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Chapter I: Introduction

I.1. Problem Statement

Over the past twenty years the United States (US) has lost market share in the trade of
soybeans and its products, meal and oil, even though trade volume has expanded. In value
terms, soybeans are the largest US export crop. Soybean exports accounted for nearly $4.6
billion in 1987 and an additional $1.8 billion in income was generated from meal and oil
exports. In marketing year 1988, the farm value of the US crop was approximately $11.4 billion
- second only to corn.

In trade with Japan, the US market share declined from 91 percent in 1970 to a record
low of 75 percent in 1989. This decline is equivalent to a loss of 16 percent by volume or 0.7
million metric tons of US exports. Based on the 1989 average landed price of $305 per metric
ton for Japanese soybean imports from the US, the economic impact of this loss is a reduction
of $212 million in potential trade income to the US.

In the Japanese market soybeans are processed for both human consumption, and

livestock and poultry feed. These market segments do not compete for soybeans because there
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of the difference in the variety of soybean most suitable for each end-use. A significant portion
of soybeans for the Japanese food-use market is supplied by Japanese soybean production, and
by imports from China because they are a similar variety to Japanese soybeans. The majority
of soybean imports from the US are processed for feed meal and vegetable oil. Therefore, the
demand for US soybeans is a derived demand for the end-products, meal and oil, in this market.
Brazilian soybeans are the primary competitor to US soybeans for the Japanese market. This
study will focus on the competitive position of US imports in the Japanese feed end-use market.

US market share loss in the Japanese market indicates loss of competitive position.
Soybean trade competition in the Japanese market has evolved through several phases which are
summarized in Table I.1. The first phase of competition occurred prior to 1972. In that period,
the US was the primary supplier of soybeans to the Japanese oilseed crushing industry, and
accounted for over 90 percent of market supply. In the second phase of competition, there was
an increase in the number of suppliers of soybeans in the Japanese soybean market. By 1980,
the Japanese consistently purchased small volumes of soybeans from Brazil. The last phase of
competition was marked by increased imports of rapeseed and oilseed products - soybean meal
and palm oil. The diversification of oilseed and oilseed product imports began in 1985. Though
US soybeans remained price competitive throughout the three phases of competition, in the post-
1985 period both volume and market share of US soybeans decreased, while Brazilian soybean
imports and market share have increased (Table I.1). It is reasonable to assume that the
Japanese oilseed crushers’ objective is to obtain the highest return possible from oilseed imports.
The theoretical implication of the derived soybean demand is that if the price of soybeans from
two different sources is equal, the Japanese importers would purchase soybeans that yield the

highest volume of the soybean product for which there is greatest demand. Thus the critical
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Table I.1. Japanese Soybean Imports, Prices, and Protein, Oil, and Foreign
Material Content from US versus Brazil, 1970-1989

TOTAL ---MARKET SHARE--- --PRICE OF IMPORTS 1/-- ~-CHARACTERISTIC DIFFERENCE--
CALEN. SOYBEAN AVG. OF U.S. minus BRAZIL
YEAR IMPORTS U.S. BRAZIL TOTAL U.S. BRAZIL PROTEIN OIL FOR. MAT.

(TH. MT)?/ (X) 1) (SMIT) (SMT) ($/MI) (X) x) (1)
1970 3244 91.02 3/ 113 112 3/ 3/ 3/ 3/
1971 3212 91.12 3/ 131 131 3/ 3/ 3/ 3/
1972 3396 92.07 0.44 142 141 140 2.25 -0.43 1.48
1973 3635 88.32 5.08 212 209 245 0.81 ~1.85 0.98
1974 3244 90.13 2.53 271 270 262 0.56 -1.29 0.77
1975 3334 91.22 1.31 282 281 231 0.63 -2.02 0.92
1976 3554 92 .47 3.53 237 234 251 0.19 -1.34 0.32
1977 3602 95.15 1.62 306 305 246 0.44 -1.11 0.44
1978 4260 97 .24 0.04 266 264 357 -2.38 0.53 1.63
1979 4132 92.90 0.03 305 302 383 -1.19 -0.25 1.87
1980 4401 96.02 0.79 299 297 305 -0.44 -1.77 0.56
1981 4197 95.83 0.02 329 326 410 &/ &/ &/
1982 4344 96.61 3/ 263 261 3/ 3/ 3/ 3/
1983 4995 93.02 0.48 275 275 274 1.50 -1.36 0.32
1984 4515 92.69 3/ 319 317 3/ 3/ 3/ 3/
1985 4910 88.51 4.50 248 247 245 -0.19 -1.24 3/
1986 4817 89.92 2.66 226 225 204 -0.31 -1.27 1.01
1987 4797 85.46 6.38 229 226 228 -0.44 -1.51 0.48
1988 4685 78.05 12.29 305 294 344 -1.06 -1.64 1.06
1989 4346 75.10 15.77 306 305 297 ~0.06 -1.89 1.26
1/ Landed prices, Japanese port.
2/ One metric ton = 36.7437 bushels.
3/ No imports from Brazil.
4/ Characteristic not measured.
Source: Japanese Trade Yearbook, various issues; Japanese Oilseed Processors Association.
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points of competition are the two intrinsic characteristics of soybeans directly related to the
processed volume of soymeal and soyoil - protein and oil content. The greater the protein
content of the unprocessed soybean, the higher the value for soybean meal for use in livestock
and poultry feed rations. Also, the greater the soybean oil content, the higher its value for
vegetable oil production. Foreign material content is the third characteristic that is directly
related to the processed volume of soybean products. The volume of soybeans that is processed
is reduced by the percentage of foreign material.

Historically, US soybeans had lower levels of oil, and protein compared to Brazilian
soybeans (Table I.1). For example, in 1988, Japanese soybean imports from Brazil provided
1.6 percent more oil on a dry basis than US soybean imports. Similarly, the actual protein
content of Brazilian imports was just over 1 percent greater than that in US imports. In the
same year, US imports contained 2.4 percent foreign material compared to 1.34 percent present
in Brazilian imports. Japanese soybean importers thus could differentiate between soybeans
imported from the US and those imported from Brazil based on protein and oil content, and

percentage of foreign material.

1.2. Justification

US soybean grades and standards did not include protein and oil content measurements.
If the protein and oil contents of US soybean exports were adversely affecting market share and
consequently the volume of soybean exports to Japan, then the results of this study would
contribute to the debate about changing soybean grading standards to include intrinsic

characteristics. In addition, the Japanese tariff structure which taxed soybean oil imports and
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did not tax soybean meal imports may have affected the demand for Japanese produced oilseed

products.

1.3. Objectives

The two objectives of this study are: V
1. to evaluate the impact of intrinsic characteristics and foreign material content of US
soybean exports on the level of US soybeans imported by Japan, and on the US
competitive position, measured by market share; and
2. to evaluate the impact of policy instruments, such as import tariffs, that affect oilseeds
and oilseed product availability to the Japanese market.
It is the premise of this study that intrinsic characteristic differences, specifically protein
and oil content, between US exports and Brazilian exports have been the principal reason for the

rapid decline in the US market share of Japanese imports.

I.4. Analytical Approach

The analytical technique used in this study is cost minimizing constrained mathematical
programming optimization. The model consisted of the nine sources for either protein meal or
vegetable oil in the Japanese market. These oilseed products were directly imported as soybean
meal from China, Brazil, and the US; and palm oil from Indonesia and Malaysia, and soybean
oil from the US and Brazil. In conjunction with direct imports, soybeans from Brazil and the
US, and rapeseed from Canada were imported for domestic processing to protein meal and

vegetable oil.
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The model was designed as follows:

1. to determine the association between intrinsic attributes of each oilseed with the oilseed
import cost;

2. to show the relationship between intrinsic attributes of US soybeans relative to other
oilseeds, and the US share of total oilseed imports;

3. to show the relationship between policy instruments, such as exchange rates and tariffs,
and the US share of oilseed imports.

The model was constrained by Japanese oilseed processing capacity; poultry, hog and
dairy cattle production, and the export supply of oilseeds and/or products from the US, Brazil,

China, Malaysia, Indonesia, and Canada.

I.5. Organization of Thesis

In Chapter II a description of soybean consumption and supply in the Japanese market
is presented. Previous studies of export demand for US soybeans are reviewed in Chapter III.
Relevant economic theory and the empirical approach are discussed in Chapter IV. In addition,
the general model is presented in Chapter IV. The results of parametric analyses are presented
and analyzed in Chapter V. Finally in Chapter VI implications for US soybean policy in terms

of grades and standards and development of commodity export markets are presented.
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Chapter II: Background

Soybeans, as an oilseed, derive their value from the joint products of the crushing
process - soybean meal and oil. The exception was the traditional food-use of soybeans in
Japan. In the 1980’s food-use averaged 17 percent of the total domestic soybean market of 4.8
million metric tons. The Japanese food-use soybean needs were met by Japanese soybean
production over the period of study, soybean imports from China and Canada, and
approximately 500-600,000 metric tons of soybean imports from the US (US Embassy/Japan).
Because US participation in this market was minimal, this study will not directly include the
food-use aspects of the Japanese soybean market.

