecology: A Conceptual Framework 

To systematically understand the changes that have affected Saudi Arabian 

nomads over the last several decades, it is useful to think of the nomad camp Q.e., 

household or family) as a decision-making unit that fimctions within in an environment-

both physical and institutional-that is fixed over the short-run. Bedouin households 

make decisions and devise livelihood strategies that are based on their perception of this 

environment as an oogenous variable. Thus, individual decision-making was 

constrained by wider group consensus because of the large amount of cooperation 

required by the system itself. These physical and institutional (including cultural) 

environments define the menu of possible strategies from which an individual can 

decide in the quest to improve family well-being. These relationships are depicted in 

Fig. 8. 

The bedouin household does have flexibility of choice within the existing 

environmental bounds by manipulating the allocation of household resources: land, 

labor, capital, and knowledge. Thus, families with fewer resources relative to their 

neighbors will also have fewer strategies available to them within a given environmental 

context. Inversely, the richer &milies have a wider array of possible strategies. Bedouin 

resource decisions generate impacts on household well-being-at least over the short-

run. These decisions may also affect the physical environment through resource 

degradation, or the institutional environment through influence on public policy. 
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Traditional Pastoralist System 

The Harb tribe arrived in At-Taysiyah region relatively recently. While the 

origins of the tribe lie in modem-day Yemen, the Harb were well-known as transporters 

during the time of caravan trade that connected Mecca and the rest of the Peninsula 

with India and countries to north. As a consequence, the Harb migrated into the western 

desert around Mecca and Medina, which became the central location of their tribal 

lands. During the struggles for unification, the Harb were allies of the al-Rashidi, the 

rivals to the al-Saud family; however, after the ascendancy of the royal family and the 

creation of a modem monarchy, the Harb w^ given At-Taysiyah in a gesture of 

reconciliation. Today, the region is divided into three sub-clans of the Harb tribe: the 

Wuhub, Ben Auf, and Bani AH. Each clan lays claim to its own rangeland and wells 

and tend not to venture into each others' domains. 

The bedouin nomad livelihood system has been described by Al-Gain (1974), 

and Al-Gain, Al-Eisa, and Fogel (1994) as a rational use adaptation to a fragile eco

system. The low precipitation and sparse vegetation of the Arabian Peninsula, in 

general, and the central deserts, in particular, impose severe constraints on the 

economic exploitation of this environment. The traditional nomadic adaptation was built 

upon the ability to move quickly, upon a highly sophisticated indigenous knowledge 

base, and upon an efficient, albeit informal, information system. These preconditions 

for success required a livestock herd capable of surviving within a desert ecology of 

sparsely distributed vegetation and water sources. Tribal boundaries restricted free 

movement across the desert and forced different ethnic groups either into negotiated 
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political alliances or into warfare. At the same time, tribal groups were able to manage 

their rangelands, and there is some evidence that pasture restrictions and protected 

reserve areas were observed. 

In terms of the conceptual approach presented, the environment carried a more 

immediate influence over traditional nomadic strategies than did institutional £acton 

(other than the system of tribal proprietary rights). The bedouin nomads followed routes 

generally determined by "normal" rainfall patterns within their own dirahs than into the 

dirahs of the neighboring tribes with whom agreements had been struck. In the case of 

the Nafud, for example, the Otaybah and more southern tribes (such as the Dawassir 

and the al-Murrah) moved to the northern ad-Dahna and as-Somman regions to take 

advantage of the winter ranges then back to southern ranges fed by summer moisture. 

The Harb and Shammar moved toward Jauf in the northwest during the winter rains, 

then back to the Hail region during the summer. The timing of movement, the specific 

location, and the duration in a given spot were all determined ad hoc by the unique 

characteristics of that year. 

The traditional bedouin nomad camp could cover large distances (15(X) 

kilometers or more) and exploit a wide swath of rangelands. Signs of rainfall (e.g., 

distant lightning) or word-of-mouth information would initiate the nomadic movement 

toward a specific region. Specific decisions about the direction and timing of a move 

were made at the sub-clan level in majlis of the local sheikh. Often a scout {assets) was 

sent out to explore potential rangelands and to prepare an appropriate route. The camps 

usually traveled within sight of each other, and progress was gradual, averaging about 
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30 — SO kilometers a day. The camps moved from water source to water source, 

usually in a wadi or sheib bottom, grazing the surrounding pastures. Commonly, it 

would take up to two months to reach the general destination, and, once there, the 

nomads would remain in the vicinity as long as the available forages permitted. If 

reports of lusher rangelands arrived, the camps would move on. 

This pastoral livelihood system depended critically upon the effective and 

accurate flow of information and upon a detailed knowledge of the environment, its soil 

and vegetation. Despite the absence of modem mass communication, the specific 

locality of rainfall was rapidly disseminated as nomads moved throughout the desert. 

In fact, scholars of bedouin society have interpreted the traditional and formal 

hospitality of the bedouin in terms of its effectiveness as a communication system. 

Nomads welcome visitors so enthusiastically and insist on sharing coffee and tea, in 

part, to obtain information about the localities that the visitors have passed through. 

Similarly, the complex networks of alliances between tribes and sub-tribes also 

functioned to get critical information circulated rapidly. At the same time, there was 

a high premium placed on bedouin indigenous knowledge of rainfall and temperature 

patterns, desert vegetation, local geohydrology, the distribution of water wells and 

holes, camel physiology, and, of course, the political ethnic map of the region. Desert 

ecology is highly dynamic: certain species of range vegetation are associated with 

specific land types; certain species are consumed when green, others when dry; certain 

shrubs become available only with a specific combination of moisture and temperature 

occurs; and so forth. The Harb like to set their camps on the edge of differing 
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ecologies, for example, at a point where sand dimes give way to rocky plain, thus 

providing access to distinct vegetation communities. Likewise, the decision to raise 

Najdi or Naimi breeds of sheep is related to their knowledge of the specific adaptability 

of each. Certain nomads have a special talent for recognizing land formations that might 

hold water, where wells could be dug and where traditional water-gathering structures 

could be constructed. Throughout the At-Taysiyah region, small stone-lined wells and 

short containing walls attest to the traditional water strategies of bedouin herders. 

The traditional bedouin family, while culturally associated with its dirahs, spent 

much of the year in "foreign lands" following the rains, seeking adequate rangeland 

near the next water source, and subsisting on the consumption and marketing of animal 

products. At the tribal level, the natural resource base was managed through the 

maintenance of tribal boundaries and wells and through the creation of alliances that 

permitted access to non-tribal pastures (and wells) at certain times of the year. At an 

individual camp level, resource management strategies were determined by the mobility 

and biology of their animals, by access to information, by their profound knowledge 

of the vegetation and the hydrogeology of the desert, and by intra-clan cooperation. 

This traditional bedouin livelihood system changed dramatically, first with the 

opening of tribal boundaries and, then, with the emergence of an oil economy in Saudi 

Arabia. In the first case, open access to tribal lands eliminated tribal level management 

of the natural resource base. In principle, any bedouin group could use the range 

resources of another tribe without the necessary forging of alliances or the fear of 

reprisal. Thus, when rains were reported in a given region, all nomads could converge 
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on the range. Moreover, the traditional range reserves were also prohibited (although 

the Harb did not have any in At-Taysiyah). The opening of tribal lands did not, 

however, break the other physical constraints associated with nomad pastoral strategies, 

such as the scarcity of water, distance, animal physiology, etc. Further change 

accompanied the increasing flow of oil income after 1960, as the bedouin population 

became engaged in a process of modernization and integration into the larger society. 

With increased access to government wells and, particularly, to motorized transport, 

the individual constraints on mobility were eliminated providing any camp the 

opportunity to utilize virtually any available pasture. Integration into larger society— 

especially through wider participation in the educational system—also brought more 

nomad camps into a non-pastoral economy and greater access to diverse employment 

possibilities. 

In effect, as the model in Fig. 8 presents, modernization profoundly altered the 

policy environment within which bedouin families could devise their resource allocation 

strategies. New channels of resource access were made available through both direct 

and indirect policy decisions. On the one hand, the rulers of Saudi Arabia introduced 

a specific "bedouin policy", which attempted to encourage settlement and to increase 

access to health and education services. While the effort to transform nomads into 

sedentary agriculturalists was not widely successful, the value of education and health 

care was quickly assimilated by the bedouin populations. At the same time, indirect 

policies, such as the recruitment of bedouin into the National Guard (an important 

income source), investments in water wells and roads, and, since 1979, the subsidized 
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sale of feed barley have redefined the physical and economic constraints to pastoralism. 

The case of the At-Taysiyah Haib demonstrate that these external changes have 

transformed the nature of nomadism in the region. 

Current Pastoral Systems 

The results of the field survey describe the general characteristics of the current 

pastoral system and the transformations that the bedouin have experienced over the last 

three decades. Several critical impacts of modernization were readily apparent. First, 

the nature of bedouin mobility has changed. Whereas traditional camps moved long 

distances in search of range and water, present Harb camps in the At-Taysiyah only 

shift within the boundaries of the region itself, in fact, within the dirahs of their 

respective sub-clans. On the other hand, short distance mobility has been exceedingly 

increased. The first pickup truck appeared in At-Taysiyah in 1964, and now every 

bedouin camp has at least one such vehicle. With this change in mobility, most nomads 

now practice a form of livestock management more similar to ranching than to 

nomadism as it is conventionally defined. 

A second impact of modernization has been the change in herd composition and 

a more market-oriented pastoral strategy. The importance of camels has been reduced 

in most camps to the romantic vestige of a previous era. The At-Taysiyah nomads, as 

is the case elsewhere, have shifted the herd composition toward smaU ruminants, 

principally sheep, which are raised for the urban markets. In the traditional system, 

animals were occasionally exchanged for food stuffs and the overall need for cash 
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money was limited. Now, however, nomad pastoral dedsion-maldng is very much 

dictated by markets and sheep and barley prices. Consequently, the At-Taysiyah 

bedouin have become much more dependent on cash transactions. The current pastoral 

system requires large amounts of capital for investment in fixed assets as well as 

working capital to purchase feed and fiiel, pay herders, acquire breeding stock, pay 

veterinary expenses, and so forth. 

A third general characteristic of "modernized" bedouin in the At-Taysiyah 

region is cultural, or anthropological, in nature. In contrast to traditional pastoralist 

systems, the contemporary nomad has opportunities outside of herding. With access to 

education, many younger bedouin have sought their livelihoods in more urban 

environments, where they might practice herding as a complementary or recreational 

activity rather than an economic one. As a consequence, the demographic structure of 

the nomad camps has shifted toward an older generation, with a growing absence of 

young people. In this same cultural sense, it appears that nomads have also become 

more individualized in their economic behavior. Decisions to move camp or to seek 

new pastures do not require the same degree of interfamily consensus as the traditional 

system did, most likely because the same degree of interdependence does not exist. 

In the following section, these impacts of modernization are discussed in greater 

detail with specific reference to the At-Taysiyah nomad population. In an effort to 

understand the level of diversity among the nomad camps, the sample was classified 

into two subgroups defined by the size of their respective herds (Finan and Al-H^tani, 

et al., 1995, Finan and Al-Haratani, 1996). The first group is comprised of those camps 
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that reported 450 sheep/goats or less, while the second group has herd sizes of over 450 

animals. The assumption that drives this classification is that families with larger herds 

are wealthier and will have incorporated the "ranching" orientation more thoroughly, 

whereas the smaller herds will belong to the older, poorer and more traditional nomads. 

Demographic Characteristics of the At-Taysiyah bedouin 

An important indicator of the impacts of modernization on the At-Taysiyah 

nomads is the elevated age of the family heads. As Table 6 illustrates, the average age 

of the head of camp was 58 years for the entire sample, while the heads of camps with 

small herds tended to be somewhat older. The oldest head was 90 years of age and the 

youngest was 19 years old. The median number of people residing in a camp was eight, 

with a slightly smaller number for the ^milies with smaller herds. 

