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ABSTRACT OF DISSERTATION

USING ECONOMETRICALLY-ESTIMATED IMPORT DEMAND SYSTEMS
TO ANALYZE DOMESTIC AND INTERNATIONAL ISSUES: A CASE STUDY
OF SAUDI ARABIAN AGRICULTURAL IMPORTS

With dramatically growing food consumption, combined with the country's
climatic conditions and water scarcity, Saudi Arabia depends heavily on food imports to
cover the gap between domestic demand and local production. This increasing reliance
on imports, along with expected effects of the World Trade Organization (WTO)
negotiations on agriculture, and declining domestic production due to changes in
domestic policy are the main problems facing the Saudi agricultural sector. This suggests
the need to evaluate effects of domestic and international policy change on imports, local
production and local demand for key products in the sector.

The objectives of this research are, first, to empirically analyze the demand for
food imports using recent methodological developments in the implementation of
demand systems. Then, these estimated demand parameters are utilized to analyze
domestic and international policy issues. To attain these objectives, a demand system for
imports was estimated using several systems (Rotterdam, AIDS, CBS, and NBR), which
are all nested alternatives in a general model. and then expenditure and price elasticities
were calculated.

The CBS model was found to be the best model for analyzing import behavior in

this study, and it was used to compute expenditure elasticities, own-price elasticities, and

ni
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cross price elasticities. The estimated expenditure elasticities imply that if aggregate
consumer expenditure allocated to agricultural imports was to increase, the demand for
imports would increase. Also, prices show unitary elasticities for six of eight categories.

In order to link domestic and intemnational effects across a variety of alternatives,
a restricted regression using the CBS import model was developed to estimate domestic
demand elasticities in the presence of alternative supply elasticities. With these matrices
of elasticities in hand, a policy analysis framework was developed and simulations of
three different issues were made.

The first simulation deals with the effect of world price increases from WTO
effects. and most import quantities are seen to decline, with the highest decrease for
vegetables and fruit (72 percent). There is also an increased incentive for local
production, as for example, feed grains expand by 46 percent in response to the WTO
price increases. The second simulation deals with the impact on domestic supply due to
changes in input prices (water and a subsidy on imported live animals). The results show
declining local production because of increasing input prices, with the greatest decline in
feed grains (45.5 percent). The reduction in production varies according to input supply
elasticities, output supply elasticities, and the local production share in domestic demand.
The third simulation shows the effect of increased expenditures on imported goods. The
results differ between groups depending on expenditure elasticities and a group’s import
share in local demand. Once again, feed grains show the highest response (18 percent).

Mahdi M. Al-Sultan
Department of Agricultural
and Resource Economics
Colorado State University

Fort Collins, Co 80523
Fall 2002
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CHAPTERI
INTRODUCTION

The kingdom of Saudi Arabia is located on the Arabian Peninsula and comprises
around cighty percent of it. a landmass constituting a distinct geographical entity, which
1s bordered on the west by the Red Sea, on the south by the Indian Ocean and on the cast
by the Arabian Gulf. In southwestern Asia. the country is at the crossroads of three
continents: Europe. Asia and Africa. The kingdom. which occupies approximately
2.250.000 square kilometers (868.730 square miles) is bounded by the Red Sea to the
west, Egypt and Jordan to the northeast. Iraq and Kuwait to the north, the Persian Gulf.
Qatar and the United Arab Emirates to the east. Oman to the southeast and south as well
as Yemen to the south and southwest.

The country is divided into four geographical regions: the Red Sea escarpment
from Hejaz in the north to Asir in the south: the central plateau that extends to the
Tuwaiq Mountains and further: the sand deserts of Dahana and Nafud: and the Rub al-
Khali Desert, which is the largest sand desert in the world. The country has no rivers or
other permanent bodies of water.

Saudi Arabia has a hot and dry climate with frost and freezing temperatures in
winter while the Red Sea coast experiences high humidity and temperatures. Rainfall is
sparse with an average annual precipitation of approximately 100 mm (4 inches). The

prevailing winds often bring severe dust storms. Average temperature ranges in Riyadh
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(capital city) are from 8 to 21 degrees Celsius (46 to 70 degrees Fahrenheit) in January
and from 26 to 42 degrees Celsius (79 to 108 degrees Fahrenheit) in July.

According to the 1992 census. the Kingdom's population was just |7 million.
However, since then. by all accounts the population has grown dramatically. More recent
estimates (Demographic Survey 2000, Ministry of Planning) give a figure of 21 million,
of which approximately 75% were Saudi nationals with an average 3% annual increase in
overall population.

The oil economy is the backbone of the country's economy, representing 35%-
40% of GNP. and providing the bulk of the country's foreign earnings. and about 80% of
government income. Saudi Arabia possesses the largest oil reserves in the world (more
than 25% of the world's known reserves) and it is the largest producer among the OPEC
countries. supplying more than an eighth of the world's oil exports.

It has long been recognized that the importance of agriculture to the Kingdom
extends beyond that of its contribution to national output alone. At the end of the Third
Plan period, almost half of the Kingdom's population was living in rural areas and a
significant proportion of total Saudi employment was in agriculture. The planned
development of agriculture was to increase domestic food production for a growing
population in addition to fulfilling other important roles. The Kingdom of Saudi Arabia
has achieved this target, despite the fact that the country faces many constraints, such as
difficulties due to scarce rain, insufficient water sources, limited local manpower and
widely dispersed cultivatable lands. It generates employment both within the sector and
in closely related agro-industries. Moreover. it contributes to the diversification of the

economic base and to import substitution, while raising income levels and improving

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



rural living standards for both settled and nomadic communities alike. This helps prevent
population drift to urban centers. A further important aspect of agricultural development
in the Kingdom is its role in maintaining the ecological balance by combating
desertification. As a result, the country has become self-sufficient in wheat, producing
some four million tons in 1991, up from 3.000 tons in 1970 and added significant
livestock. eggs and vegetables production. However. other food production is still far less
than consumption needs. which must be covered through imports.

Even with this change, agricultural production is expected to decline over time.
The scarcity of water and World Trade Organization (WTQ) are the main factors that will
affect the sector. For example. subsidies and tariffs on commodities such as wheat and
dairy products will be reduced and the producers will face competition from foreign
products. At present, the usable water, aside from desalinization, is expected run out
within twenty-five years. Accordingly. an analytical framework that can assess issues that
come from both trade and domestic sources is required.

1.1 Problem Statement

Saudi Arabia’s food consumption, which is provided through local production and
imports, has grown dramatically since 1980. There has been a sharp increase in food
consumption and significant changes in the composition of food consumed despite
decreasing real per capita income during the 1990s. Population growth, which is
estimated to be 3%, combined with changes in standards of living and consumption
preferences, have collectively explained this change. Therefore, it is important that the
government of Saudi Arabia anticipate further effects of these changes on growth of food

demand and to focus on food policies that contribute to development goals.
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The migration of agricuitural labor from rural to urban regions with limited
agricultural productivity had reduced agricultural production before the 1980s, when the
government adopted policy tools to increase agricultural production. Giving free land to
farmers, subsidizing agricuitural production and granting long term interest free loans are
some examples of these policies. As a result, the production of some agricultural products
was raised and the country reached self-efficiency in agricultural products like wheat,
eggs. poultry and vegetables. However, because of the nature of the country and climatic
conditions, in addition to water scarcity, these actions led to a reduction in the
groundwater level. The unbalanced growth in other product lines, because wheat had the
largest share of support. is another side effect of these policies. Consequently. these
outcomes led to calls for changing these policies and restricting planting of wheat. In
addition to the shortage of water resources. growing other products as fruit or oilseed
products, is constrained because of climatic and topographic conditions or high
production costs.

Thus. the reduction in groundwater reserves as well as a comparative advantage
issue has caused the government to change policies directed to agricultural products. This
policy change caused a reduction in some production categories. This decline in
production. combined with population growth has led Saudi Arabia to depend heavily on
food imports to cover the gap between domestic demand and local production. The
increased reliance on imports as a source of food will increase the country’s import
demand. Furthermore, the presence of World Trade Organization (WTO) will affect the

Saudi import demand and the world market as well.
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The main problems facing the Saudi agricultural sector suggest the need for an
analytical framework that can evaluate effects of policy and resource change on imports,
local production and local demand. It should also account for substitution and income
effects across products that might arise from changes in consumption and production
patterns in the sector. This suggests that the analysis should cover multiple products and
reflect interactions between domestic production and imports.

One method would be to construct a full set of supply and demand equations for
the domestic agricultural sector. This is often limited by data availability, quality and
expense. Other approaches that can handle these dimensions include computable general
equilibrium (CGE) models and agricultural sector models. These often have complex data
collection requirements and demand specialized abilities from analysts. often beyond
what can be expected in many cases. Thus. the determination of a method that can easily
show how impacts emanating from local production, demand. or imports affect all
commodities is not so easy to provide. It is a primary objective of this dissertation to
develop an effective method to examine these issues at reasonable cost but with sufficient
accuracy and richness to be useful in numerous circumstances.

In essence, the method proposed here would be to use restricted import demand
models, which will permit econometric estimations that are based on trade data. which is,
at least in developing countries, often the best data available. Imposing supply elasticities
on the import demand model allows a direct estimation of local demand elasticities.
Using an identity that ties import. supply and demand elasticities together, it will be
possible to develop from this estimation a full set of elasticitics needed for policy

analysis, and to observe the consistency among them. While there have been a large
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number of import demand models developed for many countries, they have almost
always been used to examine the effects of increased income on the patterns of imports,
or to look at changes in the international policies, such as tariffs or subsidy reduction.
Rarely, if ever, have they been used to provide the empirical basis for the range of policy
and resource issues to be examined in this research. Only the Janda, McCluskey, and
Rausser (2000) article even considers the use of import demand functions as inputs into
large CGE or partial equilibrium models. However, it does not actually use the results in
this manner.

In this research, a simulation model. adapting and extending a structure given in
an important article by Piggott, Piggott and Wright (1995). will be constructed. It will be
capable of showing linkages and effects across a wide variety of policy alternatives.

1.2 Objectives of the Study

The main objectives of this research are, first, to empirically analyze the demand
for food imports in Saudi Arabia in light of recent methodological developments in the
implementation of demand systems. Secondly. the estimated demand parameters will be
used to analyze domestic and international policy issues faced by decision makers in
Saudi Arabia. Specific objectives of the research include:

I.  Specification and review of theoretical models for analysis of the demand

systems.

S\J

Investigate food import demand in Saudi Arabia by estimating a general
import demand model from Lee, Brown and Seale (1994). and testing

whether specific nested alternatives are appropriate.
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3. Estimation of direct and cross price elasticities and income elasticities of the
demand for food imports in Saudi Arabia using different demand system
models. Then, test the empirical validity of theoretical restrictions on
demand equations.
4. Develop a policy analysis framework by extending the Piggott, Piggott and
Wright (1995) model.
5. Use the results and framework obtained to evaluate the consequences on
import change. local production and consumption from the WTO accession
and domestic policies directed to water use on imports. and changes in
expenditures on agricultural imports.
1.3 Data Description
Quarterly time series data will be used to estimate the demand systems for
agricultural imports. The period that will be investigated is from 1990.1 to 2000.4. These
data were collected from the Ministry of Planning. Foreign Trade Statistics. Saudi
Arabia. Other data was collected from the Food and Agriculture Organization of the
United Nations (FAQ).

1.4 Preview of the Dissertation

Following this introductory chapter, a description of agricultural production in
Saudi Arabia is given in Chapter 2, including agricultural policy, agricultural production,
food consumption, agricultural imports, the effects of WTO accession and WTO-related
changes in world markets on Saudi agriculture, and water issues in Saudi Arabia. In

Chapter 3, a literature review of the Saudi Arabian demand estimation. import demand
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estimation, and demand system specifications are presented. Chapter 4 contains an
illustration of consumer demand theory.

Chapter 5 presents the development of the econometric model and policy analysis
framework. The concepts of differential demand systems, demand equations, method of
estimation and the evaluation of demand systems are first presented and discussed.
Following that, a trade elasticities model is developed based on McCalla and Josling
(1985) and a framework of how to use elasticities to examine import and domestic policy
change based on Piggott, Piggott and Wright (PPW) is developed.

Empirical results are described in chapter 6. Five demand systems models, which
are the Rotterdam model, the Almost Ideal Demand System (AIDS) Model. the Dutch
Central Bureau of Statistics (CBS) Model, the National Bureau of Research (NBR)
Model and a general model are estimated. Based on these results, the CBS model is
chosen and estimated with different restrictions. The findings from the local and
international policy simulations are also presented. Finally, Chapter 7 discusses the

conclusion and recommendations.
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CHAPTER I

AGRICULTURAL PRODUCTION,
POLICY AND TRADE IN SAUDI ARABIA

2.1 Introduction

Prior to oil discovery in Saudi Arabia, the agricultural sector was the comerstone
of the Saudi economy and the principal occupation of most of the population. The
discovery of oil in commercial quantities changed the Saudi economic structure
dramatically. As a result, agriculture's contribution to gross domestic product (GDP)
decreased and the number of employees in the agricultural sector fell. Despite this
decline. policy makers and planners have recognized the importance of agricultural sector
development. The development of the agricultural sector provides one source to meet the
increasing food demand resulting from population growth, changes in preferences. and
growth in the number of guest workers and higher education levels. Moreover. it assists
the country in reaching self-sufficiency beside providing national food security as well as
fulfilling other important roles. It contributes to the diversification of the economy and a
reduced dependence on oil as the main source of national income. It stimulates growth
and employment in other economic sectors through its demand for farm inputs and other
agricultural services. and through its supply of agricultural raw materials for the food
industry. Finally. it raises the incomes and welfare of citizens in rural areas, thercby

reducing migration to urban areas and contributing to balanced regional development.
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To enhance the value of these attributes. the government adopted a system of
comprehensive planning in 1970 to guide development in a coordinated and balanced
direction. Therefore. seven continuous economic development plans have been
developed, each having a five-year span, from 1970-2005 (Ministry of Planning.
Achievements of Development Plans).

The objectives of these development plans were to expand agricultural output.
raise living standards. and increase the level of agricultural employment. The emphasis of
the first plan 1970-1975 was on diversification of the sources of national income, and a
decrease in the reliance on importing basic foodstuffs by expanding domestic output.
which led to increases in the growth rate of the agricultural sector. The second
development plan 1975-1980 was designed to increase food self-sufficiency. improve
living standards and encourage private investment. The third development plan’s 1980-
1985 objective was diversifying the economic base in Saudi Arabia. The goals were to
increase the economic growth rate. increase production efficiency and encourage private
investment. The concern about resources subsequently became an issue. and thus, later
plans increased their emphasis on conservation of resources. Thus. the fourth
development plan’s 1985-1990 objectives were to extend the agricultural and
manufacturing sectors. and use natural resources more efficiently. The fifth development
plan’s 1990-1995 major objectives were to contribute to the security of the nation's food
supplies, to achieve a satisfactory growth in yields at minimum cost and to attain a high
level of productivity and marketing efficiency. The sixth development plan’s 1995-2000
objectives were to contribute to the country's food supply through products that are

appropriate to the country’s available natural resources and achieve the optimum long-

10
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term use of water, and to raise economic efficiency in the agricultural sector in general.
The seventh development plan’s 2000-2005 main objectives are to develop the
agricultural sector to cover the expected increase in domestic demand for food while
conserving critical water resources to achieve a balance between water and food security.

In conclusion, these development policies resulted in significant growth in the
agricultural sector for different products. Self- sufficiency has been achieved in some
products, such as wheat and dairy products. which implies significant progress from a
national security view, as Saudi Arabia exists in a very politically instable region. At the
same time, there are some negative implications from these development policies. The
most significant problem that faces planners is the rapidly decreasing ground water level.
which dictated a changing of policy to programs that use water more efficiently. In
addition to the water issue. environmental degradation has become an important issue,
where the agricultural sector may create environmental pollution that should be reduced
to a socially optimal level. Moreover. the concemn about financial support directed to the
sector has become an issue and the support for some crops. like wheat, has been reduced.

This chapter describes the agricultural policy. agricultural production, food
consumption and agricultural imports trends in Saudi Arabia. Then. WTO and Saudi
agriculture and water issues in Saudi Arabia are discussed

2.2 Agricultural Policy in Saudi Arabia

The Saudi government has established a strong agricultural policy aimed at
developing the agricultural sector into one of the important economic sectors in the

country. The govermment undertook multifaceted programs to modernize and
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commercialize agriculture. These programs and supports have provided direct and
indirect supports, which resulted in the development of the agricultural sector.

The government adopted a group of support policies toward farmers and
agricultural investors, which have had a considerable impact in attracting national private
capital to participate in agricultural investment. The agricultural policy programs are
directed at improving the agricultural sector by first, granting fallow lands to individuals
and companies free of charge. The total areas allocated from 1980 to 1998 amounted to
2.55 million of 53 million hectares. In addition. the government granted short. medium.
and long term interest free loans. The total value of loans was more than 28 billion Saudi
Riyals (SR) (1S = 3.75 SR) during the period 1964-1995.

Additionally. the government offers generous subsidies for agricultural inputs,
equal to 45% for equipment and 50°% for machinery, pumps. seeds and fertilizers, while
also covering payment for the transportation costs of high productivity cows from the
country of origin to Saudi Arabia. The total value of subsidies paid for agricultural inputs
were more than 10 billion SR during the period 1973-1995. Moreover. crops such as
wheat, barley and dates, are purchased at attractive prices. The total value of price
support programs paid for wheat and barley reached 50 billion SR during the period
1973-1995. Customs have been imposed on some imported goods to protect local
production, such as table eggs. chicken and dairy products. For example, 20 percent
tariffs are imposed on the imports of eggs and chicken and 12 percent tariffs on milk
imports. In addition to this direct support. there is indirect support. which involve
substantial expenditures on infrastructure. i.e. electricity supply. irrigation. drainage.

secondary road system and other transportation facilities for distributing and marketing
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products. These multiple policies have a significant effect on agricultural production. The
evidence of this effect can be seen in increased animal and crop production, and the
attainment of self-sufficiency in some products.

Although these policies have beneficial consequences to the agricultural sector.
they have negative side effects. These negative side effects can be summed up in the
following points. First. there has been a high cost to the government budget. which adds
to 60 billion SR during the period 1964-1995. Secondly., an unbalanced subsidy
distribution within the agricultural sector. where wheat has the largest share. led to an
extraction of groundwater at a non-optimal rate. Thirdly. using inputs at high levels
affected the environment and water quality in different ways. Fourthly. machinery that
used in wheat production became uneconomic after the reduction in wheat subsidies and
production. Finally. the rural — urban migration rate was still high because large farmers
and companies benefited from these policies more than small farmers.

2.3 Agricultural Production

Agricultural production has changed over the last decades. The expansion of
agricultural production over the past fifteen years has been one of the most remarkable
dimensions of the overall economic development effort in Saudi Arabia. The agricultural
sector plays an important role in the diversification of the economy. Agriculture's highest
contribution to gross domestic product (GDP) was 7.2 percent in 1998 while the lowest
was 6.18 in 1991 and 1996. The average annual share was 6.6 percent at nominal prices.
Also. its highest share of non-oil GDP reached 10.98 percent and the average annual
share was 10.4 percent. Value added in the agricultural sector rose from 25.14 billion SR

in 1990 to 34.4 billion SR in 1999. a growth of 27 percent during this period. Moreover.
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the average annual growth rates of agricultural GDP grew faster than the non-oil GDP in
the same period table 2-1.

The production of cereals within the development plans has changed over time.
Before 1994, there was substantial increase in cereals production as a response to the
support policy directed to the agriculture. Recently. these policies were modified because
of water scarcity. As a result, the production of cereals fell by 47 percent between 1995
and 1993. in conformity with government policy directed to reduce production of wheat
and barley to levels not exceeding domestic consumption. Also. the production of oil
crops and vegetables fluctuated over the period 1990-1999. with a [.71 percent average
annual growth. Vegetables and fruit production increased by 0.03 percent annually until
reached a peak in 1997 and declined. Animal fats. meat and milk are growing over time
by 5.15% annually. and no policy change has affected them. Other products increased by
an average 9.47% annual rate, as seen in table 2-2. The total quantity produced in
agnculture increased during the early 1990s. After 1994, its volatility increased. as the
average annual growth rate was -1.1 percent during the period.

The different food groups’ shares in total agricultural production were unstable
during this period. Before 1994, cereals share was around 50 percent while the vegetables
and fruits’ held a 32 percent share. After that. due to policy change. cereals® share
declined to around 30 percent, while vegetables® and fruits’ share rose to around 44
percent. Moreover, animal fats, meats. and other products were stable before 1994 and

increased over time after that table 2-3.
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Table 2-1: Saudi Arabian Nominal Gross Domestic Product by Sector and Per Capita Income 1990-1999

Ve OGDP - NewolGDP | Taslade - FLCRE o  orNovail
yals) (Million Riyals; (Million Riyals) — poo 1) (Million Riyals) Total GDP GDP
1990 238.533 146,460 384.993 21,721 25,142 6.53 10.54
1991 267,512 167,525 435,037 23,296 26,902 6.18 10.1
1992 265,774 186,524 453,298 23,082 28,785 6.36 10.8
1993 276,201 158,364 434,565 21,904 30,224 6.96 10.94
1994 284,014 157.722 441,736 2,118 3131 7.1 10.96
1995 295,950 175,201 471,151 20,603 31,598 6.71 10.68
1996 307.746 212,629 520,375 20,208 32,162 6.18 10.45
1997 325494 213,846 539,340 20,132 33,400 6.19 10.26
1998 330495 140,696 471,191 19,751 33,901 72 10.25
1999 340,010 185,381 525,391 19,195 34 443 6.56 10.13
Average
:2?\:::‘ 3.93% 2.62 % 3.75 % -1.4% 35% NA NA

rates
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Table 2-2: Saudi Arabia Total Agricultural Production and Growth Rate (1000 Metric Tons) 1990-1999

Year  Cercals Growth 8;;::2{;;‘: Growth chclal?lcs Growth All“z;:a ! Growth  Other  Growth Total Growth
Rate % Oils Rate % &Fruit Rate % Mcz'xl & Ratc% Products Rate % Ratc %
Milk

1990 4,137 -- 12 -- 3,005 - 896 - 284 -- 8,334 -
1991 4,574  10.56 10 -16.67 2,661 -11.45 925 324 297 458 8467 1.60
1992 4,703 2.82 16 60.00 2,876 8.08 987 6.70 333 12,12 8915 5.29
1993 5,043 7.23 8 -50.00 2,966 3.13 1022 3.55 410 2312 9449 599
1994 4860 -3.63 8 0.00 3.039 2.46 1096 7.24 505 23.17 9508 062
1995 2,669  -45.08 14 75.00 3,370 10.89 1147 4.65 626 2396 7,826 -17.69
1996 1,932 -27.61 16 14.29 3,373 0.09 1202 4.80 599 -4.31 7,122 -9.00
1997 2,339  21.07 13 -18.75 3,420 1.39 1368  13.81 600 0.17 7,740 8.68
1998 2202  -5.86 14 1.69 3,331 -2.60 1381 0.95 616 267 7,544 -253
1999 2452 11.35 14 0.00 3,013 -9.55 1424 301 666 8.12 7569 033

Average

o -5.81% 1.71% 0.03 % 5.15% 9.47 1%

rates

Source: Food and Agricultural Organization of the United Nation, (FAQ). FAQO Food Balance Sheet.
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Table 2-3: Saudi Arabian Agricultural Production Groups and Shares (1000 Metric Tons) 1990-1999

Oil crops Animal
Ver Cercals 0T avVesotiple  @Of  Vegewbles  %Of  Fas,  %Of  Other  %Of L
car creals Total t.g.c aple Total &Fruit Total Mcat, Total Products Total ofa

Qils .

