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Many wheat export demand estimates are based on the assumption 

that wheat is a single homogeneous commodity. A more realistic ap- 

proach is to identify the export demand for a specific class of wheat, 

since each class has a particular end use. Furthermore, the demand 

for each class of wheat may vary among certain countries. Most wheat 

demand studies are based on regional or world-wide information. This 

method of aggregation overlooks country-specific variations of imports, 

exposing regional estimates that possibly misrepresent a particular 

country's interest in a marketable commodity such as wheat. 

The demand for wheat on a class-specific, country-specific basis 

was investigated by estimating the excess (import) demand for U.S. 

White Wheat in the Republic of Korea (South Korea).  Import demand 

estimates for Pacific Northwest White Wheat are compared with import 

demand estimates for all classes of U.S. wheat aggregated together to 

evaluate the relative differences of the two data sets. 

A linear regression equation based on White Wheat data was stat- 

istically different than a linear regression equation using aggre- 

gate wheat data, although the income and wheat price coefficients of 

each equation were not significantly different. Furthermore, explana- 



tory variables that determined White Wheat imports in South. Korea 

differed from those that determined aggregate wheat imports. Stat- 

istically significant explanatory variables that determined aggre- 

gate wheat imports were not significant in determining White Wheat 

imports, with the exception of South Korean income. However, the 

income variable had a multicollinear relationship with the rest of 

the explanatory variables. The problem was more evident in the aggre- 

gate wheat data than in the White Wheat data. 

The income and price elasticities of aggregate wheat import de- 

mand in South Korea Q-SS and 0.35, respectively] differed in magni- 

tude relative to income (1.12; 4.57) and price (-.71; 3.46) elasti- 

cities of wheat import demand from past regional demand studies. 

Also, the income and price elasticities of White Wheat import de- 

mand in South Korea (3.18 and 0.74, respectively) differed in magni- 

tude relative to the income and price elasticities of aggregate wheat 

import demand. 

A final conclusion was that excess demand theory proved to be 

justifiable in explaining U.S. wheat import behavior in South Korea, 

assuming a free-market (no trade barriers) policy. 
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AN ECONOMETRIC ANALYSIS OF WHEAT IMPORT DEMAND 

IN SOUTH KOREA WITH EMPHASIS ON THE DEMAND FOR 

WHITE WHEAT FROM THE U.S. 

CHAPTER I 

INTRODUCTION 

Wheat is an important U.S. export commodity. Not only do wheat 

and other agricultural exports contribute to the maintenance and ex- 

pansion of farm incomes, they also help improve the U.S. balance of 

payments. The value of non-relief U.S. wheat exports increased a sub- 

stantial 64 percent from a value of nearly four billion dollars in 

the 1977-78 marketing year to over six billion dollars in just two 

years. As a result, the wheat export market has drawn much attention 

from agricultural economists in producing statistical demand studies. 

Continual evaluations of the U.S. export demand for wheat are needed 

in order to analyze and upgrade existing wheat market conditions and 

to maintain a competitive position in world trade. 

While most wheat demand estimates provide sufficient information 

about the wheat export market, necessary information about the export 

demand for individual classes of wheat is lacking considerably. This 

arises from the problem that most studies treat wheat as a single, 

homogeneous commodity due to the shortage of information needed to 

conduct demand estimations for individual wheat classes and/or the 

assumption that the market for each individual class is negligible in 

producing biased estimates of wheat demand when treating all varieties 

of wheat as one commodity [1; 9; 11; 29; 17]. This assumption may be 

presumptuous due to the fact that a number of wheat classes exported 
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every year have specific end uses in every country. Consequently, if 

consumer demand is to be estimated from the demand for the final pro- 

duct, aggregated wheat data may hide differences that are inherent 

with respect to the milling and baking potential of each wheat class. 

Moreover, most studies also estimate wheat demand on a regional basis. 

Demand estimates based on geographical separations or on low-income 

and high-income countries may miss country-specific differences in 

the import demand for wheat. 

This study attempts to show empirically that a separate market 

exists for White Wheat in the wheat export trade. Evaluation of the 

demand for wheat on a class-specific, country-specific basis is accom- 

plished by estimating the demand for U.S. White Wheat in the Republic 

of Korea (South Korea) and comparing it to the demand for all classes 

of wheat in South Korea. To present the introductory argument, this 

chapter is divided into three sections. The first section briefly 

discusses the classes of wheat produced for the U.S. export grain 

trade.  Section two addresses the White Wheat trade between the United 

States and South Korea.  Section three presents the specific objectives 

of the research and scope of the thesis. 

Heterogeneous Quality of Wheat 

It is no secret that different wheat classes are available to 

trade in the world wheat market. Even though data for wheat may exist 

for an aggregate of varieties of wheat, differences in quality may be 

observed among buyers and producers.  Some authors refer to these ob- 

served differences in wheat as being "intrinsically heterogeneous" [9]. 

Different varieties of wheat are suited for growing in.different geo- 
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graphical areas, so that the class composition of wheat exports to a 

specific country may differ from the composition of wheat exports to 

another country. Given the fact that wheat classes are imperfect sub- 

stitutes in producing bread, spaghetti, confectionaries, etc., and 

that even the baking quality of several wheat varieties that belong 

to a specific class may vary widely from one variety to another, im- 

porters are likely to differentiate their demands. Therefore grain 

buyers must be constantly aware of the different types of wheat that 

are available in the world market. 

Although there are many varieties of wheat grown in the United 

States, each variety belongs to one of five basic classes. The class 

a variety belongs to is determined by the hardness (correlated with 

the protein level) and the color (red or white) of its kernels, as 

well as by its planting time (winter or spring). Each class of wheat 

has its own milling and baking qualities suited for a specific end 

product. The U.S. federal grading system divides wheat into the 

following classes: 

1. Hard Red Winter 

2. Hard Red Spring 

3. Soft Red Winter 

4. Durum 

5. White Wheat 

Hard Red Winter is an important bread wheat. The high protein 

level helps to produce a strong elastic gluten that is essential in 

making high-rising breads. Hard Red Winter production accounts for 

more than 50 percent of the U.S. wheat crop and more than half of 
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U.S. wheat exports. 

Hard Red Spring is another important bread wheat and accounts for 

about 15 percent of the U.S. wheat exports. This class of wheat is 

grown in North Central U.S. during the spring because of the harsh 

winters common to that.;.area. This is contrary to the fall planting 

season for the Hard Red Winter wheats, which are grown in the Great 

Plains states. 

Soft Red Winter has a relatively lower protein content than 

either Hard Red Winter or Hard Red Spring.  Soft Red Winter accounts 

for approximately ten percent of U.S. wheat exports and is suitable 

for pastries, cakes, biscuits, and similar end products. 

Durum is the hardest of all U.S. wheats. Only about five per- 

cent of U.S. wheat exports is Durum. Grown in the same northern 

area as Hard Red Spring, Durum wheat supplies the type of flour needed 

to produce spaghetti, macaroni, and other pasta products. 

White Wheat has similar uses as Soft Red Winter wheat. Grown 

mainly in the Pacific Northwest, and to a lesser extent in California, 

Michigan, Wisconsin, and New York state. White Wheat is an important 

export wheat to Pacific Rim countries.  In addition to accounting for 

up to one-fifth of U.S. wheat exports. White Wheat is normally priced 

relatively lower than Soft Red Winter and the higher protein wheats. 

Other classes of wheat are termed as either Unclassed or Mixed. 

Unclassed wheat includes Red Durum wheat or any wheat that is other 

than red or white in color. Mixed wheat includes any mixture of 

wheat that has less than 90 percent of one class and more than ten 

percent of another class. 

The White Wheat class is divided into four classes: hard white. 
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soft white, white club, and Western White. Western White is a unique 

mixture of not less than ten percent white club with the remainder 

being soft white. The white club wheats are the best milling vari- 

eties in the United States [10]. The flours of these club varieties 

are especially suited for pastries, cakes, and cookie flour produc- 

tion in the U.S. and Japan. The soft white varieties have lower 

flour yields and slower milling rates than the white clubs. As a re- 

sult, flours from soft white wheats have a greater mixing strength 

and stability than white club flour and are expecially suited for 

certain types of noodles in the Orient and for cracker and premium 

cake flours produced in the U.S. [10]. The actual amount of white 

club and soft white in Western White (above the required minimum) 

will vary according to the relative production of the subclasses and 

to the specific flour blend demanded by any one of several White 

Wheat importing countries. A Western White mixture containing mostly 

white club has different milling and end-use properties than a mix- 

ture containing mostly soft white. 

United States-South Korean Trade of White Wheat 

The greatest demand for Pacific Northwest wheat, particularly 

White Wheat, occurs in Asia. Some of the most important buyers of 

White Wheat include Japan, South Korea, Taiwan, the Philippines, 

India, Pakistan, and the People's Republic of China. It is impor- 

tant to study each of these countries individually for comparisons 

and contrasts of wheat import behavior. 

South Korea is chosen for this particular study of the demand 

for White Wheat because of several reasons. Among these are: 
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(1)  South Korea is a leading importer of White Wheat from the 

U.S. Being second behind Japan in purchasing U.S. White 

Wheat, 57 percent of all U.S. wheat imports in South Korea 

has been White Wheat during the past ten years.  In compari- 

son to other White Wheat importing countries, South Korea 

has taken 23 percent of total U.S. White Wheat exports. 

Table 1 presents the historic levels of U.S. White Wheat 

trade with South Korea. 

The  breakdown of all wheat imports by use in South Korea, 

obtained from U.S. Wheat Associates, is approximately: 

40% - noodles 

26% - bread § confectionaries 

13% - local fermented beverages 

7% - food processing 

6% - home use 

5% - industrial use 

3% - restaurant use 

100% use of all wheat imports 

(2) South Korea imports its wheat exclusively from the U.S. 

In fact, as of 1979, the U.S. had 100 percent of the South 

Korean wheat market [42]. Thus, by estimating the export 

demand for U.S. White Wheat to South Korea, it is similar 

to estimating the import demand for White Wheat in South 

Korea. 



Table 1.  U.S. Exports of All Wheat and White Wheat to South Korea and South Korea's Share of Total U.S. 
White Wheat Exports, 1970/71 through 1979/80. 

Total U.S. Wheat 
Exports to South 

Korea 
(1000 metric tons) 

U.S. White Wheat 
Exports to South 

Korea 
(1000 metric tons) 

White Wheat Exports 

Year 
Total Wheat 

(%) 

Exports 

1970/71 1,591 824 52 

1971/72 1,707 926 54 

1972/73 1,509 793 53 

1973/74 1,556 717 46 

1974/75 1,711 1,029 60 

1975/76 1,476 840 57 

1976/77 

1977/78 

1,996 

1,629 

1,207 

1,135 

60 

70 

1978/79 1,617 975 60 

1979/80 1,814 

total 

1,098 61 

16,606 9,544 total 57% ave. 

South Korea's 
Market Share of 
U.S. White Wheat 

(%) 

29 

34 

20 

23 

21 

18 

26 

26 

21 

23 

23% ave. 

SOURCE: U.S. Department of Agriculture.  "Grain Market News." Livestock, Poultry, Grain, and Seed 
Division, Portland, Oregon, Various Issues. 



8 

(3) South Korea is a rapidly developing country. Because of 

its cost-conscious government. South Korea is regarded as 

a large, price-sensitive buyer and is probably a central 

factor in determining the market price of White Wheat. 

From Table 1, the percentage of White Wheat exports out 

of total all wheat exports to South Korea ranges from 46 

percent in 1973/74 (when the U.S. export price of White 

Wheat was 186 dollars/metric ton, or 5.06 dollars/bushel) 

to 70 percent in 1977/78 (when the U.S. export price of 

White Wheat was 119 dollars/metric ton, or 3.24 dollars/ 

bushel). Focusing analytical attention on such a country 

permits an evaluation of its economic (income) growth on 

the demand for White Wheat. 

(4) South Korea has historically been a chief recipient of 

U.S. food aid. Over the years, a substantial portion of 

South Korea's wheat imports have been aided by the U.S. 

government under P.L. 480 and CCC credit programs. How- 

ever, according to a publication put out by North Pacific 

Grain Growers on May 28, 1981, the United States ended 26 

years of food aid to South Korea with a final P.L.-480 

sale of 5.7 million bushels of wheat. This will put all 

future South Korean purchases on commercial terms. Thus, 

from this success story of South Korean's economy, future 

research with the results from this research can assess 

the impact of U.S. government food aid programs on: 

(a) development of U.S. markets in recipient countries, 

and (b) domestic production incentives in recipient countries. 
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(5) Almost all U.S. exports of White Wheat to South Korea are 

produced in the Pacific Northwest (Oregon, Washington, and 

Idaho). About 70 percent of all White Wheat grown in the 

U.S. comes from the Pacific Northwest [35]. With about 90 

percent of the wheat grown in the Pacific Northwest being 

White Wheat, changes in export levels and prices have a 

direct impact on the agricultural economy of this relatively 

small region.  In the 1979/80 marketing year, 4831.45 

thousand metric tons (177,522,000 bushels) of White Wheat 

were exported from the Pacific Northwest. The value of 

these export sales exceeded $800 million and contributed 

to the importance of White Wheat as being the region's 

leading export. 

Specific Objectives 

The specific objectives for this study are: 

(1) To discuss and determine the relevant wheat import demand 

theory applicable to South Korean wheat import behavior; 

(2) To determine the significant economic factors that in- 

fluence the demand for all classes of U.S. wheat in South 

Korea; 

(3) To determine the significant economic factors that in- 

fluence the demand for U.S. White Wheat in South Korea; 

(4) Empirically evaluate differences in the estimated para- 

meters of regression equations that determine imports of 
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U.S. White Wheat and imports of all U.S. wheat in South 

Korea; and 

(5) Suggest further research. 

The results of this study will be used to inform public and pri- 

vate institutions with regard to policy decisions which will affect 

the utilization of the Pacific Northwest grain marketing system and 

minimize the flow constraints of wheat classes into world markets. 

Chapter V summarizes and evaluates the White Wheat data gathered based 

on the implications of the statistical results obtained in Chapter IV 

and the relation of wheat import demand in South Korea to previous 

published research outlined in Chapter II and to the theoretical 

framework discussed in Chapter III. 
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CHAPTER II 

LITERATURE REVIEW 

A great deal of research has been completed in the area of de- 

mand theory and analytical applications with respect to the inter- 

national and U.S. grain trade. A handbook formulated in 1958 by 

Foote discusses certain methods which appear to be of value in 

analyzing the factors that affect prices and the consumption of in- 

dividual agricultural commodities and in studying their demand and 

price structure [3]. Among the agricultural commodities exemplified 

in the study is wheat. Diagrams which show the major relationships 

in the wheat economy and of other agricultural commodities aid the 

reader in following the complex structure of the forces that inter- 

act together to form a commodity economy. 

The first principal study of the demand for individual vari- 

eties of wheat was "The Domestic Demand and Price Structure for 

Different Classes of Wheat in the United States," a 1961 Ph.D. dis- 

sertation by A.S. Kahlon [13].  Kahlon recognizes that each major 

class of wheat consists of particular baking and milling properties 

which achieve a specific wheat product demanded by consumers. By 

acknowledging that it is the miller who manufactures the flours to 

meet the specific needs of the baking industry, Kahlon fits separate 

derived demand equations for Hard Red Spring, Hard Red Winter, and 

Soft Red Winter Wheats at the miller's level and analyzes the sub- 

stitution interrelationships among these wheats. White Wheat is 

not included in the study because it was considered by Kahlon to 

be in a different, independent market relative to the other classes 
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of wheat.  By examining the direction in which the annual average 

prices and the domestic consumption of each of the three respective 

wheat classes changes over time, Kahlon is able to determine that 

Hard Red Winter and Hard Red Spring Wheats are competitive commod- 

ities, and that Hard Red Winter and Soft Red Winter Wheats are com- 

petitive in nature during some years and complementary during other 

years. 

Another study which recognizes the heterogeneous quality of 

wheat classes is a Ph.D. dissertation by Yi Wang in 1962, "The 

Demand and Price Structure for Various Classes of Wheat" [41]. Wang 

constructs a simultaneous-equation system that depicts the demand 

for each of the five wheat classes as being functions of their own 

price, prices of other classes, per capita consumer income, and 

time.  Additionally, separate demand equations for human consump- 

tion, feed, storage, and exports of each class are included in the 

study, in which the coefficients of each demand equation are esti- 

mated using ordinary least squares. The statistical and theoretical 

methodology that is used as a basis for consumer demand analysis is 

taken from Foote's handbook. The price elasticity of demand for 

White Wheat is estimated to be -0.98 and the income elasticity of 

demand is estimated to be negative. 

Other studies of wheat demand for each class are very few, 

particularly in the area of international trade.  In 1970, Seevers 

wrote "Pacific Northwest White Wheat Exports During the 1960's" to 

summarize the quantities, destinations, and financing methods of 

Pacific Northwest White Wheat exports during the period 1960 to 

1969 [30]. Seevers' purpose was to develop a comprehensive his- 
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torical overview of the pattern of White Wheat exports in order to 

anticipate future trading patterns for the 1970's. A 1974 publica- 

tion written by Heids, Menze, and Wirak entitled, "Factors Deter- 

mining the Price of White Wheat in the Pacific Northwest," is an 

excellent study based on actual experience in and research of the 

Pacific Northwest wheat market by the authors [10]. Organizational 

characteristics of the Pacific Northwest wheat market are described, 

along with some factors hypothesized as affecting the demand for 

Pacific Northwest White Wheat, such as cash and futures prices for 

other wheat classes, wheat quality, value of the U.S. dollar in inter- 

national markets, the availability of U.S. government financing for 

foreign buyers, domestic demands for seed, flour, and feed, and 

Australia's surplus supply of soft wheat stocks. The main purpose 

of the report is to provide a basis for future quantitative re- 

search involving the factors that affect the Pacific Northwest's 

White Wheat economy. 

A study in 1980 by Townsend provides an excellent description 

of the White Wheat marketing system between the Pacific Northwest 

and Japan [35]. From the country elevator to the Japanese con- 

sumer, each major level of the marketing system is described and 

evaluated as to the amount of increase in the price of White Wheat 

at each level. The data consists of average monthly prices, from 

1968 to 1978, of one bushel of White Wheat at each level of the 

marketing chain. Responsiveness of price changes at the U.S. farm 

level to price changes at higher levels in the marketing chain are 

estimated and analyzed. One of the major results supported by the 

analysis is that consumer demand theory cannot be used to explain 
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short-run changes in Japanese Food Agency demand for White Wheat from 

the Pacific Northwest because of the indirect and inconsistent re- 

lationship between White Wheat prices in Japan and at the U.S. farm 

level. 

