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ABSTRACT

AN EVALUATION OF THE CURRENT NATIONAL AGRICULTURAL
DATA BASE IN SAUDI ARABIA: AN INFORMATION
SYSTEM APPROACH

By
Khalid A. Al-hamoudi

The principal objectives of this study were to describe the
agricultural sector of Saudi Arabia, present an agricultural informa-
tion systems paradigm, evaluate the agricultural information system
of Saudi Arabia and discuss the analytical framework as a subsystem of
the agricultural information system. The information system paradigm
is composed of three subystems--data, inquiry, and decision making.
The Saudi Arabian agricultural information system is yet in its
infancy and is plagued by several problems, including lack of expe-
rience, ambiguous objectives of data suppliers, and inadequate insti-
tutional arrangements. It can best be described as a data base or
repository of all agricultural data.

The data system suffers from several problems at the conceptual
and operational stages. Changing socio-economic conditions and agenda
of policy makers have left certain data concepts obsolete. Some con-
cepts are not properly defined. As a result, the concepts measured
don't adequately reflect the reality it purports to measure. Lack of

communication between data suppliers on the one hand and between data
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users and suppliers on the other hand led to a duplication of efforts
and a waste of resources. Agricultural and resource economists have
analytical tools like linear programming, forecasting models, and
benefit-cost analysis that assist them in transforming data into
information. Such tools can be used to develop the inquiry subsystem,
which was found to be the least developed.

Decision makers in Saudi Arabia include both the private and
public sectors. The agricultural information system, however, is
designed to serve the public sector better than the private sector.
In some cases, documents of information are not communicated to the
decision makers.

The study recommends that a planning and coordinating committee
be established with the main objectives of ensuring the policy rele-
vance, quality,and integrity of all the data and information produced
by all data suppliers; developing plans to meet current and future
data needs in the face of a changing society, maintaining a proper
balance between protecting individual rights to privacy and confi-
dentiality and meeting information needs of decision makers through
legislation; and of coordinating all data supplies on the one hand
and data suppliers and users on the other. The study also recommends
the establishment of a close link between all Agricultural Colleges
and the Department of Economic Studies and Statistics (ESS), and a

redefinition of ESS objectives.
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CHAPTER I

INTRODUCTION

The dependence of a country on one source of income for its
Tivelihood, especially on an exhaustible source, is an extremely
risky phenomenon. 0il production and oil-related industries are
currently the major contributors to the growth of the Gross Domestic
Product (GDP) in Saudi Arabia. Given the exhaustible nature of
petroleum, a gloomy future is predicted for the Saudi economy in the
post-oil era. Therefore, the Saudi government wants to diversify its
sources of income and to reduce its dependence on the production of
crude 0il. This diversification represents one of the underlying
principles of the long-term development goals for Saudi Arabia.

Fortunately, other natural resources are plentiful. Agri-
cultural lands, grazing lands, fisheries, and mineral resources exist
in abundance. The agricultural sector was the mainstay of the econ-
omy before the discovery of 0il, and it still is the largest employ-
ment sector in the country. Approximately 40 percent of the total
land in Saudi Arabia is classifiedas grazing land for livestock. The
coastline is about 1,760 kilometers along the Red Sea, and about 560
kilometers along the Arabian Gulf, providing access to a valuable

fisheries resource.






This abundant resource has yet to be exploited. While the
total annual tonnage of fish caught in 1977 in both the Red Sea and
the Gulf was approximately 19,000, the potential fish yield of Saudi
Arabia is estimated to be between 300,000 and 500,000 tons annually
(Saudi Arabia, 1979). Saudi Arabia also has large deposits of vari-
ous mineral resources which remain essentially unexploited.

So a brighter picture and a pleasant future are definitely
possible if they are planned for in advance. Devising a sound plan
for the development and management of natural resources is a real
challenge for Saudi policymakers.

Incorrect decisions are always costly, especially when they
involve natural resources, since irreversible processes and side
effects may occur. Decisions, however, are only as good as the infor-
mation upon which they are based. Therefore, accurate and reliable
information should be available to reduce the risk and uncertainty
for decision makers. The shortage of both quality and quantity of
data concerning natural resources in Saudi Arabia forms a major
decisijon-making and management problem.

Decisions are also affected by the type of model used to
represent the real system. The greater the discrepancy between the
output of the model and the real world system, the less useful the
model for describing the behavior of the real system (Moskowitz and
Wright, 1979).

These factors which influence the decision-making process
in natural resources, are used as the basis for drawing up the objec-

tives of this study.






Problem Statement

Agriculture is the most significant of Saudi Arabia's promis-
ing renewable natural resources. The prominent role played by agri-
culture in Saudi Arabia's past may well be repeated in the future, as
agriculture rapidly expands to meet the increasing domestic demand
for agricultural products.

Before the discovery of oil in 1938, the Saudi landscape was
predominantly rural, containing vast stretches of pastureland spotted
with grazing livestock and small family farms. The country's economy
was dependent upon agriculture and related activities. The agricul-
tural sector, including livestock management, was the major source of
both income and employment for the majority of the population. Farm
life before the oil era was simple, and agriculture was at a very
primitive stage, similar to other traditional agricultural societies.
Agricultural productivity was low, and each farm was a self-sustaining
unit, producing the various agricultural products necessary to support
the family. The entire country was also self-sufficient in food pro-
duction.

After the discovery of oil, the relative importance of agri-
culture began to gradually decline. This decline can be measured by
its current Tow contribution to the Gross Domestic Product--approxi-
mately 1 percent. Yet agriculture remains the largest employment
sector, providing employment for more than 25 percent of the total
labor force.

The slow rate of growth in agricultural production has

occurred simultaneously with a fast rate of growth in demand for






agricultural products. High population growth rates (estimated at

3 percent per year), increased per capita income, an accelerated rate
of urbanization, and the employment of foreign labor in large numbers
have all significantly increased the country's demand for food. As a
result of this low-productivity, high-demand situation, Saudi Arabia
imports approximately half of its yearly food requirements.

Between 1975 and 1981, agricultural imports doubled from 10.5
to 21 billion Saudi R1’ya151 (SR), making Saudi Arabia OPEC's2 Teading
importer of agricultural commodities. Since the late 1970's, Saudi
Arabia has been one of the world's three leading importers of poultry,
barley, soft drinks, and fruit juices (Parker, 1982).

These imports have been made possible by the country's huge
revenues from o0il production. Since oil is a depletable resource,
the "boom" years will eventually end. Saudi Arabia will then be faced
with a substantially increased population and,unless early measures
are taken, an agricultural sector which has not kept pace with the
needs of the country. In a world with at least one billion people
presently regarded as undernourished and a rapidly increasing world
population, it may not be wise for Saudi Arabia to depend permanently
upon other countries for half of its food needs.

For this reason, Saudi Arabia is committed to developing its
agriculture to the point of self-sufficiency. In the third of

Saudi's five-year plans, 1980-85, SR 72 billion has been devoted to

151.00 = 3.5 Saudi Riyals in January 1984.

2Organ'iza'cion of Petroleum Exporting Countries.







the development of agriculture and water resources for irrigation and
drinking. The Saudi government has invested in building the basic
infrastructure for agriculture, financing studies on soil character-
istics and underground water resources, and on extension services for
farmers. The government also offers interest-free loans and subsi-
dies through the Agricultural Bank and the Saudi Industrial Develop-
ment Fund (Saudi Arabia, 1981). Agricultural interest-free loans are
projected to be SR 5 billion and subsidies of SR 2.5 billion during
the third plan.

These incentives have caused the private sector to make
unprecedented investments in agricultural production. The Minister
of Agriculture recently reported that one Saudi businessman alone has
recently invested SR 600 million in agriculture (A1-Sheik, 1983).
Investments such as these from the private sector have resulted in
the tripling and quadrupling of production in recent years. Vheat
production has increased more than 600 percent between 1975 and 1933,
from 93,000 to 600,000 tons. Broiler chicken production increased
from 14 million in 1975 to 119 million birds in 1983, and egg produc-
tion increased from 204 to 1,748 million eggs over the same period,
meeting 43 percent, and 98 percent, of the country's broiler and egg
consumption, respectively. On 28 operating milk farms, 82,259 tons of
milk were produced in 1983, more than 800 percent increase over 1570
production of 9,233 tons. In addition, traditional farmers produced
an estimated 227,837 tons of milk in 1983 for home consumption. Thus,

the total milk produced in the country was 320,096 tons, accounting






for 85 percent of total liquid milk consumption in 1983 (Saudi Arabia,
1981; Saudi Arabia, N.D.a)

These increases in agricultural production, commercialization,
and specialization are associjated with an increase in the demand for
agricultural information. Bonnen (1976) states that "Without an
adequate information system, the potential gains in productivity from
specialization and new technologies are lost in inadequate coordina-
tion and management of the developing industry or economy." Saudi
Arabia's needs for information were more limited in scope and com-
plexity when its agricultural sector was primarily traditional than is
the case at present. Now that it has begun to industrialize and com-
mercialize its markets and to fragment its production processes into
highly specialized subsets requiring extensive coordination, the need
for accurate and timely information has become imperative.

In specialized, concentrated industries, an investment in
information has a sufficiently high return to justify the expense by
private sector users. In very competitive, unconcentrated industries
such as agriculture, where the information will be widely disseminated,
however, a public investment is usually necessary to ensure these
returns. With agriculture fragmented into so many relatively small
operations, information collection and analysis cannot be left to the
private sector, since the value of this information to any small sub-
set of users may very well outweigh its cost. Publicly collected data
for private agricultural management decision making have been a major

factor in the increased productivity of U.S. agriculture over the past






century. For this reason, most governments collect far more detailed
data on highly competitive industries such as agriculture than on
highly concentrated industries such as steel (Bonnen,1977). The asso-
ciation between economic statistics and economic development in United
Nations countries is marked; statistical data are unavailable more
frequently in developing than in developed countries (Olivera, 1976).

Quantity of data alone, however, is not a guarantee of good
decision making. Bad quality data can affect decision making even
more adversely than the absence of data. As American humorist Will
Rogers said, "The trouble isn't what people don't know; it is what
they do know that isn't so" (in Boulding, 1966). The diplomat
Talleyrand said, "Man was given the power of speech in order that he
might hide his thoughts" (in Gardner, 1975). Unfortunately, statistics
which are intended to be revealing may actually hide the facts. This
is why an appropriately-designed information system is an important
part of a long-term investment in statistics. Intelligent selection
from the infinite potential data around us will minimize the possi-
bility of our information concealing, rather than revealing facts.

The lack of both quality and quantity of data creates a seri-
ous problem in Saudi Arabia's development effort. This has been
recognized by both government officials and individual researchers.
According to the third plan, "The data base for agriculture remains
inadequate, and all estimates must be taken as indicative rather
than firm." The improvement of the agricultural data base was
explicitly stated in the third plan as a policy measure to achieve

the national goals for agriculture.






Private researchers have repeatedly encountered the problem
of inadequate data in their studies. Al-Bashir (1977), when building
an econometric model of the Saudi Arabian economy from 1960 to 1970,
was faced with shortages of both quantity and quality of data concern-
ing the economy in general, and the agricultural sector in particular.
He described the agricultural sector's estimate as the most unsatis-
factory finding in his model.

In 1979 when presenting the per capita availability of food
in Saudi Arabia for the period 1973 to 1975, Quotah questioned the
reliability of the figures, indicating that they underestimate the
availability of food per capita in Saudi Arabia. He attributed this
to several possible sources of error, including faulty data on produc-
tion in Saudi Arabia, inflated population figures, and incomplete
records on imported foods.

The author of this dissertation chose the information system
as a focus because of his own frustration in attempting to obtain
data for a previous topic. An earlier proposal was prepared for a
farm management study to investigate resource allocation under
different technologies and alternative government policies for Saudi
Arabia. It was assumed that data could be collected by conducting
one survey of farmers, and supplementing the survey with secondary
data. However, the shortages of data meant that the author would
have had to use the cost-route method, meeting with a large sample
of farmers twice a week for a year. The high cost of data collection

by this method in terms of both time and resources resulted in the






author abandoning the project and concentrating on the problem of a
workable information system for Saudi Arabia.

Societal problems, especially those in agricultural and rural
societies, have been identified as fundamentally problems of informa-
tion processing. Therefore, information processing problems, which
usually involve the design of the information system, must be solved

in order to address societal problems (Dunn, 1974; Bonnen, 1975).

Objectives of the Study

As the previous section has stressed, agricultural informa-
tion plays a vital role in the development of the agricultural sector.
Relevant, reliable, and timely information is a prerequisite for sound
decision making. The shortage of this kind of information, resulting
from the absence of a complete and comprehensive agricultural informa-
tion system, forms a major obstacle to the development of the agricul-
tural sector. This study has one major goal: to develop and implement
a method for designing and evaluating information systems for the
agricultural sector in Saudi Arabia.

Several objectives related to this major goal are:

1. to describe the agricultural sector in Saudi Arabia,

its potential and its limitations

2. to present an agricultural information system paradigm

as an idealized model to be used as a frame of
reference in evaluating or designing any agricultural

information system
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3. to use this paradigm in evaluating the existing data
base in Saudi Arabia

4. to discuss the analytical framework as a subsystem of
the agricutural information system, and

5. to delineate some of the agricultural data needed for
certain specific problems and decisions in Saudi

Arabia

Outline of the Study

An introductory discussion of the problem and the study objec-
tives have been presented in this chapter. Chapter II will provide
additional background information on Saudi Arabia. Emphasis in this
chapter will be on agricultural and natural resources.

Chapter III develops the conceptual framework underlying this
study. Included are the development of an agricultural information
system paradigm and a brief discussion of the economics of information.

Chapter IV is devoted to discussing and evaluating the exist-
ing agricultural data base in Saudi Arabia. The agricultural infor-
mation system developed in Chapter III will be used as a frame of
reference in the evaluation process.

The inquiry system as a major component of the information
system will be presented in Chapter V. A presentation of some of the
standard agricultural economics analytical tools and techniques will
facilitate the discussion.

Finally, a summary and conclusion of this study will be given

in Chapter VI.






CHAPTER 11

HUMAN, AGRICULTURAL, AND NATURAL RESOURCES
IN SAUDI ARABIA

Introduction

The main objective of this chapter is to describe the human,
agricultural, and natural resources of Saudi Arabia. Saudi Arabia is
a relatively sparsely populated country with most of its people living
in rural areas. The fast rate of development has left the country
with an acute shortage of skilled manpower and an increasing rate of
rural to urban migration. Tremendous progress is being made in the
direction of improving the skills of the Tlocal population--through
training, education, and health care. Strict adherence to the Islamic
faith and values is the cornerstone of all developments in Saudi
Arabia.

The resources that are available for the development of the
agricultural sector will be described in some detail. The potentials
of all the sectors of agriculture will also be described. Finally a
description of the o0il and natural gas and mineral deposits both for

the present and future will be presented.

Location and Climate
The Kingdom of Saudi Arabia is approximately the size of the

United States east of the Mississippi River. It is located on the

11






12

Arabian Peninsula between the Red Sea and the Arabian Gulf. Saudi
Arabia occupies about four-fifths of the peninsula, with a total area
of about 2,150,000 square kilometers. It shares its borders with
eight neighbors--Jordan and Iraq to the north; Kuwait to the northeast
at the Arabian Gulf; Qatar, the United Arab Emirates, and Oman on the
east and southeast; and Yemen and the Republic of South Yemen on the
south. Saudi Arabia's western border is the Red Sea.

Nearly all of this land is desert. Sand forms the great deserts
of the Nafud, the Dahna, and the Rub al Khali (Empty Quarter). Although
the percentage of suitable agricultural land is small, the large size of
the country coupled with a Tow population density means that there is
enough land to support the country's food requirement. At present
Tess than 30 percent of what is classified as suitable agricultural
land is under cultivation. As may be expected in a desert area, Saudi
Arabia's climate is one of abrupt contrasts. The smouldering heat of
Arabian days is softened by the long, heavy cool of Arabian nights.
Although the daytime temperatures in some regions can peak at 120°F
in summer, nighttime temperatures for the same region and season can
drop to 70°F.

Saudi Arabia's average temperature is 95°F in summer and 77°F
in winter, yet temperature varies widely from region to region. In
coastal regions along the Red Sea and the Arabian Gulf, the desert
temperature is moderated by the proximity of large bodies of water.

Here temperatures seldom go above 97°F, but the relative humidity is

usually more than 85 percent and frequently 100 percent for extended
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periods, producing a hot mist during the day and a warm fog at night.
Because the prevailing winds are from the north, these coastal areas
are more bearable in the summer and even pleasant in the winter. The
average summer temperature throughout the central part of the country
is 110°F. The heat becomes intense shortly after sunrise and lasts
until sunset, when the cool nights begin. Although the winter tem-
perature seldom drops below 32°F in this region, lack of humidity
and high wind-chill factors make a bitterly cold climate. Spring and
autumn temperatures average 86°F (Nyrop et al., 1977).

The temperature contrasts of Saudi Arabia in 1980 included a
high of 120°F in July near Dhahren (in the eastern part of the country)
and a lTow of 22°F in January at Ha'll (in the northern region). In
Khamis Mushait in the southwest during the same year, the temperature
ranged from 94°F in July to 27°F in December.

Annual rainfall averages less than 100 mm, but this also varies
from region to region. The northwest averages from 30 mm to 50 mm,
and the northeast 40 mm to 90 mm, while the Riyadh region has an
annual average of 85 mm to 110 mm. Rainfall in the Hijaz Mountains
and Asir regions in the west and southwest exceeds 300 mm in the
mountains and averages 250 mm along the Red Sea coast south of Jeddah

(E1 Khatib, 1974).

Human Resources
Saudi Arabia's human resources are an indispensable factor in
converting its other resources to the nation's use and benefit. In

order to discover and exploit Saudi Arabia's extensive natural
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resources, mobilize its capital, develop the necessary technology, and
produce goods and services, adequate human resources must be developed.
This means not only adequate in terms of numbers, but especially in
terms of health and skills.

According to the 1974 national population census, the total
population of Saudi Arabia was 7,012,642, with an average family size
of six. Nearly 27 percent of the population are considered nomads.
Approximately 38 percent live in cities of more than 30,000 inhabi-
tants. An annual population growth rate of 3 percent is projected for
the second and third national plan periods of 1975-1985, despite a
high mortality rate.

Saudi Arabia may be considered under populated, both in rela-
tion to the country size and to the required labor for the implementa-
tion of the national development plans. Population density per square
kilometer in 1975 was 3.26, which may be considered Tow if compared to
mainland China, which has 874 people per square kilometer, or may be
considered high if compared to Australia, with only 1.8 people per
square kilometer.

The national development plans indicate a deficit of skilled
labor ranging between 600 thousand to one million, which is presently
being met by foreign labor. A top priority, therefore, is converting
the nation's existing unskilled population to skilled labor by
decreasing the high illiteracy rate. Saudi Arabia's national plans
have strongly stressed national investment in human resources, includ-

ing heavy investments in education and health services.
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The three major types of education in Saudi Arabia are general
education, higher education, and special ‘training programs. General
education is the responsibility of two agencies--the Ministry of
Education, which administers elementary and secondary schools for
boys, and the Presidency for Girls' Education, which manages elemen-
tary and secondary schools for girls.

Higher education is the responsibility of the Ministry of
Higher Education and the General Secretariat for Girls' Colleges,
but is also shared by seven universities. Vocational training falls
under the Directorate General of Vocational Training within the
Ministry of Labor and Social Affairs. Government training is achieved
through the Institute of Public Administration and various Ministries
and agencies which provide their own staff training.

During the ten-year period covered by the first and second
national plans, 1970 to 1980, total government expenditures for educa-
tion increased from SR 655 million for the year 1970-71 to SR 17,396
million in 1980. The increase was 2,615.9 percent which means an
annual compound increment of 38.6 percent. The number of schools
and colleges increased at an annual rate of 14.5 percent, from 3
thousand in 1970 to 11 thousand in 1980. During this period the
average annual rate of growth for the number of teachers (male and
female) was 14 percent, from 23 thousand in 1970 to 78 thousand in
1980.1

lMost of the figures on Education and Health were obtained from

Saudi Arabia, Ministry of Planning, Accomplishments of the First and
Second Development Plans, 1970-1980 (in Arabic) (No Cates B)
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The total number of students educated also showed tremendous
growth. In the general and higher education, the number of male and
female students increased at an average annual growth rate of 10.5
percent from 545 thousand in 1970 to 1.5 million in 1980. At the
elementary level, the rate was 8.1 percent when it increased from 400
thousand students to 862 thousand for the same period, and 16 percent
at the secondary level, where the numbers jumped from 77 thousand to
338 thousand students.

Higher education has shown an even greater annual growth rate--
24 percent--when it increased from 7 thousand to 48 thousand students
during this period. The student/teacher ratio at the general level
improved, from one teacher for every 23.5 students to one teacher for
every 18.5 students.

National contributions to education have also included student
salaries for lower income elementary and secondary students. Higher
education students receive tuition, housing, and salaries for other
expenses. Both education and health care in Saudi Arabia are free.

A second important factor in the development of Saudi Arabia's
human resources is the improvement of health care facilities and
services. During the years 1970 to 1980, the total budget for the
Ministry of Health, including the Red Crescent Society, increased from
S.R. 182.6 million to S.R. 4,236,34 million, showing a total increase
of 2,320 percent or an annual compound growth rate of 36.9 percent.

During the same period the total number of beds in the Ministry

of Health administered hospitals increased from 7,165 to 11,968, or
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by 4.6 percent annually. The number of doctors in the Ministry of
Health hospitals increased by 18.6 percent a year, beginning with

800 doctors in 1970 and reaching 3,800 by 1980. Similar growth
patterns have occurred in the numbers of hospitals and doctors under
the authority of other government agencies, the military, universities,
and private hospitals.

There is little doubt that the above figures show a signifi-
cantly high rate of growth in the provision of services designed to
improve the human resources. What these figures don't show, however,
is the ratio of the services provided to the population. This ratio
could show a better picture of the extent to which these services could
benefit a given target population and comparisons could be made from
period to period. For example, the number of students in elementary
school to the total number of children of elementary school-going-
age in 1970 could be compared to that of 1980. At the present time,

lack of data makes such comparisons impossible.

Islamic Law and Agriculture in Saudi Arabia

The overall development of Saudi Arabia is strictly guided by
the principles of the Islamic faith. This is emphasized in the third
national development plan where it states that

The distinguishing mark of the Saudi approach to develop-
ment is that its material and social objectives are derived
from the ethical principles of Islam and the cultural values
of Saudi society. These principles and values are reflected
in: the dedication of the government to upholding Islam and
to maintaining its associated cultural values; . . . to main-
tain the religious values of Islam, by applying, propagating
and fostering God's Sharia; . . . (p. 3
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A basic understanding of these principles, therefore, is critical to
an understanidng of the Saudi Arabian agricultural policies.
Sharia or Islamic law is the basis of the legal system in

Saudi Arabia. The mainsources of sharia are the Quran and the Sunnah.

The Quran contains the exact words of God, while the Sunnah encompasses
the Prophet, Mohammad's (peace be upon him) deeds, sayings, and

approvals. Other sources of the sharia include, the Ijma, which is

the consensus of jurists and competent thinkers of an age; the Qiyas,
which refers to the systematic inference from texts for new issues which
are not covered by the text; and the Istihson, which defines the law

in accordance with what is good or expedient. Traditional practice

and customs which do not conflict with the sharia may be considered

as part of the law. These other sources are placed on a different
footing due to the role played by the human mind and the imprint of

the changing times (Siddiqui, 1982).

Government policies must be within the framework of Islamic
principles. There are two Islamic principles which directly affect
agriculture--property rights and zakat. According to the Quran, man
is the kalifa, that is, the trustee of God on earth. The sixth
chapter and twelfth verse of the Quran states, "Say: unto whom
belongeth whatsoever is in the heavens and the earth? Say: unto
Allah." Everything in the heavens and on earth is owned by God and
man is simply a custodian as indicated in the second chapter and
thirteenth verse of the Quran. "The Lord said unto the angels, I am

about to place a viceroy in the earth." By virtue of being a trustee
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of God on earth, man has no absolute control or claim over the earth,
therefore in Islam there is nothing 1ike absolute property rights.
Man is obligated to use and rule the earth in accordance with the
principles and laws of God.

The right to ownership is sacred in Islam. There is no limit
on how much a person can own provided that such ownership is obtained
without infringing upon the laws of Islam. Zakat, taxe52 on property
owned must be paid. Islam encourages the development of land and it
gives the right to Muslims to develop and own barren land. An Islamic
government is empowered to distribute and reallocate barren land. If
a person fails to develop land assigned to him or her within a period
of three years, claim to that land by that person is forfeited. This
three years period was determined by the Prophet Mohammad (peace be
upon him). Land is allocated to an individual to be developed by him
or her for the benefit of the whole society and is not meant to be
owned by an individual in perpetuity. By 1980, about 988,500 ggggm§3
had been distributed to about 14,554 recipients under the scheme for
distributing barren land and in accordance with Islamic principles
in Saudi Arabia.

Zakat is a compulsory duty to be paid by Muslims according to

their wealth. It represents one of the five basic pillars of Islam.

2Tax as used in this study differs from the meaning it carries
in the Western world, where it is levied for the main purpose of meeting
the cost of government. In Muslim societies, it is a measure designed
to transfer part of the wealth from the haves to the have-nots.

37 donum is equal to one-tenth of a hectare or 1000 square
meters.
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It is the duty of the Islamic government to enforce the payment of
zakat by the Muslim society, even if it means waging a "holy war"
against defaulters or opponents of zakat. To refuse to pay zakat
is to deny the right of the entire society to enjoy part of the
national wealth which in the final analysis is nobody's individual
property but God. Zakat is not charity for the poor, but it is the
right of the poor to a fair share of the riches of the wealthy.
Zakat can be paid for almost every kind of wealth and this
includes cash and bullion, business inventory, minerals, animals, and
agricultural products. Property which lacks productive capacity or
forms part of the basic necessities of life is exempt from taxation.
This includes such things as homes, transport animals, food used for
family consumption, and similar items (Shik, 1977). Central to the

discussion of zakat is the concept of nisap. Zakat becomes obligatory

only when one possesses a nisap. Strictly speaking, a nisap is the
minimum taxable volume of a property in the possession of an indi-
vidual for a continuous period of one year. For example, the nisap
of sheep, camels, and cattle is 40, 5, and 30, respectiVe]y, and that
of wheat is 1,600 Iraqi pounds.

The rate of zakat differs by type and amount of property; and
the amount of capital and labor that has gone into its creation. The
rate of zakat on cereal crops is between one-tenth and one-twentieth
of the total produce, if total production is a nisap or more, the
actual rate depending on the method of irrigation employed. If the

cereal is grown under rainfed conditions, the zakat is one-tenth
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of the total output. If the cereal is grown under an irrigated method
that involves pumping water, the zakat is only one-twentieth of the
total output. The laws governing the use of water are described in

Caponera (1978).

The Agricultural Sector

The Saudi Arabian agricultural sector includes settled agri-
culture as well as range, forestry, fishery, and water resources. The
present Ministry of Agriculture and Water (MOAW) evolved from the
General Directorate for Agriculture in 1953. The General Directorate
of Agriculture was established in 1948 under the Ministry of Finance
and National Economy.

The MOAW is currently entrusted with the responsibility of
planning and implementing all agricultural development programs. 1t
also has power to enforce regulations that apply to the use and con-
servation of the scarce water resources for agricultural development.
Other government agencies also have direct or indirect responsibili-

ties in the development of the agricultural sector.