Another critical measure of change among the bedouin is education. Most of the 

nomad families place a high value on education for their children (although most of the 

older generation are illiterate). Nearly sixty percent of the families reported that their 

children-boys or girls—were currently in school or had attended school. Among the 

wealthier camps, forty percent had boys in school and another 28 percent provided both 

boys and girls with education. The proportion of the poorer camps with educated 

children was smaller for both boys and girls. In-depth interviews with nomad families 

also suggested that detailed indigenous knowledge of the environment and its flora and 

fauna is not systematically passed on from generation to generation as it was under the 

traditional system. Fathers clearly prefer formal education and indicated that the motive 
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Table 6. Demographic Characteristics of At-Taysiyah Nomads by Size of 
Livestock Herd 

Demographic 
Characteristics 

Nomad Camp by Size of Herd 
Total Sample Demographic 

Characteristics 450 Sheep or 
Less 

More Than 
450 Sheep 

Total Sample 

Sample Size 46 36 84" 

Age of Camp Head" 61 55 58 

Number of Tents 1.2 1.5 1.3 

Size of Family 7.2 8.3 7.7 

Distance from Al-Zabirah 
(kms) 

32 34 33 

Children in School (% of 
camps)" 

boys only: 
girls and boys: 

28.6 
21.4 

40.0 
28.6 

33.8 
24.7 

Source: At-Taysiyah field study 
a. Two camps did not report their herd sizes and thus were excluded from the 

category. 
** difference significant at the . 10 level of confidence 

for sending their children to school was to enhance their opportunities outside of 

pastoralism. Those camps that did not provide their children an education pointed to the 

need for family labor to care for the livestock. In fact, approximately sixty percent of 

those families without a hired expatriate herder do not send their children to school. In 

general, however, education and the income-earning potential it creates are perceived 

by the At-Taysiyah nomads as an attractive alternative to pastoralism. 
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Socio-Economic Characteristics of the At-Taysiyah Bedouin 

For the most part, the bedouin in the At-Taysiyah region are semi-sedentary 

pastoralists. With the changes wrought by modernization, thepastoralist household now 

resembles a capital-intensive economic firm with strong integration into regional input 

and output markets. As Table 7 summarizes, the average nomad camp in At-Taysiyah 

has 433 sheep and goats. Following the classification into poorer and wealthier camps, 

the latter group of bedouin maintains an average of 650 animals, while the poorer 

families have about 250 head. In general, sheep are sold for their meat and represent 

the majority of the herd and economic value. Goats are kept for their milk, from which 

ghee {somen), butter (zibdah) and dried milk biscuits (iqt) are prepared. Ghee and 

butter are sold in urban markets—particularly by the poorer camps—and consumed 

domestically. Around 40 percent of the sample still herds camels, and the average herd 

size for those who own camels is 36 animals. 

In terms of capital assets, every nomad camp has at least one pickup truck and 

most have more than one. The wealthier camps in Table 7 have an average of 1.7 

pickups, while the poorer camps have 1.3 vehicles. These multi-use pickups are used 

for transporting animals and feed, herding, and for meeting general transportation needs 

(e.g., taking children to school, visiting neighbors, etc.). Virtually all nomad camps 

also have a water tanker which is a critical component of the current livelihood system. 

About 60 percent of the wealthier families and 15 percent of the poorer camps have 

large transport trucks. While making allowances for the date of purchase and the 

common pattern of acquiring used vehicles, the sample reported a capital investment 
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in vehicles of nearly 195,000 SR--214,000 SR (1$ = 3.75 Saudi Reyals [SR]) for the 

wealthier group and 174,000 SR for the poorer group. This level of capital investment 

mates the modem livelihood system very different from the traditional adaptation. 

Around one half of the sample has contracted expatriate herders to provide 

necessary shepherding labor. Most of these hired herders come from India (for sheep) 

Table 7. Economic Characteristics of At-Taysiyah Nomads by Size of Livestock 
Herd 

Economic Characteristics 
Nomad Camp by Size of 

Herd 
Total Sample 

Economic Characteristics 

450 Sheep or 
Less 

More Than 
450 Sheep 

Total Sample 

Number of Sheep/Goats 257 659 433 

Camels: % of Camps 
Number of Animals 

40 
36 

50 
36 

44 
36 

Number of Pickup Trucks 1.4 1.7 1.6 

Water Trucks (% of Camps) 95.7 ICQ 97.3 

Large Trucks (% of Camps) 15.2 58.5 34.1 

Total Estimated Vehicle 
Investment ('000 Saudi Riyals) 174 214 194 

Expatriate Herders 
(% of Camps) 34.8 72.2 51.2 

Borrowed Money 
(% of Camps) 78.3 52.8 67.1 

Salary or Pension 
(% of Camps) 26.1 30.6 28.0 

Source: At-Taysiyah bedouin Survey (Finan and Alharatani, 1996) 
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or Sudan (for camels) on multi-year contracts, and they are paid aroimd SOO SR per 

month. They tend to live in tents away from the nomad camp and near the herds. It is 

evident from the data that the use of contracted expatriate labor for pastoral activities 

is related to the "ranching" orientation of the current system. 

In economic terms, the investment requirements of the current bedouin 

enterprise are large in terms of cash and capital. Under the assumption of an average 

cost of 300 SR for each stock animal, the entry cost of a 450 head herd, including 

vehicles and necessary working capital, is nearly one half million riyals. The At-

Taysiyah Harb tend not to utilize the formal banking system to acquire capital; thus, 

they rely upon traditional forms of access to capital. More than two-thirds of the sample 

reported that they borrowed money from fnends or fellow tribesmen. As Table 7 

indicates, the poorer camps are relatively more dependent on borrowing to meet their 

capital needs. More than one-quarter of the sample also had access to some form of 

non-herding income, either a salary or a pension payment. Nomads have traditional ties 

to the National Guard, and many fiunilies receive a stipend through this avenue or some 

other form of public employment. 

This study also estimated the flow of income from the bedouin livelihood 

systems. Tables 8 and 9 are built upon a set of assumptions regarding the wealthier and 

the poorer nomad camps that were derived from empirical observations in the field. The 

analysis examines the economic outcomes of the representative enterprises that these 

(30 animals). For the small ruminant herds, goats constitute 10 percent of the animal 
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Table 8. Annual income flows from a representative 250 herd camp in At-Taysiyah 

Animal Tvpe Sheep Goats Camels 

Number of Animals 230 20 30 

Female Reproducers 120 15 20 

Births A'ear 160 20 18 

Animals/Marketed 120 10 12 

Price per Animal SR350 SR200 SR2000 

Marketed Value SR 42500 SR 2000 SR 24000 

Gross Animal Income SR 44500 SR 24000 

Marketed Ghee SR 8000 n.a. 

Cost of Barley a/ SR 33000 SR 33000 

Veterinary Costs/year SR 600 n..a 

Annual Fuel Costs SR 5700 n.a. 

Net Animal Income SR 13200 (SR 9000) 

Source: Al-Taysiyah Bedouin Survey 

a/ For small ruminants: 5 bags/day for 300 days at a cost of SR 22/bag; 
for camels: 5 bags/day for 300 days at a cost of SR 22/bag. 
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Table 9. Annual income flows from a representative 650 herd camp in At-Taysiyah 

Animal Tvpe Sheep Goats Camels 

Number of Animals 600 50 30 

Female Reproducers 400 40 20 

Births/Year 500 50 18 

Animals/Marketed 400 40 12 

Price per Animal SR350 SR200 SR2000 

Marlceted Value SR 140000 SR 8000 SR 24000 

Gross Animal Income SR 148000 SR 24000 

Cost of Barley a/ SR 85800 SR 33000 

Cost of Herder b/ SR 6000 n.a. 

Veterinary Costs/year SR 1500 n.a. 

Annual Fuel Costs SR 7000 n.a. 

Net Animal Income SR 47700 (SR9000) 

Source: Al-Taysiyah Bedouia Survey 

a/ For small ruminants: 13 bags/day for 300 days at a cost of SR 22/bag; 
for camels: 5 bags/day for 300 days at a cost of SR 22/bag. 

b/ Herder costs are calculated at 500 SR per month plus an annualized start-up 
cost of 1000 SR per year. 
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assumptions describe. Both representative camps are assumed to have small camel 

herds, while the Nadji breed sheep makes up the rest. Females are assumed to have 1.3 

births per year, and some young females are retained to reconstitute the breeding stock. 

Average prices for sheep were estimated at 350 SR, for goats SR 200, and for young 

camels SR 2000. It is further assumed that this poorer camp sells SR 8000 of ghee 

during the winter and spring seasons when goat milk is more plentiful. The imputed 

value of meat, skins, milk and milk products consumed by the family do not enter into 

these calculations, although their importance to the overall welfare of the household is 

recognized. 

On the cost side for the poorer group, it is estimated that 50 small ruminants 

consume one bag of feed barley daily for 300 days a year. For camels, one bag feeds 

six animals daily. As Habib reports, the barley price in Hail is 17 SR for a bag of 50 

kg, but the price in al-Zabirah is 22 SR per bag. This latter price has been used in the 

analysis. No expatriate herders were included in these representative budgets (only 

thirty percent of these camps hire herders), but veterinary expenses were estimated at 

about 600 SR per year. Fuel costs were estimated on reported fuel expenditures per 

vehicle type and quantity. Water costs tend to be free (from al-Zabirah well) or 

negligible and were not included in the analysis. 

For a small scale enterprise, the economic returns to capital and labor average 

about 13200 SR, considered to be a poor income in the current Saudi economy. The 

camel component of this system produces an economic loss, and it would be necessary 

to reduce camel barley consumption to about 200 days to reach a break-even point. 
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These budgets clearly demonstrate the extent to which the current bedouin livelihood 

is tied to markets and the modem economy. At the same time, however, these results 

do not incorporate the risk factor, particularly due to animal disease. Over 90 percent 

of the sample lost sheep to disease last year, and most complained about as-sommel, a 

particularly dangerous disease that has appeared since the Gulf war. Some camps 

reported losses as high as 300 sheep over the last year. 

The wealthier camps with 650 animals earn substantially larger profits. The 

return to capital and management of around 47700 SR is economically attractive not 

only to bedouin nomads, but also to merchants widi available investment capital. For 

this group, it was assumed that the ghee and butter products are not marketed. Again, 

this type of enterprise is fiiUy dq)endent on functioning input and output markets and 

is vulnerable to risk. It is, for most purposes, a modem day ranch. 

The level of profitability of these two representative nomad systems is 

determined to a large extent by the cost of feed barley, which accounts for 85 percent 

of all variable costs. Barley is sold throughout the At-Taysiyah region in both the 

villages and at frequently traveled points along local roads. Since 1973, the government 

has strongly subsidized the price of barley, which has been sold in the region at levels 

as high as 60 SR per bag. At any price over 30 SR, these livestock systems fail to be 

profitable. Thus, bedouin dependence on public policy to maintain the profitability of 

their production systems is critically important. Without the barley subsidy as it is 

currently configured, the modem bedouin system would cease to exist. 
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Range and Herd M^gement Practices of the At-Taysiyah Bedouin 

Under the current conditions of nomadism in At-Taysiyah, the bedouin have 

adjusted their grazing and herd management practices to the economic incentive 

structure. With increased local mobility, the camps can move their herds easily to any 

available pasture, then truck in water. A nomad family makes the decision to settle in 

a given area based on the availability of vegetation and the composition of the 

rangeland. There is a direct trade-off between the use of barley and profitability, and 

for every week (fewer than the 300 days in the analysis) that animals can be pastured 

rather than fed, there is an increase in profit of about four percent as seen in Table 8. 

Thus, there are economic incentives to maximize their utilization of a given rangeland. 

In a given camp, most bedouin practice a rotational grazing pattern that is determined 

by the number of camps in the area and the spatial distribution of different plant 

species. Herds are moved in one direction one day, then in an opposite direction on the 

following day, and so on in a circular fashion until the herd returns to the original spot. 

When the pasture grasses have been exhausted, the family scouts nearby areas to 

determine if the camp should be relocated. The animals either return to camp daily or 

stay with a herder in the range. The nomad owner goes to the animals daily, often 

taking water and feed. Animals being readied for market are kept in confinement in 

pens and fed more barley for rapid weight gain. 

Table 10 presents a calendar of the nomad year and indicates the dynamic nature 

of herding practices. Timing and location are critically essential to a pastoralist system. 



Table 10. Bedouin seasons in the At-Taysiyah regions (Finan and Alharatani, 1996) 

Local Names 
for Seasons 

Roman 
Calendar 

Arabic 
Rcfcrcncc 

Number 
of Days 

Characler alics Local Names 
for Seasons 

Roman 
Calendar 

Arabic 
Rcfcrcncc 

Number 
of Days 

Rainfall Vegetation Animal Barley 
Consumntion 

Qaidh June-
September 1S 

Muharam to 
Rabiya II IS 

104 no rain 
(summer) 

dry grasses 
(hamiss) 

fewer 
animals 

medium 

Kharif September-
October 10 

Rabiya 11 to 
Jamad 1 

25 no rain leaf drop on 
perennials 

fewer 
animals 

medium 

Wasm 
("expecting") 

October-
Dccember 20 

Jamad 1 to 
Jamad II 

50 rains begin germination 
(nafel) 

females 
covered medium 

Murbaniahy 
Siiatwi 

December to 
Jan 10 

Rajab to 
Shaban 10 

40 cold and rain 
(winter) 

leaf drop 
(artah, arliBj) 

females drop 
iambs 

high 

Shablh Jan 10-
Februaiy 

Shaban 21 cold and rain slow growth lambs high 

Aqarib 
("scorpion") 

February Ramadan 28 rain, cold talah, naged lambs 
fattened for 

market 

low for slock 
animals 

Azar/ 
Rabiya 
("green") 

March-April 
10 

Shawal 40 rain and spring 
temperature 
best pastures 

ramam 
arfaj 

lambs 
fattened for 

market 
high for 
fattened 
animals 

Saif 
("warming") 

April lO-June Qaidah/lladj 57 rain diminishes nasi, hamath, 
azar 

Sale of 
animals 

low 



105 

Rains begin in the late M in At-Taysiyah during a season the nomads call wasm 

("expecting"). Annual grasses begin to appear with the arrival of the rains, but the 

temperature retards growth. So while grasses have germinated and the shrubs have 

begun to bud, only limited amounts of biomass are available. During the spring season, 

azar ("green"), the desert enjoys the most luxuriant phase of its annual cycle. Both 

annuals and perennials flourish, and nomads from other tribes begin to arrive with their 

trucks, herds, and camps. As Table 10 indicated, during this time, the animals require 

less barley and less water. Lambs have dropped and now enter into a fiattening stage 

(with barley) in preparation for the Hajj market, the time of the year that the demand 

for live animals is at its highest. With the onset of the summer months, qaidh, the 

animals graze the dried annual grasses, hamiss, and browse shrubs and trees. Within 

this pattern, barley is fed to maintain the stock during the periods of poor pasture, then 

feeding is intensified during the period of reproduction, lambing, and milking. Levels 

of feeding are then reduced as the rangeland produces more biomass. During periods 

of drought, barley feeding is extended throughout the year, and herd sizes are reduced. 