& Milk
1990 4,137 49 64 12 0.14 3,005 36.06 896 10.75 284 341 8334
1991 4,574 54.02 10 0.12 2.661 31.43 925 10.93 297 3.51 8467
1992 4,703 52.75 16 0.18 2.876 32.26 987 11.1 333 3.74 8915
1993 5,043 53.37 8 0.08 2.966 31.39 1022 10.82 410 4.34 9449
1994 4860 51.11 8 0.08 3.039 31.96 1096 11.53 505 5.31 9508
1995 2,669 34.10 14 0.18 3,370 43.06 1147 14.66 626 8.0 7826
1996 1,932 27.13 16 0.22 3,373 47.36 1202 16.88 599 8.41 7122
1997 2,339 30.22 13 0.17 3.420 44.19 1368 17.67 600 7.75 7740
1998 2,202 29.19 14 0.19 3,331 44.15 1381 18.31 616 8.17 7544
1999 2452 3240 14 0.18 3,013 39.81 1424 18.81 666 8.80 7569

Source: Food and Agricultural Organization of the United Nation, (FAQ). FAO Food Balance Sheet.



2.4 Food Consumption

Food consumption in Saudi Arabia has changed significantly over time. During
the 1970s, cereals, dates. animal milk and meat were the main sources of food. This
composition changed during the 1980s and 1990s. The changing population structure.
increasing income levels, increased pilgrims every year, and people becoming more
concerned about their diet and health, is factors that are responsible for this structural
change.

Over the last decade, there has been an increase in population and gross domestic
product (GDP). The population growth rate averaged around 3% during the period 1994-
2001, as in table 2-4. Due to significant growth in economic development projects in the
country, the demand for guest workers, on average 29% of the total population. increased
about 26% during this period. Then it decreased after 1998 due to a policy to reduce
illegal workers. On the other hand, because of an increase in oil prices and exports. in
addition to development plan projects, gross domestic product increased during this time.
Table 2-4 show that the growth rate in non-oil sector nominal GDP during the 1990-1999
period was 27%. while the growth rate in oil sector nominal GDP was 30%.

As a consequence of these and other factors, like change in the standard of living
and consumption preferences. food consumption has increased. The average annual food
consumption growth rates of cereals, vegetable oils, fruit, and meat during the period
1990-1999 were 2.56%. 2.67%, 2.56%. and 4.43%. respectively, while vegetable
consumption growth rate was 2.18% as shown in table 2-5. The per capita annual
consumption of cereals increased from 172 kg in 1990 to 182.2 kg in 1994 as scen in

figure 2-1. This recent decline in cereal consumption could be related to a change in
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prices due to a decrease in wheat production as a result of government policy. The figures
over the last decade indicated declining per capita consumption for vegetables from 163.2
kg in 1990 to 105.1 in 1999 as shown in figure 2-1. This decline may have happened
because of a change in preferences or that population growth exceeded supply growth
during this time. Per capita annual consumption of fruit reached a peak of 109.6 kg in
1995 and has been gradually declining since then. More meat was consumed consistently
over the last decade, as per capita annual consumption of meat increased from 45 kg in
1990 to 52.6 kg in 1999. The quantity of vegetables oils consumed was fairly stable over
the last decade. and an average person consumed about 14.7 kg annually.

Moreover. per capita average annual growth rate of calories consumed for all
products was -0.1 percent during the period 1990-1999 as illustrated in table 2-6. The per
capita annual growth rate of calories consumed from cereals was 0.15% while it was -
1.14%, -1.22%, and 0.23% for vegetables and fruit, animal fats and milk, and other
products, respectively, figure 2-2. This change in calories consumed over time might be
related to Saudis becoming more concerned about their nutritional and health status in
addition to educational efforts to encourage families to use healthful food. The decline in
fruit and vegetable consumption may just be related to unique years 1990 and 1999. with
the earlier year being unusually high and the later year being low. Alternatively, it may
come from lower dates consumption among the large Non-Saudi population.

The consumption of food is usually affected by economic factors, such as food
prices and consumers’ incomes. These factors have an important influence on a
consumer's decision about whether to purchase a particular food. how often. and how

much to purchase. For example, if the price of one good goes up while the price of the
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substitute good remains the same, consumers likely will buy less of the relatively more
expensive good and buy more of the relatively less expensive good. At the same time,
consumption of complementary goods is also affected. Also. a change in per capita
income affects quantities demanded for all foods through expenditure elasticities. Only
per capita meat consumption exceeds population growth, suggesting that a significant
income effect for meat exists. Moreover, the decline in cereals consumption from the
reduction of subsidies in wheat suggests that there is still a significant substitution effect
at work in regard to prices. Another source of likely price sensitivity is the large portion
of non-Saudi workers and families who live in the country. These are generally workers
of modest means. and given that they are nearly a third of the population. there could still
be a significant price reaction. Indeed. there is some variability shown in figure 2-1, and

estimations shown later in this research confirms the existence of high price elasticities.
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Table 2-4: Saudi Arabian Total Population and Population Structure 1994-2001

Non-

Year Total. Population Sa.udi Growth Sozu:; Non-' Growth Saudi
Population Growth % National Rate % Total Saudi Rate% % of
Total
1994 18.2 - 13.2 - 73% 5 -- 27%
1995 19.1 3% 13.6 3 71% 5.5 10 29%
1996 20 5% 14 29 70% 6 9.1 30%
1997 21 5% 145 36 69% 6.5 8.33 31%
1998 21 0% 15 3.5 71% 6 -1.7 29%
1999 214 2% 15.4 2.7 72% 6 0 28%
2000 21.8 2% 15.8 2.6 72% 6 0 28%
2001 22,54 3% 16.24 2.8 72% 6.3 5 28%
Averageannual = 5 | o, 2.96% 33%

growth rates

Source: The Saudi Economy: Mid-year 2001 update, Saudi American Bank. August
2001.
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Table 2-5: Total Food Consumption in Saudi Arabia (1000 Metric Tons) 1990-

1999
Year Cereals Vegetable Oils  Vegetable Fruit Meat
1990 2,649 239 2513 1.569 693
1991 2,847 238 2,052 1.628 762
1992 2911 259 2,197 1.632 720
1993 2.956 251 2.248 1.724 661
1994 3.040 241 2242 1.809 660
1995 3.041 228 2,466 1.872 845
1996 3.081 247 2449 1.805 811
1997 3.209 262 2,422 1.871 902
1998 3.271 249 2450 1.969 920
1999 3.334 304 2.065 1.975 1.032
Average
annual 2.56 % 267 % 2.18% 2.56 % 4.43 %

growth rates
Source: Food and Agricultural Organization of the United Nation, (FAO). FAO Food
Balance Sheet.
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‘Table 2-6: Per Capita Calories/Day from Different Products in Saudi Arabia 1990-1999

. _ oilcrop &vegetable Vegetables Animal fats Other
Cereals " L ) Total
Year oils . & lnul?_Am_~ & nilk products
Calorics Growth Calories Growth Calories Growth Calories  Growth  Calories Growth Calories Growth

~_ Day rate ay  rate  /day  rate Mday ratc /day rate /day rate

1990 1.421 -- 364 -- 319 -- 212 -- 657 - 2,973 --

1991 1.494 5.14 393 7.97 293 -8.15 212 0.00 648 -1.37 3,040 225

1992 1.506 0.80 410 4.33 301 2.73 138 -34.91 621 -4.17 2976 2211

1993 1,501 -0.33 38s -6.10 309 2.66 122 -11.59 600 -3.38 2917 -1.98

1994 1.518 1.13 365 -5.19 310 0.32 127 4.10 605 0.83 2,925 0.27

1995 1.493 -1.65 339 -7.12 321 3.55 177 39.37 676 11.74 3,006 2.77

1996 1,474 -1.27 355 4.72 RIR) -2.49 207 16.95 657 -2.81 3,006 0.00
1997 1,483 0.61 369 394 RI ) -0.32 178 -14.01 652 -0.76 2,994 -0.40
1998 1,466 -L15 336 -8.94 306 -1.92 172 -3.37 045 -1.07 2,925 -2.30

1999 1,440 -1.77 364 8.33 288 -5.88 190 10.47 671 4.03 2,953 0.96

Average annual
Growth rates o T
Source: Food and Agricultural Organizavon of the United Nation, (FAQO). FAO Food Balance Shect,

0.15 % -1 14 % -1.22% 0.23 % 0.1 %
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2.5 Agricultural Imports

Agricultural imports have varied in quantity and quality during recent years. As in
most countries. Saudi Arabia could not reach self-sufficiency in all products due to
comparative advantage issues. There are some constraints, such as climate and resource
availability, which make the country unable to cover all food demand.

As a result of governmental support for the agricultural sector. the annual rate of
agricultural food imports and other products has varied over time. In 1990. agricultural
import’s share of total import value was about 14%. During the period 1991-1994, this
share decreased to 12%0 due to the effect of Gulf War on national income. The change in
agricultural policy at the end of this time as a response to water shortages increased the
share of agricultural imports to 17% of total import values during 1995-2000. At the
same time. table 2-7 shows that the average annual growth rate of agricultural imports
was more than that for total imports.

The import quantity of food products increased during the period 1990-2000 by
2.1 million tons. or 22%., from 9.3 to 11.4 million tons. Cereals” average share of total
imports was 58.5% during 1990-1999. The average shares for oil crops and vegetable
oils. vegetables and fruit. animal fats. meat. and milk. and other products were 3.6%.
15.1%. 12.75%. and 10.05%. respectively as seen in table 2-8. The reason for high cereal
quantity imports is the importation of large quantities of barley. which represents the
largest part of feed for traditional and specialized animal production projects.

The cereals. oil crops and vegetable oils. vegetables and fruit. animal fats and
milk. and other products growth rates were volatile during the same period with annual

growth of 3.35%, 3%. -0.1%. -0.13%. and 2.57%. respectively as shown in table 2-9.
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The reasons behind the increasing growth rate of cereals include the effects of
policy directed at wheat reduction. combined with the increasing demand for barley as a
livestock feed. Oil crops and vegetables oils grew at 3% during this period. due to both
added demand and low production. Vegetables and fruit imports have decreased by 0.1%
during this period because of increased local production and decline in local demand. The
same happened to animal fats, meat. and milk group. Other products’ quantity imported
has increased by 2.57%. which is largely due to increasing demand for tobacco. In
general. the quantities imported of all groups are variable during the period except for
vegetables and fruits. which may give insights to the likely effects of income change.

The value of total agricultural imports increased by 16%0 during the 1990-1998
period. The cereals import value. which represents an average of 26% of total import
value. increased by 39%. Meat and dairy. fruit and vegetables. and animal fats and
vegetable oils represent on average 20%. [4%. and 10% of total import value.
respectively. and have increased by 20%. 26%. and 57° while other products’ value.

which represent 30% of total import value. has deceased by 15% table 2-10.
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Table 2-7: Agricultural Import Share in Total Country Imports 1990-2000
(Million Rivals)

Agricultural
Year Total Growth Agricultural Growth imports as
Imports  Rate % imports Rate % 9/? of total
imports

1990 90.282 12,760 14.13%
1991 108.934 20.66 14.202 11.30 13.04%
1992 124.606 14.39 13.226 -6.87 10.61%
1993 105.616  -15.24 11,450 -13.43 10.84%
1994 87.449 -17.20 11.316 -1.17 12.94%
1995 105.187 20.28 17,171 51.74 16.32%
1996 103.980 -1.15 17.956 4.57 17.27%
1997 107.643 352 18.748 4.41 17.42%
1998 112.397 442 17.616 -6.04 15.67%
1999 104.980 -6.60 18.072 2.59 17.21%
2000 113.240 7.87 20,310 12.38 17.94%

Average

é’r‘::‘::}l] 2279 465 %
rates

Source: Central Department of Statistics Ministry of Finance and National
Economy. Saudi Arabia.
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Table 2-8: Saudi Arabian Agricultural Import Quantity Groups and Share (1000 Tons) 1990-1999

Vear Cereals 2 Of SLLSSL‘;Z %Of  Vegetables  %Of  Animal,Meat %Of  Other  %Of
Total Oils Total & Fruit Total Fats, Milk  Total Products Total

1990 5001  53.95 320 3.45 1474 1590 1,595 1721 879 948 9,269
1991 5243  54.64 383 3.99 1449 1510 1,593 1665 928 967 9,59
1992 6899  66.08 379 3.63 1424 13.64 817 7.83 921  8.82 10,440
1993 3805  53.13 327 4.57 1472 20.55 677 9.45 881 1230 7,162
1994 6290 6541 289 3.01 1458 15.16 654 6.80 926 9.63 9617
1995 5776 5823 389 3.92 1487 1499 1305 1316 962 970 9919
1996 5987  56.13 342 3.21 1438 1348 1,745 1636 1,154 1082 10,666
1997 7,135 62.86 389 3.43 1418 12.49 1,383 1219 1,025 9.03 11,350
1998 5429 5533 349 3.56 1,611 16.42 1,368 1394 1055 1075 9812
1999 6759  59.67 419 3.70 1466 12.94 1,576 1391 1,I08 978 11,328

Source: Food and Agricultural Organization of the United Nation, (FAO). FAO Food Balance Sheet.
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Table 2-9: Saudi Arabian Total Agricultural Import Quantity (1000 Tons) and Growth Rates 1990-1999

Vor Conls GO Vegee ot Vo G by Qo O G gy G
Qils Milk

1990 5.001 -- 320 -- 1474 - 1595 -- 879 -- 9,269 -
1991 5,243 4.84 383 19.69 1449 -1.70 1593 -0.13 928 5.58 9,596 353
1992 6,899 31.58 379 -1.04 1424 -1.73 817 -48.1 921 -0.75 10,440 8.80
1993 3805 -44.85 327 -13.72 1472 3.37 677 -17.13 881 -4.34 7,162 -31.40
1994 6,290 65.31 289 -11.62 1458 -0.95 654 -3.40 926 5.12 9,617 34.28
1995 5,776 -8.17 389 34.60 1487 1.99 1305 99.54 962 3.89 9919 314
1996 5,987 3.65 342 -12.08 1438 -3.30 1745 33.72 1154 19.96 10,666 7.53
1997 7,135 19.17 389 13.74 1418 -1.39 1383 -20.75 1025 -11.18 11,350 641
1998 5429 -239] 349 -10.28 1611 13.61 1368 -1.10 1055 2.93 9812 -13.55
1999 6,759 24.50 419 20.06 1466 -9.00 1576 15.21 1108 5.02 11,328 15.45

Average

annual 335% 30% -0.1% -0.13% 2.57% 223 %

Growth rates

Source: Food and Agricultural Organization of the United Nation, (FAO). FAO Food Balance Sheet.
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Table 2-10: Saudi Arabian Agricultural Import Values ($1000) 1990-1999

Year Total Meat. Dai % From Fruit, % From Animal, Fats % From Cereals % From Other % From
Value Y Total Vegetables  Total  Vegetable Oil - Total ) Total Products Total
1990 3,960,977 874,735 0.22 553,010 0.14 298,481 0.08 872,396 0.22 1,362,355 0.34
1991 4,336,806 1,030,394 0.24 607,701 0.14 384,676 0.09 845,988 0.20 1,468,047 0.34
1992 3,662,597 624,507 0.17 510,835 0.14 409,528 0.11 1,166,123 0.32 951,604 0.26
1993 3418,775 498,616 0.15 561.129 0.16 329,020 0.10 793,867 0.23 1,236,143 0.36
1994 3,123,408 473,785 0.15 548,715 0.18 347,862 0.11 887,793 0.28 865,253 0.28
1995 4,481,753 991,922 0.22 643,949 0.14 497,259 0.11 1,112,532 0.25 1,236,091 0.28
w 1996  4,740872 1,152,349  0.24 628,686 0.13 411,659 0.09 1,385,992 0.29 1,162,186 0.25
t9
1997 4,893,623 986,740 0.20 634,455 0.13 354,908 0.07 1,531,430  0.31 1,386,090 0.28
1998 4,583,051 1,053,347 0.23 698,524 0.15 470,011 0.10 1,208,826 0.26 1,152,343 0.25
Average
annual
1.62 % 2.1 % 0.2 26 % 0.14 510 % 0.10 3.62% 0.26 -1.86 % 0.30
Growth
rates

Source: Food and Agricultural Organization of the United Nation, (FAQ). FAO trade yearbook.



2.6 WTO and Saudi Agriculture

Saudi Arabia has been going through procedures for accession to the World Trade
Organization (WTO). Admission to the body, which will be the dominant force in
intemational commercial and economic relations in the future, is expected to have
benefits for other countries as well as for Saudi Arabia itself. Also the WTO negotiations
would affect all economies whether they join WTO or not.

In 1993, prior to the launch of the WTO, Saudi Arabia had applied to join GATT
and had attended its meetings as an observer. With the establishment of the WTO. Saudi
Arabia has focused its efforts on joining this organization. A number of steps have been
taken to comply with requirements. These include the introduction of a new code for
taxing foreign invested capital, revision of regulations on sponsorship law and a change
in the law for ownership of real estate by resident foreigners. Opening the door to
investment by foreigners should bring new technologies that will enhance skills by
training Saudi labor. This also will lead Saudi Arabia’s products to being competitive in
domestic. regional and international markets.

The effects of joining WTO on the Saudi agricultural sector will emerge in
different ways. Reduced local support as well as lower import customs duties will have
an effect. The expected effect of this reduced support on the Saudi agricultural sector will
be an increase in input prices, combined with a decrease in local output prices. This will
increase the level of competition between producers and encourage the local agricultural
sector to produce according to competitive advantage. In the same way, food imports are

expected to increase in quantity and value as a result of increases in the domestic prices.
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Moreover, in addition to expected internal effects from joining WTO, external
effects will emerge as well. Diao, Somwaru, and Roe (2001) show that removing trade
barriers, subsidies and other trade distorting forms of support will cause the aggregate
world price of agricultural commodities to rise by almost 12 percent. The percent change
in world commodity prices will be 22 percent for livestock and products, 18 percent for
wheat, 15 percent for other grains, 14 percent for sugar, 11 percent for oil and oilseeds,
10 percent for rice. 8 percent for vegetables and fruits and processed food. and 6 percent
for other crops. As Saudi Arabia imports most of these commodities, there will certainly
be changes in the agricultural sector in Saudi Arabia.

A study done by the Department of Agricultural Economics, King Saud
University, Saudi Arabia, 1995, showed the estimated effects joining WTO would have
on the agricultural sector. The study discussed effects on world prices and the volume of
world supply. demand and trade, and then evaluated the effect of these changes on Saudi
agriculture, including influences on local agricultural production. agricultural external
trade, the government budget. and local agricultural resources. In addition, the analyses
evaluated the micro effect of WTO on agricultural producers and consumers, along with
government revenues and expenses. The total effect on economic structure and social
welfare was evaluated using different econometric models.

Producers allocate resources between different products according to prices,
which may be affected by government intervention and local support for agricultural
production, which was reflected in low input prices and high output prices. The expected
change in agricultural input and output prices were assessed in this study, with this

support being reduced. The comparison was made assuming input is produced locally or
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imported from other countries, which reflects its correlation with world market changes.
For example, the retail price of wheat was expected to increase from 1080 SR/ton in
1992-1994 to 1174 SR/ton in 2002-2004.

To determine the net effect of the WTO impact on the agricultural sector, the
analysis was done as if Saudi Arabia were to join the WTO, which was then compared
with a *“‘status quo™ scenarnio in which Saudi remains out of the WTO. These estimations
were determined by dividing agricultural goods into groups reflecting the importance of
the good in the agricultural sector, the good's value, area or subsidy criteria. the
importance of the good in agricultural trade based on import and export values, and the
importance of the good in the consumption sector. depending on self-sufficiency criteria.
Using these criteria. 21 goods were chosen and divided into seven groups: grains (wheat,
barley. rice); vegetables (tomatoes, potatoes. onion); fruit (dates. citrus, bananas. apples.
grapes); red meats (sheep and goats, beef. camels): poultry (chicken. eggs): milk (fresh.
powder) and sugar, tea and coffee.

In the study. different analytical techniques were utilized. Forecasting techniques
like double exponential smoothing and autoregressive integrated moving average
(ARIMA) were used to forecast the time series variables. Ordinary least squares in
different forms (linear, double logarithm, one side logarithm. exponential) were used to
estimate the effect of prices and other related variables on production quantity,
consumption, exports, tmports and crop areas. Classical welfare analysis was used to
estimate the effect of Saudi Arabia joining the WTO on production. consumption and
trade of agricultural goods in addition to consumer surplus, producer’s surplus, social

welfare. government expenditure, government revenues, customs duties, import bill, and

35

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



subsidy expenses. Comparative statistic analyses were used to compare the possible
outcomes in two time periods. The average of 1992-1994 was used as a base period and
was then forecasted to 2002-2004 as a comparison period. The study assumed that local
prices would respond at the same rate as the world prices, and the study forecasted world
prices for major commodities.

The results obtained from this study showed that the production of wheat, barley
and eggs were expected to decrease between the base period and the comparison period
by 18.12%, 1.36%. and 7.5% respectively. These declines could be variously attributed to
support reduction on wheat production, lower import prices for barley and stable egg
prices combined with over-production. At the same time, as tllustrated in figure 2- 4, the
production of tomatoes, potatoes. onion, dates, grapes, sheep and goats meat, beef meat.
chicken meat and fresh milk would increase by 49.49%. 32.25%, 32.22%. 25.7%.
17.02%, 18%, 46%, 50.2%. and 25.2%, respectively, due to continued increases in onion.
tomatoes, and potatoes prices; an expected increase in date prices and beef meat
wholesale prices: changes in world prices for chicken meat combined with unchanged
support for inputs; and unchanged support directed to milk production inputs but with an
increase in milk prices over time.

Moreover, the imports of rice, tomatoes, potatoes, chicken meat, and powdered
milk are expected to decrease by 9.89%. 21.57%. 45.64%. 16.7%, and 61.13%
respectively due to an increase in rice import prices, increase local tomato and potato
production, slight decrease in per capita consumption of chicken combined with increases
in local production; while the imports of onions. citrus, bananas. apples. grapes, sheep

and goats meats, beef meat, sugar, tea, coffee, were expected to increase by 11.04%,
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19.02%, 5.5%. 8.6%. 79.03%, 85%. 30%, 9.58%. 30.59%. and 36.54% respectively
because of increased demand and a shortage in local production of onions; citrus, apples,
and grapes increase in local prices of sheep and goats meats. no local production (net
importer) sugar, tea, and coffee.

With regard to the area planted. the results expected a decrease in the total
cropped area by 8.33% between two periods due to the reduction in wheat area and small
increases in the other products areas. This reduction would cut water requirements by
1.98%.

The agnicultural production value was expected to increase by 37.67%. However,
living costs are expected to increase due to an increase in goods prices. compared with an
increased import bill by (38.66%). because of increased import demand. The
government’s revenue from custom’s duties should also increase.

While the objectives are close to this study. data and estimation methods used are
quite different. In the research reported in this thesis. import demand is estimated by
different demand systems using import data. Using the results obtained. local demand is
determined. and a model that contains integrated analyses of imports, local demand. and
local supply is used to estimate the effects of world price changes simultaneously.
Simulations using the model developed are done under different policy scenarios. The
King Saud study thus provides a good comparison but with very different methods.

2.7 Water Issues in Saudi Arabia

Saudi Arabia falls in a tropical and sub-tropical region. It has low average annual
rainfall, high evaporation, and limited surface and groundwater, as well as high living

standards and population growth. The annual rainfall varies between regions. In the
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north. annual rainfall ranges between 100 and 200 mm. In the south. except near the
coast. annual rainfall drops below 100 mm, alternatively the higher elevation in the west
and south experience appreciable rainfall. Total precipitation is equal to 59 mm per year
over the whole country. This rainfall. which is the source of surface water. has been
estimated at 2.2 km’ per year. Most of it (about | km’) goes to recharge aquifers.

The total groundwater reserves have been estimated at about 500 km®. of which
340 km® can be extracted probably at an acceptable cost in view of the economic
conditions of the country.

The country is experiencing an imbalance between increasing water demand and
existing limited resources. The challenges imposed by the climate. geography. increased
population. economic activity. improvement in standards of living. efforts to establish
self-sufficiency in food. and promotion of industrial development have resulted in
accelerating pressure on the government to provide water. Due to the lack of natural
water resources. the deficit is being met through sea water desalining and mining of
groundwater resources. Thus far. 57 desalination plans have been constructed along the
Red Sea and the Arabian Gulf Coasts.