Agricultural Policy

The main objectives for the development of agriculture in
Saudi Arabia as stated in the third national plan are to:
--Establish and maintain a prudent level of self-
sufficiency in food production, recognizing both
producer and consumer demands
--Provide the opportunities for attaining reasonable agri-

cultural incomes and raise the welfare of rural people
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so as to achieve a balance between the economic and
social rewards attainable in rural and urban areas

--Optimize the use of agricultural water resources,

land resources, and marine resources

--Improve the skill level in the agricultural sector

--Protect the agricultural (including marine) environment
The policies necessary to achieve the above objectives are detailed in
the third development plan. Since the early 70's Saudi Arabia has
adopted what Inayatullah (1974) called a Tow intervention or produc-
tivity mode of rural development. This model primarily seeks to
raise farm productivity without bringing about drastic changes in
social structure and land tenure systems of the rural population.

The strategy seeks to assist those who have the necessary capital,
resources, skills, and motivation to increase productivity through an
increasing exposure to improved technology, availability of highly
subsidized resources, an interest-free credit, and a setting of floor
prices on certain commodities.

Incentives for agricultural production in the third develop-
ment plan showed that fertilizer, animal feed, engines and pumps will
be subsidized at 50 percent of cost; poultry; and dairy equipment
will be subsidized at 30 percent of cost; land, and air transport of
cows and some potato seed will be provided free. Various subsidies
were placed on rice, corn, millet/barley, and dates and a floor price
was established for wheat. In addition, spraying equipment, pesti-
cides, and veterinary care are also free. Extension services and

research on problems of crop and livestock production, fish and locust
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control research, sand stabilization, and land classification are

being intensified.

Agricultural Land
0f the 2,150 million donums in Saudi Arabia, only about 15 to

20 million donums or approximately 1 percent is said to be suitable
for agriculture, and only 6.1 million donums were under actual culti-
vation in 1979-80. This means that only 0.28 percent of the total area
of the country and 30 percent of the suitable agricultural land was
under cultivation in 1979-80. About 51 percent or 3.1 million donums
of this cultivated land was rain fed and the rest was mechanically
irrigated.

Farm size per holding is typically small, but it varies from
region to region. The 1973 agricultural census showed that the total
holding area of 12,134,623 donums was owned by 180,670 different owners.
This appears to indicate a national average farm size of 67.2 donums.
Further analysis, however, shows that there are wide differences in
farm size from region to region, as shown in Table 2.1. For example,
Asir, which is located in the southern part of the country, shows a
total area of 534,801 donums that are held by 36,564 holders. This
gives an average holding size of 14.6 donums. This can be compared
to Quassin in the central region where the average holding is 563.6

donums per holder.

Manpower in Agriculture /
Between 1974 and 1980, the total number of agricultural workers

in Saudi Arabia dropped by about 96,000 people, or from 40 percent of



TABLE 2.1.--Land Holding by Region in Saudi Arabia
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Average

Total No. Land Average no. No. of %_of

Amarat Area of Holding of Land Rainfed Rainfed

(donums ) rms (donums ) Pieces Farms Farms
Eastern 150,242 11,010 13.6 2 32 0.3
Riyadh 2,091,324 10,752 194.5 1 4,941 46.0
Quassim 3,365,831 5,972 563.6 1 224 3.8
Khasira 7,108 33 215.0 1 1 3.0
Afif 5,371 73 68.9 1 0 0.0
Hail 281,154 6,261 44.9 1 1,322 21.0
Tabouk 24,452 834 29.0 1 4 0.5
Quarayyat 7,302 191 38.0 h 1 0.5
Joat 34,643 1,543 22.5 2 2 0.1
Ranya 29,218 950 30.7 1 1 0.1
Najran 84,217 2,490 33.8 3 376 15.0
Beisha 139,500 7,351 19.0 4 2,954 40.0
Jazan 2,792,700 36,253 77.0 2 12,466 34.0
Medina 175,212 7,404 23.7 1 355 5.0
Mecca 2,149,018 34,601 62.0 2 19,103 55.0
Al Baha 262,530 18,383 14.3 4 12,506 68.0
Asir 534,801 36,564 14.6 5 35,027 96.0
KINGDOM 12,134,623 180,670 67.0 3 89,316 49.0
Source: Constructed from Saudi Arabia, Ministry of Agriculture and

Water, Agricultural Census Report 1973-74 (in Arabic),

Department of Economic Studies and Statistics, 1974.
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the civil labor force to 30 percent. The 650,671 agricultural work-
ers in 1974, including 216,012 or 33 percent female workers, were
occupied in agricultural production, agricultural planning and manage-
ment, irrigation, and agricultural construction. Of these, 68 percent
were permanent workers, 29 percent worked seasonally, and 3 percent
were involved in agriculture for only three to six months of the year.
Although the number of agriculture workers has decreased in
recent years, agriculture is still the largest employment sector in
the country. This trend should not be considered a major constraint
on agricultural development, since agricultural mechanization with
skilled and well-trained manpower could easily substitute for the
declining numbers of workers. The U.S.A. and England have less than
10 percent of the labor force in agriculture, yet they are among the
leading exporters of agricultural products. The quality of labor and

Tevel of technology are more important than the quantity of labor.

Water Resources for Agriculture
Of the four potentially limiting components of agriculture--

land, labor, capital, and water--the most severely limiting factor
in Saudi Arabia is water. Water is the most scarce and crucial factor
in the development of the agricultural sector in the Kingdom.

Water for agriculture comes mainly from two sources: rainfall
and groundwater. About 75 percent of the cultivated lands were rain-
fed in 1974, and the rest were irrigated. Rainfall only averages

90 mm per annum, ranging from 25 mm in Jeddah to 360 mm in Khamis
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Mushait in 1974. Rainfall is also unpredictable and can vary sub-
stantially from year to year.

In the central and eastern parts of the country, where pre-
cipitation is 1light, groundwater forms an important source of
agricultural water. Many aquifers with large amounts of stored water

have been located, the most important of which are shown in Table 2.2.

TABLE 2.2.--Main Aquifers in Saudi Arabia

Average Thickness

Aquifer (Meters) Size

Saq 300-600 1500 km x 250 km
Qajid 950 300 km x 250 km
Tabuk 150-170 900 km x 150 km
Minjur 300 800 km x 600 km
Al-Bayyad 600 600 km

Al-Wasi 500 1450 km x 800 km?
Umnm Er Radhuma 240 1000 km

Dammam 35

Noejene 300

3Extends into Kuwait, Iraq, and Bahrain.

SOURCE: Derived from Saudi Arabia (MOAW), A Guide to Agricultural
Investment in Saudi Arabia, Department of Agricultural
Development, 1979.

Agricultural Capital

Capital is not a constraining factor in the development of
agriculture in Saudi Arabia. This is due to the liberal availability

of credit and a high degree of subsidy. Most of the agricultural credit
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and subsidy is provided through the Saudi Arabian Agricultural Bank.
This bank was created in 1964, and it offers short, medium, and long-
term interest-free4 Toans. The bank was established in Riyadh with
four branches in four different cities. It had an original capital of
10 million Saudi Riyals. By 1982 the bank was extending its loans
through 66 branches and offices located throughout the country. At
the end of the 1982 fiscal year, the bank disbursed a total of 37,446
loans amounting to approximately 3 billion Saudi Riyals and a total of

1 billion Saudi Riyals in subsidies.

Forestry

Saudi Arabia has approximately 1,600,000 donums of native
forests, most of which 1ie in the Sarwat Mountains. Native species of

juniper (Juniperus procere) and wild olive (Olea chrysophylla) cover

parts of the higher slopes of Asir. These forests are extremely
important in the maintenance of a stable eco-system in their respec-
tive areas and in the prevention of a further desertification of the
Kingdom. But, for a long time, they were subjected to uncontrolled
and continuous cutting operations by the rural population to the
extent that the country's forest reserves were seriously decreased.
As a result, the Council of Ministers approved a set of regulations
in 1978 which were designed to protect the forestry and wildlife
resources. Today a Department of Forest and Range under the Ministry
of Agriculture and Water is responsible for these resources (Saudi

Arabia, 1980; Al-Saleh, 1976).

4The influence of the Islamic religion is the driving force
behind this system of banking--usury is prohibited in Islam.
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Range Resources

More than 95 percent of Saudi Arabia or 2,100 million donums
can be considered as range areas. However, about 60 percent of that
total area is of poor quality. Only 5 percent or 105 million donums
are classified as excellent range areas, 10 percent or 210 million
donums are classified as good and the remaining 25 percent or 525
donums are of medium quality (FAO, 1980).

Al-Saleh (1976) classified range lands in two main categories:
arid range lands and pasture lands. On range lands, the natural plant
community is composed mainly of vegetation suitable for grazing and
there is sufficient plant Tife to justify use at least during those
periods when adequate moisture is available. On pasture lands, vege-
tation is produced for year-round grazing. This type of land is
limited to only 17 million donums and is located in the rain-fed areas
of the southwest.

Soil, topography, and climate determine the vegetative species
available in the various geographical areas of the country, and each
region supports a uniform plant community which displays significant
differences from those of other areas (Al-Saleh, 1976). Alired (1968)
identified over 600 plants by their scientific, Arabic, and English
names where possible, and showed their geographical distribution in
the country.

The grazing capacity of Saudi Arabia is largely unknown. Graz-
ing capacity is a concept used in evaluating range resources. It
refers to the maximum number of animals which can graze each year in

a given area of range, for a specific number of days without inducing
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a downward trend in forage production, forage quality, and soil qual-
ity (Stoddart et al., 1975).

In order to estimate grazing capacities, a complex number of
factors must be considered, including soils, topography, trees, and
palatable shrubs, condition (resulting from erosion or growth of
undesirable plants) and rainfall. Unfortunately, an accurate rating
of this kind is not available for the country's ranges, and there
are no complete and comprehensive national surveys of desert vegeta-
tion, its nutritive value, quality and above all its production per
donum. The limited knowledge that is available shows that the
national range land's grazing capacity is very low, indicated by the
sizable number of donums devoted to an animal unit. This ranged from
84 donums in the best area to 600 donums in the poorest range quality
area in 1967/68 (A1-Saleh, 1976). In 1971 Kingery estimated that the
country had a potential range carrying capacity of only 10.4 million
sheep units (5 sheep or goat units has the grazing capacity of one camel
or cow). He also estimated the total number of domestic animals at
more than nine million sheep units.

In 1971 pastoralism supported more than 60 percent of Saudi
Arabia's internally produced animal products, including 85 percent of
the nation's camels, 69 percent of its sheep, and 46 percent of its
goat stock (A1-Saleh, 1976). Unfortunately, pastoralism is now in a
state of decline because most of the grazing lands are considered
public property. Unlike ancient land use, in which grazing lands
were controlled through traditional tribal arrangements, public lands

today are available to all without restriction. This may have
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contributed to degradation of the range, as the stockman no longer

feels he stands to gain by careful use of the range (Kingery, 1971).

Fishery Resources
Despite its potential fish yield of 300,000 to 500,000 tons

per year, Saudi Arabia's fishery resource has been neglected for many
years. Annual production of fish in 1982 was only 37,000 tons. This
is less than 10 percent of the estimated annual potential yield. The
annual fish consumption, which represents only 13 percent of the annual
protein consumption in Saudi Arabia is estimated at 2.3 kilograms per
capita. This is Tow when compared to international standards. The
average consumption in Western Europe, for example, is between 12 and
15 kilograms per capita (Saudi Arabia, 1978). Lack of adequate
transportation and poor marketing facilities is mainly responsible

for the low production of fish on the coastline and the low consumption
of fish inland.

Efforts are now being made to increase fish production and
consumption throughout the country. In 1979, the government estab-
lished a National Fish Company for exploiting marine fish wealth in
Saudi Arabian territorial and other regional waters. The Arabian
Fisheries Company, which is older than the National Fish Company,
concentrates its activities on the high seas beyond territorial waters.
The last few years has seen a cooperative effort between the Ministry
of Agriculture and Water Resources and two British Institutions--the
White Fish Authority and the University College of North Wales, in a

fisheries research and development program for the Kingdom.
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Considerable information is being compiled on the various fish spe-
cies of commercial interest, their size, range distribution and
habitat. Since 1976, more than 180 different species in the Red Sea
Coast markets and over 110 in the Gulf Coast markets have been iden-
tified by the White Fish Authority. The available fish range from the
economically important snapper, jack and grouper, to the less valued
unicornfish, mojaira, and shark (Wray, ed., 1979).

A wealth of information on fishing communities is also being
provided by the White Fish Authority. They conducted a survey of
fishing communities along the Red Sea coastline in 1977 and their
results are documented in Peacock (1978). Three community types were
identified--the town or city, the fishing village, and the fishing
camp.

Towns or cities were large seaboard communities where fishing
was a permanent, well-established feature, although not necessarily a
major industry. Infrastructure in the form of markets, ice plants,
and repair facilities was generally in place. Fishing villages were
smaller, but essentially permanent communities where fishing dominated
the economy in the past. The fleet was usually large, and fishermen
were settled with their families, but the infrastructure was limited
to at most a water supply and electricity. Fishing camps were very
small communities totally dependent upon fishing. They are often
temporary and are at most working camps consisting of a few huts for
fishermen. There is virtually no infrastructure, the only established
feature usually being a coastguard station. Even basic supplies such

as food, water, ice, and fuel are supplied from trucks.
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Out of seventy-two communities surveyed along the Red Sea
coastline, 13 percent, 19 percent, and 68 percent were towns, villages,
and camps, respectively. A fleet of 1,225 boats, in the 6 to 8
meters range, worked the Red Sea coast from these communities with
2,400 full time fishermen and a total annual catch of 10,200 tons.

In the Gulf where the three main fishing ports--Jubail, Dammam,
and Qatif--are located, the fleet was about 200, ranging in size from
8 to 20 meters and supporting about 2,000 full-time fishermen. The
main fishing methods were gill nets, hand lines, and pot fishing, while

trawlers were used to catch shrimp (Saudi Arabia, 1979).

Prospects for Food Self-Sufficiency

In summary, Saudi Arabia has the potential of achieving self-
sufficiency in most of the domestically produced products. However,
the rate at which self-sufficiency can be achieved is limited by the
small size of holdings, a scarcity of water, and a shortage of skilled
manpower. About 65,957 farms or 37 percent of the total holdings in
the country account for less than 8 percent of the total land holding
with an average of about 14 donums per holding. This average holding
is often divided into four to five parcels of land. Although these
holdings do not encounter water problems, the small size and frag-
mentary nature of these holdings make the introduction of improved
technology, especially mechanization, difficult. Improvements of
such small-size holdings will have to rely on biological-chemical
technology which is labor-intensive. Labor in the rural areas of

Saudi Arabia is currently in short supply. To allow for the
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introduction of 1limited mechanization most of the small fragmented
fields will have to be consolidated through cooperative and community
efforts.

The extent to which size and fragmentation of land affects
the Tevel of investment in agriculture can be partially shown by the
loan disbursement patterns of the Agricultural Bank. Although the
1974 census showed that there were 5,972 holdings in Quassim or 3.3
percent of the total national holding with an average farm size of
564 donums per holding, the Agricultural Bank annual report indi-
cated that the Buraidah Branch in Quassim made 5,348 loans totalling
555 million Saudi Riyals. This was about 19.1 percent of the total
amount of money in loans by the Bank for the 1982 year. In contrast,
the Jizan region had 36,253 holdings or more than 20 percent of the
total holdings with an average size of 77 donums per holding in two
parcels of land. The Jizan Bank Branch disbursed only 1,353 loans
totalling less than S.R. 93 million. This was only 3.2 percent of the
total amount of loans disbursed by the Agricultural Bank in 1982. It
seems as if larger farm size holders are able to attract more loans.

Water availability 1imits the production capacity of Saudi
Arabija. Irrigation of lands in Quassim depends heavily on ground
water and this may explain the high investment in irrigation in this
region. The continuation of agricultural production in this region
depends on the continued availability of ground water, which, in
turn, depends on the rate of extraction and replenishment. Unless
ways are found to replenish the water extracted, agricultural produc-

tion in this region will be jeopardized in the long run. Meanwhile,
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it is necessary to introduce regulations and legislations that will
control the use of ground water.

While it is possible to achieve self-sufficiency in some
products 1ike fish and potatoes, the prospects for being self-sufficient
in rice in the near future are not bright. Unfortunately, rice forms
a staple diet for most Saudi Arabians. In 1981 Saudi Arabia imported
more than 414 thousand metric tons of rice, making it the sixth largest
among the major importers (Duwais, 1983). The high demands that rice
places on moisture makes it uneconomical for growing in a moisture-
scarce country. If self-sufficiency cannot be attained through
increasing domestic supply, it can possibly be attained through a
manipulation of the demand side. The government could design long-term
policies that will influence consumer taste and preference, and so
shift demand toward products that could be produced domestically--
fish and potatoes and away from products that must be imported--rice
and meat. The government could, for example, encourage the consumption
of fish and potatoes in their school lunch programs, to create a new

generation of fish and potato consumers.

0i1 and Natural Gas

It may be said that Saudi Arabia is a Tand whose treasures are
hidden from view beneath the desert. The country's most valuable
natural resource lay dormant under land where nomads pastured their
sheep and camels until 1938, when the Arabian American 0il Company
(ARAMCO) first tapped the largest crude oil reserve in the world. Even

then, the magnitude of the resource's impact on the country was not
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imagined. Since 1938, more than 50 billion barrels of oil have been
produced in Saudi Arabia. The ARAMCO concession area alone contains
165 billion barrels of crude oil and 114 trillion cubic feet of natural
gas (ARAMCO, 1983).

011 production in the early days was less than 20,000 barrels
a day until the close of World War II when production jumped to
50,000 barrels daily. By 1950 production had increased 1,000 percent
to more than half a million barrels a day, and by 1956 it had hit the
million mark. Ten years later this amount had more than doubled, and
more than 90 percent was produced by ARAMCO, with the remainder pro-
duced by both the Getty 0il1 Company and the Arabian 0il1 Company, Ltd.
In five years, oil production nearly doubled again, with 3,799,235
barrels a day produced in 1970. Five more years showed another doub-
ling of production to 7,075,452 barrels a day in 1975. By 1980 daily
production was nearly ten million barrels, and by then 97.3 percent
was produced by ARAMCO. In 1982 daily production by ARAMCO averaged
6,327,220 barrels. In 1983 the average fell to 4,872,000 barrels per
day.

Natural gas, which is produced with crude oil, was originally
flared because of the lack of an adequate market. In 1954, ARAMCO
began conserving natural gas by reinjecting it into the oil fields in
order to maintain underground pressure (Nyrop et al., 1977). In 1962
liquified gas was produced commercially, and since that time more
than one billion barrels have been produced (ARAMCO, 1983).

In order to determine how long Saudi Arabia will be produc-

ing oil in the future, a reserve-to-use ratio must be estimated. This
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ratio depends upon assumptions made about the rate of growth of the
011 resource (through new discoveries or development of new tech-
nologies which can bring more 0il into reserve) and the rate of

growth of the current extraction level. Based on the forecasting level
of international demand, Saudi Arabia's financial needs, and the known
reserve, which was assumed to grow by 20 percent annually, the
Ministry of Petroleum and Mineral Resources has estimated the
reserve/use ratio for crude oil to be 148 years.5 This ratio is very
high compared to that postulated in the Third Five Year Plan, which
estimated the Reserve/Production Ratio to be only 48 years.

The price which Saudi oil may be expected to bring, however,
has Tittle connection with the supply of crude oil. 0il prices are
not determined by the supply and demand of o0il; in fact, Adelman (1972)
maintains that the higher crude oil prices have no connection with
world supply or demand for crude oil. They reflect no scarcity of
0il, present or foreseen. Adelman suggests that supply and demand will
be as irrelevant to future oil prices as they have been to those in
the past. Because there are relatively few oil suppliers in the
market, they enjoy some level of monopoly, and oil is priced accord-
ingly.

In 1933 the Standard 0il1 Company of California (later ARAMCO)
agreed to pay the Saudi government a royalty of four shillings gold
per ton of net crude oil produced. Prices increased gradually until
1974, when the price of 0il tripled from the previous year. 0il

5"The Approximate Age of the 0i1 Reserves is a 148 years
in the Kingdom," (Arabic), Al-yaum, Damman, September 22, 1983.
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prices have continued to increase at a high rate since that time.
Prices have increased from $5.04 per barrel in 1973 to $11.25 per
barrel in 1974. 1In 1981 the price of crude 0il reached a high of
$34.00 a barrel, but fell to $29 per barrel in 1983.

Mineral Resources

Thirty years ago a tradition nearly as old as Islam ended in
Saudi Arabia: the mining of Arabian gold. Since the second century
of Islam, twelve centuries ago, there has been gold, silver, and other
mineral workings scattered around the Arabian shield. In 1955 the
Kingdom's last major mine, the Mohed ad Dahab gold mine, ceased commer-
cijal exploitation (Saudi Arabia, 1980). In 1983, after nearly thirty
years, the Mohed ad Dahab gold mine was reopened by the King of
Saudi Arabia (Taher, 1983). Extensive exploration and research have
not only indicated that the Mohed ad Dahab mine will be once more
economically profitable to operate, but have also revealed large commer-
cial deposits of such mineral resources as copper, iron, silver,
sulfur, phosphates, lead, and zinc in the country. By 1980 more
than 700 mineral occurrences have been identified in the main
metalliferous mineral belts. Tables 2.3 and 2.4 show some of these
minerals. Work on these mineral belts, which individually may occupy
several thousand square kilometers, is still in a relatively early
stage. The General Directorate of Mineral Resources has signed con-
tracts with some companies for mineral exploration in different areas
of the Kingdom. "The Saudi-Sudanese Joint Red Sea Commission was

established in 1975, following a bilateral agreement between the two
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TABLE 2.4.--Known Metallic Mineral Deposits in Saudi Arabia

Name of locality
(1) Major deposits

Estimated
Type and
Locslon: .«

Remarks

minerals (million metric)

Wadi Sawawin Banded jaspelite iron 400 — Fe 42% 4060 km Contains 0.6% P. A more comprehensive
deposit: Haematite from Red Sea  study is in progress.
and magnetite B s
" Ghurayyah Alkaline granite: 40-60 km Large, low-grade tantalum and colum-
Nb, ircon, EofRedSea  bium deposit. Market studies and new
U, Th,5n’ ___ extraction methods to be undertaken. |
Nugrah Massive sulfide 1.2-Cu1.1%, 400-500km  Small, high grade
deposit: Cu, Pb,Zn,  Pb3.2% E-NEof Yanbu  to Granges International Mining since
. Ag n81% 19
Aubgh,
X Ag 230 e e PN TN
| Jabal Sayid Massive sulfide 40 - Cu 1.7% 300350 km derground exploration by the
| deposit: Cu, Zn, N-NE of Jeddah  Ministry expected by 1981
| Pb, Au
“Mahd adh Dhahab  Ancient gold mine 300-350 km Under exploration licence to
N-NE of Jeddah  Consol Gold Fields. Strong fhs
hood offrt gold production mart
" Khnaiguiyah Base metal 15-2n6%  700-750km Exnlofmon in progress.
deposit: Zn, Cu ENEofJeddah
Jabal idsas Magnetic andesite 106 —Fe22%  700-750 km
deposit: E-NE of Jeddah _ =
Al Massane High grade poly- 0.25/per m 150-200km  Under exploration licence to Arabian
metallic deposit: depth indi- E of Jizan Shield Development Co. Underground
Zn, Cu, Ag, Au cated — Cu 1.5¢ exploration in progress.
Znas%
| Jabal Guyan "~ Ancient gold vein mine "160-200km _ Undar exploration licence t Arabian
~ " EofJizan ___ Shisld Development Co.
Jabal Harr Nickeliferous iron 2-Ni15% 150-200km  Under exploration licence to Arabian
3 sulfide deposit: Ni . EofJizan ____ Shield Development Co.
Wadi Wassat Massive pyrite 180 — 200-250 km
deposit: Fe, S Pyrite 80% E of Jizan
["(2) Minor deposits e
| Al Amar Low-grade zinc 25-2Zn25%, 700750 km
' deposit: Zn, Au Au27gh E-NE of Jeddah
Samrah Ancient silver mine 033 — 650-700 km
Ag4529h, E-NE of Jeddah
Pb 1.1%,
. Zn49% B R . _ .
Wadi Bidah Several low grade 65-Cul5%  200-250km Investigations are continuing in the
District: Sha'bat  copper-zinc Zn0.7% ESEof Jeddah  regio
Tare Rabathan, deposits
| Gehab A P Sy
Wadi Fatimah Olitic iron ore 48(10200m  S0km Contains 0.3 10 0.8% P.
deposits: Fe pth) — E of Jeddah
- _ Fe41-48% . ko e et ]
[7As Safra Small base metal 27at21%Cu  400450km  Under licence to Granges International
! deposit: Cu, Zn,Ag  and 4.5 at Eof Yanbu Mining since 1978.
| = 1.3% Cu _
[ Jabal As Shizm Small base metal 250 km Investigations are continuing in the
| deposit: Cu, Zn Nof Yanbu region.

SOURCE:

Saudi Arabia, A Guide to Industrial Investment (Riyadh,

The Saudi ConsuTting House, 1981)
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governments, to organize and supervise all research and development
work required to exploit the metal-rich sediments of the Red Sea
deposits" (Saudi Arabia, 1980).

Exploration indicates that there are 17 mineral deposit loca-
tions in the RedSea between Saudi Arabia and Sudan. One of the most
promising locations is estimated to have 2.2 million tons of zinc, 600
thousand tons of copper, 400-900 thousand tons of silver, and 80
thousand tons of gold. This mining operation, which is expected to be
in production by the end of this decade, will be the first of its kind,
since operations will occur more than 2,000 meters underwater (Al-Madina

Daily, 1983).

Summary

This chapter was devoted to a presentation of background infor-
mation on Saudi Arabia. The Kingdom of Saudi Arabia is relatively
sparsely populated. Recent rapid developments in all sectors of the
economy have resulted in an acute shortage of skilled manpower and a
rapidly growing urban population. It has also attracted a large
influx of foreign workers. Substantial progress has been made to
increase the pool of local skilled manpower through heavy investments
in education, training abroad, and modern health care.

Saudi Arabia strongly adheres to the Islamic faith and all
development is undertaken in a manner that will preserve the Islamic
faith and values. Rules and regulations governing the distribution of
land and the payment of zakat are derived from the sharia. The govern-

ment of Saudi Arabia is committed to attaining self-sufficiency in
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food production and in maintaining a balance in social and economic
rewards between the rural and urban population.

The country has a vast amount of land that is mostly desert;
only about 1 percent is suitable for agriculture. Water resources
are scarce and a large investment is being made in irrigation. The
country is promoting agricultural development by way of substantial
subsidies on agricultural inputs, maintaining floor prices for some

products and giving interest-free loans.



CHAPTER III
CONCEPTUAL FRAMEWORK

Introduction

In this chapter one of the most frequently used paradigms of
agricultural information systems will be described. This paradigm
will be used in a later chapter to address the problems of Saudi
Arabia's national agricultural information systems. The paradigm
will be discussed in terms of its philosophical basis and its com-
ponents. This will be followed by a review of its application in
some studies to show its strength and weaknesses. A brief discussion
of the economics of information will also be presented to highlight
some theoretical concerns on the use of neoclassical economic theory
in the analysis of the demand and supply of information. This
chapter will conclude with an explanation of the potential of this
paradigm in the development of a new information system for Saudi

Arabia's national agricultural sector.