Of concern to the nomads is the increasing level of mortality among the small 

ruminant herds. While only 20 percent of the camel herders lost an animal over the last 

year, almost 85 percent of the camps with sheep lost animals to disease. As stated, the 

bedouin complain of a disease, as-sommel, which they associate with the consequences 

of the Gulf war and the fires in the Kuwaiti oil fields. The median number of animals 

lost to this disease was 53 for the entire sample, while the wealthier families lost 65 

animals and the poorer camps lost 39 sheep. The economic consequences of this 
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epidemic are severe for all the camps, and the nomads feel that there is no treatment 

available. 

The current practices of the At-Taysiyah nomads can be interpreted in terms of 

a more intensified use of the rangeland resource. It is clear that within dirahs, the area 

which a given sub-clan considers to be its territory, more animals are being grazed and 

none of the range is set aside either intentionally or unintentionally for conservation 

purposes. Some of the At-Taysiyah nomads travel to other regions during part of the 

year, but these pastures also attract other nomads. At the same time, the logic of 

grazing is driven by a market orientation that attempts to maximize the number of 

animals, supplement pasture grass with feed barley (and alfalfa and wheat straw), and 

prepare animals for the Hajj market season. While this strategy has proven itself viable, 

if risky, the economic outcomes are positive in the current physical and policy 

environment. It is evident, however, that the resource allocative strategies dq)icted in 

Fig. 8 are driven by short-run incentives rather than by a long-run conservation ethic. 

This chapter dealt with the impact of modernization on the socio-economic 

condition of the nomads including bedouin ecology, traditional and current pastoral 

systems, and demographic and economic characteristics of the bedouin range and herd 

management practices. In the next chapter the range productivity and herding operations 

of the At-Taysiyah area have been modelled according to current management practices 

and proposed management strategies. 
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CHAPTER 6 

MODELING RANGE PRODUCnVITY AND HERDING OPERATIONS 

Introduction 

Sustainable management of natural resources requires prior knowledge of the 

natural system responses to various combinations of natural conditions and human 

activities. Simulation models provide a fhmiework for such evaluation by allowing 

researchers, resource managers, and decision makers to assess the impacts of 

management operations on natural resource availability and distribution in time and 

space. However, the complexity of natural resource dynamics in arid/semiarid regions 

poses significant challenges to modelers. For example, the rarity of runoff producing 

rainfall events complicates the identification of the parameters controlling the rainfall-

runoff process. Additional difficulties are caused by the extreme spatial and temporal 

variability of land use, vegetation cover, soil complexes, and hydro-meteorologic 

variables at the diurnal and seasonal cycles. 

Many simulation models comprise a combination of mathematical rq)resentation 

of natural resources. A simulation model is an abstract representation of a given 

system. The model aims to mimic the behavior of the system under varying forces, 

including human actions. Natural resource simulation models aim to mimic the behavior 

of natural resource systems under conditions imposed by a combination of climate and 

human activities. In this respect, natural resource models can be used to understand the 
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system, test scientific hypothesis regarding its behavior, and provide decision makers 

with predictions of the system's responses to various management strategies and 

operations. The complexity and comprehensiveness of a given model depend, among 

many factors, on the objective of the model, the complexity of the natural system, and 

the availability of data. Models require input, parameters, and mathematical or logical 

relationships linking the input and parameters to the required output. These 

mathematical relationships can be empirically-based or physically-based. Empirical 

models are constructed by correlating observations of input to the natural system with 

the resulting output using procedures, such as regression analysis. Physically-based 

models utilize natural laws, such as the conservation of mass to describe the system. 

In many cases, natural resource models include elements of both types. 

Range management, the manipulation of natural resources on rangeland to 

provide an optimum combination of goods and services for people on a sustained basis, 

and grazing models have been developed to assist range managers and to predict various 

indicators of rangeland health, vegetation cover and production, nutrient requirement, 

erosion susceptibility, and rainfall runofif. Additionally, several models include 

components that allow the determination of optimal stocking rates for a given animal 

species (for example, see the CARRY model, Ffolliott, 1984). Conceptual models, such 

as SAVANNA (Coughenour, 1993), ERHYM-I (Wright et al., 1981), ERHYM-E 

(Wright 1987), SPUR-II(Hanson, 1985), are capable of modeling the evolution of 

rangeland hydrology, erosion, vegetation cover, and animal production at daily, and 

sometimes shorter than daily, time scales. Alas, effective use of these models is limited 
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to sites with detailed data that can be used to calibrate the modd and to provide input 

for the simulation runs (AI-Haratani and Fogel, 1996). For example, ERHYM-H data 

requirement include detailed rainiall data, soil properties, vegetation cover, 

temperature, and wind speed, most of which are not readily available in this study site. 

Consequently, while complex process-based models may be fevorable in some cases, 

simpler models cannot be easily dismissed. They are easier to use, require less data, 

and when reasonably constructed, provide a first assessment of the required 

management variables. 

The ESON report to MEPA (1995) proposed a seasonal model structure for the 

ESON study areas that included a stochastic precipitation component, a forage 

production component, and a management component that accounts for the actual 

nomadic decision-making process. In this chapter, a detailed description of the 

Stochastic Seasonal Range Simulation Model (SSRSM) (Imam et al., 1997) is provided. 

SSRSM is a discrete event-based model that relates future conditions of the range to 

current meteorological conditions, principally precipitation, current range condition, and 

current grazing intensity. The model simulates forage production as a function of range 

and meteorological condition, forage composition and availability as functions of long-

term range conditions and grazing intensities, and herd size growth and animal sales as 

functions of available dry matter and economic constraints imposed by resource 

management strategies. 
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Conceptual Baclcp-ound 

Modernization and government subsidy of nomads is suspected of being the 

cause that has led to increased susceptibility to desertification in the regions where 

intense grazing, the consumption of forage, mostly grasses and forbs, by livestock or 

wildlife, practices continue. In this study, qualitative assessment of the possible socio

economic impact of modernization and government intervention has been assessed 

through interviews and surveys (see chapter 5) and the simulation model was used to 

determine the long-term resource sustainability of the forage resource in the study area. 

Profit, which is defined in the model as the difference between total sales and costs, 

was also modeled to indicate the impact of resource base depletion on the profitability, 

hence, economic sustainability of the combined natural-human system. Figure 9 is a 

schematic representation of possible contribution of modernization and government 

intervention to the intensification of the desertification problems in the study area. 

While the direct impact of both factors may not manifest itself at the same temporal 

scale, they contribute to the substantial increase in herd size, frequency of grazing, and 

the intensity of grazing. For example, the ability to transport large numbers of animals 

to recently greened areas results in earlier defoliation of the favorable species The 

higher defoliation rate of palatable species results in an unbalanced competitive 

interaction (Brisk and Heitschmit, 1991). As the ability of palatable species to 

reproduce is diminished, higher grazing intensities are put to practice to compensate for 

the reduction. In the long run, the results may lead to desertification because of the 

reduction of the vegetation cover and the subsequent increased soil erodibility potential. 
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The current discussion demonstrates that to properly manage range resources, 

managers and decision makers must have access to information regarding the potential 

impact of overgrazing on range conditions. This information must encompass, in 

addition to the range condition indicators, an assessment of the expected reduction of 

the ranges' ability to support the existing grazing practices. Clearly, this ability depends 

on two factors. First, there is dry matter production attained during every season. 

Second, there is a proportion of dry matter which is palatable by the animals. 

The Structure of the Model 

SSRSM Model Dynamics 

SSRSM is a discrete event-based, seasonal model in the sense that it accepts 

input and initial range conditions at the beginning of the season and produces output, 

representing the state of the range at the end of the season. The range condition, current 

productivity of a rangeland in relation to what the rangeland is capable of producing 

naturally, at the end of the grazing season is then introduced as initial conditions of the 

subsequent grazing season to simulate the dynamic feedback of the system. Similarly, 

the number of animals kept at the end of the season is introduced as the initial number 

of animals for the following season's simulation. The model is composed of 6 main 

components: 

1. Stochastic seasonal precipitation generation 

2. Range productivity calculation 

3. Herd composition and growth calculation 
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GOVERNMENT 
SUBSIDY 

MODERNIZATION 

WATER WELL 
INCREASED MOBILITY 

INCREASED HERO SIZE AND NUMBER 
OF HERDS 

REDUCTION OF 
COMPETITIVENESS OF 
PALATABLE SPECIES 

INTENSIRED SUSCEPTIBILITY TO 
DESERTIRCATION 

ONSITE BETWEEN 
SITES 

SURFACE SOIL 
DISRUPTION 

VEGETATION 
REDUCTION 

MECHANIZED 
TRANSPORT 

SUPPLEMENTAL 
BARLEY FEED 

INCREASED ERODIBILITY 
POTENTIAL 

INCREASED AREAL EXTENT OF 
OVERGRAZING 

REPUCEMENT OF PALATABLE 
SPECIES 

HIGH DEFOLIATION RATE AND 
DECREASED SEEDING OF 

PALATABLE SPECIES 

INCREASED FREQUENCY AND INTENSITY 
OF OVERGRAZING 

Fig. 9. Diagram of contributions of modernization and 
accelerated desertification in the study area. 

government intervention to 
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4. Economic constraint 

5. Animal mortality and onsite consumption 

6. Kange condition upgrading 

The six model components vary in their complexity and are interconnected through a 

series of inputs and outputs (see Fig. 10). Li general, the components drive the model 

by influencing forage production, range condition potentials, and hence, the number of 

animals that may be retained or sold to purchase barley. Initial conditions and threshold 

parameters are also required by the model. These include values of the maximum 

number of animals which can be managed in a single herd, the minimum number of 

animals the nomads would retain, (even at economic losses), for sentimental and 

Ufestyle maintenance reasons, the ratio of mortalities, birth, and initial sales for each 

type of animals, and thresholds determining when weather conditions are favorable, 

average, or unfavorable. Further discussion of these parameters is provided in Fig. 10. 

Stochastic Seasonal Precipitation Model 

Seasonal precipitation is used by SSRSM to provide precipitation input to range 

productivity calculations and to the range condition updating component. Because 

resource managers need to evaluate the response of natural systems under various 

possible conditions, long time series of precipitation are needed for management 

models. Unfortunately, most historical records are shorter than the ideal time frame. 

Stochastic models (i.e., Monte-Carlo method) are used to overcome this difficulty by 

generating long time series of precipitation, such that the statistical properties of the 

generated random series mimic the statistical properties of the historical record. Monte-
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Motfil 

FofS4 

Owr t ig  S4 

Fig. 10. Schematic Diagram of the SSRSM model component flow. Thick boxes 
represent model component, while the balance represent processes and output generated 
by the model. (After Imam et al., 1997) 

Carlo simulation randomly generates precipitation values that belong to the same 

probability distribution of the historical record. To do so, first, the parameters 

describing the probability density function of the precipitation historical record are 

computed using one of several possible methods. Second, for each random deviate a 

uniformly distributed random number is generated from a uniform distribution with the 

range [0,1]. Third, since the cumulative density function of the desired distribution take 

values between [0,1], the uniform deviate is used as the value of the cumulative 
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distribution that is then solved in reverse to obtain a random deviate from the desired 

probability distribution. Once the random model input is generated, it is introduced into 

the simulation model one after the other to produce model ou^ut. It must be realized 

that although model output is obtained by applying deterministic methods, it is random 

in the sense that it is obtained based on random input. The model uses GAMMA 

distribution to approximate the probability density function of the precipitation historical 

record. The distribution parameters are computed internally using the mean value and 

the standard deviation of the historical precipitation. 

Range Productivity Calculation 

Seasonal herbage production is calculated using the relationship (Fogel and 

Duckstein, 1978). 

(1- ) = (I- —g-) (1) 
S^Ymax Pmax 

Where 

Y: Dry matter production (kg/ha) 

Ymax: Maximum dry matter yield (kg/ha) 

S: Rangeland condition (1: poor, 2: fair, 3: good) 

P: Annual or seasonal precipitation (mm) 

Pmax: Maximum annual/seasonal precipitation (mm) 

Fogel suggested using 300 mm for maximum precipitation and 800 kg/ha for maximum 

dry matter production. As mentioned, not all herbage produced on the range is available 
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for consumption by the animals. The model partitions dry matter into three different 

parts (Fig. 11). First, there is the dry matter consumption specified by the proper use 

factor (PUF) which represents the maximum percentage of herbage that can be 

consumed without adverse impact on the range condition; second, there is the non-

palatable dry matter (NPDM), which represents the percentage of the herbage that is 

not accessible or preferred by the animals being raised. Both factors are time dependent 

and are functions of the grazing intensity and range conditions. 

