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CHAPTER I i

INTRODUCTION

Statement of the Problem

With the recent rapid increase in urbanization, wealth, and
foreign technicians and labor in Saudi Arabla, wheat is becoming an
important diet staple. A sufficient wheat supply and stabilization of

its price are vital to the soclety. Yet because of industrial development

and economic growth, the total area used for wheat production in Saudi
Arabia dropped from 125,000 hectares in 1972 to 45,000 hectates in
1973. Consequently the Kingdom has become increasingly deperident on
imported wheat.
Meeting the rapidly growling demand for wheat is a segious
challenge to policy makers in Saudi Arabia for the following reasons:
1. Dependence on unreliable sources of imported wheat
2. Limited amounts of cultivable land (2% of the tothl area)

3. A 3% annual rate of population growth

Objectives of this Study

The objectives of this study are to:

i, Select appropriate variables to establish an esti@ated
supply equation |

2, Select appropriate Qariables to establish an esti&ated
demand equation

(g " 3. Apply these two estimated equations to make demand and

supply projections




Location and Climate

The Kingdom of Saudi Arabia i1s located on the Arabian Peninsula
between the Red Sea and the Arabian Gulf. It occupies about [four-fifths
of the peninsula with a total area of approximately 870,000 équare miles~-

about the size of the United States east of the Mississippi River. It is

bordered on the north by Jordan, Iraq, and Kuwalt; on the northeast by

the Arablan Gulf; on the east and southeast by Qatar,_the Uhi&ed Arab

Emirates, and Oman; on the south by Yemen; and on the west byéthe Red Sea,
Nearly all the land of Saudi Arabia is desert; less than one

percent of the total area is suitable for settled agricultuie. It has

a hot climate with an average annual temperature of 35 C in stmmer and

25 C in winter, yet temperatures vary wldely from region to région. In

the central part of the country temperatures range from below | zero at
night to & maximum of 50°C during the summer; in the northernipaxt of

the country temperatures are very high in summer and peak in July,.and
the southeast regions are hottest in June and coldest in Januar Ve

Rainfall also varies, with an annual average of 30mm to 50mm in the north-
west, 40mm to 90mm in the northeast, and 110mm to 85 mm in the Riyadh

Reglon. Rainfall conditions in the Hijaz Mountains and Asir Reglons in

the west and southwest differ conpletely, by exceeding 300mm in the

hountains and averaging 250mn along the Red Sea coast south ongeddah.

Agricultural Situation in Saudi Arabia

La-nd ;
The total area of Saudi Arabia amounts to approximatel; 219.8

million hectares. Of this land, 39% is used as ranges for anilgls and

livestock., Only 4,7 million hectares, or about 2.1% of all thé land, are

suitable for agriculture. Land under actual cultivation is onﬂy
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0.53 million hectares, or 0.24% of the total land in the couﬁtry and 11%
of the agriculturally suitable land. Of the total cultivatea land, 75%
or 0.4 million hectares are rainfed and the rest are irrigat%d. Even with
this low quantity of cultivated land, lack of rain, capital,ior nanpower

may decrease it even further.

LAND CLASSIFICATION

Class Area in Thousand ﬁercentage
Hectares i

Agricultural total land 4,705 2.
Cultivated land 534 0.2
Uncultivated land L,171 5 1.90
Range 85,000 38.68
Forests 1,680 é 0.77
Non-agricultural land 123,684 | 56.27
Population

Because of the scattered population in the country, it has been
difficult to establish the correct number of people. Accordihg to a
survey conducted by the Central Department of Statistics of the Ministry

of Finance, in 1974 the total number of residents was 7,658,413, The

Commission determined that the growth rate was 3.0%. The total urban
population was estimated at 2,748,356, or 39%, and 614 of theépeople
lived in rural areas. :

Not all of the rural population engages in agriculturél production.
The 230,000 people who live in deserts and take care of liveséock comprise
27% of the total population, and another 16% of the rural peoﬁle are not

actively involved in farming. Hence, only 18% can be called égriculturalists.




Manpower in Agriculture _

. The total number of agricultural workers amounts to 6&0.6?1.
which includes 216,012 or 33% female workers. These are the %eople who
carry out agricultural production, ineluding agriculture planLing and
management, irrigation, and agricultural construction. Of thgse, 68%
Work year round, 29% work seasonally, and 3% are involved in agriculture

for only three to six months of the year.

Agricultural Input into GNP
Agricultural revenue has been increasing gradually ovér the last
several years. The revenues generated by agriculture in 1967 were
846.3 million Saudi riyals. By 1975 this increased to 1,409 nillion
Saudi riyals and amounted to a net 166.5% increase in agricultural
revenues, or an annual increase of about 5.8%. Desplte the increase in
total revenues, the Input into GNP has decreased from 6.4% in 1967 to
1.0% in 1975--the decline belng attributed to massive oil production

revenues, In those same years, oil revenues increased by 1132%, from

13.1 billion to 148.8 billion riyals. 01l production and oil-pelated
industry were the major contributors to the growth of GNP. Th#ir share
Jumped £ron 54.5% 1n 1970, %o 70,3% 1n 1973, to 86.8% 1n 1975,  The
agricultural contribution mentioned earlier, 1,409 million riyéls in
1975, would be an 8.6% share of growth of GNP if the o0il contribution
is excluded.