Compared to other oilseeds used as inputs in the crushing industry, soybeans produce
the highest proportion of meal to oil (Bickerton and Glauber). Soybean meal was used as the
protein component in many livestock and poultry feed preparations. Soybean oil, while having
some industrial use, was primarily used for human consumption. Imports of soybeans from the
US and Brazil were the major input into the Japanese oilseed crushing industry accounting for

approximately 71 percent. The demand for soybeans was derived from the demand for soybean
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meal and oil, which implies that factors affecting the Japanese demand for either product will

impact on the excess demand for soybean imports.

IL.1. Japanese Consumption of Soybeans

The two sources of Japanese demand for soybeans were the livestock and poultry feed
industry, and the food industry. Figure II.1 charts the flow from the feed-use and food-use
industries, through the input choices, to the demand for various commodities in the oilseed
complex’.

The source of food-use demand was per capita consumption of products such as tofu,
soybean paste, and vegetable oil. Vegetable oil demand can be separated from the demand for
the traditional food-use products because of the difference in the type of soybeans used to
produce each product. To satisfy the demand for vegetable oil, Japanese wholesalers can import
vegetable oil, draw from stocks, or purchase vegetable oil from the oilseed crushing industry.

The Japanese tariff structure discouraged the importation of vegetable oil. Tariffs on
soybean oil imports and all other vegetable oils, except palm and coconut oil, exceeded $114 per
metric ton since 19XX (Japan Ministry of Trade). Between 1985 and 1989, palm oil imports
increased over 30 percent from 191 to 250 thousand metric tons. Palm oil imports traditionally
dominated edible vegetable oil imports. The palm oil imports predominantly originated from
Malaysia and Indonesia. The increase in palm oil imports reflected the "development of the
(vegetable) oil industry in neighboring countries and the rising yen" (Toba, p. 55). Soybean oil
imports were minimal and originated from Malaysia, Indonesia, or Brazil. Soybean and palm

oil prices peaked in 1984 at $90 and $73 per metric ton respectively, and by 1989 had declined

! Oilseed complex is defined as oilseeds and oilseed crush products, protein meal and vegetable oil.
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dramatically worldwide. For example, in the Japanese market in 1989, soybean and palm oil
prices averaged $52 and $40 per metric ton. The alternative to draw from stocks was generally
not an alternative for vegetable oil wholesalers due to the low level of stocks (see Table II.1).
For instance, in 1989 soybean oil stocks were only 9 thousand metric tons which was 1 percent
of total annual consumption. The majority of the demand for vegetable oil was met by the
domestic oilseed processing industry.

The core of the feed-use demand was represented by poultry production. Japanese
poultry productlon rose to 342 mxlhon poults a 52 percent increase since 1970, when production

:’f 'ege

import protelﬁimeal draw ﬁ'om pﬁteﬁn meal Eocks or purchase protein meal from the Japanese

d d for protein meal, manufacturers could either

oilseed crush industry (Figure I1.1). The attribute differences between Japanese imports of US
and Brazilian soybeans, the primary oilseed processed in Japan, are shown in Figure I1.2. In
contrast to the tariffs on the oil market there have been no barriers to the importation of protein
meal. Consequently, Japan historically imported protein meal. In the 1970’s, soybean meal
imports accounted for an average of 90 percent of protein meal imports. In the 1980’s,
particularly in the post-198S period, rapeseed meal became increasingly competitive for soybean
meal as a protein ingredient in feed rations primarily because meal from the new’ rapeseed
varieties were low in glucosinolate’. The increased rapeseed meal imports were part of an
overall increase in protein meal imports. Rapeseed meal was 47 percent of meal imports from

1988/89 to 1990/91.

2 Glucosinolates make the protein meal sharp tasting and detracts from the nutritive value of meal in

livestock and poultry feed rations (Canola Council of Canada). Glucosinolates release volatile isothiocyanates,
thiocyanates, and nitriles upon degradation by the enzyme myrosinase with which they coexist. When consumed
in large amounts by animals, these hydrolysis products can cause serious growth and reproduction problems
(McGregor).
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Table I1.1. Japanese Oilseeds, Protein Meal, and Vegetable Oil Stocks and Imports,

1964/65 to 1990/91 (Thousand Metric Tons)

~OILSEEDS PROTEIN MEAL VEGETABLE OIL------
BEGIN. BEGIN.

BEGIN. SOYBEAN IMPORT IMPORT SOYBEAN IMPORT IMPORT
MKTG. SOYBEAN IMPORT IMPORT MEAL SOYBEAR  RAPESEFD OIL SOYBEAN PALM
YEAR STOCKS  SOYBEARS  RAPESEED STOCKS MEAL MEAL STOCKS OIL OIL
1964/65 131 1864 101 20 A6 1/ 11 4 16
1965/66 219 2178 222 43 7 1/ 10 1 20
1966/67 278 2183 215 50 2 1/ 16 & 22
1967/68 256 2435 250 20 15 1/ 13 2 28
1968/69 250 2604 276 46 27 1/ 3 3 42
1969/70 178 3257 336 78 72 1/ 15 7 40
1970/71 253 3226 407 107 39 13 22 2 41
1971/72 251 3396 604 98 52 7 26 1/ 55
1972/73 278 3635 687 66 277 11 25 6 100
1973/74 401 3244 672 229 132 11 20 20 115
1974/75 220 3334 659 238 18 1/ 20 14 108
1975/76 248 3554 718 105 193 14 &7 12 153
1976/77 360 3602 776 123 314 24 30 1/ 147
1977/78 339 4260 832 88 340 25 14 1/ 142
1978/79 599 4132 1129 115 283 5 17 1/ 139
1979/80 568 4165 1067 99 262 7 26 1/ 148
1980/81 515 4213 1177 79 290 3 9 9 141
1981/82 495 4486 1212 145 103 23 10 58 148
1982/83 679 4871 1207 87 177 58 13 8 162
1983/84 840 4728 1195 83 181 86 11 8 159
1984/85 863 4611 1483 185 94 100 18 2 166
1985/86 794 4796 1419 79 234 183 5 1/ 191
1986/87 761 4866 1681 150 204 222 12 1/ 203
1987/88 878 4847 1604 128 552 300 9 12 237
1988789 978 4286 1776 253 377 205 18 11 252
1989/90 817 4300 1650 51 600 250 9 15 250
1990/91p 689 4450 1650 51 520 250 8 13 255
p - preliminary.
1/ Import level equals zero.
Source: Production, Supply & Distribution Country Report, Economic Research Service, USDA.
Chapter II: Background 11
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storage capacity has implication for the level of import demand because a greater portion of the
oilseed demand for the crush industry can be satisfied by drawing from domestic storage thus
reducing reliance on a constant flow of oilseed imports.

The preferential importing of protein meal from China and a tariff structure that
discouraged the importing of vegetable oil, translated into a greater Japanese demand for
vegetable oil than for protein meal in the oilseed crushing industry. Since protein meal and
vegetable oil were joint products from the processing of oilseeds, oilseed processors required
oilseed inputs that most closely reflected Japanese demand for meal and oil. The crush ratio®
of soybeans compared to other oilseeds influenced whether or not soybeans were chosen as
inputs into the oilseed crushing industry. For example, the oil to protein ratio of rapeseed at
40/58, was higher than that of soybeans which averages 17/80 (Bickerton and Glauber). Given
the increased demand for vegetable oil relative to meal, rapeseed imports from Canada
increasingly accounted for a larger share of oilseed imports since rapeseed was price competitive
with soybeans on an end-use value basis (see Table II.1). During the 1980’s, Japanese oilseed
imports expanded by just 9 percent from 5.5 to 6.0 million metric tons. Rapeseed imports in
1980 accounted for 21 percent of those imports, and by 1989 accounted for an additional 6
percent.

In summary, in the post-1985 period, there were significant changes in the factors which
influenced the Japanese oilseed complex market. The relative demand for the oilseed products
of protein meal and vegetable oil, and the source of the soybean imports, played a crucial role

in the overall level of soybean trade. Since the demand for soybeans was solely based on the

The ratio of oilseed oil content to protein content.
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derived demand for protein meal and vegetable oil, the ratio of the demand for the separate

products directly translated into the crush ratio of the soybean imports demanded.

I1.2. Soybean Supply in the Japanese Market

The United States and Brazil accounted for 91 percent of the 4.3 million metric tons of
Japanese soybean imports in 1989. Though there were nominal decreases from 1985 to 1988,
Japanese total soybean imports declined sharply in 1989. The reduced demand for Japanese
produced protein meal resulted from stagnant growth of the poultry industry. Over the 1985-89
period, the tonnage of soybean imports from the US declined at a faster rate than the contraction
of the Japanese soybean import market resulting in a net reduction in US market share
(Figure I1.3). The sharp downturn in soybean imports from the US started in 1986; imports
were lowest in 1989 at 3.3 million metric tons.

Soybean production in both the US and Brazil has expanded by over 20 million metric
tons over the 20 year period, 1970-89 (Figure I11.4). Between 1972-74, a combination of factors,
such as low levels of feedgrain production in the Soviet Union, the decline in world fish meal
production; and the change from fixed to variable exchange rates caused a dramatic increase in
the world price of soybeans. For example, the price increase in the US from the harvest period
in 1972 to June 1973 was threefold. To protect the US oilseed product industries, the US
imposed an embargo on oilseed exports in June 1973.