Dry Matter 

High 
Grazing 

A 

T 
Low 

Grazing 

NenPalatabtaOM 
NPOM rapmcna «w pareanuge d OM thai can not ba oonsuRiad 

1.00 

Maximum avaUabl* OM MAOM rapratam ttia maainum amoura of OM Dial can ba eonaumad 
2 
I 

Prop«r Um Factor 
PUF rapnaams ma ptniantaga of OM that can ba eontumad wntwu advaiM tnvact on renga oofKjition givan avaraga dimata condition dunng Ilia Maaon 

0.00 

Fig. 11. Partitioning of dry matter within SSRSM. Notice that PUF is a threshold value 
which determines the grazing intensity during each season. 
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Both the Proper Use Factor (PUF), the amount and timing of forage use of the 

current year's growth, which can maintain or improve the range condition as long as 

the conservation of other resources is continued, and NPDM are central to SSRSM as 

conceptual parameters. PUF is a function of the initial range condition and current 

climatic conditions, while the pallatable dry matter (PAL) is a function of the long-term 

range condition and previous grazing history on the range. 

Archer (1989) proposed a conceptual model of changes in community structure 

as a function of grazing intensity. His model indicates that for shrubland, high intensity 

grazing results in a reduction of perennial grasses and an increase in woody plants. In 

another study, Torell (1984) used the SPUR model to predict the trend in crested wheat 

grass and big sagebrush production. His study indicated that low stocking rates did not 

affect the competitive balance of the two species. On the other hand, prolonged periods 

of high stocking rates resulted in a substantial decrease in the production of crested 

wheatgrass (the favored plant) and a sharp increase in the production of the sagebrush 

production. Based on these studies, SSRSM updates the palatable matter parameter on 

an annual basis using the grazing history and the range condition history of the range 

through the following relationship 

PAL{.t)=PAL{.t-\)[\-K,HGRIN,^-\ye ] (2) 

Where 
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PAL(t): Palatable proportion of dry matter during season t 

PAL(t-l): Palatable proportion of dry matter during season t-1 

Kd; Decay parameter 

GRINIO: Average grazing intensity during the 10 previous years including 

t-1 

RCIO: Average range condition during the 10 previous years including 

t-1 

Notice that PAL=(1-NPDM). Since SSRSM calculates only two values for grazing 

intensity (1 for low intensity and 2 for high intensity), the palatable matter during a 

given season is reduced only if the GRINIO differs from 1.0, indicating that one or 

more of the 10 previous years witnessed excessive grazing of the range. 

FfoUiott (1984) stated that the proper use factor is a time varying parameter that 

depends on several factors, including the amount of forage production, climate 

condition, and range condition. SSRSM utilizes this concept in updating annual values 

of the parameter PUF, as a function of the above mentioned factors and a baseline 

value entered as a management input. 

?C/F(0=min [PUF^^ , PUF,i< 
I 

a-b.RC{t-\f-^ -c.CC^t) 
-] (3) 

Where 

PUF(t): Proper use factor during the season (t) 
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PUFbl: Baseline PUF (0.25-0.3) for arid/semiarid regions 

a, b, andc, model parameters (defaults a=1.2865, b—0.01309, and 

c=0.2209) 

RC(t-l) initial range condition (1: poor, 2; &ir, 3: good, and 4: 

excellent) 

CC(t) climate conditions, (1: unfavorable, 2; average, and 3: favorable) 

PUFmax maximum recommended proper use factor (from literature) 

In the current version of the model, the default values of the parameters a, b, 

and c were determined based on the following heuristic transition matrix representing 

reasonable approximation of the ratio between the baseline PUF and the current PUF, 

However, actual values can be determined using site specific information and expert 

opinion. Other values can be determined based on site specific information and 

management strategy. The equation guards against over-approximation by considering 

the minimum of the calculated value and a maximum possible value (which is easily 

obtained from literature). In Table 11, the baseline proper use factor corresponds to 

average climatic conditions and good range conditions. 



120 

Table 11. Transition matrix for PUF/PUFbl 

Climate 
Condition 

Initial Range Condition at RC(t'l) Climate 
Condition 

Poor 
1 

Fair 
2 

Good 
3 

Excellent 
4 

Unfavorable 1 

O
O

 O
 0.85 0.97 1.15 

Average 2 0.85 0.92 1.00 1.30 

Favorable 3 0.92 0.95 1.15 1.50 

Herd Composition and Growth 

Current herd composition is computed based on herd composition at the end of 

the previous season. Annual births are calculated as the product of the original number 

of animals and the average birth ratio. Similarly, the number of animals sold initially 

is computed by multiplying the initial number of animals by the average sales ratio. 

Finally, the number of animals retained initially is computed for each species (sheep, 

goats, and camels). The number of retained animals may not remain the same toward 

the end of the season. This will depend on dry matter availability during each season 

and whether an additional sale is required to provide for supplemental feed from barley. 

Because only a maximum number of animals may be retained by each herder, the 

number of animals retained may also be reduced by additional sales to maintain the 

herd at a manageable size. 

^ [1^ - s.Ji))] (4) 

where, 
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number of animals from i'th species retained at the beginning of 

the t'th season 

N(t-l,i): initial number of animals 

BR(i): birth ratio relative to N (not to the number of female producers) 

Su(i): sale ratio of animals 

SSRSM computes the sales revenues from the initial sales by multiplying the 

number of sold animals with the unit price for each type of animal. Operational costs 

are computed by multiplying the number of animals retained with the unit cost for each 

type of animal. Both unit price and cost must be supplied by the user. 

Economic Constraints 

Once the number of retained animals is computed at the beginning of each 

season, the total dry matter demand is calculated by converting the number of animals 

into animal units. SSRSM defines one animal unit as a single sheep that weighs 30 kg 

and consumes 1.1 kg of dry matter/day. This definition is based on Mirreh, et al. 

(1988). Animal units for goats and camels are given as 0.76 and 6.5, respectively. The 

conversion from number of animals to animal units allows the estimation of the total 

dry matter demand through multiplying the number of animal units with the factor 

1. l(kg/au). The annual dry matter demand for the herd is computed and then compared 

with the total available dry matter. If the former was larger than the latter, the actual 

cost of supplemental barley is computed. The purchasing cost is compared to the 
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available cash (produced from the initial sale of animals—the operational cost of the 

retained number of animals). Again, if the available cash is less than the amount 

required to purchase barley, additional animals are sold to cover the cost, provided that 

the number of retained animals does not fall below a certain level. When the minimum 

retained level is reached, herders start to lose money. Figure 12 illustrates the effect 

of the economic constraint within the model and the partitioning of dry matter demand, 

supply, and herd reduction. Notice that two types of management strategy are possible: 

sustainable management and intensive utilization management. Although the diagram 

assumes the same DM production for both strategies, several years of overgrazing will 

reduce the amount of total dry matter produced by the range as weU as the potentially 

palatable dry matter. 

Range Condition Updating 

Once economic concerns are simulated, the actual grazing intensity is calculated 

as the ratio of the actual amount of natural dry matter used to the total dry matter 

produced. Although the model considers only two grazing levels, low and high, these 

levels can be introduced in sequences representing rotations as mentioned. The 

conceptual framework of the range condition updating component is based on the 

method outlined by Fogel and Duckstein (1978). Table 12 outlines this approach. By 

examining Table 12, it becomes clear that higher intensity grazing leads to accelerated 

deterioration of range conditions, especially under unfavorable climate conditions. On 
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Fig. 12. Diagram of SSRSM calculation of barley purchase and herd reduction based 
on dry matter availability. 

the other hand, low grazing intensity can lead to improvement in range conditions, 

particularly under favorable climate conditions. Fogel and Duckstein used this method 

to evaluate desertification under natural uncertainties and human actions. Khalili et al. 

(1988) used the same approach within a decision making framework to determine the 

optimal stocking rates on arid and semiarid range lands. 

Table 12. Range condition update model, after Khalili et al. (1988) 

Range Condition RC(t) 
P: Poor, F: Fair, G: Good, 

E: Excellent 

LOW INTENSITY HIGH INTENSITY 
Range Condition RC(t) 

P: Poor, F: Fair, G: Good, 
E: Excellent 

INITIAL RANGE CONDITION 
Range Condition RC(t) 

P: Poor, F: Fair, G: Good, 
E: Excellent 

F \E 

Climate 
Condition 

Unfavorable p F G G P P F F 
Climate 

Condition 
Average p F G E P F F G 

Climate 
Condition 

Favorable F G E E P F G G 
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Application of Model 

To assess the impact of modernization and government subsidy on the 

sustainability of herding operations in the " At-Taysiyah" study area, SSRSM was used 

to model current herding operations under four different resource management 

strategies: (1) high intensity grazing, (2) low intensity grazing, (3) rotation systems, and 

(4) adaptive grazing intensity. Grazing intensities in (1) and (2) remain constant 

throughout the simulation. On the other hand, the rotation system considers intensities, 

which vary between high and low in successive cycles for several years. As for the 

adaptive system, grazing is maintained at low intensity in years when the initial range 

condition is poor; fair; or good. Only during excellent condition years will herders 

utilize the range at its maximum potential. 

A region was selected based on the ground truth survey (Chapter 5). Figure 13 

illustrates the locations of 68 of the 84 surveyed herds. The longitude, altitude, soil 

type, and vegetation cover in the 68 sample locations are listed in Appendix B. Based 

on the area of coverage and the number of herds encountered within the surveyed 

region, the expected number of herds during the summer season was computed as 150 

herds in the approximately 2400 km2 study area. Because the survey was conducted 

during the summer months, the modeled number of herds was doubled to account for 

the actual number expected during the grazing season. A representative herd was 

determined based on the statistical summary of the survey (See Chapter S, Table 7). 
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Fig. 13 Location of Surveyed Herds in At-Taysiyah study area. Survey was conducted 
by the author during the summer of 1995. 

Precipitation input were based on the analysis of two 15 year samples from Hail 

and Al-Qasim obtained from MEPA (1995), The two samples were augmented to obtain 

a 30 year sample, which was analyzed to determine the mean, standard deviation, 

minimum, and maximum values. Table 13 lists the samples and the sample statistics for 

both samples and the augmented sample as well and Fig. 14 shows the frequency 

histogram and best fit GAMMA distribution of the augmented sample. 



Table 13. Precipitation data from FTail and Qassim 

Seasonal Precipitatioa (nun) Augmented Sanq>le 
Statistics 

Year Hail Qassim 

1981 215.00 170.00 

1982 196.00 428.00 

1983 101.00 201.00 

1984 265.00 85.00 Mean: 147.23 

198S 163.00 140.00 Stdv: 78.88 

1986 133.00 161.00 Min: 54.00 

1987 73.00 102.00 
Max 428.00 

1988 58.00 86.00 
Max 428.00 

1989 119.00 92.00 

1990 68.00 54.00 

1991 125.00 147.00 

1992 66.00 194.00 

1993 216.00 199.00 

1994 88.00 113.00 

1995 112.00 247.00 

Sample Statistics Note: Hail and Qassim 
surround the study region 
from both sides. Notice the 
higher variability in 

Mean 133.20 161.27 

Note: Hail and Qassim 
surround the study region 
from both sides. Notice the 
higher variability in 

Stdv 64.14 91.39 Qassim's precipitation 
record as well as the 

Min 58.00 54.00 higher mean (caused by the 
large precipitatioa of 

Max 265.00 428.00 
1982). 
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Fig. 14. Histogram of augmented annual precipitation from TTail and Qassim and the 
best fit Gamma distribution. SSRSM computes the distribution parameters using the 
method of moments. Only the mean and the standard deviation of the precipitation are 
necessary to describe the precipitation distribution in the model. 

Modeling the impacts of government subsidy on resource sustainability was attained by 

changing the price of barley from the 0.35 SR/kg (baseline run), currently paid by 

herders, to the 0.90 SR market price at 0.05 SR increments. All other model input were 

kept constant and the same precipitation sequence was generated for each subsidy level 
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by using the same random seed for the stochastic rainfall generator. The baseline input 

file, which represents the current subsidy level is furnished in Appendix C. 

While the model simulates the impact of changing the price of barley on the 

economics of herding operations through the sales of additional animals to purchase 

barley, the impact of various subsidy levels on range conditions do not vary for a given 

resource management strategy (high, low, rotation, or adaptive). This is due to the fact 

that for a given strategy the model computes the available dry matter indq)endently of 

the number of animals. Additional sales are then carried out to compensate for the dry 

matter deficit. The main difference between the two subsidy levels is that different 

numbers of animals must be supported by the same amount of dry matter and two 

different prices of barley. On the other hand, resource management strategies have a 

strong impact on the range condition and, hence, dry matter production. In the 

following section of this chapter, the results of one 100 years of Monte-Carlo 

experiments are furnished and discussed. 

Results 

Precipitation Generation 

Figure 15 shows the 100 years precipitation sequence generated by the stochastic 

rainfall generator. The mean and the standard deviation of the generated precipitation 

were 141.8 and 63.36 mm, respectively. While the mean value of the generated series 

was closer to the observed mean (147 mm), the generated series displayed a lower 

standard deviation because of the truncation criterion which rejected generated 
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precipitation higher than 300 (mm). The 300 mm limit was imposed because of the 

range productivity formulae (see section which uses 300 mm as a maximum 

precipitation for the study region. In fact, only one year of the historical record (1982) 

showed precipitation higher than 300 (mm). 