¥heat Production

General View

Wheat is one of the most important cereal creps in Sauii Arabia,

Since local varieties averaged out to yield only 1.5 ton/hectaﬁe,
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a research program was started in 1965 to increase productién. The
availability of advanced technology and new high ylelding varieties of
wheat helped the Ministry of Agriculture and Water to initiate, in
1971-72, a four year improvement Pplan whereby direct and in@irect
subsidlies were offered in the central part of the country an? then
expanded into all important regions of wheat cultivation. DLring this
study, the average total area used for wheat production was b&,#@o
hectares, the average yleld per hectare was 154 kg, and the average total
production per year was 134,600 metric tons. The average quantity

demanded per capita during this peried was 54.2 kg,

Wheat Development Program

In the first phase, over 1,000 different varieties of wheat under

: |

irrigation at the wheat breeding station at Dirab (35 kn froﬂ Riyadh) were
examined every season. Concurrently, under rain fed conditiéns at Abha,
about 300 wheat varieties were under observation. :

The most promising varieties grown under local farmi&g conditions
were then selected from five or six locations and introduced in such a

way that all farmers could adopt them. Some farmers wers given fertilizers

and seeds free of charge and advised to follow the guidelines| under the

guidance of extension agents. These farmers in turn educatediother
farmers of the area, Omly farmers who satisfied the followiné criteria
were chosen:

1. Farmers must have grown wheat in the past years 8¢ they could
recognlze the benefits of new seeds, methods, and procedures :

2, Farmers had to have high reputations in their comiunities

and among other farmers so that others would be drawn to learn from them
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3. Thelr land could not be less than 40 hectares no# exceed 60

4. Their water supply for irrigation had to be avaiiable at the
needed time | .

5. Thelr soil had to be appropriate for agriculturai use

6. Farm owners were required to cooperate with exteﬁsion agents
and follow their instructions fully in all procedures. Theyzhad to be
aware of the objectives of the Program and be willing to acce@t and
cooperate with other farmers who visited thelir farms

7. Farmers had to be aware of the necessity to protebt the
seeds for future use :

8. Their farms had to be accessible to the agricultu%al machinery

From these trials, the one wheat variety introduced in 19?1—71

that most farmers adopted was Mexi Pak.

Introduction of Mexi Pak

Mexi Pak is a new, short-stemmed wheat developed by México and
Pakistan. Its high yleld, high resistance to disease, and hiéh response
to fertilizers and water control made 1t popular among farmers. In spite
of the fact that it required more fertilizers, more labor, and thus
demanded practices contrary to the traditional farming methods, farmers

adopted the new varlety primarily because it produced such high Yields.

Taxation and Subsidy

Zakat 1s the form of taxation in Saudi Arabia, and is Prescribed

upon Muslims by virtue of their Islamic religion,

Definition and Explanation of Zakat
An obligatory duty to be paid by Muslims according to their

wealth, Zakat is one of the five basic prillars of Islam, The dur'an (2:43)
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mentions that one must definitely pay the poor their due. ﬂhe prophet |
of Islam, Mohammed (peace be upon him), saild to one of his &ompanions who
was belng sent to Yemen as one of his representatives that hé should
“tell the people there that God has Prescribed Zakat upon them. Tt
should be paid by their wealthy people to their poor people.;

The Zakat required is 2.5% of a man's money. It need not be paid
until a man has possessed that money for one year. A man muét pay, for
example, one sheep for every 40-120 owned, If there are lesé than 40
sheep, there is no obligatory Zakat. A farmer must pay 1/10£h of his
total crop if it was irrigated by water from rivers, springéé or rain.

If irrigation involved some kind of labor and capital cost, the Zakat
would be 1/20th, A farmer pays no Zakat if he produced lesséthan 1,600
Iragl pounds, j

Poor people do not have to pay Zakat, for Zakat is gi;en to then.
It can be paid to one's relative, but this relative should noi be the one
who can inherit the giver's property. So according to Islami; prineciples,
a relative who inherits proﬁerty must be taken care of with n;n—Zakat
money if he is poor. 5

It is an order by God as prescribed in the Qur'an (6:i41) that
the Zakat of cereal crops must be paid off on the day of harvést. Near
harvest time, the government will send appraisers out to estimate the

amount which farmers will Day.

Subsidy
After the increase in oll revenues in 1973, people weﬁe more
interested in businesses other than agriculture. This whole pﬁenomenon.

which had a great effect on agriculture overall, will be discussed in
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more detail in the section dealing with variables arfecting ﬁheat supply.
The government wanted to pay a subsidy ta encourage ﬁhe farmers
to continue and expand agriculture. They decided to pay 1/4;Riyal on
every kilogram of wheat produced, and similarly, they also hélped the
farmers in paying part of their input. This subsidy on crops produced

was calculated by estimating each farmer's Zakat,

Methodology and Data Collection

Methodology :

The method used to obtain knowledge about sﬁpply anq éemand
relationships of wheat requires knowledge of both economic théory and
statistical tools, :

In this study, we will take a brief look at the wheatéindustry
in Saudi Arabla, Then, using the ordinary least squares methéd to
estimate the supply and demand functions of wheat for Saudi Aiabia, we
wlll evaluate these equations according to the statistiecal pr;perties

and economic theories.