Historically, the 1973 embargo was considered to have been a catalyst for the Brazilian
soybean production expansion in the 1970’s and 1980°s. The reality was that the expansion was
a direct result of Brazilian agricultural policies of the late 1960’s (Faminow, et al). The

Brazilian government had used minimum price supports and production credit at low rates of
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interest to encourage soybean production. Coinciding with the financial support to soybean
farmers, the Brazilian government set the food policy objective of self-sufficiency in wheat
production for which there was substantial investment in infrastructure. Initially, soybeans were
double-cropped with wheat, with wheat planted in the winter and soybeans in the summer.
While pests and disease impeded the success of the Brazilian wheat crop, the Brazilian climate
was conducive to soybean production. The direct financial assistance to soybean farmers, the
secondary benefit of infrastructure supporting the policy of wheat self-sufficiency, and the
climatic suitability of soybeans, combined to spur Brazilian soybean production. Soskin
attributed the vnoticeable expansion in soybean production between 1974 and 1980 to the oil crisis
and the soaring costs of imported petroleum that had a negative impact on Brazil’s balance of
payments. Soybeans as an export crop were sold to earn foreign exchange in order to purchase
oil. In response to their adverse balance of payments position, Brazil increased its crushing
capacity in order to process the increased soybean production to export the higher valued
products of soybean oil and soybean meal.

Brazilian trade policy, after the initial years of increased production and exports of
soybeans, implemented various systems of differential export taxes, export quotas, export
contingencies, registration procedures and export suspensions, which served to discourage
soybean exports. Subsequently, lower export sales and special value-added taxes for soybean
products relative to soybeans, encouraged meal and oil exports. The focus of soybean
production then became the Brazilian soybean processing industry, and the need to satisfy the
domestic crushing industry’s input needs.

In the early 1970’s, US soybean production was similarly stimulated by rising domestic

and foreign oilseed demand and sharply higher market prices. Single-crop production was the
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al.). This cause for reduced demand for soybean imports was distinctly different from the
factors that were affecting demand for US soybeans in the Japanese market. The increased
availability of EEC produced oilseeds has effectively placed all soybean imports at a price
disadvantage within the EEC. The Japanese do not have the land resources to produce oilseeds
of sufficient quantity to replace soybean imports. In the Japanese market, the decrease in the
demand for US soybeans was associated with the changes in the demand for Japanese produced
protein meal and vegetable oil. Therefore, in addition to price, characteristic differences
between US and Brazilian soybeans was a critical factor of competition in the import dependent
Japanese oilseed market.

The combination of Japan’s import dependence for feed-use oilseed supply and the
derived oilseed demand from protein meal and oil heightens the importance of both oilseed
attributes and price. Consequently, quality information may be of some economic value to
Japanese importers and processors. Currently US grading standards do not require intrinsic
characteristic testing of soybeans, and therefore, without special request by the importer, the
information was not available. In contrast, the "export quality” soybeans from the primary
competitor, Brazil, were tested for oil content and the percentage of foreign material permitted
was 1 percent which was half the percentage permitted for the majority of US exports.

In March, 1990, the US Senate opened debate on the proposed "Grain Quality Act" of
the 1990 Farm Bill. A lobbying group representing US grain processors maintained that a
change in current grain quality standards would adversely affect US trade by impeding flexibility
of response to importers’ needs. Theoretically, the market and producer level response reflects
market price incentives associated with grades and standards. In the market for undifferentiated

soybeans, US farmers were therefore motivated primarily by yield per unit of land resource.
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However, as aforesaid, the Japanese market appears to respond to composite attributes of
soybeans. If composite attributes and percent of foreign material were important to the
Japanese, then in order to retain and/or regain market share there was reason to believe that
price incentives for oil and protein would need to be reflected at the producer level.

The notion that intrinsic characteristics were a factor in the competitiveness of US
soybeans was not isolated to the Japanese market. The difference in intrinsic attributes of
soybeans from the US and competing suppliers in South America has also been noted in the EEC
market. Therefore, the inclusion of these factors in the US oilseed standards meant that US
soybeans could be compared with oilseeds from other sources on the basis of attribute value in
all markets (US Embassy/Geneva telegram).

Export demand was one component of the total demand for US soybeans. In addition
exports, domestic crushing and storage demand comprise the total demand for US soybeans.
Crushing demand was determined by the domestic and export demand for soy meal and soy oil.
Figure I1.5 illustrates the sources of demand and supply of soybeans in the US market.

Figure I1.6 illustrates the percentage of US and Brazilian soybean production exported
to Japan. Exports as a percent of total US soybean production peaked in 1981, and in 1989
reached a new low of 31 percent. Export share of the total disappearance of annual production
was related directly to production conditions. In years of drought-reduced production the US
demand for the livestock sector was satisfied first, and the residual was exported and stored
domestically. In the 1988/89 marketing year, US production was 10 million metric tons below
the 1987/88 level of 52.7 million metric tons. Brazilian production in 1988/89 marketing year
was 24.6 metric tons, an increase of 4.8 million metric tons over the previous marketing year.

Because the Brazilian marketing year begins after the end of the US harvest, US production
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Figure I1.6. Soybean Exports as Percent of Production, US and Brazil (1970 - 1989)

Chapter II: Background

78 80 82 84

Years

86

88

23



levels were known with certainty, and Brazilian producers can make adjustments in planting
decisions based on world market conditions at that time. Brazilian soybean exports as a
percentage of production was highest in 1973. The subsequent decline and general small
percentage of production of exports by Brazil was due to its emphasis on domestic utilization in

the crushing and livestock industries.

I1.4. Japanese Soybean Import Market

Export price was a major determinant in the level of trade. During the period of this
study, 1970-1989, the price of Japanese soybean imports from the US was either equal to, or
below, the average price of Japanese soybean imports. In fact, in 1987 the price per metric ton
for soybean imports from Brazil was $2 per metric ton greater than US import price of $228 per
metric ton (Figure I1.7). However, in the world soybean export market over the 1970-1989
period, the US soybean export price has not been competitive and has generally been higher than
the Brazilian soybean export price. These figures were based on point of origin prices (FAO).

In the Japanese market, US soybean imports consistently accounted for the largest market
share of oilseed imports over the 1970-1989 period (Figure I1.8). In 1986 the Brazilian market
share expanded by 3.7 percent, while the US market share shrank by 4.5 percent. In choosing
to import a relatively larger amount from Brazil the Japanese paid an additional $225,000 over
that which they would have paid if the imports had originated from the US. The apparent
contradiction of price and market share movements also occurred in 1988, and the US market
share declined further.

Despite the continued US competitive price position in the Japanese soybean import

market, there was a sharp decline in the overall US competitive position. Notably, in 1989, US
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Figure I1.7.  Price of US and Brazilian Soybeans Landed in Japan, US Dollars per
Metric Ton (1970-1989)
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Figure I1.8. US and Brazilian Market Share of Japanese Soybean Imports (1970 - 1989)
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imports accounted for only 75 percent of the Japanese soybean market. The increased
participation of Brazil in the Japanese market closely approximated the US market share loss.
Brazil’s market share increased 11.3 percent, from 4.5 to 15.8 percent, between 1985 and 1989
(see Figure 11.8). Over the same period the US market share loss was 13 percent.

In the Japanese market, comparison of US imports and Brazilian imports left US soybean
imports inferior in terms of protein, oil, and foreign material content. While the differential in
level of characteristics is not new, its importance was enhanced by the increased demand for
vegetable oil in the Japanese oilseed complex market resulting from increased oilseed product

imports.

IL.S. Future US Involvement in the Japanese Soybean

Market

US presence in the Japanese oilseed complex import market has eroded. US soybean
oil was imported in 1970, 1974-77, and 1981-84. In the 1970’s, these imports accounted for
over 90 percent of all soyoil imports by Japan. Since 1985 Japan has not imported any soyoil
from the US. Japan consistently imported US soybean meal throughout the 1970-89 period.
Market share went from the period high of 97 percent in 1970 to less than 20 percent since
1983. The soybean market was the only market in which the US accounts for the largest market
share of Japanese imports (Figure 11.9).

The Japanese oilseed market has changed and indications were that it was a permanent
change. The Japanese Qilseed Processors Association has acknowledged the change represented
by increased imports of oilseed products (Toba). The ratio of meal to oil demand was expected

to continue to be skewed in favor of vegetable oil due to the existing private sector barter
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agreement whereby Japanese technology has been exchanged for Chinese soybean meal. This
barter arrangement accounts for about 40 percent of the total market. While it was inconclusive,
the net effect of the elimination of meat quotas and high tariffs on beef imports in Japan, chicken
and pork production was expected to continue to provide the cornerstone of feed demand
(Journal of Commerce). Also, the liberalization of vegetable oil imports was not anticipated.
For the US to maintain its competitive position in the Japanese oilseed market, US
soybean exports need to be quality and price competitive. US soybean grades and standards
were instrumental policy tools for transmitting economic information between the US producers

and distant Japanese oilseed processors.
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Chapter III: Literature Review

Econometric methods have been used in previous empirical studies which analyzed US
soybean exports from 1948 to 1985. Table III.1 summarizes the empirical studies that have
analyzed the US soybean export market in isolation, or as a component of a larger study, by
author name(s), period covered by the particular study, model estimation method, short-run
export demand elasticity, and explanatory variables used for US soybean export demand.
Gardiner and Dixit’s (1986) publication summarized many of the studies reviewed to compare
the price elasticities. Because the focus of this study was the influence of intrinsic characteristics
on US soybean exports, the thrust of the literature review considers the explanatory variables
used in previous studies and studies that have associated economic value with intrinsic

characteristics. The studies were reviewed in chronological order of publication.