A number of articles have been published that pertain to the 

theory of import demand. One such study was in 1962 by Prais, which 

surveys the developments of that time in the quantitative study of 

the determinants of international trade [27]. Prais evaluates the 

validity of elasticity estimates based on time-series and those 

based on cross-section studies, past research or. international price 

movements, and past research in world trade models. An ordinary 

least squares approach is suggested as a satisfactory method in esti- 

mating import demand, provided that some crucial assumptions can 

be made about the organizational behavior of the market system. A 

1974 article entitled "Import and Export Demand in Developing 

Countries" by Khan describes the theory, and provides estimates, of 

aggregate import and export demand functions for 15 countries char- 

acterized as "developing" [15]. South Korea is not included in the 

study.  Based on annual data from 1951 to 1969, the article concludes 

that prices appear to play an important role compared to non-market 

forces in the determination of imports and exports of developing 

countries. Additionally, the results also refute a commonly ex- 

pressed view that developing countries have a price-inelastic demand 

for import goods. All equations are estimated with the two-stage 

least-squares method rather than conventional ordinary least squares. 

A 1976 article by Goldstein and Khan estimates aggregate import de- 

mand equations for 12 industrial countries [7]. Quarterly data and 
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two-stage least squares are used on the relevant variables for the 

period 1955 to 1973. The authors' primary interest was to examine 

empirically whether the price elasticity of import demand and the 

speed at which actual imports adjust to the desired level are both 

independent of the size of the relative price change. This article 

offers a good description of import demand theory similar to Khan's 

1974 article, and adds alternative explanations of the theoretical 

applications. 

The appropriate functional form of an aggregate import demand 

equation is addressed empirically in an article written in 1974 and 

published in 1977 by Khan and Ross [16] . Based on results using 

quarterly data from 1960 to 1972, a log-linear function is found to 

be preferable to a linear function when the two functional forms are 

used to estimate import demand parameters for the United States, 

Canada, and Japan. Since these countries are relatively large com- 

pared to other trading nations and only four parameters Cprice> in- 

come, lagged dependent variable, and constant term) are estimated, 

the authors stress the point that their conclusions could possibly 

be reversed if more complex theoretic equations are considered. 

Khan and Ross do, however, demonstrate that there is an objective 

procedure in choosing a functional form for an import demand equation 

rather than just arbitrarily choosing one. 

An article which makes a substantial contribution to the litera- 

ture on the theory of demand in international trade was written in 

1969 by Armington, entitled "Theory of Demand for Products Dis- 

tinguished by Place of Production" [1]. Armington departs from 

the usual assumption that a certain good supplied by sellers in one 
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country is a perfect substitute for a good of the same kind supplied 

by any other country.  Instead, he starts with the basic assumption 

that products of different countries competing in the same commodity 

market are imperfect substitutes.  In other words, products available 

for international trade are distinguished not only by their kind, 

such as wheat, maize, rice, etc., but also by their place of produc- 

tion.  In general, the demand.for any product (i.e., U.S. wheat, 

Canadian wheat, Argentine wheat) becomes a function of money income, 

the price of the good (i.e., world wheat price), and the price of 

that product relative to prices of other products in the same commod- 

ity (good) market (i.e., price of U.S. wheat relative to the price of 

Canadian wheat). Goods treated as homogeneous in demand studies may 

actually consist of non-homogeneous products in the sense that they 

are differentiated according to the geographic area of supply. 

Grennes, Johnson, and Thursby attempt to explain the determin- 

ants of grain prices and the pattern of the international grain 

trade in the 1979 book Economics of World Grain Trade, by applying 

Armington's IMF model of product demand to the demand for wheat in 

a multi-country world [9]. The Armington wheat trade model used in 

Grennes, Johnson, and Thursby's book consists of four major exporters 

of wheat (U.S., Canada, Australia, Argentina) and two major importers 

of wheat (Japan, EEC). The rest of the world CROW) and supply vari- 

ables are treated as exogenous variables in order to predict the 

effects on prices and world trade flows subject to given changes in 

supply and other outside variables. The estimates of direct price 

elasticities of demand for each of the four exporting countries' 

wheat by Japan range from -2.06 with respect to the U.S. to -2.82 
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with respect to Australia. 

Not only do most import demand estimations for wheat consider 

that all classes of wheat be grouped into one commodity, but many 

studies conceive estimates that are determined by data from groups of 

countries, thus constituting a regional demand for wheat. Among the 

regional demand studies for imports of wheat is a 1976 dissertation 

done by Konandreas, entitled "An Econometric Analysis of U.S. Grain 

Exports with Policy Implications of Price Stabilization" [17]. From 

this study evolves an article published in 1978, "Estimation of Ex- 

port Demand Functions for U.S. Wheat," by Konandreas, Bushnell, and 

Green [18].  Estimates of the effects of income, prices, and non- 

price variables on U.S. wheat exports from five world regions are 

obtained using various econometric procedures. One of the regions, 

Asia, includes South Korea. The results of the study suggest that 

U.S. export demand for wheat is responsive to price and exchange 

rate changes. However, the price elasticity of import demand in Asia 

is positive and large (3.46) while the income elasticity of import 

demand is also positive and large (4.57).  Since the price elasti- 

city contradicts a priori reasoning, several explanations are 

offered for the positive sign, such as the possibility of specifi- 

cation bias or that the annual averages of prices and quantities 

might not reflect the specific fluctuations that are responsible for 

the observed average responses. This implies that semi-annual or 

quarterly data might be appropriate for estimation purposes. Tryfos 

presents an article which explains this latter reason in greater 

detail [36]. 

Another regional demand study in 1981, which includes a section 
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on the foreign demand for wheat, is "The U.S. Wheat Economy in an 

International Setting: An Econometric Investigation," written by 

Gallagher, Lancaster, Bredahl, and Ryan [5]. The foreign demand sec- 

tion presents estimates of the factors influencing U.S. commercial 

wheat exports to LDC's (Less Developed Countries), Japan, and 

Western Europe. South Korea is included as one of the countries in 

the LDC region. With all the quantity variables expressed in per 

capita terms, U.S. commercial wheat exports to the LDC region are 

determined as a function of a real per capita income index for the 

region, subsidy-adjusted internal U.S. prices of wheat and rice, 

U.S. price of feed grains, wheat production in the LDC region, wheat 

production plus beginning stocks in major exporting countries, and 

U.S. government-aided wheat sales to the LDC region. The period of 

fit, consisting of annual data, is from 1960 to 1974. The coeffi- 

cients are estimated using a linear functional form, in which the 

elasticities are estimated indirectly using the mean values of the 

respective variables. The price elasticity of wheat import demand 

for the LDC region is computed as -0.71 and the income elasticity 

of wheat import demand is 1.12. The cross-price elasticities of 

rice and feed grains is computed as 0.27 and 1.06 respectively. 

Since the homogeneity condition states that the sum of the own- and 

cross-price elasticities and the income elasticity for a certain 

commodity equal zero, the coefficients might be improved with an 

extended sample period and better measures of LDC grain import 

prices. The study concludes that excess demand theory provides a 

theoretical justification for the commercial export relationship. 

Coffin in 1970 used a pooled time-series cross-sectional tech- 
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nique across 30 importing countries during the period 1959-1966 in 

order to estimate import demand equations for wheat in each country 

[2].  The study includes the usual assumptions affecting international 

trade models and uses the usual import demand theory variables, i.e., 

import demand for wheat and flour is a function of import price rel- 

ative to domestic prices, real income, population, supplies of wheat 

and other grains, all within the importing country.  Price elasti- 

city estimates for several countries appear to have a lack of sta- 

tistical significance, including the estimated price elasticity of 

-0.08 for South Korea.  Coffin's results also suggest that import de- 

mand for wheat and flour in many countries may be relatively or even 

perfectly price-inelastic, at least within certain price ranges. 

Several studies contribute to an understanding of food consump- 

tion patterns in South Korea and of the general economic situation 

over the years in South Korea.  They also suggest possible variables 

that are relevant to South Korea's import demand for international 

commodities. A paper by Kanesa-Thasan in 1969, entitled "Stabilizing 

an Economy - A Study of the Republic of Korea," analyzed the finan- 

cial stabilization policies imposed by Korean authorities from 1963 

and their implications, with special emphasis on the factors which 

contributed to Korea's improved development not necessarily present 

in other developing countries [14].  Libbin in 1970 summarized 

United States trade with, and economic aid to. South Korea [22]. 

Another publication in 1970 by Gill studied changing food consump- 

tion patterns in South Korea that resulted from industrial develop- 

ment and population shifts from rural to urban areas [6].  "Food and 

Nutrition in Korea, 1965-74" by Thodey in 1976 presents food and 
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nutrition data from South Korea that is used as the basis for the 

study of the level and composition of demand, and the identity and 

influence of factors that make up the dynamic nature of food demand 

in South Korea [32], A successive study in 1977 by Thodey, Kohn, 

and Han, entitled "Demand Relationships for Food in Korea, 1965-1974," 

develops such a demand analysis based on Thodey's 1976 publication 

[33].  In particular, the 1977 study obtains income elasticities of 

demand for food from cross-sectional data, price and income elasti- 

cities from time-series data, and cross-price elasticities of demand 

on the basis of the substitution relationships within groups of foods. 

An additional reference that addresses the major agricultural mar- 

keting and price policies in South Korea was written in 1980 by 

Shin-Haeng Huh, called "Marketing and Price Policies and Programs 

for Major Foods in Korea" [32]. This article provides further in- 

sight into the behavior of and policies affecting the agricultural 

sector in South Korea. 
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CHAPTER III 

ECONOMIC THEORY AND STATISTICAL METHODOLOGY 

This chapter elaborates the steps which are involved in building 

an econometric model that measures the influences of demand for U.S. 

White Wheat in South Korea. The first section discusses consumer 

behavior, relative price, excess demand, and derived demand theories 

involved in specifying the proper economic relationships for esti- 

mation of an import demand equation. The second part of this chap- 

ter describes the specific economic variables that are hypothesized 

to determine the demand for White Wheat in South Korea. The third 

section describes the statistical techniques used to create jneasure- 

ments of demand from statistical data and reviews the limitations and 

assumptions needed to restrict the fluctuations of the estimated 

parameters. 

Economic Theory 

Consumer Behavior Theory 

The theory of consumer behavior offers an eaplanation of how the 

demand for a product is related to economic factors, such as consumer 

income and product prices, and to non-economic factors, such as per- 

sonal tastes and preferences. The assumptions which make up conisumer 

behavior theory are essentially the groundwork in building a proper 

analysis of product demand from statistical information. The inten- 

tion of this section is not to discuss every detail pertaining to 

the construction of a consumer behavior model, but to relate to the 
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key assumptions that will enable the reader to obtain a general under- 

standing of the theory.— 

The basic philosophy that governs consumer demand theory begins 

with the concept of utility. Utility is defined as the ability of a 

good (or service) to satisfy a consumer's wants or needs according 

to the consumer's personal tastes and preferences. Given a con- 

sumer's tastes and preferences and given his limited income, the 

consumer is assumed to maximize his total satisfaction that he re- 

ceives from a good or from a combination of goods.  In other words, 

the consumer is assumed to maximize total utility. 

A product's utility envisaged by the consumer depends on the 

quantity consumed. As a person buys more and more of a product, each 

additional unit contributes less to his total satisfaction than the 

unit before. This is known to economists as the principle of dimin- 

ishing marginal utility. Marginal utility is specifically defined 

as the change in total utility due to the consumption of one addi- 

tional unit of the product. For example, an average income-earning 

person may gain a great deal of satisfaction from owning an auto- 

mobile, but owning one or two more cars on a limited income may de- 

crease his/her total satisfaction since there are additional costs 

involved in owning an automobile, such as insurance, fuel, mainten- 

ance and repairs, etc. Furthermore, purchasing additional cars means 

giving up other goods or services that can be acquired with money, 

since the purchaser has a limited income. The total utility gained 

from owning four cars may actually be less than the total utility 

—  For a more complete description of consumer behavior theory, see: 
Ferguson, C.E. and J.P. Gould. Microeconomic Theory. Richard D. 
Irwin, Inc., Illinois, 1975. 
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gained from owning one. 

Among all the various products that can be purchased with a 

limited income, a consumer must choose the combination of products 

that will maximize his total utility. The last dollar spent on each 

product must give the "rational" consumer the largest possible util- 

ity.  For example, if the marginal utility a person receives from 

his last dollar's worth of beef exceeds the marginal utility he re- 

ceives from his last dollar's worth of other goods, the person will 

increase his total utility by purchasing more units of beef and less 

of other goods. As more beef is purchased, its marginal utility de- 

creases.  Likewise, as less other goods are purchased, their mar- 

ginal utility increases. When the last dollar spent on beef and 

other goods gives proportionally the same marginal utility to the 

consumer, he has maximized his utility relative to his fixed income. 

This is called the "equal marginal principle" and can be shown by 

the following relation: 

Marginal utility of beef _ Marginal utility of other goods 
Price of beef      ~     Price of other goods 

One method of translating consumer behavior theory graphically 

is through indifference curve analysis. An indifference curve shows 

the various combinations of products a person is willing to consume 

to keep his/her total satisfaction constant. The person is indiffer- 

ent with respect to the combination of products he chooses, because 

his total satisfaction, or total utility, is the same at each point 

on the indifference curve. Figure 1 shows a representative set of 

three indifference curves out of an infinite number of possible 
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Figure 1.  Indifference Curves for Beef and Other Goods. 
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curves. Moving down along a curve represents the rate at which the 

consumer is willing to substitute other goods for beef (give up beef 

to obtain more units of other goods) while satisfying the condition 

to keep total utility constant. When following the path of a curve, 

as less beef and more of other goods is consumed, the marginal util- 

ity of other goods diminishes relative to the marginal utility of 

beef. Thus, the rate of change in the substitution of the products 

(i.e., the slope of the indifference curve) is represented by the 

ratio of the two marginal utilities.  In this case, the slope equals 

MIL/MU , where MIL is the marginal utility of other goods and MIL is 

the marginal utility of beef. 

Since a person is assumed to prefer more of both products rather 

than more of one product at the loss of the other (i.e., movement 

along an indifference curve), higher total utilities comprising of 

greater quantities of both beef and other goods are preferable to 

lower total utilities. U3 in Figure 1 has the highest utility while 

Ul has the lowest. A person's income specifies which indifference 

curve the person is able to achieve.  Line I in Figure 1 is the in- 

come constraint line that represents the combinations of beef and 

other goods a consumer can achieve with a limited income. The income 

constraint line can be mathematically interpreted as the linear 

equation I = PRB + P 0, where PR and Pn are the prices of beef and 

other goods respectively.  If all beef is purchased, then units of 

other goods, 0, equals zero and B = I/PD.  If all other goods are D 

purchased, then units of beef, B, equals zero and 0 = I/Pn- When 

considering purchasing different combinations of beef and other goods, 

manipulation of the income equation to solve for B gives: 
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B = (I/PJ - (Pri/Pn)0. The ratio of the two prices, ?»/?„, is the 
D        U  D U  D 

slope of line I and is negative as indicated by the minus sign. 

Given income I and prices Pn and PR, there must exist an optimum 

solution of the amount of beef and other goods that maximizes the 

consumer's satisfaction. This solution occurs when the slope of an 

indifference curve is equal to the slope of the income constraint 

line, or equivalently, the point where MIL/MIL = VJV  .    This point 
(Jo      U  D 

of equilibrium is derived algebraically from the equal marginal prin- 

ciple:  MIL/Po = MIL/P :^>MU-/MU., = VjV--     Point E in Figure 1 is (JU     DB     UD    UD 

where consumer equilibrium occurs. Point F lies on a lower indif- 

ference curve which exhibits a lower total utility and is less 

preferable to the consumer.  Even though all the income is spent at 

point F, MUA/MUD is less than Pn/PD and the consumer has not maxi- U   D (Jo 

mized his marginal satisfaction from each product relative to the 

prices that he must pay. 

Indifference curve analysis shows how the quantity demanded of 

any product is related to consumer income, the price of the product, 

the prices of other products, and consumer preferences. A demand 

curve for a single product can be derived from indifference curves 

by holding the prices of other products, income, and tastes and 

preferences constant and varying the price of the product under 

investigation. By using Figure 1 as a reference, the income line 

would get steeper (the slope would increase) as the price of other 

goods increased holding the price of beef constant.  In other words, 

the intercept of line I for other goods, I/P0> would move to the 

left, indicating that less other goods are purchased as the price of 

other goods increases. This phenomenon is known as the Law of De- 
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mand, which is assumed to hold for most products. A locus of points 

from the corresponding indifference curves that are tangent to the 

moving income line (I/PD is held constant while I/Pn shifts) can be 

generated and linked together to form a demand curve. When graphed, 

with the vertical axis representing the price of the product and the 

horizontal axis representing the quantity demanded of the product, 

the demand curve shows the alternative quantities of a product that 

a consumer is willing to purchase at various prices of that product. 

The slope of a demand curve normally follows the Law of Demand, which 

states that there exists an inverse relationship between price and 

quantity demanded. 

While the quantity demanded of a product depends on the price 

of the product (holding income and the prices of other products con- 

stant) , the demand for a product involves shifts of the demand curve 

and depends on the changes of: the prices of other products, which 

have a direct relationship if the two products are substitutes (e.g., 

as the price of other goods increases, the demand for beef will in- 

crease) , and an inverse relationship if the two products are comple- 

ments (e.g., as the price of tennis rackets increases, the demand 

for tennis balls will decrease); income, which could have either a 

direct or inverse relationship with the level of demand; and con- 

sumer tastes and preferences, which are difficult to measure and are 

usually assumed to be held constant when evaluating the effect of 

other determinants on demand. Additional factors that influence the 

demand for a product may be hypothesized according to the nature of 

the product and implemented into demand estimation. 

Since the market for most products is composed of many buyers 
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and sellers, the sellers must respond to the aggregate demand for a 

product.  In order to determine the quantity to produce, an individual 

seller must interpret and analyze the influences which affect the 

market demand for a common product supplied by the seller side of the 

market. The market demand curve is obtained by horizontally summing 

all the individual demand curves for a certain product and gener- 

ating a curve similar in shape like an individual demand curve.  In 

addition to the number of consumers in the market, the market demand 

curve must also depend on the factors which influence an individual 

demand curve. 

Relative Price and Excess Demand Theories 

The market for a product may be segregated by geographic areas 

to attain region specific demand estimates. These estimates are 

important to an exporting country in determining the level of demand 

in an importing country for an internationally traded commodity such 

as wheat. A region's or country's import behavior follows one of 

two possible patterns:  (1) the demand for an imported commodity 

depends on the domestic price level of a commodity relative to the 

import price level of the same commodity being imported, and on 

other factors that normally determine demand; or (2) the demand for 

an imported commodity depends on the importing country's supply of 

the commodity as well as other factors which usually determine demand. 