Data Collsction

Data are generated in time series from 1963 to 1977. jTotal
consumption in year t is derived by summing up the domestic pﬁoduction
in year t and imported wheat and flour in wheat equivalent iniyear t.
This proxy is not quite accurate because wheat stocks are not ﬁaken into
account, but here we will assume that stocks are relatively stable over
tine.,

All prices of wheat, tarley, and corn are deflated by %eneral cost
of llving indexes. Wheat production is in thousands of tons ahd per

caplta consumption is in kilogranms.




CHAPTER IIX

THE FACTORS OF SUPPLY AND THE ESTABLISHMENT

OF THE SUPPLY EQUATION OF WHEAT

In this chapter we will discuss the factors that afféct the
quantity of wheat supplied, namely, price of wheat, price of;barley,
a substitute commodity, rainfall, the effect of increased oil revenues
since 1973, and improved technology.

Two methods will be used to estimate the supply equaﬁion for
wheat. Then the two methods will be evaluated on the basis of statistical
properties of the estimated coefficient, the expectation from the economic

theory, and the knowledge of wheat production in Saudi Arabia;

Selection of Variables

Price of Wheat .

From economic theory we know that in a competitive market economny
farmers use prices as one factor to determine what and how much to
produce. Because of the nature of agricultural production there 1s a
lagged response to last Year's price. The higher the price, the greater
the supply of the commodity. Normally in a supply equation, farmer price
1s used, but due to lack of data on farmer price in this study} the
wholesale Price of wheat is used to determine supply. This is done
because of the constant difference between imported price and F'a.rmer

Price, the latter of which is higher,

9
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Price of Barley (A Substitute for Wheat in Production)
' Since farmers have limited resources of labor, land, and capital,
and we assume they have profit maximization as their goal, uhey allocate
these resources in the best way to achieve that goal. Becau#e relative
Prices have a significant effect on profits, we must consider not only
the price of the commodity under study but also the price of_close
substitutes., 1In this study, barley competes with wheat all dver Saudi
Arabia, and farmers choose to gYowW one or the otﬁer or both,fdepending
on thelr perception of profitability. For the same reasons ﬁentioned
under wheat prices, we are here again substituting imported wholesale

barley prices for the farmer's price of this commodity.

Rainfall !

In Saudi Arabia some wheat is grown under rainfall co#ditions
and even irrigated wheat is affected by the amount of rainfall, A
shortage of rain in any year affects the upland wheat production directly.
It also affects indirectly the production of irrigated wheat since, in the
long run, the water table is lowered. This raises production;costs and,
in turn, will reduce supply.

On the other hand, excessive rainfall also has a negat;ve effect
on supply by destroylng wheat crops. This occurs more often iﬁ the south
where farmers irrigate wheat by utilizing a system of walls to block the
water that runs off the mountains. The excess rainfall washes down the

wheat and washes out the soil on which it grows.

The Effect of 0il Revenue Increases Since 1973
A dummy variable is used to measure the effect of differential

rates of economic activity during the study period. More specifically,
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the value zero was glven to the perlod 1964-1972 and the value one to
the period 1973-77. The division is necessary because from 1973 through
the end of the study period there was a dramatic increase in;oil revenue
for the country. This in turn led to the opening of many oppoxrtunities
outside agriculture, especially with foreign companies operafing in the
country, and in government, business, and industry., In some;cases land
use shifted from agricultural to urban and industrial uses--pspecially
with the increase in the opportunity cost of holding land fo¥ farming
purposes because of the boom in alternative economic activities. The
influx of foreign personnel into the country put great preséﬁre on cities
to use agricultural land surrounding the cities for residential housing.
These differences form the rationale for using a dummy variable. We

expect the dummy variable to have a negative effect on supplj of wheat.

Technology

To investigate the effect of technology, a dummy variable is used
from 1972 to the end of the study. This is to reflect the iétroduction
of Mexi Pak, which increased the yields from 1% to 1 tons pef hectare of
the local varieties to 4 10 5 tons. Introduction of Mexi Paﬁ demanded
complementary inputs such as increased levels of certain ferﬁilizers
(because Mexi Pak responds greatly to fertilizer application) as well as
improved water control and pest and disease management. These factors
are likely to affect overall wheat supply and thus require a:dummy varlable

to take them into account.

Supply of Wheat

Using the variables affecting the supply of wheat discussed in

the previous section, a number of formulations including different
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functional forms and/or different variables were used to estimate the
supply of wheat function.

Generally, the formulation revolved around two methods.

Method I. To estimate the supply of wheat two equations were
used, One was for the acreage under wheat and the other was for the
yield per hectare,

Total wheat supply is the product of these two flnctlons.

Formally the model was of the forme

A .
1. Qws=7f (Pw,_,» Pb,_,, Dy» RFT,, AW, )
2. @ = £ (D, T, RFT)
where

QAW = the acreage under wheat in thousands of hectares

Pw, , = deflated last year's wholesale price of wheat (R/Ton)

Pb,_, = deflated last year's wholesale price of barley (R/Toﬁ)
Awy , = the acreage under wheat in thousands of hectares for t-1

¢ = Constant

D1 = Dumny variable representing the effect of increase 1ln oll revenue

since 1973

RFT, = Rainfall in Fall season (mm)

1
QYW = yield kg per he

D = Dummy varlable representing technology
T

time trend

RFT = Rainfall in Winter season (mm)}

3. Q?w = qhw X Qrw

where this identify equation represents the total supply of wheat as a

product of the above discussed two equations.
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_ The author had a preference for this type of model because it
showed the effects of the varlables in the supply of wheat as they affect
the acreage or yleld separately. But for the different formulations used
in this model the results were statistically not significant:and

questionable from an economic standpoint. Table 1 shows examples of

some of these formulations,
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Method IT. With this method one equation is used to estimate the
supply of wheat. Generally, the equatlon used was of the form:
&Swt = £ (Pwt-1, Pbt-1, RFT, T, D)
where
stt = total supply of wheat in time t (thousand ton)
Some of the models used under this method gave satisfactory results.