The water demand is allocated between domestic. industrial and agricultural uses.
Domestic and industrial water requirements are satisfied through desalining and a limited
amount of groundwater from both shallow and deep aquifers. while agricultural
requirements are met through water from shallow alluvial and deep aquifers. Agricultural
water demand had sharply increased as a direct result of government policies encouraging

self-sufficiency in food production. These government incentives and subsidies have
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made it possible for large areas to be cultivated. placing great strain on existing
groundwater resources.

Total water demand for agricultural. industrial. and domestic purposes for the
country has increased over time. A study done by Mohammed Abdulrazzak in 1997
shows that the water requirements for all sectors was 16.3 km’ in 1990 and is expected to
reach 17.765 km® and 24.2 km’in 2000 and 2025. respectively.

The agricultural sector accounts for the majority of water use. followed by the
domestic sector. The percentages of agricultural water demand are estimated to be 89.6%.
84.4%. and 67.4% of total demand during 1990, 2000. and 20235 respectively as a result
of the production decline and increase in other uses. Likewise. the industrial percentages
of water demand are estimated to be 1.2%. 2.3%. and 6.0°0 during 1990. 2000. and 2023
respectively while percentages of domestic demand are 9.3%. 13.2% and 26.7%. because
of the growth in population.

The government involvement in the agricultural sector. with the support of heavy
subsidies. has resulted in a production increase for different products. Despite this
success. this policy is a threat to the countrv’s water resources. As a result of this
development in agriculture. which is the largest water user. the depletion of leftover
ground water takes place at very fast rates and the extensive pumping of groundwater has
resulted in a significant drop in the water level. requiring deeper and larger holes to be
drilled in addition to a change in water quality. At the 1990 rate of use. it is estimated that
usable water resources will last for a maximum of 20 to 25 vears. but because of
significant growth in demand from population growth and industrial uses. this tme span

could even be shorter.
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These observations have led policy makers and development planners to take
steps in the way of water conservation. The subsidies for wheat. which consumes the
most water. have been reduced and other changes have been introduced to reduce
agricultural water requirements. One way of reducing the use of water requirements
would be to raise the price of water via taxation. This expected policy will be investigated
in this research through different simulations and the simulated impacts will be presented

in Chapter 6.
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2.8 Conclusion

The Saudi Arabian agricultural sector saw several different policy regimes during
recent decades. There were policies directed at this sector that led to its development but
this development has had side effects on the country’s resources. The level of
groundwater usage decreased dramatically. and in addition. there was increased
environmental pollution. During recent vears, the government established rules as a
response to these effects. The subsidies have been reduced or eliminated and the
production quota programs have been issued for the products that consume high levels of
water. such as wheat. Secondly. the demand for food is increasing over time because of
high population growth. which will continue to increase substantially. as more than half
the country’s population is under 25 years of age. Other factors driving demand are high-
income levels. urbanization. pilgrims, and the non-Saudi population.

The combination of increasing demand for food and decreasing resources for
agriculture will affect the country’s capacity to meet its consumption needs. The expected
entrance to WTO will add to the challenges that producers face in meeting demand for
more and different foods. As a result. food and agricultural imports will increase over
time and agricultural production should decline.

These facts show the importance of studying and analyzing food demand. supply
and importing. The estimation of price and income elasticities will be helpful tools.
which can be used by planners and policymakers to draw up future agricultural policy

and evaluate import trends.
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CHAPTER Il

LITERATURE REVIEW

This chapter reviews the previous studies on import demand related to this
research. It is divided into four parts. The first part explores Saudi Arabian demand
estimations that have been done, while the second part reviews import demand estimation
for a number of countries. The third part discusses demand systems specifications and the
fourth part summarizes the results from the previous parts.

3.1 Saudi Arabia Demand Estimation

Mohammed (1988) estimated consumption demand for selected food
commodities in Saudi Arabia. This study investigated the consumption and income
relation. or the Engle curve relationship. for thirteen food commodities in Saudi Arabia.
The study separated the commodities into four groups: staple foods, a meat group. fresh
fruit, and fresh vegetables. based on the texture characteristics, marketing periods and the
taste of the products. Estimations under constant and declining income elasticity models
were made within the group using time series data for the 24-year period 1963-1986. The
homogeneity and Slutsky restrictions were imposed. The results indicated that food
consumption was affected by income level. with varying effects among individual food
commodities. The study was used to estimate income and price elasticities and estimate
equations for demand projections of major commodities up to 1993.

Kahtani (1989) investigated a complete food commodity demand system for

Saudi Arabia with projections and policy applications for wheat. The study estimated
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three complete demand systems for Saudi Arabia and evaluated government policies in
the wheat market. The first system is an 11-sector model based on the social accounting
matrix. The second system is for 6 aggregated food commodity groups and one nonfood
group. The third system was disaggregated to 26 foods and one nonfood commodity. The
demand price and income elasticities were estimated within food groups and across
groups. The food projections were made to 1995 under different assumptions. The results
showed that the differences in demand parameters and price trends led to different growth
rates. The welfare analysis indicated a transfer of income to consumers from producers.

Al-Kheraiji (1994) estimated a demand system analysis for meat consumption in
Saudi Arabia. The objective of the study was to estimate relationships among meat and
fish groups using annual data for the period 1968 to 1992. The Rotterdam System and the
Almost Ideal Demand Systems (AIDS) were used to estimate these patterns. The results
showed that the compensated own-price elasticities estimated from the LA/AIDS for
meat groups are negative, while expenditure elasticities indicated that chicken and lamb
are luxury goods. In addition, demand for chicken and lamb imports were studied using
annual data for the period 1971 to 1992. The results indicated the appropriateness of
using the LA/AIDS models to study these imports, an elastic demand for chicken and
lamb imports, and the existence of complementarity and substitution relationships among
chicken and lamb imports. The projection has been done for total meat demand.
individual type of meat demand and imported chicken and lamb by import source to the
year 2000.

Doroodian. Koshal and Al-Muhanna (1994) examined a traditional aggregate

import demand function for Saudi Arabia using annual data for the period 1963-1990.
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Traditional formulation of the import demand function was used where total quantity of
imports was determined as a function of the real gross domestic product. import prices
index and the domestic price level. The log-linear and linear forms were specified for the
import demand function. The econometric evidence shows the log-linear formulation is
more appropriate than the linear one. The empirical results show that the relative price
formulation of the traditional import demand function is inappropriate for estimating
elasticities of import demand. The income elasticity in the long run was found to be
inelastic. Therefore, imports are treated as necessary goods in Saudi Arabia. In addition,
the results indicate a large response of import quantities to changes in the import and
import competing prices in the long run. Furthermore, consumers tend to be more
responsive to a change in the price of domestic goods than to an equal change in import
prices. Finally, the large price elasticities for imports could be a sign that Saudi Arabia
has made progress in developing import-substitution industries.

From these previous studies for Saudi Arabian imports. it is seem that the main
objectives and results were related to price and expenditure elasticites. In addition,
projections were made using these obtained results. None of these studies used
differential demand systems as a methodology of estimation nor did they use results to
estimate local demand with import data or look at supply issues. Moreover. linkages
between import demand. local demand and local production have not studied.

3.2 Import Demand Estimation for Selected Countries

In this section, the literature of import demand estimations that have beer done
for other countries are reviewed. Yadvan (1975) studied a quarterly model of the

Canadian demand for imports. The objective was to estimate the import demand function
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at a relatively disaggregated level for the period 1956-1972 with attention to the process
of lagged adjustment. The study used an ad hoc demand function, where the imported
demand for any particular good is a function of the level of real income and the ratio of
foreign to domestic prices of the good. The results showed that the use of a relatively
simple partial flow adjustment model explained a considerable proportion of the variance
in the Canadian volume of imports demanded. The adjustment lags have been found to be
statistically significant, which means that less than half of the adjustment between the
actual and long run demand for imports occurs in the first quarter. The price and income
elasticities were estimated. The assumption of the absence of illusion in the aggregate
import demand function was not rejected.

Arize and Afifi (1985) studied a demand system for imports in twenty-seven
African countries using a simultaneous equation model to determine whether there is
evidence of structural change during the period from 1960 to 1982. The traditional
formulation of an aggregate import demand equation relates the real quantity of imports
demanded by a country to the ratio of import prices to domestic prices and domestic real
income. The relative price and income elasticities were estimated to present empirical
evidence of the structural change. The results showed the instability of the import
demand functions for all African countries.

Sarmad (1989) analyzed the determinants of import demand in Pakistan. The
objective was to specify and estimate import demand functions for the years from 1959-
1960 to 1985-86. The functional form of the import equation was determined empirically.
The results show that there is strong evidence to support the use of the log-linear form as

the appropriate functional form of the import equation, both at the aggregate and
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disaggregate levels. The income elasticities were greater than one while the relative price
elasticities were less than one. The results show that the policy of devaluation or of
raising tariffs would not be effective to reduce imports or to affect the balance of trade
because of inelastic import demand. The critical dependence on imports has continued
with the problem likely being due to domestic structural or supply deficiencies.

Seale., Sparks, and Buxton (1992) discussed the Rotterdam application to
international trade in fresh apples. The model was used to fit import data for fresh apples
in four importing markets important to U.S. apple exports. The geographic import
demand system for fresh imported apples in Canada. Hong Kong. Singapore, and U.K.
was estimated. A utility tree approach was chosen by which a country first allocates total
income between domestic and imported goods. Nested tests rejected homothecity but
could not reject homogeneity. symmetry, or separability among imported apple suppliers.
A Monte Carlo test rejected first order autocorrelation. The results indicate that all apple
suppliers to these countries should increase apple exports if expenditure for imported
fresh apples in these markets increases. The expenditure was more elastic for U.S. apples
in Hong Kong, Singapore, and U.K. markets but just unitary elastic in the Canadian
market.

Guan, Boey, and Chong (1996) applied a demand system specification to estimate
Singapore’s import demand function. Use of the homogeneity zero restriction was
employed to yield efficient estimators in the presence of simultaneity bias as well as
measurement error and omitted variables. The trade data was used to estimate the import
demand function via the aiternative methodology. which is taking the first difference for

the log-linear function and estimating it using OLS. The altemative methodology was
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found to be significantly better than those obtained using the traditional log-linear
methodology.

Pantzios and Fousekis (1999) analyzed Greek meat and dairy import demand. The
study attempted a comprehensive demand analysis to empirically analyze meat and dairy
imports during the last three decades (1961-1995) in light of recent methodological
developments. Seven equation demand systems with total agricultural imports of beef,
poultry, mutton and goat, pork and sausage, cheese. butter, and dry and concentrated milk
were specified. Statistical procedures have been proposed which allow selection of the
correct model among competing demand systems. The Rotterdam. the CBS, the NBR and
the AIDS models, which are called differential consumer demand systems. were
estimated using maximum likelihood methods with and without imposing standard
homogeneity and symmetry restrictions. The results obtained suggest meat and dairy in
Greece are not separable in the country's expenditure budget. and that meat imports are
elastic with respect to a change in the expenditures allocated to purchasing of imported
meat and dairy. However, dairy imports do not show a significant response to change in
the expenditure allocated to them. The test for own and cross price changes showed that
the change in relative import prices among meat would redistribute imports between beef,
mutton and goats, while cheese is the most responsive of dairy imports. The cross
relationships indicate that changes in the relative import price between meat and dairy
would redistribute imports between beef and dairy (cheese and butter) by only a small
amount. |

Janda, McCluskey and Rausser (2000) studied food import demand in the Czech

Republic. Their objective was to describe food import demand and to create a set of
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import demand elasticity estimates that could be used in economic analysis and in
building structural models of the Czech economy. They tried to obtain estimations that
are not dependent on some special structure of a single international trade model of some
specified class, so they used demand functions belonging to the class of flexible
functional forms. The study utilized the AIDS demand system approach with inclusion of
economic theory restrictions of homogeneity, symmetry, and negativity. Their estimation
was based on the assumption that the Czech Republic is a small economy, so import
prices and agricultural products are exogenous. They estimated the own-price, cross price
and group expenditure elasticities. The estimation results were reasonable and all food
commodities were found to be normal goods with positive group expenditure elasticities.
The maximum likelihood method was used to estimate these relations with bimonthly
time series data. The time trend was incorporated as a proxy for demographic and taste
changes during the sample period, but the results did not yield a significant trend
variable.

Regmi. Seale, and Bernstein (2001) studied international evidence on food
consumption patterns. The study examines how changing incomes and prices affect
changes in food expenditure for a cross-section of countries. ranging from low to middle
and high income. In addition to analyzing the effect on total food demand. the study
examines the effect of income and price changes on expenditures of individual food sub-
groups. A two-stage demand system was used, in which consumers are first assumed to
make budget choices over broad consumption categories and a weak separability among
items within a broad group is assumed. The model stages have been estimated by using

the maximum likelihood estimation procedure. The results showed that the low-income
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countries spend a greater portion of their budget on necessities such as food, while richer
countries spend a greater proportion of their income on luxuries. Low value staples, such
as cereals, account for a larger share of the food budget in poorer countries, while high
value food items such as beverages. dairy and meat are a larger share of the food budget
in richer countries. The results also indicate that price changes of staple food may result
in the greatest responses in middle-income countries.

Schmitz and Seale (2002) analyzed the import demand for disaggregated fresh
fruit in Japan using annual data from 1971-1997. The study analyzed the import patterns
of Japan’s seven most popular fresh fruits by implementing and testing a general
differential demand system that nests four alternatives. Rotterdam. AIDS. CBS. and
NBR. The test was done using five goods (bananas, grapefruits, oranges. and lemons and
aggregating pineapples, berries, and grapes) and six goods (bananas. grapefruits. oranges,
lemons. pineapples. and aggregating berries and grapes). In the case of five goods the
AIDS and NBR were rejected, while in the case of the six good model, the AIDS. NBR.
and CBS were rejected. The elasticities of expenditure. own-price and cross price were
estimated. All the expenditure elasticities, in the six good cases. are positive and
significant with the exception of the others category. The Slutsky price elasticitics were
also estimated. The own-price elasticities were all negative and significant and the cross
price elasticities were also estimated. The results indicated that if Japanese consumers
were to increase their budget. then consumption of grapefruits and pineapples would rise.
On the other hand. if Japanese consumers were to decrease their expenditures on fresh
fruit imports. they would spend a large portion of their expenditure on bananas. oranges.

and lemons.
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3.3 Demand Systems Specifications

This section reviews the literature about demand systems and methods of
estimation that have been used in the literature. Theil (1965). in his article “The
Information Approach to Demand Analysis”, demonstrated demand analysis in a
probabilistic manner. The paper discussed the usefulness of information theory for
demand systems. It stresses that value shares, like probabilities. should be nonnegative
and add up to one. On the other hand, under the usual assumption of given prices and
income. knowledge of value shares implies and is implied by knowledge of quantities.
Therefore. the classical analysis in terms of the quantities is equivalent 1o an analysis in
terms of the shares where the w, is the share of the i ™ commodity.

Barten (1969) utilized maximum likelihood estimation for a complete system of
demand equations. The objective of the study was to estimate a system of demand
equations under various constraints with respect to the coefficients of the system. He
considered different versions of a relatively large system (16 equations) and arrived at a
first test of the empirical validity of a number of widely used restrictions on demand
equations based on utility theory. The data used consisted of time series on expenditure
and prices for sixteen groups of commodities for the Netherlands in the periods 1922-
1939 and 1949-1962. The maximum likelihood method was chosen for estimation and it
was justified.

Lee, Brown and Seale (1992) investigated demand relationships among fresh fruit
and juices in Canada using the differential approach for the time period from 1960
through 1987. The Rotterdam model and the CBS model were used with the usual theory

restrictions. The models were estimated by the maximum likelihood method and the
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results indicated that if Canadian consumers were to allocate a larger portion of their
budgets to the consumption of fresh fruit and juices. expenditure shares on oranges.
apples. orange juices. and apple juice would increase. The own-price elasticities for apple
and apple juice are smaller than unity. The study results also indicate that oranges and
grapefruit are substitutes for apples. so an increase in the price of fresh apples would
increase the consumption of citrus. thus increasing citrus imports.

Alston and Chalfant (1993) discussed and compared the Almost Ideal and
Rotterdam models. Agricultural economists have adopted these two systems during the
past decade in food demand applications because they are attractive for a variety of
reasons. Flexibility. compatibility with demand theory. ease of use. familiarity and
plausibility are the main attributes for these models. Tests to distinguish econometrically
between both systems have been specified and applied to the demand for meat. In this
particular case. the test rejected the linear approximation of the AIDS model but not the
Rotterdam: this may yield other conclusions with other data sets. The test can be used to
choose between other systems where alternative models involve the same right hand side
variables but there exist different dependent variables.

Barten (1993) illustrated choice of functional form for consumer allocation
models to satisfy theoretical properties derived from the theory of consumer demand.
Four approaches. Almost Ideal Demand System (AIDS). the Dutch Central Bureau of
Statistics (CBS). the National Bureau of Research (NBR). and the Rotterdam models.
have been formed to meet these conditions. An empirical analyses these models were
applied for the Netherlands consumer expenditure and corresponding prices over the

period 1921-1981 where the original data for 16 groups and services were aggregated

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



into four major groups. namely food. leisure goods, durables and a remainder set. The
systems are nested in a more general model using scalar weights and tested using the
likelihood ratio test statistic. The CBS model has been chosen to fit this data due to its
superior performance. Another alternative in the testing set-up was a combination of all
four systems, which nests combinations of two or three of those systems and choosing
among them based on likelihood ratio test.

Neves (1994), in his paper A Class of Differential Demand Systems™. discussed
the theoretical performance of differential demand systems (the Rotterdam. Almost Ideal
Demand system (AIDS). CBS. and NBR). The restrictions that they impose on the
evaluation of demand elasticities over time were illustrated and compared theoretically.

Neves (1993) compared the empirical performance of alternative differential
demand systems, the Rotterdam. Almost Ideal Demand system. CBS and NBR. These
models constitute alternative parameterizations of the budget differential equation. As far
as the evolution of elasticities over time is concerned. the NBR model is the least
restrictive parameterization. Portugal’s consumer expenditure during the period 1958-
1981 was used to illustrate this parameterization. The four systems were estimated by
maximum likelihood. An intercept was added as representing factors such as changes in
tastes over time. On the other hand. five different variants were estimated. unrestricted
estimation. and then various restrictions include homogeneity. symmetry. negativity and
homotheticity were added.

Lee. Brown. and Seale (1994) used expenditure data to study how income and
prices influenced consumer demand in Taiwan during the previous decade. Alternative

demand models. combining the features of the Rotterdam model and the Almost Ideal

v
W

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Demand System (AIDS), were tested. The choice between these models was
accomplished by higher-order comparisons with a general demand system that nested
them. Using this general model. the AIDS model was selected over the others
(Rotterdam. CBS. NBR). The results suggest that AIDS-type income and price responses
better explain Taiwanese expenditure behavior than do other models. They found the
using of Rotterdam-type income parameter gave the questionable result that food's
income elasticity had increased over time while income increased and food's budget
share decreased. The increased number of women working outside the home and the
increased likelihood of away-from home food consumption may have brought a small
increase in the food income elasticity.

Tiffin and Tiffin (1999) investigated the food demand elasticities for Great Britain
using aggregate time series data during the period 1972-1994. These elasticities were
estimated using AIDS mode! and imposing the neo-classical demand theory restrictions.
Food imports were divided into four groups: staple foods. meat. vegetables. and fruit. The
results conformed to expectations. as the demand for food was found to be both price and
expenditure inelastic. The demand for all individual food categories included in the study
was inelastic with respect to total household expenditure.

Brown and Lee (2000) utilized a uniform substitutes demand model with varying
coefficients to specify demand systems. The synthetic modeling approach has been
extended to increase the flexibility of the model. In the Rotterdam model. the marginal
propensity to consume (MPC) of a good is treated as a constant. and as a constant plus
the budget share for the good in the AIDS model. In this model. the MPC is specified as a

linear combination of MPCs for the Rotterdam and AIDS. which allows it to vary over
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the sample in order to estimate the sensitivity of demand to income and prices. The model
has been applied to four orange juice categories using weekly data. The results show that
the decreasing sales trend of orange juice may be accompanied by less sensitive income
and price responses. just the opposite that would be predicted using a constant MPC
specification.

Fousekis and Revell (2000) employed differential demand systems to analyze
demand for meat in the United Kingdom during 1989-1999. The study focuses on
appropriate model selection in a demand systems context. The seasonality and gradual
tastes change was examined by incorporating seasonal dummies and a constant term in
the models. The Rotterdam. CBS. AIDS. NBR. and synthetic models (with imposing
homogeneity and symmetry restrictions) were estimated using Seemingly Unrelated
Regression (SUR) methods. Statistical tests showed that the differential demand models
with fixed price effects (the Rotterdam and the CBS models) explain the allocation
decision better than models containing variable price effects (NBR and differential AIDS
models). The results showed that expenditure elasticities for all meats are close to unity
except lamb. The quality change of meat consumption became negative after 1994 due to
substitution effects induced by increased prices of poultry and bacon relative to prices of
other meats.

3.4 Summary

From this literature review. the results of import demand studies can be
summarized as showing the sensitivity of imports to changes in income levels and import
prices. The demand price and expenditure elasticities obtained from these studies vary

depending on the commodity or group studied. as well as by the country being observed.
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Table 3-1 shows a summary of these elasticities for four different groups. Group A,
which includes two developed countries. shows that price elasticities for imports range
from -0.253 to -1.642, while expenditure elasticities range from 0.01 to 1.947. Group B,
which has other developed countries in it, shows that price elasticities for imports range
from -0.44 to -1.86 while expenditure elasticities range from 0.01 to 1.54. Group C.
which has less developed countries shows that price elasticities for imports range from -
0.146 to —1.26 while expenditure elasticities range from 0.326 to 1.573. Finally, Group D,
which has other less developed countries. shows that price elasticities for imports range
from -0.095 to -1.14 while expenditure elasticities range from 0.32 to 1.28.

Comparing previous elasticities, differences between developed and devolving
countries can be noticed. Also, developed countries groups (A. B) experience different
response as well as devolving countries does. In general. the reasons behind these
differences maybe related to many issues. Availability of substitution products for
imports as in developed countries lead to less responsive for price changes. Also. imports
proportion in domestic demand effect this response.

Also, in addition to the calculation and evaluation of price and expenditure
elasticities for projections, welfare analyses and income effects these studies had various
objectives: they analyzed the demand for goods in light of recent methodological
developments in the implementation of demand systems; they often examined the factors
influencing the demand for imports; and they tested for the existence of structural change
in the demand for imports. None of these studies have used the results to form the basis
of a comprehensive model capable of evaluating a range of issues as proposed in this

thesis. Only the Janda. McCluskey. and Rausser (2000) article even considers the use of
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import demand functions as inputs into large CGE or partial equilibrium models.
However, it does not actually use the results in this manner.

In conclusion, this literature review shows some of what has been done in
studying the demand systems for different countries and in Saudi Arabia using different
methods and techniques. However, the studies for Saudi Arabia are old and do not
investigate the import demand using different differential demand systems. Other

literature also falls short in that it does not use the results to their fullest potential.
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Table 3-1: Average Price and Expenditure Elasticities for Import Demand from Literature

Group A Group B Group C Group D

Good or group Price Expenditure | Price  Expenditure | Price  Expenditure} Price  Expenditure

Elasticity  Elasticity _|Elasticity - Elasticity |Elasticity Flasticity |Elasticity Elasticity
Food imports -0.288 0.981 -0.636 0.965
Beef -1.642 1.947 -0.77 1.54 -0.095 0.32
Poultry -0.44 1.42 0.9 0.82
Mutton & Goat -1.86 1.53
Pork & Sausages -1.26 0.28
Cheese -0.336 0.01 -0.65 0.01
Butter -0.92 .05
Milk -0.765 0.668 -0.97 1.07
Meat -0.29 1.594 -1.05 1.03
Carbohydrates -1.14 1.28
Fruits and Vegetables -0.253 0.28 -0.45 0.79
Dairy and Sweets -0.88 1.16
Apples -0.9 1.38 -1.26
Oranges -0.2675 1.367 -1.02 1.41
Beverages and tobacco -0.146 1.573
Oils and Fats -0.42 0.326
Total Imports -0.669 0.631

Group A: Great Britain, Canada.
Group B: Greece, Japan.