The first specification of import demand suggests that the domestic 

supply of a commodity influences imports only through the price 

system. A decrease in the domestic supply raises the domestic price, 

resulting in decreased consumption of the domestic commodity and an 
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increase in imports if the level of the import price does not exceed 

that of the domestic price. This is depicted in Figure 2,  where 

domestic supply shifts from Si to S2> raising the domestic prices 

from Pi to P2 and in turn increasing imports from Mi to M2. The im- 

ported commodity is therefore assumed to be an imperfect substitute 

for the domestic commodity. 

On the other hand, if imports and domestic commodities are per- 

fect or near-perfect substitutes, this implies that domestic supplies 

compete directly with imports, which describes the second import 

pattern mentioned in the preceding paragraph.  In this situation, 

the import demand for a particular commodity is the difference be- 

tween the domestic demand for that commodity and the domestic supply 

of the same commodity. The demand for imports is therefore an ex- 

cess demand for the particular commodity. Figure 3 shows the theory 

of excess demand via an inter-regional bilateral trade model.  Ini- 

tially, the exporting country (region) and an importing country (re- 

gion) each has their own equilibrium demand for and supply of a com- 

mon commodity.  Equilibrium for the exporting nation occurs where 

supply equals demand at price P while equilibrium for the importing 

nation is at price P . Higher prices available through trade in- 

duces producers in the export country (region) to supply more than is 

consumed locally, thus resulting in excess supply.  Line ES in the 

trade market denotes excess supply, which is the horizontal differ- 

ence between the supply and demand curves in the exporting country. 

Conversely, lower prices in the importing country reduces the incen- 

tive to produce, resulting in a lower supply and an excess demand. 

Line ED in the trade market denotes excess demand, which is the 
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Figure 2.  Relative Price Theory. 
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Figure 3.  Inter-Regional Trade Model 
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horizontal difference between the demand and supply curves in the im- 

porting country. Assuming that there are no physical or political 

barriers to prevent the movement of goods between countries and no 

transfer costs, the quantity Q at the common price P in the trade 

market will be shipped from the exporting country to the importing 

country.  Equilibrium occurs in the trade market when excess supply 

(line segment ab in the export market) equals excess demand (line 

segment ef in the import market), i.e., ab = OCL = ef. 

However, once transfer costs such as transportation, storage, 

handling, etc. are introduced, the volume traded will decrease. The 

vertical axis on the marketing services graph represents the price 

of transfer cost. The demand for marketing services can be found 

between two extremes: the horizontal intercept at OQ , which shows 

a zero transfer cost, and the vertical intercept at P - P , which 

shows how much can be afforded to transfer a commodity if no trade 

exists at all, i.e., if both countries are at their own individual 

supply and demand equilibria. The number of units that will be 

transferred between countries is indicated by the point where a trans- 

fer cost per unit (e.g., P in the market services market) inter- 

sects the demand for marketing services.  In this example, if a cost 

of P is introduced. 0(L units (initially with no transfer cost in- m ^t 

volved) will be reduced to 00 units.  In the trade market, if 

P - P is larger than the line segment cd (in which cd is equal to 

OP in the marketing services market, the amount of transfer costs m 

involved), trade will occur between the two countries. 

The inter-regional trade model in Figure 3 illustrates that 

changes in volume of imports (or exports) do not depend on the im- 
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porting country's domestic price relative to the import price that it 

must pay for a commodity, but rather on the shifts of either country's 

supply or demand curves.  For instance, an upward shift (increase) 

of the import market's supply curve, while holding its domestic de- 

mand constant, will reduce that country's equilibrium price at P 

and in turn will reduce its excess demand (ED in the trade market 

will make a parallel shift downward). For a common commodity being 

traded between regions, the quantity traded will depend on the amount 

of transfer costs involved and shifts in the regional supply and de- 

mand curves. 

In a study concerning the different descriptions of import de- 

mand. Learner and Stern suggest that commodities be distinguished as. 

those that are perfect substitutes from those that are not and to 

adopt the proper specification of the import demand function for 

each case [21].  In the case for imperfect substitutes, prices for 

imports and domestic goods will fluctuate and will allocate income 

among the alternative consumable commodities. The relevant import 

demand function that includes the basic determinants of demand is 

given by the following: 

M = f(I/pd> w- 

where 

M = quantity of imports of a particular commodity; 

I/Pj = money income deflated by the domestic price level: 

P /Pd = import price level relative to the domestic price level, 
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For perfect or near-perfect substitutes, the domestic and import price 

levels tend to move together, and the only way to account for changes 

in imports due to competition between the sources of supply (domestic 

and foreign) is through supply variables. The demand function would 

therefore be given by the following: 

M = f(S, I, P, PA), 

where 

M = quantity of imports of a particular commodity; 

S = domestic supply; 

I = money income; 

P = common price of the* commodity from foreign and 

domestic sources of supply; 

P. = price of an alternative domestic good that is 

not a perfect substitute for the commodity in 

question. 

In determining empirically which demand function to use to simu- 

late actual import patterns, the choice seems to depend if the domestic 

price level and the import price level of a common commodity exhibit 

a significant change between each other. An analysis of the two 

price levels will be examined in a later chapter to clarify which 

demand function to use as a theoretical base. 
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Derived Demand 

In the discussion so far, it is assumed that the demand for 

quantities of a commodity is at the level of final consumption.  It 

must be noted here that the demand for most agricultural commodities 

is actually a derived demand which is conceived from the demand for 

the final consumer product [34], A derived demand schedule pertains 

to the demand for inputs which are used to produce a final or end 

product. For example, the demand for U.S. White Wheat in South Korea 

can be thought of as being determined by Korean domestic demand for 

White Wheat noodles, biscuits, sponge cake, and flat breads.  In a 

parallel sense, the demand for U.S. Hard Red Winter Wheat in South 

Korea may be due to the Korean consumer demand for high-rising breads 

and other end products that require a high-protein flour content. 

Derived demand differs from final, or primary, demand by a mar- 

keting margin, or the cost of marketing and processing services per 

unit of product.  If the primary demand for confectionary products 

consisting of Wheat Wheat flour can be taken a step back to the de- 

mand for White Wheat grain, then the miller's level would ideally 

provide a more concise measurement of the demand fluctuations for 

White Wheat grain imports. 

Economic Variables 

Once the economic theories are elucidated, the next step in the 

construction of an import demand equation is to define the specific 

variables thought to affect the volume of White Wheat imported into 

South Korea from the United States. The economic relationships be- 

tween a dependent variable, which is the variable to be analyzed, 
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and several explanatory variables, which are thought to explain the 

fluctuations of the dependent variable throughout a certain time 

period, are specified. Commercial sales of Pacific Northwest White 

Wheat to South Korea is designated as the dependent variable, while 

the explanatory variables are South Korean income, prices, domestic 

supplies, concessional sales of Pacific Northwest White Wheat to 

South Korea, lagged commercial sales of White Wheat, and a foreign 

exchange constraint. Each variable, consisting of 15 annual obser- 

vations, will be defined and each explanatory variable will be 

justified as a relevant economic determinant of import demand. 

Commercial Sales 

The dependent variable is the commercial sales of Pacific 

Northwest White Wheat imported by South Korea.  Commercial sales in- 

clude all cash sales plus sales with assistance in the form of credit 

through the CCC (Commodity Credit Corporation) and barter. This de- 

finition for commercial sales is used by the U.S.D.A. (in Fovetgn 

Agricultural Trade of the United States  (FATUS)),  and will be used 

throughout this study [38]. 

Cash sales include all shipments for which the importing country 

pays in dollars or other currencies used in international trans- 

actions. The CCC credit program provides payment for shipments in 

dollars plus interest over a few years.  Barter transactions include 

shipments which are exchanged (bartered) for goods and services in 

the recipient country. These goods and services are then used by 

U.S. government agencies in the country, substituting for market 

purchases which would require dollar expenditures. Although these 
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transactions may be government assisted, barter shipments and CCC 

credit programs are similar to cash sales, except that no dollars 

are exchanged in the former and only a percentage of the full payment 

for a shipment is paid in dollars in the latter [30]. 

The data for White Wheat commercial sales was obtained from 

various issues of the U.S.D.A. publication, Grain^Market News {39]. 

Income 

In any market economy, prices dictate the balance of the supply 

of and the demand for food at any point in time. On the demand side, 

consumers relay their relative preferences for individual commodities 

in the prices they are willing to pay, subject to a budget constraint 

(income).  In the long run, income is perhaps the most significant 

factor affecting demand [33].  Since South Korea is a rapidly develop- 

ing economy, the impacts of its economic growth on the demand for 

wheat can be evaluated by focusing attention on its income.  In this 

study, real per capita GNP (in won) for the total population is used 

as an indicator of South Korea's income. 

As indicated in a previous study on the demand for food in South 

Korea, a substantial difference exists in the movement of real income 

among the farm sector, the non-farm sector, and total population [33]. 

The GNP estimate that was used for the total population was signifi- 

cantly higher than either of the other two sector estimates. This 

was due to the inclusion of returns to all factors of production 

rather than simply the labor income.  Implicit in the per capita GNP 

for the total population is the return to land, capital, and manage- 

ment for farm household residents and the return to investments and 
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imputed rent of owner-occupied dwellings for non-farm household re- 

sidents. Therefore, when using the total population for computing 

per capita GNP, its interpretation should be used with caution as 

it possibly measures other effects as well as those on the consump- 

tion of imported wheat. 

Population and GNP data was taken from the Yearbook of South 

Korean Statistics [19]. The GNP data taken was deflated by an im- 

plicit GNP deflator. 

Prices of Commodities 

Substantial changes in the relative prices of commodities also 

have a considerable effect on demand in both the short and long runs. 

The quantity of a commodity purchased is assumed to depend on the 

"own" price of the commodity and the prices of substitute and comple- 

mentary commodities, with income serving as a budget constraint. This 

behavior is assumed to hold for every commodity irrespective of the 

origin of the commodity. Therefore, the consumer behaves in a non- 

discriminatory fashion between the purchase of domestically produced 

commodities or imported commodities, with the only objective being 

the maximization of his utility given the prices of the commodities 

and his total income. 

Each year's price of U.S. White Wheat to South Korea is repre- 

sented by an annual average Pacific Northwest White Wheat f.o.b. ex- 

port price obtained from Grain Market News [39]. F.o.b. stands for 

"free on board," which means that the exporter is responsible for 

the grain up to the point where it is ready to be loaded onto an 

ocean vessel. The buyer (in this case, the importing country) must 
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arrange and pay for the loading of the ship, ocean transportation, 

and discharge at a port. For this study, the transfer costs that 

South Korea must pay are assumed to be relatively constant. This 

assumes that the import price follows a similar trend as to the ex- 

port price and that the export price of White Wheat adequately rep- 

resents the price-quantity relationship when evaluating the U.S. 

White Wheat import pattern in South Korea. The export price in 

dollars per metric ton is converted to won per metric ton by the 

appropriate exchange rate for each year. 

As implied earlier, the domestic price level of wheat in South 

Korea will be compared to the U.S. export price level of White Wheat 

in order to distinguish between the relative import price theory and 

the excess demand theory. The domestic price of wheat in South Korea 

will be represented by the South Korea farm price of wheat. The 

farm price is obtained from the Yearbook of South Korean Statistics. 

If the excess demand theory seems appropriate, the export price 

will be deflated by the South Korean Wholesale Price Index to reflect 

the increase or decrease of the "real export price" due to the levels 

and changes in prices of items at the level of their first important 

commercial transaction in South Korea. The WPI is also obtained from 

the Yearbook of South Korean Statistics. 

The prices of other commodities hypothesized to affect the de- 

mand for White Wheat in South Korea are the world prices of rice and 

barley, the South Korean farm prices of rice and barley, and the U.S. 

export prices of Hard Red Winter and Hard Red Spring Wheats. The 

world price levels of rice and barley are represented by the Thailand 

f.o.b. export rice price and the Canadian f.o.b. export barley price. 



40 

respectively.  Both prices, in dollars per metric ton, are obtained 

from various editions of the Food and Agriculture Organization Pro- 

duction Yearbook and converted to won per metric ton by the appro- 

priate exchange rate for each year. The farm prices for rice and 

barley are obtained from the Yearbook of South Korean Statistics, 

while the substitute U.S. wheat prices are taken from /Wordd Wheat 

Statistics, International Wheat Council [12]. The prices of alter- 

native commodities will therefore be included in the import specifi- 

cation to determine which of the variables contribute significantly 

in evaluating Korean consumption behavior, with respect to White 

Wheat. 

Domestic Supplies 

To include the domestic supply of the commodity as a relevant 

explanatory variable implies that an excess demand exists for that 

commodity.  Such an implication prior to analyzing the Korean do- 

mestic and U.S. export price levels of wheat may be presumptious. 

Nevertheless, the domestic supply is viewed as a possible explana- 

tory variable and thus warrants discussion. 

When considering the domestic supply of wheat in South Korea 

as being a sole shifter in the import demand for White Wheat, it may 

not be the case after studying the grain consumption patterns ex- 

isting in Asian countries. Rice is the major staple food and is 

grown on most of the cropland, with much of it being consumed in the 

area where it is grown. Wheat production in South Korea is rela- 

tively small compared with rice and barley. An excess demand 

situation could exist for U.S. White Wheat if there is indeed a 
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viable domestic production sector for soft wheat (or soft wheat pro- 

ducts) with efforts by South Korea to maintain or increase soft wheat 

production to satisfy at least part of domestic demand while simul- 

taneously attempting to keep the domestic price of soft wheat in line 

with the import (or U.S. export) price of White Wheat. 

Previous studies of the demand for food in South Korea provide 

some guidance as to the behavior of wheat import consumption in that 

country, with respect to domestic supplies. Rice production in South 

Korea was fairly constant from 1964 to 1975 and gradually increased 

from 1976 to 1978.  In contrast, wheat production in South Korea re- 

mained at a fairly constant rate but at a much lower level than rice 

production (approximately 5,000,000 metric tons difference) from 1964 

to 1975 and substantially decreased from 1976 to 1978 (to about 

8,000,000 metric tons lower than rice production). Since rice is 

considered a major diet component for South Koreans, and with popu- 

lation increasing each year and a fixed amount of cropland, rice im- 

ports increased dramatically from 18,000 metric tons in 1966 to over 

1,000,000 metric tons in 1970.  A U.S.D.A. study in 1970 suggested 

that in view of South Korea's expected weak financial position to 

sustain future import levels, much of the rice import requirements 

would have to be eliminated by (1) a governmental campaign to promote 

the substitution of barley and miscellaneous grains for rice, and 

(2) the increased importation of wheat [6]. Rice imports did in 

fact subside from 1971 to 1978 and U.S. all wheat exports to South 

Korea increased from a level of 1,000,000 metric tons in 1970 to a 

new level of approximately 1,600,000 metric tons in 1971 and remained 

fairly constant at that level. The world price of wheat was much 
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lower than the world price of rice, an average difference being $183 

per metric ton from 1971 to 1978. 

Another study by Thodey in 1976 commented that even though a 

positive relationship existed between rice consumption and income, 

there appeared to be a decline in per capita rice consumption due to 

a combination of price effects (rice prices rising relatively faster 

than its substitutes) and to a shift in the demand curve itself [32]. 

The shift was hypothesized as being due to the success of the govern- 

ment's policy aimed at reducing rice consumption by such means as the 

substitution of barley for rice in "mixed rice," rice-less days which 

required restaurants and schools to serve only "mixed rice" (70 per- 

cent rice and 30 percent barley), and encouraging wheat flour con- 

sumption. 

An initial analysis of the demand for White Wheat in South Korea 

conducted by Martin, Knowles, Oliveira, and Gonarsyah indicated that 

White Wheat acted as an imperfect substitute for rice [23]. Wheat 

production proved to be empirically insignificant, but increased rice 

production was significant at reducing the demand for White Wheat im- 

ports. Therefore, it seems possible that domestic rice production in 

South Korea has a greater impact on U.S. White Wheat imports than 

domestic wheat production. 

Based on the historical evaluation of domestic grain production 

in South Korea and on previous studies, this study will test for the 

significance of South Korean wheat, rice, and barley production if 

they are considered probable White Wheat import demand shifters. 



43 

Concessional Sales 

Although P.L. 480 shipments to recipient countries, particularly 

South Korea, have been drastically reduced relative to commercial 

sales in recent years, U.S. government assistance to less developed 

countries in the 1960's provides important information in the his- 

torical analysis of U.S. wheat exports. 

A basic objective of such concessional sales is to provide a 

method whereby countries with foreign exchange shortages can pur- 

chase U.S. agricultural commodities.  Ever since the concept of con- 

cessional sales was first introduced, it has been of concern to some 

researchers that such sales would displace commercial exports. 

According to a 1981 publication by Gallagher, Lancaster, Bredahl, 

and Ryan, "... (Fishery and Schultz have argued) P.L. 480 shipments 

influence recipient countries' wheat economies in the same manner as 

an increase in domestic supplies. Consequently, one would expect 

substitution between purchased wheat and gift wheat in less developed 

countries" [5]. This statement is most likely due to the mechanics 

of the P.L. 480 system [8]. Under a P.L. 480 agreement, the reci- 

pient country pays for wheat shipments with local currency to the 

CCC (.Commodity Credit Corporation) . A Disbursing Officer collects 

and administers these funds as an agent for the U.S.D.A. With 

dollars for overseas programs appropriated from Congress, a U.S. 

agency in the recipient country, in effect, buys the local currencies 

from the Disbursing Officer, and the dollars are credited to the CCC. 

The local currencies are then used to purchase local goods and services. 

Thus, a major effect of P.L. 480 imports is primarily a larger turn- 

over of local currency rather than an added drain on dollar reserves. 
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In such transactions, most of the local currency is returned to the 

country for development purposes, and, in effect, domestic supplies 

are increased without a reduction in foreign exchange reserves. 

Therefore, it is normally assumed that there exists a negative re- 

lationship between concessional sales and commercial sales. 

However, such a view of displacement is not the intention of 

U.S. policymakers.  In accordance with government policy, P.L. 480 

requires that reasonable precautions be taken to safeguard the usual 

commercial markets of the United States and to assure that conces- 

sional sales will not unduly disrupt world prices of agricultural 

commodities or normal patterns of commercial trade with friendly 

countries [8].  Such precautions include: (_l)  UMR's (Usual Mar- 

keting Requirements), which require recipient countries to continue 

importing from their normal commercial sources the same kind of 

commodities that are included in a P.L. 480 agreement; (2) a provi- 

sion that commodities will not be imported by the recipient country 

on a concessional basis and consequently exported without specific 

U.S. approval; and (3) the imposition of limitations on exports of 

commodities for sale in world commercial markets, either in pro- 

cessed or unprocessed form, that are considered to be the same as, or 

like, the commodities included in a particular P.L. 480 agreement. 