350 
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A- 100 

50 

0 
80 90 100 0 10 20 

Simulation Year 

Fig. 15 Generated precipitation sequence 

Comparison of Resource Management Strategies 

As mentioned, the model simulates the impact of four possible resource 

management strategies on the productivity and conditions of rangeland. The four 

strategies are high intensity grazing, low intensity grazing, rotation, and adaptive 
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grazing. The rotation were selected to reflect the old hema system which used the land 

for 3 years of high intensity, followed by two years of no grazing. Because low 

intensity grazing (at or below proper use factor) did not adversely impact range 

conditions (see Table 12), two years of low grazing intensity were considered 

equivalent to two years of no grazing. 

Impact of Resource Management Strategv On Range Condition 

Figure 16 shows the annual range condition (RC) during the 1(X) year simulation 

period for the four management strategies given a good initial RC at year 1. A low 

grazing intensity did not cause any adverse impact on the range. This was demonstrated 

by the fact that the range condition under this management strategy varied between 

good and excellent conditions. However, the variability is caused only by the variability 

the generated rainfall. Second to low grazing was the adaptive system. RC values under 

this system varied between fair and excellent. This was due to the maintenance of low 

grazing during good, fair, and poor years. During excellent years only, the grazing 

intensity was increased and resulted in driving the system back to good RC. On the 

other hand, during extremely low precipitation years (unfavorable climate conditions), 

simulated RCs dropped to good and then to fair when the dry climate persisted for more 

than a single year. The modeled rotation system did not perform as commonly thought. 

Although this strategy reduces the stress on the range every three years, the two years 

lower intensity grazing periods will only improve RC during favorable climate years. 

Hence, the range will deteriorate again as soon as high intensity grazing is resumed. 
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Fig. 16. Comparison between modeled range conditions under four resource 
management strategies. 

independent of the current conditions. High grazing intensity was the most detrimental 

to range conditions. During the first decade of the simulation only, RC values 

fluctuated between fair and good. Afterward, these values dropped to poor and never 

recovered again. 
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Effects on Forage Production and Available Drv Matter 

Similar to the impact of management strategies on range conditions, modeled 

forage productions were highest under the low grazing intensity system. This was 

followed by the adaptive system, rotation, and finally, the high intensity system. The 

random appearance of the 1(X) years forage production sequence indicates its correlation 

with rainfall. Figure 17 shows the modeled forage production sequence. 

400 
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Fig. 17. Modeled forage production sequence under the four resource management 
systems 
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More detailed comparison between the impact of management systems on forage 

production can be attained by plotting the annual forage production for all systems 

against the forage production of one of the four systems. Figure 18 illustrates such plots 

where the four systems were plotted against the results from the low intensity 

simulation. In the figure, points falling on the 1:1 line indicate that the forage 

production under the corresponding strategy equaled that under the continuously low 

intensity grazing strategy. On the other hand, those points falling below the line 

correspond to years when the production of the said strategy was less than that under 

the low intensity. Similarly, points falling above the line correspond to years when 

forage production under a given system exceeded those under the low intensity grazing. 

Clearly, none of the three strategies (high, rotation, and adaptive) exceeded the low 

intensity production. The adaptive strategy, however, resulted in a substantial number 

of years when the production equaled that which corresponds to the low intensity 

strategy. Figure 19 similarly compares the modeled available dry matter. Available dry 

matter under low intensity fell below those under the remaining three strategies several 

times in this case. This was due to the fact that dry matter availability under the three 

other strategies was determined by the higher palatable matter limit (initial value 0.65) 

rather than by the lower proper use factor (baseline value 0.25 for arid-semiarid range) 

(Holechek, 1988). Despite this difference, substantial reduction in forage production 

(as seen in figure 18) caused the low intensity grazing available dry matter to remain 

higher than its counterparts during most of the simulation years. 
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Fig. 18. Comparison between forage production under low intensity grazing and under 
high intensity, rotation, and adaptive strategies. 
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Fig. 19. Comparison between available dry matter under low intensity grazing and under 
high intensity, rotation, and adaptive strategies. 
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Effects of Subsidy Levels on the Sustainability of Herding Practices 

in At-Taysiyah 

Simulations of all of the four strategies were also performed for 12 different 

subsidy levels varying between the current level and no subsidy, as mentioned. The 

main objective of these simulations was to assess the impacts of decreasing government 

subsidy from its current level on the sustainability of the range resources. The effect 

of subsidy reduction on the resource sustainability was measured by sustainable herd 

size and the net income derived from managing the herds under conditions imposed by 

higher barley prices for each of the four resource management strategies. In other 

words, when herders practiced high intensity grazing under the current subsidy level, 

they continued to practice the same high grazing intensity as the subsidy decreased. 

Therefore, changes in herd size and net income were assessed under ideal range 

condition time series and forage production for each strategy. Table 14 lists the 12 

subsidy levels and their corresponding barley prices. 
Table 14. Simulated subsidy levels 

Barley price 
(SR/kg) paid by 

herd owners 

Subsidy level Barley price in 
(SR/kg) paid by 

herd owners 

Subsidy level 

0.35* 0.61 0.65 0.28 

0.40 0.55 0.70 0.22 

0.45 0.50 0.75 0.16 

0.50 0.44 0.80 O.H 

0.55 0.38 0.85 0.06 

0.6 0.33 0.90*» 0.00 

* Current subsidy, *• Current market price 
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Effects of subsidy levels on herd size 

Figures 20.a and 20.b illustrate the number of sheep retained by nomad during 

the 100 year simulation given the current subsidized price of barley and under no 

subsidy respectively. Under the current level of subsidy, the number of sheep increased 

substantially from the initial number of 450 to the maximum number 700 during the 

first few years of simulation and remained at the maximum number throughout the 

simulation. This increase was identical for all management strategies. When no subsidy 

conditions were modeled, the four management strategies began to deviate &om each 

other. Two of the strategies, the high intensity grazing and the rotation resulted in 

noticeable reduction of herd size. The rotation system displayed a faster decline toward 

the minimum number 300. The low intensity and the adaptive strategies continued to 

permit larger herd sizes as indicated by the continual fluctuation of the number of sheep 

throughout the simulation. 

Similar behavior was modeled for goats (Figs. 22.a, 22.b) and camels (Figs. 

23.a, and 23.b). However, both type of animals, none of the management strategies led 

to the steady state minimum level condition observed for sheep under high intensity and 

rotation systems. This is due to higher reproduction rates of goats and camels as 

compared to that of sheep, the higher number of sheep consumed by herders, and herd 

owners during the year, and the higher mortality rate of sheep. 

Figures 20 through 22 compared the two cases of subsidy levels. The 100 year 

average herd composition resulting from all other levels are shown in Figs. 23, 24, and 

25 for sheep, goat, camel, respectively. The figures demonstrate that 
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Fig. 20 Comparison between the number of sheep retained under four different 
management strategies during 100 year Monte-Carlo simulations of (a) current subsidy 
level and (b) no subsidy. 
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Fig. 21 Comparison between the number of goats retained under four different 
management strategies during 100 year Monte-Carlo simulations of (a) current subsidy 
level and (b) no subsidy. 
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Fig. 22. Comparison between the number of camels retained under four different 
management strategies during 100 year Monte-Carlo simulations of (a) current subsidy 
level and (b) no subsidy. 
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Fig. 23. Comparison between the effect of subsidy reduction on the 100-year average 
number of sheep retained by herd owners under four different management strategies 
using Monte-Carlo simulation. 
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Fig. 24. Comparison between the impact of subsidy reduction on the 100-year average 
number of goats retained by herd owners under four different management strategies 
using Monte-Carlo simulation. 
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Fig. 25. Comparison between the impact of subsidy reduction on the 100-year average 
number of camels retained by herd owners under four different management strategies 
using Monte-Carlo simulation. 
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independent of management strategy, high subsidy levels isolate the nomads from the 

impact of climate conditions and from the adverse impact of their own management 

strategies on rangeland. Such a buffer permits the nomads to retain large herds 

sustained only by the lower prices of barley. As the subsidy level drops below a certain 

level, management strategies begin deviating. Intense grazing strategies, with their 

associated deterioration of range condition and reduction of forage production, 

eventually fail to sustain the large herds. These thresholds vary from one management 

strategy to another and they are observed even for the low intensity strategy and for 

each animal species. The lower rate of decline associated with sheep and the higher 

sustainabiUty are explained by the fact that in the model, camels and goats are sold to 

purchase additional barley before resorting to additional sheep sales. 

All four management strategies displayed a high level of resilience with respect 

to herd sizes under subsidies above 25% of the market price (owners pay 75% of the 

market price). If the owners are expected to pay more than 75 % of the market price for 

barley, those who will continue to follow high intensity grazing will be forced to reduce 

the size of their herds accordingly. The greatest reductions are expected for the rotation 

system, followed by the high intensity grazing, then the adaptive system, and finally, 

the low intensity grazing. If maximizing herd size was the main objective of selecting 

a given resource management strategy under low, to no subsidy, low intensity grazing 

will be the best strategy, followed by the adaptive grazing, the high intensity, and 

finally, the rotation system. 
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Economic Impacts of Subsidy 

A comparison between the 100 year sequence of net income under the current 

subsidy level and no subsidy is illustrated in figures 26.a and 26,b. It is clear irom both 

figures under the no subsidy scenario, that net income will be reduced for all four 

resource management strategies. While the increasing the unit price of barley plays a 

major role in the decline of net income on annual basis, an indirect cause of the decline 

is the substantial reduction of the number of animals available for sale. In addition to 

the reduction of net income flow, the annual variability of net income flow seems to 

have increased as evidenced by the larger differences between low and high income 

years. From the point of view of herd owners, the increased variability means that there 

is a higher level of uncertainty and risk associated with the economic benefit of their 

operations. In fact, the government of Saudi Arabia initiated the subsidy program to 

buffer the nomads against drought by providing the means to maintain a stable income. 

While the expected number of animals retained displayed a high level of 

resilience under the hypothetical decline of government subsidies (Figs. 23 through 26), 

the 100-year net income did not demonstrate this threshold behavior. Figure 26, which 

represents the changes in the 100-year average net income due to changes in subsidy 

level, indicates that a decline in the net income is expected for all subsidy levels. 

Again, the low intensity management strategy and the adaptive strategy, which 

displayed an almost identical behavior, were superior to the high intensity and the 

rotation strategy. 
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Subsidy reduction leads to an increase in the annual variability of the net income 

flow sequence. The coefficient of variation of each 100 year sequence was calculated 

by dividing the standard deviation of the random sample by the sample's mean. As the 

ratio of the standard deviation to the mean, the coefficient of variation is a measure of 

the relative variability of the random sample. Smaller values of such coefficients 

indicate that the sample's deviation from the mean value is small. Values above 1.00 

indicate a higher variability. Figure 27 represents the results of computing the 

coefficient of variation for each of the 12 subsidy levels under each of the four 

management strategies. Once more, the low intensity grazing strategy was superior to 

all others in the sense that it produced less variability in net income. This is because 

the maintenance of better range conditions, which cause to the availability of more 

forage and, hence, less reliance on supplemental barley. The hypothetical rotation 

strategy was associated with the highest variability. 

Risk aversion is a common fi^e of thinking in nomadic communities, 

particularly in arid and semiarid regions. The high variability of climate conditions and 

the sensitivity of the resource availability to rainfall causes traditional nomads to think 

in terms of maximizing their minimum annual income without emphasizing the long-

term resource sustainability. Figure 28, which depicts the minimum net income as a 

function of the subsidy level, indicates that the current subsidy level may have 

encouraged the nomads to continue intense grazing by allowing higher values of 

minimum net income than those which can be obtained through low intensity 
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grazing. From the theoretical point of view, and notwithstanding the static supply-

demand assumption of the current version of the SSRSM model, Fig. 28 demonstrates 

the existence of four different subsidy regions. Ii the first region, (high subsidy levels 

0.61-0.42), nomads are encouraged to utilize intense grazing practices. In the second 

region, which extends from (0.42-0.30), the higher minimum income of low intensity 

grazing may encourage the nomads to follow such systems. However, intense grazing 

continues to be profitable as indicated by the positive minimum net income. The third 

region is a region of indifference, where the lower subsidy values cause all strategies 

to produce a near zero minimum net income. Finally, at low subsidy levels (less than 

O.IS) the high intensity systems will produce large losses making them highly 

undesirable to the nomads. 

In this chapter SSRSM was used to simulate the impact of resource management 

strategy on range condition, effect on forage production and available dry matter, and 

effects of subsidy levels on the sustainability of herding practices. The following two 

chapters are the discussion, the conclusions drawn from the study and recommendations 

made to carry out proposed management strategies. 
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CHAPTER? 

DISCUSSION 

Both modernization and government intervention has provided the nomads with 

an economic buffer against extreme droughts. This has, at the same time, encouraged 

heavy grazing of the fragile natural resources by making high intensity grazing systems 

seem more profitable over the shorter term. Additionally, barley subsidy, by providing 

an economic buffer to the nomad has also insulated them from the consequences of 

resource destruction as demonstrated by the steady state behavior of the herd size 

independently of the management strategy (Figs. 7.12.a, 7.13.a, and 7.14.a). 