Group C: Pakistan, Taiwan, and Hong-Kong.

Group D: Czech Republic.



CHAPTER IV

CONSUMER DEMAND THEORY

4.1 Introduction

The theory of consumer demand has been a central topic in economics for many
years. and the modern formalized economic theory has dealt with consumer demand for a
considerable time. This formalization has led the way towards econometric applications.

Consumer behavior generally focuses on preferences. on the axioms of choice,
and on utility functions and their applications. This chapter will present the theory
underlying empirical work on the demand for food imports.

4.2 Preferences and the Utility Maximization

4.2.1 Preferences

The foundations of neoclassical theory of the consumer are the basic axioms of
consumer preference, which is accepted as being true without proof. In principle, we
could begin by assuming the existence of a utility function and examining its properties.
However. if we would know exactly what is involved in such an assumption, we can find
a set of axioms of choice that allows us to maintain a distinction between preferences and

utility functions. Consider a consumer facing possible consumption bundles in the

consumption set Q € R . where a consumer is assumed to have preferences concerning

these consumption bundles.

Let the consumption of one commodity g, be
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(1 q, =(q,0nnq,)e @

where:

q, = the quantity consumed of the i commodity.
The consumer preferences are assumed to have the following axioms:
Axiom I: Reflexivity

For any bundle q, q' > q' each bundle of commodities is good as itself. This is a
trivial assumption but is mathematically necessary.
Axiom 2: Completeness

This assumption just says that any two bundles can be compared. For any two
bundles in the choice set, the consumer can rank all bundles of commodities and they can
be compared. so q' > q°, q° >q' orq'-q".
Axiom 3: Transitivity

The consumer’s preferences are consistent. [f consumer’s ordering is q' > q:. and
Q" > q’. this implies q' > q’. This assumption is necessary for any discussion of
preference maximization.
Axiom 4: Continuity

For any q° the sets {ql/(ql >q°)} and 1ql/(q2 2 q')} are closed sets. This
assumption is necessary to rule out certain discontinuous behavior. That is, as the
consumer moves from one bundle to another, there is no jump in the utility level
Axiom 5: Strongly Monotonic

The consumer is assumed to prefer more to less of all goods. For any two goods

q' > q and ¢' =q" imply q' >q*. This assumption says that at least as much of every
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good, and strictly more of some goods, is strictly better. This is simply assuming that
goods are good.
Axiom 6: Local Non-Satiation
Local non-satiation says that one can always do a little bit better, even if one is restricted
to only a small change in the consumption bundle.
Axiom 7: Convexity

The consumer prefers averages to extremes. If ' =q”. q' >q’. and q* > ¢’. then &
qI +(1-1) q: > q3 for 0 <2 <l.

As long as these axioms hold, there exists a continuous utility function U (q) such
that U (q') >U (qz). where this utility function is assumed to be ordinal, strictly quasi
concave, and a twice differentiable function.

4.2.2 Utility Maximization

The consumer is not free to choose because choices are constrained by fixed,
known prices in such a way the total value of objects chosen should not exceed some
predetermined total, which is represented by a linear budget constraint. Hence, a rational
consumer is assumed to allocate his/her total expenditure in a way that maximizes the

utility function. That can be shown mathematically as:

() MaxU=u(q,,...... 4.V s ¢

where,
g; is the quantity of the i commodity, and

U is twice differentiable on the interior of set.

This function is subject to:
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3) x=3 py,

where,
x is the total expenditure.

p, is the price per unit of the i good. and

g, is the quantity of the i good.

By using the Lagrangian equation. we can write the maximization problem as

@) é’=u(q)—/l(x—Zp,q,).
i=l

Taking the first derivative of the equation (4) with respect to ¢ ,and % we will get first

order condition (F.O.C.) equations:

(35) U ip =0 i=1.....n
aq,
(6) x=3 p4, -

=l J j =
N L f_al au: iy =l.....n

is negative definite, and together with the F.O.C, there is a sufficient condition for the

existence of a unique maximum.
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Solving equations (5) and (6) for the quantity, we obtain the Marshallian

(uncompensated) demand functions.
(8) q, =g (x.p,y... p,) For i=1...n

4.3 Duality and Consumer Demand

In recent years, duality theory has become popular and used in many branches of
economics. This duality approach is a technique or analytical tool that implies a simple
and alternative method of analysis. It provides a convenient way of deriving demand
functions. In the previous section. we formulated the consumer's problem as maximizing
utility for a given budget that is called the primal problem. The solution to this problem
will produce some utility level. However, selecting goods to minimize the expenditure
necessary to reach a given utility level can reformulate the consumer choice. These two

problems are often described as dual problems. This can be presented mathematically as

”

(9) Mln x= Z plql
=1
Subject to:
(10) U=u(q)

Solving this minimization problem, we obtain the Hicks lan (compensated) demand
functions. The solution of the dual problem is identical to the solution of the primal

problem.

(11) q,=h(u.p,... p,)For 1=1..n
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We can use the same utility (u) and budget (x) in both problems since in the dual
problem we simply use the u, which is the maximum attainable in the primal problem.
Further. since utility maximization and cost minimization must imply the same choice.
the budget in the primal problem must be the cost minimum in the dual problem. In the
primal problem, the solution is the set of Marshallian (uncompensated) demand g (x, p).
In the dual problem, the determining variables are u and p. not x and p. so we get the
same solutions but as a function of u and p. These new cost-minimizing demand
functions, which we write h (u, p). are known as Hicksian or compensated demand

functions. Since the two solution coincide, we have
(12) q; =g;(x.p)=h. (u.p).

4.4 Restrictions in Consumer Demand

The theoretical properties of the Marshallian (uncompensated) and Hicksian
(compensated) demand functions take the form of mathematical restrictions on the
derivations of the demand functions and they hold regardless of the form of the utility
functions. These properties are adding-up, homogeneity. symmetry, and non-negativity.

Adding-up

In spite of the importance and implications of nonlinear budget constraint.
consumer demand analysis is built on the assumption of a simple linear budget constraint.
The adding-up restriction follows from the linearity of budget constraint and the
monotonicity assumption of preferences. It implies that the total value of both Hicksian
and Marshallian demand functions must equal total expenditure in any period. In other

words, the budget constraint must hold.
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(13) x=Y ph(pu)=3 pg.(p.x)
1=} 1=1

where h, (.) is the Hicksian demand function and g, (.) is the Marshallian demand
function.

Differentiating (12) with respect to (p. x) gives

(14a) q,-+§[pi(5qi/5p,-)]=0' i=1...n,
and
(14b) Z[Pi(aqi/axi)]=‘

7

Equations (14a) and (14b) are the adding-up or aggregation restrictions, which must be
satisfied if the budget constraint is always binding. Equation (14a) is called the "Coumnot
aggregation restriction”, while (14b) is called the "Engel aggregation restriction."”

Homogeneity

The Marshallian (uncompensated) demand function is homogenous of degree zero
in total expenditure and prices, while the Hicksian (compensated) demand function is
homogenous of degree zero in prices. If we change all prices and total expenditure in the
Marshallian demand by the same proportion t. neither the budget constraint nor the utility
function change. This implies that a proportional rise in all prices and expenditure has no

effect on demand.
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(15 h (tp .u) = h,(p.u)
and,
(16) g. (tp.ix) =g (p.x) >0

This restriction implies that the sum of the own and cross price elasticities and the

expenditure elasticity for a particular commodity is zero. as in

(17) E, +E +E =0,

@

where
E, =own-price elasticity,
E, = cross price elasticities. and
E.. = expenditure elasticity.
This condition implies that the substitution effect and the income effect of an own—price
change must be consistent with the cross and income elasticities for the commodity.
Svmmetry
The symmetry indicates how cross-elasticities are related. The cross-price

derivatives of the Hicksian demands are symmetric. that is,

Ch(u.p) ch(u,p)
p, ap,

(18)

This property shows that the demand functions for compensated price responses are
symmetric. This condition is a guarantee of and a test of the consumer’s consistency of

choice; without it. it suggests inconsistent choices are made.
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Negativity

The n-by-n matrix formed by the elements ¢h, /Cp, is negative semi-definite. due
to the expenditure being concave in prices. This matrix is also called the substitution or
Slutsky matrix. It implies that the diagonal elements of the substitution matrix are non-

positive or thatch /Cp, <0. which is necessary but not sufficient for negativity.

4.5 Elasticities and Flexibility

Elasticities

Economists frequently make use of percentage relationships. which are
independent of the size of units used to measure price and quantity. to study the impact
that a given change in price will have on different commodities. The most common of
these relationships are the concepts of own-price elasticity. cross price elasticity and
expenditure elasticity of demand.

4.6 Separability

According to neoclassical consumer theory. the demand for any good is a function
of all prices in the economy and expenditures. However. the empirical analyses of
complete demand systems consisting of thousands of equations would require huge
amounts of data and a theoretical base for demographic variation. which is impossible to
conduct. Even if we get all data. the problem of degrees of freedom will exist. Thus. the
way to approach this problem is to assume some sort of structure in the consumer’s
preferences. Separability is the most common assumption, which implies that goods can

be divided into a number of separate groups.
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Weak Separability

A utility function
(19) u= v(ql ....... qn)
is weakly separable if there exists a partition of n goods into m subsets, that can be

written as:

(20) u= f(vl (ql ). vz(qz ). vm(qm) )

where f(.) 1s any monotonic. increasing function of v,. v» and v,. which are the sub-
utility functions for good 1. 2. and m respectively.

The necessary and sufficient condition for this function is that the marginal rate of
substitution between any two goods in the same group is independent of all goods not in

that group.

- A A A Al
C.&IRS&- . (C" C\IIC\I cq;
~ 2 - - v - - -~ -
cqii Cq,/) (G c.?]cvl Cq}

Q2N =0...(i.))eG.and.. ne K. X.G=K

This implies the marginal rate of substitution (MRS) between good j and i within group 1.
under weak separability. 1s independent of the commodities outside this group. In other
words, the change in the quantity consumption in group 2 will not affect the MRS

between goods in group 1.
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Strong Separability

In this assumption, direct utility function is made up of sub-utility for each group.
where all sub-utilities are combined additively. In other words, utility function is a
function of the summation of all sub-utilities.

Utility can be written as:
(22) u =f(vl(ql l+v2(q2)+ ....... + v,n(q,,))

The necessary and sufficient condition for this function is that the marginal rate of
substitution between goods from different subsets depends only on the goods in those

subsets, which means it is independent of all goods not in the two groups.

eMRS)? 5 e ovfay &)
(23) 5 = | = =0...ieG...jeK.and.neM..N.Gzn=m
9n n | (eu E‘u,f Ovy cqy

In other words, under strong separability. the marginal rate of substitution among

commodities within groups | and 2 is independent of the commodities outside these two

groups.
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CHAPTERYV

THE ECONOMETRIC MODEL AND
POLICY ANALYSIS FRAMEWORKS

5.1 Introduction

In this chapter. the demand systems estimation methodology. the economic model
and evaluation methods will be presented and discussed. In the first section. the types of’
differential demand systems that exist will be presented. Following that. the presentation
of the demand equations. the methods of estimation and evaluation of demand systems
will be presented and discussed In the last section. a trade elasticities model will be
developed based on McCalla and Josling (1985). and a fairly general framework based on
Piggott. Piggott and Wright (PPW) will be presented that shows how to use ¢lasticities to
examine import and domestic policy change.

5.2 Single Equation versus Equation Systems

Procedures for estimating demand fall into two broad categories. One is the
specification and estimation of demand for individual commodities without the
imposition of constraints. In this case. the demand for a particular good depends on the
prices of all goods in the economy. but many of these prices would be ignored in practice.
Demand theory suggests that the quantity demanded of any good is a function of the

commodity’s own price. the price of substitutes. income and other variables.
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The second category of analysis is estimation of a system of market demand
equations where the restrictions derived from economic theory are formally imposed on
the system. An advantage of this approach is that interdependencies among demands are
captured and the theoretical constraints provide a formal structure for the
interdependencies.

5.3 Methods of Estimating Demand Functions

Economic theory states that, under certain conditions. the existence of consumer
preferences implies the existence of a utility function (and an expenditure function).
Specification of demand systems can be obtained directly with certain restrictions that
should hold using a utility maximization (expenditure minimization) framework. In the
case of the formulation of demand allocation systems, one of the difficulties rescarchers
face is selecting a functional form. Basically, there are four approaches. which satisfy

theoretical demand properties that can be used to derive demand equations.

As shown in the previous chapter. the first approach starts from a functionally
specified. increasing and strongly quasi-concave utility function=u (q,). which is
maximized subject to a budget constraint z p.q, =m. The set of the Marshallian demand
equations can be derived through this maximization. Some examples of this approach are

the quadratic-expenditure system (Pollak and Wales 1978) and lincar-expenditure system

(Stone 1954).

The second approach starts from a functionally specified indirect utility function.

v=1v(p.x). The indirect utility function shows the maximum attainable utility for given

prices and expenditure that is obtainable by substituting optimal quantities demanded into

the original utility function. Also, the demand function can be derived directly from this
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indirect utility function using Roy’s Theorem. An example of this approach is the indirect

Translog utility function (Christensen et al 1975).

The third approach is based on a specified expenditure function x=x(x.p,).
Hicksian demand equations can be obtained from this function by applying Shephard’s
lemma. Then. the unobservable utility level can be eliminated by using the expenditure
function to express utility in terms of x and p. which gives the Marshallian demand
equations. An example of this type of specification is the Almost Ideal Demand System

(AIDS) of Deaton and Muellbauer (1980a).

The fourth approach in formulating demand systems is to specify the demand
equation directly. The demand for any good i is specified as ¢, = f(p,.x) wherep, isa
good’s price and x is expenditure. Using this approach. many early empirical demand
studies worked with double-logarithmic specifications and constant elasticities. The most
popular functional form used in this approach is double-log (Houthaker 1957) but this
model is less adequate in reflecting the theoretical restrictions because the adding-up
constraint is usually violated. So, differential consumer demand systems have been
employed to solve this problem.

5.4 Alternative Specifications of Differential Demand Systems

In the last several decades, consumer demand analysis has moved toward system-
wide approaches. There are now numerous algebraic specifications of demand systems.
including the Linear and quadratic expenditure systems, the Working model, the
Rotterdam model. Translog models. and the Almost Ideal Demand System (AIDS). Two

demand systems, which have become popular in agricultural economics, are the
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Rotterdam and the AIDS approaches. However, the assumptions used to parameterize
these two systems have different implications.

In recent decades, the specification of demand systems in some differential forms
has become popular in empirical analyses of consumer demand. Prominent models of
this type include the Rotterdam model (Barten, 1964; Theil, 1965), versions of the AIDS
model (Deaton and Muellbauer, 1980a). the CBS model (Keller and Van Driel, 1985),
and the NBR model (Neves. 1987). The corresponding demand functions can be obtained
by applying different parameterizations to the differentials of budget shares. This
approach allows derivation of the system through completely general demand equations
from a general utility function. Some attractive features of this approach are: (1) the
parameterization of the system can be done as the last step prior to estimation, (2) the
coefficients of the differential approach need not be constant, and (3) this approach
clearly distinguishes between first-order and second-order effects (i.e., substitution
effects of price changes are second-order effects).

5.5 Different Parametcrizations of the Budget Differential Equation

The Rotterdam model. the AIDS. the CBS and the NBR constitute a class of
differential demand systems. The corresponding demand functions can be obtained by
applying different parameterizations to the differentials of the budget shares, where the
expression ‘parameterizations’ refers to the assumptions made concerning the constancy
of the relevant parameters.

5.5.1 Rotterdam Model (ROT)

The basic equations of the Rotterdam model (Theil, 1965) are expressed as

(24) wdling, =0dinQ+Y z,dlnp, i=12...n
!
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where:
w, is the average budget share of commodity i,
p, is the price of good i,
g, is the quantity of good i.
@, is the marginal budget share of commodity i,

7, is the compensated price effect,

5, 1s the element of the Slutsky substitution matrix. and
n is the number of commodities.
25) dinp, =dp,/p,

(26) dlng, =dq,/q,

dInQ: is an index number (Divisia volume index) which equal the summation of all

quantities weighted by their shares. as

27) dinQ =3 w ding,.

Demand parameters, 8,andx, . are given by

(28) 6, = p,(cq,/om) where the m is the total outlay, or the budget.
(29) z, = (p,p/ / /n)s";
(30) s, =0q,/Cp, +q,0q,/cm
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and the parameters obey the following restrictions:

(31a) 2.:0' =1
(31b) Z;r =
(3lc) Yr,=0
31d) T,=7x,

m, is negative semi-definite of rank n-1

5.5.2 Almost ldeal Demand System (AIDS)

(Engel aggregation)

(Cournot aggregation)

(Homogeneity)

(Symmetry)

(Negativity)

Deaton and Muellbauer (1980) have derived the AIDS model which is

(32) w o =a,+ 27" Inp, + B In(m/p),

where:

p is a price index defined by

33) Inp=a +Za‘ lnpk+%227“lnpk In p, . and
- 4 !

(34) dinm=dinp+dinQ

By taking the total differential for equation (32) we obtain

35 dw, =,B,dan+z;/"dlnp,.

The total differential of budget share is

(36) dw, =w (dInp, +dIng, —dInm).
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From (34) and (36), and based on Deaton and Muellbauer’s suggestion of substituting the

Divisia Price index Z wdlInp, for dlInp, the differential AIDS model can be denved.

which is
37 wdlng, =(8, +w,) dinQ+Y 7, -w(s, -w,) dinp,

where O, is the Kronecker delta equal to unity if /=, and zero otherwise (Barten,
1993).

The constants satisfy the following restrictions:

(38a) Z(ﬂ, +w )=0 (Engel aggregation)

(38b) Z':'/" - (o‘u - w/) =0 Jj=1.2..n ( Cournot aggregation)

(38¢) Y, -wls,-w)=0 i=12...n.and ( Homogeneity)
;

(38d) 7, -w o, —w ) =7, -wlo, -w,).

(Symmetry)

This parameterization of the model requires that the difference between the marginal and
actual budget shares remains constant over the sample period.
5.5.3 CBS Model
Keller and Van Driel (1985) of the Dutch Central Bureau Central of Statistics

(CBS) created a hybrid of the AIDS and Rotterdam systems. Based on the Working

model

(39) w =a, +fInm,
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which can be used to derive the quantity coefficients in the Rotterdam model.

To denive the marginal shares implied by the Working model. one multiplies (39)

by m and differentiates with respect to m to get:
(40) 0, =p,(2q,/om)=a, + B,(1+Inm)
4n 6 =w+p.

Replacing €, in the Rotterdam model by (41) we obtain the CBS model

(42) wdlng, =(B, +w,) dinQ+> z,dInp,

with the constants satisfying the following restrictions

(43a) Z B =0 (Engel aggregation)
(43b) Z/r” =0 1=12....n (Cournot aggregation)
(43c) Zrzu =0 1=12.....n (Homogeneity)
(43d) T, =T, (Symmetry)

5.5.4 NBR Model

Neves (1987) of the National Bureau of Research (NBR) created another hybrid

of the AIDS and Rotterdam model systems by substituting S, in the AIDS model with

0 -w , yielding

(44) wdlng, =6, dan+Zyu —w,(o’" —w/) dinp,
/
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This model has the Rotterdam income coefficients and the AIDS price coefficients as

constant, with the constants satisfying the following restrictions

(45a) Z 6 =0 (Engel aggregation)
(45b) Z Y, =W, (o‘,, -w, ) =0 j=12.....n  (Cournot aggregation)
(45¢) Z'/” -w (o‘” -w, ) =0 1=12.n (Homogeneity)
(45d) v, -wl8, -w,) = gi-w(s, -w,). (Symmetry)

These four models., ROT. AIDS, CBS. and NBR have the same left-hand side variable

w.ding, and right-hand side variables dInQ and dlnp s. These models can be

considered as four different ways to parameterize a general model. The marginal budget
shares are assumed to be constant in the Rotterdam and the NBR models but variable in
the AIDS and CBS models. The Slutsky terms are considered to be constants in the
Rotterdam and CBS and variable in the AIDS and NBR.

5.5.5 General Demand System

The models considered in the preceding sections are not nested. Barten (1993)

showed a general demand system could be developed which nests all four systems. Lee,

Brown, and Seale (1994) have derived the following general system:

(46) wdlng, =ddinQ+pwdin@+Y e dinp, -, 3 w (s, ~w,) dinp,

where:
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(47) d,:”!ﬂ,"'—(l-"lwl
(48) eu =,72},u +(I _,’: )’r’l

are the model parameters and 7,'s are called nesting parameters. The value thatn, takes

on determines the compatibility of the data with the four nested demand systems. That is.

if 7,and n, = 0 the general model becomes the Rotterdam; it is the CBS when 7, =1 and
n, = 0; the AIDS 1s the correct specification when 7, =1 and n, =1 and the NBR is best

when 77,=0 and 7, =1.

The constants satisfying the following restrictions:

(49a) Zd, =1-n, (Engel aggregation)
(49b) Zeu =0 J=12.....n (Cournot aggregation)
(49¢) Zeu =0 i=1.2......n ( Homogeneity)
(49d) e =e . (Symmetry)

5.6 Estimation Issues

To estimate the coefficient of the demand systems, ordinary least squares can be
used when the prices are assumed to be exogenous. However, given that these are share
equations that are closely related. the method of Seemingly Unrelated regressions (SUR)
is appropriate to account for the contemporaneous correlation between the error terms of
the different equations. This provides more efficient estimation relative to OLS when

contemporaneous correlation exists.
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It is assumed that the vector of disturbance terms has a normal distribution with
mean zero and covariance matrix Y. Moreover, we assumed the adding-up restriction that
led to having n-1 equations and n dependent variables. Consequently, the covariance
matrix is singular and the density of disturbances is not defined. Hence, to arrive at a
likelihood function, a transformation into nonsingular multivariate normal distribution is
required. While the singularity of the distribution of disturbances is due to the fact that
the n components of disturbance identically add to zero. one component can be deleted
and the resulting vector has a non-singular distribution. So one equation has been
dropped during estimation and recovered by deduction from the estimated results.

5.6.1 Autocorrelation

An important assumption about the disturbances is that there is no autocorrelation
among them entering into the population regression function. Autocorrelation can arise
for several reasons. such as inertia. sluggishness of time series or using incorrect
functional form. In the case of system of equations. the Durbin-Watson statistic cannot be
used to test for senal correlation. So. a log likelihood test (LRT) can be applied to test the

following test:

H,: Autocorrelation present between disturbances

H,: No autocorrelation present.

Berndt and Savin (1975) showed that in single equation systems, the adding up
property of the shares imposes restrictions on the parameters of autoregressive processes
and when these restrictions are not imposed the specification. maximum likelihood
estimates. and likelihood ratio test statistics are conditional on the equation deleted.

Consequently. the error term in cach of the system’s equations will be assumed to be
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correlated to its own past value. but no correlation exists among current or past values of
the error terms across equations. Otherwise, the maximum likelihood estimates of the
system would vary with the equation deleted and they would be consistent but
asymptotically inefficient.

5.6.2 Testing Economic Hypotheses

There are different hypotheses of economic theory that we wish to test for the
model to be considered correctly specified. Homogeneity and symmetry are the
hypotheses usually tested. A likelihood ratio test (LRT) can be used with OLS and SUR
models to test these hypotheses.

The following hypotheses can be set and tested:

H,: homogeneity. or symmetry. or both. are present.

H.: No homogeneity. or symmetry present.

The log likelihood ratio test (LRT) can be calculated using log likelihood values
for restricted and unrestricted model and compared with a chi-square value with
appropriate degrees of freedom (refer to empirical section for details).