II1.1. Empirical Studies

The Houck, Ryan, and Subotnik (HRS) (1972) study was a benchmark comprehensive

study of soybeans and their products. Over the 1946 to 1967 period, there was tremendous
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growth in the soybean economy and soybeans became the leading oilseed in world trade. The
purpose of the HRS empirical study was to explain and analyze the surge in soybean and related
markets using the concepts of demand growth and commodity substitution. The study was
comprised of three segments: a descriptive segment of the soybean and products markets, a
dynamic model which aggregated soybean demand and supply and was then used for policy
analysis, and analysis of regional export demand.

The economic framework for the regional demand analysis was an approximation of the
import demand function which was set equal to the regional quantity demanded less regional
quantity supplied. Therefore when estimated, the function reflected both demand and supply
conditions in the importing region or country. One of the key assumptions of the HRS
framework was that "the import demand for soybeans and soybean products generated by deficit
regions was... equivalent to that faced by US exporters since the United States is, by far, the
world’s major exporter of soybeans and soybean products on a regular basis” (p. 160). A
second assumption for simplicity of model estimation was that the US price for soybeans and
their products was the global representative price affecting regional import demand. However,
it was not subsequently assumed that regional demand affects the trade price. While
acknowledging the inappropriateness of the latter assumption, the authors point out that the
assumption allows the avoidance of "difficult problems of simultaneity which a complete world-
wide demand and supply model would have to incorporate.”

The regional demand model was estimated for the country groupings of the European
Community, other Western Europe countries (including small exports to Australia), Israel and
Taiwan, and other countries (including developing nations in Latin America, Asia, Africa, and

some Eastern European countries). The model was also estimated for Canada and Japan.
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Canada was selected for separate analysis because of its proximity to the US and the fact that
the country both produces and imports soybeans. The Japanese market was analyzed
individually because it could neither be characterized as a developed or developing country.
During the period of the HRS study soybean imports from China were suitable for food-use and
less attractive for crushing than US soybeans because of their lower oil content.

The economic model was estimated by ordinary least squares (OLS) regression. For
Japan, the data for the model covered crop years 1952/53 to 1966/67. To avoid extreme data
distortions, the post-World War II and Korean War periods were omitted. The researchers
acknowledged that the assumptions underlying the models were probably not valid for many
equations.

The model of Japanese import demand for US soybeans described US soybean exports
to Japan as a function of crop US average farm price of soybeans, Japanese soybean production,
Japanese imports of Chinese soybeans, and real national income in Japanese yen. The own price
elasticity of this model was -0.69 when evaluated at the mean of the data. The results indicated
that Japanese soybean production and soybean imports from China were competitive with
imports from the US. Real income which increased three-fold over the study period explained
93 percent of the variation in US soybean exports to Japan. Houck et. al. inferred that income
would continue to play a significant role in the Japanese demand for US soybeans and products,
because of Japan’s relatively low levels of per capita meat and fat consumption.

In examining the current Japanese import demand for US soybeans, the country and
market characteristics that gave rise to core assumptions of the HRS model (such as Japan being
a developing country and the US dominating the world supply of soybean exports) have changed

to the extent that similar assumptions would be questionable.
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The Meyers and Hacklander (1979) analysis of soybean and soybean product markets
over the 1955 to 1977 period provided insight into the impact of various factors in domestic and
foreign markets. The exogenous variables examined were soybean crop yield, corn price, high
protein animal units, competing oil consumption, Brazilian soybean and meal exports, and the
value of the US dollar. The last two exogenous variables were a significant addition to the
modelling of soybean and soybean product markets. The addition of the variables reflects the
changes in the soybean market during the 1970’s; that was a change in the world monetary
system from fixed to flexible exchange rates effective during the 1972/73 crop year and the
increased participation of Brazil in soybean and soybean meal trade.

The econometric model used in this analysis was comprised of 16 supply and demand
equations of soybean and soybean product markets which were estimated simultaneously. This
model structure highlighted the joint product nature of soybean processing. A mostly invariant
crush ratio meant that the prices of soybeans, meal, and oil and the allocation of available
supplies among market alternatives were simultaneously determined. In addition, the three
components of soybeans and soybean products considered were domestic use (by the crushing
industry), export use, and inventory demand. In comparison with the HRS dynamic aggregate
model, the crushing margin was endogenous and the model incorporated a simultaneous
interaction between expected production and carryover stocks at the end of the crop year.

The export demand for US soybeans was defined as demand by importing countries,
including the USSR and Peoples Republic of China (PRC). Individual reduced form demand
relations were estimated for each of the importing countries. These equations incorporated
crushing input and output prices, feed demand shifters, and substitution effects. Specifically,

the explanatory variables of the export demand equation were US average price for #1 yellow
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soybeans at Decatur, value of the soybean products - both divided by the Special Drawing Rights
(SDR) exchange rate, an aggregate price of corn exports, an index of livestock production in
EC-6, UK, and Japan, the US dollar per SDR exchange rate, and four percent of total Brazilian
soybean exports (the coefficient was restricted to -1.0). The study documentation provided
minimal explanation of market basis for independent variable calculations or restrictions. While
Japan was implicitly acknowledged as an important export market for US soybeans, it was not
analyzed separately. The own price elasticity of demand for US soybeans was -2.00 calculated
at the mean of the data. The estimated model was then used to calculate multipliers for the
exogenous shocks. Most relevant to this thesis study, was the model indication that a 1 million
metric ton decline in Brazilian soybean exports would result in only a 68 percent increase in US
soybean exports.

In the Chambers and Just article "Effects of Exchange Rate Changes on US Agriculture:
A Dynamic Analysis," the focus was on the effectiveness of devaluation as a policy tool and the
way in which it impacts the US agricultural sector. The dynamic effects of exchange rate
fluctuation were analyzed using an econometric model of the wheat, corn, and soybean export
markets. The hypothesis of the study was that the majority of the impact associated with
currency devaluation was absorbed through the agricultural trade balance as opposed to portfolio
adjustment. The authors’ basis for dynamic analysis was that with seasonal commodities such
as soybeans, exchange rate fluctuations which affect both price, and exports would have
important dynamic effects on domestic disappearance and inventory control. Chambers and Just
therefore developed a model whereby exchange rate adjustment was considered a monetary effect

in both the domestic and foreign sectors of US agriculture.
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Each commodity was modelled separately. The commodity equations explained
disappearance, inventories, exports, and production. The model was estimated as a system by
three-stage least squares using quarterly data over the 1969-1977 period. Equations were
estimated on a per capita basis. US population was assumed to be constant because there was
minimal variation over the period of the study. While the implication of using per capita exports
as the dependent variable was a unitary population elasticity, the assumption was essential to the
analysis of dynamic adjustments to exchange rate changes. This implies that exports were
linked to exchnage rate changes. The model was highly aggregated and the authors justified the
aggregation by pointing out that the focus of the study was to consider the net effects of
exchange rate fluctuation in each of the commodity markets rather than on each component of
the market (Chambers and Just).

The structural model for soybean exports included per capita soybean exports lagged one
period, soybean price divided by the wholesale price index, the exchange rate (SDR/US dollar),
non-US exports, and dummy variables for seasonal variation, as explanatory variables. With
the exchange rate as a separate explanatory variable from price, the soybean export response to
exchange rate changes was easily distinctly indentifiable. The own price elasticity calculated at
the mean was -0.20, the exchange rate elasticity was -1.31, and the elasticity for competing
exports was -0.02. These results provided empirical evidence that over the study period the
level of US exports was significantly influenced by exchange rate fluctuation. In reference to
this thesis, while the results of the estimation of this model suggests analysis of the exchange
rate, the level of aggregation does not give indication as to the significance of exchange rate

fluctuations in the specific trade of US soybeans with Japan.
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The purpose of the Helmberger and Akinyosoye model of soybean exports was to
evaluate the impact of competitive storage on variation in annual commodity price, production,
and consumption. In their 1984 American Journal of Agricultural Economics article, constant
demand and supply was assumed in a comparative analysis of no-storage and competitive storage
regimes. The results were primarily of qualitative significance because the assumption that the
production supply function and consumption demand function were the same, regardless of the
storage regime, was weak.

The structural model estimated for soybeans consisted of three equations. The supply
of soybeans was a function of the ratio of planting time new crop futures prices of soybeans to
corn, the ratio of planting time new crop futures prices of cotton to corn, acres of cropland in
use, and a trend variable to incorporate technological changes and non-price factors. These
factors contributed to the increased relative profitability of soybeans over time. The demand for
US soybeans was separated into domestic demand and export demand. Domestic demand was
explained by soybean price, animal per capita domestic disappearance of high protein feeds, an
index of livestock and product prices, per capita disappearance of cottonseed oil and palm oil
imports, disappearance of lard, and per capita real disposable personal income. The inclusion
of the price variable for livestock and livestock products was based on the hypothesis that higher
prices would imply more intensive feeding rates. Similarly, soybean export demand was
explained by commodity price, Brazilian soybean production and the exogenous shifters of EEC
real national income and farm animal population in Japan.