Information and Inguirxl
Economists have several theories which provide a framework
within which researchers work. In 1ike manner, one would expect that

IThis section and the following one are derived from C. H.
Riemenschneider and J. T. Bonnen, "National Agricultural Information
Systems: Design and Assessment," Information for Agriculture, ed.:
M. J. Blackie and J. B. Dent (London: Applied Science PubTishers,
1979), pp. 145-172. Quotation marks indicate direct quotation from
the above source.
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a theory of information is available to guide researchers in their
examination of information systems. There is, however, no single
theory of information. Economists, sociologists, engineers, manage-
ment specialists, and others all have different theories of informa-
tion which focus on their unique disciplinary concerns and philoso-
phical beliefs. It is thus necessary to develop a general framework
for the understanding of information systems in agriculture.

Information systems in agriculture are designed to assist
both private and public decision makers in solving problems that
arise in the farm, the industry, or the national economy in general.
This would suggest that any framework for understanding information
system would focus, at least in part, on problem solving and decision
making. Problem solving and decision making at both the private and
public levels normally require knowledge from a variety of disciplines.
This means that if any information theory is to be useful in under-
standing information systems, it must have a multidisciplinary perspec-
tive. Thus, in assessing any operating information system, concern is
not with developing a separate information theory for a particular
discipline, but rather with a way of viewing and understanding the
process of inquiry and decision making (Riemenschneider and Bonnen,
1979).

In a broad and general sense, Riemenschneider and Bonnen view
information as the product of some basic process of inquiry. This
point is emphasized by Churchman (1971) who adds that to model a

problem is to conduct an inquiry about the problem, which is, in turn,
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an attempt to produce information on the very nature of the problem.
Any knowledge about a specific problem is thus dependent on the sys-
tem of inquiry used in obtaining that knowledge. In this sense,
information must be considered as a function of epistemology (Mitroff
and Sagasti, 1973).

Riemenschneider and Bonnen indicate that Churchman, Mitroff,
and others, demonstrated the relationship between epistemology and
information by pointing out the differences between the pure philoso-
phical systems of inquiry of Leibnitz, Locke, Kant, and Hegel. Any
model or conceptualization of an information system could be traced
back to some philosophically based inquiry system, indeed, to a basic
image of reality.

Mitroff and Turoff (1973) described the inquiry of Leibniz,
Locke, Kant, and Hegel. In summary, they state that in the Leibnizian
inquiry system truth is analytic, that is, the truth content of a
system is associated entirely with its formal content. In other words,
the truth of a model does not rest upon any external considerations.
It is independent of the raw data of the external world. In the Lockian
system, truth is experiential. This means that the truth content of
a system is associated entirely with its empirical content. 1In
Locke's view, the truth of a model does not rest upon prior assump-
tions of any theory.

The Kantian inquiry system attempts to integrate that of
Leibniz and Locke in that it is characterized by the fact that the

truth content of a system is not located in either its theoretical
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or empirical components, but in both. Neither the data input nor the
theory has priority. The Hegelian system is a dialectical inquiry
system. Its basic idea is that truth is conflictual in that the
truth content of a system is the result of a highly complicated
process that depends on the existence of a plan and a diametrically
opposed counter plan.

These systems tend to emphasize one system of inquiry or one
component of a tightly coupled system to the detriment of the other
components. "However, to limit an information system to any single
philosophical mode of inquiry will limit its ability to capture
reality adequately. To assist in solving problems, an information
system must represent the reality relevant to that problem. Thus,
it is the nature of the problem that dictates the information system
or mode of inquiry designed to solve that problem." For example,
"well-structured problems in decision theory are of the type where a
known deterministic or probabilistic relationship exists between the
choice of an act by a decision maker and the occurrence of a specific
outcome. Further, these acts must in some sense, optimize the value
to, or utility of, the decision maker given a known set of states
of nature" (Mitroff and Sagasti, 1973). "Thus, these types of prob-
lems are subject to more precise analytical methods of attack in that
there are unambiguous rules for deciding on an optimal course of
action, as well as known relationships between actions and outcomes."
On the other hand, "il1l-structured problems in decision theory are

such that one's knowledge about a given problem is limited by the
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fact that one or more sets of acts, outcomes, utilities of the
decision-maker or states of nature are not known with confidence.
With these types of problems, decision makers are frequently concerned
with the achievement of multiple desired outcomes under the conditions
of imperfect knowledge." Because of the uncertainty in ill-structured
problems, the greatest difficulty often lies in defining the problem.
The pure philosophical systems of inquiry of Kant, Hegel, and
others are useful in gaining insight into various aspects of problems,
but they have their shortcomings in dealing with the totality of
certain types of problems. The solution of ill-structured problems
requires a more general philosophical system of inquiry. It requires
a multidisciplinary approach that stresses the interaction between
different modes of inquiry. This is similar to what can be thought
of as a systems approach--and is characterized by Edgar Singer's
inquiring system. According to Mitroff and Turoff (1973), the main
feature of Singer's system of inquiring is that truth is pragmatic.
The truth content of a system is relative to the overall goals and
objectives of the inquiry. A model of a system in this sense is,
teleological or explicitly, goal oriented in the sense that the
truth of the model is measured with respect to its ability to articu-
late certain systems objectives, to create several alternate means
for securing these objectives and finally at the end of the inquiry
to specify new goals that remain to be accomplished by some future
inquiry. In essence, this inquiry system constitutes a theory about

the inquiry systems of Leibniz, Kant, Locke, and Hegel.
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This systems approach to problem solving provides the founda-
tion for the information systems paradigm described below. The
concern of information systems are with solving practical problems
and consequently with the decisions addressed to those problems.

It has often been said that there are no problems, only
perceptions of problems. Since "problems" are by nature nothing
more than obstacles to the achievement of arbitrarily set human goals
and values, the first step in problem solving is to identify the
decision makers and isolate their perceptions of the problem (obstacle)
based on their goals and objectives. The decision maker is an inte-
gral part of the information system, not only because his or her
insights influence the definition of the problem, but because that
definition influences the method of attack or analysis of the problem,
and the method of analysis or inquiry determines the kind of informa-
tion obtained. This means that any attempt at designing an information
system must begin with the decision makers' view of the problem and
his agenda. Since the system is dictated by the needs of the user,
an information system designed for farm policy decisions made by
government policy makers would differ greatly from an information
system designed for use by farmers in the day-to-day operation of

the farm.

An Information Systems Paradigm

The information system paradigm described here is heavily
dependent on Riemenschneider and Bonnen (1979). Essentially, Bonnen

presented this paradigm in his presidential address to the American
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Agricultural Economics Association on "Improving Information on
Agricultural and Rural Life" in 1975. The following paradigm
contributes to the clarification of the steps necessary in structur-
ing data systems and inquiry, or analytical systems, and also clari-
fies the linkages between these systems. The primary value of Bonnen's
paradigmis in its demonstration of the steps necessary to develop

information from data.

The Nature of Data and Data Systems

Every data system involves an attempt to represent reality
empirically. Reality can be one of two types: agreement reality--the
things that one considers to be real because one has been told they
are real, and experiential reality--the things that one knows as a
result of one's direct experience (Babbie, 1979). This section is
concerned with the second kind of reality--experiential reality.

Since reality is nearly infinite in its variations and configurations
and is not readily grasped by the human mind, it is necessary to break
down experiential phenomena into a set of categories or classes that
can be counted or measured. Counting and measuring is usually
thought of in quantitative terms, but the arguments apply equally to
numerical and nonnumerical data. Subjective impressions and simple
relative comparisons, such as good and bad, can be treated in similar
fashion. However, for pedagogic reasons, this section is discussed

in terms of numerical data, bearing in mind that the ideas remain

valid for both quantitative and qualitative data.



49

Data collection is normally perceived in terms of measuring
or counting samples or taking a census of a specific population. But
problems of sampling or measuring only arise after one determines
what phenomena are to be counted or measured. The phenomena to be
counted or measured depend on the decisions to be made. "To main-
tain logical coherence and to represent reality adequately, these
quantified phenomena must be related to each other and to reality in
a meaningful manner. Thus there must be a concept of reality to be
measured and to be meaningful this concept must be capable of
accurately systematizing and categorizing reality so it can be under-
stood by those using the data. This categorization must also be such
that the concepts are relevant to the decisions being made. Improve-
ments in sampling procedures or other measurement techniques will be
of 1ittle value without this solid conceptual base."

Although data presupposes a concept, concepts are abstract
ideas and it is not possible to measure concepts as such. "Instead,
it is necessary to operationalise or define these concepts so the
definitions (categories of empirical variables) are as representative
as possible of the chosen concept." There are thus three distinct
steps which must be taken before one can produce data that purport to
represent any reality. These are (1) conceptualization, (2) opera-
tionalization of the concept, and (3) measurement. These, essen-
tially, are the components of a data system. The failure or deficiency
of any one of these components affects the quality and characteristics

of the data produced. "Any inadequacy at any stage can be offset only



50

to a very limited extent by improvements or manipulations at the
other stages" (Bonnen, 1975). With this in mind, reliability of data
takes on three possible meanings: reliability of measurement, relia-

bility of operationalization, and conceptual v-eh'abﬂity.2

The Nature of Information

The data system is only part of an information system. Data
are language, mathematical, or other symbolic surrogates which are
generally agreed upon to represent people, objects, events, and con-
cepts (Burch, Jr., et al., 1979). To become information, data must
be analyzed and interpreted and placed in a decision-making content.
"Raw data or even semi-processed data are rarely used directly by
decision-makers." Rather, there are intervening acts of interpreta-
tion ranging from statistical and economic analysis through less
complex programs and political evaluations, which transform data into
information by placing them in a specific problem context to give the
data meaning and form for a particular decision or decision maker. In
this sense, the demand for data is derived from the need to make
decisions on problems. Information systems then can be viewed as a
process which imposes form and gives meaning to data. Thus an infor-
mation system is made up of three major components including: (1) a
data system, (2) the analytical capability necessary to interpret
data, and (3) the decision maker. The relationships between these

components are illustrated in Figure 3.1.

2Bonnen (1977) attributes this to L. V. Manderscheid.
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The analysis of any given problematic situation in agricul-
ture usually starts with a received body of theoretical concepts which
purport to represent reality. The concepts are operationalized
through the definition of variables that are often specified formally
in a model. The model is then tested against the data and conclusions
are drawn. Hence, data production must share the same conceptual
ground with the analytical system of inquiry if an empirical test is
to be valid or even possible.

In representing the data system, left side of Figure 3.1 and
the inquiry system, right side of Figure 3.1, as components of the
same information system, attention is drawn to the need for the same
sets of theoretical concepts and the same set of definitions which
make those concepts operational: without this common conceptual
background,there can be no mesh between empirical analysis and
theory between the inductive and deductive processes.

The paradigm discussed above is an abstraction of an ideal
information system. Riemenschneider and Bonnen alluded to some
problems that can be encounted when the paradigm is applied to an
actual specific information system--the real world situation. They
indicate that there are some problems in separating the various com-
ponents of the system. When applied to a specific information system,
there is a difficulty in attempting to determine the difference between
data and information. Very few decision makers can use true raw
data. "In most cases, data are presented in a selected format. The

choice of a format implies some purpose and therefore a level of
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interpretation of the data." This low level of interpretation points
to the critical nature of the communication function in an operating
information system. The usefulness of data is tied to their inter-
personal transmissibility. A1l data undergo initial formatting so
that they can be understood by analysts. This formatting is analogous
to the encoding of messages, as used by communication theorists,
before transmission. Related to the interpersonal transmissibility

of data is the choosing of an appropriate level of aggregation and
understanding the ability of users to access data. Thus whenever the
data collection process is organizationally separate from the analysis
and decision making a formatting and communication process becomes an

integral part of the information systems.

Previous Applications and Evaluations of the Paradigm

The following four studies applied the paradigm as a method
for evaluating different agricultural information systems. Charles
Henry Riemenschneider's (1978) study, "An Information Systems Analysis
of USDA Farm Income Data," had several objectives. The first objec-
tive was to describe the relationships between data design, data
collection, analysis, interpretation, and decision making for the
farm income information system. It was hoped that this would lead to
a better understanding of information system design. The second
objective was to further develop the economic and social theory with
regard to information and information systems. Riemenschneider
utilized Bonnen's paradigm in this study. The paradigm at this time

had not been extensively applied to specific information systems;



54

therefore, the study's third objective was to test the usefulness

of the paradigm as a research methodology. The final objective was
to suggest changes and improvements in the current farm income infor-
mation system.

The farm income information system was found to have four
major components: a primary data subsystem, a formatting and communi-
cation subsystem, an analysis subsystem, and a decision-making sub-
system.

Data collection was based on a mail survey and personal inter-
views with farm income data users. These users pinpointed two major
problem areas in the system: conceptual obsolescence and credibility.
Changing issues in agricultural policy have not been reflected in
the concepts of farm income, and data revision and methodology modifi-
cation over time created credibility problems.

The study entitled, "The Michigan Processed Potato Industry:
An Information System Case Study," by Ralph Dean Christy (1980) had
two broad goals. The first was to describe one type of problem,
obsolescence, as it related to the data systems and as it impacted
the decision-making process of plant managers in the Michigan processed
potato industry. The second major goal was to implement and develop a
methodology for evaluating information systems operating in the
Michigan processed potato industry. Several objectives were related
to these two broad goals.

This study was also based on Bonnen's paradigm in conjunction

with neoclassical economics, industrial organization theory, the
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behavioral theory of firm decision making, and a limited construct of
the cost and benefits of information over various market structures.
One of the objectives of the study was to test the applicability of
the information system paradigm and to revise or extend it where
possible.

Personal interviews were conducted with each plant manager.
The interviews were designed to obtain information on structural
characteristics of the industry and to evaluate the usefulness of
various types and sources of price information in the firm's market-
ing decisions.

Christy's study concluded with recommendations to public
statistical agencies, implications for the usefulness and limitations
of the information system paradigm as a framework integrated with
other bodies of theory, and suggestions for the agricultural econo-
mist's research agenda.

Marvin Lee Klein's (1979) study, "An Information System
Approach to the Study of Price Data: A Case Study of the Michigan
Potato Industry," examined the changing nature of the Michigan potato
industry and the relationship of these changes to needed changes in
the data system. This study had the following objectives: (1) to
identify and describe the structural make-up of potato production,
marketing, and pricing at the producer/first handler level in Michigan,
(2) to identify potato producer uses of price data and information,
the sources of price data used by producers, and information used in
determining a selling price, (3) to determine whether there is evidence

of a relationship between the structure of potato production and
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marketing and the producer's use of the sources of price data and
information, (4) to identify conceptual, operational, and measurement
problems confronting the information system for Michigan potato
producers against producer decision needs, and finally, (5) to
evaluate the information system approach as a tool in identifying,
defining, and evaluating the problems of price data and information.

Data for analysis was collected by a mail survey to all com-
mercial potato growers in Michigan. The questionnaire identified
the producing firm, its marketing pattern, the producer's data
source, and producer's evaluation of price data and information for
decision making. This survey was supported by telephone interviews
with a random sample of the nonrespondents to identify the effects
of response bias on the mail survey results. Also, potato buyers
and representatives of farmer organizations were interviewed to iden-
tify their price data and information uses.

Carl Borres Montano's (1982) study of Philippine Agrarian
Reform Policy Decision-Making under Martial Law emphasized the rela-
tionship between effective management and the information system.
Montano stressed that the capability of the public decision makers
to deal with policy problems and issues surrounding agrarian reform
in the Philippines depended on the effectiveness of the supporting
information system in providing policy makers relevant, accurate, and
timely information.

The objectives of this study as stated by Montano were:

(1) to provide a description of (a) the structure and dynamics of the
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agrarian reform policy-making process in the Philippines, as well as
of (b) the associated information system, showing the relationships
among data, analysis, and decision making; (2) to identify problem
areas in the agrarian reform information system requiring immediate
and long-run improvements and to make suggestions on alternative
ways of improving them; (3) to identify the relevant program perform-
ance variables; and (4) to suggest potential contributions of the
General System Simulation Approach toward improving the analytical
capability of the information system, and to outline the resource
and organizational requirements for realizing these potentials.

Montano's analytical framework was built around four theoreti-
cal developments: (1) the theory of a feedback control system as
developed by Manetsch and Park (1977); (2) the theory and economics
of information systems as developed by Bonnen (1975, 1976, and 1977),
Riemenschneider (1977); (3) the theory of rational decision-making
processes in the field of agricultural policy as developed by Johnson
(1975), Johnson and Rossmiller (1978); and (4) the concept of a gen-
eral system simulation approach as developed by Manetsch et al. (1971),
Johnson and Rossmiller (1978).

Data for this study were obtained through survey and non-
participant observation. These primary data were supplemented by
secondary data from different sources such as policy/implementation
workshops and conferences.

The population of participants in the agrarian reform decision-

making process was stratified into four groups according to roles in
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the process, namely (1) policymakers, (2) implementors/administrators,
(3) analysts/investigators/researchers and statisticians, and (4)
affected parties and other interest groups.

The major relevant findings of Montano's study were that the
management component of the Philippine agrarian reform program was
composed of two subcomponents, namely, policy making and implementa-
tion. Likewise, the information component was composed of two sub-
components, namely, data and analytical. The operation land transfer
information system was inadequate. Its major deficiency lay in its
weakness in the operationalization of the concepts.

Each of the four preceding studies tested the usefulness of
the information system paradigm in their analysis.

One major problem Reimenschneider saw in the use of the infor-
mation system paradigm in designing a study was the identification of
the population of users. He indicated that decision makers would have
difficulty determining their potential needs, since they could not
place a value on data until it was used. However, Reimenschneider
found most decision makers capable of identifying gaps in the existing
data and describing the types of data still needed. This would indi-
cate that the information system paradigm is effective as a guide to
research, since it offers possibilities to specify problems and data
gaps in the system by examining the users and the uses of the informa-
tion.

A weakness Reimenschneider found in the paradigm was the

problem of defining a unit of measurement of information, which makes



59

it difficult to place a value on the information. This affects the
usefulness of the paradigm in setting priorities among different
types of data.

Klein concluded that the information system framework can be
effectively used for defining problems confronting the potato price
data and information system, and is particularly effective as an aid
to the identification and definition of the specific nature of the
problems and the data and information system. This usefulness is a
result of viewing data and information problems in a conceptual,
operational, or measurement context. However, the information system
framework understates the value of publicly reported data if it
neglects the nondecision-making uses of the price data. The study,
for example, identified the importance of price forecasting to potato
producers, ignoring outside information used by decision makers--that
is, information produced by analysts outside the particular data and
information system being analyzed--would understate the price data
value.

Christy saw the greatest strength of the paradigm in its
ability to aid the researcher in defining problems, lending clarity
to complex settings. The framework was found to be applicable to
most informational problem areas, both at a micro- and macroeconomic
level, and was particularly suited to research involving i11-defined
problems wherein the emphasis of the research is at least in part the
articulation and definition of the problem.

Another strength of the paradigm exemplified by Christy's

study is the ease with which it can be combined with various concepts
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from other theories. The framework is an epistemological taxonomy,
not a methodology, which allows it flexibility. For example, in his
study, the information system paradigm was combined with concepts
from neoclassical theory, institutional economics, and from indus-
trial organization.

Unlike Reimenschneider, Christy maintains that because deci-
sjon makers cannot place a value on information until they have used
it, then evaluation of information types and sources is limited to
their realm of experience with existing information types and sources.

Another limitation Christy saw in the framework is its inabil-
ity to provide decision rules so that, for example, trade-offs can
be made between competing data users. The framework does not help
the reseacher in prescribing which types of information should be
publicly supported and which type should be supported by the private
market. A1l this hinges on the problem of placing a value on differ-
ent uses of data and on the distribution of benefits.

Unlike Reimenschneider and Klein who found it difficult to
identify the universe of data users when applying the paradigm to
their particular studies, Christy, with a relatively definitive user

group did not have difficulty in identifying his study group.

Economics of Information
In order to design a successful agricultural information sys-
tem, it is necessary to understand information economics, how informa-

tion as a commodity differs from other commodities, and how this




61

difference influences its supply and demand are important concepts

to consider in gaining an understanding of information systems.

Theoretical Concerns in the
Economics of Information

It is only in recent years that a number of studies have
begun to surface on the economics of information. In neo-classical
economic theory, problems of information were simply assumed away by
economists who asserted that, under "perfect competition," consumers
are rational and possess perfect knowledge. This implies that infor-
mation about goods and services is costless in a perfectly competitive
market. With a few buyers and sellers, this assumption of "perfect
knowledge" might be plausible, but a perfectly competitive market also
assumes large numbers of buyers and sellers (Boulding, 1966). As
Newman (1976) points out, the only economic analysis which really
results from this approach is a comparison of resource allocation
outcomes produced under perfect knowledge with those produced under
any state of imperfect knowledge. These comparisons have much to be
desired, since imperfect knowledge, the real world situation, is
regarded as a distortion from the outset and it becomes difficult
to avoid the conclusion that resource allocation is improved if the
distortions are not present.

Many scholars have recognized the inadequacy of the economic
theory in addressing information problems, and a significant amount
of work has been done in this area during the last two decades.
Lamberton (1976) stated that the assumption of "zero information cost"

is unrealistic in a world where as much as one-quarter of the Gross
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National Product (GNP) is accounted for by knowledge production and
distribution. He suggests that economic models need further modifi-
cation in order to tell us about the role of information in economic
and social development.

Faced with the problem of information, some economists
attempted to produce a dynamic version of perfect competition. The
basic assumption here is that firms are not supposed to know what
the market clearing prices are, but that they are supposed to react
quickly to any deviations of expected demand from expected supply.

In these models the perfectly elastic demand of pure competition is
replaced by a negatively sloped demand curve of expected sales. Thus,
the real world is portrayed as one of monopoly and competition blended
in monopolistic competition. Economists before this time had assumed
that reality could be divided into either perfect competition or pure
monopoly. However, the procedure of putting together these two
models is inadequate. A firm which lowers its price may not sell
because consumers are not informed. The assumption that a price
reduction can transmit itself effortlessly to consumers is a naive
assumption (Lamberton, 1971).

Economists have also tried to incorporate the problems of
incomplete information by distinguishing between risk (uncertainty
that can be insured against) and uncertainty (for which there can
be no safeguards). Lamberton (1971) maintains that this dichotomy
fails to come to grips with the various decision rules--Maxmin,

and other rules, that decision theorists produce--and that we cannot
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believe in a scalar of information which commences with perfect
knowledge and ends with pure uncertainty.

The most prominent attempt to overcome some of the explana-
tory problems arising from the neoclassical assumptions comes from
the view that information can be treated 1ike any other commodity
and can be analyzed by way of the neoclassical principles of supply
and demand (Arrow, 1962). Thus, information in this context is
analyzed with the use of equilibrium theory where the primary task is
to explain or determine the prices and quantities that will clear
the market for information. Furthermore, if markets were perfect,
then the quantities of information so produced could be regarded as
optimal. This framework requires information to be unambiguously
measured in quantitative terms. However, it is simply not clear
what such a measure could be. Newman (1976) says that the central
questions concerning information are not those about its sheer quan-
tity, but its quality or truth value. However, finding a measure for
this dimension is difficult. This stems from the peculiar properties
of information which arise even more fundamentally in the discussion
of the demand and supply of information.

Boulding (1966) contends that although knowledge (information)
is something that can be bought or sold, it is difficult to put a
price on it because of the difficulty of measuring the quantity of
the commodity itself. The absence of any unit of information and the
intrinsic heterogeneity of its substance makes it very difficult to

think of a price of knowledge.
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Another difficulty that Boulding sees is that only things
which are clearly capable of being appropriated are subject to being
exchanged and that if they cannot be private property, then they
cannot be treated as a commodity. While knowledge has many of the
aspects of property, its capacity for reproduction in many minds and
its accessibility in the form of the published work make it a very
peculiar form of property. Boulding cited Price (1965) who quoted
J. W. Powell as saying that possession of property is exclusive;
possession of knowledge is not exclusive, for the knowledge which one
has may also be the possession of another. These difficulties may
have led to a certain neglect of the commodity aspect of knowledge.

Arrow (1973) in his presidential address to the American
Economic Association expressed his admiration for the accomplishments
of the neo-classical economic theory, especially for its productive
theoretical insights into the resource allocation process and its
abijlity to give a sufficient answer and explanation to economic ques-
tions and problems. Arrow emphasized, however, its inadequacy to
answer other kinds of economic questions, such as the existence of
unemployment in a capitalist market, and the inequality in economic
development among countries and among groups and regions within a
country.

These two failures of the neoclassical explanatory mechanisms
were linked to its foundations. The economic model, as Arrow per-
ceives it, is founded on two concepts. One is that of the individual

economic agent, whose goal is to optimize his utility function subject
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to certain constraints. The other is a market which is assumed to
equate the aggregate individual demand to the aggregate individual
supply at the equilibrium point.

According to Arrow, the existence of unemployment is a direct
contradiction to the notion of the smoothly clearing market. He
also attributes the differential levels of economic development to a
difficulty with the second fundamental concept, which is the condition
of optimization.

As Arrow argues, although the model is comprehensible and the
motives and constraints are real and important, its simplistic
approach disregards other factors. He pointed out that one of the
greatest inadequacies of the system was in terms of the apparent
minimization of the information needed by the individual to carry out
"efficient" transactions. A1l information about the rest of the sys-
tem was assumed to be transmitted to the individual via prices.

Arrow hypothesizes that two firms having similar economic
positions but with different access to productive information will
have different levels of economic development. (The empirical results
of Debutin et al., 1975, document such hypotheses.)

The assumption that the market system is informationally
economical is not true. The individual agent, while knowing his
utility function and production possibility set and also the commodi-
ties' prices that he buys and sells, does not know the utility func-
tion and production possibilities for all individual agents which are

part of the economic system. Also, maximization should consider
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future as well as present time. Although the neo-classical economic
theory can handle decisions over time, the needed information, such
as prices, does not exist. That is because of the absence of the
future market, which implies that the optimizer faces a world of
uncertainty. The inherent characteristic of information as a com-
modity, which does not satisfy all the neo-classical norms, prevents
the existence of an economic information industry to produce informa-
tion of predictive value.

Arrow concludes that if we are to take informational economy
serjously, we have to add to our usual economic calculations an

appropriate measure for the information costs.

Characteristics of Information

Information possesses several characteristics which are helpful
in answering questions that are related to information systems design.
The understanding of these characteristics is crucial to a discussion
of the demand and supply of information which, in turn, can give
insight into the value of information and the appropriate role that
can be played by both private and public institutions in the use and
provision of information.

Most of the characteristics of information have already been
alluded to in the preceding section. This section, therefore, only
serves to emphasize some points that were made earlier. Information
possesses certain characteristics of a public good which Teads to
allocation inefficiencies when compared to private goods in a compe-

titive economy. The characteristics of uncertainty, indivisibility
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and nonappropriability that are peculiar to information all violate
the classical properties of purely private goods. The existence of
uncertainty is inherent in the definition of information (Riemen-
schneider, 1978).

Because private goods are divisible and because there is
rivalry for their consumption, they meet both the necessary and suffi-
cient conditions for Pareto—efficiency.3 However, the characteristics
of public goods--indivisibility in consumption and nonexclusiveness--
inherent in information may lead to "market failure" or inefficient
information allocation.

Since information is an indivisible good, the difficulty of
achieving efficiency in its production and consumption results from
the fact that the marginal cost of adding an additional consumer of
information is zero, once the information has been produced. Any
price greater than the lowest money value for information to any
consumer would inefficiently exclude that consumer. If the price of
information is set at the lowest money value assigned to it by a
consumer, the total revenue to the producer will probably be insuffi-
cient to cover the cost of producing the information (Randall, 1981).