5.7 Trade Elasticities Model

The objective of this model is to use the import estimates. which are often based
on more reliable trade data. and non-sample domestic supply elasticities to create an
analysis framework capable of doing domestic and trade policy analysis. Following
McCalla and Josling (1985) and Piggott. Piggott and Wright (PPW) (1993). this model
can be established. It will provide a relatively simple but effective method to evaluate
many policy alternatives. as well as demand and supply shifters. To demonstrate the

range of possible applications of this modeling technique, and examine issues of interest

83

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



in Saudi Arabian agriculture, a number of simulations will be presented in the results
chapter. For example. the prices of imports into Saudi Arabia, which are exogenous
because of Saudi Arabia’s size, will be altered to account for anticipated WTO trade
liberalization impacts.  Also. local supply will be affected by changes in inputs prices,
water for example. which is expected to rise due to water scarcity. In addition, a
reduction in input subsidies will affect these results as well.

Domestic demand for agricultural commodities in Saudi Arabia comes from two
sources. domestic supply and imports. It should be clear that the summation of imports
and domestic supply equals the total domestic demand in the absence of exports. This

identity can be illustrated mathematically as

(50) 0D =05 oM

where:

QI-D is total quantity demanded of commodity i.
QI-S 1s total quantity supplied of commodity 1 and,

QiM is total quantity imported of commodity i.

This identity represents the ex ante market clearing equilibrium. The behavioral
functions can be added by assuming that import. local supply and domestic prices are the
same. and equal to world prices, because the Saudi Arabian economy is small compared
to the world market. Substituting out the quantities with the right hand side expressions.

the model becomes,

(51) oPp....)=05P...)+QM(p....).
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The sensitivity of quantities to price change can be established as

(52) dQD _ dQS +dQ‘M
dp dp dp -

Rearranging this equation we get,

dQ'M _ dQD _ dQS

(33) ap & -

Then, multiplying equation (53) by 7Q ., the equation becomes

oM P _aoP P QS P

(>4 B QN g T dp o

D
Multiplying the first component on the right hand side by Q—D and second component by
Q

R)
Q—S the equation (54) becomes
0

D S
. =£ * - & * 9
import™ “Demand ™ T} Supply Q‘”

1S

(33) £

\I

t

This identity shows the relation between demand. supply and imports elasticities for

linear equations. (This is derived in McCalla and Josling. pp 40).

This relation can be changed to the CBS form by substituting the CBS elasticities.

. Bi: . .
which equal 7'] . 50 the following identity can be obtained.
]

m D
(- ) gl Ij[)t m Spp[‘l I:I'
“'i “' ' Q ll " Q

!
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Muluplying through by wl.'" . the expression becomes

D wm s
g m_npD,Q - g .m
(37) ﬁi] —'BU“Q"’ * “..ID gsuppl"..Qm ‘“i .
!

where:

Jij ;j" is the price coefficient of commodity 1, when imported.

;}-is the price coefficient of commodity 1. which demanded domestically.

“'ijD' is the share of commodity i demanded.

w ,‘j’ is the share of commodity i imported.
The equation (57) can be rearranged and displayed as

(38) }}’:ﬂfj)tB' -

where:

and

Qs m
A _gSl(pp/}' ‘W* “'I- .

Substituting equation (38) into the CBS import demand model. we can estimate the

domestic demand coefficients using the import data as
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(59) w(Alng;, - AInQ) = ,B,-Aan+§;(ﬂ,-jD-- B® - A%)3lnp;

Rearranging equation (64). the following model can be defined as

(60) wll(Alng;, —.\an)+Z .—l'_\lnpj = ,B,-Aan+§ ,B?(B'Alnpj).
J

which shows that the local demand coefficients ( ﬂijD’ ) are estimated using import data.

This is a restricted estimation of the CBS that allows for calculation of local demand
elasticities given assumed local supply elasticities. (In fact. any functions that are linear
in the variables can be combined and analyzed with this structure. For example, a CBS
domestic demand function, and a log-log supply function could be accommodated. This
is proven in Appendix A.

5.8 A Framework to Analyze Import and Domestic Responses to Policy

Change
Following Piggott. Piggott and Wright (1995) (PPW). the import response to a
policy change can be established from the market clearing identity. (In this section. the

PPW approach is revised to reflect commodities that are imported rather than exported)

(61) oM =0D-g5

Assuming a two-commodity case and a supply function in commodity prices. water price,

and other inputs, the identity can be redefined using CBS functional forms as:

T T;
(62) Demand: lnq,-D :“_-il"Q’l"Q’T'-.]‘Inpil f%ln Pi>
i i {
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(This result was developed by PPW for linear models, while we are able to show that it
also works for the CBS model and other functional forms that are linear in their variables.

This is another extension of the PPW approach in this research).

B; By , Piw ,3
(63)  Supply: Ing? =quﬂ Piy = piy + =D In pygrep +
i i '

ln Pinpur

. w_ B Tilin p 4+ 202
(64) Import: Ing;}' = m InQ+ ™ Inp,y + w; Inp;y

Total differentiation of equations (62) through (64) and conversion to elasticities vields

dp dp
(65) dqD =B 4 D D% D D% D
! i il i i2 i
(66) dqs:gsdpl qS 4.5-5., d_pz_q-s + g‘_‘ulur _d_plqs + ginput M s
L py 1t p, M pw T Pinput
7= E.l’ dQ m m dpl m m dp2 m
e 2 e e

substituting the equations (65) through (67) in the market clearance condition ( identity)

yields.
d dp dp
ig ™ Ep 4 D 0P p  p %1 D
i i il i i i
(68) 0 2 2 5,
dp clp Iow dp . _
S 1.5 S S, JWaer dpW S e mput 5,
e T e Al Ty e[
1 p [inpu!

Multiplying through by ¢™ yields

Eq'.” =P, EQ p; +£D-Epl -p; +.92-Ep, P;

(69)
] Ep- (p +l)+s., Ep - (p +l)+ aE (p +l)+ InEpl (pi+l’}.
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where E(.) is the proportional change [defined. for any vanable x as (x;-Xx¢)/Xo with
subscripts 0 and | denoting old and new value, respectively]; p,= proportion of

commodity i, equals quantity demanded divided by quantity imported.

This equation can be written in matrix form as

Ep
Eql" = (zR -pi=ci i v 1)) o pi=e oy HW Ep L;

+ (CEtp}/)I 'Cé'aler (/) “‘l) Cl[n (/) +l) Ep“ .
) _Epln‘

which can be illustrated for the Saudi Arabia import model by

E“" Ex S
'tl e'lﬂ —fls;'h*u —cln'(ﬁﬂ’
Ezl_," H—tg',qd’ (g+ﬂ g}: (&-,Erq.pl 1{&"”2”’ 1}3;1-(/;‘+I)
EEL T ] |4 e g lae)
E«ﬁ' _ : : ‘ Eﬁ+((:f"q~m "';S;«‘(/’-t*“ -cln(pl+1)_ :[ﬂ
70 L £p (esff"i-;s -ef,,(,suj 1,ﬁh+li Ep,)
| LT e e et <t
R |\ Ly-iant . La-clae)im) |7 ylorel fi,(ml’
EY g T -fig;"/{;*"’ —cl,, «

In contrast to the PPW approach. where prices are endogenous. this system will
analyze the effects on quantities imported, produced and demanded due to changing
world prices that are assumed to be exogenous. Additionally, the analysis can decompose
the changes in imports to determine variations in the domestic supply and demand
responses. Thus, these simulations can be used to show the effect of change in local or
intemational policy on quantities imported. demanded domestically and supplied

domestically. When prices are exogenous. equations (70) and (71) can be used directly.
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In PPW, which assumes endogenous prices, a proportional change in an exogenous
shifter leads to price responses in the first equation, and then those price effects cause

impacts on quantities in a second equation.

Also. in PPW, there is just one price across all markets, and no policy influences
are included. However. producers’ prices in supply equations could be constructed as a
summation of local prices and subsidies, while consumer prices in demand equations
might be a summation of local prices and specific import tariffs. Other tariffs might
affect both local supply and demand.

If we assume a linear function, this can be shown as the following:

(72) Import: le =p+ ﬂzpl’” + 3 pé" + ﬂ4:"'

(73) Demand:  Qff = fs + Byl + pqpS + B¢
i 5 _ s s .S

(74) Supply: Oy =g +Bypy +BgP3 *+ By |-

These equations show the import, demand and supply functions with the differing

prices and appropriate shifters. In the case of the demand function. the prices might

include some tariffs and subsidies, so they could be represented as p; = p™ +TD. where

TD is a shifter, a tanff for example. Supply effects could be shown in the same way,
where p; = p™ +7TS, and TS is a shifter, such as subsidies. Substituting these prices into

the previous equations it becomes:

(75) import: Q" = By + Byp" + B35 +B4="
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(76) Demand: Qld = s + B(p" +TD) + 4, pzd + ,[)'Szd

. S m R .5
(77) Supply: O =By + Byolpy +TS)+ B Py +B)5°

The effects of tariffs and subsidies appear now in these equations as just other shifters.
Because they only affect one equation, they need to be separated, rather than
implemented by just shifting the price proportionally. which would induce both a supply
and demand response. [f an import tariff were to affect all local prices. the change could
easily be simulated by making an assumed proportional change on prices (£p) in equation

(71) above. Moreover, if a tanff is assumed to be a percentage of the import price. the

local demand price can be written as p’ =p"(1+7T), where T is the percentage

imposed. This can be written as p/ = p™ +Tp™. so the change in the domestic demand

price can be simulated through altering the elasticity.

5.9 Summary

This chapter shows the econometric model for demand systems and the
framework for policy analysis. The assumptions used to parameterize demand systems
have different implications. Allowing model parameters to vary can be important for
estimating the sensitivity of demand to income and prices changes. For all previous
demand models, each one has a different parameterization. In the Rotterdam model. for
example, income and compensated price elasticities for a good are the good’s constant
marginal expenditure share and Slutsky coefficients, divided by the good’s budget share.
respectively. So, its income and compensated price elasticities are increasing in absolute

value as long as its budget share is decreasing, for example, if a good is experiencing a
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declining sales trend. Such results may inaccurately show the changing demand situation
because income and price elasticities can be decreasing in absolute value with decreasing
budget shares. On the other hand, the marginal expenditure share parameter is assumed as
a function of budget shares in the AIDS and CBS models, and constant in the NBR
model, while the Slutsky term is assumed as a function of budget shares in the AIDS and
NBR model, and constant in the CBS model. To choose among these models, researchers
rely on statistical tests and inference since economic theory does not provide criteria to
make the selection.

Finally, the theoretical development of a trade elasticities model and an associated
policy model adapted from Piggott, Piggott and Wright was given for the purpose of
setting up a framework to evaluate import and local responses to policy change. This
structure, which will be used to examine effects of WTO, changes in water policy, and
changes in the subsidies, has been developed. Moreover. an initial framework for the
effect of tariff change and local subsidies was discussed for two types of tariffs. lump

sum or percentages of import prices.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER VI

ECONOMETRIC AND SIMULATION RESULTS

6.1 Introduction

In this chapter, five demand systems models are estimated and discussed. They are the
Rotterdam model. AIDS model. CBS model. NBR model and a general encompassing
model. Each model consists of a system of eight equations and is estimated using
Seemingly Unrelated Regressions techniques. For each model. autocorrelation has been
tested for and corrected. In the first section of this chapter, a brief description of data and
its sources will be presented.

Given the results obtained from these models, the CBS model was chosen
statistically as the best model to fit the Saudi Arabian import setting. Expenditure and
price elasticities are reported both with and without imposing restrictions from economic
theory. Utilizing the CBS import demand structure, local demand elasticities are
estimated as well. using restrictions related to supply elasticities in the manner shown in
the previous chapter. With these elasticities, a trade model is constructed and used to
simulate different scenarios reflecting various changes in local and international policies.

6.2 Data and Its Sources

The estimations are based on quarterly data from 1990.1-2000.4. This period was
chosen due to the availability of data. which covers all agricultural imports into Saudi

Arabia. A summary of descriptive statistics for the key variables is given in table 6-1.

93

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The average quantity imported of milk and dairy, which amounted to 43.20 thousand
tons, represents the minimum while the average quantity imported of feed grains, which
amounted to 1037.61 thousand tons, represents the maximum. Also, the oilseeds, meal,
fats and oils represents the smallest average import values, which amounted to 318.75
million SR. while the live and frozen animals represents the largest values, which
amounted to 792.41 million SR. Moreover, the feed grains price, which is 0.52 SR/kg,
represents the minimum price while milk and dairy, which is 8.74 SR/kg. represents the
maximum.

The standard deviation of import quantities ranged from 16.19 for milk and dairy
to 887.74 for feed grains while import values ranged from 112.4 for oilseeds. meal. fats
and oils to 374.36 for feed grains and prices ranged from 0.2 for feed grains to 1.91 for
beverages, tobacco. and other imports. respectively. These are most easily interpreted by
looking at the coefficients of variation (CV), which describe the relative variability of
each commodity about its mean. The quantity figures show the highest variation. while
prices show the lowest range of variability. Thus the greater part of the variation in
import values comes from quantity fluctuations rather than unit value changes. Based on
these observations, where there are small price variations and large quantity responses. it
is likely that there will be high import elasticities.

Feed grains show the highest range (difference between maximum and minimum)
of import quantities while milk and dairy show the lowest. Also, feed grains show the
largest range of import value while oilseeds, meal. fats and oils show the lowest.
Moreover, the range of import prices is notable. Beverages show the highest range of

maximum price variation while vegetables and fruit show the lowest. The ranges for price
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variability are somewhat at odds with the CV results that show relatively low vanation.
Based on the maximum to minimum ranges for feed grains, the maximum price is five
times the minimum. For maize, rice and wheat, the maximum price is three times the
minimum, while it is four times for beverages as well as the sugar group. Thus, there
were points during the decade when significant outliers appeared to have occurred.

This vanation in ranges across groups is linked to behavior in world markets.
Feed grains fluctuate the most because they are most sensitive to income variation, which
was significant during the decade from the Gulf war and the Asian financial crisis, and
probably from local policy change directed at barley in the middle of the period. Maize
and wheat are more stable in world markets due to government programs for food grains
and a greater prevalence of long term contracts. Beverages and sugar are more consistent
as there is more processing done to products in these groups.

Table 6-2 indicates the value and quantity shares of total imports for each group.
The Live and frozen animals value holds the largest value share of total imports, which
amounted to 19.47%, while oil seeds, meal. fats and oils holds the smallest value share of
total imports, which amounted to 7.78% on average over the full period. In contrast, the
feed grains category shows the largest share of quantities imported out of total imports,
38.02%, while milk and dairy shows the smallest share, at 2.3%.

Import quantities and values for all agricultural imports were obtained from
Foreign Trade Statistics, Ministry of Finance and National Economy, Central Department
of Statistics. Kingdom of Saudi Arabia. Quantities are in thousands of metric tons per
quarter imported from all sources. Import values are in millions of Saudi Riyals. The

prices have been calculated by dividing values by quantities.
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Table 6-1: Descriptive Statistics for the Key Variables, 1990.1-2000.4

Variable Mean Std. Dev. Cv Min Max

Import Quantities (1000 tons)

Live and Frozen Animals 127.59 28.90 227 36.06 186.27
Milk and Dairy 4320 16.19 375 14.25 72.49
Fresh and Processed 387.33  92.24 238 26522 72149
Vegetables and Fruit
Feed grains 1037.61 887.74 85.6 573 4635.49
Maize, Com. Rice 406.76 205.48 50.5 89.37 905.62
and Wheat
Oilseeds. Meal. Fats 169.14 79.43 470 56.36 373.35
and Oils
Sugar, Cocoa, Products

’ , . 136. 75.7 . . .
Cogioe o Tea 36.15 5.79 557 36.80 347.22
Beverage. Tobacco. 57.45 21.95 38.2 3095  143.03
and other Imports
All Agricultural Imports 236523  1102.68 4656 897.95  6368.88
Import Values (million SR)
Live and Frozen Animals 762.41 163.25 214 272.62 1060.17
Milk and Dairy 380.22 144.20 379 11058  647.89
Fresh and Processed 634.83 132.34 208 47027  1021.99
Vegetables and Fruit
Feed grains 483.27 374.36 775 3.65 1991.31
Maize, Corn, Rice 534.96 214.53 40.1 17860  920.65
and Wheat
Oilseeds, Meal, Fats 318.75 112.40 353 138.84  576.26
and Oils
Sugar, Cocoa, Products, 567.84 194.85 343 20878  930.83
Coffee and Tea
Beverage, Tobacco. 364.22 134.71 37.0 126.00 674.57
and other Imports
All Agricultural Imports 404649  896.23 22.1 2290.17  5459.52
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Table 6-1 Continued

Variable Mean Std. Dev. CvV Min Max
Prices (SR / kg)
Live and Frozen Animals 6.03 0.46 76 4.98 7.56
Milk and Dairy 8.74 0.79 9.0 7.48 10.24
Fresh and Processed
] 1. 0.25 15.1 1.1 2.
Vegetables and Fruit 86 2 8 2
Feed grains 0.52 0.20 385 0.29 1.61
Maize, Com, Rice
y * 1.43 0.34 23.8 .82 252
and Wheat 0
Oilseeds, Meal. Fats 2.01 0.39 19.4 1.28 274
and Oils
Sugar, Cocoa, Products
’ * * 4. 1.66 4. . .
Coffee and Tea 80 6 34.6 259 9.93
Beverage. Tobacco. 6.54 1.91 29.2 2.62 11.80
and other Imports
All Agricultural Imports 1.94 0.69 35.6 0.85 4.02
97

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 6-2: Value and Quantity Shares for Each Group Relative to Total Imports

Value % of Quantity % of
Group Total imports Total imports
Live and Frozen Animals 19.47 6.58
Milk and Dairy 94 231
Fresh and Processed
9.
Vegetables and Fruit 6.1 19.24
Feed grains 11.38 38.02
Maize, Com. Rice and
. . 5 .
Wheat 12.97 17.51
Oflseeds. Meal. Fats and 778 74
Oils
Sugar, Cocoa, Products.
Coffee and Tea 13.73 6.0
Beverage. Tobacco. and 921 595
other Imports
All Agricultural Imports 100 100
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Due to data and computational limitations, it is hard to analyze all individual
imported goods simultaneously. so the data was aggregated into a number of relatively
large and distinct categories. Based on the importance of a good and its share in total
value. agricultural imports were divided into eight groups. These eight groups are: the
live and frozen animals group. the milk and dairy group. the fresh and processed
vegetables and fruit group. the feed grains group. the maize. corn. rice and wheat group.
the oilseeds. meal. fats and oils group. the sugar. cocoa products. coffee and tea group.
and the beverage. tobacco. and other imports group. The average share of each group in
total quantity and value is given in table 6-2.

As with the coefficients of variation shown earlier. comparing across the value
and quantity shares may give some indication of those groups likely to have the highest
expenditure and price elasticities. Feed grains, and maize and wheat. have the highest
shares in both value and quantity shares (although not the highest ratios between quantity
and value shares). and they will be shown to have the highest elasticities overall as well.

Several transformations were needed to prepare this data for the econometrics
estimations described in Chapter 5. To calculate the value share ( w, ) of expenditure for
each group. the group expenditures were divided by total expenditures on agricultural

imports. Then, the following formula
(78) “_” = i 1-1

was used to calculate W', which is the two-period average value share. an approximation

used to get an average value across time with discrete data. The natural logarithm of
quantity for each group was then calculated and its growth rate determined using the

following formula
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(79) Alng, =Ing, —Ing

el
Using the same method. the growth rates of prices are calculated by

(80) Alnp, =Inp, —Inp, , .

The index number (Divisia Volume Index) for the change in real income is calculated by
substituting the results obtained from shares and growth rates of the quantity in the

following formula:

(81) AlnQ =3 wAlng,

6.3 Testing for Autocorrelation

Since the data used is time series. autocorrelation is expected to be present in the
series. Table 6-3 shows the log-likelihood functions and likelihood ratio tests (LRT) for
all demand models (Rotterdam. AIDS. CBS. NBR. and General Model).

The following hypotheses are tested:

H,: the model does not have autocorrelation.

H. the model has autocorrelation.

Since each model has one additional parameter compared to the restricted model.
the respective LRT statistic is chi-squared distributed with one degree of freedom and its
value is two times the logarithmic differences between the likelihood values of the
restricted and unrestricted models. Comparing the LRT for all models. which are 16.97.
6.88, 19.49. 5.04, and 21.368 for Rotterdam, AIDS. CBS. NBR and the general model
respectively. with the table value of 7~ at one degree of freedom at 5% level (3.84), the
null hypotheses is rejected and we conclude the presence of autocorrelation in all models.

This is shown in table 6-3.
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6.4 Model Selection

In the previous section. table 6.3 indicated that five demand systems were estimated. The
general model was estimated and then restricted to reflect other nested versions, the
Rotterdam. AIDS. CBS. and NBR. These different models yield varying results. so one
objective is to find the best model to fit Saudi Arabia’s agricultural import data. To select
the appropriate model. a model selection test has been used and the following null
hypotheses have been tested:

H,: the restricted model (Rotterdam. AIDS. CBS. or NBR) fits the data best.

H,: the restricted model (Rotterdam. AIDS. CBS. or NBR) does not fit the data.
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Table 6-3: Test Results on the Presence of Autocorrelation in All Models

\'ﬁ] xi‘zg’ﬁﬁﬁgﬁ" Log Likelihood function with ~ Likelihood
Model . autocorrelation correction ratio test

correction (LRT)
Rotterdam 732.826 741311 16.97
AIDS 691.1 694.54 6.88
CBS 746.244 75435 19.49
NBR 675.93 678.45 5.04
General 741.7 752.385 21.368
Model

The table value of 7_: with one degree freedom = 3.84 at «=0.05.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 6-4 shows test results for Rotterdam, CBS. AIDS, and NBR as restricted
from the general model with first-order autocorrelation imposed. As discussed in chapter
5, all four models are nested within the general model that has two extra parameters
(a,anda,) and the model choice depends on the value of these two parameters. If
hypothesis tests indicted that these values equal zero. the model will be the Rotterdam; if
they equal one, the model will be AIDS. If a,=! and a,=0 the model will be CBS, while
the reverse, (a,=0 and a.=I) leads to the NBR model. The test results show that the
values of these parameters. which equaled 1.42 and 0.06. implied the CBS model was
most appropriate. In addition. the general model system rejects the Rotterdam, AIDS, and
NBR because the log-likelihood ratio test statistics are greater than the 3~ with two-
degrees of freedom. Only the CBS is not rejected by the general system. implying that the
CBS form fits the data better than do the other three.

This result appears to have some logic based on the presentation in Chapter 2. For
example, the expenditure elasticity in the CBS mode! varies with the commodity’s share.
as it does in the AIDS model, while the Rotterdam and the NBR models have fixed
expenditure elasticities. There were at least two significant shifts in shares of food
consumed over the decade of the 1990s. which included a rather large decrease in the
consumption of fruit and vegetables. and growth in the consumption of meat. Thus, the
expenditure elasticities may logically change with the shifting shares as in the CBS
model.

The CBS model also has price elasticities that do not change. While this may be
harder to assess, real per capita income was relatively stagnant over the decade, the

number of non-Saudis did not change as much as a percentage of the population, and thus
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major shifts that might have led to a declining price sensitivity seem to be absent over the
years considered. Thus, the CBS model is adopted as the model of choice for analyzing
the import data in this study. Accordingly, the CBS results will be reported and discussed

in the following sections.
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Table 6-4: Test Results for the Rotterdam, CBS, AIDS, and General Model with
First-Order Autocorrelation Imposed.

Log of Likelihood function Likelihood ratio
Model . . . ¢

With autocorrelation correction test (LRT)
General model 752.385 -
Rotterdam 741.311 22,15
AIDS 694.54 115.69
CBS 754.5 4.23
NBR 678.45 147.87

The table value of % with two degree freedom = 5.99 at a=0.05.
The estimates for «; and a> are 1.42 and 0.06 with standard error 0.21 and 0.023
respectively.
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6.5 CBS Model Estimation

Given that the CBS model is the best model based on statistical tests, the results
obtained using the restricted CBS model are the only ones presented in detail. All
agricultural imports have been divided into eight groups and estimated. These eight
groups are: animals; milk and dairy; vegetables and fruit; feed grains; maize and wheat;
oils and fats: sugar and coffee: and beverages and tobacco'.