A number of these formulations are shown in Table 2,

TABLE Z

Quantity Supplied Equation Qw

Model Pwt-1  Pbt-1  R#T D T ¢
1| Coeff 107 -.191  .0i1 -38.134 149,887
SE 057 .068 .025  7.963
t-value 1.887 2,809 L7 L 789
R® b
F 6.409
D.W. 2.539
2 | Coeff .125  -,166 004 -45.671 1.397 132.4
SE .060 .092 086 14,10 2.08
t-value 2,09 1.80 .09 3.24 670
R® 75
F 4,85
D.V. 2.4
31 Coeff 121 -.201 .014 -38.03 149,38
SE 057 072 .o41  8.03
t-value 2.11 2.77 351 4.73
R® 7k
F 6.33
D.V. 2. 44
Rainfall in Model I total annual mm

Rainfall in Models II & III total for Dec., Jan., & Feb.
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) From Table 2 a representative model for the supply of wheat was
chosen. The selectioﬁ criteria Ilnvolved two broad categories:

1. The statistical properties of the different models were
considered. Normally the overall (Rz), the SE of the regression, the
statistical significance (t-value) of the different coefficients, D.w.,
and F-value for the regression are possible criteria.

2. From our knowledge of the general economic theory and our
particular knowledge of wheat production in the reglons of Saﬁdi Arabia,
we incorporated these to choose among the statistically acceptable models.,

Conslderling the above in selecting a representative-quel for the
supply of wheat, Model III seems to be the more appropriate.

Detailed discussion follows for the model selected.

Model III: The General Form

QT = f (Pwt-1, Pbt-1, RF, D)
where
QT = Total production of wheat (thousands of tons) at time t

Pwt-1 = last year's deflated wholesale price of imported wheat (R/Ton)

Pbt-1 = last year's deflated wholesale price of barley (R/Ton)

RFT = Total amount of rainfall for December, January, and February in am
D = The effect of an increase of oil revenue since 1973

Using data from Saudi Arabia, the equation was estimated by the
TSP.* Results were as follows:

Qwt = 149,3 + .121 Pwt-1 - ,201 Pbt-1 + .01% RFT - 38D

SE (.057) (.072) (.041) (8.03)
t (2.11) (~2.77) -~ (.35) (4.0)
R = .738 |
D.W. = 2.4
F =6.3

*
TSP stands for the statistical program for time series processlng.
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Statistical Properties of the Model

The estimated results indicate that 74% (R2 = ,738) of the
variation in the quantity of wheat supplied is assoclated with fhe
variables included (i.e., price of wheat and barley both lagged one year,
RFT, dummy varlable for the effect of increase in oil revenue since 1973).

The cosfficient for the lagged price of wheat has the value of
+.121 with a relatively small SE and 1s statistically significant at
approximately 7% level (t-value = 2.11). This coefficlent tells us that
a one unit (Saudi Riyal) increase in the last year's price would be
assoclated with a ,121 thousand ton increase in the quantity of wheat
this year.

The coefficlent for the lagged price of barley has a value of
-.201 and is statistically significant also at approximately 3% level.
(t-value = 2,71) This indicates that an increase of one unit (Saudi
Riyal) in the last year's price of the competitive crop of barley would
be assoclated with a reduction of the wheat quantity supplied this year
by .201 thousand tons.

The rainfall coefficient has a positive value of .014, indicating
that the increase in rainfall by one unit (mm) would be assoclated with
an increase in the wheat supply of .014 thousand tons. But the coefficlent
has a relatively high SE and is therefore not statistically significant
(t-value = .35).

The last variable, the dummy variable, has a negative value of
-38 and is statistically significant at 1% level (t-value = 4), which
indicates that since 1973 production of wheat has declined by 38 thousand
tons/year.

The D.W, statistic (D.W. = 2.4) is not far from the value 2, which

indicates there 1s no serious autocorrelation among the residuals.
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As mentioned earller, 74% of the variation in the quantity of
;heat supplied is associated with the variables included.

The F test of this regression (F-value = 6.4) is statistically
significant at 2% level, indicating that such association of the variation
in wheatlt supply and the variabies could occur by chance in only 2 out of
100 cases.

The overall stﬁtistical properties of this model seem reasonable.

- The statistical non-significance of tbé rainfall coefficient may be due
to poor quality of data used--a fact that should be taken into consider-

ation when using the resulis of this mbdel for policy recoﬁmendations.