These two sources of demand were estimated over the crop year period 1948/49 through
1977/78 using the three-stage least squares regression technique. This estimation technique was

chosen because it was hypothesized that crushed soybeans, exports and domestic soybean prices
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were endogenous variables, while soybean production was exogenously determined. From the
resulting estimated export demand equation, price elasticity was calculated at the mean to be
-0.14. This response was relatively smaller than that calculated for domestic demand, -0.45.
The difference in export and domestic market responses would be expected to be reduced over
the time period of this study. The increased supply competition in the export market from Brazil
since 1977 implies increased substitution opportunities for US soybeans and therefore increased
price responsiveness.

The estimated supply and demand equations were evaluated at the 1973/74 crop year
levels to determine the effects of the various storage regimes. The overall Helmberger and
Akinyosoye study served to show that: (1) production, consumption, and the price of soybeans
were relatively indifferent to competitive storage; (2) production variance was more affected
by storage than were consumption and price, and (3) the net welfare effects of storage were
positive which indicated an expected gain in economic efficiency.

The inclusion of Brazilian soybean production as an explanatory variable in the
Helmberger and Akinyosoye model of demand for US soybeans acknowledged the change in the
competitive base of soybean trade. Brazilian soybean export policy has shifted to positively
influencing soybean product exports. The Helmberger and Akinyosoye model inadequately
explains export demand for US soybeans in the Japanese market, since increased Brazilian
production was used in domestic oilseed processing. The Helmberger and Akinyosoye model
does not include intrinsic characteristics for US and Brazilian soybeans. Since the estimation
of the model, there has been improvement in the technology to measure these characteristics.

The study Export Demand for US Corn and Soybeans, by Davison and Arnade, was

published in August 1987. Seemingly unrelated regression was the method of estimation. The
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theoretical derivation of the model was based on an Armington-type two-step decision process.
The initial decision was the quantity of soybeans which needed to be supplied to the domestic
market in order to achieve government objectives. Secondly, the policy objective was to
minimize the cost of importing soybeans subject to the total amount of the product required. A
system of equations for the soybean demand by the major US importers (EC-9, Japan, Mexico,
Spain, Taiwan) and one for the residual rest of the world was estimated using seemingly
unrelated regression (SUR). The SUR formulation allows contemporaneous covariances between
equations to be non-zero.

The explanatory variables in the equation explaining Japanese demand for US soybeans
were poultry production, the US gulf prices for soybeans and corn, and the Japanese yen/US
dollar exchange rate. After estimating the system of equations in order to rank the independent
variables, the average annual influence of independent variables on imports of US soybeans was
calculated.! Over the period of estimation, 1965-83, Japan accounted for an average of 18.6
percent of US soybean exports. Japanese poultry production accounted for the largest share of
annual average variation in soybean imports from the US. US soybean price ranked second.
The results of the ranking of the explanatory variables was a contribution to this thesis because
it points to a variable other than price as explaining the variation in Japanese imports of US
soybeans. The price elasticity of export demand calculated based on the Japanese estimated
equation was -0.28.

Anderson (1988) estimated the separate demand equations for US soybean exports to
France, Japan, and Spain. Quarterly data for the 1974 to 1985 period was analyzed with the

objective of focussing on the effect of exchange rate volatility, and therefore indicating

! The calculation of the influence was performed by multiplying each model coefficient by the mean

change, or the average of the absolute value of the first differences of independent variables.
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uncertainty on short-term demand for US soybeans. The restricted linear model included an
income variable (Japanese nominal gross national expenditure); the prices of rapemeal and
sunflower oil lagged one period; the product of individual exchange rates and the price of
soybeans lagged one period; the price of soybeans was multiplied by an exchange rate variability
measure (absolute percentage change between nominal, and bilateral spot rates), and three
dummy variables to explain seasonal variability. Compared to the two other countries, Japanese
imports were found to be less sensitive to exchange rate variability. This was attributed to the
relative insensitivity of the yen traded in foreign exchange forward and futures markets, and the
likelihood that Japanese traders used these markets to protect themselves from exchange rate
uncertainty. Additional factors attributed to the relative insensitivity were the fact that the
Japanese soybean importing and processing industry was dominated by a few firms and the
Japanese governments’ price-stabilization fund. These factors combine to reduce the impact of
the price variability associated with exchange rate volatility.

The study by Sarwar and Anderson published in early 1990 addressed the problem of
export demand for US soybeans in the context of simultaneous estimations of supply and
demand, and the factors that affect both of these aspects of the market. The authors noted that
infinite price elasticity of supply was not a reasonable assumption for supply of exports from a
single country such as the US, unless there was idle capacity in the export and/or domestic
sectors or, if export production was subject to constant or increasing returns to scale. Without
either condition, an increase in the demand for US soybean exports would be accompanied by
an increase in export price. Therefore, previous research where soybean supply was

exogenously determined yields biased and inconsistent estimates of demand.
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The mode! was estimated over the 1955-1985 period and the demand regions considered
were Western developed countries, Latin America, Asia, and the USSR and Eastern Europe.
The Asian region comprised Japan, Taiwan, the Republic of Korea, Israel, the People’s Republic
of China, and the Philippines; with Japan and Taiwan accounting for 62.3 and 20.0 percent of
the regions’ imports of US soybeans. Africa was excluded from estimation because over time
the region has been a minimal importer of US soybeans. In specifying the demand equations,
the focus was comparing results as opposed to incorporating regionally specific variables that
may have given an estimated equation closer to the actual demand but too specific to compare
statistical results. The structural model consisted of four demand equations, an export supply
equation, and an equilibrium identity. Regional import demand for US soybeans was specified
as a function of the import share weighted price of exports divided by the regional consumer
price index, commodity prices of competing exports (where the average of cottonseed and
rapeseed CIF prices at European ports were used as proxies for the Asian region’s import
price), total production of oilseeds weighted by percent of regional imports of US soybeans,
country nominal gross national product weighted by percent of regional imports of US soybeans,
trade-weighted real exchange rate; and the previous year’s quantity of US soybean imports. In
the derivation of the model, a direct relationship between export price and the soybean
production for export was assumed to exist because of increased profitability associated with
higher prices. The linear export supply equation was therefore normalized for the price of
exports. The price of US soybean exports was estimated as a function of total exports, US
production of soybeans, beginning stocks of soybeans in the US, and the previous year’s export
price. The equilibrium identity simply stated that total US soybean exports was equal to the sum

of exports to the four regions for which demand was estimated, plus exports to Africa.
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The own price demand elasticity for Asian countries was calculated both from the
iterative three-stage least squares (I3SLS) and ordinary least squares results yielding -0.41 and
-0.39, respectively. The price elasticity of competing oilseeds in the Asian region was the
smallest elasticity of all regions. This result could be explained by the incongruence of using
European CIF prices and Asian port prices in the model estimation. The exchange rate elasticity
of soybean demand was calculated at -0.72 percent from the I3SLS estimated model.

In reference to the proposed study of Japanese demand for US soybeans in this thesis,
the Sarwar/Anderson model suggested the explicit inclusion of an exchange rate variable. This
thesis improves on the analysis of the Asian regional demand for US soybeans because the
impact of palm oil imports, peculiar to the region, will be included.

In summary, empirical studies of demand for US soybean exports have changed over
time reflecting developments in the soybean trade market and factors that have had an economic
impact on that market. The short-term export demand elasticities calculated from the models
defined in the studies reviewed range from the relatively elastic response of -2.00 to an inelastic
response of -0.14, though most studies were in the -0.2 and -0.6 range. The wide range of
estimated elasticities may be explained by the different time periods of model estimation and the
different information base and explanatory variables of which the models were comprised.
These studies however, only evaluate the market up to 1985. Changes in the 1980’s, most
pronounced since 1985, may have had significant influence on soybean trade which was not
reflected in previous studies or was masked within the econometric framework.

The use of econometric techniques in all previous studies was an effective means of
analyzing time series data given the market information previously available. The resulting

coefficients were interpretable and were employed in the calculation of elasticities. The price
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elasticity of soybean export demand, which indicates the amount of change resulting from a one
percent change in the soybean trade price, was used in the analysis of policies that would affect
the soybean market. More recently, descriptive literature has examined soybean intrinsic

attributes and their economic value.

I11.2. Evaluation of Intrinsic Attributes

In the current world soybean market, specifically the Japanese soybean market, the value
of soybeans for the joint products from crushing was of critical importance. Since there have
been noticeable change in the demand for oilseed products in Japan, measuring the economic
value of soybean characteristics was essential to understanding the export marketing of soybeans.
Hurburgh and Brumm have outlined a method of calculating the economic value with quality
factors. The calculation of the Estimated Process Value (EPV) was explained in the paper
entitled "Estimated Processed Value: A New Concept in Soybean Marketing". The basis of the
EPV of a bushel of soybeans was mass balance. Mass balance pertains to a complete accounting
of both the amount and quality (protein content) of meal and oil of soybeans. Within the last
few years, measurement of intrinsic characteristics has become more cost effective through the
introduction of whole-grain near-infrared transmittance (NIT) and near infrared reflectance (NIR)
analyzers. Table II1.2 shows the EPV concept applied to data from ten samples of soybeans.
With this set of meal and oil prices, there was a range of about 80 cents per bushel ($29.40/mt)
in EPVB (EPV per bushel). EPVB values change as meal and oil prices change. The valuing
of soybean products was then used to show the trade-off between protein and oil.