6.5.1 Comparing CBS Model Alternatives

Several altemative models using the CBS functional form were computed and
evaluated. All of these were corrected for the presence of autocorrelation. An
unconstrained model was first estimated and then used to test the validity of demand
restrictions, including homogeneity and symmetry. The validity of these restrictions was
tested by means of a likelihood ratio test (LRT). with the results being reported in table 6-
5. Homogeneity and symmetry restrictions, when imposed individually. could not be
rejected at the one percent level. and even more strongly, at the 0.1 percent level, when
homogeneity and symmetry were imposed jointly. Thus the results were very compatible
with restrictions from economic theory.

6.5.2 CBS Alternative Estimations
In this section. estimation has been done without and with imposing homogeneity

and symmetry restrictions on the coefficient matrix. Table 6-6 shows the unrestricted
estimation results, while estimations done by imposing restrictions are shown in table 6-

7.

' Animals group contains live and frozen animals, vegetables and fruit group contains fresh and processed
vegetables and fruit. maize and wheat group contains maize, com. rice and wheat. oils and fats group
conlains oilsceds, meal, fats and oils. sugar group contains sugar, cocoa. products, coffee and tea,
beverages group contains the beverage, tobacco and other imports.
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Table 6-5: CBS Model Test Results for the Validity of Demand Properties

Model Log of Likelihood Likelihood ratio test 2
Function (LRT) X

Unrestricted 75741 .

Homogeneity 753.01 8.8134 18.48
Imposed (0.01)
Symmetry 743.43 27.96 38.93
Imposed (0.01)
Homogeneity and 731.93 50.97 56.89
Symmetry Imposed (0.001)

*ex ** * Significant at 1%, 5%. 10% levels.
Figures in parentheses are standard error of the coefficients.
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The equations correspond to the rows of this table. Under each point estimate, the
corresponding estimates of standard errors are given. The diagonal elements of the
estimated parameter matrix show the right signs, except for milk and dairy and feed
grains. The next paragraphs discuss these results. In general, the significance and
directions of the various coefficients are highlighted here, and the magnitudes are
discussed in the later section on elasticities.

Animals group. The estimated parameter for the aggregated animals group
shows a significant expenditure effect at the one percent level. The own-price effect is
significant at a five percent probability level as well and has a negative sign. which is
compatible with economic theory and implies an inverse relationship between
consumption of imported animal products and price. The estimated cross price
coefficients show significant substitution relationships with the milk and dairy. sugar and
beverage groups.

Imposing restrictions increased the own price parameter and its significance
slightly, from -0.189 to -0.206. Also, the substitution relations became significant in the
case of vegetables and fruit, feed grains, and oils and fats. Moreover, sugar became more
significant, but the milk and dairy coefficient went from a positive and significant value
of 0.218 to insignificance. Thus, in the unrestricted case, milk and dairy is a clear and
strong substitute in consumption with animal products. but that effect disappears with the
use of the restrictions in estimation. In most cases, the cross price effects became smaller
with the imposition of restrictions. Also. it appears that imports of animal products are
substitutes to products that are higher valued and closely related in consumption, such as

vegetables and fruit, oils and fats. sugar and beverages products. The exception is feed
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grains, which is hypothesized to be a part of an input-output relation with animal
products. This relationship is discussed further below.

Milk and Dairy group. The estimated parameter for the aggregated milk and
dairy group shows a significant expenditure effect at the one percent probability level.
The own-price effect is insignificant and has an incorrect sign. which is incompatible
with economic theory. The estimated cross price coefficients show only a few significant
substitution relationships with other commodities, specifically the feed grains and
beverages groups, at one percent and five percent probability levels respectively, and a
ten percent level for vegetables and fruit. While beverages and vegetables and fruit may
well be substitutes in consumption, the feed grains result. with a positive value, shows a
potential input-output relationship with milk and dairy. Higher feed grain import prices
would lead to lower milk production as feed grains are used as inputs in local milk
projects. This means more quantities from milk and dairy will be imported.

Imposing restrictions reduces the expenditure coefficient and its significance
level, but it is still significant. The own price effect becomes compatible with economic
theory and is significant. Also. with the homogeneity and symmetry restrictions, maize
and wheat showed a significant substitution effect and feed grains became more
significant. The postive link as existed with feed grains shows that some part of this

aggregated group is used for inputs into milk and dairy.
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Table 6-6: lmplied Marginal Shares and Slutsky Coefficients Based on Parameter Estimates of the Autocorrelation-Corrected
Unrestricted CBS Model

Slutsky Cocfficient
Marginal Fresh & Sugar Beverage
. Live and . Maize, corn, Oilsceds, ’ ’
lmports group b::,il%i‘ frozen Milk &  processed Feed grains riccand  meal, fats cocoa, tobacco,

dairy vegetables products, and other

animals & fruit wheat and oils coffee & tea _ imports
Live and frozen -0.085 -0.189 0.218 0.067 0.029 0.006 -0.034 0.041 0.098
animals (0.027)***  (0.086)** (0.111)** (0.049) (0.022) (0.031) (0.035) (0.024)* (0.022)***
Milk & dai -0.030 0.015 0.034 0.035 0.021 0.000 0.004 0.001 0.044
y (0.012)***  (0.039) (0.050) (0.022)*  (0.010)**  (0.014) (0.016) (0.011)  (0.010)***
Fresh & processed -0.068 0.058 -0.012 -0.124 0.001 -0.005 0.059 -0.014 -0.003
vegetables & fruit (0.019)**+  (0.061) (0.079) (0L.035)***  (0.016) 0.022)  (0.025)** (0.017) (0.016)
Feed prains 0.158 0.140 -0.430 -0.120 -0.087 0.092 0.100 0.027 -0.112
ced pratns (0.049)***  (0.154)  (0.198)**  (0.087)  (0.040)** (0.056)*  (0.063)  (0.043) (0.039)***
Maize, com, rice & 0.031 0.015 0.109 0.015 0.043 -0.131 -0.044 0.054 -0.011
wheat (0.018)* (0.057) (0.074) (0.032) (0.015)*** (0.021)*** (0.024)** (0.016)***  0.015
Oilsceds, meal, fats 0.017 0.051 0.033 0.025 -0.003 -0.016 -0.081 0.023 0.006
and oils (0.012)* (0.039) (0.050) (0.022) (0.010) (0.014)  (0.016)*** (0.011)** 0.010
Sugar, cocoa, -0.010 0.052 0.067 0.081 -0.009 0.017 0.020 -0.158 0.033

products, coffee & tea  (0.014) (0.046) (0.059) (0.026)*** (0.012) (0.017)* (0.019)  (0.013)*** (0.012)***

e wx * Significant at 1%, 5%, 10% levels.
Figures in parentheses are standard error of the coeftictents.
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Table 6-7: Implied Marginal Shares and Slutsky Coefficients Based on Parameter Estimates of the Autocorrelation-Corrected

CBS Model with Homogeneity and Symmetry Imposed

Slutsky Coefficient
Marginal : Fresh & N . Sugar,  Beverage,
Imports group budget  LVEand hiu g processed _Maize, com, Oilseeds, - "0 e
. frozen . ~ Feed grains  riceand  meal, fats
share animals dairy vegetables wheat and oils products, and other
) & fruit ¢ coffee & tca imports
Live and frozen -0.051 -0.206 -0.025 0.046 0.044 0.017 0.028 0.047 0.049
animals (0.023)** (0.039)***  (0.030)  (0.024)** (0.021)**  (0.015)  (0.014)** (0.013)*** (0.012)***
Milk & dai -0.018 -0.011 -0.077 0.008 0.027 0.017 0.014 0.001 0.021
ry 0.011)* (0.013)  (0.027)***  (0.017) (0.010)*** (0.01)* (0.012) (0.008)  (0.007)***
Fresh & processed -0.044 0.046 0.008 -0.155 0.011 0.039 0.036 0.022 -0.007
vegetables & fruit (0.017)*** (0.024)**  (0.017) (0.027)***  (0.015) (0.014)*** (0.013)*** (0.011)** (0.010)
Feed erains 0.089 0.044 0.027 0.011 -0.111 0.049 -0.003 -0.003 -0.014
cec grnns (0.038)*** (0.021)** (0.010)***  (0.015) (0.037)*** (0.013)*** (0.009)  (0.011)  (0.010)
Maize, corn, rice & 0.036 0.017 0.017 0.039 0.049 -0.135 -0.025 0.043 -0.005
wheat (0.015)***  (0.015) (0.011)*  (0.014)*** (0.013)*** (0.013)*** (0.010)*** (0.009)*** (0.008)
Qilsceds, meal, fats 0.017 0.028 0.014 0.036 -0.003 -0.025 -0.071 0.019 0.001
and oils (0.011) (0.015)** (0.012) (0.013)*** (0.009) (0.010)*** (0.012)*** (0.007)*** (0.007)
Sugar, cocoa, 0.001 0.047 0.001 0.022 -0.003 0.043 0.019 -0.152 0.013
products, coffee & tea  (0.012)  (0.013)***  (0.008) (0.011)**  (0.011) (0.009)*** (0.007)*** (0.010)*** (0.009)

wex *x * Significant at 1%, 5%, 10% levels.
Figures in parentheses are standard error of the coefficients.



Observing the column related to milk imports, it is seen that there is very little relation to
other products beyond those that might be inputs into milk production. The relative lack
of links suggests that the milk commaodity is relatively independent of the other products.
perhaps because it is more of a staple and traditional product, and is fairly unique in
consumers’ eyes among food products.

Vegetables and fruit group. The estimated parameter for the aggregated
vegetables and fruit group shows a significant expenditure effect at the one percent level.
The own-price effect is significant at a one percent probability level and has a negative
sign, which is compatible with economic theory and implies an inverse relationship
between consumption and price. The cross price coefficients show a significant
substitution relationship only with the oils and fats group, at a five percent probability
level. It is somewhat surprising that only one other commodity acts as a substitute,
especially in a country with rising incomes and growing levels of education. Again, it
may also indicate that vegetables and fruit are viewed as unique products and there is
little comparison made between them and. say, animal products.

Imposing restrictions increases the own price parameter value from -0.124 to
-0.155, and it remains significant at the one percent level. Also, maize and wheat show a
highly significant substitution effect, as do oils and fats, and sugar. Thus. with the
imposition of restrictions, a more reasonable number of substitutes, most probably in
consumption, appear.

Feed grains group. The estimated parameter for the aggregated feed grains group
shows a significant expenditure effect at the one percent probability level. The own-price

effect is significant at a five percent probability level and has a negative sign, which is
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compatible with economic theory and implies an inverse relationship between
consumption and price. The estimated cross price coefficients show a significant
substitution relationship with maize and wheat at a ten percent probability level. On the
other hand, there is a complementary relationship with milk and dairy and beverages.
Imposing restrictions reduces the expenditure coefficient without affecting its
significance level. The own price parameter increases and becomes more significant.
Significant positive relationships exist with maize and wheat. milk and dairy and animals.
The latter positive values suggest that increased prices for livestock leads to a greater
import demand for feed grains. showing its input relation to those products. The
significance of the maize group suggests some substitution in feeding these products to
livestock.

Maize and wheat group. The estimated parameter for the aggregated maize and
wheat group shows a significant expenditure effect at the 10 percent probability level.
The own-price effect is significant at the one percent level and has a negative sign, which
is compatible with economic theory and implies an inverse relationship between
consumption and price. The estimated cross price coefficients show a significant
substitution relationship with feed grains and sugar, and a complementary relationship
with oils and fats. Imposing restrictions yields a more significant expenditure effect. and
milk and dairy. and vegetables and fruit, turn into significant substitutes.

The aggregation chosen for this product group may lead to combinations of
products that actually have different uses. as the substitution with feed grains and
significance in milk and dairy indicates competition for its use as an input to livestock

production. In contrast, the significance of cross price coefficients for sugar. oils and fats
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and vegetables and fruit suggest that some maize and wheat products are substitutes in
consumption with these higher valued products. possibly as sweeteners. For instance,
maize for feeding and basmati rice. a high valued rice product. may have been aggregated
into a single category. Also. the column related to maize and wheat shows more
significant relationships than any other column, again suggesting that price increases in
maize and wheat have extensive and varying impacts.

Oilseeds and fats group. The estimated parameter for aggregated oils and fats
shows a significant expenditure effect at the 10 percent level. The own-price effect is
significant at one percent and has a negative sign. which is compatible with economic
theory and implies an inverse relationship between consumption and price. The estimated
cross price coefficients show a significant substitution relationship with beverages at a
five percent probability level. Imposing restrictions shows a significant substitution effect
of animals group and vegetables and fruit. Also. maize and wheat shows a significant
complementary effect. It is clear from these results that fats and oils primarily interact in
a substitution relationship with other high valued products. The maize and wheat result is
unusual, but may be related to the aggregation issue raised in the section above.

Sugar group. The estimated parameter for the aggregated sugar group shows the
insignificance of an expenditure effect. The own-price effect is significant at a one
percent probability level and has a negative sign. which is compatible with economic
theory and implies an inverse relationship between consumption and price. The estimated
cross price coefficients show significant substitution relationships with vegetables and
fruit and beverages. Imposing restrictions corrects the sign of the expenditure effect even

though it is still insignificant. Animals, and oils and fats show a significant substitution
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effect, while the maize and wheat group show a more significant effect. It is clear that
the significant substitution effects are with the higher valued products, further confirming
that there is a group of five aggregated commodities that appear to operate in close
substitution relations, while the others are input supplies to the livestock industry or are
relatively independent, as is the case with milk and dairy.

Summary. Overall, these results for the unrestricted model with a correction for
autocorrelation show generally significant expenditure effects with the correct signs, and
in addition. for most groups there is a significant and negative own price effect.
Moreover, numerous significant cross price effects were observed. most of which were
substitute relations. but there were also several complements. Imposing homogeneity and
symmetry conditions usually improved results, yielding more significant results and
better compatibility with economic theory. In general, there appears to be a set of five
higher valued products that have significant substitution in consumption relations: animal
products, vegetables and fruit. oils and fats, sugar products and the beverage group. Feed
grains appear to interact in a distinctly different manner, showing significance usually
only with the livestock products that use grain as an input. The milk and dairy group is
relatively separated. perhaps due to its traditional standing as an important commodity.
Also, the maize and wheat group appears to interact as both an input to livestock and as a
final consumption good that substitute with other higher valued products. and perhaps,

this group is aggregated incorrectly.
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6.5.3 Empirical Elasticities

Using the estimated parameters obtained from the model with homogeneity and
symmetry conditions. table 6-8 reports the expenditure elasticities, compensated own-
price elasticities, and cross price elasticities computed via the following formulas:

T
i
&ji =—/—_ and
Y wi

I]l-=l+ﬂ’-/wv,

where the &jj is the price elasticity and 7, is the expenditure elasticity. As significance

levels and directions are the same as in the earlier discussion about the coefficient
estimates, the discussion is not repeated in great depth. The three categories of
elasticities are discussed in the paragraphs below: the own price effects; the cross price
effects; and the income effects.

In analyzing demand systems, the consumer is assumed to follow a multi-stage
approach in allocating his income (Theil. 1980). In the first stage. the Saudi consumers
are assumed to allocate their income to all imported goods. In the second stage. they
allocate their expenditure between agricultural import groups. Thus, the price and
expenditure elasticities estimated in the study should be interpreted as conditional on the
consumer expenditure allocated to agriculture imports as a whole.

Looking first at own-price elasticities on the diagonal, most show unitary
elasticities, or nearly so. In the restricted model, all are significant and have the negative
signs required by theory for own prices. The ones with unitary elasticities are the animals
group, vegetables and fruit, feed grains. maize and wheat. oils and fats, and sugar. In

contrast, they are inelastic for milk and dairy, and beverages. Four of the products with
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unitary elasticities are in the group of higher-valued goods that are expected to be more
price sensitive, so elasticities of —1.0 are reasonable. The lowest elasticity is found for
milk and dairy, which is consistent with the lower sensitivity to price changes expected
due to the lack of substitutes and an insignificant expenditure effect. The feed grains and

maize and wheat values seem high, for reasons discussed below.
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Table 6-8: Average CBS Elasticity Estimates of Saudi Arabian Agriculture Imports, Based on the Fully Restricted Model,
1990.1-2000.4

Compensated price elasticity

- - —
Income Live and Fresh & Sugar, Beverage,

Imports group Milk &  processed Maize, corn, Oilsceds,

clasticity  frozen , Feed grains  riccand  meal, fats  C0¢O% tobacco,
animals dairy vegetables wheat and oils products, and other
b & fruit coffec & tea  imports
Live and frozen 0.745"  -1.091" 0089 02247 02297 0083 0156 0251 0237
animals
Milk & dairy 0817 0.186  -0.782"" 0.086 0.287"" 0.197° 0.140 0.022 0.236""
Fresh & processed g 93600 999 0050  -0968"" 0068 0241”7 0228 0.146"  -0.037
vegetables & fruit
Feed grains 1.784°7 03927 0.236"" 0.096 0975 0434 -0.027 -0.029 -0.126
m“‘;: com.rice& 4505t 0424 00410 0297 03787 10297 01897 0331 -0.052
?;:;:ﬁ’ meal. fats 005 03897 0167 0468°7 0040 0315 09157 023277 0.013

Sugar, cocoa, 1.001 0357 0015 0.171" 20.024 031577 01327 <1096 0.130
products, coffee & tea

?,;;:,r,ﬁ:,:ﬁsgfﬁ/u 0.652 0.506 0.240 -0.065 -0.156 -0.075 0.011 0.194 -0.655

wa w2 * Significant at 1%, 5%, 10% levels.
““)This equation was omitted from the estimation, so there are no significance designations reported.




With respect to cross price effects, a negative cross price elasticity indicates
complementary goods, while a positive cross price elasticity indicates substitutes. Of
those commodities that are thought to be higher valued products and substitutes with each
other, all have their most significant effects and highest values with other products in that
general group. That group can be characterized as consumer-ready. or final products.
products with higher values and thus more price sensitivity. They include the animals
group, vegetables and fruit, oils and fats, sugar and beverages. Maize and wheat appears
to also have some features of this group. Thus, for example, the oils and fats row shows
that positive and significant cross price elasticities between 0.23 and 0.47 exist for
animals, vegetables and fruit. oils and fats, sugar and beverages, just those commodities
that are in that group of higher valued products.

Others in this category exhibit similar outcomes. The feed grains have significant
and important effects mainly as inputs to livestock production. with elasticities of 0.392
and 0.236 for animals and milk. respectively. Also, maize and wheat is seen as a
substitute with feed grains in input usage. as there are positive values of about 0.40 for
cross price effects between these two commadities.

The independence of milk and dairy is also scen in this analysis of cross price
elasticities, as there are few significant effects except for feed grains. The positive and
significant value for beverages is intriguing, indicating that there may be some evolution
of substitution between milk and soft drinks, similar to that in the US. Other than that
coefficient, beverages are not significant very often. perhaps in part because it is not

estimated as a separate equation. which might affect its performance.
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Regarding the expenditure effect, a commodity is estimated to be inferior when

n; <0, or non-inferior when 7; 2 0: in the latter case it can be a normal good when; < 1.
or a luxury when 7;>l (Barten, 1993). The mean expenditure elasticities for Saudi

agricultural imports reported in table 6-8 indicated that animals, milk and dairy,
vegetables and fruit, sugar and beverages have expenditure elasticities less than one, but
they are all fairly high for food products. Oils and fats. sugar, and beverages have
elasticities higher than one but they are not significantly different than zero.

Unexpectedly, the highest expenditure elasticities are for feed grains. and maize
and wheat. which were expected to have the lowest income effects. They also exhibited
among the highest own price effects. One possible explanation for this is that during
1994-1995, the large government support for wheat production declined and total
production dropped considerably. This led to a surge in imports of feed grains, and
wheat and maize, which should have been picked up as an exogenous shift due to policy
changes. However, attempts to make proxies work were unsuccessful, and thus were not
used. A better set of shifters might make these expenditures effects lower. However, the
derived demand relationship between the inputs, feed grains. and some of the maize and
wheat products. and the outputs of milk and dairy and animals gives an extra demand pull
dimension to these products. and may explain the higher expenditure elasticities.

6.6 Estimated Local Demand Elasticities

In order to estimate local demand elasticities. local supply elasticities are assumed
to fall within ranges based on literature for Pakistan and other related countries. When
goods are not produced in Saudi Arabia, such as oils and fats, sugar. and beverages, there

are no supply elasticities to be assumed. To be more precise, three scenarios are created
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that vary by the assumed supply elasticity matrices. Additionally, these results can vary
by whether homogeneity and symmetry restrictions are imposed or not. Thus, there are
six alternatives presented here that are used in the simulations in the next section. The
assumed supply elasticities in the first scenario are typical of those in the literature, while
the second scenario assumes the supply response is lower, and the final scenario uses
higher responses for supply.

6.6.1 Local Demand Elasticities Estimated (Scenario 1)

Using a restricted CBS demand system and assumed supply elasticities shown in
table 6-9, which appear to be in ranges typical within the literature. local demand
elasticities are estimated with and without homogeneity and symmetry restrictions. Table
6-10 shows the resulting local demand elasticities. Own price elasticities are compatible
with demand theory except for milk and dairy. They are significant at one percent level
for the otls and fats and sugar groups. while it is significant at the 10 percent level for
animal and feed grains groups. Income elasticities are significant at the one percent level
for animals, milk and dairy. vegetables and fruits. and feed grains. The remaining groups
also show positive values and reasonable ranges for expenditure elasticities but they are

insignificant.
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Table 6-9: First Scenario of Assumed Local Supply Elasticities for Agricultural Products in Saudi Arabia

‘uoissiwiad Inoyum payugiyoid uononpoidal Jayund “Isumo WbLAdod sy} o uoissiuad ypm paonpoidey

I
[85)

Live and . Fresh& Maize, corn, Oilseeds, Sugar, Beverage,
] Milk &  processed : . cocoa, tobacco,

Imports group frozen . Feed grains riccand  mecal, fats

animals dairy vegetables wheat and oils products, and other

& fruit coffec & tea  imports

Live and frozen 0.300 0.350 0.000 0.300 0.000  0.000 0.000 0.000
animals
Milk & dairy 0.350 0.250 0.000 0.000 0.000 0.000 0.000 0.000
Fresh& processed 0.000 0.000 0.500 0.000 0.000 0.000 0.000 0.000
vegetables& fruit
Feed grains 0.400 0.000 0.000 0.350 0.000 0.000 0.000 0.000
‘“v‘l‘l‘::’; corn, rice & 0.000 0.000 0.000 0.000 0.250 0.000 0.000 0.000
Oilseeds, meal, fats 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
and oils
Sugar, cocoa, 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Products, coffec& tea
Beverage, tobacco, 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
and other imports
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Table 6-10: Estimated Local Demand Elasticities Using Local Supply Elasticities (Scenario 1) Without Restrictions Imposed of
Saudi Arabia Agriculture Products

Compensated price elasticity

. Fresh& . . Sugar Beverage
Income S ’ ’
Imports group lastici Lwe' and Milk &  processed .. . Ma'n ze, com,  Oilsceds, €ocoa, tobacco,
clasticity frozen Jai ables Feed grains  riceand  meal, fats o
animals airy vegeta ‘lcs wheat and oils products, d‘nd other
& fruit coffec & tea imports
Live and frozen 0.537***  -0.138*  0291***  0.299 0.021 0.022 -0.189  0.186*** 0513
animals
Milk & dairy 0.683*** 0.110 0.142 0.374 0.225** -0.001 0.038 -0.010*** 0.463
Fresh& processed g s79ums 0356 0073 -0055 0008  -0.030  0363**  -008  -0017
vegetables& fruit
Feed grains 2.376%** 0.078 -3.763** -1.060 -0.167* 0.808* 0.872 0.246 -0.995%**
?fhl'fi comrice& 461 -0.017 0.439 0.622 0190 0078  -0062  -0.052  0.382*
Oilsceds, meal, fats .
X 1.214 0.653 0.403 0.314 -0.033 -0.211 -1.034***  0.301** 0.072
and oils
Sugar, cocod, 0.925 0.382 0483  0.588***  .0.069 0.118 0.145  -1.147%%%  (.238**+
Products, coffee& tea
Beverage, tobacco, 1.821 -1.648 2.344 -1.647 0.322 0884 -0.603 1.003 -1.265
and other imports

%k * Significant at 1%, 5%, 10% levels.
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Table 6-11: Estimated Local Demand Elasticities Using Local Supply Elasticities (Scenario 1) with Restrictions Imposed of Saudi
Arabia Agriculture Products

Compensated price elasticity

. Fresh& . . Sugar Beverage
Income 5 ’ ’
Imports group dactiod LWC, and Milk &  processcd . Maize, com, Oilsceds, cocoa, tobacco,
elasticity frozen . 1. Feedgrains riceand  meal, fats d 4
animals dairy vegetables wheat and oils  Products, an other
& fruit coffec & tea  imports
fr"n;j"l"bd frozen 0.474***  0.085  -0.278*** 0.009*** 0060  -0046  0.116  0.209**  1.000***
Milk & dairy 0.575%**  0.177*** 0.008  -0.460*** 0.057 0.068 -0.097 -0.053  0.301***
Fresh& processed g yopee  p33g%ex  0267%**  0.048* 0065  0.043  0414**  0205***  .0.074
vegetables& fruit
Feed grains 1.772%* 0.015 0.047 0.092 <0.112  0.453%*+ -0.030 -0.004  -0461***

m“‘;: comricc& o510 0,090 0.048 0.053  0.395***  _0.162***  -0.104  0.247*** -0.387%**

fl)n“'ff)‘l’g‘ meal, fats -y gppeee o5 0.116  0851***  .0.044 0173 -0.674%*%  0.229***  0.042

Sugar, cocoa,

1.035 0.165%* -0.036 0.240*** -0.003 0.235*%** (. 130***  -1.001*** (Q.271***
Products, coffee& tea

Beverage, tobacco, 2.243 0.101 0.594 0736 0297 -0.417 0.245 0.169 -0.692
and other imports

*ax %% % Significant at 1%, 5%, 10% levels.