An explicit rule in the UMR's is that the specified quantity required 

to be purchased is normally based on the quantity actually imported 

commercially in recent years, but this can be modified according to 

the country's ability to import. This implies that government-aided 

exports may be somewhat correlated with past commercial imports and 

the level of foreign exchange reserves in a recipient country. With 
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UMR's included in a P.L. 480 agreement, P.L. 480 indirectly has helped 

promote an expanding commercial market for U.S. wheat by helping to 

develop agricultural industries and to increase the demand for imports 

when dollars were scarce. 

Lagged Imports 

Another theoretical aspect in the import demand function for a 

commodity involves the time dimension. Up to this point, it has been 

assumed that consumers make full adjustments of imports to the fluctu- 

ating explanatory variables within a year or, with an adequate number 

of annual time-series observations, in the short run. However, an 

economic system, in general, behaves in a way such that adjustments 

to prices and income continuously take place. Consumers make short- 

run adjustments which lead to some underlying long-run adjustment in 

consumer behavior. This is particularly relevant to developing 

countries, such as South Korea, that are pursuing a long-term goal 

of self-sufficiency.  Implicit in the adjustment process is the fact 

that it takes several periods to fully adjust following a given change 

2/ 
in one factor while all other factors remain constant.— 

In the short-run, when supply response is inelastic and prefer- 

ences are persistent, changes in any of the variables influencing im- 

ports will have very little effect on imported volume; that is, the 

short-run elasticities will be very small (in absolute value).  Im- 

plicit in this argument are fixed agreements such as trade contracts 

which must be honored and political commitments.  In the long-run, ad- 

2/ 
—  See Rojko [8], Learner and Stern [21], and Nerlove [24] for good 
descriptions of the problem of time dimension. 
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justments to outside changes take place and import demand becomes more 

elastic. The long-run equilibrium position cannot be observed stat- 

istically because explanatory variables such as prices and income 

do not remain unchanged long enough for complete adjustment to the 

long-run equilibrium. As a result, the long-run demand function 

cannot be estimated directly. However, a very popular procedure 

suggested by Nerlove is to describe the dynamic element in the demand 

function in "stock-adjustment" terms [24]. Assume that the long-run 

demand is the following: 

Mt = ftPEt> PAt> V + Vt M 

where 

?_ = U.S. export price for a commodity in period t relative 

to the domestic price level; 

P.  = prices of alternative domestic products; 

It = real per capita money income; 

V = random error variable. 

Further assume that the current level of imports, M , adjusts in each 

period by 6 to the desired, or long-run, level of imports in a given 

period, i.e., 

Mt - Mt_1 = 6(M* - Mt_1),  0 < 6 < 1, (2) 

where 6 is known as the "coefficient of adjustment." If 6 is equal 

or close to zero, the adjustment process is very slow with M being 

close to M  .  If 6 is close to one, M is close to the desired level 
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M*, indicating a rapid adjustment. Equation (2) can be rewritten as: 

Mt = <SM* + (1 - 6)M 1. (3) 

Substituting Equation (1) into Equation (3) results in the short- 

run import demand function, or "disequilibrium" import demand in the 

sense that the realized imports M are not equal to the desired im- 

ports M* (equilibrium level). Expressing this relationship in linear 

form: 

M+ = 6a + 6bPc<. + 6cPA+ + 6dT + (1^6)M+ . + 6V,      (4) 
t tt      At      t t-1     t 

where 6(a+b+c+d) are the short-run, or "impact," coefficients. 

When Equation (4) is used as a regression, the long-run coeffi- 

cients are easily calculated algebraically by dividing each of the 

impact coefficients by 6, in which 6 is derived by computing one 

minus the coefficient of M 1. According to Nerlove, Equation (4) 

is not specifically a demand function but more precisely a relation- 

ship among observable variables. However, for convenience purposes 

and to avoid confusement, this study will treat Equation (4) as the 

hypothesized short-run adjustment process in the demand for U.S. 

White Wheat in South Korea. When Equation (4) is estimated in log- 

linear terms, the corresponding short- and long-run elasticities are 

derived in the same manner. 

Foreign Exchange Constraint 

A special factor introduced into the import demand relationship 

is a proxy variable to account for the foreign exchange constraint on 

imports. For a developing country such as South Korea, striving to 
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achieve self-sufficiency, the level of foreign exchange reserves will 

influence commercial purchases of an internationally traded commodity 

such as wheat. The availability of foreign exchange as an explanatory 

variable is represented by a proxy variable similar to one used in a 

previous study which estimated a monetary model of the South Korean 

economy [26]. The net foreign assets of the central bank (foreign 

assets minus foreign liabilities) lagged one period relative to (de- 

flated by) an export price index for U.S. White Wheat (computed by a 

Laspeyres formula) is utilized.  In the Otani and Park study, their 

two-staged least squares estimate for this proxy tended to have a con- 

sistent influence on the flow of imported goods. 

The foreign exchange constraint is of particular importance to 

a country like South Korea which imports virtually all its oil.  Since 

oil must be imported using rising oil prices and decline foreign ex- 

change holdings, this may result in policies which limit other im- 

ports . 

All U.S. Wheat 

In economic analysis, it is useful to compare results gained 

from one study with those from a similar study. Consequently, esti- 

mates of the demand determinants for U.S. White Wheat in South Korea 

will be compared to estimates of the demand determinants for all U.S. 

wheat (aggregation of wheat classes) in South Korea. The explana- 

tory variables hypothesized to determine all U.S. wheat exports to 

South Korea are similar to the variables for U.S. White Wheat, but 

two variables differ due to a specific characteristic of all wheat, 

namely the all wheat price. 
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Price of All U.S. Wheat 

For this study, the price of all U.S. wheat is a unit-value 

measurement that indicates the trend of the U.S. export price of 

all wheat to South Korea. The total value in dollars of all U.S. 

wheat exports to South Korea is divided by the total quantity of all 

U.S. wheat exported to South Korea. This price, in dollars per metric 

ton, is converted to won per metric ton by the appropriate exchange 

rate for each year. 

Foreign Exchange Constraint for All U.S. Wheat 

The net foreign assets lagged one period are deflated by an 

U.S. export price index for all U.S. wheat instead of the price in- 

dex for U.S. White Wheat. The price index for all wheat is calcu- 

lated in the same manner as the price index for White Wheat. 

Statistical Techniques 

Once the pertinent data that is hypothesized to affect the de- 

mand for a commodity is gathered, empirical verifications of theoret- 

ical propositions can be obtained by using statistical methods. One 

common statistical method used to construct demand equations is by 

using a linear regression technique. A regression equation attempts 

to statistically explain the observed changes in a dependent variable 

as being correlated to changes in the explanatory variables from a 

series of monthly, quarterly, or yearly observations for each vari- 

able.  When the number of explanatory variables exhausts the sources 

of variation in the dependent variable, then all the observed sets 

of economic variables satisfy the regression equation. However, some 
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variation that is unaccounted for exists in the dependent variable 

due to errors in measurement and non-quantifiable information dealing 

with natural and biological phenomena. Therefore, the "true" rela- 

tionship between the explanatory variables and the dependent variable 

differs from the "estimated" relationship by the size and distribu- 

tion of the unaccounted for variation (normally known as "residual 

errors"). The econometrician's job is to try to find the proper ex- 

planatory variables associated with the minimum amount of residual 

error that brings the estimated relationships close to the true re- 

lationships between the dependent variable and the explanatory vari- 

ables. 

A common regression technique used in demand estimations is 

ordinary least squares. Given a set of observed points in a plot of 

the dependent variable versus an explanatory variable, a linear func- 

tion (in parameter space) is fitted through these points to minimize 

the squared distances from the actual observed points vertical to the 

line.  This is termed "ordinary least squares" regression. The esti- 

mated coefficient obtained in a regression equation represents the 

slope of the line. When regressing quantity versus price, the slope 

of the regression line (and hence the estimated coefficient) is ex- 

pected to be negative as economic theory would suggest for a demand 

relationship. Additional explanatory variables, such as income, 

prices of other commodities, etc., influence shifts in the regression 

line (the estimated demand curve) when the price of the commodity in 

question is held constant. 

The residual error term also induces shifts on the demand curve 

due to the collective influences of random occurrences that affect 



51 

demand. However, the error term may implicitly include some variation 

due to factors that affect the supply of the commodity along with the 

demand for it. The quantity supplied of a commodity is hypothesized 

to be positively dependent on the price of the commodity, while the 

quantity demanded is negatively dependent on the price. Therefore, 

shifts over time may be comprised of a mixture of demand and supply 

movements.  If shifts in the supply function exceed the shifts in de- 

mand, then a regression function can be estimated that closely re- 

sembles a true demand curve, but the estimated price elasticity of 

demand will be less than the true elasticity. Only if the elasticity 

of supply (percentage change in the quantity supplied due to a one 

percent increase of the price) is assumed to be infinite, do the 

estimated demand estimates parallel that of a true demand curve [21; 

27]. 

Economic theory does not usually suggest the functional form of 

a behavioral relationship. The choice of an appropriate functional 

form is normally based upon the researcher's intuition, the statistical 

summary measurements that suggest which form performs the best in 

explanatory power, statistical significance of the estimated para- 

meters, and minimization of the residual errors Cand considerable 

luck). A priori  knowledge recommends that the most commonly used 

forms in the initial estimation of import demand functions are either 

linear or log-linear (double-log) . These two forms will be used in 

producing estimates of true parameters based on time-series data, using 

ordinary least squares. 

A brief explanation of the distinction between linear and log- 

linear functional forms is needed so that the estimated parameters 
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can be interpreted correctly. The relation between each independent 

variable and the dependent variable in the linear form is specified 

to be a straight line. Therefore, the net slope (the  estimated para- 

meter) is a constant.  Each of the estimated parameters in a linear 

equation reflects the change of the dependent variable in response 

to a unit change on the explanatory variable in question, assuming 

that all other explanatory variables are held at a constant level. 

Conversely, the log-linear transformation permits the slope to change 

over a range of variables, but the function is such that the percent- 

age relationship (elasticity) between the variables remains constant. 

Each of the estimated parameters in a log-linear transformation are 

direct elasticities, reflecting the percentage change of the depen- 

dent variable due to a one percent change of the explanatory vari- 

able in question, assuming that all other explanatory variables are 

held at a constant level. Therefore, the most important point to 

recognize is that the selection of a particular functional form auto- 

matically places some type of restriction on the nature of the slope 

and elasticity coefficients. 

After the general model is specified and the data is gathered, 

evaluation of the data through statistical techniques can be obtained. 

Chapter IV presents the empiricaT results of the estimated parameters 

using ordinary least squares and tests the validation of the para- 

meters along with any structural change in the time period involved. 

These tests and evaluations are necessary for the aptness of the de- 

mand equations to provide unbiased and consistent estimated parameters 

of U.S. White Wheat import demand in South Korea. 
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CHAPTER IV 

EMPIRICAL RESULTS 

This chapter evaluates the wheat import data and tests hypotheses 

that question the validity of the estimated parameters.  Distinguish- 

ing between data describing all U.S. wheat and U.S. White Wheat im- 

ports in South Korea will lead to identifying the specific economic 

factors that influence purchases of U.S. White Wheat from the economic 

factors that are found when using aggregate wheat data.  Knowledge 

of the separate influences will aid wheat sellers in the market place 

to form expectations of demand and develop specific selling strate- 

gies with respect to White Wheat and to all wheat. 

The first section of this chapter describes the specific form 

of eight explanatory variables which theory suggests affects the im- 

port demand for U.S. White Wheat and all U.S. wheat in South Korea. 

Expectations of the signs of the estimated parameters and elasti- 

cities as well as their magnitudes will be comapred to results from 

other regional wheat import demand studies. 

The purpose of the second section is to identify the relative 

statistical significance of the individual explanatory variables 

described in the first section. This will be accomplished by a step- 

wise regression technique that ranks each explanatory variable in 

order of its contribution in explaining the fluctuations of all U.S. 

wheat and U.S. White Wheat, imports in South Korea.  Determination of 

the relative contribution of each explanatory variable will aid in 

selecting the most efficient model for explaining the variation in 

the dependent variable, and also for determining any possible dif- 
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ference in explanatory variables that determine U.S. White Wheat im- 

port demand from all U.S. wheat import demand. 

The third section of this chapter will evaluate the relative im- 

port price theory against the excess demand theory by comparing the 

South Korean domestic price level for wheat and the U.S. export price 

level of all wheat and White Wheat. Depending on which theoretical 

framework is chosen, the relevant explanatory variables will be re- 

gressed using ordinary least squares as an empirical method under 

the initial assumptions that the residual error term is a random 

variable with zero mean, constant variance and zero covariance, and 

that the explanatory variables are fixed and independent of each other 

and of the residual error term. Based on the proper theoretical 

framework, the estimated parameters of a U.S. White Wheat import de- 

mand equation and those of an all U.S. wheat import demand equation 

will be tested for similarity using an appropriate statistical tech- 

nique. An additional statistical test for a structural change in 

the estimated parameters will also be conducted. 

Section four will evaluate the limitations of the data through 

tests for heteroskedasticity, autocorrelation, contemporaneous corre- 

lation, and multicollinearity from the regression equations obtained 

in the third section. Along with testing for statistical significance 

of the estimated parameters, other tests and evaluations are necessary 

to determine the validity of the regression equations in providing 

unbaised, consistent, and efficient estimators of wheat import demand. 

Economic Variables 

An attempt to explain the import demand behavior for U.S. White 



55 

Wheat in South Korea will be evaluated by two regression equations: 

one for U.S. White Wheat imports and a comparative equation for all 

U.S. wheat imports. The economic relationships involved are based 

on the initial study of U.S. White Wheat demand in South Korea by 

Martin, Knowles, Gonarsyah, and Oliveira [23]. For this study, a 

beginning demand estimate, which involved many hypothesized variables, 

was conducted to delete the statistically non-significant relation- 

ships while at the same time subjectively keeping essential theoret- 

ical variables. 

Prior to the selection of the final eight explanatory variables, 

the world barley price proved to be statistically non-significant, as 

did other hypothesized variables such as rice imports, barley imports, 

and South Korean barley production. The prices of U.S. Hard Red 

Winter and Hard Red Spring wheats are highly correlated with the 

prices of U.S. White Wheat and all U.S. wheat, and were dropped one 

at a time due to continual statistical non-significance implications. 

The following final relationships are hypothesized to be: 

COMP = fCCOMPl   , IWON , EPW , RPDC , WPDC , (5) 

RPt, P^.i' GOVTPt, yt). 

where 

COMP    = quantity of all wheat commercial sales from the 
U.S. to South Korea in year t (metric tons per 
1,000 people); 

COMP1 , = quantity of all wheat commercial sales imported by 
South Korea from the U.S. in the previous year 
(metric tons per 1,000 people); 
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IWON    = South Korea's real per capita income obtained by 
adjusting annual GNP per capita (1,000 won per 
person) for changes in the Korean price level (base 
year = 1970); 

EPW     = unit-value of all wheat exported from the U.S. to 
South Korea in year t (won per metric ton), deflated 
by the Korean WPI (base year = 1970); 

RPDC rice production per capita in South Korea in year t 
(metric tons per 1,000 people); 

WPDC. wheat production per capita in South Korea in year t 
(metric tons per 1,000 people); 

RP. world rice price (Thailand export price), converted 
to won per metric ton by appropriate exchange rate 
in year t, deflated by Korean WPI (base year = 1970); 

PRO t-1 proxy variable representing foreign exchange level 
in South Korea (billion won) deflated by an EPW 
price index (base year = 1970); 

GOVTP. aided U.S. government sales of wheat to South Korea 
under P.L. 480 in year t (metric tons per 1,000 
people); 

residual error term. 

Period of fit:  1964 - 1978, annual data. 

WWC0Mt = f(WWCOMlt_1, IWONt, PWWt, RPDC , WPDCt, 

RPt, PR0Xt_1, NWGVCt, et). 

(6) 

where 

WWCOM    = quantity of commercial sales of White Wheat from 
the Pacific Northwest to South Korea in year t 
(metric tons per 1,000 people); 
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WWC0M1 t-1 
quantity of White Wheat commercial sales to South 
Korea from the Pacific Northwest in the previous 
year (metric tons per 1,000 people); 

I WON 

PWW. 

real income per capita in year t (same as in re- 
lationship (5)); 

U.S. export price of White Wheat in year t converted 
to won per metric ton by appropriate exchange rate 
in year t, deflated by Korean WPI (base year = 1970); 

RPDC     = rice production per capita in South Korea in year 
t (metric tons per 1,000 people); 

WPDC wheat production per capita in South Korea in year 
t (metric tons per 1,000 people); 

RPt 

PROX 
t-1 

world rice price in year t (won/metric ton/WPI); 

same proxy variable for foreign exchange level as 
in relationship (5), but deflated by an export price 
index for White Wheat (base year = 1970); 

NWGVCL   = aided U.S. government sales of White Wheat from the 
Pacific Northwest to South Korea in year t (metric 
tons per 1,000 people); 

e^        = residual error term. 

Period of fit: 1964 - 1978, annual data. 

Commercial sales, U.S. government aided sales, and U.S. wheat 

export price data are estimated on a July-June fiscal year basis. 

This is because U.S. White Wheat commercial and concessional export 

data to South Korea is available only on a fiscal year basis. Thus, 

all U.S. wheat commercial and concessional export data to South 

Korea is also measured on a fiscal year basis in order to make com- 

parable estimates. All other data is available only on a January- 

December calendar year basis. 
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All quantity data is expressed in per capita terms. The popula- 

tion influence on the demand for imported U.S. White Wheat and all 

U.S. wheat is therefore assumed to be a one-to-one relationship, i.e., 

the demand elasticity for population is unity [5].  In any year t, 

an increase of one percent of the population in South Korea is assumed 

to result in a corresponding one percent increase in the volume of 

imported U.S. White Wheat, all other factors held constant. This 

further implies that the domestic supplies of rice and wheat are 

held stable within each respective year. 

Another assumption in regard to the theoretical relationships 

(5) and (6) is that the prices of all U.S. wheat and U.S. White 

Wheat are predetermined in the United States and the world supplies 

of soft wheat and all wheat are perfectly elastic at these prices 

[15, 21, 27].  In other words, there exists competitive selling of 

these wheats at competitive prices among the wheat exporting nations. 

However, since South Korea imports its wheat exclusively from the 

U.S., the assumption of perfect-elastic world supply of wheat may 

be subject to question in this study. 

Expected Results 

All coefficients, except the coefficients for C0MP1, WWC0M1, RP, 

and IWON, are expected to have negative signs. 