Data in Table II1.2 indicates the economic trade-off in value between protein and oil

content. The data was marketing information for producers since it identifies the potential
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Table I11.2. Examples of Expected Processed Value per Bushel (EPVB) Calculations

Extracted 44% Protein EPVB3
Sample Protein! 0il 0il Soybean Meal? ($/bu)
Number (%) %) (1b/bu) (1b/bu)
1 31.6 20. 11.8 42.2 6.16
2 33.1 18. 11.0 44 .5 6.23
3 33.9 19. 11.1 46.1 6.37
4 34.6 18. 10.6 47.1 6.36
5 34.8 19. 11.2 47.8 6.52
6 35.5 18. 10.6 48.8 6.51
7 35.5 17. 10.3 48.7 6.36
8 36.6 17. 10.2 50.7 6.57
9 38.0 ls. 9.7 53.1 6.64
10 38.4 17. 10.1 54.1 6.78

percent fiber.

Source: Hurburgh, Jr., C.R. and T.J. Brumm
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13.0 percent moisture basis.
Assume removal or addition of hulls as needed to reach 44 percent protein, with a maximum of 7

Prices: Meal ($/ton): $183.10; Oil ($/Ib): $0.193. Proportionate premiums for meal protein in excess
of 44 percent were used.
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economic advantage that can be derived from planting soybean seeds with characteristics that
result in high EPVB. Soybean grades and standards determine the seed varieties that were
available to producers. Producers demand seeds that yield soybeans that satisfy the grades and
standards since they were the basis for exchange and payment. Exclusion of intrinsic
characteristics from soybean grade and/or standards means that information base for the
economic link from end-user to producer to seed developer does not exist. The EPVB depends
on the prices for soyoil and soymeal prices. In the Japanese market soyoil price exceeded the
price for soymeal. For example, in 1988 the average price for soyoil was $618.27 per metric
ton and for soymeal the average was $275.10 per metric ton. With these prices, EPVB would
increase as oil content increased.

In February, 1989, a two part descriptive study, Enhancing the Quality of US Grain for
International Trade, and Grain Quality in International Trade was published by the Office of
Technology Assessment, Congress of the United States. These publications provided a
comprehensive descriptive analysis of factors affecting US grain and oilseed quality (wheat,
corn, and soybeans), intrinsic quality factors, and market structure in major competitor
countries. The importance of soybean attributes and/or tests not currently included in soybean
standards, were ranked by processors. Protein and oil content were considered the most
important items for which limits were not included in soybean contracts (Office of Technology
Assessment, pg. 78). The OTA study highlighted the differences and the advantages implied by
competitor grain and oilseed export marketing practices which provided significant impetus for

the inclusion of the Quality Incentives Act in the 1990 Farm Bill.
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Table IIL3.

UNITED STATES SOYBEANS

Grade Determining Factor Levels for US and Brazilian Soybeans

GRADE DETERMINING FACTORS

Guoe  MEWN e ame s omee
WEIGHT (percent) (percent) (percent) (percent)
(pounds)
No. 1 56.0 2.0 1.0 10.0 1.0
No. 2 54.0 3.0 2.0 20.0 2.0
No. 3 52.0 5.0 3.0 30.0 5.0
No. 4 49.0 8.0 5.0 40.0 10.0
Source: Federal Grain Inspection Service.
BRAZILIAN SOYBEANS
GRADE DETERMINING FACTORS
GRADE MOISTURE m m SPLITS m
(percent) (percent) (percent.) (percent) (percent)
No. 1 14.0 2.0 1.0 10.0 15
No. 2 14.0 4.0 2.5 20.0 --
No. 3 14.0 6.0 3.0 30.0 --
No. 4 14.0 8.0 5.0 40.0 --

Source: CONCEX Resolucao No. 82 (export grades), Rio de Janeiro P. VI, Article XV.
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following characteristics: 14 percent moisture; 1 percent foreign material, with discounts
allowable up to 2 percent; maximum of 8 percent for damaged beans (5 percent maximum may
be heat-damaged); maximum allowance of 30 percent for broken beans. Notably, a blank was
left on the contract for entering oil content, even though this was not part of the grading standard
(OTA). The inclusion of the oil content in Brazilian export standards was a major difference
from US soybean standards.

Sampling and inspection of soybeans in Brazil were conducted by private agencies since
a Federal inspection agency does not exist. Inspection at origin, and quality analyses were often
conducted by shippers for their quality control information, but payment was based on
destination quality. This differs from the US, where most contracts specify origin weights and

grades (OTA).

I11.3. Summary

The literature review identifies the changing set of variables that have had an impact on
the export demand for US soybeans. The relatively unique nature of the Japanese demand has
been addressed in a few of the studies. Unless intrinsic attributes of soybeans from both the US
and Brazil can be included independently as explanatory variables in the Japanese demand for
US soybeans, coefficient interpretation would be difficult. Based on market observations, it was
imperative that the commodity attributes be included in the analysis of the Japanese oilseed
market.

Selection of explanatory variables was guided by economic theory and knowledge of the
market. Based on data of Japanese soybean and product imports, the importance of vegetable

oil and protein meal in the oilseed import decision was not apparent until the late 1980’s. Thus
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studies that have not included characteristic differences between US soybeans and competing

oilseeds as an explanatory variable were acceptable.
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Chapter IV: Theoretical Considerations and

Methodological Approach

This study focuses on the influence of intrinsic characteristics on the flow of US
soybeans from producer to end-user, and Japanese oilseed processors’ response to changing
supply and demand conditions. The changes in the supply conditions that have affected the
Japanese market were increased Brazilian soybean production and the production of a variety of
rapeseed whose processed protein meal was substitutable for soybean meal. The demand for US
soybeans was derived from the demand for the oilseed joint products of vegetable oil and protein
meal. The increased demand for Japanese processed vegetable oil relative to the demand for
domestically processed protein meal theoretically would affect the demand for US soybeans.

In the following discussion relevant agricultural marketing, trade, and production theory

were considered.

IV.1. Agricultural Marketing Theory

There were two. aspects of the coordinating role of agricultural marketing: (1) the

delivery of the products from the farm to the final consumer, and (2) the directing of economic
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activity in allocating scarce resources through price formation and price discovery. The
adjustment or equalization process as soybeans flow from the US producer to the Japanese
processor was not static. Soybeans flow through intermediate pricing points between the
producer and end-user. The intermediate pricing points were defined by the soybean supply and
demand at different levels of aggregation over certain geographic areas, over various time
periods, and in forms as defined by US government soybean grades and standards. The
marketing chain, for US soybean exports to Japan was shown in Figure IV.1. It starts with
soybean production at the farm level. The intermediate pricing points in the US were the
country, storage, river, and port elevators. In Japan the intermediate pricing points were import
trading companies and the oilseed crushing and food-use industries. The end of the marketing
chain were the consumers of vegetable oil, the Japanese people and producers of confectionery
products and those who use protein meal, the poultry, cattle, and hog producers. As US
soybeans flow through the marketing chain there was information feedback from each level of
the chain indicating changes in demand and/or the supply side. Price was the information link
between the levels of the marketing chain.

The underlying assumption of agricultural marketing theory was perfect competition.
Thus all buyers and sellers were assumed to have perfect knowledge, act in an economically
rational manner and have free entry and exit into the industry. The Japanese oilseed processing
industry was currently comprised of approximately 10 companies. While this number represents
some industry contraction that has resulted from reduced demand for domestically produced
vegetable oil and protein meal (Journal of Commerce), a single firm does not determine market
price for inputs or oilseed products. The Japanese oilseed processing industry may thus be

considered a competitive market.
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IV.1.1. Macro-Pricing Efficiency

Macro-pricing efficiency was defined as the efficiency of price transmission across levels
of the market chain and encompasses the concept of product differentiation and grading. The
transmission of accurate price signals was important, because if the price was not representative
of all market information then inefficiencies may exist. The fact that the US soybean grading
standards may not include information on all intrinsic characteristics of economic value means
that there may be lack of full information in the marketing chain. The implication for the world
oilseed marketing system was that competitive advantage may exist for exporting countries who

were providing full information.

IV.1.2. Derived Demand

Oilseed products were jointly produced in proportions equivalent to the ratio of oil to
protein content of the input. The demand for soybeans was directly derived from the demand
for oil and meal which were the end-products of crushing in the ratio of 20 percent oil to 40
percent protein meal.

Figure IV.2 graphically summarizes the supply and demand in the individual markets
for Japanese produced soybean oil (D,,,, S,;,), soybean meal (D,,., S,,), and soybeans (D,;,).
Because Japanese produced soybeans were not used in the oilseed processing industry, the
Japanese soybean supply curve was not included in Figure IV.2. In order to yield soybean oil
and soybean meal in the equilibrium quantities shown by Q,,, and Q,,,, the quantity Q,, was
required. In the Japanese oilseed product markets, the price of soybean oil was greater than for
soybean meal. The demand for Japanese produced soybean oil was less sensitive to price

changes than domestically produced soybean meal because there were relatively fewer substitutes
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for vegetable oil than protein meal. The Japanese tariff on vegetable oil imports restricts the
importation of substitutes significantly more expensive than domestically processed vegetable oil.
This tariff effectively confines demand to Japanese processed vegetable oil.