3"Pareto-eff1’ciency is defined as a situation in which every-

one is so well off that it is impossible to make anybody better off
without simultaneously making at least one person worse off" (Randall,

1981, p. 113). There are three necessary conditions for Pareto-
efficiency: (1) efficiency in consumption, (2) efficient product mix,
and (3) efficient resource allocation. The sufficient condition for

Pareto-efficiency is that all isoquants and indifference curves must
be nonconcave (Randall, 1981, p. 118).
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Theoretically, Pareto-efficiency can be achieved in producing
and consuming information only if there is perfectly discriminatory
pricing of information and a universally accepted unit for measuring
information. Some mechanism must be found to charge each user of
information the money value of the utility derived from the informa-
tion. It is impossible for the supplier of information to objectively
determine the money value of the marginal utility each individual
derives from consuming the information. There is also an incentive
to the consumer to understate the value of the information (Randall,
1981). Therefore, there is in reality no possibility of achieving
Pareto-efficiency for producing and consuming information.

The only remaining options for the public sector in providing
information are to provide it free of charge, or to charge a nominal
price but sufficiently high to cover the cost.

The nonappropriability of information is related to the con-
cept of property rights (Wunderlich, 1974). The producer or owner of
the information does not realize the full benefits of the property
alone. It is difficult for information produced to appropriate through
market pricing the full social benefits arising directly from produc-
tion or use of information (Christy, 1980). Since information cannot
be appropriated, then it cannot be a commodity in the proper sense of
the word.

Lack of appropriability of information has led to underinvest-
ment in its production and has resulted in concerns as to the appro-

priate measures to take. Suggestions include that of Newman (1976)
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who proposed that institutional reforms should be carried out to
increase appropriability. But the usual ways of enhancing appro-
priability include copyright and patent laws, as well as user fees
charged for the information. There are, however, some problems. For
example, the cost of enforcement with regard to copyright and patent
laws 1imit their use to only selected cases as pointed out by Riemen-
schneider (1977). Similarly, the use of user fees requires that the
fees be low enough to discourage resale by those who buy the informa-

tion.

Information and Economic Structure

The demand for information by the public and private sector is
greatly affected by the configuration of the major economic sectors in
the society and the degree of concentration of these economic sectors.
In some sectors, an industry or firm can appropriate all the gains
from data collection and analysis that is financed by that association.
There are other sectors where the benefits from private investments
in data can never be captured by an individual firm or even by an
entire industry. The difference is primarily found in the nature of
the industrial sector itself.

Christy (1980) analyzed the costs and benefits that can be
incurred by the private and public sectors under different market
structures. He concluded that as market concentration increases, the
cost of information acquisition increases for the public agency,
while the cost for the private firm decreases. Also, as market

concentration increases, private benefits from information investment
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increase greatly, providing a major incentive for the private firm
to invest in information and deny access to the public. As market
concentration increases, the social benefits from public investment
in information to facilitate market coordination decline rapidly,
while the benefits from information for public policy and regulation
increase. These are similar to the conclusions reached by Bonnen

(1977).

Application of the Paradigm in this Study

The Saudi Arabian agricultural information system will be
examined in the following chapters in relation to the information sys-
tem paradigm. In doing so, the author will utilize knowledge of the
Saudi Arabian agricultural data base, government publications, ques-
tionnaires, and manual references of the 1973 and 1982 censuses and
annual surveys. This will be supplemented by information obtained
from informal interviews with the head and other informed personnel
of the Department of Economic Studies and Statistics and Agricultural
Bank and on the author's experience as an enumerator in the 1972
census.

The Saudi Arabian system will be evaluated on the following
criteria: How closely does it parallel the paradigm? Does it have
the three distinct subsystems (data, analytical, and decision systems)?
How accurate and relevant are the concepts upon which the system is
based? How are these concepts operationalized and measured? How
flexible and dynamic is the system? Does it allow for social, economic,

and geographical differences?
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Based on these findings, the paradigm will be used to suggest
some remedial measures for improving the existing Saudi Arabian

agricultural information system.

Summary

This chapter has discussed the information systems paradigm
as presented by Bonnen (1975). Essentially, the paradigm consists
of a data system, an inquiry system, and a decision maker. The
analysis of a problem in agriculture usually starts from a body of
theoretical concepts which represent reality. The concepts are then
operationalized through the definition of variables that are often
specified in a model. This model is then tested against data and
conclusions are drawn. The paradigm is an abstraction of an ideal
information system and may present some problems when applied to an
actual information system. These problems are related to the dis-
tinctions between data, and information and to the interpersonal
transmissibility of data.

Neoclassical economic theory has not been successful in
analyzing the demand and supply of information. This is mainly due
to the nature of information which possess certain characteristics
that are unique to public goods. These characteristics include
uncertainty, indivisibility, and nonappropriability.

The next chapter will attempt to evaluate the Saudi Arabian

information system by using the idealized information paradigm.



CHAPTER IV

EVALUATION OF THE AGRICULTURAL DATA BASE
IN SAUDI ARABIA

Introduction

The statistical data base for an agricultural information sys-
tem in Saudi Arabia evolved out of a response to national development
needs. Its growth and effective contributions to development in the
future can only be assured if there is a recognition of its value
by political leaders, accompanied by scientific progress that facili-
tates the collection and analysis of the necessary data. It is only
in recent years that farm data collection in Saudi Arabia has gained
some national respect and recognition. This is not surprising,for even
in developed countries, the development of an information system for
the collection, processing, dissemination, and interpretation of agri-
cultural statistics has been a slow process. This chapter will attempt
to document the demand for and supply of data in Saudi Arabia.

The demand for data is derived from the prior demand for
knowledge and information. The demand for knowledge, itself, stems
from its consumption value as an end in itself and from its value as a
tool in public and private planning--and in program development,
implementation, and evaluation, all of which takes place under condi-
tions of uncertainty. It is this uncertainty that is the driving

force behind the total demand for data.

72
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Because of the nature of information as a public good, the
supply side of the data market in Saudi Arabia is dominated by the
national government. The supply side is characterized by a cen-
tralized system composed of national ministries and departments, and
a decentralized system in which individuals and agencies, typically
funded by grants from the government, collect small amounts of data
for very specific purposes.

After a presentation of the supply of and demand for data, the
balance of the chapter will be devoted to an evaluation of the infor-
mation system as obtained in Saudi Arabia. The paradigm presented in

Chapter III will be used as a basis for evaluation.

The Supply of Data
The supply side of the data market in Saudi Arabia is much

more concentrated than the demand side, and is largely coordinated

at the ministerial level. A natural consequence of this kind of
arrangement is that the data collected better serve the goals of the
government and national policymakers than the goals of other areas of
demand. Even the decentralized component of the supply of data is also
influenced by government initiatives and goals. Individual researchers
and agencies collect data on specific issues. But much of the funding
for such projects comes from government organizations and the pro-
posals are reviewed by government representatives. Undoubtedly, the
judgments of these people about research project viability and prior-
ities are influenced by the goals of the ministries and agencies in

which the reviewers are employed.
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There are several government ministries and agencies in Saudi
Arabia which are responsible for the provision of agricultural data.
These include the Ministry of Agriculture and Water, the Ministry of
Finance and National Economy, the Ministry of Planning, and the Minis-
try of Municipal and Rural Affairs. No single ministry or agency
within these ministries has the sole responsibilities of collecting
and providing agricultural data. Rather, each ministry provides data
on certain aspects of agriculture that is of interest to them. The
Ministry of Agriculture and Water (MOAW) is perhaps the most important
source of agricultural data in Saudi Arabia.

The Ministry of Finance was formally established in 1953 and
in 1954 it was expanded to the Ministry of Finance and National Econ-
omy with greater power to audit and supervise the accounts of all
other ministries. It has the overall responsibility for the prepara-
tion of the national budget. Within the Ministry of Finance and
National Economy are the Saudi Arabian Agricultural Bank and the
Central Department of Statistics. The data provided by the Agri-
cultural Bank are mostly related to credit movements and are usually
contained in the Bank's annual financial reports. The data contained
in these reports show the number and size of loans, the type and
category of Toan by geographical region, loan collection and repayment,
and agricultural subsidies provided through the Bank. The Bank some-
times publishes research papers on varied topics ranging from estimat-
ing farm production costs to estimating demand and supply equations.

The Central Department of Statistics publishes data on all

sectors of the economy in its annual statistical yearbook, which was
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first published in 1965. The yearbook has data on climate--rainfall,
temperature, humidity, and winds; commodity prices; imports and
exports; government budget; social data on education, labor forces,
population; and others.

The Ministry of Planning was established in 1975 and was form-
erly known as the Central Planning Organization. Its main function
is to plan economic development for the entire country. The Ministry
provides data on national plans for agricultural development and on
the resources needed to implement these plans. It has been responsi-
ble for the publication of the three five-year national plans covering
the period 1970-1985. It has also published a statistical book on
the accomplishments of the first and second national plans.

The Ministry of Municipal and Rural Affairs was created from
the Ministry of Interior in 1975. It is basically responsible for
regional planning and community development. The ministry provides
data on the natural setting, economic structure, land use, housing,
community buildings and networks, for some cities and towns.

The Ministry of Agriculture and

Water (MOAW

The MOAW carries the major responsibility for developing and

implementing plans and programs for the development of the entire
agricultural sector. In this capacity, it serves as the most impor-
tant source of agricultural data and will, therefore, be given a
disproportionately greater space in this discussion. The main depart-

ment within MOAW responsible for the collection and analysis of
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agricultural data is the Economic Studies and Statistics Department.
This department started in 1960 as a statistics division under the
Department of Agricultural Research and Development within the MOAW.
In 1979 with the recognition of the importance of agricultural infor-
mation, the Statistics Division became a separate department under the
Director General of Organization, Planning, and Budget who is directly
responsible to the Minister of Agriculture.

The Economic Studies and Statistics Department is charged
with the responsibility of collecting and analyzing agricultural data
and for conducting economic and marketing studies related to agricul-
ture. At present the department has fifteen permanent employees,
including agricultural engineers, agricultural specialists, statisti-
cal analysts, and administrators. To conduct agricultural censuses
and surveys, the department relies on recruitinga number of enumera-
tors for the field work and on consultants from the Food and Agricul-
ture Organization and the joint Saudi-American Economic Committee for
the more scientific aspects.

The data provided by the Economic Studies and Statistics
Department can be classified into three main categories. First are
the basic statistics which refer to data that are relatively stable
and don't exhibit significant changes from year to year. Examples of
these types of data are the number of farm holdings, land tenure,
land use, land fragmentation, agricultural population, and machinery
ownership. The second type of data is current statistics. This

refers to data on agricultural activities performed more or less
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continuously every year and which can vary significantly from year
to year. Examples of these types of data include crop hectarages and
production, livestock numbers, milk, and egg production and prices.
Basic statistics are usually obtained through the decennial agri-
cultural censuses. The 1lists of the most recent censuses are used
as sampling frames to conduct sample surveys from which current sta-
tistics are obtained.

In addition to the decennial censuses and annual surveys,
occasional surveys are conducted from time to time to meet special
needs such as evaluating certain policies, programs, or methods,
answering new questions or for studying certain special phenomena.
This is the source of the third type of data, special needs statis-
tics, and are usually obtained through one-time surveys.

The department cooperates and consults with other government
agencies within and without the MOAW. For example, the permission of
the Central Department of Statistics is required before the dissemina-
tion of agricultural data. However, the level of interdepartmental
coordination and cooperation both between sources and users of the data
is minimal and sometimes nonexistent. The lack of effective communi-
cation between data sources and data users or between the supply and
demand sides of the data market, especially within the private sector,
is a major obstacle in the utilization of the data base to meet the

needed information.
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The Demand for Data

The demand for data is derived from the demand for informa-
tion. The demand for information on agriculture is simply part of a
larger demand for information on all sectors of the economy, all
areas, and all people, urban or rural. It is difficult to separate
the users of information from the suppliers of information in Saudi
Arabia. This is because most of the data collected is targeted toward
meeting the specific needs of the agency collecting the data. Never-
theless, the data collected are usually available for use by both the
private and public sectors, and by agencies, institutions, and indi-
viduals. Among the public sector users of agricultural data, the
Ministries of Agriculture and Water, Municipal and Rural Affairs,
Planning, Finance, and National Economy and Commerce are probably the
greater beneficiaries. Farm input suppliers, farm output traders,
importing and exporting firms of agricultural commodities, and com-
mercial farmers also derive a lot of benefits from the data provided.

With the foregoing discussion on the demand and supply of
agricultural data, the stage is now set for a closer examination of
the Saudi Arabian agricultural information system. The following
sections will describe the operating agricultural information system
as is currently obtained in Saudi Arabia. This will be done in line
with the idealized system described in Chapter III. Wherever necessary,

suggestions for improving the operating system will be made.
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The Agricultural Information System

In Saudi Arabia the agricultural information system is yet in
its infancy. Although it is possible to identify the three subsystems
--data,analytical, and decision makers--it is sometimes difficult, if
not impossible, to separate the actors of these subsystems. Added to
that, there is yet no single subsystem that has developed to the
extent of earning both a national and an international reputation.

The data subsystem is probably the most developed of the three sub-
systems. As a result, most of the discussions in this section will be
devoted to an examination of this subsystem. First, an overview of

the information system will be presented. This will be followed by

a discussion of the problems involved in the conceptualization and oper-
ationalization of the concepts and on the problems encountered at the
measurement stage. A brief statement will be made on the inquiry
subsystem. The last subsection on the Agricultural information sys-
tem will Took at the decision-making subcomponent.

An Overview of the Information
System

The Agricultural Information System in Saudi Arabia can best
be described as a data base or a repository of all agricultural data
that is scattered among the suppliers of the data. It consists
basically of data elements that are organized into records and files
and forms the foundation of the agricultural information system.
Because data from all agricultural aspects are not readily available,

and the available data are not sufficiently analyzed, the agricultural
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information system falls short of meeting the needs of the decision
makers and it is plagued by several problems which include a lack of
experience, ambiguity of objectives of agencies collecting data, and
an inadequate institutional arrangement.

The rapid growth in the agricultural sector in general,
coupled with the increasing specialization and commercialization of
some subsectors has placed a heavy demand for agricultural informa-
tion on a system that is set on a primitive stage with very 1ittle and
very short experience on data collection. The first national attempt
to collect a comprehensive set of agricultural data, for example,
started in 1960 and ended in 1966. This covered six different regions
of the country. A two-stage census was conducted in 1971-72 and 1973-
74. The first stagel collected current statistics and was based on
sample surveys. In the second stage, basic data were collected, and
it included all farmers. A second census was conducted in 1981-82.
This was also conducted in two stages. The results of this census
have not yet been published. It is not known how much has been learned
from mistakes in these censuses, but it is clear that two censuses
probably do not develop enough experience on which to establish con-
fidence on the accuracy and reliability of the data collected. This
is even more so in a rapidly changing society such as Saudi Arabia.

A second problem with the data base may be attributed to a
lack of clear objectives for the main supplier of agricultural data--

1It is difficult to consider the first stage as a census

because it was based on a sample survey. Also the two stages of the
census did not relate to one year.
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the Economic Studies and Statistics Department. The main responsi-
bility of this department, as described by its head, is that of data
collection (including questionnaire design), and data analysis of all
agricultural data. It is also expected to carry out economic and
marketing studies, if and when necessary. The objectives of the
department are not well defined. As a result, the data that are
collected are targeted toward meeting the needs of the public sector.
While this approach was justifiable twenty years ago, when private
demands for data were Timited, the changing nature of the current
agricultural system demands a broader approach which will require the
identification of all potential users of the data collected and their
specific needs. On the other side, all data suppliers and the types
of data they supply need also to be identified. This identification
will facilitate better communication between data suppliers and data
users for both the public and private sectors. In the end resources
devoted to the collection of unwanted data could be saved and better
utilized for other purposes. It is recognized that because of the
public nature of information, public agencies, funded by public insti-
tutions will continue to be the major data suppliers.

Answers to questions of why the data are collected, whom do
they serve, what are the national priorities, and what are the needed
indicators are a necessary first step before any data are collected.
There are unlimited numbers of data elements that can be collected,
but the resources to collect these data elements are certainly not

unlimited.
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Inadequate institutional arrangements are another major
obstacle to an efficient operation of the information data base.
Census legislation, for example, constitutes one of the most important
instruments in facilitating the conduct of a census and is a first
step in the planning of any census. This legislation, however, is
nonexistent in Saudi Arabia, even though about two censuses have
already been carried out.

Census legislation will empower the department of Economic
Studies and Statistics to conduct censuses at fixed intervals of time
on a regular basis. The legislation will detail out such matters as
the scope of the census, the obligation of enumerators, or others
handling the data with respect to their protection and penalties for
noncompliance and disclosure of information. Farmers, in turn, can
be required to fully cooperate when information is being solicited
from them. They must be assured of the confidentiality of the infor-
mation and of the use of the information. Most importantly, farmers
need to know that the information obtained from themwill be used
purely for statistical purposes and will not be used for the collection
of zakat; for property registration nor for any other purposes that
can threaten their individual rights.

The institutional arrangements are such that there is a lack
of coordination of activities between the different suppliers of data.
The need for accurate, reliable, and timely information is not limited
to agriculture alone, and the production of data for agriculture is

not confined to the Ministry of Agriculture and Water. Other sectors
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of the economy have their own information systems which provide data
that relates directly or indirectly to agriculture. In drawing up the
functions and responsibilities of these ministries and agencies,

there is a need to consider the interdependence between these agencies
and to establish a link of direct communication between them. This
arrangement can lead to several advantages. At the minimum, the
overlap and duplication of efforts can be minimized. At present,
several agencies devote the limited available resources in collecting
data that could be obtained from other agencies at little or no cost.
A clear and unambiguous objective for each supplier of data and an
open link of communication between agencies could result in a wider
scope of data collected as different agencies devote time and energy
to the collection of other data that might be needed, but is unavail-
able.

Another advantage of a well-coordinated inter-agency activity
is related to a unified use and definition of certain concepts and
variables. Consider, for example, an independent researcher who is
forced to use secondary data for certain concepts such as farm, farm
income, labor force, or prices. If the data for any given concept or
variable are obtained from different sources where they were perceived
or defined differently, then a researcher who assumes that the con-
cepts or variables are homogeneous may make erroneous recommendations.
This can be illustrated by an example. Suppose that a researcher
wished to study the factors affecting "farm income" during the last

two decades. He hypothesizes that farm income, Y, is a function of N
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independent variables, Xl’ X2 2, B Xn. In obtaining data for farm
income, assume that the researcher gets data for the first decade
from Source A and for the second decade from Source B, and that both
sources defined farm income differently. Failure to recognize the
differences in the definitions of the farm income concept may lead to
misleading results.

To allow for comparability and to enable the analysis of dif-
ferent indicator parameters for the same time span and region, both
temporal and geographical dimensions need to be taken into account
when different agencies are being formed, and when different informa-
tion systems are being designed. In Saudi Arabia, these dimensions
have Tong been neglected. For example, the first agricultural census
was conducted in 1971-72 for current data and in 1973-74 for basic
data. On the other hand, the first population census was carried out
in 1974. There is a difference of at least two years between the
current data of the agricultural census and that of the population.
Even though the second agricultural census was conducted in 1981-82,
the second population census has yet to be carried out. This differ-
ence in time of conducting census makes it difficult for the popula-
tion census data to be used together with the agricultural census
data.

The reporting of data by regions also offers difficulty in
comparing different data sources. For administrative purposes, the
country is divided into fourteen districts. The results of the first
population census were reported according to the fourteen adminis-

trative districts. However, the results of the first agricultural
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census were reported differently. The first stage of the agricultural
census on current statistics was reported for twelve different Amarats
(regions) while the second stage on basic statistics were reported for
seventeen Amarats. The annual sample surveys for the current data in
1970-75 were reported for twelve principal Amarats, while the same
statistics for 1976-77 were reported for eleven principal Amarats.

The Agricultural Bank reports its data for the whole nation based on
its twelve branches. The Ministry of Labor and Social Affairs report
their statistics for five regions. The geographical inconsistency

in reporting the national statistics does not allow for comparability
between regions and for the simultaneous use of these statistics

for one region.

Conceptualization

The first step in the building of an information system is
the development of the appropriate concepts as was described earlier.
Concepts are abstract constructs, in one's mind, which purport to
represent reality. Because of the dynamic nature of the social system
and the environment, reality changes over time and so must the con-
cepts. When concepts remain static and reality changes, then there is
a problem of conceptual obsolescence. In an operating information
system, conceptual obsolescence can be of two types. First, a con-
cept becomes obsolete when it fails to represent adequately the
reality of the situation for which it is designed. A second type of

obsolescence occurs when a concept fails to meet the needs of a
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decision maker as the issues facing the decision maker change. Hence,
data concepts can become obsolete when either reality (actual or
perceived) changes or when the agenda facing decision makers changes
(Bonnen, 1977; Riemenschneider, 1978). These problems are often
related, but not necessarily so and causality may run in either or both
directions (Klein, 1979).

In the Saudi Arabian agricultural information system, examples
of the two types of conceptual obsolescence abound. Conceptual
obsolescence becomes evident as data systems age. Although it is only
ten years between the first and second agricultural census, the rapid
economic growth and the rapidly changing government agricultural poli-
cies have resulted in a need to reconsider the concepts upon which
these censuses were based. An example of conceptual obsolescence is
evident in the concept of the basic unit of observation, the farm
or agricultural holding.

The concept of holding in 1982 is different from what it was
twenty years ago. This difference, however, has not been reflected
in the operationalization of the concepts. In 1960 farmers were more
or less homogeneous in several characteristics and production was of
the subsistent nature with farmers totally dependent on their farms
for their family's livelihood. During the 1970's a new phenomenon of
specialization and commercialization began to emerge in Saudi Arabian
agriculture. Farmers no longer had to produce all of the food their
family needed on their farms. Also the introduction of new tech-

nology and the investments of millions of Saudi Riyals facilitated
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the commercialization of farms. Some farmers, on the other hand,
have even abandoned their farms as food production units or as main
sources of income and have instead relied on other, more lucrative,
sources of income while using the farm for recreation or residential
purposes. These changes in the farmers' perception of their farms
resulted in a conceptual obsolescence of data as related to the
concept of holdings.

Another example of a failure at the conceptualization stage is
related to the concept of arable land. In 1965, Draz, based on earlier
estimation, reported that total arable land available in Saudi Arabia
was more than 368,000 fedans or more than 1.5 million hectares. This
estimation is still the official estimate of arable land. In 1982
the Saudi Arabian Agricultural Bank reported, for example, the total
arable land to be between 1.5 and 2.0 million hectares. Regardless
of the method used in arriving at these figures, this kind of esti-
mation implicitly assumes a static concept of arable land. In theory,
the amount of arable land available is limited by the physical land
that is available. However, the arable land that is available at any
given period of time is dynamic in nature. It is easy to see why
specification of the amount of arable land available can become
obsolete if no time span is indicated. Changes in technology and
other socio-economic factors all affect the amount of arable land that
is available.

Assuming that arable land means land which can generate suffi-
cient income to keep farmers operating that land, then the availability

of such land for a given region or country may increase or decrease
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over time as a result of natural occurrences--floods, earthquakes,

and volcanoes,--technological changes or socio-economic changes. The
application of the available technology and/or the development of new
technology can bring about new land into cultivation which was here-
tofore considered nonarable. The proper and adequate use of fertilizer
and other maintenance schemes would 1ikely bring marginal land into
what would be classified as arable land. Also the use of the new and
efficient method of sprinkler irrigation, for example, would bring more
land into cultivation which was previously uncultivable due to water
scarcity.

Economic changes can also play a role in determining the size
of available arable land. In the case of Saudi Arabia, the increase
in agricultural output prices, the reduction in production costs
through various subsidy programs, and the increase in demand due to
increased income and population would likely induce the cultivation
of land previously classified as marginal. On the other hand, the
use of rich agricultural land for urban and industrial purposes,
because of higher return in this sector, is likely to reduce the
amount of arable land available. In practice, all the above factors
interact to change the size of the arable land.

With the above discussion in mind and taking into considera-
tion the rapid changes that have taken place in Saudi Arabia in the
past two decades or so, estimated arable land prior to 1965 can
hardly adequately represent the realities of 1982 and beyond unless
the shaky assumption that an equal amount of arable land has been lost

and gained to agriculture is made. Such an assumption, however, is
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tenuous. Reality has changed, but the same estimate made twenty
years ago, of an obsolete concept is still being used by the Agri-
cultural Bank and is the basis of Saudi Arabian planning for agri-
culture.

Another source of conceptual obsolescence is related to the
inadequacy of the data, provided by the Ministry of Agriculture and
Water, to answer new questions and issues facing both private and
public decision makers. One of the main objectives of the country's
agricultural development, and which was explicity stated in the third
national development plan (1980-85) is to provide the opportunities
for attaininga reasonable agricultural income and to raise the wel-
fare of rural people so as to achieve a balance between the economic
and social rewards attainable in rural and urban areas. In order to
formulate sound policies that are designed to achieve this objective,
the government would need at its disposal a set of detailed data on
farm and ndnfarm incomes and expenditures. Such data must not only
allow for inter- and intra-sectoral comparisons, but must also lend
itself to inter- and intra-spatial comparisons. Such data are not
solicited in the questionnaires for the second census in 1982 and for
the annual surveys in 1980-81. Without this kind of data, it is
almost impossible to give an accurate estimate of the aggregate
income generated from the agricultural sector. Therefore, comparisons
between the agricultural sector and other sectors of the economy and
comparisons within the agricultural sector itself are almost impossi-

ble.
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The Ministry of Finance and National Economy provides esti-
mates of the Gross Domestic Product (GDP) by industrial origin. If
these estimates are reliable, then it is possible to make comparisons
between the agricultural sector and other sectors in the economy.
However, the accuracy of these data is suspect especially when there
is no document to show how the estimates were made and how the data
were collected. Most of the agricultural data from the Ministry of
Finance and National Economy can best be described as educated guesses.
More accurate and reliable data on the agricultural sector can be
obtained from the Ministry of Agriculture and Water if the census and
survey questionnaires are redesigned for this purpose. In addition,
aggregation of data by industrial origin tends to mask a lot of infor-
mation which can be useful in designing policies that will help to
narrow the rural-urban income gap.

Policies that are based on industrial aggregates tend to be
misleading. Within the agricultural sector, for example, there
exists a wide range of regional income differentials. It will be
erroneous to assume that farm income is homogeneous across all vari-
ables. In addition to regional differences, there are also differ-
ences in farm size, and commodity cultivated that will Tead to sub-
stantial differences in income within the agricultural sector. Farm
income, in the Eastern part of the country may be higher than farm
income in the north. Within the same region the farm income of wheat
producers may be higher than that of date producers and for farmers

cultivating the same crop, farm income of large farmers may
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substantially differ from those of small farmers. Sound policies will
need to take these differences into consideration.

The new government trend which develops legislation on commod-
ity by commodity basis emphasize the need to have a detailed, rather
than aggregate data. For example, wheat producers are guaranteed a
price of SR 3.5 per kilogram by the grain silos and flour mill cor-
porations. This price is close to three times the international market
price. Also livestock and poultry producers can buy feed at very
low subsidized prices. The current data subsystem is obsolete as it
has failed to change with changing government policy and emphasis.

The Ministry of Finance provides data on the average wholesale
and retail price of all imported agricultural commodities. No such
information is available for the domestically produced agricultural
commodities. This is despite an open demand for such information by
both private and public decision makers. There are large seasonal
price fluctuations and regional price differences due to poor market
information. These have been accentuated by poor agricultural infra-
structure, inadequate transportation systems, and poor storage facili-
ties. The lack of specialized transportation systems for perishable-
commodities such as milk, eggs, and vegetables is also a contributing
factor. This lack of needed data in the Saudi Arabian Information
System is another example of conceptual obsolescence that has plagued

that system.
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Operationalization of the Concepts

The first step in the process of producing data and then infor-
mation is to either implicitly or explicitly develop a set of concepts
to portray and reduce the nearly infinite complexity of the real
world in a manner that can be grasped by the human mind. However,
concepts cannot be measured directly. Instead, concepts are opera-
tionalized by defining variables which are as highly correlated as
possible with the reality of the object of inquiry (Bonnen, 1975).