For most low-income countries, where per capita wheat consump- 

tion is low relative to high-income wheat-producing countries, the 

estimated income elasticity of demand for wheat is assumed to be 

positive [11].  In other words, as incomes increase, with other fac- 

tors held constant, the consumption of wheat increases. According 
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to a study developed for the world trade of wheat, with emphasis on 

the less developed countries, the income elasticities for wheat in 

LDC's normally range from 0.1 to 0.8 [11]. A NAERI (National Agri- 

cultural Economic Research Institute) study in 1973 found that the 

income elasticity for the total population consuming wheat in South 

Korea was 1.36. A FAO study in 1971 projected the income elasti- 

city for wheat in South Korea, 1970-1980, as being 0.50 [33]. These 

are domestic estimates and have limited usefulness in analyzing im- 

port demand. For import demand studies, a distinction is made be- 

tween income elasticity of demand and income elasticity of import 

demand.  Konandreas, Bushnell, and Green found that wheat (all vari- 

eties) had a positive income elasticity of import demand for Asia, 

but the elasticity was estimated by incorporating extraneous infor- 

mation into the total demand income elasticity for wheat [18] . The 

income elasticity of import demand was estimated to be 4.57. Con- 

versely, in the initial study by Martin, Knowles, Gonarsyah, and 

Oliveira, an income elasticity of Wheat Wheat import demand of -.40 

was estimated using a straight-forward log-linear relationship. 

This study is expected to provide additional insight into the income 

coefficient. 

The "own" price elasticity of import demand, using EPW and PWW, 

is expected to have a negative sign as theory suggests. Martin, 

Knowles, Gonarsyah, and Oliveira estimated a price elasticity of 

import demand for White Wheat in South Korea as -0.32, but Konandreas, 

Bushnell, and Green calculated 3.46 for Asia as a region. Coffin 

estimated a price elasticity of wheat import demand for South Korea 

of -0.08, but this coefficient was not statistically significant 
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using ordinary least squares [2]. Table 2 summarizes price and in- 

come elasticities of wheat import demand from an Asian or "less 

developed country" region, in which South Korea is assumed to be 

implicitly included. 

The proxy variable for the level of foreign exchange is also 

expected to be negative. As defined, this suggests that as South 

Korea's net foreign assets increase at a decreasing rate relative to 

the price for U.S. White Wheat (or all U.S. wheat), less wheat will 

be purchased commercially by South Korea, using their foreign ex- 

change reserves.  In other words, it is hypothesized that the price 

of White Wheat outpaces South Korea's capacity to earn enough 

foreign exchange to purchase it. 

Relative Importance of Explanatory Variables 

Hypothesized demand models (5) and (6) are first fitted in a 

linear form. Each variable enters into its respective regression 

equation in a stepwise fashion to determine its explanatory power 

and correlation to the dependent variable. Explanatory power is 

measured by the amount of reduction of the variability in the de- 

pendent variable by the explanatory variable. This also depends on 

the explanatory variable's correlation with other explanatory vari- 

ables already in the equation and those yet to be entered (as well 

as its correlation with the dependent variable). 

All U.S. Wheat 

Table 3 summarizes the relative statistical significance of 

each explanatory variable for equation (5). The order of the ex- 



61 

Table 2. Price and Income Elasticity of Import Demand for All Wheat 
by Region (either East Asia or LDC) (t-values in parentheses) 

Source 
Income 

Elasticity 
Price 

Elasticity 

1981 - Gallagher, Lancaster 
Bredahl, Ryan 

1960-1974 annual data for LDC's 

1.12 

(1.19) 

-.21 

C-1.37) 

1978 - Konandreas, Bushnell, 
Green 

1954-1972 annual data for Asia 

4.57 

(*) 

3.46 

(1.42) 

1981 - Martin, Knowles, 
Gonarsyah, Oliveira 

1955-1978 annual White Wheat 
data for South Korea 

.40 32 

[.5632, -.2536]  **[-.4428, 
-.2118] 

1969-66 annual data 
(pooled time-series/cross- 
sectional data among 
countries in region) for 
Korea 

Coffin - 1970 

.11 

(2.83) 

-.08 

(-.15) 

* t-value or standard error not listed in the study. 

** confidence interval in brackets; income significant at one percent 
level, price significant at five percent level (using log-log 
relationship);. 



Tnble   3.      All   Wheat   (COMP)   Linear  Relat ionsMp   (t-values   In  parentheses). 

Constant 1W0N EP« C0MP1 KPDC PRO HP GOVTP npoc RJ SSE s2 

(1) 
-18.04 

(-2.307)" 

.4262 

(5.490)' 
.7152 1004.9 .6634 

(2) 
-42.22 

(-S.153)' 

.3902 

(7.289)' 

.0012 

(3.876)' 
.8796 424.8 .8435 

(3) 
-60.47 

(-4.390)* 

.5826 

(4.460)' 

.0016 

(4.199)* 

-.4437 

(-1.595)*" 
.9040 338.6 .8613 

M) 
-112.6 

(-3.270)' 

.8648 

(4.094)' 

.0019 

(4.725)* 

-.4741 

(-1.835)" 

2.368 

(1.630)*" 
.9259 161.5 .8796 

(5) 
-115.7 

(-3.293)' 

.9816 

(3.869)' 

.0017 

(3.241)* 

-.5219 

(-1.948)*** 

2.618 

(1.742)"' 

-.0261 

(-.861) 
.9322 239.3 .8741 

(6) 

-107.9 

(-3.031)' 

.9452 

(3.722)' 

.0011 . 

(1.411) 

-.3512 

(-1132) 

2.605 

(1.748)'" 

-.0382 

(-1.187) 

.00012 

(1.064) 
.9416 205.9 .8735 

(7) 
-106.3 

(-2.900)" 

.9646 

(3.680)* 

.00082 

(.984) 

-.2776 

(-.835) 

3.125 

(1.875)*" 

-.0415 

(-1.245) 

.00012 

(1.007) 

-.1773 

(-.792) 
.9471 186.5 .8625 

(8) 
-88.99 

(-1.538)'" 

.9679 

(3.426)' 

.00084 

(.929) 

-.3199 

(-.858) 

2.697 

(1.298) 

-.0399 

(-1.104) 

.00009 

(.685) 

-.1805 

(-.748) 

-.0699 

(-.409) 
.9489 180.5 .8339 

(9) 

-82.15 

(-1.510)'" 

.9945 

(3.271)* 

.0012 

(1.842)*" 

* -.4577 

(-1.528)*" 

2.428 

(1.246) 

-.0310 

(-.963) X -.1880 

(-.816) 

-.1179 

(-.792) 
.9441 197.4 .8547 

* Significant 
•* Significant 
•*• Significant 

at the 1 percent level, 
at the 5 percent level, 
at the  10 percent  level. 

ON 
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planatory variables in the top of Table 3 represents the sequence in 

which they enter into the regression equation. Most of the estimated 

coefficients and their respective standard errors remain relatively 

stable except in a few instances. The stability of a regression 

coefficient of an explanatory variable as other variables are added 

to the regression equation reflects the fact of low correlation be- 

tween the explanatory variable in question and other added variables. 

If certain explanatory variables are highly correlated, the regres- 

sion coefficient does not indicate any inseparable effect of the 

particular explanatory variable but only a marginal or partial effect 

pending on whatever other correlated explanatory variables are in- 

cluded in the regression equation. This is the problem of "multi- 

collinearity" between explanatory variables. 

One major disturbance among the regression coefficients is a 

33 percent increase of IWON when C0MP1 is added to the equation. 

The standard error of IWON increases 59 percent, which reduces the 

statistical significance of IWON substantially (i.e., the t-value of 

IWON decreases, in which t=estimated parameter/respective standard 

error of parameter).  IWON and C0MP1 are highly correlated C-89), 

as are IWON and WPDC (-.95).  IWON increases another 32 percent 

when WPDC is added to the equation, while the standard error of IWON 

has a comparably smaller increase. 

The amount of variability in the dependent variable that the 

regression equation is able to explain is indicated by the coeffi- 

cient of determination, R2.  In Table 3 for instance, step (1) shows 

that IWON is able to explain approximately 72 percent of the vari- 

ability in COMP, with 28 percent left unexplained ("residual error"). 
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Step (2) shows that IWON and EPW together are able to explain 88 per- 

cent, and so on. 

An additional summary statistic which is useful in comparing 

alternate equation specifications is the "corrected" coefficient of 

determination, R2. R2 always increases as variables are added to an 

equation. R2 "penalizes" the equation with the larger number of vari- 

ables relative to the number of observations. Thus, adding a new in- 

dependent variable increases R2 only if R2 increases sufficiently to 

offset the "penalty" of an adjustment factor for the larger number 

of independent variables. An increase in R2 reduces the residual 

error variation, while an increase in R2 reduces SSE, the sum of 

squared residual error.— 

Referring back to Table 3, R2 decreases as soon as PRO enters 

the regression equation.  In fact, all the explanatory variables after 

WPDC enter into the regression equation as not statistically signifi- 

cant. 

EPW has a positive influence on all U.S. wheat imports rather 

than an expected negative influence. One possible explanation for 

this particular phenomenon is provided by Thodey, Kim, and Han [33]. 

A positive relationship between the demand for a commodity and its 

own price would only exist in two instances, one being that its 

prestige value overshadows all other forces, and another being that 

its demand is primarily determined by a complementary relationship 

with a major food.  In the latter case, demand varies more on the 

—  For a more complete definition of the "corrected" coefficient of 
adjustment, E2, see either: Rao, P. and R.L. Miller. Applied 
Econometrics. Wadsworth Publishing Co., Inc., California, 1971; or 
Tomek and Robinson [34]. 
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basis of the complementary food's price rather than the commodity's 

own price. During the 1970's, rice imports in South Korea were cur- 

tailed in favor of less costly wheat imports. Wheat imports were 

deemed by the South Korean government as a supplement to the rice 

diet of the South Korean population.  Possibly, the volume of wheat 

imported in South Korea increased even though the U.S. wheat export 

price also increased because the price level of U.S. wheat was still 

lower than the world price of rice. The influence of the world price 

of rice on the U.S. price of wheat is evident once RP enters the equa- 

tion depicted in Table 3. The standard error of EPW increases 32 

percent, in turn decreasing its respective t-value. However, RP is 

not statistically significant in explaining COMP, given the explana- 

tory variables already in the regression equation. 

Two additional possible explanations exist. The positive co- 

efficient of EPW is equivalent to a function of some other unrecog- 

nized implicit coefficient, i.e., an identification problem may exist 

that could lead to the use of simultaneous equations since EPW may be 

exhibiting mostly supply factors. Another explanation may result 

from data misspecification, since some variables are based on fiscal 

year data (COMP, GOVTP, EPW, C0MP1) and other variables are based on 

a calendar year basis. 

COMP1 enters as a statistically significant variable in ex- 

plaining COMP, but becomes not statistically significant when RP 

enters the equation.  C0MP1 has a negative influence instead of the 

expected positive effect. As was shown in Chapter III, the coeffi- 

cient of the lagged dependent variables equals 1-6, where 6 is the 

coefficient of adjustment. When 1-6 is close to zero, 6 is close to 
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one and the adjustment process is very rapid. When 1-6 is close to 

one, (5 is close to zero and actual imports are near the previous 

period's imports. This implies that the adjustment process toward 

the desired level of imports is very slow. The case of a negative 

coefficient of COMPl implies that 6 is greater than one and that the 

response of South Korea is importing all U.S. wheat due to changes 

of the explanatory variables is greater in the short run that it is 

in the long run. This suggests that when using all U.S. wheat data, 

South Korea overreacts to changes in the explanatory variables. For 

instance, a wheat price increase in one year may be deemed as a 

temporary phenomenon and therefore wheat imports are reduced more 

than they would have been under the expectation of a more permanent 

price change.  Reserve wheat stocks are depleted and this action 

continues until a favorable reduction in the future price of imported 

wheat is obtained which would allow South Korea to build up their 

stocks of wheat. This is one possible explanation of the negative 

coefficient of COMPl.  COMPl's estimated parameter becomes stat- 

istically significant, along with EPW, when RP is dropped from the 

equation. This is shown in step (9) from Table 3. 

WPDC is statistically more important in explaining all U.S. 

wheat imports than RPDC. However, instead of the expected negative 

influence of WPDC, the results show that as South Korean domestic 

wheat production increases, U.S. wheat imports increase. This is 

contrary to the negative correlation between COMP and WPDC (-•84). 

RPDC has a negative influence on wheat imports, but is not stat- 

istically significant when using all U.S. wheat import data. 

In any estimate, GOVTP is never found to be statistically 
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significant. However, it should be included as a relevant explana- 

tory variable according to traditional economic theory of import de- 

mand.  GOVTP has a small correlation with lagged imports COMPl (-.41) 

and with the level of foreign exchange PRO (.10), which is good for 

estimation purposes. Whether this implies that concessional sales 

of wheat do not depend on the level of past commercial exports or on 

the foreign exchange level of the recipient country is subject to 

debate. Correlations between these variables only suggest that the 

movements are strongly not similar. 

Table 5 presents the log-linear functional form of COMP using 

the variables in step (8) from Table 3. None of the estimated co- 

efficients (elasticities) are statistically significant except for 

LIWON, which has a very high positive elasticity in line with Kon- 

andreas, Bushnell, and Green's estimate of 3.46 for Asia [18]. This 

may be more coincidence due to the fact that none of the other 

elasticities in LCOMP from Table 5 are statistically significant. 

The income and own price elasticities of import demand calculated in- 

directly from the respective estimated parameters in step (8) from 

Table 3, using the means of IWON and EPW, are 4.07 for income and 

0.85 for the own price of all U.S. wheat. 

U.S. White Wheat 

Table 4 summarizes the relative importance of the explanatory 

variables that explain U.S. White Wheat commercial sales to South 

Korea.  Except for the White Wheat price and quantity data, the same 

data that was used in Table 3 is implemented in Table 4 in order to 

recognize any inherent differences between the estimated parameters 



Table 4 . White Wheat (KWCOM) Linear Relationship (t-values in parentheses). 

Constant 1WQN rnox RP RPOC NWCTC PHW wpnc NKC0M1 R2 SSR s2 

1 (1) -13.34 

(-3.07I)- 

.2712 

(6.289)« 
.7672 1   309.9 .7478 

(2) 
-16.68 

(-4.570)* 

.3466 

(7.978)- 

-.0358 

(-2.826)* 
.8651 179.6 .8406 

(3) 
-21.07 

(-4.821)*    • 

.3293 

(7.83Sr 

-.0278 

(-2.170)** 

.00008 

(1.609)*** 
.8929 142.7 .8608 ' 

(1) 
-10.38 

(-.801) 

.3711 

(5.813)' 

-.0277 

(-2.131)** 

.00007 

(1.243) 

-.0738 

(-.878) 
.9013 131.4 .8574 

(5) 
1.319 

(.086) 

.3666 

(5.961)' 

-.0194 

(-1.382) 

.00003 

(.448) 

-.1175 

(-1.315) 

-.2895 

(-1.314) 
.918 108. .8681 

W 
3.418 

(.218) 

.4229 

(4.778)* 

-.0358 

(-1.S44)*** 

.00012 

(.994) 

-.1235 

(-1.361) 

-.2959 

(-1.325) 

-.00044 

(-.896) 
.927 96.9 .8648 

(7) 
-17.29 

(-.488) 

.5171 

(3.041)** 

-.0396 

(-1.593)*** 

.00012 

(.97.3) 

-.0933 

(-.888) 

-.3724 

(-1.431) 

-.00042 

(-.832) 

.9002 

(.659) 
.932 90.4 .8529 

(8) 
-17.S9 

(-.452) 

.5258 

(2.576)** 

-.0403 

(-1.441) 

.00012 

(.870) 

-.0932 

(-.810 

-.3746 

(1.312) 

-.00042 

(-.756) 

.890 

(.595) 

-.031 

(-.104 
.932 90. 

1 

.8237 

(9) 
5.S78 

(.315) 

.4040 

(3.280)* 

-.0228 

(-1.122) ^d -.1366   j 

(-1.433 

-.3548 

(-1.53S)**     j 

-.00004 

(-.126) J >^ 

-.0736 

(-.260 
.9177 109.6 .8472 

(10) 
-42.00 

(-1.723)**' 

.5018 

(2.583)** 

-.0271 

(-1.237)          1 y<] ><j -.4116 

(-1.512)*** 

.00011 

(.391)     | 

1.463 

(1.11) 

-.073 

(-.248 
.9095 120.5 .8319 

Significant at 

Significant at 

Significant at 

the 1 percent level, 

the 5 percent level, 

the 10 percent level. 

ON 
00 



TABLE  5 .     Log-Log Relationship of COUP and WWCOMM Using the Variables  in Step 8 from Tables    3 and    4    (t-values  in parentheses). 

Constant LIHON LEPW LCOMP1 LKPDC LGVOTP LRPDC 
Statistic       Statistic      d.f. 

1.281 S.564 -.9411 -.0990 .8919 .1941 .0955 -.5401 -J.128 
LCONP .8497       3.69 2.19 

(.0319)       {2.092)*       (-.2874)       (-.2314) (.8909) (.6068) (.0698)       (-.6917)       (-.5631) 

Constant   L1WON LRPDC     LNHGVC    LPKW LWPDC    LNHCOM1 
D-W       F 

Statistic  Statistic d.f. 

-.0966    1.68S    -3.605 -.2524   -2.075 .1364    -.1084 

(.-568)   (1.383)   (-.3619)   (.9488)   (-.7041)   (-.4379)   (-.5616)   (.1033)  (-.2859) 
.7863  4.26    2.61 

Significant at the 5 percent level. 

Significant at the 10 percent level. 
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that measure U.S. White Wheat commercial sales and commercial sales 

of all U.S. wheat to South Korea. 

Although the world rice price and the foreign exchange constraint 

did not enter as statistically significant for COMP, these two vari- 

ables enter as statistically significant factors for WWCOM. Neither 

WPDC nor RPDC enter statistically significant in Table 4 as WPDC did 

in Table 3, but RPDC is found to possess a greater influence stat- 

istically than WPDC in explaining WWCOM since RPDC enters the re- 

gression equation earlier than WPDC. Steps (9) and (10) from Table 4 

further show that when the supply variables are taken individually 

along with the rest of the explanatory variables (except for RP), 

RPDC has a higher t-value than the one for WPDC, even though neither 

is significant statistically. 

The price of U.S. White Wheat enters as a not statistically 

significant variable, but exhibits a negative influence on WWCOM as 

economic theory suggests. However, PWW turns positive once the rice 

variables (RP and RPDC) are dropped from the equation in step (10). 