The implication of the derived demand for soybeans was that changes in the demand for
either product directly affects the demand for soybeans. As shown in Figure IV.3, a decrease
in the demand for Japanese processed soybean meal, from D, to D}, that may result from the
increased Chinese soybean meal imports, reduces demand for soybeans from D, to D). Since
the demand for oil was unchanged, the decrease in demand for soybean meal establishes a new

relative demand for the joint products from soybean processing.

IV.2. Trade and Production Theory

IV.2.1. Exchange Rates and Trade

The Japanese feed-use oilseed processing industry was import dependent for soybean
supply, domestically produced soybeans were used in the traditional food-use industry. The
Japanese yen to US dollar exchange rate affects the level of trade. Figure IV.4 shows soybean
trade between the US and Japan. Panel A, a replication of Figure IV.3, shows supply and
demand for Japanese processed soybean meal, and the derived demand for soybeans. Panel B
was a graphic representation of the Japanese yen/US dollar exchange rate. The slope of R, was
equal to one, reflecting the assumption that Yen 1.00 equals $1.00. Panel D shows US soybean
demand and supply. Equilibrium in the US soybean market (Panel D) was at quantity Qpoy, at
price Ppon.

Figure IV.4, Panel C shows how the price, in US dollars, and level of soybean trade

was determined. Since Japanese soybean supply was equal to zero, Japanese demand for
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soybeans was equal to the excess demand, ED, in Panel C. Under the assumption of Japanese
yen 1: US dollar 1 exchange rate, the price and quantity demanded were the same in US dollars
as in Japanese yen. Excess supply of US soybeans defined as quantities of soybeans above the
US equilibrium price of Ppoy. Initially, trade equilibrium occurs at US soybean exports of Q,
at price P, (Panel C). When there was a decrease in the derived demand for soybeans in Japan,
shown by the inward shift of the soybean demand curve to D), in Panel A, soybean trade volume
and equilibrium price were reduced to Q, and P,, respectively (Panel C).

In Panel B of Figure IV.5, the slope of the new exchange rate line R, shows the Japanese
yen to US dollar exchange rate as it was in 1970 when the exchange rate was Y-360 per $1
(International Monetary Fund). The effect on trade of the above par exchange rate for US
dollars, shown in Panel C, was a reduction of soybean equilibrium trade level and price, Q, to
Q, and P, to P,. The decrease in demand for soybeans in Japan, Panel A, results in the inward
shift of the excess demand curve in Panel C from ED¥, to EDj. The reduction in trade resulting
from the decreased demand at the higher Japanese yen to US dollar exchange rate was less than
at the 1:1 exchange rate.

By 1989 the US dollar depreciated to Y-139 per $1 (International Monetary Fund). The
reduced exchange rate was shown by the slope of R, which was less steep than the exchange rate
line that corresponds to the higher exchange rate of 1970 (R,) (Figure IV.6, Panel B). The
effect of the depreciation of the US dollar, shown by the movement from R, to R,, was an
outward shift of the excess demand curve (Figure IV.6, Panel C). Equilibrium trade level and
price at Q, and P,, were greater than at the higher exchange rate, R,. The decrease in the
demand for soybeans in the Japanese market was shown by the inward shift of excess demand

from ED] to EDf,’,.
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This analysis of the affect of exchange rate changes on US/Japan soybean trade shows
that the equilibrium trade price reflects the value of the soybeans and the information about the
Japanese yen/US dollar markets. Theoretically, the depreciation of the US dollar over the period
examined in this study, means that US/Japan soybean trade should have expanded. This analysis
was limited because the two-dimensional format does not incorporate the affects of the exchange
rate for Japanese yen and Brazilian cruzeros, the currency for the competing soybean export
country.

Soybean trade volume between the US and Japan has expanded over the 1970-1989
period. The impact of the depreciation of the US dollar therefore was neutral and did not

contribute to explaining the decrease in US market share.

IV.2.2. Choice of Inputs

As a producer of vegetable oil and protein meal, Japanese oilseed processing firms were
intermediate consumers of the oilseeds US and Brazilian soybeans and Canadian rapeseed. As
shown previously, the firms’ demand for oilseeds depends on consumers demand for oilseed
products. Figure IV.7, Panel A shows a mapping of indifference curves. The six axioms that
characterize indifference curves were: reflexivity, completeness, transitivity or consistency,
continuity, and nonsatiation (Deaton and Muellbauer). Each curve represents combinations of
vegetable oil and protein meal which provide Japanese consumers of oilseed products with the
same level of satisfaction. Japanese people, and producers of poultry and livestock comprise the
vegetable oil and protein meal consuming group. The mapping reflects consumer tastes and
preferences because each indifference curve shows the consuming group’s trade-off between

vegetable oil and protein meal without loss of total satisfaction. The slope of the indifference
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curve represents the marginal rate of substitution of vegetable oil for protein meal. Indifference
curves were convex to the origin because of the underlying assumptions of diminishing marginal
rate of substitution between vegetable oil and protein meal and strictly concave utility functions.

Consumers were subject to a total expenditure or budget constraint for the purpose of
procuring vegetable oil and protein meal. The slope of the total expenditure constraint was
determined by the price of each product. The endpoints of the constraint represent the maximum
amount of each product that can be purchased if the entire budget was dedicated to either
product. The budget constraint line shows financially attainable combinations of products given
product prices and the budget level. The optimum combination of product purchases was at the
point of tangency between the budget line and indifference curve I, (point A). The optimum
combination of vegetable oil and protein meal, VO, and PM,, was the cost minimizing amount
of vegetable 0il and protein meal from which the consumer derives the most satisfaction.

The production possibility frontier (PPF) shown in Panel B, Figure IV.7, describes
Japanese oilseed processors’ maximum attainable oilseed product output for a set processing
capacity. Since processing oilseeds produces the joint product of vegetable oil and protein meal,
neither product can be individually produced. Therefore, output points on either axis were
unattainable. Endpoint Z of the PPF, in Panel B, Figure IV.7, represents the output
combination possible if Brazilian soybeans were the only variable input in oilseed processing.
At this endpoint, the higher level of vegetable oil produced, relative to protein meal corresponds
to the intrinsic characteristics of Brazilian soybeans. Similarly, point U was the output
combination if US soybeans were the only variable input. The single input of US soybeans
would process to smaller amounts of vegetable oil than Brazilian soybeans since on, average,

Japanese imports of US soybeans had lower oil content than Brazilian soybeans. Points on the
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PPF, between Z and U, represented combined output of vegetable oil and protein meal possible
when Brazilian and US soybeans combined were the variable inputs in oilseed processing. The
underlying assumption of the PPF was unlimited supply of inputs and that production costs were
constant along the PPF. The slope of the PPF, the marginal rate of transformation (MRT),
represents the trade off between production of protein meal and vegetable oil. The negative
slope indicates that to produce more protein meal, in must be switched away from vegetable oil
production. This movement away from vegetable oil production implies a decrease in Brazilian
soybeans in the oilseed input combination of Brazilian soybeans and US soybeans.

The isorevenue line (Panel B, Figure IV.7) shows output combinations that yield constant
revenue for fixed and known output prices. The negative of the ratio of the output prices
determines the slope of the isorevenue line.

Profit (7) was defined as total revenue (TR) less total cost (TC). Fixed (TFC) and
variable costs (TVC) comprise total cost. ‘The only variable inputs were the oilseeds Brazilian
soybeans and US soybeans assuming equal processing costs for these oilseeds. The criteria for
selecting the profit maximizing combination of vegetable oil and protein meal output was
equating the slope of the PPF, the MRT, to the slope of the isorevenue line. VO, and PM, in
Panel B, Figure IV.7 were the output levels that satisfy the profit maximizing criteria.

Point E in the market equilibrium graph (Panel C, Figure IV.7) shows the combination
of vegetable oil and protein meal that was optimum for producers and consumers. The
equilibrium point depends on the assumptions of the Japanese oilseed supply market being closed
to imports and Japanese produced oilseed products were the only source from which consumers

can purchase vegetable oil and protein meal.
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IV.2.3. Trade Policy and Input Choice

Figure IV.8 replicates the closed oilseed market equilibrium previously shown in
Figure IV.7, Panel C. Figure IV.8 also shows the combined effect of the opening of the
Japanese oilseed market to trade while a tariff was imposed on vegetable oil imports. Prior to
trade, point E represented the equilibrium quantity of the joint products of vegetable oil and
protein meal that was optimum for processors and consumers. If the oilseed market was opened
to trade, the increased supply competition from vegetable oil and protein meal imports will put
downward pressure on prices of Japanese processed oilseed products. Changes in the price of
either oilseed product causes a shift in the isorevenue line because it was a function of output
prices. The parallel shift of isorevenue line AB to CD, or IR, to IR,, demonstrates the equal
impact of trade on vegetable oil and protein meal prices. The ratio of product prices remains
constant, but increased vegetable oil and protein meal production was required to attain the level
of revenue shown by the previous isorevenue line AB.