One cannot over-emphasize the importance of this step in the
process of information production. The agricultural data base in
Saudi Arabia suffers major deficiencies at this stage. In designing
the questionnaires for the agricultural censuses and surveys, for
example, some variables are either not precisely defined or due to
the Tack of interdepartmental coordination, the definition of one
variable may differ from source to source.

Again the basic unit of observation--the land holding--can be
used as an example here. Since 1960, Saudi Arabia has been using the
FOA's definiton of operational holding as its basic unit of observa-
tion with very little modification. 1In the 1974 census of agriculture
in Saudi Arabia, the land holding was defined as land which is wholly
or partly used for agricultural production and may consist of one
parcel of Tand or more and managed by one operator. The operator
may be private or government firm, cooperative, or tribal holding, and
the operator may own or rent the land. In 1982 the holding was rede-

signed as land within one village which is wholly or partly used for
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the purpose of animal or agricultural production and may consist of
one parcel of land or more, but administratively and technically
managed as one unit by one operator or with others without regard to
ownership, legal form, and size.

There are several shortcomings in the above definitions of
the holding for agricultural census purposes. As defined in the last
two censuses, the holding has no upper or lower limits which makes
the inclusion of a wide range of holdings with different sizes possi-
ble. Practical considerations may dictate that 1imits be set. For
example, it may be possible to 1imit the enumeration of holdings only
to those above a given minimum size. This minimum size could be
set as low as possible because most of the holdings are very small.
For example, Abu-Baker (1976) presented a table derived from the 1974
census which showed that 4,216 holdings or 52 percent of the holdings
in the Alhasa oasis in the Eastern part of the country had farm sizes
of less than 5 donum, but they accounted for only 14 percent of the
cultivated land or 12 percent of the total land holdings. However,
the minimum should not be set too low as to adversely distort the
results of the census. The establishment of a minimum size is advo-
cated here not only because there will be cost savings and reduction
of logistical problems, but also because inclusion of very small
holdings may result in a downward bias of the results reported.

Idaikkadar (1979) contends that if no minimum limit is placed
house compounds with a few fruit trees, kitchen gardens growing some
vegetables and households keeping a cow or a few birds for eggs would

all become eligible for inclusion. These would increase costs, delay
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the results and seriously distort the averages. Similar arguments
against the inclusion of very large holdings can also be made.

Where a few of the farmers own a large proportion of the land, their
inclusion will tend to have an upward bias in the averages reported.

Although the land holding may be precisely defined at a given
period for specific purposes, their comparison from one census to
another or from one agency to another might be difficult. The above
definitions of land holding in the two censuses differ in the sense
that in 1974, the land holding of a farmer had no village restriction,
while in 1982 this restriction was added. This means that in 1982 a
farmer who owned land in more than one village may either be double
counted or the size of his land holding might be reduced even though
he might be owning the same size of Tand he owned in 1974.

For statistical purposes different agencies may define the farm
differently in accordance with each agency's specific objectives.
Under the scheme for redistributing barren land, the Ministry of Agri-
culture and Water (MOAW) assumed a minimum size of 50 donum per
family. From the MOAW point of view, this implicitly determined the
minimum size of land capable of supporting an average farm. In giving
out loans, the Saudi Arabian Agricultural Bank defines three different
farm sizes as follows:

1. small farms--farms which either do not exceed 100

donum or the investment does not exceed SR 500
thousand

2. medium farms--farms with more than 100 donum, but less

than or equal to 500 donums or with investments that
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are more than SR 500 thousand but Tess than or
equal to SR 2.5 million
3. Tlarge farms--refer to those that either exceed 500
donums or have investments of more than SR 2.5
million (Saudi Arabia, N.D.c)
The types and size of loan received is determined by the size of the
farm.

The Ministry of Finance and National Economy collects zakat
from farmers or livestock owners who possess the Nisap. This repre-
sents the minimum taxable income from a given product. These kinds of
differentiations show what each agency considers its criterion for
the establishment of a minimum farm for its purposes.

As the few examples above show, there is no universally
accepted method of determining the minimum size. Several criteria
such as land size, value of production, value of investment, number
of Tivestock, or trees or a combination of two or more of these could
be used. For statistical purposes, it is necessary for Saudi Arabia
to have a national definition of a holding. Depending on the struc-
ture of the agricultural sector, some countries have attempted to
establish a guideline for the definition of a farm. In Indonesia,
for example, a holding is considered a farm if the farmer operates
one-tenth of a hectare in crops, or ten heads of cattle/buffalo, or
50 goats/sheep or 100 birds. In Sri Lanka a holding of one-eighth

of an acre is considered a farm (Idaikkadar, 1979).
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In the United States, the farm is defined as any place from
which $1,000 or more of agricultural products were sold or normally
would have been sold during the census year (U.S., 1982).

Among the different definitions, one may ask, which one of
them could be adapted for Saudi Arabia? The criteria used in
Indonesia is inappropriate because each agricultural product has a
different criteria. Most farmers are involved in the production of
more than one product. The land criteria used in Sri Lanka is also
inadequate because it does not take cognizance of the variations in
soil fertility and moisture availability. In order to avoid these
problems, but at the same time capture their effects on the farm,
Saudi Arabia may have to adopt a definition that establishes a minimum
money value. But determining a minimum money value is problematic
especially when censuses occur only once every decade. This means
that the minimum value may have to be updated every time a census is
taken. Thus, the criteria adopted must be flexible enough to be
updated without loss of consistency.

Loss of consistency is exemplified in the United States'
definition of a farm. This definition has been changed nine times
since 1850 when the minimum criteria defining a farm for census pur-
poses were first established. The second to the last definition
defined the farm as any place with less than 10 acres from which $250
or more of agricultural products were sold or normally would have been
sold during the census year or any place of ten acres or more from
which $50 or more of agricultural products were sold or normally would

have been sold during the census year (U.S., 1981). When this
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definition and the most recent definition are compared, it is evident
that there is an inconsistency. The first definition had both a
land size and product value restriction. In the most recent defini-
tion, there is no land size restriction.
From the different criteria used by the Ministries in Saudi

Arabia, only that used by the Ministry of Finance and National
Economy has an implicit minimum value of production based on the
Nisap. As shown in the second chapter, however, there are different
Nisaps for different products each with a different money value. To
overcome this problem, the average value for selected product Nisaps
could be used as a minimum money value. A combination of this average
with the definition used in the 1974 census could be an appropriate
definition for Saudi Arabian farms. Thus, the farm holding could be
defined as follows:

Any land which is wholly or partly used for agricultural pro-

duction and may consist of one parcel of land or more and

managed as one technical unit from which the value of an

average Nisap (VAN) or more of agricultural products were

sold or normally would have been sold during the census year,

regardless of title, legal form, or size.

The value of an average Nisap (VAN) in time t is calculated

as follows:
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(VAN)t = [(VNS)t + (VNW)t + (VND)t]/3

where
(VAN)t = the value of an average Nisap at time t
(VNS)t = the value of Nisap of sheep at time t
(VNW)t = the value of Nisap of wheat at time t
(VND)t = the value of Nisap of dates at time t

The value of Nisap of sheep in 1995, for example, would be
determined from the value of 40 average sheep at 1995 market prices.

This definition 1is dynamic, easy to understand and update,
and is consistent. The concept of Nisap is easily understood by
Saudi officials and farmers. The selection of the three commodities
to be included in the average Nisap is not random. They represent
the three most cultivated products in the three major agricultural
categories of livestock, grain, and fruits. In 1981, the total number
of sheep in Saudi Arabia was estimated at 2.7 million, making it the
highest among the livestock. Dates and wheat are the single most
important crops in the fruit and grain categories, respectively.

In addition, the three products are cultivated almost everywhere in
Saudi Arabia.

Another concept that presents operational problems is that of
the labor force. Labor is the most important factor of production in
traditional Saudi Arabian agriculture. However, by its very nature,
the definition and analysis of this factor of production has in the

past presented some problems,and to present there is no universally
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accepted method for dealing with it. There is a need to distinguish
between the amount of labor available, which is a stock concept, and
the amount of labor actually utilized, which is a flow concept.

The definition of how much labor is available is somewhat
arbitrary and it depends on who is included in the labor force and
how many hours they are able and willing to work. The size of the
family labor force depends upon the age at which children are expected
to help on the farm and in other productive activities and whether
women and old people are included. The size of the labor force will
also depend on the definition of the farm.

In the two censuses conducted, agricultural work was defined
to include all agricultural activities of the holder or the manager
and the workers in the holding or other people and includes field
work, planning, feeding, and caring for livestock and poultry, super-
vising agricultural workers, keeping farm records, taking farm products
to market, and repairing and constructing farm buildings, and similar
activities. The agricultural worker, then, included any person who
was engaged in agricultural work and was either paid in cash or kind;
or any unpaid worker who worked for his family or for others.
Agricultural workers were classified into (a) permanent workers--those
who worked for six months or more during the census year; (b) temporary
workers refer to those who worked for three months or more, but Tess
than six months during the census year; and (c) occasional workers
referred to those who worked for less than three months during the

census year.
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Unlike the census of 1974, the one in 1982 neglected the age
of the worker in collecting the stock information and there was no
attempt to estimate labor input in the holding. The 1973/74 census
questionnaire (see Appendix A) divided agricultural workers into
three age groups--less than 15, 15 to 64 years, and 65 and over.

These divisions were not taken into consideration in 1982 (see Ques-
tionnaire in Appendix B). Also, the labor force section in the 1974
census referred to employment of workers during the census week while
that of 1982 referred to employment during the whole year of the census.
In 1977 the Central Department of Statistics conducted a survey on the
labor force, including agricultural labor, in Saudi Arabia. This sur-
vey obtained stock information for only people who were twelve years
or older. In addition to the problem of the inconsistency of the

data obtained, all the data collected could only be used to estimate
the stock of labor.

The stock concept, however, gives a misleading picture of the
labor force. The important factor to consider is the flow concept,
which identifies the number of hours of actual work. This gives a
better representation of employment or unemployment in Saudi Arabian
agriculture than the stock concept. It may be necessary to categorize

the labor flow by sex, age, and type of farm work.

Data Collection
Data collection and measurement is an important step in the
data subsystem of an information system. llhen reality is conceptualized

and operationalized, the next step is that of actual observation and
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measurement. A superb questionnaire design based on clear and refined
concepts, and well defined variables is certainly incomplete if the
data collection is incompetent. Competency of the data collection,
however, is essentially a function of the enumerators and the ability
of farmers to communicate. Although this stage enjoys considerable
attention, when compared to other stages in the Saudi Arabian agricul-
tural information system, it still suffers from major problems. In
this section some of the problems encountered in obtaining accurate
and reliable data will be highlighted. Before discussing these
problems, the administrative organization for conducting censuses in
Saudi Arabia will be presented.

For the 1982 census the country was divided into six regions
to which a general supervisor was assigned for each region. These
general supervisors held various permanent positions in the Department
of Economic Studies and Statistics and had to directly report to the
head of the department who was responsible for planning and implement-
ing the various aspects of the census. Each general supervisor had a
chain of supervisors who, in turn, supervised a number of enumerators.
The number of supervisors and enumerators in each region depended
on the tasks they were expected to accomplish. The functions and
responsibilities of each position--general supervisor, supervisor,
and enumerator--are detailed out in the reference manual for the
census. The chain of command was made very short and flexible in
order to avoid bureaucratic red tape (Saudi Arabia, 1982).

Measurement errors are generally of two types--sampling errors

and nonsampling errors. Sampling errors arise as a result of making
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incorrect inferences about the population from a nonrepresentative
sample. Sampling errors include both errors in precision, as well as
bias in the sample frame. The last decade, 1971-81, in Saudi Arabia
has seen an improvement in sampling methods for the annual surveys.
For the first five years, 1971-75, the sampling unit chosen was a
cluster of holdings or villages. The sample frame consisted of 8,000
villages, with a total of 190,000 holdings, divided into twelve prin-
ciple Amarats. Independent samples of the villages with probabilities
proportional to the size of the village (number of holdings in the
village) were drawn from each Amarat with replacement. The allocation
of the sample size to various Amarats was also made in proportion to
its size. The size of the sample was not indicated, except that it
was determined purely on the basis of available resources of personnel,
funds, and other materials (Saudi Arabia, N.D. d).

Based on the agriculture census of 1974, the sample frame was
updated in 1976-79 to include 8,820 villages containing approximately
180,670 holdings. The sample frame was then stratified into eleven
principal Amarats, instead of twelve. A two-stage sampling procedure
was then adopted. In the first stage, independent samples represent-
ing 20 percent of the total villages in the country, with probabilities
proportional to the size of the village were drawn with replacement.
In the second stage, a sample of 10 percent of the total holdings in
each village was selected (Saudi Arabia, N.D. E).

In 1980 and 1981, the sample frame was updated again to
include 8,880 villages containing about 203,910 holdings. The sample
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frame was again stratified into eleven Amarats and a two-stage samp-
1ing procedure adopted. The proportion of villages at the first stage
was still 20 percent, but the proportion of holdings in the second
stage was increased to 50 percent. Thus the total sample size was
equal to 10 percent of the holdings in Saudi Arabia (Saudi Arabia,
N.D. F).

It is encouraging to see that the sample size has been increas-
ing from one survey to another. The increased sample sizes, if done
correctly, will help to minimize sampling errors and make inferences
about the population more reliable.

Some nonsampling errors in Saudi Arabia are directly related
to both the enumerators or interviewers and the farmers or respond-
ents. One of the major problems at the data collection stage in Saudi
Arabia has been the lack of adequately trained and qualified personnel
in the scope and purpose of the census, understanding of the question-
naire, and in interviewing techniques. The reliance on unqualified
enumerators with little or no agricultural background and no knowledge
of the socio-cultural setting of the rural population is likely to
introduce biases in the estimated parameters.

Coupled with the lack of trained personnel is the lack of
adequate and efficient transportation system for enumerators. There
are about 200,000 farms scattered in more than 9,000 villages and
distributed over two million square kilometers. Some villages are
so remote that enumerators had to use donkeys or camels or even walk

to reach their destinations.
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The problem of the shortage of qualified personnel could be
reduced if university students, especially those in agricultural
colleges, are encouraged to participate in the surveys as enumerators.
In addition to earning a salary, university students could be granted
academic credits as an added incentive or be expected to participate
in the surveys as a requirement for summer training. Based on the
author's experience, students could benefit from such a program as
it gives them the opportunity to interact with farmers they will have
to serve in the future.

There are some data collection problems that are specific to
the holders or farmers. Holders are not accustomed to answering ques-
tions about their families, production, credit, and other topics, nor
are they aware of the benefits they will derive from the data. It is
also very difficult for the Saudi Arabian farmer to divorce his social
obligations from his farm as a business to be operated for profit.
During tne censuses, for example, farmers considered the enumerator
as a guest who was to be treated with the same hospitality accorded
to other guests. As a result, many farmers killed a sheep or two for
the dinners of the enumerator-guests. The extent of this practice led
one enumerator to comment that "there were more sheep in the country
before the census started than there were after the census." Such
hospitality which develops a close link between interviewer and
respondee is likely to affect the objectivity of the enumerator and
holder in completing the questionnaire. This may introduce what the

author would refer to as "hospitality bias." Farmers may lack
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knowledge of information in the question, yet they will provide
answers just to be cooperative and helpful. In other words, they want
the enumerator to feel happy and welcomed. This hospitality is not
only costly on the side of the farmers, but it also encroaches on the
enumerator's limited time because he often feels obligated to spend
some time visiting with a hospitable farmer.

Another problem arises from the fact that most farmers can
neither write nor read. As a result, the farmer has no records on his
farming activities. The accuracy of the information given by the
farmer is a function of how much he can remember which, in turn,
depends on the type of information, time span, age of farmer, and
other factors. The farmer may unknowingly give the wrong answer to
questions, simply because the information requested is not well-
registered in his mind, or too much time has elapsed since the event
occurred or because the information requested has no significant
effect on his 1ife or pattern of living. Nonsampling errors can also
be introduced during the processing and analysis of the data. These
can include errors in entering or coding data, punching of data on
cards, and general fatigue of people handling the data.

Several steps could be taken to minimize the kind of problems
discussed in this section. The Department of Economic Studies and
Statistics prepared a reference manual to be used by enumerators.

This manual contained sections that explained the concepts and defini-
tions of terms used in the questionnaire, a description of the survey
instrument, and detailed instructions, on how each question on each

section was to be completed. This manual was not exhaustive and
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should therefore be regarded as a complementary instrument, rather
than as a substitute for a thorough enumerator's training program.

The questionnaire should be designed to include fI do not know" as a
valid response. Also, enumerators should be familiar with the rural
farm setting and should have an idea of what is known, in what form or
terms, and by whom.

As an example, farmers in Saudi Arabia do not know the date
they were born, but they are able to relate the year of their birth
to some historical event that occurred at that time. This event could
be the death of an important and well-known person, a battle, or some
natural disaster. If enumerators know the dates of these events, it
could be used to estimate the age of a holder. The kind of events and
dates might differ from region to region. Another example employed
by Spencer (1972), but which could equally be applied to Saudi Arabia,
is that of estimating time spent in the field from the Muslim prayer
time. Utilization of this type of knowledge could be used to improve
the estimation of several variables from local units. This is currently
being used on a limited scale to estimate land holding from Mah-ad and
Rakib.

In the 1982 census, enumerators were faced with new problems
which were not encountered in the 1973 census. There were a large
number of absentee-farmers. These are farmers who had taken jobs in
other sectors of the economy and only work on their farms on a part-
time basis. Another problem was created by the dependence on other
nationalities as agricultural workers. Since foreign nationals could

neither speak nor understand the Arabic language fluently, direct
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communication between the foreign worker and enumerator was nearly
impossible. This could form another source of error in the data.

The natural consequence to all these problems is a dependence
on subjective methods of data collection. The first attempt to col-
lect agricultural data in Saudi Arabia was in the first half of the
1960's when the MOAW carried out censuses in each region. The method
of data collection at this time was mostly subjective in nature. A
group interview technique was used to obtain data from farmers or
holders. This technique was described by the Central Statistics
Department in their 1968 statistical yearbook. Census teams contacted
farmers by calling a village meeting of all holders in the presence
of the Emir (Chief of the village). At this meeting the census team
explained the purpose of the census and the procedures to be followed.
After that a questionnaire was completed for each individual holder
in the presence of other holders and the Emir. The comprehensiveness
of the enumeration was ensured by having the Emir declare that all
farmers in his village had given the necessary information about
their holdings. This method of data collection has all the short
comings of a one-time interview with the possibility of very large
observational errors and the short comings of group interview tech-
niques where the farmers' responses are directly influenced by the
presence of others. To verify the results of the census teams, a
special survey group joined the census teams in some districts where
they took a random sample of about 1 to 2 percent of the holders and

conducted actual measurements. It is claimed that the results of
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these survey groups showed only a difference of 2 to 4 percent from
those obtained by the census teams. It is difficult to disclaim
this assertion, because the measurement method in the sample survey
is not indicated and no mention is made of which variables were
affected.

By the time of the first national census in the early 70's,
the country was already moving in the direction of what Idaikkadar
(1979) refers to as stage two in the development of statistical
improvements. In this stage both subjective and objective methods of
data collection were employed. For example, in the first census a
sample was employed to collect current data and a total census was
used to collect basic data. A similar method is also being used in
the second census. Instead of using the group interview technique,
enumerators in these censuses were required to interview each holder
individually. This at once eliminated the bias that is introduced
when farmers have to respond to questionnaires in the presence of
others. However, the problems do not end there. The estimation of
several variables in 1982 were still based on subjective methods.
Land area, for example, was determined by eye-estimation, a method
which, even if used by the most experienced researcher, is subject to
Targe margins of error. Most enumerators were inexperienced in this
method and farmers had more than one field which were mostly irregular
in shape. Eye-estimation under these kinds of conditions could only
add insult to injury.

While current conditions, for example, lack of well-trained

national personnel, make it impossible to move into purely objective
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methods of estimation, it is suggested that the Department of Econ-
omic Studies and Statistics emphasize these methods when and where-

ever possible.

The Inquiry Subsystem

One fundamental question in any information system has to do
with the nature of inquiry--the process whereby man acquires answers
to normative and nonnormative questions. This forms the inquiry
subsystem of the information system described in Chapter III. Of the
three subsystems, the inquiry subsystem is probably the least developed
in the Saudi Arabian Agricultural Information system. In addition to
encompassing the stages of conceptualization and operationalization
of concepts, the inquiry subsystem also includes the specification
and testing of an analytical framework and the interpretation and
analysis of the data. A1l the shortcomings of conceptualization,
operationalization, and measurement are directly transferred to the
inquiry subsystem in addition to its inherent problems.

At present, the inquiry subsystem in the Saudi Arabian agri-
cultural information system is limited to a low level of analysis
which basically consists of a high level of aggregated data by region
and commodity, presented in the form of tables. There is an urgent
need for better and more rigorous analysis of the data. Today a number
of analytical methods have been developed to assist agricultural and
resource economists in transforming data into information. Most of
these methods can be adopted for use in Saudi Arabia. In the next

chapter an attempt is made to demonstrate how some of these methods
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could be applied to improve the decision-making process in Saudi
Arabia. )

As will be seen in the next chapter, the inquiry subsystem
requires a highly trained and well-equipped analyst not only in the
available analytical techniques and tools, but also in the agricul-
tural and economic institutional and political background of Saudi
Arabia. However, such personnel are not and may not be available
in the near future for work in the Department of Economic Studies
and Statistics. To overcome this serious problem, it is suggested
here that a strong working link be established between the Department
of Economic Studies and Statistics and the Departments of Agricultural
Economics in all the Colleges of Agriculture in Saudi Arabia. There
are currently three agricultural colleges and a fourth will soon be
opened to increase the coverage.of most of the agricultural regions.
Faculty members in these departments have easy access to computer
and other university facilities. Analysis of data could be made on a

regional basis because of the wide diversity between regions.

The Decision-Making Subsystem

The ultimate purpose of any information system is to reduce
uncertainty in problem-solving by providing decision makers with
accurate, reliable, and timely information on the problem in question.
To the extent that the system lends itself to this task, the system
may be regarded as successful. Decision makers in Saudi Arabia can
basically be divided into two categories--public sector and private

sector. Public decision makers include the government and all other
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quasi-government institutions. It thus encompasses several minis-
tries including Agriculture and Water, Municipal and Rural Affairs,
Planning, Finance, and National Economy, and Commerce; Banks, and
other government agencies. The private sector decision makers are
mostly made up of individual farmers, suppliers of farm inputs and
farm output traders and importing and exporting firms of agricultural
commodities.

The process whereby decisions are made, whether by the public
sector or private sector, is basically the same and is the subject of
Johnson's (1967) paper entitled, "Contributions of Economists to a
Rational-Decision-making Process in the Field of Agricultural Policy."
No attempt is made to discuss that process in this study. A problem
has to exist before data are collected. Individual decision makers
may have different problems which need to be solved and they, therefore,
require different sets of data, methods of analysis, and information
flow. The usefulness of the information to any one of them may
depend on (a) the scope of data coverage; (b) the type and level of
analysis; (c) the method of dissemination, presentation, and inter-
pretation of the data; and (d) on the credibility of the source of
information.

Today the available agricultural data in Saudi Arabia are so
limited, both in scope and coverage, that decision makers can hardly
make use of the data for solving day-to-day problems. Since the
agricultural information system is designed for and operated by

government decision makers who form the bulk of the public sector, the
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private sector is at a greater disadvantage as it often has to depend
on fragmentary and often unreliable information. For example, data
on wholesale and retail prices of domestically produced agricultural
commodities are of greater interest to private decision makers than
to public decision makers. These data, however, are unavailable.
Data of this type could greatly influence the disposition of avail-
able supplies of agricultural commodities and their distribution over
time and space. The demand for such data in Saudi Arabia increases
with an increase in seasonal and regional price variation. Producers
can use price information in deciding how to allocate their Timited
resources to various production activities and also in deciding when
and where to sell their products. In general, both producers and
consumers benefit in that prices will tend to even out in time and
space. Benefits from price information can also accrue to public
decision makers in that development plans for improving the production
of certain commodities, and the construction of agricultural marketing
infrastructure could be tailored to the response of farmers to prices.
To allow for comparison over time, Sarma (1976) suggests that
the prices should relate to a commodity of standard specification at a
specific point in time. In a weekly price report, for example, the
data should relate to a peak marketing period ona fixed day of the
week. The above is just one example of highly needed and useful
data that are unavailable to decision makers in Saudi Arabia. Input
prices and sources of agricultural inputs are another example. These
data are relatively easier and inexpensive to obtain or collect than

the data obtained in censuses, yet there has been a total neglect of
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this aspect of information. While no suggestion is made to collect
all data necessary for agricultural decision making, as it can be
very expensive and practically impossible, it is, nevertheless,
emphasized that a little reorganization of data suppliers' priorities
could go a long way in closing the gap between needed information and
available information.

Decision makers can hardly use raw data per se for solving
problems. For raw data to be useful, they have to be analyzed,
interpreted, and put in an information context for the solution of
specific problems. Where the data collector, analyst, and decision
maker are separate, the final information will have to be communicated
to the decision maker for him to act on the decision and finally bear
the responsibility of his decisions. As was indicated in a previous
section, the level of analysis of even the available data in Saudi
Arabia is very limited. For example, the Department of Economic
Studies and Statistics simply aggregates data by region and/or commod-
ity and are published in the form of tables. No further attempts
are made to apply rigorous analytical techniques that will elucidate
more information from the data.

The usefulness of such macro-level aggregation of data is only
limited to public decision makers who work at the national or regional
level. Private decision makers, especially individual farmers, may
have 1ittle use for such highly aggregated data, as lower levels of
aggregation, say at the village level, are more useful to them.

For information to be utilized as a decision making tool, it

has to be communicated to the decision maker. .There are so many times
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or cases in Saudi Arabia when data have been collected, analyzed, and
the documents simply put on shelves to gather dust. The documents
have never reached the appropriate decision maker. While this fs a
general problem, private decision makers are more adversely affected.
This is due both to the institutional structure, which almost exclu-
sively caters for the public sector, and to the very characteristics
of the private sector.

There are several public decision-making units that do not
know what information is available. It should be no surprise to any-
one familiar with the structure of information in Saudi Arabia to
find that the results of past censuses are not available in the
libraries of agricultural colleges.

When the head of the Department of Economic Studies and Sta-
tistics was asked if it were possible for private decision makers to
use the agricultural information in his department, he emphatically
answered, "if anyone requests them, he will get them." This negative
attitude is exemplary of the lack of communication of information to
the private sector. The extension service is the only channel between
the MOAW and the farmer, but the proportion of farmers to extension
workers is so high that only a small fraction of the farmers can be
reached. Even those farmers who are reached can hardly find the
information useful. Most farmers are illiterate and can hardly make
sense out of a very aggregated information.