This implies that rice consumption may influence wheat demand re- 

sponse to U.S. White Wheat prices to some degree. Additionally, RP 

is highly correlated with PWW (.83) relative to its correlation 

with EPW C-61). The correlation of RP with PWW is reflected when 

PWW enters the regression equation. The regression coefficient of 

RP increases 58 percent and its standard error also increases by 48 

percent. Further study into the price correlations reveals that PWW 

explains 68 percent of the variability in RP, while RP explains 38 

percent of the variability in EPW. Although RP may exhibit only a 

marginal influence in explaining WWCOM when PWW is in the equation. 
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RP is clearly the dominant variable. 

U.S. government-aided sales of White Wheat to South Korea is 

depicted as a statistically non-significant factor in determining 

commercial sales, but regains its significance in steps (9) and CIO) 

when each of the supply variables are evaluated individually. NWGVC 

has a low correlation with PROX (.31) and with WWC0M1 (--28). 

R2 decreases once RPDC enters the regression equation, but in- 

creases to a new high when NWGVC is added. When PWW enters, R2 de- 

creases somewhat, but is still higher than its previous value when 

RPDC was added to the equation. 

The log-linear relationship of step (8) from Table 4 is pre- 

sented in Table 5. None of the estimated- elasticities are stat- 

istically significant, including the F-statistic. To compare with 

the log-linear elasticities, the income and own price elasticities 

of import demand, computed indirectly from the means of IWON and PWW, 

are 3.99 and -0.78, respectively. 

Relative Price Theory vs. Excess Demand Theory 

Although the stepwise procedure offers one way of determining 

the important variables that explain most of the variation in the 

dependent variable, economic theory should dictate the preferable 

starting point. Obviously, rather than have the data dictate the 

theory, the theory should suggest the model to be used. A further 

attempt was made to see if the explanatory variables proposed by 

pure theory would explain COMP or WWCOM any better than a regular 

stepwise procedure that uses all the variables thought to affect 

wheat import demand. 
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Referring back to Learner and Stern in Chapter III, a proposition 

was made to help distinguish between an excess demand theory or a 

theory that uses relative prices to determine import demand. The key 

difference seemed to be whether there was a substantial difference 

between the domestic price and the foreign price of a commodity.  If 

no change between the two price levels exists, then a common price is 

to be used, and the only variable to explain the fluctuations of 

imports over time is the domestic supply of the commodity to be im- 

ported. 

The farm price of wheat in South Korea was chosen as the domestic 

price, since wholesale price data of wheat in South Korea only covered 

the years 1956-1972, while the farm price of wheat covered the years 

1959 to 1978. The trend of the wholesale price followed very close 

to the trend of the farm price in the years 1956-1972. 

A simple test to observe possible price level changes is taken 

from an article written by Tryfos [36]. The effect of price changes 

on the quantity of a commodity exported can be expressed by the 

following form: 

Ql = a + 3 (Pi - P2) + P, C7) 

where Qi denotes the quantity exported from country 1, Pi is the 

current price of the commodity in country 1, P2 is the current price 

in country 2, and y is an error term. Other factors held constant, 

country 1 will export Qi when the difference in prices. Pi - P2, is 

negative. Similarly, when the price difference is positive, country 

1 will import.  From the viewpoint of South Korea, if there exists 

a difference in the two wheat price levels (Pi = price in the U.S., 
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?2  = price in South Korea), the sign of (3 in equation (7)   is expected 

to be negative. 

Following equation (7), COMP is regressed against CEPW-FPW), in 

which this case EPW is unadjusted for the WPI and FPW represents the 

South Korean farm price of wheat, unadjusted for WPI: 

COMP =17.12 -  .00031 (EPW-FPW)  Rz = .1170 (8) 
(3.215) (-1.313) D-W statistic - .5178 

F-statistic =1.72 

The t-values of the estimated parameters are in parentheses. 

(EPW-FPW) is not statistically significant at the ten percent level 

of significance. The Durbin-Watson statistic indicates positive auto- 

correlation in the error terms. A subsequent equation corrected for 

autocorrelation is computed to be: 

COMP =41.13 +  .00014 (EPW-FPW)   R2 = .6787 (9) 
(2.158)  (.6475) D-W statistic =2.51 

F-statistic = 25.35 

The Durbin-Watson statistic indicates an absence of positive 

first-order autocorrelation. Even though the sign of (EPW-FPW) turned 

positive, the estimated coefficient becomes even more not statisti- 

cally significant. 

In a similar sense, WWCOM is regressed against (PWW-FPW), in 

which PWW is also unadjusted for the WPI and FPW remains the same as 

before: 

WWCOM =8.97 - .00031 (PWW-FPW)  R2 = .1543 (10) 
(2.874) (-1.539) D-W statistic = .4861 

F-statistic =2.37 

The t-values of the estimated parameters are in parentheses. 
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(PWW-FPW) is statistically significant at the ten percent level of 

significance, but the Durbin-Watson statistic indicates positive 

first-order autocorrelation.  Equation (10) is corrected for auto- 

correlation and the re-estimated equation becomes: 

WWCOM = 23.95 + .00003 (PWW-FPW)  R2 = .6974 (11) 
(2.045) (.2269) D-W statistic = 2.42 

F-statistic = 27.65 

Equation (11) shows an absence of positive autocorrelation and 

(PWW-FPW) becomes not statistically significant. 

From the final results in equations (9) and (11), the estimated 

parameters of (EPW-FPW) and (PWW-FPW) cannot be rejected as statisti- 

cally different from zero. This implies that there exists no rela- 

tionship between changes of the domestic price level of wheat in 

« 
South Korea and the foreign price level of U.S. wheat determining the 

volume of either all U.S. wheat or U.S. White Wheat imports in South 

Korea. 

The preceding wheat price relationship also leads to the assump- 

tion that the theory of excess demand is sufficient for wheat import 

demand. To be consistent with Learner and Stern, the relevant theoret- 

ical variables that should be included in the import demand equation 

are the common price of the commodity to be imported, prices of alter- 

native domestic commodities, money income, and the domestic supply 

of the same commodity to be imported. Thus, COMP and WWCOM are re- 

gressed against their own export price (deflated  by the South Korean 

W.PI to reflect price changes over time at the wholesale level and to 

satisfy linear zero-order homogeneity restrictions), IWON, WPDC, con- 

cessional sales of all U.S. wheat/U.S. White Wheat to South Korea, and 
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the farm price of rice in South Korea, FPR (which is consistent with 

the trend of the wholesale rice price in South Korea and is also de- 

flated by the South Korean WPI). The results of the estimated para- 

meters for the linear and log-linear functional forms are tabulated 

in Table 6. 

The static linear relationships of COMP and WWCOM in Table 6 re- 

flect the difference of statistical significance between the two sets 

of estimated parameters. The excess demand theoretical variables in- 

dicate a better fit in explaining all U.S. wheat data than in explain- 

ing U.S. White Wheat data. The signs of EPW and PWW still exert a 

positive influence on COMP and WWCOM. Even though FPR is statisti- 

cally non-significant in both equations, the domestic farm price of 

rice has a positive influence on COMP (indicating that domestic rice 

is a substitute commodity by theoretical standards], but has a nega- 

tive influence on WWCOM (indicating that domestic rice is a comple- 

mentary commodity with U.S. White Wheat imports by theoretical 

standards). The D-W statistic indicate the possibility of some 

negative autocorrelation in the residual error terms, but the results 

of the estimated parameters in Table 6 suggest that there exists a 

statistically significant difference between the influences of ex- 

planatory variables that determine all U.S. wheat imports in Sbuth 

Korea and the influences of similar explanatory variables that deter- 

mine U.S. White Wheat imports in South Korea. 

In order to compare the two sets of estimated parameters 

directly, an F-test is conducted to evaluate the similarity of the 

two regression equations, COMP and WWCOM. The reasoning behind this 

F-test is that if there is a significantly large difference between 



Table 6. COMP and WWCOM Linear and log-linear Relationships Using P.xcess Demand Theory Variables (t-values in parentheses). 

Constant IKON GOVCP WPDC nrw FPR SSE       D-X       F      d.f. 

CO! IP 
(Linear) 

-87.88 

(-2.463)" 

. S828 

(1.945)' 

-.4460 

(-1.409')•*• 

2.952 

(1.786)* 

.OO09J 

(1.516)*** 

.00015 

(.6214) 

.9227    301.2      2.54     21.47*      9 

LCOMP 
-17.93 3.424 -.S06S .91)9 -1.549 1.739 

(Log-Log) (-.7567) (.8981 (-.6465) (1.584)*** (-.4452) (.4451) 
.7856      5.734    1.99     6.59* 

NWGVC WPOC PNW FPU SSE       D-*       F      d.f. 

KKCOM 
(Linear) 

(-1.637)** (2.096)* 

-.3467 

(-.7319) 

1.112 

(.9319) 

.00037 

(.8827) 

-.00036 

(-.1714) 

.8990     148.8     2.38    16.0* 

I.KKC0M 
(Log-Log) 

4.270 

(.2169) 

7.862 

(3.064)* 

-.0243 

(-.0473) 

.9518 

(1.583)** 

.9430 

(.4138) 

-4.187 

(-1.242) 
.7998      6.026    2.16     7.19*     9 

Significant at the 1 percent level. 

Significant at the 5 percent level. 

Significant at the 10 percent level. 
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the sum of squared errors of one regression equation and the sum of 

squared errors of an alternative equation, then there exists a prob- 

able disparity between impacts of the explanatory variables in one 

regression equation and the explanatory variables in the alternative 

equation. The null hypothesis to be tested states that the estimated 

parameter(s) in one equation is equal to the estimated parameterCs) 

in another equation. The alternative hypothesis states the contrary. 

For this study, the two hypotheses are: 

HXT:  g. for all wheat = g. for White Wheat N   i i 

vs. 

H :  6. for all wheat t  g. for White Wheat. 

An F* value is computed using the sum of squared errors from 

each regression equation and compared with a table F value at a 

designated level of confidence.  If F* > F, then HN can be rejected 

and H. can be accepted at the designated level of confidence.  If 

F* <_ F, than HN cannot be rejected. The computations of F* values 

for determining the similarity of income, own price, and all esti- 

mated parameters of each equation is presented in Table A-l in 

Appendix A at the end of this thesis. 

When statistically comparing the estimated parameters of COMP 

against the estimated parameters of WWCOM using the excess demand 

variables from Table 6, HN cannot be rejected at the 95 percent 

level of confidence for the similarity of income and own price co- 

efficients. However, HN can be rejected and H. accepted at the 99 

percent level of confidence when comparing all the estimated para- 



78 

meters as one set of COMP with the set of all coefficients of WWCOM. 

Therefore, it can be deduced that, using the data mentioned, all the 

estimated parameters which determine all U.S. wheat imports in South 

Korea are statistically different from all estimated parameters which 

determine U.S. White Wheat imports in South Korea. 

An additional F-test is conducted to see if a structural change 

exists among the estimated parameters for each regression equation. 

A structural change is hypothesized to exist in 1971 when commercial 

sales of all U.S. wheat and U.S. White Wheat to South Korea exceeded 

concessional sales. Also, there was a substantial increase in the 

level of total all U.S. wheat and U.S. White Wheat exports to South 

Korea in 1971 than in the previous seven years. The construction of 

the F-test, usually referred to as the "Chow test," involves the 

comparison of the sum of squared errors from one regression equation 

using the observations during the years 1964 to 1970, the sum of 

squared errors from another regression equation during the years 1971 

to 1978, and the sum of squared errors from a regression equation 

using all observations. The null hypothesis states that the esti- 

mated parameters using the first set of observations are equal to 

the estimated parameters using the second set of observations; there- 

fore, no structural change exists within the time period examined. 

The alternative hypothesis states the contrary. 

H,:  B- 1964-1970 = 6. 1971-1978 
N   i i 

vs. 

H,:  B. 1964-1970 ^ g. 1971-1978 
A   i i 
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Figure 4.  All U.S. Wheat Exports to South Korea (Metric Tons), 1964-1978. 
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An F* value is computed and compared with a table F value at a 

designed level of confidence.  If F* > F, then Hj. can be rejected and 

H. accepted; a structural change exists statistically.  If F* <_ F, 

then HN cannot be rejected. All F* value computations and comparisons 

are tabulated in Table A-2 in Appendix A at the end of this thesis. 

For both COMP and WWCOM, using the excess demand variables from 

Table 6, H^ cannot be rejected at the 95 percent level of confidence. 

Therefore, a conclusion can be drawn which states that no structural 

change statistically exists among the observations that determine all 

U.S. wheat and U.S. White Wheat imports in South Korea. 

Limitations of the Data 

Certain conditions must be met if the estimated parameters of a 

regression equation are to be interpreted as: unbiased if the mean 

value of the estimated parameter equals the "true" parameter; a con- 

sistent estimator regardless if the sample size increases infinitely; 

and having a minimum variance compared to any other estimated para- 

meter that reflects the value of the "true" parameter, i.e., the 

estimator being efficient. Using the results from the third section 

of this chapter, three disturbances of the residual error terms and 

one disturbance of independence among the explanatory variables will 

be tested for. The tests will evaluate the possibility of: hetero- 

skedasticity, involving unequal variance of the error terms; auto- 

correlation, involving the non-independence between the error terms 

each time period; contemporaneous correlation between the explana- 

tory variables and the error term; and multicollinearity among the 

explanatory variables. 
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Heteroskedasticity 

When the error variance is not constant over all.observations, 

heteroskedasticity prevails in the regression analysis. The esti- 

mated parameters obtained by ordinary least squares are still un- 

biased and consistent, but they cease to be minimum variance un- 

biased estimators. Therefore, the usual tests of statistical signi- 

ficance (t-values and F-statistics) are no longer valid. 

Examination of the residuals plotted against the fitted values 

of COMP and WWCOM from Table 6 indicate that the residuals follow a 

normal scatter around the value of zero error (ie., no correlation 

exists between the scatter of residuals and fitted values). How- 

ever, formal tests are available to evaluate whether or not certain 

sections of time-series observations have equal variances. One such 

test is the Bartlett test [25]. Essentially, the Bartlett test 

examines the null hypothesis that certain sections of the data, called 

populations, have equal variances. The alternative hypothesis states 

the contrary.  Specifically, the two hypotheses are: 

2   2        2 
R,:  oi = Oo = . . . = a JM   1   ^        r 

vs. 

H.: not all a? are equal, 

where a? is the variance of the j— population of r total populations 

to be examined. The Bartlett test follows a Chi-Square distribution, 

so a test value is computed to compare with a table Chi-Square value 

at a designated level of confidence. The computations and summations 

of the Bartlett test for COMP and WWCOM are shown in Table A-3 in 
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Appendix A at the end of this thesis. Only the results will be dis- 

cussed here. 

The results of the Bartlett test indicate that when using the 

data from Table 6, the residual errors of COMP and WWCOM statistically 

exhibit a constant variance. R. cannot be rejected at the 90 percent 

level of confidence using a Chi-Square distribution. 

Autocorrelation 

A common problem with time-series data is the presence of serial 

correlation, or autocorrelation.  In this case, the residual errors 

are correlated from year to year. A general cause of serial corre- 

lation is misspecification of the regression equation, namely the 

omission of one or several important explanatory variables from the 

equation.  Like heteroskedastic cases, serially correlated error 

terms imply that the estimated parameters generated by ordinary least 

squares are unbiased and consistent, but no longer exhibit minimum 

variance and the estimation of the residual error variance will be 

biased.  The usual tests of statistical significance using the t and 

F distributions are no longer strictly applicable. 

Detection of autocorrelation in a static demand equation is 

accomplished by interpreting the Durbin-Watson statistic associated 

with the regression. As a rule of thumb, very low D-W values below 

2 indicate positive autocorrelation, while very high D-W values above 

2 indicate negative autocorrelation. The size of the estimated D-W 

statistic is compared with a table value to determine the magnitude 

of autocorrelation. For this study, correction of autocorrelation 

is achieved by using first differences. A computer package that uses 
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the Cochrane-Orcutt iterative technique is selected to correct any 

serially correlated error terms (this is the same procedure that was 

used to correct the autocorrelation in equations (8) and (10) from 

the third section of this chapter). All tests and summations of the 

iterative technique used here are shown in Table 7. 

Table 6 from the previous section indicates the possible pres- 

ence of negative autocorrelation for both COMP (2.54) and WWCOM (2.38) 

As can be seen in Table 7 both D-W statistics fall into an "indeter- 

minancy region." This means that it is questionable whether the D-W 

statistic specifically indicates negative autocorrelation or the ab- 

sence of autocorrelation.  In fact, due to the low number of obser- 

vations and degrees of freedom, the two regions of indeterminancy 

overlap each other. Thus, the absence of serial correlation cannot 

be statistically resolved. The corrective procedure is implemented 

and the degree of correlation between the error terms (indicated by 

an autocorrelation coefficient, rho) is tested for statistical signi- 

ficance using a t distribution. 

Table 7 shows that the error terms for COMP are highly corre- 

lated relative to the error terms for WWCOM. The t-statstic for rho 

in COMP is statistically significant while the t-statistic for WWCOM 

is not. Table 8 shows COMP and WWCOM corrected for whatever auto- 

correlation was present. All the explanatory variables for COMP, 

except EPW, become more statistically significant after the correc- 

tion for autocorrelation.  R2, SSE, the D-W statistic, and the F- 

statistic improve also. EPW is the only variable that becomes not 

statistically significant, but retains its positive influence on 

COMP. 



Table 7 .  Significance Points for the Durbin-Watson Statistic, d, and Summary of Autocorrelation 
Coefficients. 

Positive 
First-Order 

Serial 
Correlation 

L 

(.56) 

Absence of First-Order 
Serial Correlation 

u 

(2.21) 

4-d 
u 

(1.79) 

Negative 
First-Order 

Serial 
Correlation 

4-dL 

(3.44) 

-Regions of Indeterminancy- 

COMP 

Final value of rho 
No. of iterations 
Standard error of rho 
t-statistic for rho 

WWCOM 

Final value of rho 
No. of iterations 
Standard error of rho 
t-statistic for rho 

-.7809 
5 
.1669 

-4.678 (significant at the 1 percent level). 

-.3014 
3 
.2548 

-1.183 (nonsignificant at the 10 percent level) 

CO 



Table O.  COMP and WVCOM Linear Relationships Corrected for Autocorrelation (t-values in parentheses). 

Constant IWON GOVTP WPDC EPW FPU sse D-W d.f. 

COMP 
-80.34 .4233        -.8245       3.173       .00032       .00037 

(-3.736)*     (2.209)**     (-2.941)*     (2.979)*     (.6891)     (2.237)** 
.9436 198.9     1.90 26.8* 

Constant IWON NWGVC WPOC PWW FPR SSE      D-W d.f. 

KNCOM 
-38.19 .3482 

(-1.741)***   (1.593)** 

-.5874 1.279 .00019 .00006 

(-.9567) (1.020) (.3980) (.2467) 
.8965    137.8    2.14     13.9* 

* Significant at the 1 percent level. 