The above discussed results of Monte-Carlo simulations of 12 subsidy levels and 

four resource management strategies demonstrated that while herd size may not be 

impacted by moderate reductions in government subsidies, the economic consequences 

of such action will manifest itself in reduction of expected income and in higher 

uncertainties. However, all simulation results pointed to management strategies which 

are based on low intensity grazing that are likely to compensate for the reduction of 

income because they will permit the maintenance of a more robust range resource base. 

The higher forage production will likely compensate for the increased cost of barley. 

Proper use of modeling exercises in resource management depends on the ability 

to recognize and acknowledge the limitations of the model being used. While some 

models yield quantitative predictions which can be used in actual day to day 
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management, quantitative results from other models must be interpreted only in a 

qualitative sense. SSRSM falls under the latter category, mainly because of its reliance 

on minimum site specific information which has limited the ability to validate the 

results presented in chapter 6. The SSRSM is not intended as a resource management 

model. This is because the model was built to utilize minimum data requirements. For 

example, due to the absence of site specific soil data, SSRSM does not utilize soil 

properties to assess range potential at a given area. As known, range condition is a 

relative term that indicates different potential dry matter production for different site 

conditions. Because of the absence of site specific soil, plant species distribution data, 

forage and dry matter production information from the study site, dry matter production 

was computed using a lumped equation (equation 1, Ch. 6), which does not 

discriminate between the actual potential dry matter production of different range sites 

in the area. Furthermore, while different dry matter demands are computed for each 

animal species based on its equivalent animal unit, the model does not discriminate 

between animals in terms of their varying consumption of different plant species. Other 

model limitations are related to the economic constraint component which does not 

account for the supply/demand dynamics. Mortality ratio are also fixed at a certain 

value independently of climate and environmental quality conditions (i.e., after the Gulf 

war, nomads noticed and reported increased mortality rates among sheep). Finally, for 

SSRSM to be used in management decision, the model must be modified to allow 

accurate computation of two primary management variables, which are the carrying 

capacity and the optimal stocking rates. These variables must be determined in a 
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distributed sense, such that managers can determine where and when to allow grazing 

of a given site. It is anticipated that further data collection activities will include a more 

detailed vegetation growth component, thus improving the model's ability to assess the 

response of various plant species to variations in herd composition more accurately. 

Despite its limitations, the results from the SSRSM model are consistent with 

quantitative observations obtained during the field work phase of this study. First, the 

fact that range resources in the region can only sustain a lower number of animals 

without subsidy is consistent with the smaller herd size reported by older tribe 

members. Several tribe leaders indicated that before the government subsidy program 

and the opening of the tribal boundaries, they maintained herds no larger than 200 

sheep, while on the other hand, they rq)orted retaining a larger number of camels. 

Additionally, the adverse impact of overgrazing on range conditions and thus herbage 

production is consistent with field observations. An example of such an observation 

occurred during a field trip to a military base enclosure. The noticeable difference 

between the vegetation cover inside and outside the enclosure's fence caused the guide 

(ASSAS) to issue the following remark (I wish I could get my herd inside the fence). 

Other indications of the correctness of the basic model hypothesis are observed from 

the significant difference between vegetation cover in the accessible and non-accessible 

areas. Substantial vegetation cover can be observed on several sand dunes which are not 

accessible to sheep. These covers are characterized by the dominance of highly 

favorable species (including Arta shrub: Calligonum comosum and Sabat grass: 

Stipagrostis drarii). Both species have witnessed drastic reduction or complete absence 
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in most overgrazed areas within the region. The dramatic reduction of vegetative cover 

in the regions is most eloquently described by the nomads' ^ression (Gazelles used 

to be able to hide between the vegetation, now we can see the lizards). 

The current imbalance between dry matter demand and natural supply of herbage 

must be corrected to maintain the natural resources at sustainable levels. While higher 

grazing intensities may cover a larger proportion of the animals' demand during the 

first few years, the substantial depletion of the resource base after several years of 

overgrazing will only amplify the imbalance. Lower grazing intensities, although they 

can result in controlled herd size, wiU provide more herbage over the long run. The 

model was successful in simulating this behaviors as indicated by the discussion in 

chapter 6. While the actual economic consequences of maintaining high grazing 

intensities over the area cannot be assessed without including the supply demand 

dynamics, simulated trends indicate that overgrazing will cause more losses than lower 

grazing intensity. On the other hand, reduction of government subsidies will result in 

maintaining herd sizes that are more consistent with the resource potential and with low 

intensity grazing providing more opportunities for economic recovery from hard climate 

conditions because of the rangeland ability to recover. Clearly, sustainability of 

marginal resources requires movement toward lower grazing intensities. This action, 

combined with gradual reduction of government subsidies, will result in better 

management of the rangeland resources. However, this requires the ability to identify, 

on a seasonal basis, the carrying capacity and optimal stocking rates of different types 

of animals. 
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Several critical issues must be addressed when discussing limitations of access 

to rangelands based on the optimal stocking rates. These issues include (1) identifying 

the means to compensate the nomads for the ^cpected reduction of animals and 

increased costs of maintaining their operations, (2) the means to enforce regulations 

without negatively impacting the lifestyle of traditional nomads. To answer either of 

these issues requires extensive collaboration between scientists, decision-makers, and 

above all the nomad residents of the regions. Several possible alternatives can be 

envisioned, including government purchase and marketing of animals above stocking 

rates, conditioning barley subsidy with maintenance of proper stocking rates, and 

establishment of government controlled enclosures on a seasonal basis. The selection 

of any given program or combination of programs must account for several objectives, 

such as the value of attaining self-sufficiency of meat products at the national level, the 

cultural-socio-economic value of maintaining a traditional lifestyle, and the long term 

benefits of resource sustainability. Encouraging sustainable management of range 

resources is a difficult task. For example, governmental subsidies can be reduced to 

force the nomads into managing the size of their herds in accordance with the available 

range resources. However, reduction or termination of such programs does not address 

directly the issue of heavy grazing. The nomads must be made aware of the positive 

consequences - environmental as well as economic — of sustainable management. This 

requires the initiation of a strong partnership between agencies responsible for resource 

management and the nomadic tribes in the region. Educational activities through 

extension services play an important role in establishing such a partnership. Another 
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issue that must be addressed is the distinction between commercial herders and 

traditional nomads. While traditional nomads are more likely to identify with the 

government concerns and strategies pertinent to resources sustainability, commercial 

herders must be provided with access to alternative resources. 
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CHAPTERS 

CONCLUSIONS AND RECOMMENDATIONS 

Field observations, interviews with nomads in the region, range cs^)ability 

assessment of the rangelands of At-Taysiyah area, desertification status and 

desertification hazard maps of the area, and the review of literature on desertification, 

all point to the fact that rangelands of the Saudi Arabia have been gradually degrading 

since the abolishment of the hema system and the introduction of modem technology 

to the nomads which has accelerated the pace of degradation of theses rangelands. 

Resource management is a decision making process in which optimal solutions 

regarding the manner, timing and allocation of resource use are sought within the 

economic, political, social and institutional framework (O'Riordan, 1971). An 

integrated-land-use management approach is needed to reduce the extent and intensity 

of rangeland degradation and improve the degraded rangelands. This approach must 

take into account the large economic and social contexts of pastoral/nomadic people, 

particularly their needs for security of tenure and authority to form reciprocal resource 

use agreements with neighboring groups who are similarly secure. This permits 

economic, social and ecological stability (Ngaido et al., 1996). During the course of 

this study, the three major areas where changes and improvements are needed were 

identified as follow. 
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a. Nomad perception of rangeland resources 

b. Use of rangelands 

c. Governmental policies toward nomads and rangelands 

Nomad Perception of Rangeland Resources 

The involvement of nomads is one of the most important factors in carrying out 

any plan to successfully solve the problem of rangeland degradation. There is a general 

feeling among the nomads that they are being ignored in the decision-making process 

that involves rangeland management policies in their areas We know that in the past 

various management and developmental projects that were initiated in the area without 

consulting and taking nomads into confidence were met with littie or no success. 

Therefore, acceptance of any such project by the nomads and their cooperation is very 

important for the successful implementation of any new project. Accordingly, 

developing environmental awareness and recognition of need for an environment 

fhendly range management practice among them is of vital importance. This can be 

achieved by launching an intensive campaign in the nomadic communities to make them 

aware of the current degraded conditions of their rangelands, its long-term impact on 

the socio-economic conditions of the area, and the factors that lead to the degradation 

and deterioration of their natural resources. 

Nomads are to be convinced that rangeland restoration and improvements are 

in their best interest as well as those generation that wiU follow. Indirectiy, they are to 

be introduced to the concept of sustainability in the use of natural resources.. At the 
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same time, there is no range extension service in the area to educate the nomads on 

how to use these resources on a sustainable basis. This can be done by improving 

extension services in the area and allowing community participation in resource 

planning and implementation of management strategies. 

Results from the Monte-Carlo simulations using the SSRSM model indicated that 

high levels of barley subsidy may have encouraged high intensity grazing by protecting 

the Nomads in the At-Taysiyah region from the adverse effects of their over-utilization 

of the resources. The modeling results showed that the below the market price of barley 

allows the nomads to maintain larger number of animals, thus higher stocking rates, 

despite the degraded range condition. The long term socio-economic consequence of 

maintaining the current system will be the conversion of the range from the primary 

resource into an auxiliary resource supplementing large herds which are sustained 

mainly through subsidized barley. This type of conversion will not provide a positive 

framework for the improvement of the nomad's perception of rangeland. It is important 

that the rangeland be the primary resource for the nomads to perceive as such. 

Use of Rangelands 

The modeling component of this study successfully demonstrated that the 

prevention of rangeland degradation through low intensity grazing leads to a superior 

economic performance of the herding operations even if nomads were to pay market 

price for barley. Consequently, the prevention of rangeland degradation should be 
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considered a high priority issue in the At-Taysiyah region for economic reasons as well 

as environmental ones. 

The prevention of rangeland degradation is most easily achieved if grazing 

pressure is minimized and the carrying capacity is not exceeded (Roundy and Call, 

1988). However, such measures may be acceptable to nomads but will take a long time 

to improve the rangelands. As determined by this study, rangeland degradation is 

caused by the overuse of rangelands and higher stocking rates, the amount of land 

allocated to each animal unit for a grazing period. An important point is that there are 

two kinds of nomads who use these rangelands for grazing their herds: those who live 

in the region and raise herds as a source of sustenance for their family. Generally, the 

number of animals owned by these nomads is about 500 heads or less per family or 

tent. The other type is commercial herders who live in the big cities and own large 

herds (2,000 head or more) and take advantage of rangelands over a vast area. 

These commercial herders are the real cause of misuse of rangelands in the 

region as these people do not depend solely on raising animals for their livelihood. 

They seem to have no concern about the long-term implication of their abuse of the 

natural resources. This system of uncontrolled grazing must be checked to improve 

these rangelands. At present, the contribution of rangeland to feed existing animal 

population in northern Saudi Arabia is about 15-25% of the feed requirement in an 

average year of precipitation. Animal production is currently subsidized by barley. In 

a year of normal rainfall, under improved range condition, the range can offer eight 



160 

months of grazing (245 days) without supplementary feed, if properly managed. Thus, 

dependence on range with better animal performance can be increased to ^^proximately 

70% (NCrreh, 1994). The following measures and improvements can help relieve the 

existing pressure firom rangelands in the region 

1. Limitations of the number of animals. For most critical areas, the number of 

animals to be adopted to the desirable stocking rate. There is a need to obtain 

accurate data on the livestock population in the region, their distribution and 

their seasonal movement to maintain their numbers within carrying capacity of 

the rangelands of the area. 

2. The nomads are to be encouraged to adopt rotational grazing as it was practiced 

in the past through the hema system. Deferred rotation grazing can help the 

establishment of seedlings and standing hay of annuls will help dietary balance 

for grazing animals. One possible measure to encourage rotational grazing is to 

close the wells in a particular area for a certain period of time, or establishment 

of public grazing land on a permit basis but with controlled stocking. 

3. When new wells are planned for animals, the number of wells should be 

proportioned to the number of animals fixed by a desirable stocking rate. 

4. Commercial herders who transport their herds from distant areas should be 

barred from using these rangelands temporarily until the rangelands are restored 

to their natural capacity by allocating the rights of grazing to local nomads as 

a cooperative scheme or some other similar arrangements. 
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Measures to Improve Degraded Rangelands 

A considerable acreage of rangelands (approx. 75%) in At-Taysiyah region has 

very low to medium range capability (Marsh and Hutchinson, 1996). Some remedial 

measures must be taken to restore the natural potential of these rangelands to support 

flora and fauna. Biological recovery, the reverse processes to degradation of the 

ecosystem, can be natural as well as artificial (Le Houe'rou, 1975). Natural recovery 

may be obtained by exclusion of human influences. Fint, artificial recovery involves 

human-induced intervention on topography and soils, followed by seeding of native 

vegetation or suitable foreign species. 