Finally, when decision makers can make sense out of the frag-

mentary information made available to them, they have to worry about
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the credibility of the source of information and the reliability of
the information. Riemenschneider (1978) discussed this problem in
relation to USDA farm income data. A decison maker can only know the
value of information when it is received and utilized. This means
that the principal way of judging information, before receiving it,
is by the previous reliability of the data source. There is a short
history of information production and suppliers of information are few
in Saudi Arabia. This makes it difficult for users to evaluate the
reliability of data from one source or compare the reliability of
data from different sources. An important way of assessing the
accuracy and reliability of data is to evaluate the method used in
collecting the data. However, in the case of Saudi Arabia where
there is little documentation of the data collection procedure and
there is Tittle understanding of the data estimation procedures,
determining the accuracy and reliability of data to predict the value
of information can be critical.

As is now evident from the discussions in this chapter, the
accuracy and reliability of agricultural data in Saudi Arabia is sus-
pect. Fortunately, this is recognized by government officials when
they state in the third development plan that "the data base for
agriculture remains inadequate and all estimates must be taken as
indicative, rather than firm." Indicative in the sense that they
are unreliable. Unreliability of available data is especially dis-
couraging for private decision makers who must make decisions on
problems which allow for very 1ittle margin of error. These problems

could be minimized by improving the data collection methods and
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through interactive communication between suppliers and users of

information before, during, and after the production of information.

Summar

In this chapter an attempt was made to evaluate the Saudi
Arabian agricultural information system in relation to the idealized
information system paradigm. The structure of the supply of data in
Saudi Arabia is more concentrated than the demand for data. The
Ministry of Agriculture and Water is the main supplier of agricultural
data.

The Saudi Arabian agricultural information system is yet in
its infancy and it suffers from several general problems. The infor-
mation system can best be described as a data base or repository of
agricultural data. Some of the problems with the information system
are lack of experience, ambiguous objectives of agencies collecting
the data and an inadequate institutional arrangement. The data sub-
system suffers from both conceptual and operational problems.

The inquiry subsystem is the least developed. The decision
making subsystem is composed of both private and public organizations.
The whole information system is designed to serve the public sector

while the interests of the private sector are ignored.
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CHAPTER V

THE ANALYTICAL FRAMEWORK
Introduction

However reliable the data, they are of little use to the
decision maker until they are analyzed and interpreted. Before the
necessary analysis and interpretation can take place, an analytical
framework must exist. Investment in the process of data collection
without a commensurate investment in analytical procedures is likely
to result in a waste of resources.

It is important to emphasize that data collection, analysis,
interpretation, and decision making should occur within the context
of an overall integrated system such as the information system
described in Chapter III. This integration of analytical procedures
within an overall system has been neglected in the Saudi Arabian agri-
cultural data base.

In this chapter the lack of integration of the analytical com-
ponent in Saudi Arabia's Information System is discussed. It will
point out the importance of the role of agricultural economists and
their analytical tools in bridging this gap. In order to understand
and address problems, agricultural economists have at their disposal
analytical techniques which make use of economic, statistical, and

mathematical theories. Analytical approaches include linear
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programming, econometric forecasting models, and evaluation techniques
such as benefit-cost analysis, to name a few.

The techniques of linear programming, benefit-cost analysis,
and econometric models will be used as examples to facilitate the
discussion of the shortcomings of the Saudi Arabian data base. Each
of these tools will be discussed within a hypothetical problem
context in Saudi Arabja. In each case, the model will be applied to
the problems, the possible results of the model will be interpreted
in policy terms, and a delineation of the actual data requirement for
the models will be given. In addition, each model's assumptions,
strengths, and weaknesses will be discussed.

It should be pointed out here that elaborate techniques will
not compensate for either poor data quality or for misinformation.
Analytical models alone cannot supply missing information. These
models, 1like all other analytical models, obey the rule of garbage-
in-garbage-out (GIGO). It is the role of the analyst to make sure that
the appropriate data, in appropriate form, are fed into the appro-
priate models. In some cases, there is no need for a special formal
model to analyze data beyond that required for simple tabulation, as
shown in Figure 3.1. One can move directly from the data output to
interpretation and analysis. In many cases, however, one must utilize

one or more analytical tools.

Linear Programming
Linear programming (LP) originated in the early 1940's as a

means of solving military logistic problems. The Simplex Algorithm
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for solving LP problems was developed between the late 1940's and
early 1950's.

Linear programming is useful in solving problems involving
numerous alternatives. It has been used as a research technique by
agricultural economists to determine the optimal organization of farm
resources and to suggest means of farm reorganization for maximum
profitability. LP has also been used to calculate minimum-cost
ration formulation in the livestock industry. This supplies impor-
tant information as to the types of nutrients, the feed components,
and the amounts needed for the rations, at minimum cost. LP models,
particularly the transportation model, are used extensively in
business applications and in agricultural marketing to provide solu-
tions to the problems of supply-demand matching in various regions
and store locations.

This section is primarily concerned with LP models as analyti-
cal tools in information systems, as opposed to the theory and methods
of solving LP models. Inparticular, a problem context directly
related to information systems in Saudi Arabia will be presented and
the usefulness of LP in solving this problem will be discussed. A
step-by-step method, beginning with the formulation of the model and
continuing to implementation and interpretation of the results, will
be presented. Since no actual data will be used here for model
evaluation, the discussion will emphasize the importance and types

of data needed for proper implementation of LP techniques.
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Assumptions of Linear Programming

The major assumptions implicit in a basic linear programming
model are divisibility, proportionality, additivity, and certainty
(Black and Hlubik, 1980; Hillier and Lieberman, 1980). Divisibility
means that activity units can be divided into any fractional levels,
so that noninteger values for the decision variables are permissible.
However, in many agricultural problems, decision variables make sense
only if they have integer values. It is often necessary to assign
men, machines, and animals to activities in integer quantities. This
restriction is difficult to handle in basic 1inear programming, but
through mixed integer linear programming models, some progress has been
made in developing solution procedures where the decision variables
must have integer values.

Proportionality is an assumption about individual activities
considered independently of others and must not be confused with the
assumption of additivity which is concerned with the effect of conduct-
ing activities jointly. The assumption of proportionality states
that for a given activity, each additional unit of output requires
the same quantity of input. But, in farm production, there are many
instances where diminishing marginal returns are present. The amount of
output per unit of input is not always constant. The problem of non-
proportionality can be handled realistically by reformulating the
problem. For example, wheat produced with a median level of fertilizer
can be treated as one activity and wheat produced with a high level

as another.
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The proportionality assumption is not enough to guar-

antee that the objective function and constraint functions

are linear. Cross-product terms will arise if there are

interactions between some of the activities that would

change the total measure of effectives or the total usage

of some resource. Additivity assumes that there is no

such interactions between any of the activities (Hillier

and Lieberman, 1980, p. 25).
The additivity assumption requires that for any given activity levels,
the total amount of inputs used and the total output produced is
equal to the sum of the inputs used and outputs produced by each
activity conducted by itself. In real situations, however, inter-
actions between inputs occur to produce nonlinear relationships.

The certainty assumption is that all the parameters of the

model are deterministic. Basic linear programming, therefore, does
not take into account the imperfect knowledge situations under which
the farmers operate. For this reason, it is usually important to
conduct a thorough sensitivity analysis after finding the basic
Tinear programming solution with the assumed parameter values. The
purpose of this is to identify the relatively sensitive parameters--
those that cannot be changed much without changing the optimal
solutions--to try to estimate these more closely and then to select

a solution which remains a good one over the ranges of likely values

of the sensitive parameters.

Problem Statement
Saudi Arabian government policies, due to lack of necessary
information, are often in the form of blanket policies applied to

all farmers of the country, regardless of individual differences.
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However, individual farm differences in terms of soil, weather, farm
size, and labor availability are prominent. Under such circumstances,
the use of policies that don't take these differences into account
inevitably leads to undue waste of scarce resources. In this sec-
tion, an application of an LP model that can be utilized to minimize
this problem is presented.

This problem can be approached by dividing the farmers into
homogeneous strata based on similarity in natural endowments and
economic criteria. Next, one of these strata can be selected and
used to draw up the details of the model based on a representative
farm. The application to this stratum can easily be replicated in
other strata by making the adjustments to the cost and constraint
coefficients.

The objectives in the chosen stratum are (1) to determine the
most profitable way for farmers to organize their farms given the
current available resources and level of technology, and (2) to
identify the production potential of the farms under conditions of
increased resource availability, improved technology, changes in
prices, and changes in government policies. The model is presented

below.

The Basic Model
The basic linear programming model can be stated as shown

on the following page.
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n

Maximize 1= I C.\X;
je1 9

Subject to A11X1 + A12X2 4+ --- 4 A’Inxn < bl

RgrXy * Agpkp + ===+ AypXy < by

AmXy * ApgXp + === AggXy < by
and

Xp 20, X520 ---, X >0

The Xj's represent levels of the decision variables. The
Bi's represent the amount of the ith resource available for alloca-
tion to alternative decision uses. The a].j's represent the amount of
the ith resource required for the production of a unit of the jth
activity. Z represents the overall desirability or effectiveness of
different activity combination, in this case, the profit, while the
Cj's represent increases in Z that would result from unit increases

in the associated Xj's.

Model Construction

The theoretical model formulation in Table 5.1 is used to
construct the problem's data matrix. In the matrix, the activities
(which may vary from stratum to stratum) are represented as activities

X1 to Xn. Examples of common activities include growing wheat, corn,
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alfalfa, vegetables, livestock, and fruit. VWhen different technolo-
gies are used to produce a commodity, each method of production can

be considered an activity. Seasonal variation can also be used to
differentiate activities that would otherwise be regarded as one,
e.g., winter wheat should be regarded as a different activity from
spring wheat. Furthermore, each production process can be broken

down into its components with each component forming an activity.

An example of this is the production of wheat, where land preparation,
plowing, planting, weeding, and harvesting can each be considered a
separate activity.

The second component of the formulation of the LP model is
made up of the available resources. These, of course, differ from
one stratum to another, but generally include land, labor, capital,
and water.

Possible land categories include irrigated, rain-fed, range,
woodland, and nonarable land. Availability of the various land cate-
gories differs seasonally; therefore, time variables could be used to
further differentiate them. For example, rain-fed land is available
only during the rainy season.

Labor can come from various sources, such as the operator, his
family, and/or hired labor. The availability and composition of labor
varies over the study period, and thus is also broken down by time
period. An example of this is the availability of children's labor
during the summer when they are not in school--reflected in higher

family labor for the summer.
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Likewise, capital can be divided according to its source,
e.g., farm income, off-farm income, and loans. Water can come from
wells, rain, and irrigation projects, so there is both seasonal and
annual variation in available water.

There are other categories of resources that can be added to
the Tist, but in each case, the resources are limited by the maximum
amount available, as reflected in the right-hand-side (RHS) column.

Another important part of the model is the set of technical
(input-output) coefficients (denoted aij) which represent the amount
of resource, i, that is needed to produce one unit of activity, j.
For example, the technical coefficients associated with the production
of a donum of irrigated wheat might look 1ike this:

1. one donum of irrgated land

2. six hours of January labor

3. 100 Saudi riyals as capital

4. 50 cubic meters of water in January, and so on

The final part of the model is the objective function--the
sum of the contributions of all the activities in the model put
together. Each activity's contribution is the product of its
activity level in the solution and the return or cost of one unit of
the activity. For example, if the final solution has five donums of
spring wheat and the price per donum of wheat is SR 100, then the
contribution from this activity in the objective function will be

SR 500.
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Information from Model

Solution of the model would achieve the first objective:
given existing resources, policies, and price relationships, what
is the optimal farm plan? In this optimal plan, information is
obtained on the maximum farm income possible, as well as the details
of the activities that will be needed to achieve it. Furthermore,
the model indicates which input resources are scarce, as well as
those which are abundant, and estimates their economic costs.

The economic costs of resources are often called shadow
prices. They indicate how the objective function would change if an
additional unit of an exhausted resource were available. For example,
if all available labor has been exhausted in the model, and the solu-
tion indicates a shadow price of two Saudi Riyals per hour for labor,
then the objective function will be increased by two Saudi Riyals if
one more hour of labor is added to the labor available in the model.
It is advantageous to pay up to two Saudi Riyals per hour to the
available hired Tabor for its services.

Shadow price estimates are useful in identifying potential
opportunities for government policy interventions and the limits for
these interventions. For resources where the shadow price is high
compared to the cost of acquiring an extra unit of the resource, the
decision maker(s) might consider policies designed to make more of
that resource available. If, as is common in certain situations,
more of the resource cannot be acquired, then alternative tech-
nologies which make more efficient use of the scarce resource can be

tested in the model; ultimately, policies designed to encourage this
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new technology can be implemented. For example, the introduction of
a more efficient method of irrigation in an area where water cannot
be increased can reduce the amount of water needed per unit of
activity. Thus more units of the activity could be produced with
the same amount of water.

Another application of the results on shadow prices could be
the existence of idle labor during some part of the year. This will
be reflected by a shadow price of zero during the slack period. The
government could intervene to provide seasonal industrial employment
which improves the welfare of the farmers.

A final example of the use of information from the model
pertains to the determination of subsidies designed to encourage the
production of certain crops. Information from the model will show
the cost of adding a unit of crop production. This incremental cost
could be used as an approximate indicator of the subsidy necessary
to induce farmers to raise more of the crop. This is especially
important to Saudi Arabia, where the government is issuing a number
of subsidies to encourage the production of certain crops.

Other information from the model includes results from
sensitivity analysis, which indicate how stable the model solution is.
These results also indicate the impact of changes in resource avail-
ability, input-output coefficients, price changes, and modifications
of restrictions relating to minimum or maximum requirements. A
sensitivity test may be prompted by changes in price relationships

which entail the rerunning of the model with the new price; this will
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show the effects these changes have on the optimal solution. Another
example is where the model includes a minimum requirement of a certain
product, say to meet family consumption. If the average family's
consumption of the commodity is not known precisely, then various
levels can be tested in the sensitivity analysis and results analyzed
to determine the best course of action.

The use of Tinear programming, however, has its limitations.
In addition to those discussed by Dillon and Hardaker (1980), Beneke
and Winterboe (1973), and those highlighted in the assumptions, Eicher
and Baker (1982) have discussed three other problems with the use of
LP techniques in analyzing data for SubSahara Africa. These are
equally applicable to Saudi Arabia. First is the assumption of profit
maximization which even when constrained by minimum food requirements
and by setting resource constraints to the average observed values,
may lead to model results which bear 1ittle resemblance to observed
patterns of resource allocation. In the case of Saudi Arabia, in par-
ticular, it is difficult to assign a value or price for some benefits
such as recreational use and the social status attached to the owner-
ship of farm land. These are usually implicitly included in the
farmer's objective function. Second is the problem of inferring
region or country-wide policy implications from the results of indi-
vidual farm models. The third problem is that most LP models only
take into account optimal plans for annual crops over a one-year
horizon and ignore interannual resource flows, household activities,

interaction between crop farming and animal husbandry, and the cash
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flow problems associated with the introduction of large capital
purchases.

Other attacks on linear programming have been made on the
basis that basic linear programming does not take into account the
imperfect knowledge situations under which the peasant farmer oper-
ates. A number of studies have now found linear programming which
includes considerations of simple risk and uncertainty useful in
developing such models. The first attempt to take explicit account
of risk in a programming formulation used quadratic linear programming
(Anderson et al., 1977). In this formulation risk is considered only
in relation to activity net revenues; the constraints are considered
deterministic. The relevant statistics are the mean, variances, and
covariances of the activity net revenues.

Other attempts have been made to develop linear programming
models that take account of the stochastic nature of activity net
revenues. The results of such models often show optimal production
plans much closer to the actual plans used by farmers than those which
emerge from basic linear programming. Nevertheless, the methods
utilized are not easy to use for they require many data which are
not generally available in Saudi Arabia. Also the strengths of
linear programming do not lie in its ability to incorporate risk and
uncertainty in its analysis, but rather in its ability to handle a

large number of interrelated activities (Low, 1978).
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Forecasting

The second example of the set of available tools for the
agricultural economist is economic forecasting. Forecasting methods
are widely used to predict the most likely set of future events, and
to assess the impact of alternative policies and economic events.
Forecasting methods have been used to predict prices and quantities of
crops and livestock based on statistically-estimated parameters.

The importance of forecasting in Saudi Arabia cannot be over-
emphasized. The country is experiencing rapid growth in domestic
production of various crop and livestock products, but it is still
dependent on outside sources for the bulk of its domestic consumption.
There is a strong need to establish the proportions of these products
supplied by domestic and outside sources and to set targets for self-
sufficiency in the short-, medium-, and long-term. Due to the need
to forecast the supply of and demand for crop and livestock products
in Saudi Arabia, reliable, and appropriate forecasting methods are
necessary.

The statistical estimation of economic relationships to pro-
vide a method for prediction and analysis of policy proposals is of
great importance in Saudi Arabia. Governments need forecasts to
evaluate the 1ikely impacts of their policies on prices and economic
performance. Forecasting is essential to individual firms involved
in agriculture, where such methods can reduce uncertainties regarding
demand and prices. However, in order to be useful to the decision

maker, the forecasts must be available on time.
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Prerequisites of Forecasting

There are a number of prerequisites to the use of any fore-
casting model. According to John Ferris (1974), the following points
are of the utmost importance in the development and application of
a forecasting model:

1. knowledge of the industry

2. knowledge of basic economic principles

3. knowledge of appropriate statistical tools

4. knowledge of the decision makers who will use

the forecasts

5. knowledge of people who are informed about

the industry and the forecasting methods

6. knowledge of new information, and hence, the

ability to update the model

These points clearly indicate that an agricultural economist
will need to be well-versed in statistics, in economic theory, and
with the Saudi Arabian agricultural sector, to be an effective fore-
caster. Knowledge of the natural processes in the agricultural sector,
such as rainfall patterns, crop growth cycles, livestock, and bio-
logical and economic production patterns, are also prerequisites
to successful forecasting. This background knowledge must be coupled
with an understanding of government policies and programs related to
the particular industry. Finally, specific formulation of the model
will depend on the particular decision-making problem that the model

is to address.
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The role of the agricultural economist does not stop with the
formulation and estimation of the model, but includes interpretation
and analysis of the forecasts. In this study the author intends to
present a forecasting model and show how it is used to predict the
supply and demand of wheat in Saudi Arabia. Emphasis will be on the
clear presentation of the model's assumptions, details of the model's
specifications, the estimation methods, the output, interpretation of
the output, and a detailed description of the data requirements.
These same methods and models can be used with other Saudi Arabian
crops and livestock after appropriate changes are made.

In presenting the forecasting model for the supply and demand
of wheat in Saudi Arabia, the method of Ordinary Least Squares (OLS)
is used for the estimations, since it has been shown to have a number
of characteristics useful in such models. These characteristics
include its ease of use as well as certain statistical properties
such as its ability to produce best linear unbiased estimators. This
simply means that the estimates have minimum variance and that they
converge on their true population values as the sample size increases.

OLS is based on the following assumptions

Given that

Vi = Bo ¥ ByXqy ¥ BXpy + BgXgy + U5

then
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1. The expected value of the error term is zero:
E(y) =0

2. The error terms are uncorrelated:
Cov (Ui’ Uj) =0fori¢j

The variance of the error term is constant, i.e., it

w

is homoskedastic:
Var (U].) = 02 for each i
4. There is no correlation between the error term
and the independent variable:
Cov (Ui’ XZi) = Cov (Ui’ X3i) =0
5. The independent variables are linearly independent,

i.e., there is no multicollinearity

Demand Model
The demand for and supply of wheat in Saudi Arabia is used as
an example for discussion in this section.1 The demand for wheat

can symbolically be represented as follows:

he demand and supply of wheat models are derived from
K. Al-Hamoudi, "Analysis of the Demand and Supply Function of Yheat
in Saudi Arabia: Projection of Supply and Consumption through 1985,"
Masters PlanBPaper, Department of Agricultural Economics, Michigan
State University, 1979.
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Qg = f (P/CPI, P /CPI, th/CPI, D)

where:

Quantity of wheat demanded (consumption per capita)
in year t (Kg)
P, = Pricc of wheat in yeart (SR/Kg)

t
P ¢ = Price of substitute (rice) in year t (SR/Kg)
th = Per capita disposable income (SR)
CPI = Consumer Price Index (Base Year = 100)
D = Dummy variable for change in consumer taste
(D = 0 for 1973 and earlier years

D

1 after 1973)

Selection of Demand Variables.--The criteria used in the

selection of the variables in the demand model included economic
theory and background knowledge about Saudi Arabian economy.

Per capita consumption of wheat has been used as the dependent
variable and also as a proxy for the quantity of wheat demanded in
Saudi Arabja. The four explanatory variables suggested are the
price of wheat, the price of rice as a close substitute for wheat,
the income per capita, and the dummy variable for the effect of
changes in taste. Al1l prices and the income were deflated by the
consumer price index to remove inflationary effects. Hence, all
monetary figures are in real base year values.

Economic theory suggests that there is an inverse relation-
ship between the price of a commodity and the quantity of the commod-

ity demanded, except for Giffen goods, which are commodities whose
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demand is positively related to price. Wheat does not seem to be a
Giffen good in Saudi Arabia. Therefore, the coefficient of the price
of wheat is expected to be negative, as it is for any normal good.

Economic theory also indicates that substitutes are those
products whose consumption and prices increase as the result of an
increase in price of another product. Rice substitutes for wheat in
traditional Saudi Arabian dishes. This means that if wheat and rice
are true substitutes, the price of rice will be positively related
to the quantity of wheat consumed; thus, the rice price coefficient
is expected to be positive.

The relationship between the quantity of a commodity demanded
per capita and the disposable income per capita is hypothesized to be
positively related for normal goods, which account for most commodities.
However, the relationship is negative for inferior goods. Since we
assume wheat to be a normal good in Saudi Arabia, then the expected
sign of the income coefficient is positive.

Finally, the dummy variable, D, will have an algebraic sign
which is related to the changes in consumers' tastes for wheat and
wheat products before and after 1973. If the demand for wheat has
increased since 1973 due to a dramatic shift in taste when compared
to the pre-1973 period, then one would expect the sign of the dummy
variable D to be positive. If there were shifts away from wheat
consumption, then D should have a negative sign.

A word of warning is in order here. Since the estimated
demand function is really a relationship of average consumption to

average prices and income per capita, the demand function will vary
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for different income groups within the same population. This is espe-
cially true when income distributions are highly skewed, making the
average figures misleading. Thus, although wheat may be a normal good
on average, it may be an inferior good for the highest income groups
of the population. This should be considered in the interpretation

of coefficients derived from average population figures.

Supply Model

The model specification chosen to forecast the supply of
wheat in Saudi Arabia is made up of two independent equations. One
of the equations predicts the area of wheat harvested, while the other
projects the yield of wheat per hectare. The product of the two
equations provides a forecast of the supply of wheat in Saudi Arabia.

Formally, the model is specified as follows:

LAy = (Pupop Popars A Dy
2. th =f (Rt’ Ft, T)
where:
Awt = Number of hectares of wheat harvested in year t
Pwt-l = Deflated farm price of wheat lagged one year
(SR/ton)
Pst-l = Deflated farm price of barley lagged one year

Dt = Dummy variable--reflects shifts in the allocation
of cultivated land. Db = 0 for 1973 and earlier
years, D = 1 after 1973.

Y = Yield of wheat in year t (tons per hectare)

wt
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Rt = Rainfall in year t (millimeters)
Ft = Amount of fertilizer applied per hectare in year t
T = Dummy variable for technology. T = 0 for 1972

and before, D = 1 for 1973 and after.

The product of the two equations provides an estimate of the supply

of wheat:

where:

Q = Quantity of wheat supplied in year t

Swt

Selection of Supply Variables.--Although the supply of wheat

can be estimated directly by regressing prices and other economic
variables against production, we have opted for the use of separate
area and yield equations because it will provide more information.
With the two-equation model, both the changes in total supply and
the source of the changes--hectarage and yield changes--can be
observed.

In the area equation, the number of hectares devoted to
wheat is assumed to be determined by the area of wheat cultivated last
year, and the dummy variable for long-term changes in land resource
allocation among crops and last year's wheat and barley prices.
Economic theory indicates that prices influence the crop area planted
by farmers, i.e., the higher the price, the more the quantity supplied.
However, due to the nature of agricultural production, there is a

lagged relationship between last year's crop prices and this year's
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crop area. Since last year's prices affect this year's allocation
of hectarage to the crop, lagged wheat prices were used, rather than
current year prices. The coefficient of lagged wheat price is
expected to have a positive sign.

Since barley competes with wheat for available cropland, an
increase in the price of barley will lead to an increase in the area
devoted to the production of barley, and ultimately to a reduction
in the area devoted to wheat. Therefore, the coefficient of the
lagged barley price is expected to have a negative sign in the hec-
tarage equation. The inclusion of barley price is important, since
farmers must consider the alternatives available to them in their
attempts to maximize profits on existing cropland.

The number of hectares of wheat grown last year is hypothe-
sized to positively affect the current-year hectares devoted to the
crop. This specification suggests only a partial adjustment by farmers
to changing economic conditions, due to the existence of some fixed
costs in the crop production processes. Over the long run, however,
all fixed costs become variable costs.

The dummy variable Dt in the wheat hectarage equation reflects
the influence of subsidy policies that started in 1974. The variable
reflects shifts toward the production of wheat from 1974 onwards,
assuming the subsidies were as effective when it began as they were
in later periods; therefore, the expected sign of Dt is positive.

Equation 2, the wheat yield equation, is formulated to show
that wheat yield is a function of the amount of rainfall, greater use

of inputs--represented by fertilizer used per hectare and changes in
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technology--as depicted by the dummy variable T. Rainfall is a
critical factor since moisture availability is usually dependent

on rainfall, even the amount of irrigation water used is indirectly
affected by the level of rainfall. Since yields of wheat are hypothe-
sized to be positively related to rainfall, the coefficient of Rt is
expected to be positive.

Yields of wheat are also expected to be positively related
to the level of fertilizer application; therefore, the coefficient of
Ft is also expected to be positive.

Finally, to investigate the effect of technology on yields,
the dummy variable T is used. T reflects the introduction of Mexi
Pak wheat variety, which increased the yields from 1.5 to 2 tons per
hectare of the local varieties to 4 to 5 tons per hectare for the
new variety. The variety was introduced in 1972, so T has a value of
one (1) for 1972 and after, and a value of zero (0) for earlier
years. The introduction of Mexi Pak is also accompanied by an
increased demand for complementary inputs such as fertilizers and
improved water control. Hence, the effect of the dummy variable T
can appropriately be regarded as the influence of the level of tech-
nological changes. Since the effect of increased use of fertilizer
has been explicitly taken into account by the variable Ft’ T accounts
for all other technological changes.

Information from the Demand and
Supply Models

Supply and demand models, when appropriately specified, provide

a substantial amount of information which is useful in decision making.
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Much of this information can be derived from the values and signs of
the estimated coefficients in the models. The two most important
types of information from demand and supply models pertain to the
concepts of elasticities and projections.

Algebraic manipulation of the resulting coefficients provides
estimates of supply and demand elasticities. The price elasticity of
demand for a product is given by the percentage change in the quan-
tity of the product demanded, given a 1 percent change in the price
of the commodity. Demand for wheat, for example, is said to be
elastic when a 1 percent increase in the retail price of wheat leads
to a larger than 1 percent decline in the quantity demanded. On the
other hand, demand for wheat is inelastic if an increase in the price
of wheat by 1 percent leads to a less than 1 percent decline in quan-
tity of wheat demanded. It is worth noting that the estimated elas-
ticities are relevant only within the usual range of prices; there-
fore, the elasticities are generally estimated at the statistical
mean of the price observations. Such elasticities are useful tools
in the policy-making process. For example, if the demand for a
commodity such as wheat is found to be inelastic, then a policy
measure aimed at reducing the consumption of wheat would be ineffec-
tive if it relied on increasing the price of wheat, since doing this
will achieve only a slight reduction in the quantity consumed.