Beonomle Interpretation

As mentioned before, the combined knowledge of economic theory
and the particular knowledge of the production nature and regions in
Saudl Arabia were the factors that led to the choice of this model. As
can be seen from the results, the main price effect in this supply
equation was posifive, and the price of the competitive crop of barley
has a negative effect,

The data used for estimating the effect of ralnfall showed
observations below the éritical 1imit. (Rainfall above this limit can
detrimentally affect the yleld of wheat.) Yet these data may not be
reliable in representing the region, and might result in the statistical
non-significance of the ralnfall coefficlent. But because -rainfall must
be considered an important factor in production, the varlable has been
retained in the eguatlon despiie its statistical non-significance.

The coefficient of the dummy variable is important here. Earlier
in the discussion of vafiables affecting the quantity of wheat production,

we postulated that changes assoclated with the increased oll revenue
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since 1973 have affected the use of both manpower and land use. We
hypothesized that the resulting increase in revenue has diverted labor
from agricultural production towards the higher paying oil and oil-
related industries. Similarly, land around cities and urban centers has
been diverted from agriculture to residential and industrial uses.

These known changes are consistent with the negative coefficient
(-38.0) of the dummy variable in this regression. |

Because data was unavallable at the time, a separate varlable
for the cost of production (such as labor and fertilizer use) was not
included in this model. Such variables could probably 1mpr§ve the
results. Note that the dummy variable most likely captures an important
part of production cﬁsts since these costs would be affected by land use
around urban centers and by manpower. Inclusion of more appropriate or
more accurate production costs in the future might inprove the model used
to estimate wheat production in Sawdl Arabia. Still, use of the model
in extrapolation and policy recommendations would be subject to the

quality of data used.

Discussion

After checking éhe coefficients of these independent variabies,
we have shown that total production of wheat is positively affected by
the changes in the price of wheat. It is negatively affected by the
change in the price of barley--which indicates that farmers are responsive
to price change 1f the government of Saudi Arabia initiates policies that
will increase wheat prices for wheat producers. This would result in
increased production. '

The increase in oll revenues as a proxy to the increase in income,

coupled with the increase in urbanization and forelgn labor, indicates
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that wheat imports should be increased to compensate for the decrease in
local wheat production and to meet the new demand created by the sharp
increase in cil revenue. ‘

The above discussion indlicates that the subsidization policy
seems to have minimlzed the possible decrease in wheat production after
the 1973 sharp increase in oil revenue. This study shows that the
introduction of Mexi Pak significantly increased the yield. (See Model I
on the yield equation in Table 1.) But due to the lack of enough data
we cannot give more details or investigate further the effect of this

variable,

-
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CHAPTER III

THE FACTORS OF DEMAND AND THE ESTIMATION

OF THE DEMAND EQUATION FOR WHEAT

This chapter discusses analytical procedures of the demand
equation. The first pért describes the variables that affect quantity
demanded per capita (l.e., price of wheat, price of a subst;tute‘commodity,
income per capita, and time trend). The second part evaluates the model
selected as representative of the demand equatioﬁ. Selection of the

appropriate model was based on statistical and economic criteria.

Selection of Variables

Price of Wheat

Economic'theory suggests that there is an inverse relationshlp
between the price of a commodity and the quantity of the commodity
demanded. This is true except for a few types of goods called inferior
goods. Based on Saudi Arabian experlence, wheat is a normal good. A4
normal good in thls sense refers to any commodity for which demand
increases with an increase in income,

The retall price of wheat, which directly affects consuner demand,
should be the appropriate price to use in constructing a demand eguatlon
model. Glven our knowledge of retaill price variation among citles in

Saudl Arabia, however, to take the retall price for any one city would

‘be inappropriate and would lead to a large blas. We have observed that

the retall price in each city varies directly with the wholesale import

21
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price of wheat and thus the latter may be a better indicator of the
éverage price of wheat. We have therefore developed models using the

two prices, both deflated by a general cost of living index.

Lagged Price of Wheat. Consumer demand is affected not only by

current prices of wheat but also by price lagged one year. With this in

mind, we have included lagged price as a variable.

Price of Corn as a Substitute in Consumptlon

Two commodities are said to be substitutes if an increase in
the price of one leads to an increase in the demand for the other. 1In
Saudl Arabia, bread is made either from wheat or corn. If the price of
wheat increases, people tend to make bread more_from corn and vice versa.
Hence, we have included the price of corn as the main substitute good in

our model. Corn price, like the price of wheat, 1s also deflated.

G.N.P. Income Per Capita

Income per capita is probably not the ldeal measure of individual
income that determines demand for goods, particularly in the case of
Saudi Arabia, where the dichotomy between the public secior and the
private sector is so great (Al-Bashir, p. 55)., But since we are constralned
by lack of an alternative measure of income, we will use income per
capita as the income measure in our models. The unsatisfactoxry use of
income per capita might be the reason why some of the coefficients of
income turned out to be negative, Note also that the income per capita

is deflated by the same cost of living index,

Time Trend
Time trend is included as a varlable to allow for changes of

taste over time., Tastes couid change elther towards increases 1n wheat
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consumption or decreases. The results indicated a tendency toward

r~ reduction in the demand for wheat over time, In the author's opinion,
this may be due to the tendency to shift towards consumption of meats,
vegetables, fruits and other food itenms.
The Demand for Wheat
From the variables affecting the demand for wheat discussed above,
one general model was specified. Different combinations of variables
were tried with the model, which is:
&, = £(Put, Put-1, Po,, TP, t-1, )
where
Q:t = quantity demanded per capita of wheat in time t
Pwt = deflated wholesale price of wheat (R/ton)
Pwt-1 = deflated lagged wholesale price of wheat (R/ton)
~