Waterspreading. This activity should have the highest priority in improving 

the natural rangelands in Saudi Arabia. The response of indigenous species to the 

increment in soil moisture is quick and obvious. Selection of potential sites, 

surveying and designing the type of dikes and supervising the execution of the 

work with minimum soil disturbance requires special expertise. The benefitting 

area should be protected long enough to allow the indigenous species to become 

established. In wadis, where intermittent floods occur from time to time, pitting 

would be more beneficial than waterspreading through the construction of contour 

dikes. A pilot project should be initiated in the region on a highly potential site 

to demonstrate and convince the nomads of the possible benefits. 

Range Reseeding. Reseeding has not met with much success in Saudi 

Arabia during the last decade because of social and environmental reasons. 
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Coupling reseeding with waterspreading will eliminate one of the most important 

constraints—drought. Indigenous species should be preferred over exotic species 

and exotic species should be sown on a large scale only after proper introduction 

and evaluation trials have been performed. Babaev (1986) used a method for 

reseeding the existing grass without plowing the soil in areas of sparsely vegetated 

rangelands and on loose sand around wells. Seeds were spread in the area and a flock 

of sheep were driven across the area. 

Installations of sand Barriers. To enhance the pedogensis and increase 

resistance against wind erosion, installation of wind barriers, which usually 

consist of woven willow branches or bamboo are buried 15-20 cm into the sand 

with straw protruding 10-15 cm above to increase the surface roughness and 

reduce wind velocity and stabilize sands. The mats are then planted with 

xerophytic plants. The combination of reduced wind velocity, enhanced surface 

stability, organic matter inputs from biomass, improved moisture retention, and 

falling aeolian dust encourages formation of surface crusts which further stabilize 

the dunes. The rate of pedogenesis of the incipient soil are relatively high. At 

Shapotou in central China, for instance, up to 77 mm of soil has accumulated in 

desert sand after 34 years of reclamation (Fullen and Mitchell, 1991) 
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Government Policies towards Nomads and Rangelands 

Two important prerequisite have to be met for the successful 

implementation of any recommendation to improve the condition of degraded 

rangelands in Saudi Arabia: 1) recognition of the problem by the government and 

the willingness to provide funding and the determination to deal with this 

problem, 2) MEPA's coordination all aspects of development in the region and 

implement the recommendations suggested. 

Unification of the Institutions. Although several governmental agencies 

including MEPA, the National Commission for Wildlife Conservation and 

Development, and forestry, range, wildlife and park development (Ministry of 

Agriculture and Water) are working for the development and management of 

natural resources in the area, there is a lack of coordination between these 

institutions. As a result, in many instances, the long-term impact is negative for 

public acceptability of resource conservation and proposed management 

strategies. Rehabilitation and management of the natural resources of Saudi 

Arabia, on a sustainable basis, require establishment of a national commission 

with an interdisciplinary team of experts, representing various governmental 

agencies (MEPA, NCWD, MAW). This commission should be responsible for 

proposing, executing and monitoring necessary plans to manage and improve 

rangelands in the country. 
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Subsidies. In the past, a delicate balance between the producers and 

consumers was operative through factors that controlled natality and mortality of 

herbivores. Animal populations were always within the threshold of the available 

resources. The present scheme of subsidies have indirectly contributed to the 

degradation of rangelands by encouraging nomads to increase their herd sizes. 

Although barley is available at subsidized rates nomads will graze their herd till 

no grasses are left on the ground and will feed them on barley only as a last 

resort. The availability of barley gives them assurance in the event of a possible 

drought. Therefore, governmental subsidies should be directed towards 

encouraging nomads to keep stocking rates in accordance with the carrying 

capacity of the rangelands. 

Improved Public Relations. Success of any project, among other factors, 

depends to large extent on how concerned parties feel about the project. 

Unfortunately, there exists a gap between nomads and government officials 

working in the region. Nomads do not view them as their weU wishers; rather, 

they are suspicious of any project launched in their area as an attempt to confine 

them to an unproductive area in the region. This feeling occurs because of lack 

of communication between the two parties. Officials from various governmental 

developmental agencies need to win the confidence of nomads to persuade them 
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to accept these measures wholeheartedly as in the best interest of communis and 

country. 

Research. Continued research, to determine the requirements to conserve, 

improve and manage the fragile desert ecosystem on sustainable basis is a must. 

Research should be an integral part of the management of resources in Saudi 

Arabia. To develop and sustain natural resources of Saudi Arabia, it is imperative 

to establish a capable executive body that is supported by adequate funds and 

personnel. The current role and function of the Range and Forestry Department 

is not research oriented. It deals with the problems as they arise and no new 

research projects are initiated to investigate and develop new methodology for 

range improvement, specific to prevailing social and environmental constraints. 

Lack of technical expertise and funding can be blamed for situation. 

The need for research oriented agencies in the At-Taysiyah region was 

most evident during the attempts to obtain research quality hydrologic, vegetation 

cover, soil, climate, livestock information for the purpose of calibrating and 

validating a suite of potential rangeland models. Although a less data demanding 

model was identified to perform the simulation study, data were still unavailable 

to validate the results of the model. 
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The Ecological Impact of Modernization 

There is wide concern that the efforts to promote the economic health of 

the bedouin may come at the expense of the environmental health of the desert. 

In this study, the bedouin perspectives on changes in their surroundings were 

identified. For most of the At-Taysiyah Harb, the quality of the desert has 

deteriorated during their generation. Where wildlife abounded, including the 

revered Houbara bustard and the gazelle, few can now be found. Rabbits, and 

even gazelle, could once hide in the amiual grasses, the bedouin relate 

anecdotally. Rains were much more frequent, more consistent, and more 

bountiful. Now, some plant species, such as aifajy have become much less 

common than before. To some extent, the reduction in range biomass is related 

to increased use of resources. Several bedouin stated that when the rains arrive, 

too many outsiders converge on the range, and the grasses do not have the 

chance to develop. Others pointed to the increasing presence of urban-dwelling 

merchants who maintain large herds as economic investments. While the bedouin 

themselves assert that they protect their patrimony, the outsiders from the cities 

and other lands kill trees and destroy wood shrubs for fuelwood (to sell in the 

cities). Thus, while the scientific evidence has not yet documented the 

degradation of pasture lands, the qualitative information from this survey suggests 
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that the current systems, regardless of the size of the herd, are using the system 

very intensively and perhaps exceeding the carry capacity of the fragile range. 

The Future of Nomadism 

The At-Taysiyah bedouin, like other nomad groups in Saudi Arabia, face 

a difficult future. On the one hand, public policy and the impacts of 

modernization have protected their livelihood from extinction, and they are able 

to survive at reasonable levels of economic well-being. They have responded to 

current economic incentives and have been able to overcome many of the 

constraints associated with the traditional livestock livelihood system. In many 

ways, modernization has transformed the bedouin into a tent-dwelling rancher, 

with a capital intensive enterprise that hires outside labor and depends critically 

on market conditions as much as on range conditions. This transformation, 

however, has also changed the nature of nomad decision-making. Herd 

management strategies and grazing practices reflect the demands of short-term 

economic maximization rather than long-term conservation. Herds sizes are large, 

water is free, range access is open, and cash is needed to pay expenses. This 

combination favors the short-term option on natural resource management that 

is observed among the At-Taysiyah bedouin. 

At the same time, there is increasing competition for the bedouin in a 

modem world. Urban residents with available capital are moving into livestock 
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herding for profit. These capitalists seek the economic benefits without the rigors 

of the lifestyle. Other interests are competing for the desert, such as dty 

recreationists, agriculturalists, and now conservation interests, such as the 

Wildlife Conservation Agency, which is in the process of claiming rangeland for 

the recuperation of wildlife species. Such pressures, combined with the exodus 

of young bedouin to urban areas, will continue to place the bedouin existence in 

jeopardy. 

For policy makers, choices are equally challenging. In a society that values 

the bedouin lifestyle for its cultural contribution to national identity, new 

solutions are needed to assure the sustainability of this livelihood. It is inevitable 

that such sustainability will require a redefinition of the bedouin place in their 

desert and in their society. 
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Date: Locale: 

Distance From: Kms: 

Name of Camp Head: 

Age: 

Tribe: 

Number of Families: 

Type of Camp: Semi-sedentary 

Nomadic 

Other: 

Observation: 
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A. Demography of the Camp 

1. Demographic characteristics of the camp: 

Tent/ 
Family 

Relation 
to Head 

Ad ults md erly Chil dren Tent/ 
Family 

Relation 
to Head 

male female male female male female 

1 
head of 

camp 

2 

3 

4 

5 

6 

IF NOMADIC LIVELIHOOD 

2. Are there other members of this camp who remained in your dirah? No: 

3. Yes rwhich family members): 

4. In the past, were your camps sizes larger or smaller? Can you explain? 

5. Access to outside employment 

Family 
Member 

Relation 
to Head 

Employment Source Duration of 
Employment 

Full-time or 
Part-time 

1 

2 

3 
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6. Education: 

Camp Member Number with 
Schooling 

ffighest level of 
school achieved 

Elderly 

Adult 

Male children 

Female children 

7. DEBT 
7a. What is your normal diet? 

7b. Does your diet change during the year? 

7c. Explain. 

8. How has diet changed from the past? 

9. Health (typical diseases; do people regularly go to a physician, where; use of 
traditional healers) 

Name of Disease Type of Treatment 

9a. How many times did you visit a doctor during the last year? 

9b. Where did you visit the doctor? (Place name) 

B. Grazmg/Rangeland Practices 

10. Changes in Nomadic Routes 
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lOa. Cunently (T,) 

PLACE NAME LOCATION DISTANCE TIME/ 
MONTH 

DURATION WATER 
SOURCES 

10b. During the Time of King Faistl (1950s/19608—Tj) 

PLACE NAME LOCATION DISTANCE TIME/ 
MONTH 

DURATION WATER 
SOURCES 

GRAZING PRACTICES (CURRENT): 

11. In a given camp, what kind of grazing pattern is followed? 

11a. Do animals graze in a rotational pattern? 

lib. Are the rangelands in a given camp grazed until no forage is left 
or is part of the forage left for another year? 

11c. How do people evaluate the condition of the range or the 
"carrying capacity" of the existing forage? 

lid. Are there traditional ranges that are good in most years? 

lie. How much variation in the quality of a rangeland is there from 
year to year? 

12. Please explain how this system was different in the past. 

13. Are there strategies that nomads use to protect a speciiic rangeland for a 
certain period of time? How did conservation strategies work in the past? 
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PLANTS 

14. Traditional Plants (USED AND NOT-USED) 

Plant 
Name 

Type Season Animal 
Piefereoce 

Duration of Use Where does it 
appear 

15. Plants That have Disq>peared 

Plant 
Name 

Type Season Animal 

Preference 
Where 
did it 
appear 

When did it 
dis ĵpear 

Why do you 
think it 
disq)peared 

ENVIRONMENT 

16. Are there less trees than there use to be? 
Yes / No 

17. Which species of trees have decreased? 

18. Which species of birds and wild animals have disappeared? 

19. Do you think that rainfall patterns have changed? 

19a. Can you explain how? 

20. What impact did the elimination of Hema system have on your land? 

21. What impact does the close distance between the governmental water wells have 
on the pasture? 
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C. Herds and Livestock Management Practices 

22. Herd composition per camp 

Animal 
Type 

Numba Births/ 
year 

Years of 
fecundity 

Sold last 
year 

Consumed 
last year 

Died 
Last 
year 

Animal 
Type 

M F 

Births/ 
year 

Years of 
fecundity 

Sold last 
year 

Consumed 
last year 

Died 
Last 
year 

Sheep 

Goats 

Camels 

23. How does this herd size and composition differ from the size in the past? 

24. What herd size and composition would represent a "poor" family and a "rich" 
family? 

25. Feeding practices 

Ani
mal 
type 

water 
summer 
quantity 

water 
winter 
quantity 

barley 
winter 

barley 
summer 

alfalfa 
/straw 

other 
feed 

salt 

Sheep 

Goat 

Camel 

25a. How did you feed and water your herds in the past? 

25b. Did you use barley, alfalfa, salt, etc.? 



176 

26. Animal Production Characteristics 

Animal Age Age Birthing Began U of OfTspiing Age Birthing Ended 

Sheep 

Goat 

Camel 

27. How have the yields and animal characteristics changed from the past? 

28. Marketing of animals and animal products 

Location of markets and modes of transportation 

28a. How far do you take your animals for sale? 

29. How were they marketed in the past? 

30. Production per animals 
30a, Lt. of Ghee = Lts. of Milk 
30b. Production Ghee/year 
30c. Price of Ghee 

30d, Lt. of Butter 
30e. Production Butter/year 
30f. Price of Butter 

30g. Lt. of Laban 
30h. Production Laban/year 
30i. Price of Laban 

31. Price 

Animal Young Old MktLx}cation M F Season Price Qty 

Sheq) 

Goat 

Camel 



177 

32. What do you do with your animals during periods of drought? 

32a. How many times have you experienced drought? 

32b. What was the loss each time? 

33. Animal Health and Veterinary care: 

Animal Health Problem Type of Treatment Cost 

Sheep 

Goat 

Camel 

34. Questions about Household Belongings 

Type Year Purchased Cost 

34a. Have you borrowed money from a bank? 