Table 6-11 shows the resulting local demand elasticities imposing homogeneity
and symmetry conditions. Concerning own price effects, imposing restrictions has little
impact on the performance of these coefficients. There is still a lack of significance and
several effects with incorrect directions. The expenditure effects are similar to the
unrestricted case, but there is significance. In both estimations. the expenditure
elasticities are lower than those estimated for the import demand models, which seems to
be a correct relationship between an import demand model and a domestic demand
estimation. In general, these restricted results suggest more reasonable cross price effects.
Several large effects become more moderate. such as the milk and dairy impact on feed
grains, which goes from a negative and significant -3.763. to a positive and insignificant
0.047. In addition, there are more significant cross price effects and the range appears to
be mostly less than 0.40. The overall improvement in performance of the estimation does
improve materially by imposing restrictions.

6.6.2 Local Demand Elasticities Estimated (Scenario 2)

In this scenario, different supply elasticities have been assumed, which are lower
than those assumed to be typical of the literature. Using a restricted CBS demand system
and the assumed supply elasticities that are shown in table 6-12, domestic demand
elasticities are estimated with and without homogeneity and symmetry restrictions
imposed.

Table 6-13 shows the resulting local demand elasticities without restrictions. Own
price elasticities are compatible with demand theory, except for milk and dairy, and they
show a negative relationship. These parameters are significant at the one percent level for

the vegetables and fruit, oils and fats, and sugar. In addition, it is significant at the five
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percent level for feed grains and at 10 percent for the animals. The expenditure
elasticities estimated are also compatible with theory and significant for the animals, milk
and dairy. vegetables and fruit, and feed grains. In addition, the correct signs are

obtained, albeit not significant, for the maize and wheat, oils and fats, and the beverages.
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Table 6-12: Second Scenario of Assumed Local Supply Elasticities for Agricultural Products in Saudi Arabia

‘uoissiwiad noyum pauqiyoid uononpoldas Jayund “Jaumo WBuAdoo ayy jo uoissiwiad yum paonpoiday

Live and . Fresh& Maize, corn, Oilsceds, Sugar, Beverage,

I X ] Milk &  processed . . . cocoa, tobacco,
mports group frozen dui Ables Feed grains  riccand  meal, fats oducts d
animals nry vegetables wheat and oils _Products, —an other
& fruit coffec & tea imports
Live and frozen 0.250 0.100 0.000 0.130 0.000 0.000 0.000 0.000
animals
Milk & dairy 0.100 0.150 0.000 0.000 0.000 0.000 0.000 0.000
Fresh& processed
: 0.000 0.000 0.200 0.000 0.000 0.000 0.000 0.000

vegetables& fruit
Feed grains 0.130 0.000 0.000 0.180 0.000 0.000 0.000 0.000
:'h‘::: corn, rice & 0.000 0.000 0.000 0.000 0.200 0.000 0.000 0.000
(z\‘:;f;l‘i‘ meal, fats 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Sugar, cocod, 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Products, coffee& tea
Beverage, tobacco, 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
and other imports
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Table 6-13: Estimated Local Demand Elasticities Using Local Supply Elasticities (Scenario 2) without Restrictions Imposed of
Saudi Arabia Agriculture Products

Compensated price elasticity

. Fresh& . . Sugar Beverage
Income X iz . N .
Imports group lasti ' L'.VL' and Milk &  processed . - Md.‘ zc, com,  Oilsceds, cocoa, tobacco,
clasticity frozen fai wabl Feed grains  riccand  meal, fats d and
animals dary - vegetables wheat andoils _Products,  and other
& fruit coffec & tca imports
Live and frozen 0.556***  -0.148%  0238** 0324 0025 0026 -0.181  0.199*  0.509***
Milk & dairy 0.683***  0.056 0.121 0.374 0.225%* -0.001 0.038 0,009  0.463%**
Fresh& processed —  cog0me 0356 0073 -0.100°**  0.008 0030 0363**  -0089  -0.017
vegetables& fruit
Feed grains 2.377*** 0054  -3.763**  -1.060  -0.181**  (.808* 0.872 0246  -0.995%**
m‘]’;: corn, rice & 0.612 -0.017 0.438 0.622 -0.190 -0.089 -0.062 20052 0.382%**
Oilsceds, meal, fats 1214 0.653 0.403 0.314 -0.033 0211 -1.034***  (.301** 0.072
and otls
Sugar, cocou, 0.925 0382 0.483***  (.588% -0.069 0.118 0.145  -1.147%**  (.238***
Products, coffee& tea
Beverage, tobacco, 1.592 -1.335 2.153 -1.064 0.215 -0.622 -0.141 0.552 -0.652
and other imports

wrr ax * Significant at 1%, 5%, 10% levels
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Table 6-14: Estimated Local Demand Elasticities Using Local Supply Elasticities (scenario 2) with Restrictions Imposed of Saudi
Arabia Agriculture Products

Compensated price elasticity

. Fresh& oo 0 Sugar,  Beverage,
Imports group Inc(?n?c Live and Milk &  processed . . Ma.‘ zc, com,  Oilsceds, cocoa tobacco
clasticity frozen dai vegetables Feed grains  riccand  meal, fats roduc t's and o the‘r
animals ary g . wheat and oils p * .
& fruit coffec & tea  imports
;‘1:’;1:]‘1" frozen 0.499***  .0.059 0.048 -0.254 0.015 -0.046 -0.036 0.130*  0.202%**
Milk & dairy 0.596***  0.099 0014  -0416***  0.067 0.095 -0.095 20.049  0.313%%+
Fresh & processed ) 9300 3000%s  .0.242%%+  .0095%**  0.066 0.040  0.408%*%  0203***  -0.073
vegetables& fruit
Feed grains 1.766** 0.026 0.055 0.094 20131  0.446*** 0030 -0.005  -0.455%%+
z'l‘]‘;: com.rice& ) agrex 0,069 0.068 0.050  0.388*** -0.177***  .0.111  0.236*** -0.384*++
g}‘::l‘i’ meal fats | gosees L0089 0114 0.838*** 0044 -0.186 -0.678*** 0235*** 0038
Is,:'(i‘l‘;;:’cc‘::‘r’rcc Greg 1028 0UB4H 0033 0238%*% 0004 0224%%%  0.134%%% -100B***  0.265%**
Beverage, tobacco, 2.230 0.216 0.232 -0.454 -0.359 -0.396 0.409 0.257 0.094
and other imports

*xx = Significant at 1%, 5%, 10% levels



Table 6-14 shows the resulting local demand elasticities created by imposing
homogeneity and symmetry conditions. Own local demand price elasticities have a
negative sign, so that they are compatible with demand theory. The results show
significance at the one percent level for the vegetables and fruit, maize and wheat, oils
and fats, and the sugar groups. The rest of groups did not show significance. Expenditure
elasticities show the right signs for all groups. Vegetables and fruit, feed grains and
maize, and wheat parameters show significance at the five percent level, while animals,
milk and dairy, and oils and fats groups are significant at the one percent level. The sugar
as well as the beverages group are compatible with theory but are not significant.

In sum, the restricted estimation in this case has all own price elasticities going in
the correct directions, most of the cross price effects are moderate in size and there are
many significant effects; additionally. the expenditure elasticities are similar to the other
estimation and six of the seven estimated values are significant. In the simulations that
follow. this restricted version of the second scenario will often be referred to. as its
performance is the best of any of the alternative estimations shown in this section. It also
suggests that only low supply elasticities are compatible with reasonable local demand
matrices.

6.6.3 Local Demand Elasticities Estimated (Scenario 3)

In this scenario, a final set of supply elasticities has been assumed that are higher
than those in Scenarios | and 2 are. Using a restricted CBS demand system and these
assumed supply elasticities, shown in table 6-15. local demand elasticities are estimated

with and without homogeneity and symmetry restrictions imposed.
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Table 6-16 shows the resulting local demand elasticities without restrictions. Own
local demand price elasticities show negative relationships except for the milk and dairy
group, which are compatible with demand theory. These parameters are significant at the
one percent level for fats and oils group, sugar and beverages. Also, it is significant at the
five percent level for vegetables and fruit and at 10 percent for feed grains. The
expenditure elasticities estimated are compatible with theory and significant for the feed
grains, milk and dairy, live animals and vegetables and fruit. The last four groups have
the correct signs but are insignificant.

Table 6-17 shows the resulting local demand elasticities when imposing
homogeneity and symmetry conditions. Own price elasticities have the correct negative
sign for all groups, except for milk and dairy, and beverages. Also. the results show
significance at the one percent level for vegetables and fruit, maize and wheat, fats and
oils, and sugar products. The rest of the groups did not show significance. Expenditure
elasticities show the right sign and significance at five percent and one percent level for
the feed grains and oilseeds, and the fats and oils groups. respectively. Moreover, it
indicates the right sign but insignificance for sugar and beverages.

Overall, many of these results are similar to those in Scenario 2 using the
restricted matrices except for the incorrect sign on the milk and dairy and beverages own
price effects. The main question in both of these estimations is the presence of relatively
large complementary relationships between vegetables and fruit and increased price for

live animals and milk and dairy. on balance, scenario 2 appears to be the best.
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Table 6-15: Third Scenario of Assumed Local Supply Elasticities for Agricultural Products in Saudi Arabia

Live and f(:fq?f: d Maize, com, Qilseeds, Sugar, cocoa, Beverage,

Imports group frozen  Milk & dairy process Feed grains  rice and meal, fats  products, tobacco, and
. vegetables & . .

animals fruit wheat and oils  coffce & tea other imports
Live and trozen animals 0.450 0.100 0.000 0.130 0.000 0.000 0.000 0.000
Milk & dairy 0.100 0.400 0.000 0.000 0.000 0.000 0.000 0.000
Fresh& processed 0.000 0.000 0.300 0.000 0.000 0.000 0.000 0.000
vegetables& truit
Feed grains 0.130 0.000 0.000 0.250 0.000 0.000 0.000 0.000
:‘;::: comn, rice & 0.000 0.000 0.000 0.000 0.200 0.000 0.000 0.000
gi'l':“ds' meal, fatsand 4 460 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Sugar, cocoa, Products, —, 504 0.000 0.000 0.000 0.000 0.000 0.000 0.000
coffee& tea
Beverage, tobacco,and - 6 0.000 0.000 0.000 0.000 0.000 0.000 0.000
other imports
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Table 6-16: Estimated Local Demand Elasticities Using Local Supply Elasticities (Scenario 3) without Restrictions Imposed of
Saudi Arabia Agriculture Products

Compensated price elasticity

. Fresh& . .
Income Live and Maize, corn, Oilseeds, Sugar, cocoa, Beverage
l s g .« o QR ’ A\l ) ) + b [y
mports group clasticity frozen  Milk & dairy pmc”'“‘d Feed grains  rice and mcal, fats  products, tobacco, and
C vegetables & . - .
animals fruit wheat and oils  coffee & tca other imports
Live and frozen animals  0.556*%* 0.117 0.238** 0.324 0.025 0.026 -0.181 0.199* 0.509%*+*
Milk & dairy 0.848** 0.056 0.175 0.374 0.225** -0.001 0.038 -0.009 0.463%**
Fresh& processed 0.653***  0.356 0073 -0.085**  0.008 0030 0363**  -0.089 0017
vegetables& fruit
Feed grains 1.803*** 0.054 -3.763** -1.060 -0.176* 0.808* 0.872 0.246 -0.9954**
iz, com. rice & 0740  -0017 0438 0622  -0.190  -0099  -0062  -0052 0382
Oilsccds, meal, fats and 086 0.403 4 03 ) 034%%* 3015+
oils 1.08 0.653 4 0.31 -0.033 -0.211 -1.03 0.301 0.072
Sugar, cocon, Products, 947 p3g2 0483 0.588*** 0069 0118 0145  -1147*%%  0238%*e
coffec& tea
Beverage, tobacco,and - 50 -1.366 2.098 -1.079 0.209 -0.612 -0.141 0.552 -0.652
other imports

*ax xx x Significant at 1%, 5%, 10% levels
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Table 6-17: Estimated Local Demand Elasticities Using Local Supply Elasticities (Scenario 3) with Restrictions Imposed of Saudi
Arabia Agriculture Products

Compensated price elasticity

Imports group '“c‘?"?c Live and . ' p:(:z:‘:fz 4 . ' Ma'izc. corn, Oilsceds, Sugar, cocoa, Beverage,
clasticity frozen  Milk & dairy vegctables & Feed grains  rice and meal, fats  products, tobacco, and
animals ¢8 f;uil ) wheat and oils  coffee & tea other imports
Live and frozen animals  0.492*** 0,027 0.047  -0267*** 0014 -0.047 0.042  0.125%*  0.197%**
Milk & dairy 0.802***  0.099 0.040  -0.438***  0.059 0.095 -0.103 20057  0.305***
Freshd processed 0.835**  -0.325%** .0.255%*** _0.078***  0.065 0.041  0.414%**  0207***  _0.070
vegetables& fruit
Feed grains 1.447** 0.025 0.048 0.092 0.121  0.448***  .0.030 -0.006  -0.457%**
\m‘; corn, rice & 0.662**  -0.071 0.068 0.051  0.390%** -0.187***  .0.111  0239*** _0379%**
f))iill:wds' meal. fatsand 4 oouen 0105 0123 0.850%** 0043 -0.185  -0.673%** 0238***  0.04]
fg‘ﬁ‘:{g‘:t‘:“ Products, 4 22 0.177** 20.039  0.242*** 0005  0.227***  0.136*** -1.006*** 1.268***
Beverage, tobacco, and — o4 0.226 0.212 -0.451 -0.360 -0.392 0.409 0.260 0.096
other imports

wek ok * Signiticant at 1%, 5%, 10% levels



6.6.4 Shares of Quantities Imported and Supplied in Local Demand

Table 6-18 shows the average domestic quantities demanded in the second
column, which must come from either local supply or imports. Thus, the proportions of
these products that supplied and imported as are also expressed as proportions of local
demand in columns four and six. Oils, sugar and beverage imports represent total supply
because there are no local supplies. Milk and dairy products have the lowest share of
imports in domestic demand because that product has the highest production share in
local demand, with 91.6 percent of local demand being supplied locally. Feed grains’
local production is a small share of local demand. at 10 percent of total demand. The
share of a commodity in local demand plays an important role in the following simulation
exercises in the next section. Because most of the results are presented as proportional
changes in the following simulations. a high import change proportionally. need not lead
to a high change in supply or local demand. depending on the portions imported relative
to domestic supply.

Table 6-18: Average Local Demand, Local Supply and Import Quantities during
1990-2000 (1000 MT)

Group DLocal Local [% Of local Imports % Of local
emand supply demand demand

ILive animals 611.411 483.82 79.13 127.59 20.87
Milk and Dairy 514.042 470.84 91.6 43.2 8.4
\Vegetable and Fruits 3365.145 | 2977.815 88.49 387.33 11.51
Feed grains 1151.747 | 114.137 9.9 1037.61 90.1

aize, com and wheat 2544.031 | 2137.27 84 406.76 16
Oils 169.14 0 0 169.14 100
Sugar 136.15 0 0 136.15 100
Beverages 57.45 0 0 57.45 100
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6.7 Simulation Analysis

In this section. simulations looking at three issues for the Saudi Arabian
agricultural economy are considered. First. changes are expected to occur in world prices
because of WTO trade liberalization, which will affect the pattern of imports, local
demand and exports in the economy. Also. input prices, especially water prices. will be
rising due to increasing scarcity, which should affect domestic production and imports of
different products. Finally. the traditional shifter examined in import demand models has
been expenditure change. which will be the third simulation examined. In addition to the
three issues to be examined. there will be several different scenarios reviewed for each
simulation. As described in the previous section, three variations of simulations will be
considered, which differ by the matrices of supply elasticities used to restrict the mode! to
create local demand elasticities.

6.7.1 Changes in World Prices due to WTO Trade Liberalization

The WTO is expected to create changes in relative world prices for agricultural
products because of progress made in the Uruguay Round and continued emphasis in the
new Doha Round. A study done by Diao, Somwaru, and Roe projected that removing
trade barriers. subsidies and other trade-distorting forms of support would increase world
prices. This increase was expected to be 18 percent for wheat, 10 percent for rice, 15
percent for other grains, 8 percent for vegetables and fruits, 11 percent for oils and fats,
14 percent for sugar. 6 percent for other crops, 22 percent for livestock and 8 percent for
processed food. By inspecting these relative price changes, it would appear that there is
an increased incentive for production of grains and livestock. and simultaneously, a

disincentive for local demand to expand due to higher prices. Thus, there are some
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incentives that will create greater pressures on water use in Saudi Arabia, such as better
world prices for grain products, but there may be greater incentives to move towards
livestock production and away from water-using grain production. The other products
being imported into Saudi Arabia, such as oils and sugar, are expected to see smaller
increases, so that they may in fact see larger imports from smaller relative price increases
and significant substitution elasticities with products having higher increases.

To recognize the effect of these price changes on Saudi agricultural imports, local
demand and local production. the expected change in exogenous world prices has been
tested under the six scenarios, which are based on three different supply elasticities. and
with and without imposing theoretical restrictions. Using the policy simulation
framework (equation (71)). the expected changes projected by Diao, Somwaru, and Roe.
are put in as proportional changes in prices. In addition. no change in local supply is
assumed to occur because there are no policies directed at local production that change in
this simulation, nor are there changes in expenditure levels. Thus. any changes in the
pattern of local demand and supply come from changes in the exogenous world prices.

6.7.2 Change in Demand, Supply and Imports

The WTO trade liberalization, by changing world prices and thus the prices seen
by all participants in the agricultural sector in Saudi Arabia, will have effects on
quantities demanded. supplied and imported. As different scenarios were used to estimate
local demand elasticities. each scenario has a different effect depending on the assumed
supply elasticity and whether demand restrictions are imposed or not. Based on the
results obtained in the previous section, scenario 2. which shows better consistency with

cconomic theory as most groups show negative own price elasticities, is chosen as the
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one that gives the most reasonable estimation of local demand elasticities. Using this
scenario, tables 6-14 and 6-15 report the simulation results, and a discussion is given
below.

Scenario 2 Simulation Results

Figures 6-1 and 6-2 show the results obtained from scenario 2 without imposing
restrictions on demand and then in the presence of symmetry and homogeneity
restrictions. In general, based on economic theory, the quantities imported are expected to
decline as a response to price increases because an import demand model was estimated.
Thus with most prices rising, reduced imports should be expected. However, there are
extensive cross price effects. and also significant changes in the relative prices assumed.
so some products may actually see increased imports given the variations assumed in
these simulations. In addition. changes in quantities imported will vary among groups
depending on the percentage change in groups’ prices, local supply elasticities, local
demand elasticities and the share of quantities imported in local demand.

For imported groups with some domestic supply (the first five groups). the
quantities imported show different responses depending on whether restrictions are
imposed or not. The results obtained without imposing restrictions, figure 6-1. show that
the quantities imported of milk and dairy, vegetables and fruit, and maize and wheat will
increase, which is inconsistent with expectations. These results are related to incorrect
local demand own price elasticity for milk and dairy, along with significant and high
cross price effects for other two product groups. The quantity imported of live animals
and feed grains are consistent with expectations and decline as their world prices
increase. These products are expected to experience some of the largest world price

increases. so on a relative basis, they see the highest price increases.
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When restrictions are imposed, figures 6-2, the quantities imported show
completely different and more logical results. The quantities imported show a negative
response from import price increases in three groups: animals; milk and dairy; and
vegetables and fruit. Vegetables and fruit imply the highest decrease in quantity imported
because it has the highest local demand elasticity and several significant cross price
coefficients. Feed grains, and maize and wheat, show small increases in quantity
imported, mostly due to their use as inputs in livestock production, whose local supply
grew significantly as prices increased.

For the groups with no domestic supply and, thus. where domestic demand is
supported entirely by imports (the last three groups), the results show similar effects for
fats and oils. and sugar regardless of whether restrictions are imposed or not. The changes
in quantities imported of these two products and sugar are inconsistent with expectations,
as quantities imported increase. The change in these groups’ prices is relatively low. as
the world prices of other commodities are expected to grow more. and there are
significant cross price effects with other groups, so a shift of imports towards fats and oils
and sugars occurred. The quantity imported of beverages declines. which is consistent
with expectations, and this decline is smaller when restrictions are imposed. The lack of
significant cross price effects in beverages may be causing the negative impact in this
group.

This change in quantity imported implies variations in local demand and local
supply. The reactions in percentage terms are related to the proportion of domestic supply
versus imports in domestic demand. For example. feed grains show the greatest decrease

in domestic quantity demanded because of its high imported share (90 percent), while the
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quantity demanded locally of milk and dairy shows the lowest response to a change in
imports due to its low import share (8 percent) in local demand. In fact. the percentage
responses of quantity supplied in the first five groups is correlated directly with their
shares in local demand. The quantity supplied of milk and dairy shows the lowest
increase because local supply is the greatest proportion of domestic demand. while feed
grains show the highest positive response because it holds the lowest share in local
demand. For the last three groups. which do not have any domestic supply, the change in
quantities imported is identical to the change in quantities demanded locally. That is,
domestic quantity demanded is equal to 100 percent of imports. so the percentage change

in imports is the same as the percentage change in domestic demand.
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Figure 6-1: Percent Change in the Proportion of Quantity Imported, Demanded
and Supplied Without Imposing Demand Restriction (Scenario 2)

Where: LA= Live and Frozen Animals. M &D= Milk & dairy. V &F= vegetables &
fruits. FG= Feed grains. M & W= Maize. comn. rice & wheat. Oils= Oils and fats. Su=

Sugar, And Bev = Beverages.
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6.7.3 Changes in Input Prices

The WTO negotiations are expected to attect the Saudi Arabian agricultural
economy in different ways, with a reduction of local support and reduced import
subsidies being some of the expected effects. Moreover, the lack of natural water
resources, combined with a limited amount of groundwater (where the estimated usable
water resource is predicted to last for a maximum of 20 to 25 years) and increased water
demand over time, will almost surely lead to changes in local water prices. As a resuit,
these international and domestic issues are expected to lead policymakers to change
domestic policy directed at the agricultural sector.