Pct = deflated wholesale price of corn at time t (R/ton)

It

YPt = per capita income of time t (thousands Riyal/capita)
lowt-1 = quantity demanded per caplta last year (kg)

t = time trend

Table 3 shows the results obtained from the model,
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TABLE 3

D
Quantity Demanded Per Capita Equation Qw

Model Pw Pw-1 YP PC T c
Coeff -. 149 -.036 1.141 112 -.862 100,152
oE .031 036 2,376 Ol 1.057
4 t-value 4,764 1.011 480 2,744 .815
R .78
F 4,971
D.W. 2,67
Coeff -.137 -.791 .100 81.284%
SE .027 872 . 368
2 t-value 5.072 918  2.734
R® .75
F 8.827
D.W. 2.85
Coeff -.481 -.258  3.055 143 81.246
SE Sl 209 1,728 121
3 t-value 3.402 1.237 1,768 1.183
' R© 66
F 3.85
D.¥. 2.598

In Model III we use the retail prices of wheat and corn.

Considering the results and background economlc theory as

well as the statistical characteristics of the model, we used the table

above 1in selecting the most satisfactory formulation, which is:

Qy = 100.152 - 40P -
sE (.031)

1

+ 1,140 P
(.036) (2.376)

t-value (4.764) (1.011) (.480)

+ .112?{= - ,862T
SE (.o41) (1.057)




t-value (2.744) (.815)

' R = .78
D.W. = 2.78
F-value = 4.97

Statistical Properties of the Model

The results show that 78% of the variation in wheat demand 1is
assoclated with the variables included in the model (deflated price of
wheat and corn, deflated per capita income; and the time trend).

The coefficlent of the deflated price of wheat turned out to be
significant at 1% level (t-value = 4,764) with a vaiue of -.149, This
means that a unit increase in the price of wheat leads to a decrease in
the quantity demanded per capita by .149 units. In othexr woxds, an
increase in the wholesale price of wheat by one Saudi Riyal is assoclated
with a decrease in guantity demanded of wheat per capita by .149 kg. .

The coefficient of the lagged price of wheat 1s -.036 with a
t-value of 1.011, which is not significantly different from zero.

The coefficient of per capita income has the value of 1.140 with
a relatively high standard error. So t-value was non-significant (t-.480).
However, this variable was retained because of its importance in the
economic theory of demand. The value of the coefficient of the per
capita income indicates that an increase in YP of one thousand Saudi
Riyal is assoclated with an increase in quantity demanded per capita of
1.140 kilograms of wheat.

In the case of corn price the coefficient has a positive value
of 5.112, as expected, with a significant t-value at 4% level (t-2.744).
This means that a one Riyal increase in the wholesale price of corn,
substituted for wheat, is assoclated with an increase in wheat consumpiion

by .112 kg.
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The coefficient of the time tfend T has a value of -.862T, with
; relatively high standard error and a non-significant t-value. This
coefficient suggests that during the study there was a decrease in the
quantity of wheat demanded per capita of .862 kg per year.
The D.W. statistic (D.W. = 2.78) 1s in the indeterminate range
so that no conclusion can be drawn as to autocorrelation.
As mentioned earlier, 78% of the variation in the quantity of
wheat demanded was assoclated with the included variables.
The F-test of thls regression is F = 4.97 and is statistically
significant at 7%, which means that such assoclation of the-variation
in the quantity demanded per capita of wheat and the variables could not
be random at 93% significant level,
The overall statistical properties of this model seem reasonable
in terms of corredt signs of coefficients and consistency with economic
theory. While the significant levels of the coefficlents were disappointing,

the overall P-test does suggest the presence of explénatory properties.

Economic Interpretation

Here we will lock at the signs of coefficients to determine the
relationship between dependent and independent variables.

The coefficient of PW, deflated price of wheat, is negative, which
means there is an inverse relationship between per capita consumption of
wheat and the deflated wholesale price of wheat. Therefore, this
coefficient goes with the economic theory.

The coefficient of YP per capita real income is positive, indicating
that when per capita real income increases, per capita consumption of
wheat will increase. This result is consistent with the beliéf that

wheat is a normal good in Saudl Arabia,
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The coefficlent of Pc deflated price of wheat is positive, which
geans that when the price of corn goes up people will consume more wheat.
This result 1s conslstent with the assumptioh that corn is a substitute
for wheat.
Finally, the coefficlent of T, the time trend, 1s negative,
suggesting that there is a trend toward reduced per capita consumption

of wheat over time,

Conclusion

The study shows that there is a negative relationship between
the price of wheat and its quantity demanded per capita. It indicates
also that there is a positive relatlionship between both price of corn,
a close substitute, and Income per capita on the one hand, and the
quantity demanded per capita on the other hand. The relatienship
between income per caplta and quantity demanded per caplta indicates that

wheat 1s a normal good with a very low income elasticity (.05). Per

capita income is not significant,




CHAPTER IV

PROJECTION OF DEMAND AND
SUPPLY OF WHEAT
In this chapter we will try to establish the quantity of wheat
demanded and the quantity supplied from domestic production in Saudi
Arabia. From such projections we will determine the deficit which has

to be covered by imported wheat.