Another useful economic concept, the income elasticity of
demand, refers to the percentage increase in the quantity of wheat

demanded given a one percentage increase in per capita disposable income.
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Income elasticity of demand estimates are very useful in the projec-
tion of demand. An income elasticity for wheat can be derived from
the income coefficient in the demand model. Its use will be dis-
cussed later in the paper.

Estimates of cross-price elasticities of demand are also
provided by the demand model. The cross-price elasticity of demand
for wheat with respect to the price of rice is the percentage increase
in the quantity of wheat demanded given a 1 percent increase in the
price of rice. The cross-price elasticity estimate could provide use-
ful information regarding the level of price increase in rice needed
to increase wheat consumption. This is particularly important in
Saudi Arabia, where most of the wheat is produced domestically and
has a high potential for expanded production, while all the rice is
imported, and the prospects for rice production within the country
are very limited. Rice needs a lot of water for proper growth, but
water is a very scarce resource in Saudi Arabia.

Similar elasticities and corresponding policy applications
are also available with respect to supply. For example, the supply
elasticity of wheat can provide policy guidance. If it is inelastic,
then increasing the producer price of wheat will do little to increase
production of wheat. The supply elasticity can also provide an indi-
cation of the Tevel of price increase necessary to achieve a given
production target. One important consideration about supply elas-
ticities is that their values depend on the length of time under
consideration. Short-run supply elasticities are generally more

inelastic than their long-run counterparts. This is because of the
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greater number of opportunities for reallocation of resources which
exist in the long run as compared to the short run.

The next important concept is that of demand and supply pro-
jections. After individual demand and supply equations are estimated,
they can be used to predict demand and supply levels in the future.
Expected values of future independent variables are entered into the
estimated equations to predict the level of demand or supply. Another

method of predicting demand in the Tong run is based on the following

equation:
D, =D, (1+d)
where
Dt = Demand of wheat in year t
D0 = Demand of wheat in the base year
d =g + NY
g = Population growth rate in Saudi Arabia
N = Income elasticity of demand for wheat
Y = Annual rate of growth in per capita income
T = Number of years

The difference between this long-run demand equation and the
estimated equation is the exclusion of all price parameters. This
implies that wheat price variations will not affect the level of
consumer expenditures if the price of substitutes (rice in this case)
increase proportionately. The income elasticity of demand is obtained

directly from the estimated demand equation.
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From the projected demand and supply, it is easy to estimate
a pattern of future wheat surpluses or deficits, information that is
very useful for agricultural planning. If a deficit is anticipated,
there is a need for measures to compensate, including possible
arrangements with foreign suppliers. Anticipated deficits could
also trigger the issuance of incentive prices and other policy meas-
ures to increase domestic supply. On the other hand, if surpluses
are expected, measures with regard to export promotion and increased
domestic consumption are appropriate. If currently there are sub-
sidies in production or if such subsidies are being planned, it is
advisable to consider their reduction or even their elimination.

The forecast model can also be used to analyze alternative
scenarios--sets of assumptions about the model variables which
reflect possible economic events in future years. For example, policy-
makers may not only be interested in the average surplus or deficit
of wheat in the next ten years, they may also want to know the
sizes of the largest surplus and deficit that are likely to occur in
that period. This information could be useful in planning the amount
of storage capacity needed to store unusually large surpluses, or to
maintain a reserve large enough to see Saudi Arabia through an
especially poor harvest.

These best- and worst-case scenarios are accomplished by
setting each of the independent variables in the supply and demand
equation to the highest and lowest levels observed in the estimation

period. In the worst case, the farm price of wheat in the previous
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period would be set at a Tow level, while the barley price would be
set at an historically high level. Similarly, rainfall and fertilizer
application rates would be set at a low level. The result would be
an estimate of how poor the wheat harvest could conceivably be, given
current technology. Income growth could be raised to historical
highs, which would provide an estimate of how large the quantity of
wheat demanded could be. The combination of unusually large demand
and drought-reduced supply would provide policy makers with an indi-
cation of the potential size of a crop shortfall. By reversing the
direction of the changes in the independent variables, the size of a
surplus could be derived in a similar manner.

Other questions can be examined using this same approach,
for instance, the effect of government policies which support farm
prices while they subsidize consumer prices. The supply and demand
forecast models provide decision makers with a powerful and flexible
analytical tool.

The discussion in this section has only highlighted the use-
fulness of forecasting models and regression analysis in the inquiry
subsystem for Saudi Arabia. However, the use of this analytical
technique can be limited by several problems which are not addressed
here. For example, the choice of an appropriate functional form which
agrees with both Togic and theory and the availability of appropriate
data, can often pose serious problems. Also possible errors in fore-
casting when these methods are employed have not been discussed.
Interested readers can consult with any standard intermediate econ-

ometric textbook, 1ike Gujarati (1978), Maddala (1977), and Kmenta
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(1971) for a discussion of these problems. Despite the weaknesses

of the accuracy andreliability of time series data for Saudi Arabia
there are now a number of studies, by Saudi Arabian students studying
abroad, that have employed this method. Hafiz (1981) Quotah (1979)
and Duwais (1983) are just a few of the currently available

studies.

Benefit-Cost Analysis

Benefit-cost analysis (B-C) is a way of evaluating projects,
policies, and other public actions with respect to their contribution
to predetermined objectives. The method is widely used by governments
and international development agencies, such as the World Bank, and
also by the private sector, in assessing the feasibility of future
projects. B-C analysis answers such questions as, should the project
be undertaken or not, or at what scale should the project be carried
out? B-C analysis can also be used to compare alternative projects
and to select those which make the greatest contribution to the
objective function, given limited availability of funds.

Saudi Arabia is carrying out a large number of projects,
including those directed at agriculture. Since there are a number
of alternative projects, each needs to be carefully appraised using
a common standard method so that the overall benefit can be maximized.
These standard methods of appraisal have to take into account the
objectives and priorities of the country in which they are being used,
or in other words, the country's definition of "benefit." Some

countries, for example, emphasize GNP growth, while others emphasize
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growth with equitable income distribution. The important thing is
that once these priorities are set and appropriately incorporated
into the method of appraisal, the same methods should be applied to
all projects being appraised. This is necessary in order to avoid
using different criteria for different projects, thus leading to lack
of comparability between projects, which could result in misinforma-
tion and faulty decision making.

It should be noted that B-C analysis is only one of many
criteria used in aiding decision making. Used alone, B-C is often
not sufficient for final decision making. Other criteria include
consideration of aspects of the institutional system in the B-C
analysis such as the framework of rules and regulations, religion,
political considerations, etc., which are basic to the overall system,

and environmental considerations.

Methods of Benefit-Cost Analysis

Benefit-Cost analysis is done using a number of methods to
measure the worth of a project. The most popular ones are "Net
Present Value," "Benefit-Cost Ratio," and the "Internal Rate of
Return." The Net Present Value (NPV) is the present value of the
stream of benefits minus the present value of the stream of costs over
the entire 1ife of the project. In the case of B-C ratio, the simplest
way to calculate it is by dividing the present value of the benefits
by the present value of the costs. The internal rate of return is the
discount rate that will bring the net present value of the investment

to zero.
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The decision criteria in the case of NPV is to accept all
independent projects with zero or positive net present value when
discounted at the opportunity cost of capital. An obvious problem
with this measure is that the decision criteria cannot be applied
unless there is a satisfactory estimate of the opportunity cost of
capital. Since NPV is an absolute and not a relative measure, it
cannot be used to rank projects. In the case of B-C ratio, the
criteria is to accept a project with a ratio equal to or greater than
one. Among a number of projects, the one with the highest ratio is
chosen. But using B-C ratio alone may be misleading, since a B-C ratio
does not take into account the size of the project. A small project
with a large B-C ratio may not necessarily be preferred to a larger
one with smaller B-C ratio, since the latter exhausts the investment
resources more fully and gives a larger net present value. Although
there are a number of ways to calculate one B-C ratio, a single method
must be selected and used for all projects which are compared to avoid
misinformation.

The decision criteria with regard to IRR differ depending on
whether the IRR is for the public or the private sector. In the case
of a private investment, the appropriate decision criterion is to
equal or exceed themarket rate on borrowed funds. In the case of
public projects, the decision criterion is not as straightforward.

It requires that the IRR be equal to the social discount rate, which
is often lower than the market discount rate. This is due to the
difference in planning of the society as compared to that of the

private sector. Social rate of discount is an idealized concept
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that is extremely difficult to operationalize. In a large project
involving the public sector, as well as individual participants, it
is typical to calculate IRR in two ways. First, Internal Economic
Return (IER) is calculated based on society as a whole, then Internal
Financial Return (IFR) is calculated with respect to the individual
participants.

Application of Benefit-
Cost Analysis

With the large number of agricultural projects in Saudi
Arabia such as dams, irrigation projects, agricultural production
projects, livestock projects, and so forth, there is a need for a
sound system of analyzing and choosing from among these alterna-
tives.

In general, the most important aspect of a B-C analysis is to
obtain a comprehensive and accurate list of all direct and indirect
costs and benefits. These are the crucial inputs, no matter which
method of choice is employed.

In Saudi Arabia irrigation and dam projects are receiving
considerable attention due to water scarcity. It is important to
examine several considerations in analyzing the costs and benefits
of such projects. We willusean irrigation scheme as an example
for a discussion of costs and benefits and the type of information
that B-C supplies. However, since the discussion is equally applica-
ble to other projects, the general applicability of the method should

be borne in mind.
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Costs of a project include the initial investment costs as
well as maintenance and operation costs. Costs can also be divided
into direct and indirect costs, where direct costs are those that
involve direct monetary expenditure and are quantifiable, while
indirect costs are generally not quantifiable in dollars and cents.
Likewise, there are direct and indirect benefits.

In an irrigation project, expenditures will include building
the dams, irrigation, and drainage channels, and the cost of pumps,
building, and land as the major investment costs. Operational costs
include payment for labor, fuel, agricultural inputs, and deprecia-
tion. Indirect costs include loss of natural scenery and wild life
and disease from standing water. A direct benefit of the irrigation
project is increased production of agricultural crops. Indirect
benefits include employment, water conservation, and improved produc-
tion skills. These are, of course, just the general components of the
costs and benefits; more detailed enumeration is needed for any
project. After detailed costs and benefits are assembled over the
entire expected life of the project, the measures of project value

can then be calculated.

Information from the Model

Information from the B-C analysis will give the overall
internal rate of return as well as the rate of return with respect
to individual participants. The analysis also allows one to under-
take a sensitivity analysis by varying some of the cost and benefit

assumptions. For example, the costs can be assumed to vary within
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the range of 10 percent. A recalculation will show the effect of this
or the viability of the project. Similarly, yield variations can
be incorporated. One major strength of B-C analysis is the disci-
plined method of organizing project information.

Sometimes the results of one or more of the analysis tech-
niques described previously can be effectively married with B-C
analysis. For instance, information from LP models can be used to
estimate the costs and benefits from increasing the amount of irri-
gation water available to farms in a particular area. The results
of solving the LP model can then be used as measures of the costs and
benefits when B-C method is used to analyze an irrigation project.
Similarly, the demand and supply models can be used to develop pro-
jections of future food requirements, whichmay influence the value
attached by decision makers to the benefit of additional grain pro-
duction. These hypothetical examples are meant to illustrate how
several methods can be effectively employed to solve a particular

problem.

Data Requirements

For the appropriate utilization of the models discussed, one
needs specific sets of data that are not currently available in Saudi
Arabia. The data system is an important component of the information
system, since the data requirements for the various models differ
substantially in volume as well as type. The analytical models dis-
cussed will be of very limited use without the data sets needed to

test them. The decision maker depends on the use of data in the
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analytical models to supply the information necessary for decision
making, and the type of data needed depends on the decision maker's
needs. This section will discuss the data requirements for linear
programming, forecasting, and benefit-cost analysis models. The
data needs discussed below relate either directly to the problems
presented earlier or to hypothetical problems.

The data requirements for the LP model can be broken down
into the following:

1. objective function coefficients

2. resource constraints

3. input-output coefficients
The first step in setting up a problem is to identify all of the
possible activities competing for the available resources.

Objective function coefficients for an individual representa-
tive farm are derived from the prices of outputs and inputs for the
activities. Coefficients in the objective function can be positive
or negative depending on whether they are benefits or costs.

To derive resource constraints, the availability of such
resources as land, labor, and capital are quantified as shown in
Table format 5-1. This table can be derived from more detailed
listing of the required resources as shown in the format tables of
Appendix C.

Table C-1 in Appendix C gives a general summary of the total
resource inventory for the representative farm. Table C-2 giVes the

detailed availability of the land resource. Land is separated into
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irrigated, rainfed, range, forest, residential, and waste land
categories. Similarly, Table C-3 gives the breakdown for labor by
source and period. Sources of labor include operator, family, and
hired labor. Table C-4 separates capital into period and source.
Sources for capital include farm income, off-farm income, and various
types of loans. Finally, water as a resource is enumerated in

Table C-5 by source and period. Potential sources include rainfall,
wells, and irrigation projects.

One of the most critical types of data needed for LP analysis
is the appropriate set of input-output (I0) coefficients for each
activity. Such input-output coefficients are often difficult to
obtain. Here we will give a detailed example of the activity of
producing one donum of irrigated wheat. Appendix C, Table C-6, shows
a breakdown of the various resources by period, with the cells being
the places that the 10 coefficients are entered. Labor, capital,
and water needed to produce the donum of irrigated wheat are given
for each month of the year. For some resources in particular periods,
the 10 coefficients will be zero. There are a number of problems
associated with I0 coefficient measurements. For example, the labor
figures may come from both male and female adults, as well as children.
Some interpretation is often needed to standardize the labor units,
say to man-hours. Choice of conversion factors is often left to the
individual researcher, and the factors vary depending on the type of
activity.

Forecasting models such as the one developed to predict the

supply and demand for wheat in Saudi Arabia have their own unique
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data requirements. Model specification clearly indicates that time
series data on prices, quantities of wheat, income, population,
weather variables, fertilizer use, hectarage, consumer price index,
and other variables are necessary to develop the desired model.

Finally, Table D-1, Appendix D, gives some idea of the data
needed to carry out B-C analysis. For each of the years in the life-
time of the project, data are needed on the gross costs and gross
benefits as well as a discount rate. The gross costs are made up of
investment, operations, and maintenance costs, while gross benefits
are composed of similar benefit components. The details of the rele-
vant costs and benefits depend on the specific project.

Data for these analyses can be divided into a number of
sources. Surveys of farms can provide information on resource avail-
ability and input-output coefficients. These surveys can also provide
some idea of the farmers' objective function. Other surveys can help
in developing the objective function coefficients more precisely. In
the case of time series data, the sources are generally public, such
as the Central Department of Statistics and other government sources.
Agricultural experiment stations are also good sources of data relat-
ing to various farm items, including some time series data, but espe-

cially for technical I0 data.

The Role of the Agricultural Economist

While the agricultural economists' role in the overall infor-
mation system has already been mentioned, this role is so important

that further discussion is in order. As evidenced in Figure 3-1, the
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agricultural economist is central to the system, even though he/she
is generally associated only with the analytical systems. However,
for the development of the correct analytical framework, the agri-
cultural economist is also involved in the development of the
theoretical concepts and their operationalization, which are the
foundations of the data system. As far as the decision-maker is
concerned, the agricultural economist is involved in the interpre-
tation and analysis of model results. This puts the results in a
form easily understood by the decision maker. The agricultural
economist also serves as an important link between the decision
maker and the rest of the system, thereby giving important feedback
to the system.

To make a maximum contribution to the system, the agricul-
tural economist must be informed regarding developments in the field
of modeling énd model solution. Most of the models now utilize high-
speed computers, so that the agricultural economist must keep up
with the emergence of new software and hardware available for com-

putations.

Summary

This chapter has briefly examined three analytical techniques
that can be employed in the analysis of data for Saudi Arabia--linear
programming, forecasting, and benefit-cost analysis. The discussion
was not intended to be an exhaustive presentation of analytical tech-
niques, but rather as examples of methods that can be used in answer-

ing these important questions. Questions related to optimum use and
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allocation of resources could be answered from 1inear programming,
those related to future expectations could be answered from fore-
casting models, and those related to choice of projects are the
subject of benefit cost analysis. It should be noted that the use-
fulness of these methods are strictly dependent on the availability

of data.






CHAPTER VI

SUMMARY, CONCLUSIONS, RECOMMENDATIONS AND
DIRECTIONS FOR FURTHER RESEARCH

Summary and Conclusions

Saudi Arabia depends almost entirely on crude oil as a source
of income. At present crude oil production accounts for more than
70 percent of the gross domestic product and is the principal earner
of foreign exchange. Government officials are aware that dependence
on one commodity as a source of income can be a risky adventure and so
they have committed themselves to diversifying the country's economic
base.

At present agriculture and its related fields appears to be
the only other viable and nonexhaustible alternative as a source of
income. Prior to the 0il boom, agriculture provided the mainstay
of the economy, generating both employment and a source of income for
the rural population. At present, agriculture provides employment
for about 25 percent of the labor force even though its contribution
to the gross domestic product has declined to a 1little over 1 percent.

Although domestic agricultural production has increased, it
has not kept pace with the increase in demand. The increasing income
derived from an increased o0il wealth, coupled with a rapidly growing
population and a high influx of foreigners has contributed to a high

and diversified demand for food. Because of the low productivity,
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high demand situation Saudi Arabia imports approximately half of its
annual food requirements. In fact, since the late 1970's Saudi Arabia
has been one of the world's three leading importers of poultry products,
barley, soft drinks, and fruit juices. In a world with at least one
billion people presently regarded as undernourished and a rapidly
increasing world population, Saudi Arabia cannot hope to permanently
depend on other countries for half of its food needs. For this reason
the country is committed to developing its agriculture to the point of
food self-sufficiency. The third five-year development plan called for
an investment of nearly SR 72 billion in agriculture and water.

Incentives are also being provided to attract private local
investments in agriculture. The response so far has been encouraging.
Local production of certain products has increased by more than 300
percent. These increases in agricultural production which may be
associated with increases in specialization and commercialization are
associated with an increase in demand for agricultural information.
The data base, however, from which information can be derived is
inadequate in Saudi Arabia. This is explicitly recognized in the
third development plan which has called for an improvement in the
data base. Indeed, the topic of this study was chosen as a result
of the author's frustration in an attempt to obtain data for another
topic. The main objective of the study was to evaluate the Saudi
Arabian agricultural information system. The specific objectives
were to:

1. describe the agricultural sector in Saudi Arabia; its

potential and limitations
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2. present an agricultural information system paradigm
as an idealized model to be used as a frame of
reference in evaluating or designing any agricul-
tural information system

3. use the paradigm in evaluating the existing data
base in Saudi Arabia

4. discuss the analytical framework as a subsystem of
the agricultural information system

5. delineate some of the agricultural data needed for

certain specific problems and decisions in Saudi
Arabia

The whole study was centered on one of the most frequently
used paradigms of agricultural information systems. This paradigm was
first developed by J. T. Bonnen in 1975 and has since become a basis
for the evaluation of several other information systems. The paradigm
is an idealized information system and it consists essentially of
three subcomponents--a data subsystem, an inquiry subsystem, and a
decision-making subsystem. These subsystems are not isolated, but
rather interact to form the whole information system. The primary
value of Bonnen's paradigm is in its demonstration of the steps
necessary to develop information from data.

Every data system involves an attempt to represent reality
empirically. Since reality is nearly infinite in its variations--and
configurations and is not readily grasped by the human mind, it is
necessary to break down experiential phenomena into a set of cate-

gories or classes that can be counted or measured. The phenomena to
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be counted or measured depends on the decisions to be made. Thus,
there must be a concept of reality to be measured and to be meaningful
this concept must be capable of accurately systematizing and categoriz-
ing reality so that it can be understood by those using the data.

This categorization must also be such that the concepts are relevant
to the decisions being made.

Although data presupposes a concept, concepts are abstract
ideas and it is not possible to measure concepts as such. Instead,
it is necessary to operationalize and define these concepts so that
the definitions are as representative as possible of the chosen con-
cept. There are thus three distinct steps which must be taken before
one can produce data which purport to represent reality. These are
(a) conceptualization, (b) operationalization of the concepts, and
(c) measurements. These essentially are the components of the data
subsystem.

The data subsystem is only part of an information system. To
become information, data must be analyzed and interpreted and placed
in a decision-making context. In this sense the demand for data is
derived from the need to make decisions on problems. Information
systems then can be viewed as a process which imposes form and gives
meaning to data.

The analysis of any given problematic situation in agricul-
ture usually starts with a received body of theoretical concepts
which purport to represent reality. The concepts are operationalized
through the definition of variables that are often specified formally

in a model. The model is then tested against the data and conclusions
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are drawn. Hence data production must share the conceptual ground
with the analytical system of inquiry if an empirical test is to be
valid or even possible.

Information possesses certain characteristics of a public
good which makes its analysis through the use of neo-classical economic
theory very difficult. The characteristics of uncertainty, indivisi-
bility and nonappropriability which are peculiar to information, all
violate the classical properties of purely private goods. Uncertainty
is inherent in the definition of information. Since information is an
indivisible good, the difficulty of achieving efficiency in its pro-
duction and consumption results from the fact that the marginal cost
of adding an additional consumer of information is zero, once the
information has been produced. The nonappropriability of information
is related to the problem of property rights. The producer or owner
of information does not realize the exclusive benefits of the property
alone.

A description of the damand for and supply of data in Saudi
Arabia showed that the supply side of agricultural data was highly con-
centrated and consisted mostly of ministries and other government agen-
cies. The Ministry of Agriculture and Water is perhaps the most
important source of agricultural data in Saudi Arabia. This ministry
carries the major reponsibility for developing and implementing
agricultural plans and programs. The Department of Economic Studies
and Statistics is mainly responsible for the collection and analysis

of agricultural data. The data provided by this department can be
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classified into basic data, current data, and special needs data.
In collecting agricultural data, the department relies on decennial
censuses and annual agricultural surveys.

The demand for agricultural data is simply part of a larger
demand for information on all sectors of the economy. It is difficult
to separate the users and suppliers of data in Saudi Arabia because
most of the data collected is targeted toward meeting the specific
needs of the agency collecting the data. Nevertheless, the data
collected is usually available for use by both the private and public
decision makers.

The Saudi Arabian agricultural information system is yet in
its infancy. Although it is possible to separate the three subsystems
--data, inquiry, and decision maker--it is sometimes difficult to
separate the actors of these subsystems. Also, there is no single
subsystem that has developed to the extent of earning both a national
and international respect.

In general, the agricultural information system can best be
described as a data base or a repository of all agricultural data
that is scattered among the suppliers of the data. Because data for
all agricultural aspects are not readily available and the available
data are not sufficiently analyzed, the agricultural information system
in Saudi Arabia falls short of meeting the needs of the decision makers
and is plagued by several problems which include a lack of experience,
ambiguity of agency objectives, and an inadequate institutional arrange-

ment.
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The rapidly changing agricultural sector has placed a heavy
demand for agricultural data on a system that is set on a primitive
stage with a very short experience in data collection. To date, there
have only been two national censuses of agriculture. This is hardly
enough experience on which to establish confidence in the accuracy
and reliability of the data collected. The objectives of the Depart-
ment of Economic Studies and Statistics are tailored to meeting the
needs of the public sector while ignoring private demands. In addi-
tion to the lack of a census legislation, there is also a lack of
coordination of activities between the different suppliers of data.
This often leads to a duplication of efforts and a waste of much
needed resources.

A close examination of the Saudi Arabian agricultural infor-
mation system showed some serious problems with conceptual obsolescence.
The use of the concept of a holding or a farm has not kept up with
recent changes in the way the farmer views his farm. In the early
1950's and 1960's farmers were purely subsistent in nature and pro-
duced all of their family's needs on the farm. In recent times, how-
ever, farmers have begun to specialize in farm production and have
entered the market economy. Some farms are even used for recreational
purposes. These changes require a re-evaluation of the concept of
farm or holding. Another example of conceptual problems is that of
arable land. This concept is dynamic in nature in that the available
arable land at any given point in time can be affected by changes in

technology, economic, social, and natural conditions. In Saudi Arabia,
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however, the estimate of arable land made about twenty years ago is
still the basis of agricultural planning.

Conceptual obsolescence is also encountered when the agenda
facing policy makers changes. Government objectives with regard to
agricultural development has changed and this requires a parallel
change in the type of information made available to decision makers.
These changes have not taken place. Detailed data on farm income
and expenditures, for example, which are indispensable to policy
makers are currently unavailable.

The operationalization of concepts, which is another stage in
the information system, was discussed in the context of the question-
naire used in the censuses. Some problems with the definition of
certain concepts were observed. The land holding as defined in the
last two censuses had no upper and lower boundaries which made the
inclusion of a wide range of holdings possible. Also, the definition
of aholding differed from one census to another which made compari-
son between censuses very difficult. A definition which combined the
value of an average nisap and the definition used in the 1974 census
was suggested. Thus, the holding was defined as any land which is
wholly or partly used for agricultural production and may consist of
one parcel of land or more and managed as one technical unit from
which the value of an average nisap or more of agricultural products
were sold or normally would have been sold during the census year,
regardless of title, legal form, or size.

Another example of a concept that presented some operational

problems was that of the labor force. There is a need to distinguish
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between the stock concept of Tabor and the flow concept of labor.
Enumerating the number of people in a holding can only give an indica-
tion of the stock of labor available. In order todetermine the labor
input in Saudi Arabian agriculture, it is necessary to estimate the
number of hours actually devoted to agriculture. This is the flow
concept. The flow concept gives a better approximation of employment
or unemployment in agriculture.

Even the definition of the stock concept--the agricultural
worker--was suspect. It included any person who was engaged in
agricultural work and was either paid in cash or kind. This defini-
tion erroneously included even people who participated in farm work
as recreation and those who did farm work for less than one day in
the whole year.

Data collection and measurement is an important step in the
data subsystem of an information system. Although this stage enjoys
considerable attention, when compared to other stages in the Saudi
Arabian agricultural information system, it still suffered from major
problems which are mainly related to the enumerators and farmer respond-
ents. Sampling errors are being minimized periodically as the sample
size relative to the population is being increased from time to time.
The sample size in the annual surveys has been increased from 2 percent
in 1976-1979 to 10 percent of the population in 1982. Despite these
improvements in the sample size, enumerators are still not adequately
trained and lack of adequate and efficient transportation increases

the demand on the enumerator'salready limited time. Because most
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farmers are illiterate and keep no farm records they cannot recall
all the information that is being solicited in the surveys. Some of
these problems could be minimized by use of university students who
are well trained in agriculture and measurement methods. It is also
suggested that a move toward objective, rather than subjective,
methods of measurement be pursued.

Decision makers in Saudi Arabia are basically of two types
--public and private. Public decision makers are better served than
private decision makers because the public sector controls most of the
data suppliers. The usefulness of information to any decision maker
depends on the scope of the data coverage, the type and level of
analysis of the data, and the method of dissemination, presentation,
and interpretation of the data. Most of the data collected and
analyzed in Saudi Arabia does not reach the decision makers; rather
documents of information are shelved away to gather dust.

Agricultural and resource economists have a number of analyti-
cal methods that could be employed in producing information from data
in Saudi Arabia. Some of those methods--1inear programming, fore-
casting and benefit cost analysis--were discussed to show how they
could be used in Saudi Arabia. Linear programming was developed by
military specialists in the early 1940s as a tool for minimizing the
cost of transportation. Today it has been popularized by agricul-
tural and resource economists as a tool for the determination of the
optimum allocation of limited resources in the farming business. Its

main strength lies in its ability to incorporate several activities
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in one solution. An example of how linear programming could be used
to determine resource allocation at the farm level was discussed.
Interpretation and use of the results obtained were also presented.