34b. Have you borrowed money from friends? 

35. Questions on Household Purchases 

Weekly Monthly Yearly 

Prod. Qty OM Piod. Q«y Cott Prod. Off Co« 



APPENDIX B 

SAMPLE OF 

RESULTS OF VIDEO ANALYSIS ON THE STUDY AREA 
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Res •ults ofVi deo A ina\ lysis or 1 the Re search Area 

MISSION OAie TIM6 LONG 6 LAT N CAMP CAMELS SHEEP/GOATS CORRAL VIUAGE OBSERVATIONS MISSION OAie 
(GMT) (DeeOeg) <OteO»g) 

CAMP 
SH MH LH SH UH LH 

CORRAL VIUAGE 
Sol MgacMbn 

e-1 60Q9S1 4:06281 43.7105 27.0018 CROPS 
6-1 60095 i 4:13:18 | 43.7083 27.1921 HIUS 
e-1 60096 I 4:13:48 i 43.7084 272058 X 1 X SDAL SS 
e-1 60095 1 4:13:591 43.7088 272110 X CROPS 
e-1 60096 i 4:15:171 43.7110 272469 X SO SS 
e-1 60095 1 4:16:521 43.7068 272917 X SO SS 
6-1 600/951 4 .17 .11 i 43.7093 27.3004 X SO SS 
e-1 60095 1 4:17:56 1 43.Q911 27.3152 X X SO SS 
6-1 60095 1 4:18:X 1 43.6891 27.3273 X SO 1 SS 
6-1 60095 1 422:19 1 43.7097 27.4308 X so SS 
6-1 1 WDK6 1 4-̂ 22:42 1 43.7085 27.4415 X X X so SS 
e-1 1 6/2095 1 424:15 1 43.7047 27.4854 ou SS 
6-1 1 6Q0/95 i 4:25:56 1 43.6782 27.52S3 X ' X ! X DU 1 ss 
e-1 ! »2a/9S 1 4-.2628 i 43.6560 27.5283 X I X ou 1 ss 
6-1 1 60095 i 4:30:47 i 43.6338 27.6228 X ; X so t NV 
6-1 1 6Q09S 1 4:32:39 1 43.6210 27.6829 X ; X SO 1 PHV 
6-1 \ 60095 1 4:4028 I *3.5332 27.8898 1 OU I SS 
e-1 1 6009S 1 4:46:51 i 43.5278 28.0148 1 HILLS! 
6-1 1 6Q09S 1 4:53:03 j 43.5555 28.1734 X ' HILLS 1 
6-1 1 60095 1 4:58:57 1 43.4202 282899 1 X HILLS! 
6-1 { 60095 1 5.-00:57 1 43.3706 2&3343 X 1 SD î SS 
e-1 : 6009S 1 &03:11 1 432943 28.3669 X ! SOnALI SS 
6-1 i 60095 1 5.03:38 1 432783 28.3717 X 1 1 X SO-ALI SS 
6-1 1 600951 S.-04:S7 1 432415 2ft 3964 X ; X i HILLS! 
6-1 1 6Q095 i 5:10:17 ) 43.1120 20.5156 X X HILLS 1 

6-1 ; 60095 i 5:13:07 : 43.042S 28.5669 X : 1 1 hills; 

6-1 1 60095 I 5:15:47 I 43.0078 2&5924 X : 1 X 1 HILLS! 
6-1 : 60095 i 5:16:52 i 43.0102 28.6218 1 1 1 OU 1 SS 
6-1 I 60095 i 52V.18 | 43.0183 2&7400 X ; i 1 OU ' SS 
6-1 i a0095 1 528:36 I 43.1149 2&6642 X : X 1 SO ' SS 
6-1 60095 1 52824 1 43.1380 28.8356 1 1 HILLS! 
6-1 ' 60095 i 529:02 1 43.1602 2a6690 X ; 1 1 SO ! SS 
6-1 ; 60095 i 5:31-.a) 1 432115 28.8265 ' i ! HILLS! 
6-1 60095 1 5:33:05 i 432088 i 28.5845 x 1 i X 1 SO I SS 
6-1 ; 60095 , 5.33:55 , 432149 28.5619 1 1 1 1 1 DU i 
6-1 : 60095 ; 5:40:48 I 43.3631 28.4419 1 1 i 1 1 HILLS i 
6-1 60095 . 5.43:02 43J172 28.4S65 X X 1 X ; i so ! SS 
6-1 i 60095 1 5:47:42 43.4223 28.3829 1 1 ! 1 1 1 HILtS 1 
6-1 : 80095 1 5:49:23 43.4463 28.3328 i X ! 1 1 t 1 HILLS! 
6-1 ' 60095 ' 5:50:51 43.4668 282996 X X 1 1 X 1 HILLS I 
6-1 . 60095 : 5:59:49 43.7300 1 a.1713 X i 1 i 1 1 1 i 1 so • ss 
e-1 60095 i 6:01:29 43.7500 : 28.1282 1 X X 1 1 1 i 1 X 1 so • ss 
6-2 60095 ' 6:07:18 i 43.8947 ' 28.0135 I 1 1 ! 1 1 ' hius! 

B-2 60095 6:11:48 1 43.9786 27.9488 sivm.i s&phv 
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MSSION •ATE TIME LONG E LAT N CAMP CAMELS SHEEP/GOATS CORRAL VILLAGE OBSERVATtONS MSSION 
(GMT) (Oae Oaq) (Dae (3»g) MH MH 

CORRAL VILLAGE 
Sol 1 Vegeatan 

E-2 < 600951 6:14;40 1 44.0286 1 2aa206 : X ! ISO Î S&PHV 
E-2 1 600/95 i 6:20:181 43.9079 | 28.1214 i X 1 jSO Î SS4>HV 1 
E-2 j 600051 8:20:31 i 43.9023 ! 2&1254 X ' 1 1 SS^W 
E-2 I 600^5 1 6:20:52 i 43.8921 28.1280 1 X 1 X SO  ̂ SSWV 
E-2 60QA5 ! 851:47 1 43.8741 2ai479 : 1 X S&AL S&PHV 
E-2 1 600/95 1 622-7? 1 43.8746 28.1661 1 X i 1 X SOAL SS-PHV 
E-2 ! 6I20I9S ! 6:23:42 i 43.8733 ; 28.2054 1 i X , Zj 1 Hj X 1 ISCVALI S&PHV 
E-2 i 60095 i 8:28:30 i 43.7772 | 2&29eO 1 1 1 1 1 HILLS! 
E-2 ! 6I20SS1 6:30:05 1 43.7400 | 28.3244 | X ; X ; 1 X 1 HILLS 1 

E-2 1 emiX 1 6:34:10 1 43.6683 | 28.4226 ! X ! | 1 1 HILLS i 

E-2 ! 600/951 6J7:00 1 43.5892 ! 28.4652 ! X | X ! 1 1 1 1 SO 1 SS 
1 E-2 ; 600/951 6:38:281 43.5684 | 28.4969 | X ! 1 

1 i 1 ! SO I SS 
E-2 i 600/95 1 6:42:10 | 43.4894 1 2&S699 X i 1 1 HIU  ̂I 
E-2 ! 600/95 1 6:43:18 1 43.4497 ! 28.5732 X 1 1 X 1 1 HILLS 1 
E-2 ! 60QQ5 1 6:46:07 i 43.4S61 1 28.4790 X ' 1 1 XI 1 DU ! 
E-2 ! 600/95 1 6:46:59 1 43.4748 1 28.4S64 X ! 1 i 1 1 1 SD 1 SS 
E-2 ! emiss i 6:52:31 j 43.4718 | 28.2979 X ! 1 i i X 1 1 HILLS 1 

1 E-2 60QS5 1 7.-0052 ! 43.4981 j 28.0030 ! II t 1 ___l j 
1 1 DU 1 

1 E-2 1 600/95 1 7:02:20 i 43.4992 > 27.9520 | X ! X 1 1 ! 1 ! SO ! SS 
E-2 , 600S5 i 7:04:17 | 43.5493 I 27.9051 • X : i 1 i 1 I SD ! SS 
E-2 : 600/95 1 7.08:45 1 43.5738 1 27.7589 ! X • 1 i 1 X 1 1 SD ; SS 
E-2 . 6009S i 7:09:44 1 43.5820 '• 27.7299 ' | 1 1 1 1 ! OU ; SS 
E-2 1 600«5 1 7:17:51 1 43.5833 1 27.4521 | ' j 1 1 1 1 X 1 OU 1 SS 

1 E-2 800fl5 • 7:18:37 : 43.5869 27.4265 111 1 1 1 1 CROPS 



APPENDIX C 

INPUT FILE OF THE SSRSM 

MODEL AND A SAMPLE OF THE OUTPUT 



SAMPLE INPUT FILE 

-This is an input template for tlie SSRSM model To use it. just write tlie 
-value of the required input under the line wiHira>ing the input. 

Output file I (STORES GENETAYED PREdPlTATION) 
bLs-asc 

Output file 2( Output for Intensive uti&zation HIGH GRAZING) 
bLH-asc 

Output file 3 (Output for low intensity grazing) 
bLL.asc 
—Output file 4 (Output for mixed intensity grazing) 
bLR-asc 

Output file 5 (Variable grazing Intensity) 
bLA.asc 

Area of range 
420000.000(XX) 

Initial Range condition l.-poor 2: Fair 3: Good 4: Excellent (enter only tfae number) 
3 

Number of herds 
300 

Initial Herd composition stieeps goats ga«wig 
4S0 100 2S 
Maximum number of animals manageable by herders sheeps goats camels 

700 150 40 
Minimum Number of animals retained sheeps goats camels 
300 75 8 

Number of animal consumed by herden 
50 5 0 

Birth rate (ratio of total) for each specie sheeps goats camels >0 
8.000000E-0I 9.000000E-01 9.000000E-OI 

Sales as proportion of bitths sheeps goats 
7.000000E-01 8.(X)OOOOE-Ol 7.000000E-01 

Average Mortality rate for each specie 
5.000000E-02 3.000000E-02 O.OOOOOOE-MX) 

Price per animal for each specie 
430.000000 220.000000 1800.000000 
Operational cost /head (for full herd) 
70.000000 SO.000(X)0 200.000000 
Price of I kg Barley 

3J00000E-01 
Maximum and baseline proper use Cactor 

3J00000E-01 2J00000E-0I 
Pallatable Matter (Portion of total dry matter) 

6J00O0OE-O1 
fu^n Standard deviation and maximum precipitation 

148.000000 76.000000 300.000000 
(hreshold for favorable and unfavorable precipition 

218.000000 87.000000 
Seed Fbr Random Number Generation 

81073 
Number of simulation years <120 
100 
Grazing frequency for mixed system 

3 2 
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SAMPLE of SSRSM model output 

Year Prec Sby Gby Clay Sre Gre Cre Sey G«y cey Dtl_pro 
DM_av DM_dem Barley Bar. .rat sales Meclnc or. 
RC_by RC_ey PAL POFAC Profic/head 

1 201.000 450 100 2S 558 118 32 481 110 32 213864000 .0000 
178220. .0000 272646 .0000 78688 .3300 .2386 151200.0000 68364. 6700 
1 3 3 .65000 .25000 118.895 

2 185.000 481 110 32 597 130 40 518 122 40 196840000 .0000 
165009. .0000 305949 .6000 117450. .5000 .3839 170850.0000 67579. 8100 
1 3 3 .65000 .25149 108.475 

3 116.000 518 122 40 642 144 40 560 135 40 123424000 .0000 
103465. .1000 344805 .1000 201116. .7000 .5833 208860.0000 68273. 3300 
1 3 3 .65000 .25149 100.402 

4 214.000 560 135 40 694 150 40 610 141 40 227696000 .0000 
190875. .3000 365349 .6000 145395 .2000 .3980 223140.0000 100901. 9000 
1 3 3 .65000 .25149 137.282 

S 281.000 610 141 40 700 150 40 615 141 40 298984000 .0000 
281963. .4000 386955 .4000 87493 .3000 .2261 261900.0000 162402. 7000 
1 3 4 .65000 .28292 205.313 

6 131.000 615 141 40 700 150 40 615 141 40 161392000 .0000 
349682. .7000 388935 .4000 32710 .6000 .0841 265770.0000 188185. 8000 
2 4 3 .65000 .32082 236.414 

7 259.000 615 141 40 700 150 40 615 141 40 275576000 .0000 
259888. .0000 388935 .4000 107539 .5000 .2765 265770.0000 158254. 2000 
1 3 4 .64995 .28292 198.812 

8 128.000 615 141 40 700 ISO 40 615 141 40 157696000 .0000 
341624. .2000 388935 .4000 39425 .9900- .1014 265770.0000 18S499. 6000 
2 4 3 .64990 .32082 233.040 

9 175.000 615 141 40 700 150 40 615 141 40 186200000 .0000 
156089. .6000 388935 .4000 194038 .1000 .4989 265770.0000 123654. 8000 
1 3 3 .64982 .25149 155.345 

10 141.000 615 141 40 700 ISO 40 615 141 40 150024000 .0000 
125763 .6000 388935 .4000 219309 .8000 .5639 265770.0000 113546. 1000 
1 3 3 .64975 .25149 142.646 
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