Projection of Quantity Denanded

As mentioned before, the following model would be used for
prediction purposest
P« = 100.152 - .149 Pw - .036 Pw-1 + 1.14% YP + .112 Pe - .862T
Based on a population growth rate of 3% (the established level for the
last few years, which we think will continue until 1985), and an income
per caplta growth rate of .21 (the average growth for the last nine
years), the formula is as follows:
D, = Do (1= d)t

t = 0’ 1. sens

where t = 0 for 1976

d = pop + NY (Annual rate of growth in the consumption of a food product)
d = Annual rate of growth in the consumption of a food product

Pop = Rate of growth in population (.03)

n

Income elasticity of demand
Y = Annual rate of growth in income per capita (.21)

Income elasticity = .05 28
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TABLE 4

THE PROJECTION OF TOTAL CONSUMPTION THROUGH 1985

Year Quantity Projection (Thousand M.T.)
79 692
80 720
81 7H9
82 779
83 810
8h 842
85 876

Supply Projection

The following estimated equation of supply should be the basic
framework to make the projection.
Qwt = 149.3 + .121 Pwt - 1 - .201 Pbt - 1 + .014 RFT - 38D

Using the above equation we will keep rainfall and the prices
of wheat and barley constant at their average value. Based on that our
projection of total productlon will be constant at 110 thousand M.T,
through 1985, But we are not satisfied with this rasult because the
effect of shifting agricultural land to residential and industrial uses
had a negative impact on quantity produced. During the same peried,
however, subsidies were paid to farmers as an incentlve to boost production.
When the negative dummy variable is used in the supply equation, the
effect of shifting land to non-agricultural uses dominates the effect
of the subsidy. Also, we should note that our supply equation does not
reflect technolog&, variable costs, and agricultural credit effects.

The inadequate predictlon power of the above supply model calls
for other means of arriving at a forecast of production through 1985,

The projection of quantity supplied will be based on a 19% rate of
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production growth (.19 has been the rate of producilon growth from

~
1973, when wheat production reached its minimum, to 1978).
TABLE 5
ILLUSTRATION OF PROJECTION FOR THE SUPPLY OF WHEAT THROUGH 1985
Year Supply Thousand M.T.
Based on Estimated Using the Rate of
Supply Equation Production Growth
(Method I) (Method II)
79 110 208
? 80 110 248
: 81 110 295
82 110 351
83 110 418
84 110 Lo
85 110 591
ﬂ
The second five year plan for Saudi Arabla projected wheat
production for 1980 to be 250 thousand M.T., which is not far from our
projection (Method II) of 248 thousand M.T. for the same year.
At the equilibrium level, quantity demanded equals quantity
supplied. The two sources of wheat supply in Saudl Arabla are:
1) domestic production, and 2) imported wheat. Therefore our egquilibrium
condition is as follows:
s d
i. Q wt Q wt
2, Qut = Qwt + Qowt
3. Qwe = wt + Qo
vwhere
stt = total quantity wheat supplied at time t
~ 3wt = total quantity demand at time t
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prt = total production at time t
Qlwt = total imported wheat at time t
From this prediction of both quantify demand and quantity of
domestic production through 1985, we can calculate the quantity of wheat
that will be needed to get the equilibrium, Table & shows the quantity

that will be imported through 1985.
TABLE 6

THE QUANTITY COF IMPORTS THROUGH 1985

Year Imports
Based on Method X Based on Method IIX
(Estimated Supply Equation) (Using Rate of Production Growth)

1979 582 Lay
1980 612 L72
1981 639 45l
1982 669 428
1983 700 392
1984 732 345
1985 766 285

The study shows that there will be deficlts 1n local wheat
production. The author prefers Method II, the quantity supplied projection
that was based on the rate of production growth, becauss it agrees more

with the actual situation (according to his experience).




CHAPTER V
CONCLUSION AND POLICY IMPLICATION

Wheat 1s an important commodity to farmers as well as consumers.
The average total area used for wheat in the Kingdom during the study
period (1963-1977) was 88.4 thousand hectares and the average total
production per year during the same period was 134.6 thousand metric tons,

With the new riches of Saudi Arabia and the increased populatilon,
both domestic and foreign, wheat is becoming a more important dlet staple.
This study has estimated the relationship of supply and demand on
quantity produced and consumed from 1963 to 1977, and projected supply
and demand through 1985.

The results show a positive relationship between the lagged
price of wheat and total production. The total production is negatively
related to changes in price of barley, which is a close substitute,

Rainfall has a positive effect on total production. Although
the coefficient of this variable was not significant, our knowledge of
wheat production in Saudi Arabia tells us rainfall is a significant
factor. i

The new high ylelding variety of Mexl Pak significantly
increased the yleld,

The study shows that there is a negative relatlonship fetween
the price of wheat and its quantlty demanded pér capita. On fhe other

hand, there is a positive relationship between price of corn, a close

32
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substitute, and quantity demanded per capita of wheat. Wheat is a normal
good with a very low income elasticity of demand (.05).
The results of this projection indicate that there will be a

deficit in local supply in the future. Hence, import of wheat seems

necessary.
TABIE 7
PROJECTION OF SUPPLY AND DEMAND OF WHEAT
(THOUSAND METRIC TONS) THROUGH 1985
Year Demand Supply Imports
Method I Method II Method I  Method II
79 692 110 208 582 48l
80 720 110 248 612 y72
81 749 110 295 639 454
82 779 110 351 669 428
83 810 110 418 700 392
84 842 110 497 732 345
85 876 110 591 677 285

Policy Implication

On the basis of observatlons, Mexi Pak is the high ylelding
wheat variety. Hence the Ministry of Agriculture should facilitate
ways and means to encourage farmers to adopt this particular variety.
Since the yield of this variety depends heavily on complementary imputs
like fertilizer and other related materials, these should be made
avallable in the market.