Forecasting models are useful in determining what the future
outlook for the demand for and supply of a given commodity would be.
The demand for and supply of wheat was used as an example to demon-
strate the usefulness of these models. The results of the forecasting
model could be used to make short- and long-run policy changes with
respect to a given commodity.

Benefit-cost analysis is a useful tool that can serve as a
guideline in the selection and implementation of projects. Three
measures of project worth--net present value, internal rate of return,
and benefit/cost ratio were discussed. The usefulness of all three
measures depends on the selection of an appropriate discount or cut-

off rate.

Recommendations

The Kingdom of Saudi Arabia is a country with a very rapid
pace of development. The role of the government in society and in the
economy as a whole has greatly expanded. In the last three decades,
there has been a large increase in the number of ministries, depart-
ments, and government agencies and programs which require data and
information to make relevant decisions. Agriculture, for example,
has assumed a new priority status and agricultural investments are
rapidly increasing. In order to make national policy decisions on

the complex problems facing the agricultural sector, the government
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has had to increasingly depend on quantitative measurements to identify
and understand these problems. Failure to provide accurate,
reliable, and relevant quantitative descriptions and analyses of
problems, now results in unnecessary policy confusion and waste of
resources.

Reliance on the current information system is unsatisfactory.
There is a current lack of policy relevance in the data collected.
Suppliers have no clearly defined priorities for data collection, and
it is not known to what extent the data are subjected to actual or
perceived manipulation which may destroy the integrity of the data
suppliers. The quality and quantity of data currently collected are
inadequate. During the discussions in the previous chapters, some
suggestions were made on how to improve the current agricultural
information system in Saudi Arabia. In this section, specific recom-
mendations will be made to reinforce the suggestions made earlier.

Establishment of a Planning
and Coordinating Committee

The need for government-wide planning and coordination of
agricultural data and information is long overdue. It is, therefore,
recommended that a Planning and Coordinating Committee be established
either as an independent body or as an establishment within the Central
Department of Statistics. The committee may be made up of representa-
tives of all Ministries and Departments that are directly or indirectly
involved and interested in the agricultural data collected. The com-
mittee should also include representatives from all the agricultural

colleges--and if feasible, external organizations, 1ike the Food and
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Agriculture Organization should be represented. These organizations
have encountered several problems in other countries that might not
be foreseen by the committee. Their representation may probably
help in avoiding a repetition of such problems in Saudi Arabia. The
interests of the private sector should also be fully represented.

The main objectives of the committee will be to ensure the
policy relevance, quality, and integrity of all the data and informa-
tion produced by all data suppliers; to develop plans so that all
suppliers, public or private, will be able to meet current and future
data and information needs efficiently in the face of a changing
technological, social, and economic environment; to maintain a proper
balance between protecting individual rights to privacy and confi-
dentiality, and meeting the information needs for public and private
decision makers through legislation; and to coordinate all data
suppliers on the one hand and data suppliers and users on the other.

The committee should be empowered to coordinate, plan, and
even prepare budgets for all major data collection exercises in Saudi
Arabia. This means that the committee will have to develop legisla-
tion--and make regulations and guidelines for collecting data; make
long-term plans for adapting and unifying concepts, definitions, and
data collection methods to a changing structural and technological
environment; and review the statistical quality of all data collection
aspects. It will identify all data sources and specify the scope of
data collected by each source.

With respect to users, the committee will ensure the maximum

utilization of all data collected through objective analyses of the
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available data. It will maintain for users a central inquiring
service for identifying and gaining access to appropriate data and
establish and monitor standards to ensure maximum accessibility and
utility of data to all users. Identifying data users and their needs
will be an important part of the committee's function. The committee
will also act as a focal point for the receipt of and the response to
requests from international agencies.

It will be the responsibility of the committee to establish
and monitor standards to ensure the quality, integrity, and compara-
bility of the data and analytical methods employed by data suppliers.
Also, temporal and geographical comparability of data collection and
data reporting methods should be considered. Where feasible, compati-
bility with international standards should be encouraged. The com-
mittee should have the capacity to provide technical assistance in
statistical methods as needed to agencies undertaking or sponsoring
data collection.

The functions of the committee should be reviewed periodically
to make additions and subtractions when necessary. The general public
must have a high level of trust in the committee. For this reason,
the committee must be impartial in its work and be perceived by the
public as neutral. That neutrality should be protected by broad
accountability. Adequate authority must be vested upon the committee
if it is to properly execute its functions. The committee must be

viewed as a permanent and not an ad hoc institution.
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Close Link Between A11 Agricultural
Colleges and the Department of
Economic Studies and Statistics

The study has made it clear that the Department of Economic
Studies and Statistics alone is incapable of handling the entire
agricultural information system in Saudi Arabia efficiently. It
lacks both the facilities and the trained manpower to do it. These
deficiencies, however, could be satisfied from the Colleges of Agri-
culture that are strategically located throughout the country. Thus,
it is recommended that a close chain of communication be established
between all Agricultural Colleges and the Department of Economic
Studies and Statistics. There is a dual advantage in this kind of
arrangement. The Department of Economic Studies and Statistics
will benefit from the analytical capacity that is currently present
in the Agricultural Colleges. Since the Agricultural Colleges are
located in different regions, faculty members have a better under-
standing of the local conditions within their respective regions than
do professionals in the Department of Economic Studies and Statis-
tics in the capital city. This knowledge of local conditions could
be utilized by having college faculty and students participate in
collecting and analyzing data in the region in which they are located.

Faculty members will benefit from the fact that their students
will have the opportunity of gaining an in-the-field experience when
they participate in collecting the data. Interaction with farmers
will also increase the student's knowledge of local farming conditions.

This is important because at present, there is very 1ittle contact






172
between the faculty and students of the agricultural colleges and
the farmers.
In addition to the advantages enjoyed by the two parties, a
Tink with an academic institution will tend to enhance the credibility
of the data and information generated as the general public will
feel the data are not being manipulated Yor political reasons.

Redefinition of the Department of
Economic Studies and Statistics

Objectives
It is suggested that the Department of Economic Studies and

Statistics redefine its objectives in the 1ight of current conditions.
As a public institution, the department is supposed to serve both the
public and private sectors equally. This can only be done by a
redefinition of the department's objectives which will explicitly
take cognizance of the needs of the private sector.

In addition, the department should reconsider the length of
time between censuses. Saudi Arabia is undergoing rapid technological
and economical changes in its agricultural sector. This makes it
imperative that data be collected more often than the decennial
censuses currently used. It is suggested that censuses be conducted
every five years in order to adequately capture short-term changes
in the structure of the agricultural sector. Also in the interest
of saving resources, it is recommended that the census be conducted

in one stage instead of the current two stages.
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Directions for Further Research

This study is far from a complete and thorough discussion of
the Agricultural Information System in Saudi Arabia. It has, however,
succeeded in pointing out some of the short comings and problems of
the Saudi Arabian Agricultural Information System and it thus serves
as a basis for further research.

On the purely theoretical aspects is the problem of the
economics of information. Although several studies have been devoted
to this topic, there is yet no universally accepted method for dealing
with the economics of information. At the center of the problem is
a way of determining the value of information. Research on this topic
should concentrate on how decision makers can value information prior
to investing resources in acquiring the information.

On the home front, in Saudi Arabia, research is needed on
more specific aspects of the agricultural sector. This study
approached the agricultural information system at the macro-level
by looking at the entire agricultural sector. Further work is now
needed to study the information systems at a micro-level by evaluating
the information systems of individual crops, prices of commodities,
and others.

There is also a need for work to be done in determining the
needs of data users and the relative importance of different types of
information to the users. The results of such studies could be used
by data suppliers to establish data collection priorities that reflect

data demands.
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APPENDIX B

1982 CENSUS QUESTIONNAIRE
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In the name of Allal, the Beneficent, the Merciful

The Kingdom of Saudi Arabla
Minlstry of Agriculture and Water, Department of Economic Studies and Scatistics.

Section One:

1.

9

1.

Section Two:

Name of the Amardt

Name of Sub-Amarat

Name

of Village I

r
l
ot wolder [

Indetitication Data

1981-1982 Census of Agriculture—The Questionnaire--Winter Season

L L 1 |

| | |
1 1 ]
[ [ ]

l
=
3

Name

Age of Holder 101 6. Nationality of Saudi 1
Holder 102

Do you practice other occu- Yes 1 103 No ] 2 ] 103 l Non-Saudi 2

pation?

Address of the Holder

Lendlord's Name

Landlord's Address

Holdings Name (1f any)

A. Legal Systes of Holding and Management Type
Governaent Private com-
Coo) (31 Ocher f
12. Murk ag~in front of the Individual firm Tribal pany of firm peration arms
Appropriate Legal system
1 | 104 2 104 3 104 4 ] 104 H 104 6 104
di 2
13. Management Type By the holder 1 105 Hired 8 :::_ od1l T 105
B. Distribution of the Holding Land According to its Utilization
14. | Name of Local Arca Unit
15. | Equivalent in Square Metery 106
lo. | Total Local Units (Total Holding Areas) 17 + 18 + 24 107
17. | Number of Local Units Owned 108
18. | Number of Local Units Kented (19 + 20 + 21 + 22 + 23) 109
19. | Number of Local Units Rented in Cash 110
20. | Nuber of Local Units Rented in Kind 111
21. | Nuaber of Local Lnits Rented in Cash and Kind 112
22. | Number of Local Lnits Rented by Share 113
23. | Number of Local Units Rented by Other Type of Rent 114
24. [Number of Local lanits Under Octher Legal System 115
25. {Number of Parcels of Land in the Holdiog Within One Village 116
Family Sale & Fam-
26. Main Pu f Hold
n Purpose of Holding Production Sale 1 ll” Canlll?‘“"‘l 2 l 117 'uy Coasuap| 3 l lld
27. Is There @ Speclalized Agricultural Project in the Holding .
Yes 1 118 No 2 118
28. Did you Obtain Loan from the Agricultural Bank For | Yes 1 19 Non- |Yes 1 20
[Proj. | No 2 Proj. [No 2 1
29. | Date Provider 32. Enumerator 001
30. | Kelation to Holder 33. Supervisor 002
31. | Date of Visit 34. Editor . 003

186
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35.

36.

37,

38.

39.

40.

41.

50. IMud channcl ‘ 1 I 259 I

57.

Scvetion Three: Land Use

187

Total Number of area local units (Area of Holding) 201
Number of ares local units cultivated with seasonal crop this season 202
Number of area local units left fallow during the time of visit . 203
Number of area local units cultivated with permanent alfalfa 204
Number of area local units cultivated with permanent crops (Trees) 205
Number of area local units of suitable agricultural land never cultivated 206
Number of area local units of land unsuitable for agriculcure 207
Section Four

A. Holder's faaily and other persons living in the holding

Males Females

Members of holder's family less than 15 years 208 209
Meabers of holder's family 15 to 64 years 210 211
Mcabers of holder's fawily 65 and older 212 213
Other non-holder's family living in the holding (Saudis) 214 215
Other non-holder's family living in the holding (non-Saudis) 216 217

B. Labor force

Saudi Non-Saudi
Type of Worker
Male Female
Male Feaale
Paid Unpaid Paid Unpaid

Permanent Worker 218 219 220 221 222 223
Tenporary worker (winter scason) 224 225 226 227 228 229
Uccasionsl workers (winter season) 230 231 232 233 234 235

Scction Five: System snd source of water in the Holding
A. Irrigation System
If trrigation system is normal flow, then mark the type of channel used im the holding.

Plastic lined Cement lined .
Chunncl ] 2 I 260 ] Channel l:, l 261 J Pipe

]ln I 262

1f modern irrigation equipment is used, then mark the type used in the holding and fill in the
number in the corresponding blank.

Total arca irrigated by
Type of irrigation system No. of equipment the equipment
Sprinkler Irrigation (rotating) 237 238
Sprinkler lrrigation (fixed) 239 240
Drip Irrigation system 241 242
ﬁtrtgulon System by gravity flow 243 264
Other type of irrigation system 245 246
(Exiscing wells in the holding)
B. Source of irrigation water in the holding Type Number Used Number unused
(Write total area irrigated by each of the
following four sources)
Bunded Rain Unbunded Rain Tube well 251 252
l | I 247 | l ] 248 I Artesian well 253 254
Spring water Other sources Regular Well 255 256
l l l 249 I l l 250 J Shared well ? Yes 1 ]257 No 2 I 257

Is there a drainage system in the holding?

[~ 1] [

D







Section Six: Anteel and Poultry
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e e
et i
s o e [0
Camels chree years old and above | 50 0
Siin cnst ) p o e | 0
P e i et -

Section Seven:  Sessonal, Minter Crop

T ameer i sres toua snien warvered T remtwecion
e terignes T waimies Jrromee [reotecion [mater 1
i (T e i e Frotsced
| e s | | 6 w 28
[ | [ o e m
ws | [ Lo ,n u
5. s w | | " ) "
" . P 2 e
[y w | 151 1 m
" 0 I I 1
0 i » "
w ] | 2 %
ol oo % w| | m m s
. m N I n o
. F s wl| [ | 2 s
Waterue lon /Letuce 4 ws) | 386 i 3 8¢
ik melons Carrue s w| | 1 192 393
h e o |
.,[ bey onts 1 | | " w0 <01
..f tired cropgratn and totdr w| | o
w w w| | w
w_oer o [ I T wl |
“nsk only in Jazan and Tinaua
Seasonal Crop Under Fermaneat Crops
1| Grain crop [an ] | w
o ereraies [ o [ rm
o wtaite [@7 sl [ as
oo _ouner tosger [ al | @
45, D1 o gsow b L yoar? [ TwJw TiTw
Y, 10 yes, wiat vas the amount produced n kilograas (I m]n. hat_to e value dn kel || 425
9. bId you seld €0 the viwat 810 laue ywar? Do T Tae T Tefae
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Suction bight f‘\.:::‘:::::::ia::"u:::;” ud ::;::";; Muchlnes Uned 1or This Scenum
:::n:“d" Sole cwm~ | Joint own{ Offered to the holder by
during the ::;::ﬁ by :::::‘P wovt .
Machine Types visit Landlord Agen
No
98 | Engines up to 10 h.p. 501 502
99 Engines 11 to 30 li.p. 508 509 510 sl 512 513 514
100 | Eogines 31 to 100 h.p. 515 sie sn 518 519 520 s21
101 Engines 101 h.p. and more 522 523 524 525 526 527 528
102 Water pumps 529 530 531 532 533 534 535
103 Deep bore pumps 536 537 538 539 540 541 542
104 Submercible pumps (Elect.) 543 544 545 546 547 546 549
105 High pressure pumps 550 551 552 553 554 555 556
106 | Propeler puaps 557 558 559 560 561 562 563
107 Water pump unit (Engine) S64 565 566 567 508 569 570
108 Electric water pusp unit 571 572 573 574 575 576 577
109 Electric generators 578 579 580 581 582 583 S84
110 Crawler Tractor 585 586 S87 588 589 590 591
1 Wheel Tractor 592 593 594 595 596 597 598
112 Self-puwered Stovel 599 600 601 602 603 604 605
113 Backhoe 606 607 608 609 610 611 612
114 Threshers 613 614 615 616 617 ol8 61y
1S Combine harvesters 620 621 622 623 624 625 626
116 Disc Harrows 627 628 629 630 631 032 633
1?7 Disc plow 634 635 636 637 638 63y 640
118 Moulilbourd plow 641 642 643 [ 12) 645 646 647
115 Chisel plow 648 649 650 651 652 653 654
120 Land plane 655 656 657 658 659 660 601
121 Levelling blades 662 663 664 665 666 667 b8
122 Ditchers 669 670 671 622 673 674 675
123 Border ridger 676 677 678 679 680 681 682
124 Planters 683 684 085 686 687 o8 689
125 Fertilizer distributors 690 691 692 693 694 695 696
120 Seed dril) with fertilizer box 697 698 699 700 701 702 703
127 Spravers (engine) 704 705 706 707 708 09 710
128 Sprayers (lenapsack) 711 712 713 714 715 716 17
129 Potato plancters 18 719 720 121 122 723 124
130 Potato harvester 125 726 3 728 729 730 3
131 Fodder harvester 32 733 134 235 136 137 738
132 Trucks and Cars 739 740 %1 7462 743 %4 745
133 Tratlers 746 147 248 49 750 751 752
_1_3: braft Adals 793
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The Kingdom of Saudi Arabis
Minfetry of Agriculture end Water, Department of Economic Studies and Statistics.

Section One:

Mame of the Amarat

Iodetification Data
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In the name of Allsh, the Beneficent, the Merciful

1981-1982 Census of Agriculture—The Questionnaire—Susmer Sesson

l

2. Neme of Sub-Amsrat ]
3. Name of Village I | I J [ J
4. HNeme of Molder r l l ] J
T
S. Age of Bolder 101 6. Mationality of Saudi 1
Nolder 102
7. Do you practice other occu~ i | Yes 103 ¥o 2 103 Non-Saudi 2
pation? .
8. Address of the Bolder
9. Landlord's Mame
10. Landlord's Address
11. Boldings Name (if any)
Section Two:
A. Legal Systea of Holding and Mansgement Type
Government Private com-
ot
12. Mark ag~in front of the | 1Mdividual gy Tribel pany of firw | CooPerstion |Other farns
Appropriate Legal system
1 I 104 2 [ 104 3 104 4 ] 104 5 104 6 104
Saudi 2
13. MHsnagement Type By the holder 1 105 Hired Manager —gr=wooqr— T 105
B. Distribution of the Holding Land According to Lts Utilization
14. | Name of Local Ares Unit
15. | Bquivalent in Square Meterq 106
16. | Total Local Units (Total Bolding Ares) 17 + 18 + 20 107
17. | #umber of Local Units Owned 108
18. | mumber of Local Units Rented (19 + 20 + 21 + 22 + 23) 109
19. | Mumber of Local Units Rented in Cash 110
20. | Number of Local Units Rented in Kind . A1
21. | Number of Local Units Rented in Cash end Kind n2
22, | Mumber of Local Unite Rented by Share 113
23, | mmber of Local Units Rented by Other Type of Rant 114
24. |mmber of Local Units Under Otber Legal System 1s
25. [Number of Parcels of Land in the Holding Within One Village 116
Temily Sale b Pan-
26. Main Purpose of Bolding Production Sale U | ool 2 | 17 |ity comeme| 3 | mJ
27. 1s There a Specialized A.vrlcultunl Project in the Holding
Yes 1 118 Yo 2 118
28. Did you Obtain Loan from the Agricultural Bank Por | Yas 1 19 Mon- |Yas 1
Proj. | No k3 Proj. b4 120
29. | Date Provider 32. Enumerstor 001
30. | Relation to Holder 33. Supervisor 002
31, | Date of Visit 34. Mitor 003







Suy

tion Three:

Year 198./82

195

Fertalizors and Pesticides for both the Winter and Summer Seasons for the Census

ru- IIJIJIIMIZ l

o]

35. Do you use in the Holding A-Organic Pertilizer
B-Anything to improve the Soil, like sand. I Yes I 1 l 132 l to l 2 | 132 I
C-Chemical fertilizer r'“ I 1 I 133 I Yo | 2 l 133
Where did you get the chemical Quantity of Chemicsl fertilizers used in the Holding
114 ?
ferctlizers Unic Weight in Kilos Number of Units
36. | From the Holder 134 135
37. | From others 136 137
38. Are pesticides used in the holding (insects, bacteria, nematodes and others)?
Yes l 138 No J 138
By the Holder l 1 l By others I 2 lly holder & others | 3 4
Scctiun Four: Labor
Ssudi Non-Saudi
Type of Worker Male Female Male Female
Unpatd Patd Unpaid Paid
39. | Permanent (@ure than 6 months) 139 140 141 142 143 164
40, | Temporary tor summcr (3-6 months) 145 146 147 148 149 150
ccasTonal Tur the Sumawr
41, | Qess than 3 months) 151 152 153 154 155 156
Scction Five: Livestock and Poultry
Permanent animals in the JAnimals thac live & are fed [JAnimals chat § Animals that
Farm in farm also on public past.§don't live onjj neither live
the farm but f| or are fed
Male Female Male Female are fed farm f| from farm
Type ol Antmas No No No No No No
. | Canele-total nuiber of cawcls 157 158 159 160 161 162
“3. Cawvls 3 years or more 163 164 165 166 167 108
. Pemale wilking camels 109 170 171 172
<3, | Shecp- Tutsl number Of shecp 173 174 175 176 127 178
40. Sheep | year or more 179 180 181 182 183 184
- ceaalc mbniny sheep 145 186 187 188
so. fucat = Totu) wamber ol goasts 189 190 191 192 193 194
Y, Goats | year or more 195 196 197 198 199 200
bo—
0. Fewale adlhing goats boi 202 203 204
S jeattlv=lotal aunber of Cattle 205 P06 207 208 209 210
52, Cattle two years or more 211 12 213 214 215 216
5. Female milking cattle P17 218 219 220
94. |Horses=Totul numbcr of horscs 221 p22 223 224 225 226
Y4 Pouliry-total wumber of Poultry 227
5. Sources ot irrigation water in the holding
(Write total areu irrigated by each of the following
fuur sources). (Existing wells in the holding)
Type Nusber used Nuaber unused
Bunded Rain  Unbunded Rain Tube well 228 8
. ' 235 . l 236 I Artesian well 230 231
Spring Other Sources Regular Well 232 3
. [ 2 - l 238 ] Shared Well Yes 1]23« No 2[ 23







Seetton Six:

A-Sessonal Susmer Crop

196

usber of area local units harvested Production
s Ircigated Area Ratnfed ProductLon[ P41 | puaber of
' B T eonded tain [vabunded tatd "¢ ritograa | kts Pro-
57, [ Peart milee 25 97 298 %0
201 2 03 0
06 0 206 hos
By n w b1 s
e 3w e bis 3
1 22 23 2 325
26 5 e 25 0
£ s |
o, [watermcion ... 2 o < %5
2. ke ™
o i
356 bs7
o g 01
n e
72, [orter vegetat B b2
”
”
" .
7. [Seater ares al units fallow
B, Crops Grown Under Permanent Crope (Trees).
76, [Grarm crop [es |
{2 [552 |
w0 T
ai. [orter touser 398
Section Soven:  Permavent Trees
Clustered Trees Froguceion
i o Rkiiot tress Production | e & Nasker of
[ Unic | Mlograa [ Uaice
82, [oaces 199 w0 o w2 ) w
#. [oranges w0 00 w0 = wos a0
8. [Tangerine a w2 w 4 as e
8. [icaon a s s 2 @ @
so. [craper @ s s e @ as
87, [Fomcgranace as o o o2 o o
55, [ o o w s o wo
8. |apricors w w w i ws we
. [pie w s ws 50 o1 w2
91 |india Fig 53 5 s s @ w8
52, [Bananas w5y w0 w o2 w3 <
93 {apptes s <o w et woy w0
s feottee a a2 n: " s e
95. [eona n s s w0 o1 w2
9o, [ornees s e s "
97. 16 chere s any grecn fence

 vindbreak 1o your fars, what 1e its length o mecers?
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= Total
Setion Bight: :ﬁ:::::;::::o:d;‘f:::” and ';:1::":; Machines Used for This Season
:::n:"“" Sole own- | Joint own Offered to the holder by
during the :::::: by ::::” Coopers=- Govt.
Machine Types visit . Landlord Rent tive Agency
No 3 No No No No No
96 Engines up to 10 h.p. 501 502 503 504 505 506 507
99 Engines 11 to 30 h.p. 508 509 510 a1l 512 513 514
100 Engines 31 to 100 h.p. 515 516 L1V 518 519 520 521
101 Engines 101 h.p. and more 522 523 524 525 526 527 528
102 Water pumps 529 530 531 532 533 534 535
103 Deep bore pumps 536 537 538 539 540 541 542
104 Submercible pumps (Elect.) 543 544 545 546 547 548 549
105 High pressure pumps 550 551 552 553 554 555 556
106 Propeler pusps 557 558 559 560 561 562 563
107 Water pump unit (Engine) 504 565 566 567 568 569 570
108 Electric water pump unit 5N 572 573 574 575 576 N
109 Electric generaturs 578 579 580 581 582 583 584
110 Crawler Tractor 585 586 587 588 589 590 591
111 1 Wheel Tractor 592 593 594 595 596 597 598
112 Selt-powered Shovel 599 600 601 602 603 604 605
13 Backhou 606 607 608 609 610 611 612
114 Threshers 613 614 615 616 617 618 619
s Combine harvesters 620 621 622 623 624 625 626
31 Dis¢ Harrows 627 628 629 630 631 632 633
117 Disc plow 634 635 636 637 638 639 640
118 Mouldboard plow 641 642 643 644 645 646 647
119 Chisel plow 648 649 650 651 652 653 654
120 | Land plane 655 656 657 658 659 660 661
121 Levelling blades 662 663 664 665 666 667 668
122 Ditchers 669 670 671 672 673 624 675
123 Border ridger 676 677 ‘ 678 679 680 681 682
124 Plancers 683 684 685 686 687 688 689
125 Fertilizer distributors 690 691 692 693 694 695 696
126 Seed drill with fercilizer box 697 698 699 700 701 702 703
127 Sprayers (engine) 704 705 706 707 708 709 710
128 Sprayers (knapsack) 711 712 13 714 715 716 m ’
129 Potato planters 718 719 720 721 122 723 724
130 Buler 725 726 b 228 729 730 pa))
131 Fodder harvester 132 733 734 135 136 137 18
132 Trucks and Cars 739 740 %l 742 743 264 745
133 Tratlera 746 %7 748 249 750 751 752
_l_): Dratt Antmals 753
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APPENDIX C

LINEAR PROGRAMMING TABLE FORMATS
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TABLE C.1.--Total Resource Inventory for the Representative Farm

Resource/Time

Land

Labor

Capital

Water

January

February

December

Total

203






TABLE C.2.--Land Resource

204

Field Land Use
Field| Size
Number Name In Irrigated| Rainfed| Range| Buildings, | Unused
Dunom Land Land Land | Roads, etc.| Land
1 2 3 4 5 6 7
1
2
3
N
Total Land

Irrigated Land

Rainfed Land

Range Land

Building, Road, etc.

Unused Land







TABLE C.3.--Labor Resource

205

Time

Total Man
Hours

Source

Operator

Family

Hired

dJan.
Feb.
Mar.
Apr.
May.
June
July
Aug.
Sept.
Oct.
Nov.

Dec.

Total Man Hours

Per Year

Total Operator's Man Hours

Available per Year

Total Family's Man Hours

Available per Year

Total Hired Labor Per
Year in Man Hours







206

TABLE C.4.--Capital Resource

Total Source
Time I?co?e
SR Farm Off-Farm
Income Income Loans
Jan.
Feb.
Mar.
Dec.
Total Income
per Year (SR)
Total Farm
Income Per Year
Total Off-Farm
Income Per Year

Total Loans Per Year
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TABLE C.5.--Water Resource
Total Source
tomeh (Cbic Metery < Wells Prooasion Rainfall
Jan.
Feb.
Dec.

Grand Total
Per Year

Total Per Year

from Wells

Total Per Year
From Project

Total Per Year from Rainfall




e g S s o, 855



TABLE C.6.--Input-output Coefficients per Donum

208

. . Machine's
Resource/Time Labor Capital Water Hours
January *x **

February *k *x *k
December *k *k *k







APPENDIX D

CALCULATION OF BENEFIT/COST RATIO AND
NET PRESENT VALUE TABLE FORMAT
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