To forecast the expected effect of these changes. different possible scenarios have
been tested. The two issues examined here are a change in water price as a result of the
domestic concern about water resource availability. and a reduction of an input subsidy
paid for imported live animals if Saudi Arabia would join the WTO. These simulations
are quite different from those done before. in that they initially affect domestic supply.
which then causes effects on import demand. Most analyses based on import demand
matrices would not be able to implement this range of simulations.

Using the policy simulation framework (equation (71)) and input supply
elasticities, which come from a California study on agricultural water (assuming these
elasticities are appropriate for a developing country situation), multiple simulations were
conducted. Different scenarios of changes in water prices and live animal prices were
done in combination. Also. world prices are assumed not to change because they are
exogenous, and there is no change in expenditure either because domestic demand is not

affected. To capture and compare possible changes, three simulations were done. First, a
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change in both local (increased water prices) and international policies (reduced subsidies
on imported live animals) is simulated, assuming they work at the same time. Secondly, a
change in the import subsidy is made alone to show an international policy effect and a
change in water price is made singly to portray the local policy impact.

Domestic and International Policy Effect Together. In this case, an increasing
water price of 10 percent and a reduction of an input subsidy on imported live animals
that increases those prices by 10 percent are simulated together. The first column in
figure 6-3 shows the expected effect on quantities imported from each group. The
quantities imported from the first two groups. live animals, and milk and dairy. are
expected to increase by 32 and 71 percent respectively. Vegetables and fruit, feed grains,
and maize and wheat quantities imported are expected to increase by 48, 13, and 36
percentage points, respectively. The last three groups will not affected by these changes,
as they are not produced locally and are not affected by input price effects. This change
in imports is directly and solely related to the decline in domestic supply. which is
displayed in the first column of figure 6-4. The quantity supplied of live animals, and
milk and dairy. will decline by 8.4 and 6.5 percent respectively, while quantity supplied
of vegetables and fruit, feed grains. and maize and wheat will decline by 6.3, 45.5 and 6.9
percent, respectively.

Because each group has different input price elasticity, assumed to be -0.3 for live
animals. -0.25 for milk and dairy, and -0.5 for vegetable and fruits, feed grains, and
maize and wheat. these effects vary among groups. Groups with higher input price

elasticities should experience more change than other groups.
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As long as the local supply share of domestic local demand is low, the supply
response will be higher and import response will be less. For example, the share of local
supply in feed grains demand is about 10 percent and the supply response from the price
change is a very high 45 percent, in effect replacing the import contribution to local
demand. The import response is only 13 percent because the imported proportion is
nearly 90 percent, so the high growth in local supply only moderately affects the import
position.

International Policy Effect (lower subsidies on imported animals). A
reduction of the input subsidy assumes an increase in the imported live animal price by
10 percent. The second column in figure 6-3 shows the expected effect on quantities
imported for each group. The quantity imported of live animals and milk and dairy are
expected to increase by 14 and 39 percent respectively. Other groups will not be affected
because live animals are used as inputs only in the first two groups. This increase in
imports comes from a decline in local supply. which is displayed in the second column of
figure 6-4. Quantities supplied from live animals, and milk and dairy, are shown to
decline by 3.8 and 3.6 percent respectively. This decline is less than the previous one
because there is no water policy effect. The live animals experience a smaller decline
than milk and dairy as a result of a difference in input price elasticities, which were
assumed to be -0.25 for live animals and —0.3 for milk and dairy.

Domestic Policy Effect (rising water prices). Increasing water price by 10
percent is used to show the effect of local policy change on local supply and imports. The
third column in figure 6-3 shows the expected effect on quantity imported for each group.

The quantities imported of live animals, and milk and dairy. are expected to increase by
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17 and 32 percent respectively. Vegetables and fruit, feed grains, and maize and wheat
quantities imported are expected to increase by 48, 13, and 36 percentages respectively.
The last three groups will not affected by these changes, as they are not produced locally.
This increase in imports comes from the decline in local supply, which is displayed in the
third column of figure 6-6. Quantities supplied of live animals, and milk and dairy, will
decline by 4.6 and 3.0 percent respectively, while the quantities supplied of vegetables
and fruit, feed grains, and maize and wheat will decline by 6.3, 45.5 and 6.9 percent,
respectively. The difference in response between groups is associated with differences in
input price elasticities. Groups with higher price elasticities experience more change than
the others. Within each group. the response of imports to changes in local supply depends
on import share in local demand. As long as the imported group has a high share the
corresponding response will be less and visa versa. Also. it is clear that there is nearly a
linear

Several policy implications are implicit in the simulations shown here. There
may, in fact, be some positive aspects to the subsidy for live animals. Importing animals
and feeding them locally may add value for local producers. especially as the availability
of these inputs permits expansion of livestock feeding and processing industries. It is also
critical that water be conserved, and agricultural policy should probably facilitate a
conversion to animal production, as its water consumption may be lower than for crops.
However, this is only a suggestion for research, and it needs a comprehensive study, in
which simulations of all agricultural products and livestock processors operations are
examined along with their water requirements to draw a conclusive policy. Conversely.

water consumption could be reduced through raising water prices to save the local water
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resource for a longer period. However, given the modest decline in output seen with a ten
percent increase in the water price, it may require such a large price effect to control
water use in agriculture that outright quotas might be better.

6.7.4 Changes in Expenditure

Expenditures on imports are likely to increase over time. Tastes and preferences
are changing because of higher education levels and, in addition, there is increased
advertising for foreign goods. The unavailability of different products that are locally
produced. due to the lack of a processing sector and adequate products are other factors
that may affect expenditure on imports. To understand possible effects of this change,
total expenditure on imports is assumed to increase by 10 percent. This expected change
has been tested under the six scenarios described earlier, which are based on three
different supply elasticities in combination with imposition of theoretical restrictions or
not. In addition. this change in import demand is assumed to result from expected
changes in expenditures alone. with no change in policy or input prices being assumed.
Furthermore, it is assumed that world prices stay constant because Saudi Arabia is a
small player in world demand for these products.

Using the policy simulation framework (equation (71)) and assuming no change
in world or input prices, different simulations were conducted. The results are presented
in figure 6-5. The effect of expenditure changes on quantities imported will be reflected
directly in local demand, as local supply and world prices stay unchanged. The rows in
figure 6-5 show import groups while columns show the six implied scenarios.

As expected. the effect of increased expenditure is to increase the quantity

imported from each group. However, this increase differs among groups depending on
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their expenditure elasticities, which vary based on the supply elasticity assumed. whether
restrictions are imposed or not, and the proportion of quantity imported as a proportion of
domestic quantity demanded.

The results obtained show that imposing restrictions on the estimation reduces the
proportion of quantities imported for the five groups that are also produced locally,
except vegetables and fruits. In contrast, imposing restrictions induces an increase in
quantities imported for groups that have no local supply and are thus completely
imported. Scenarios | and 2 show similar results. while scenario 3 shows a greater
fluctuation, presumably based on effects of supply elasticity assumed.

As noted in the earlier simulations. scenario 2 is chosen to evaluate in more detail
because the local demand elasticities estimated using this scenario. in tables 6-13 and 6-
14, show more consistency with economic theory, as all groups have a negative own
price elasticity. Scenario 2 results without restrictions in figure 6-5 show the proportional
change in quantities imported as a response to expenditure change. The milk and dairy
group shows the highest response, with an increase of 81 percent in imports. while sugar
shows the lowest response, with a growth of nine percent in imports. Overall. as
expenditure increases, the demand for imported goods will increase for all groups but the
percentage increase for groups that are not totally imported. the first five groups. will be
higher than for totally imported goods, the last three groups.

These results are simply because the proportion of imports in domestic
disappearance varies among the groups. For milk and dairy, with over 90 percent being
locally supplied, a seven percent change in domestic demand from the expenditure

change leads to the 81 percent increase. in imports, while sugar, which has no domestic
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supply, sees a 18 percent increase in imports to match the 18 percent increase in domestic
demand.

Thus the changes in domestic demand. which are shown in figure 6-6 give a better
perceptive on the agricultural system reacts to increased expenditures. These changes are
generally modest, with less than 10 percent increases in domestic demand for all but three
commodities. regardless of whether they have local supply or not, and regardless of
whether restrictions are imported or not. In this table. the differences in domestic demand
responses depend only on expenditure elasticities; the high expenditure elasticities in fats
and oils, beverages and especially feed grains result in more growth of domestic demand
for the other products. Because there is no exogenous price change in the world markets.
there is no change in supply. and all variation shown here arises from changes in
domestic demand induced by the expenditure shift, which is then translated into changes
in imports.

In viewing these results, it must be kept in mind that. to get a ten percent increase
in expenditures in these food groups. it would take a thirty percent increase in income
because of the two stage budgeting procedure used in this analysis. Assuming an
elasticity such as 0.333 for all food. (similar to one value in table 3.1), and assuming it is
based on real per capita income changes. then it may well be a long time before these
increases arise due to growth in income, as real per capita income has been stagnating for
a decade. Thus population growth, for which there will be a direct increase in food
consumption for each mouth added. will be a much larger factor in future import and

domestic demand for food.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

Saudi Arabia’s food consumption has been growing dramatically over time.
Although per capita GDP growth slowed during the 1990s, it was much higher in earlier
years. Also, population growth. which is estimated to be three percent. changes in
preferences. growth in the number of guest workers and higher education levels have
collectively led to this growth in consumption. In order to meet consumption needs. the
government adopted a planning system as an instrument to guide development of the
agricultural sector. which led to a set of support policies toward farmers and agricultural
investors. These policies created a significant effect on agricultural production. The
evidence of this effect was seen in increased animal and crop production. and the
attainment of self-sufficiency in some products.

However. because of water scarcity. where usable water is estimated to last for a
maximum of 20 to 25 years, and the lack of comparative advantage in many agricultural
products, these policies have been changed. Support programs directed at the agricultural
sector have been reduced, therefore decreasing production. This decline in production,
combined with a high rate of consumption growth, has led Saudi Arabia to depend more
heavily on food imports to cover the gap between domestic demand and local production.

Additional imports are likely from changes in world prices as the WTO has impacts on
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world agricultural markets. This suggests the need to evaluate effects of domestic and
international policy change on imports, local production and local demand.

In general, the objectives of this research were. first. to empirically analyze the
demand for food imports in Saudi Arabia in light of recent methodological developments
in the implementation of demand systems. Secondly, the estimated demand parameters
were used to analyze domestic and international policy issues faced by decision makers
in Saudi Arabia. To attain these objectives. several demand systems (specifically the
Rotterdam. AIDS. CBS. and NBR models). which are all nested in a general model. were
estimated and then expenditure and price elasticities were calculated.

7.1 Econometric Estimation of Import Demand Systems and Key Results

Agricultural imports were divided into eight groups for estimation purpose: live
and frozen animals; milk and dairy: fresh and processed vegetables and fruit: feed grains:
maize. com. rice and wheat: oilseeds. meal. fats and oils: sugar. cocoa products. coffee
and tea; and beverages, tobacco. and other imports. Estimation results show that the
general model system rejects the Rotterdam. AIDS, and NBR specifications, while the
CBS is not rejected. This result appears to have some logic based on the presentation in
Chapter 2. For example. the expenditure elasticity in the CBS model varies with the
commodity’s share. as it does in the AIDS model. while the Rotterdam and the NBR
models have fixed expenditure elasticities. There were at least two significant shifts in
shares of food consumed over the decade of the 1990s: a rather large decrease in the per
capita consumption of fruit and vegetables, and growth in the consumption of meat. Thus,
the expenditure elasticities may logically change with the changing shares of these

products, as in the CBS model.
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The CBS model also has price elasticities that do not change. While this may be
harder to assess. real per capita income was relatively stagnant over the decade, and the
number of non-Saudis did not change much as a percentage of the population, so major
shifts that might have caused a declining (or increasing) price sensitivity seem to be
absent over the years considered. Thus, the CBS model was adopted as the model of
choice for analyzing the import data in this study. In addition. results show the validity of
the homogeneity and symmetry restrictions on demand.

The estimated expenditure elasticities imply that if consumer expenditure
allocated to agricultural imports were to increase. the demand for all products would
grow by varying percentages. Unexpectedly. the highest expenditure elasticities are for
feed grains. and maize and wheat, at about 1.784 and 1.275 respectively, which are
products that would have been expected to have the lowest income effects. One possible
explanation is that during 1994-1995. the government support for wheat production
declined. total production dropped considerably. and a surge in imports of feed grains,
and wheat and maize. occurred. Attempts to use proxies were unsuccessful, and thus
they were not included. Alternatively. the links between feed grains and live animal and
milk and dairy production might be causing these results as well. If prices and/or
expenditures increase for those livestock products. then local production will also
increase and the derived demand for feed grains will rise, which might be reflected in the
large expenditure elasticities for these inputs to livestock production.

Most of the import expenditure elasticities are greater than one. although some

were not significant. These results need to be interpreted in light of the restrictions
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imposed on the CBS model. and the fact that this is a conditional demand estimation.
Recalling Chapter VL. the expenditure elasticity for the CBS model is
i =1+ By [wi -
where f; is the coefficient on expenditures and w; is the value share of the i

product in the system being estimated. The adding up restriction and relationship

between shares within the system implies that ¥; 4, =0 and Z,-wl. =1. Therefore, the

sum of the expenditure elasticities can be seen as
Z,f]l = z,(l + ﬂl/\tl) = le +Zl(ﬂl/l1',) =1.

Thus. for the Saudi system considered here. the sum of these elasticities is eight.
which leads to very high results in comparison to traditional income elasticity
measurements. One way to better interpret these values is to recognize that expenditures
on all food imports, taken from a first stage budget allocation. might have an elasticity of
0.333 (based on one example from Chapter III). Then all of the elasticities would have to
be multiplied by 0.333 to be made comparable to usual income elasticity values.

In general. the own price and cross price relations suggest that there are five
higher-valued products with significant substitution in consumption relations: animal
products, vegetables and fruit. oils and fats. sugar products and the beverage group. Feed
grains appear to interact in a distinctly different manner. showing significance usually
only with livestock products that use grain as an input. The milk and dairy group is
relatively separate, perhaps due to its traditional standing as an important commodity and
its uniqueness in the Saudi diet. Also. the maize and wheat group appears to be both an

input to livestock and a final consumption good that substitutes with other higher valued
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products. Comparing the estimated price and expenditure elasticities with relevant
literature (table 3-1), the Saudi results appear closest to Greek and Japanese responses,
showing that although Saudi Arabia still is often seen as a developing country, it has
price responsiveness similar to more developed countries.

To evaluate local and international issues. local demand and supply elasticities
were needed to set the stage for complete analyses. Hence. reasonable output supply and
input elasticities were obtained from the literature for other countries, such as Pakistan,
and three different scenarios were created. These supply elasticities were used as
restrictions on the import demand model. This estimation method differs from other
import demand models developed for many countries. which rarely, if ever, are used to
provide the empirical basis for the range of policy and resource issues considered here.

7.2 Simulation Exercises

In order to link domestic and international effects across a wide variety of
alternatives, a policy analysis framework was developed. A simulation model. adapting
and extending a structure given in an article by Piggott, Piggott and Wright (1995), was
constructed. Three different issues in the Saudi Arabian agricultural economy were then
considered in this analysis. First, changes are expected to occur in world prices because
of WTO trade liberalization, which will affect the pattern of imports, local demand and
local supply in the economy. Also. input prices, especially the possibility of rising water
prices due to increasing scarcity. should affect domestic production and imports of
different products. Finally, the traditional shifter examined with import demand models

has been expenditure change. which is the third simulation examined in this analysis.
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The first simulation shows the effect of changing world prices due to WTO
impacts. A study done by Diao, Somwaru, and Roe projected that removing trade
barriers, subsidies and other trade-distorting forms of support would increase world
prices, but that relative prices would also change for certain products. It appears that there
is an increased incentive for production of grains and livestock because of higher prices,
but these same higher prices will reduce local demand. Thus, there are some incentives
that will create greater pressures on water use in Saudi Arabia, such as better world prices
for grain products. but there may be greater incentives to move towards livestock
production and away from water-using grain production. The other products imported
into Saudi Arabia, such as oils and sugar, are expected to have smaller price increases:
indeed. they may see increased imports. partly from these relatively smaller price
increases and partly from the existence of significant substitution elasticities with
products having larger price gains.

The last point above shows that are even though all prices are expected to go up.
it is possible that some commodities will see greater imports because of cross price
effects and lower relative prices after the WTO alters world prices. For example.
quantities imported of feed grains, wheat and maize, oils, and sugar increase by 2.8, 2.7,
11.5 and 7 percent, respectively in the first simulation. Also, without imposing theoretical
restrictions, several incorrect signs appear, and very large and. perhaps, incorrect cross
price effects, represent surprising results. The imposition of the restrictions creates
results that are more consistent. For example. milk and dairy, and vegetables and fruit.
show increasing quantities imported without imposing restrictions, while their responses

are negative with restrictions imposed. Moreover. local production naturally grows with
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these price increases, and the relative percentage responses depend on the proportion of
domestic supply in local demand. For example, if this share is low, as in feed grains (10
percent) the production response will be proportionally high (46 percent).

The second set of simulations was done to look at impacts on domestic supply. To
realize the expected total effect of the WTO on the Saudi agricultural sector. assuming
Saudi Arabia joins the organization. a reduction of local support and reduced import
subsidies are analyzed. Additionally, the increasing domestic concern about water
resources suggests that some changes in the agricultural incentives could occur. The two
issues examined in these areas were a change in water price and the reduction of an input
subsidy paid for imported live animals. These simulations are quite different from those
done before, in that they initially affect domestic supply, which then causes effects on
import demand.

Multiple simulations were made using varying combinations of changes in water
and live animal prices. With a reduction in subsidies on live animal imports. only live
animals, and milk and dairy are affected, as the subsidy is directed at these two groups.
while all products produced locally are affected by water price changes. Combining the
two policy changes in one simulation just gives a sum of the two effects. implying that
the effects are additive. This arises mainly because of the assumption that world prices
are exogenous, so shifts in supply only change quantities and not prices. Without price
changes, there are no spillover effects to other products. With endogenous prices, either
of these policies would have impacts on all other products through cross prices effects.

This alternative assumption will be used in later research.
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Several policy implications are implicit in the second set of simulations. There
may in fact be some positive aspects to the subsidy for live animals. Importing animals
and feeding them locally may add value to local producers. especially as the availability
of these inputs permits expansion of the livestock feeding and processing industries. It is
also critical that water be conserved. and agricultural policy should promote a conversion
to animal production. as its water consumption is probably lower than for crops.
Moreover, there may be some enduring transportation advantages to importing feed
grains and feeding livestock locally. However, this is only a suggestion for future
research, and suggests need for a comprehensive study. Also. increasing water prices
could reduce water consumption. However, given the modest decline in output seen with
a ten percent increase in water price. it may require such a large price effect to control
water use in agriculture that outright water quotas might be better.

Thirdly, to understand the possible effect of increased expenditures on imported
goods from factors affecting demand. such as changes in tastes and preferences or
increased advertising for foreign goods, six scenarios were analyzed. The effects differ
between groups depending on expenditure elasticities and a group’s import share in local
demand. Groups with low expenditure elasticities and low import shares in local demand.
such as milk and dairy, experience a greater percentage response than those that have
higher expenditure clasticities and higher import shares, like feed grains. For those
groups that are completely imported. the import response depends directly on the
expenditure elasticities. Again, these impacts could be much wider with endogenous
prices, as changes in expenditures in any of the products raises prices, which would then

affect all other commodities depending on their elasticities.
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Comparing the three simulations, some additional perspectives can be seen. In the
first simulation, relative price changes from the WTO may in fact save water due to a
greater growth in animal agriculture. However, the anticipated reduction in live animal
import subsidies (also related to the WTO) may offset some of the incentives for greater
production of livestock products. So the movement to livestock activities may be slowed
down some due to input price effects from WTO, and some of the water conservation
indicated in the first result may not occur. However, the separate analysis of increased
water prices might make livestock products more attractive relative to crop production.
The second simulation shows some evidence in this direction, as the reduction in feed
grains was 46 percent compared with 8 percent for animal products. These trends may be
even clearer with endogenous prices.

The WTO simulation is also related to the expenditure simulation in that they
show two effects that would influence the cost of imports. It tums out that the products
likely to have the greatest increase in world prices from WTO effects, shown in the first
simulation, are the same products that will have the greatest expenditure responses from
added purchases of food imports. Thus, the cost of agricultural imports could be rising
more than expected from the convergence of these two effects. However, higher world
prices may well reduce some of the expenditure response in the third simulation. so those
products with the highest expenditure elasticities may not be the ones with the greatest
import response.

7.3 Limitations and Further Research

Some limitations of this research can be cited here. Consumer theory was written

for individuals® consumption behavior, while it has been employed here for studies of
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aggregate imports. Often, the demand restrictions of homogeneity and symmetry may not
be expected to exist in this situation because the supply side may behave differently and
is included in an import response, and there may be imperfect competition and non-
optimizing institutional behavior that could cause problems in having these restrictions
being met. Also, the expected effect of tariffs and subsidies, along with border
imperfections. would affect these tests. However, the results in this research show the
reverse, and these restrictions were seen to be consistent in this estimation. These results
might have worked due to the small effect of the supply side compared with other
countries, perhaps less anti-competitive behavior, and the fact that there are relatively low
tariffs on food imports.

Another limitation that can be mentioned here is the isolation of the effect of total
imports from analysis. There are two stages in allocating budget shares; first, the budget
is allocated for all imports, where agricultural imports are just one category of imports.
Then, the second stage is the allocation of the budget for agricultural imports between
groups within the food industry. Therefore. the analysis in this research is a conditional
estimation depending on the assumption that the budget share allocated for agricultural
imports remains unchanged during the estimation period. Given the decline in per capita
real GDP during the 1990s, some influence of this downward pressure on imports might
have been useful to include. This however would require several methodological
additions.

Future research can emphasize more varied policy analysis, perhaps including
fixed price behavior and quotas, while shifters such as technical change and population

could easily be examined. Also, imperfect competition models might be implemented and
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it would be useful to build in a combination of imports and exports. Questions of what it
means theoretically to impose restrictions on import matrices, which imposes limits on

both supply and demand matrices, could also be considered.
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APPENDIX A
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Comparing Linear and CBS Models
In this appendix the linear, CBS and log-log model will be displayed and
improve that they lead to same conclusion. This results show while PPW used linear
form and this dissertation used CBS and log-log form all led to the same final

equation.

(A) Linear Model:

Assuming we have demand function with only two commodities which take the

following form:

Qi =P+ Bypy + B3py

Taking total differential for previous equation we get
dQ; = Brdpy + P3eips

Multiplying through by /Q

dQ

Multiplying first component of the right hand side by p,/p, and the second component

by p:/p» and rearranging the equation we got:

aQ; _ dPI P dp, o P2
[0} =ho- Py Q, thpr P Q,‘

Defined &, - L - and £Q, = -, converting to elasticity the equation can be written as:
)é 0

)l i

EQ=nEp  +nEpy
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(B) CBS Model

In the two commaodities case the model take the following form:
wilng; = fiInpy + f51n py

Dividing through by w, the model becomes:
Ing; = ﬂl lnp] +ﬂ—ln Py
Taking total differential for this equation we get:

' d dj
dq _ ﬁﬂ +&ﬁ . Where 2. is the elasticity in CBS model.
ql l‘.’i pl “"' pz W,

d
Defined Ep; = :: L and EQ; = q . the equation becomes:
1 !

EQ=mEp)+n5Ep,y.

(C) Log-Log Model

In the two commodities case the model take the following form:
lnql =ﬁ| In pl + ﬂ: In pz

Taking total differential for this equation we get:

d d)
qq, = ﬂl pl ,B-, —= , Where p, the elasticity in Log-Log model.
i
Defined £p, - P and £, - “- . the equation becomes:
P, :

EQ=I]IEpl +MyEp,.

These results show the proportion change of quantity can be defined as a function in

elasticity and proportion change in prices whatever the functional form used.
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