Iack of water constrains crop production; rainfall is sometimes
wasted. Building dams and introducing modern irrigation systems may

help to increase the wheat supply.
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Small machinery can be used to improve total production., Because
ﬁost farms are too small to use blg machinery efficiently, I would suggest
that policy makers of.the Ministry of Agriculture facilitate and encourage
the use of small machinery among the farmers.

During the time that oil revenues multiplied, subsldies were
introduced to diminish the effect of oil revenues on agricultural
practices., To keep subsidies alive and effective, I would suggest that
the ratio of subsidies be increased to keep pace with increases in cil
revenue.

Wheat is an important food to the people of Saudi Arabia, and if
private enterprises do not produce sufficient quantities, the government
should undertake wheat production.

This study indicates that undoubtedly there will be a short
supply of wheat in the near future. To assure Saudi Arabla of a
continuous supply of wheat and protect it from international market
manipulation, policy makers should enter into some kind of long term

contract with wheat producing countxries.

Data Shoxricomings

Lack of data is a common probiem in developing countries. The

. shortage of both quality and quantity of data in Saudl Arabia adds
another constraint to economisis who want to carry out research. In thils
study, for example, whereas wholesale imported price of wheat was used in
the supply equation, farmer price should have been used., Whereas whole-
sale price was used in demand equations, retail price should have been

used. The necessary data was unavailable. Also, GNP per capita lncome

in the demand equation was used due to lack of a more appropriate measure.
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If farm prices, retail prices, and more accurate lncome data had been

avallable, then supply and demand models would be improved.,

Suggestions for Further Research

Sandi Arabia is a large country with great differences in climate
and agricultural production patterns and practices. There are wide
differences in consumption patterns and tastes. Since this study is at
a high level of aggregation and has overlooked detailed differences
across regions, perhaps a ciearer pleture would be obtained by disaggre-
gating the nation into four regloms. If, for purposes of study, the
country were divided into the north, the east, the central, and the south-
west regions, different commoditlies would be used as substitutes for
wheat. In this study we have used primarily corn, but with dlsaggregation,
rice could be used as a substitute in the central and eastern regions.
Changes would also emerge in productlion substitution; in the central and
eastern region we might substitute onions for wheat instead of barley.
With disaggregation the effect of rainfall would most likely be more
precise because the aggregate rainfall figures used in this study

concealed a great variation within regions.

i~ . . Lt
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Inclusion of labor and fertillzer costs would also improve the

SHST I * PR
R EONAS LN [ E

model. Not only are labor costs high in Saudi Arabia--an unusual situation
for a developing country, but also the introduction of Mexl Pax requires

higher inputs of fertilizer and must be taken into account.
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APPENDIX 1

DATA FOR DEMAND EQUATIONS

Year QD Pwt Pct Pop GNP G.I
62 296.2 LiL 6263 5969.9

63 294 .4 438 348 6416 6484, 7 100
6% 291.6 501 293 6579 7257.2 102.8
65 392.5 h22 325 6750 8057.5 103.2
66 375.2 457 355 6930 8936.6 104.8
67 b76.9 396 350 7119 10117.6 107.0
68 317.1 466 304 7317 11254.1 108.7
69 408.1 L9 358 7524 12318,2 112.5
70 476.8 437 Li9 7740 13410.1 112.7
71 k7L, 5 L5 382 7965 17241.5 118.2
72 512.2 460 311 8199 205838.7 123.2
73 347.7 631 382 8lis3 30094.5 43,1
7 396 .4 1014 771 8697 82551.6 173.8
75 LBl b 922 720 8966  120008.6 233.9
76 615.2 830 700 9238  145431.6 307.7

SOURCES: QD, Pop from F.A,0. Pwt, Pct from Saudi Arabia

Statistical Year Book.

Saudl Arabia.

GI from A Structural Econometric Model of the
Saudi Arabian Economy, 1963-1974; 1975-1976 from national accounts of

Pop —==2the population
GNP ——3 Gross National Product (million Saudi Riyals)
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~ : APPENDIX 2

DATA FOR SUPPLY EQUATIONS

Year Qwt Pwt Pbt RFT Tt Awt
63 135 438 318 82
6l 125 501 33 199 1471 85 |
65 148 422 301 58 1479 100 |
66 W9 a5 301 82 1488 100 |
67 150 396 3% 0 1500 100 ?
68 130 466 337 113 1300 100
69 150 49 227 250 1500 100
70 150 437 27k 186 1500 100
71 150 45 411 40 1230 122
72 150 160 bl 255 1200 125
73 90 631 232 281 2000 b5
7 132 1014 512 47 1800 50
~ 75 132 922 496 147 2126 62
76 93 830 480 69 1255 74
77 196 1800 75

Sources: @Qwt, Ywt and Awt from F.A.0. Pwt and Pbt from Saudl

Arabia Statistical Year Book, RFT from a report of the Ministry of

Agriculture and Water.
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