** Significant at the 5 percent level. 

***  Significant at the 10 percent level. 

00 
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Since rho for WWCOM is not statistically significant, its impact 

on the standard errors of the regression coefficients is minimal. 

Even though the t-values for NWGVC, WPDC, and FPR increase a little, 

the increase is not enough to bring the coefficients to statistical 

significance. The t-value for IWON decreases some, as did the t- 

value for' PWW. FPR changes from a negative influence to a positive 

influence on WWCOM. SSE and the D-W statistic improve, but R2 and 

the F-statistic fall down somewhat. Therefore, from these results 

it can be concluded that the error terms of WWCOM show little or no 

significant autocorrelation. 

Contemporaneous Correlation 

Contemporaneous correlation defies a strict assumption of ordin- 

ary least squares that the covariance between the error term and each 

explanatory variable is zero. Correlation of the explanatory vari- 

ables with the residual term in the same time period is usually 

caused by errors in measurement of the data.  If the true value of 

an observation differs from a measured value by a certain amount of 

error, then the residual error term of the regression equation fitted 

to the measured data has combined disturbance and measurement error 

terms.  Since the measurement error component of the residual error 

term is correlated with the explanatory variable that has the dis- 

crepancy in measurement, the residual error term of the regression 

equation is correlated also. When ordinary least squares is applied, 

the estimated parameters :are biased and also lack the property of 

consistency. A usual correction procedure, if contemporaneous cor- 

rleation is detected, involves the construction of a simultaneous 
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equation system to separate any bias and to obtain consistent esti- 

mators of the regression parameters. 

Simple correlations between the residual error term of COMP and 

each of the respective explanatory variables show zero correlation, 

as do the simple correlations between the error term of WWCOM and 

each of the explanatory variables that explain WWCOM. Additionally, 

scatter plots of each respective residual error against the explana- 

tory variables show a normal scatter. Therefore, from the simple 

correlations and scatter plots, contemporaneous correlation is thought 

not to exist. 

Multicollinearity 

Another common problem that is found in time-series data is the 

lack of independence among the explanatory variables. Even when 

multicollinearity is present in the regression equation, the esti- 

mated parameters are unbiased and efficient theoretically, and their 

estimated variances are also unbiased. However, even though the 

variance of an estimated parameter may be efficient Csmallest vari- 

ance out of all other methods), the size of the estimated variance 

of the parameter is larger than the true value (or  expected value) 

than in the absence of multicollinearity. Since the regression para- 

meters will have a large sampling variability, the estimated para- 

meters tend to vary from one sample to the next and each of the co- 

efficients individually may be statistically non-significant even 

though a definite statistical relation exists between the dependent 

variable and the set of independent variables. 

For this study, detection of multicollinearity is achieved by 
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using the Farrar-Glauber test. The test is actually composed of 

three sub-tests for multicollinearity. The first test is a Chi- 

Square test for the overall strength of multicollinearity over the 

whole set of explanatory variables. The second test is an F-test 

of the multiple coefficients of determination between each explana- 

tory variable and the other variables to locate which variables are 

multicollinear. This test follows the theory that as the multiple 

coefficient of determination of an explanatory variable (R?) becomes 

high relative to the overall value of R2 (multiple coefficient of 

determination between the dependent variable and the explanatory 

variables), the variance of the estimated parameter becomes larger. 

The third test is a t test for finding the pattern of multicollinear- 

ity Ci'e'> which two variables are responsible for the appearance of 

multicollinear variables) by evaluating the values of the partial 

correlation coefficients of each explanatory variable on every other 

explanatory variable (all other explanatory variables held constant). 

The book by Koutsoyiannis offers a more detailed description of the 

Farrar-Glauber test [20]. Only a general description is offered in 

this study. 

Both sets of explanatory variables for COMP and WWCOM are tested 

for the overall strength of multicollinearity. The null hypothesis 

to be tested is based on the determinant of a correlation matrix de- 

rived from the data.  If the variables are orthogonal, the simple 

correlation coefficient for each pair of variables is equal to zero 

and the determinant of the correlation matrix is one. Conversely, 

if perfect multicollinearity exists, the simple correlation coeffi- 

cient for each pair of variables is equal to one and the correlation 



PART It VALUE OF TEST STATISTIC FOR DETERHINANT OF XURANSPIX 

TEST »   73.5754 (CHI UITH 10 D.F.) 

PART II: VALUES OF R-SOUARED AND THE ASSOCIATED F-STATS OF EACH INDEPENDENT VARIABLE REGRESSED ON THE OTHERS 

R-SQUARED 
.976192 .804739 .945752 .795778 .943078 

IWON GOVTP WPDC EPW FPR 

F-STATISTICS  ( 4. 10) 
102.508      10.3034      43.5842      7.74158      41.4193 

PART III: VALUES OF PARTIAL CORRELATION COEFFICIENTS AND ASSOCIATED T-STATS OF EACH INDEPENDENT VARIABLE 
ON EVERY OTHER INDEPENDENT VARIABLE (ALL OTHER INDEPENDENT VARIABLES HELD CONSTANT) 

MATRIX P 

1.00000 
-.532804 
-.734141 
-.781422 
.799022 

1.00000 
.402197E- 

-.740944 
.742285 

01 1.00000 
-.409045 
.213918 

1.00000 
.774206 

IWON 
T UITH 10 D.F. 

0. 
-1.99103 
-3.41910 
-3.94264 
4.20211 

GOVTP WPDC EPW 

0. 
.12728? 

-3.70877 
3.72434 

0. 
-1.41337 
.492497 

0. 
3.89320 

1.00000 

FPR 

0. 

Table 9.     Farrar-Glauber Analysis of Multicollinearity/COMP to 
o 



PART I: VALUE OF TEST STATISTIC FOR DETERMIHAHT OF XITRriNSPIX 

TEST =   78.1462 (CHI UITH 10 D.F.) 

PART Hi VALUES OF R-SflUARED AND THE ASSOCIATED F-STATS OF EACH INDEPENDENT VARIABLE REGRESSED ON THE OTHERS 

R-SOUARED 
.971432 .868276 .948504 .856194 .963822 

1W0N NWGVC WPDC PWM FPR 

F-STATISTICS ( 4. 10) 
85.4264 16.4791 46.0479 14.8845 66.6026 

PART III: VALUES OF PARTIAL CORRELATION COEFFICIENTS AND ASSOCIATED T-STATS OF EACH INPEFENDENT VARIABLE 
ON EVERT OTHER INDEPENDENT VARIABLE (ALL OTHER INDEPENDENT VARIABLES HELP CONSTANT) 

MATRIX P 

1.00000 
-.403600 
-.583450 
-.476459 
.720135 

1.00000 
.394800 

-.838116 
.832557 

1.00000 
.173841E-01 

-.114936 
1.00000 
.869141 

I WON NWGVC WPDC PWW 

T UITH 10 D.F. 
0. 
-1.39495 
-2.27297 
-2.90454 
3.28215 

0. 
1.3SB85 

-4.85B65 
4.75282 

0. 
.349816E-01 

-.372340 
0. 
5.5^734 

1.00000 

FPR 

Table 10.  Farrar-Glauber Analysis of Multicollinearity/WWCOM 
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matrix determinant is zero. Since neither of these two extremes are 

likely to exist, the stronger the departure from orthogonality (i.e., 

the closer the value of the determinant is to zero), the stronger the 

degree of multicollinearity, and vice versa. The null and alterna- 

tive hypotheses are: 

HN:  the variables are orthogonal 

vs. 

H.: the variables are not orthogonal 

The Chi-Square test statistic is compared with a table value 

chosen at a level of significance with ik(k-l) degrees of freedom. 

The Chi-Square test statistic for COMP and WWCOM is 74 and 78, re- 

spectively. The table Chi-Square value is 22 at the 99 percent level 

of significance. Therefore, since each test statistic exceeds the 

critical table value, HN is rejected and H. is accepted that multi- 

collinearity exists among the explanatory variables. 

The F test for the statistical significance of the multiple 

coefficients of determination depends on the null and alternative 

hypotheses: 

HM: R2 =0 
N   xi • x1X2 ... xk 

vs. 

H.:  R2 ^ 0. 
A   xi • x1X2 ■•■  \ 

The F* test value is compared with a table F value at the de- 

signated level of significance with Vj = (k-1) and V2 = (n-k) de- 
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grees of freedom, in which n=size of the sample and k= number of ex- 

planatory variables.  If F* > F, HN is rejected and H. is accepted that 

the variable x. is multicollinear.  If F* <_ F, tL, is not rejected 

and the variable x. is not found to be multicollinear. 
i 

Even though H. can be accepted at the 99 percent level of signi- 

ficance for all the variables, the .problem is to select the explana- 

tory variables that have the highest R?.  IWON and WPDC appear to 

have the highest statistical significant multiple coefficients of 

determination among the set of explanatory variables for COMP. Among 

the explanatory variables for WWCOM, IWON and FPR appear to have the 

highest R£. 

The null and alternative hypotheses for the third test, which 

involves testing the partial correlations of each explanatory vari- 

ables on every other explanatory variable (all other variables held 

constant), are: 

HXT: r = 0 
N   x.x.. • x1X2 ... xk 

vs. 

H.: r / 0. 
A   x.x. • X1X2 ... x. 

Each t* test statistic is compared with a table t value at the 

chosen level of significance with (n-k) degrees of freedom.  If 

t* > t, then H. is accepted that the partial correlation coefficient 

between the variables x. and x. is statistically significant, i.e., 

the variables x. and x. are responsible for the multicollinearity in 

the regression equation.  If t* <^ t, then HN is not rejected, and x. 

and x. are not the cause of the multicollinearity, since their partial 
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correlation coefficient is not statistically significant. 

For COMP, the partial correlation coefficient that has the 

highest t-statistic is the one for the variables IWON and FPR. The 

simple correlation between IWON and FPR is also very high (.91). For 

WWCOM, the most significant partial correlation coefficient is the 

one for PWW and FPR. However, the simple correlation between PWW 

and FPR is fairly low (.32). For both COMP and WWCOM, IWON seems to 

have the most statistically significant partial correlation coeffi- 

cients. 

One way to correct for multicollinearity is to incorporate 

extraneous information into the regression equation, as Konandreas 

did for the income elasticity in his study [17].  Since the income 

variable in this study also appears to account for most of the multi- 

collinearity problem, a possible correction procedure would be to 

obtain an income coefficient from a related cross-sectional study 

and use it as a  priori information into the regression equation. 

Summary 

Due to the tests for heteroskedasticity, autocorrelation, and 

contemporaneous correlation, the estimated parameters of the explana- 

tory variables used to determine U.S. White Wheat imports in South 

Korea are assumed to be unbiased, consistent, and efficient (miiiimim 

variance) estimators. The income variable causes an apparent multi- 

collinear relationship with the rest of the variables and this must 

be taken into account when interpreting the validity of the estimated 

parameters. 

Once the error terms for COMP are corrected for negative auto- 
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correlation, the estimated parameters of the explanatory variables 

that determine all U.S. wheat imports in South Korea are found to be 

unbiased, consistent, and efficient estimators. As in the data for 

U.S. White Wheat imports, the income variable used to determine all 

U.S. Wheat imports exhibits a multicollinear relationship with the 

other explanatory variables, but to a significantly higher degree 

statistically than in WWCOM. Again, interpretations of the esti- 

mated parameters must be taken with some caution since multicollinear- 

ity exists. 

Chapter IV has discussed the relevant explanatory variables 

hypothesized to explain U.S. White Wheat and all U.S. wheat imports 

in South Korea and implemented them in statistical regression methods 

to obtain empirical results which support or dispute hypotheses made 

about certain economic relationships. Chapter V presents a brief 

summation of this study, the conclusions based on the results ob- 

tained in Chapter IV, and implications for further research. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

Chapter I presents an argument about the deficiency of aggre- 

gate wheat data in determining demand estimates in a region. To 

support the argument, a statistical evaluation of the trade of White 

Wheat between the U.S. and South Korea is proposed to compare with 

demand estimates for aggregate (all classes) wheat in South Korea. 

Five specific objectives are formulated, and each objective is com- 

pleted by this study. 

Discussion of the relative price theory versus excess demand 

theory leads to the question whether or not changes in the level of 

imported wheat depends on the changes of the difference between the 

foreign price level of wheat and the domestic wheat price level. 

According to the relative price theory, wheat buyers are indifferent 

in purchasing domestic wheat or imported wheat. The decision of 

which wheat to purchase depends on their relative prices. On the 

other hand, excess demand theory suggests that purchases of imported 

wheat depend on the amount of domestic wheat available to satisfy 

domestic demand and not on their relative prices. This study sup- 

ports the use of excess demand theory in explaining U.S. commercial 

wheat-import behavior in South Korea. The supply side of South 

Korea is represented by the domestic production of wheat and P.L. 480 

wheat sales from the U.S., and the demand specification is represented 

by the allocation of wheat imports subject to the price of U.S. 

wheat and the prices of alternative food-grains. 

After the proper theoretical framework is chosen, empirical 
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evidence is constructed to show that a regression equation describing 

the demand for U.S. White Wheat in South Korea is not similar to a 

regression equation describing the demand for all classes of U.S. 

wheat. Although, individually, the estimated parameters for income 

in each respective equation are statistically similar, as also are 

the estimated parameters for the price of all wheat and of White 

Wheat, their estimated elasticities (indirectly from their mean.values 

and OLS estimates) appear to differ considerably after correcting for 

autocorrelation in the data consisting of all U.S. wheat imports 

(Table 8). Table 11 shows that, from the Esults obtained in Table 6 

for U.S. White Wheat demand and Table 8 for all U.S. wheat demand, 

a larger percentage of income is spent on imported White Wheat rel- 

ative to the percentage of income spent on imports of all classes of 

wheat together, as South Korean income increases by one percent. How- 

ever, the income variable used in this analysis has a multicollinear 

relationship with the rest of the explanatory variables, being more 

evident in the aggregate wheat data relative to the White Wheat 

data.  To mitigate the multicollinearity problem, further research 

should either include a  priori (extraneous) information of South Korean 

income from a cross-sectional study, or, using time-series data, try 

to separate the effects of urban and rural income on the demand for 

White Wheat. 

Also evident from Table 11 is the fact that the price elasti- 

city of import demand for all classes of wheat is relatively inelas- 

tic compared to the price elasticity for White "Wheat, using the re- 

sults from Tables 8 and 6. However, the positive influence of both 

price elasticities is difficult to interpret in demand analysis. 
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TABLE 11. Comparison of Short-Run Income and Price Elasticities of 
Import Demand Computed from Linear Equations, Using Mean 
Values 

Source 

All wheat White Wheat 
Income 
(IWON) 

price 
(EPW) 

price 
(PWW) 

Table  8,   COMP 
(corrected for autocorrelation) 1.83 0.351 

Table  3,.COMP,  step  (8) 
(eight variables;  one sig- 
nificant) 

4.07 0.85' 

Table   3,  COMP,   step  (4) 
(four significant variables) 3.64 1.93 

Table 3, COMP, step (4) 
(long-run elasticities) 

2.47 1.32 

Table 6, WWCOM 
(no autocorrelation) 

3.18 0.74' 

Table 4, WWCOM, step (8) 
(eight variables; one sig- 
nificant) 

3.99 -0.78* 

Table 4, WWCOM, step (3) 
(three significant variables) 

2.50 

Not  significant at the  10 percent  level 
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Konandreas, Bushnell, and Green encountered the same problem in their 

research of the demand for aggregate wheat in Asia [18].  Statisti- 

cally, since both price elasticities are not significant, an easy 

interpretation is that the price variables have no influence whatso- 

ever on wheat imports in South Korea. Theoretically, the price of 

imported wheat plays an important role in allocating substitute or 

complementary grains. A possible explanation for the positive in- 

fluence of wheat prices is that the excess demand for all wheat and 

for White Wheat is determined by the price of rice rather than the 

price of all U.S. wheat or U.S. White Wheat.  Imports of wheat in- 

crease even though the U.S. price of wheat increases because imported 

wheat is relatively cheaper than imported rice. For a^rice-diet 

country such as South Korea, the transition to less-expensive wheat 

imports may largely depend on the price of rice, domestic or foreign. 

Further investigation into this possibility would enhance the study 

of specific grain consumption patterns among wheat importing countries 

in the world, particularly rice-diet countries in Asia. 

Another possible explanation for the positive influence of the 

wheat price coefficient is that of an identification problem. U.S. 

wheat supply responses to the U.S. price of wheat may overshadow 

demand responses, thus requiring a simultaneous equation approach. 

Since there appears to be a significant distinction between 

using aggregate wheat data and White Wheat data in determining U.S. 

wheat imports in South Korea, specific explanatory factors may 

differ between the two sets of data. Table 12 presents the relative 

importance of explanatory variables for aggregate wheat imports and 

White Wheat imports. According to the results from this study. South 



TABLE 12. Relative Important of Explanatory Variables for COMP and 
WWCOM (decreasing importance from top to bottom) 
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Korean income, the export price of all U.S. wheat to South Korea, the 

previous year's commercial imports of all U.S. wheat, and South Korean 

wheat production are statistically significant factors in determining 

commercial sales of all U.S. wheat to South Korea. Table 11 shows 

the indirect income and price elasticities of import demand from a 

regression equation containing these four significant variables, 

assuming that the not statistically significant variables are con- 

tained in the error term.  Since lagged commercial imports are con- 

sidered as an important factor, the long-run elasticities are computed 

by dividing each of the estimated parameters in step (4), Table 3 by 

the coefficient of adjustment, which is computed from the estimated 

parameter of C0MP1. The elasticities show that, using aggregate 

wheat data, South Korea is more sensitive to income and wheat price 

changes in the short-run than in the long-run when importing wheat. 

For commercial sales of U.S. White Wheat to South Korea, Table 

12 shows South Korean income, the level of net foreign exchange, and 

the world rice price as being statistically significant factors. 

During the time period involved, the foreign exchange variable (PROX) 

can be interpreted as: when South Korea's net foreign assets increase 

by one billion won in the year before deciding to purchase U.S. White 

Wheat on commercial terms, depending on the current price of U.S. 

White Wheat, current commerical purchases of White Wheat will de- 

crease by .028 metric tons per 1,000 people, or .001 bushels per 

person, holding all other factors constant. This is a very small 

amount, considering that average per capita wheat consumption among 

the farm and non-farm residents in South Korea was about 1.52 bushels 

per person from 1965 to 1974, and a "target" per capita wheat con- 
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sumption was predicted to be 1.95 bushels by 1980 [32]. This suggests 

that South Korean foreign exchange reserves had a minimal impact on 

the level of White Wheat commercial imports during 1964 to 1978, 

possibly due to the P.L.-480 program, even though White Wheat con- 

cessional sales are not computed as being statistically significant. 

A benefit of the P.L.-480 program would create an opportunity for 

South Korea to use released foreign exchange reserves to purchase 

inelastic oil imports instead of wheat imports commercially. 

Another possible explanation of the negative impact of PROX on 

commercial Wheat Wheat imports is that the price of White Wheat in- 

creased relative to the amount of foreign exchange available to pur- 

chase White Wheat. Since South Korea followed a tightly controlled 

multiple-year economic plan during the time period observed, the 

price of White Wheat may have increased to a level where it constrained 

the plan of economic recovery. This implies that South Korea pays 

strict attention to the price levels of U.S. wheat classes. Further 

evidence of South Korea's identification of specific wheat classes 

is that its net foreign assets relative to the price of all U.S. 

wheat (all classes aggregated together) is found to be not stat- 

istically significant in explaining commerical imports of all U.S. 

wheat. 

Table 12 also shows that South Korean rice production is more 

important than domestic wheat production as a supply variable in de- 

termining White Wheat imports. Thus, even though pure excess demand 

theory may be adequate for aggregate wheat imports in South Korea, 

the theory should be modified with respect to the domestic supply 

variable in determining White Wheat imports. This supports the re- 
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suits from the study by Martin, Knowles, Gonarsyah, and Oliveira, 

which indicate that domestic rice production has a relatively impor- 

tant influence on South Korean excess demand for White Wheat [23]. 

Since this study assumes a free market situation Cwithout govern- 

ment intervention by either country), the results may differ from a 

study which would include trade barriers such as import quotas and 

tariffs, quality restrictions, etc. However, the results from this 

study suggest that a free-market model adequately explains South 

Korean commercial wheat import behavior. Although U.S. wheat prices 

and South Korean wheat production from the import demand equations 

contradict economic theory, the statistical significances of other 

explanatory variables, along with the constant term, indicate that 

South Korean import demand for U.S. White Wheat and all U.S. wheat 

exists without applying some sort of government policy variables. 

This is contrary to a policy-influenced economy such as Japan's, in 

which its Food Agency dictates the resale price of imported wheat 

and complicates import demand estimation via a free-trade econometric 

equation [5; 35]. Explanatory variables such as domestic income, 

price of wheat and substitute commodities, and domestic wheat pro- 

duction, which normally respond to market forces in a free-trade case, 

would be only marginally significant (if at all) in a policy-oriented 

environment. 

In conclusion, decisionmakers in government and private institu- 

tions involved in the wheat export trade should recognize that re- 

gional studies about the demand for wheat do not necessarily reflect 

the demand for White Wheat, and that wheat demand in a region does 

not necessarily account for the demand for wheat by a specific country 
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within the region. Comparison of the elasticities from Table 11 with 

the elasticities from Table 2, Chapter IV, indicate the disparity. 

It is the intention of this study to show that such differences in 

wheat demand studies do exist, in order to improve one aspect of the 

U.S. wheat-export marketing system, particularly for the Pacific 

Northwest. 
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Appendix A 

Statistical Tests for Excess Demand Equations 
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Table A-l. Test for Similarity of Two Regression Equations.* 

Purpose: Given a set of data (all classes of wheat), the purpose is 
to determine whether or not a sub^set (a class of wheat out 
of all wheat classes aggregated together) belongs to the 
total set. One procedure is to compare the residual sum of 
squares from a White Wheat regression equation with the re- 
sidual sum of squares from an all wheat regression equation. 

Procedure:  Initially, have two separate regression equations, each 
using 15 annual observations of the years 1964-1978: 

(1) COMP = Bo + BlINC + B2G0VTP+ 
+ B3EPW + Bi+WPDC + B5FPR + u 

(2) WWCOM = BQ + ^riNC + B2NWGVC + B3PWW + BuWPDC 
L Lett 

+ B5 FPRt 
+ Vi*, 

in which B. and B? distinguishes between the two sets of data. 

The test procedure is based on the residual sum of squares (SSE) 
under the null and alternative hypotheses: 

(3) HN:  B. - B* 

HA:  6i * *J. 

Combine the two sets of data into a pooled set, creating 30 ob- 
servations. To distinguish between the two sets of data, a dummy 
variable, D, is used.  Let D = 0 when corresponding to COMP data 
and D = 1 when corresponding to WWCOM data. Rewrite regression 
equations (1) and (2) as one regression equation: 

(4) COMMt = Bo + aoD + Bj INC + oq (INCT*D) + B2C0NCt + cx2(C0NCt*D) 

+ B3WPt + a3(WPt*D) + BifWPDCt + aj, (WPDC *D) 

+ B5FPRt 
+ a5(FPRt*D) + ^ 

where: 

COMM = pooled data of COMP and WWCOM, 

* Adapted from: Rao, P. and R.L. Miller. Applied Econometrics. 
Wadsworth Publishing Co., Inc., California, 1971, p. 148. 
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Table A-1. Test for Similarity of Two Regression Equations Cpontinued) 

CONC = pooled data of GOVTP and NWGVC, 

WP = pooled data of EPW and PWW, and all other variables be- 
tween the two sets of data are the same. 

When D = 0, the data corresponds to the COMP data set and equa- 
tion (4) is identical to equation (1)• When 0=1, the data 
corresponds to the WWCOM data set and equation (4) becomes: 

(5)  COMM = (Bo + a0) + CBi + a^INC + C62 + a2)C0NCt 

+ (B3 + a3)WPt + (BL, + a1+)WPDCt * CB5 + a5)FPRt + y^ 

Equation C5) is nothing more than equation [2) rewritten in terms 
of the parameters, g's and ot's. 

Thus, the researcher has two choices — can estimate (4)  or esti- 
mate (.1) and (2) separately. Either choice yields the same re- 
sults for the regression coefficients. The conditions imposed 
on the residuals are identical either in estimating [4)  or in 
separately estimating (1) and (2); the number of parameters 
estimated in either case is the same, and there is no additional 
information gained by estimating C4) instead of estimating the 
equations separately.  SSE of equation (4) equals the addition 
of the two SSE's from the estimation of equations (1) and (2) 
separately (i.e., 450.059 = 148.855 + 301.205). Also, the 
number of degrees of freedom corresponding to (4) is equal to 
the sum of the number of degree of freedom corresponding to the 
two regression equations (.1) and (2) (i.e., 18 = 9 + 9) . 

Under the alternative hypothesis, no restrictions are imposed on 
the estimates. OLS of equation (4) gives the SSE under H.. 

SSE under the null hypothesis is obtained by estimating (4) with 
restrictions implied by H^. For instance, H^ implies that 
Sl=3*, which is the same as 0^=0 in equation (4). Therefore, 
this condition can be imposed by deleting the cross-product term 
(INCt*D) in equation (4). When the cross-product term is dropped 
from (4), the new regression equation implies the same estimate 
corresponding to the coefficient of INCt for the two regressions 
(1) and (2), whereas all estimates of the other parameters are 
different for the two equations. The dummy variable approach 
may also be viewed as one way of incorporating prior information 
in the estimation procedure (i.e., deleting a cross-product term 
in equation (4) allows for the coefficients to be the same for 
all wheat and White Wheat data). 
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Table A-1. Test for Similarity of Two Regression Equations (continued) 

When testing H^ that individual parameters of all parameters to- 
gether are the same for the two sets of data, the number of re- 
strictions by H^ is the number of cross-product terms deleted in 
(4). 

The appropriate F-test statistic is computed as: 

[SSEOy - SSECHA)]/n 
F* = 

SSECHA)/(T-K) 

where: 

SSEfH.) = sum of squared residual errors for full equation; 

SSE(HN) = sum of squared residual errors for restricted form 
equation; 

n = number of restricted parameters (to be tested); 

T = total number of observations; 

K = number of parameters. 

The F-test results of income, wheat price, and all parameters 
together of each data set, are: 

income: 

wheat 

P* -   [456.513 - 450.059]/!  _ 
*"    " 450.059/18 " 

^ 

price:     F* = _   [464.775   -  450.059]/! 
450.059/18 

.5886 

F(l,18).95 = 4.41 
FC1.18) .99 = 8.28 
cannot reject HN 

J 

diameters-     F* -   [1619.56  - 450.059]/5  _ parameters,    b 450.059/18 ^-3^48 

F(5,18).95  = 
2.77 

F(5,18).99 = 
4.25 

reject HN 
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Table A-2.  Chow Test for Structural Change 

F*K =  (SSE - SSE - SSE )/K        /^ .   H., : &. for (n) observations 
2K     P 2 ro  ^\!y 

(SSE + SSE )/n + m - 2K = B^ for (m) observations 

vs. 

H. : Hv, is false. A   N 

where: 

SSE = sum of squared errors for first (n) observations 
n (1964-1970); 

SSE = sum of squared errors for second (m) observations 
m (1971-1978); 

SSE = sum of squared errors for pooled (total) observations; 

K = number of parameters. 

For COMP = F(IW0N, GOVTP, WPDC, EPW, FPR): 

F* =  (301.205 - 31.5344 - 48.4551)/6 =  1.3828 
(31.5344 + 48.4551)/7+8 - (2)(6) 

For WWCOM = F(IW0N, NWGVC, WPDC, PWW, FPR): 

F* =  (148.855 - 18.4337 - 21.2027)/6 = 1.3778 
(18.4337 + 21.2027)/7+8 - (2)(6) 

F(6,3).95    =     8.94    ^ .       •     *  « 1 ■"■>>  cannot reject R.. 
F(6,3).99    =  27.91 N 



Table A-3.    Barlett Test for Heteroskedasticity*. 
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%■"{• 02 H.   :  not  all c^  are equal. 

Test value ; 

where C •  1 ♦ 

B    -    2.302585 
E [<»T-« 

W^ ^v 
_i  
Vr 

loRl0 >6E -   I (n.-l) 1OR,0 S 
j-1    J J '] 

and S1 

) Hr-Y)' 
nj-1 

If B < x (l-«;r-l)  , conclude K,, 

If B > x'll-a-.r-l)  . conclude H. 

for COMP: 

Years               pop(j) SJ                     n.-l 

1964-71                 1 59.3286                 7 
1972-78                 2 150.0825                  6 

TT" 
USE ■  1315.7958 4   101.2151 lOg10 MSE .  2.0052 

c - i ♦    i      [n    1\ 
TT5^Ty   1^.7     bJ " -JJ        ■    1.0775 

B •  2.302585      ,,.„  „„„ 
-  25.4709"1   -     1.2751 

415.3005 
900.4953 

1315.7985 

1B«10 Si 

1.7733 
2.1763 

fj'"   1O810 S' 

12.4129 
13.0580 
25.4709 

X!(.95;l) •3.84 do not reject II,, 

For NWCOM: 

Years                popO)                    S]                    n^l              (n^-l)  S^ 

1.3320 
1.7259 

(nrl)  log10 S^ 

1964-71                    1                        21.4805                    7                  150.3633 
1972-78                   2                        53.1953                   6                 319.1717 

44975330 

9.3243 
10.3552 
19.6795 

MSE - 469.5350 ♦  13 • 36.1181           1OB10 MSE •  1.5577 

C -  1.0775 

' " TTBTTT      11M1.SS77) -   19.6795]    •     1.2200 

X2(.9S;1)  . 3.84            do not  reject H^ 

X'C^O;!)  .  2.71 

See Neter and Wassennan, page S09. 
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Appendix B 

TSP Program File and Basic Data 
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LEGEND 

COMM   = Commercial sales of all wheat to South Korea (1,000 metric 
tons) 

EPR    = Thailand export price of rice (dollars per metric ton) 

G     = South Korean net foreign assets lagged one year (billion 
won) 

GOVT   = Concessional sales of all wheat to South Korea (1,000 metric 
tons) 

INC    = South Korean GNP (billion won) 

NWGV   = Concessional sales of White Wheat to South Korea (1,000 
metric tons) 

NWWW   = Commercial and concessional sales of White Wheat to South 
Korea (1,000 metric tons) 

PFC = Won per U.S. dollar exchange rate for each year 

POP = South Korean population (million) 

PPR = South Korean farm price of rice (won per 100L) 

PPW = South Korean farm price of wheat (won per 100L) 

PPW1 = U.S. export price of White Wheat (dollars per metric ton) 

RPROD = South Korean rice production (1,000 metric tons) 

RWMT   = South Korean fann price of rice, converted to won per metric 
ton by a factor of 12.9481 

/won    won  # 

\J4.T.  = 100L 
35.239L „   bu    * 2204.6 lbs 
bu      45 lbs.       M.T. 3 

UVW    = U.S. export price of all wheat (dollars per metric ton) 

WPI    = South Korean Wholesale Price Index (base year 1970) 

WPR0D  = South Korean wheat production (1,000 metric tons) 
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WTI    = White Wheat export price index, Laspeyres formula using 
base-period (1970) quantities as weights 

t,i xo,i 
LP  . Q . 

0,1 0,1 

WWMT        =    South Korean farm price of wheat,  converted to won per 
metric ton by a factor of 12.9481 

fwon won      *    35.239L    *        bu *    2204.6 Ibs.*^ 
\M.T.     =    100L bu 60  lbs. M.T.        J 

X2 =    All wheat export price index,  Laspeyres formula  (base 
year 1970) 
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TSP Program File 

UNAhE  UAGS i 
LOAD % 
SHPL 1   39 * 
GENR  IUON = INC/POP i 
GEKR RPDC = RPROD/POP * 
GEKR COMP = COHM/POP $ 
GENR COHP1   =  CONP(-I)  * 
GENR EPU  =   (UyU*PFC)/UPI  * 
GENR  NUGVC  =  NU6V/P0P $ 
GENR GOVTP = GOVT/POP % 
GENR  NUUC  =  NUUU/POF'  ( 
GENR PUU1   = PUU(-I)  % 
GENR XI * PUUHPFC i 
GENR G = NFA(-I) * 
GENR POQO = (55*310.7)*436.76  4 
GENR PNQO = X1*436.76 $ 
GENR UTI = PNQO/POQO $ 
GENR PROX = 6/UTI * 
GENR X2 = ((UVU-*PFC)*262.20)/<(58.0*310.7)*262.20) * 
GENR PRO = G/X2 % 
GENR UUCOH = NUUC-NUGVC % 
GENR J = X1/UPI $ 
GENR UPDC = UPR0D/P0P * 
GENR RP  =  (EPR*PFC)/UPI i 
GENR EP = UVU*PFC $ 
GENR UUC0H1 = UUC0h(-1) $ 
GENR UWMT = PPU*12.9481 t 
GENR RUMT = PPR*17.2640 * 
GENR FPR = RUMT/UPI * 
END $ 
SHPL 1 39 $ 
LOAD HUU rtUUI POP FPOP INC PUU PHR ER CPI CEX UPROD RPROD BPROD * FORMAT 4 * 
(2F7.2,Fd.2,F5.2,F7.1,2F4,F6.2,F5.1,F8.2,F4,2F5> 
LOAD PFC EPR EPB POPI PH5 PSR ID NUUU NUHRU NUHRS NFA NUGV UPI $ FORHAT 3 % 
(F4.1,2X>F3,2XlF3,2X,F4.2,2X,F3,2Xf2F3,F6.2,2F7.2,F6.1rF6.2,F5.3) 
LOAD FEH COHH DUH GOVT NI PI DI PCE UVU RI BI $ FORHAT 2 * 
(F7lF7.1,F2,F5.1,4F9.2,F5,F8.2fF7.2) 
LOAD PPR PPB PPU CI SI PETI UI AGINC UFI UFP CNR S FORHAT 7 $ 
<F5,F7fF*fF9.3,F8.3,F9,FA,F7.2,F5.3,F5fF8) 
END $ 
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FY INC POP PFC UVU PUU1 

64 1442.00 27.6300 255.000 66.0000 64.0000 
65 1529.70 28.3800 267.000 64.0000 59.0000 
66 1719.20 29.0900 270.300 60.0000 59.0000 
67 1853.00 29.7800 268.300 66.0000 63.0000 
68 2087.10 30.4700 276.300 63.0000 59.0000 
6? 2400.50 31.5400 288.400 62.0000 60.0000 
70 2589.30 32.5400 310.700 58.0000 55.0000 
71 2826.80 32.8800 350.200 61.0000 59.0000 
72 3023.60 33.5100 396.300 62.0000 59.0000 
73 3522.70 34.1000 398.500 73.0000 93.0000 
74 3811.30 34.6900 397.500 152.000 186.000 
75 4129.30 35.2800 484.000 176.000 165.000 
76 4767.90 35.8600 484.000 153.000 146.000 
77 5221.60 36.4400 484.000 119.000 114.000 
78 5828.40 37.0200 484.000 122.000 119.000 

FY COM GOVT NUUU NUGV UP I 

64 81.1000 587.300 193.700 185.720 .624000 
65 17.0000 399.900 111.230 111.230 .687000 
66 26.8000 378.200 134.500 134.500 .748000 
67 398.800 332.200 293.660 94.6800 .795000 
68 459.200 364.000 514.630 175.350 .860000 
69 302.600 1007.00 663.420 484.500 .917000 
70 262.200 711.500 436.760 436.760 1.00000 
71 743.700 847.100 823.670 518.600 1.08800 
72 357.800 1349.30 925.480 715.130 1.23800 
73 1089.20 420.100 793.190 201.810 1.32400 
74 1501.20 54.6000 717.120 22.9700 1.76200 
75 1710.70 0. 1029.01 0. 2.38100 
76 1296.00 179.500 839.830 23.3500 2.66900 
77 1529.30 466.300 1207.01 351.200 2.91000 
78 1315.40 313.700 1134.56 221.670 3.25000 
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FY PPU PPR EPR 

64 3.30000 1949.00 3622.00 137.000 
65 7.20000 1653.00 3210.00 137.000 
66 12.3000 1772.00 3386.00 166.000 
67 44.4000 1684.00 3730.00 222.000 
68 79.2000 1920.00 4390.00 203.000 
6? 113.900 1865.00 5435.00 184.000 
70 158.100 1823.00 6000.00 143.000 
71 172.800 2245.00 7674.00 129.000 
72 156.100 2920.00 9742.00 148.000 
73 157.200 3186.00 10204.0 299.000 
74 294.600 4881.00 14749.0 542.000 
75 -23.9000 6277.00 18653.0 364.000 
76 209.100 6912.00 22468.0 255.000 
77 735.900 8207.00 24043.0 276.000 
76 1444.90 9555.00 29131.0 369.000 

FY RPROD UPROD 

64 5344.00 309.000 
65 4731.00 300.000 
66 5297.00 315.000 

67 5008.00 310.000 
68 4442.00 345.000 
69 5688.00 366.000 
70 5476.00 357.000 
71 5550.00 363.000 
72 5500.00 277.000 
73 5854.00 241.000 
74 6178.00 162.000 
75 6485.00 150.000 
76 7250.00 82.0000 
77 8340.00 45.0000 
78 8058.00 36.0000 