At the lower prices for the oilseed products consumers achieve a higher level of
satisfaction by consuming more vegetable oil and protein meal than in the before trade. The
movement from indifference curve I, to I,, which was relatively further from the origin,
indicates an increase in the level of consumer satisfaction. The new minimum cost combination
of oilseed products for consumers corresponds to the tangency point between CD, the
unrestricted trade price ratio of vegetable oil and protein meal, and indifference curve I,,
point W,

The vegetable oil tariff imposed by the Government of Japan resulted in a new price
ratio of domestically processed vegetable oil and protein meal. Japanese oilseed processors

could maintain the higher price for domestically produced vegetable oil, while the price for
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domestically produced protein meal must compete with the price of imported meal. The change
in the price ratio was reflected by the pivot of the isorevenue line from IR, to IR,, Figure IV.8.
The position and shape of the PPF was unchanged though there have been changes in the oilseed
complex market because in the short-run, processing capacity and technology were assumed
constant.

In Figure IV.8 the non-trade profit maximizing revenue from the sale of VOg vegetable
oil and PM protein meal was shown to be unattainable. The new isorevenue line, IR,, that was
the price ratio that incorporated the tariff on vegetable oil imports, was not tangent to production
possibility curve ZU. Given the new price ratio faced by Japanese oilseed processors, as shown
by the slope of isorevenue line IR,, the maximum attainable revenue occurs at point M, when
the quantities of vegetable oil VO, and protein meal PM, could be produced. The movement
from point E, the non-trade profit maximizing point, to point M shows that the new output
combination requires the input of oilseeds that were closer to Brazilian soybean crush ratio
because point M was closer to the endpoint Z of the production possibility curve. Point Z
represents the possible output combination of vegetable oil and protein meal if Brazilian soybeans
were the single variable input, point Z.

At the restricted trade prices for vegetable o0il and protein meal the minimum cost
combination of oilseed products that may have been consumed for the maximum satisfaction was
identified point X, the intersection of indifference curve I, and price ratio line AD. The move
inward from the pre-vegetable oil tariff indifference curve, I, to I, shows a reduction in
maximum attainable consumer satisfaction caused by the change in the price ratio of the oilseed
products. The levels of oilseed products demanded which corresponded to point X, VO,

vegetable oil and PM, protein meal, was less than quantities demanded before the tariff was
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imposed on vegetable oil imports. Consumers derive greater satisfaction from consuming along
indifference curve I, than along the maximum attainable indifference curve, I,, when the market
for oilseed products was closed.

The difference between the possible supply of oilseed products from domestic oilseed
processors and the desired level of consumption, represented by VO, - VO, vegetable oil and
PM, - PM, protein meal, was excess demand. Japanese consumers then would trade in the
international market for the quantities of oilseed product not processed domestically. The
soymeal imports from China under the barter agreement satisfies some of the excess demand.
Palm oil imports satisfied the excess demand for vegetable oil. The implication of the vegetable
oil tariff for domestic processors was that oilseeds that process to more vegetable oil would more

closely correspond to the vegetable oil to protein meal demanded by consumers.

IV.2.4. Cost Minimizing Input Choice

The method of determining the minimum cost input combination to produce a given level
of vegetable oil output was described in Figure IV.9. Assuming constant oilseed processing
technology, isoquants QV, to QV, in Figure IV.9, describe various levels of vegetable oil
output. Vegetable oil output was constant along each isoquant. The slope of the isoquants
represents the marginal rate of technical substitution (MRTS) of Brazilian soybeans for US
soybeans, and vice versa. Isoquants were convex to the origin because the underlying
assumption of diminishing MRTS along each isoquant. Isoquants QV, to QV, were equally
spaced because the underlying assumption was that there were constant returns to scale. This
means if inputs were doubled then output of vegetable oil would double since the percentage of

oil content was unchanged.
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Assuming input costs were known and fixed, an isocost line describes the combination
of inputs to production that cost the same to the firm (Figure IV.9). The slope of the isocost
line reflects the ratio of import prices of Brazilian soybeans and US soybeans. Isocost lines C,
to C, represent different input cost levels for specific input prices.

Assuming isoquant QV, corresponds to market equilibrium level of production of
vegetable oil VO, previously determined in Figure IV.9, then isocost line C; was the lowest
isocost line that allows vegetable oil output QV,. The point of tangency of the isoquant, QV,,
and isocost line, C,, points to the choice of cost-minimizing inputs, ZSB, and USB,. At the
tangency point the slopes of the isoquant and isocost line were equal. The cost-minimizing
combination of inputs to produce the market equilibrium level of protein meal can similarly be

determined.

IV.3. Model Development

Based on the observation of the Japanese oilseed complex market, the market was
described by vegetable oil imports of soybean oil from the US, Brazil, and palm oil from
Indonesia and Malaysia; protein meal imports of soybean meal from the US, Brazil, and China;
and Japanese processing of soybean imports from the US and Brazil, and rapeseed imports from
Canada. The source of demand for vegetable oil was the Japanese food processing industry.
Protein meal demand was based on the Japanese poultry and livestock production.

To achieve the objectives of this thesis, mathematical programming was used to describe
the Japanese market for oilseeds and oilseed products. US soybean intrinsic characteristics
appeared to be a major factor in market share decline in only the last four or five years. With

econometric methods, one would need 20 years of data, and it would have been difficult to
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"discover” the impact of intrinsic characteristics with only four or five observations. In addition
to the minimum data requirements, mathematical programming techniques facilitated the
conversion of oilseeds, within the model, to the processing derived end-products of protein and
oil. The factors for the conversion of oilseed to end-products were the respective percentage
content of protein, oil, and foreign matter. By directly including these oilseeds’ characteristics,
the relative economic value of each characteristic for Brazilian and US soybeans was determined
from the model solution. Within the mathematical programming framework, the linkage
between US soybean’ characteristics and trade volume and market share were analyzed under
demand for protein and oil, and oilseed supply conditions. Specifically, the conversion factors
for US soybeans were changed and the model solved for the corresponding US soybean imports
and total oilseed imports. Thus, US market share and competitive position relative to Brazilian

soybeans for distinct US soybean characteristics were determined.

IV.3.1. Mathematical Programming
Mathematical programming was an operational research optimization technique which
minimizes or maximizes an objective function subject to constraints by choosing non-negative
values as decision making variables (see Appendix A - Mathematical Programming). The model
described below reflected the assumption that Japanese oilseed processors were cost minimizers.
Mathematical representation of the general model in matrix format was:

Minimize Z = C; X

subject to:
OSCONVERT Xy = O,
PMCONVERT . Xy = 0,
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DEMAND . Xw;, >= D

(gx1)»
SUPPLY o Xey <= Semetys

Xap > =0,

where Z = total cost of imported oilseeds and products;

C

cost of oilseeds and products, landed in Japan;
X = oilseeds and products in metric tons;
OSCONVERT = transfer row conversions of oilseeds to vegetable oil and protein;
PMCONVERT = transfer row conversion of soymeal to protein;
DEMAND = demand constraint coefficients for vegetable oil and protein meal;
PROCAP = processing capacity constraint for oilseeds;
SUPPLY = supply constraint coefficients for oilseeds and products;
S, D, P = non-zero integers for supply, demand, and processing capacity
constraints.

The algorithm solution provided data on the level of imports of each oilseed and oilseed
product, and the total cost of imports. The aggregated oilseed import data was the total oilseed
imports, and US soybean and competing oilseeds’ market share could be calculated from
comparing the level of imports of each oilseed to the total oilseed imports. The dual or shadow
prices associated with the oilseed conversion transfer rows, OSCONVERT, were interpreted as
the marginal implicit prices for each characteristic of the respective oilseeds. For foreign
material they represented the implicit price for a one percent reduction, while for protein and

oil, the shadow prices represented the implicit prices for a one percent increase in the attribute
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content. Parametrically changing the attribute levels enabled evaluation of the possibility for the

US to regain market share by increasing oil content and/or reducing foreign material content.

IV4. The Model

The structure of the model used in this analysis was shown in Figure IV.10. The
complete specification of the model was presented in Appendix B. The objective function was
comprised of the nine types of oilseeds and oilseed products imported as the decision making
variables (DMVs) and cost coefficients. The basis for import costs for the oilseeds and products
was the Japanese yen landed price per metric ton divided by the yen/dollar exchange rate. To
reflect the Japanese soybean oil import tariff, US$114 was added to the US and Brazilian

soybean oil cost coefficient.

IV.4.1. Constraints

The constraints were limits to the DMVs. Constraints were specified by combining a
coefficient for the DMV or DMVs, a mathematical operator and a righthand-side maximum or
minimal value. The model optimal solution was constrained by characteristics of oilseed
imports. The oilseed characteristics determined the volume of vegetable oil and protein
processed from oilseed imports. In addition, the protein content of soybean meal imports
constrained the volume of protein derived from each unit of meal imports. The model structure
required that the annual Japanese demand for vegetable oil and protein to be satisfied by the
combination of the DMVs. Vegetable oil demand was based on per capita consumption of

vegetable oil. Protein demand was a function poultry production.
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The processing capacity of Japanese firms constrained the volume of oilseed imports that
may be included in the optimal solution. The total oilseed and products import mix was
depended on the supply of the oilseeds and oilseed products to the Japanese market. The supply
limitations were reflected in the supply constraints. Since Japan economically dominates Pacific
Rim, all palm oil exports from Malaysia and Indonesia were assumed to be available to the
Japanese market. While all Brazilian soybean oil was assumed available for import by Japan,
US soyoil supplies to the Japanese market were restricted by US soyoil exports to Pakistan.
Under US Public Law 480 (PL480) which provides for US food assistance to developing
countries, a significant portion of US soyoil exports were shipped to Pakistan. US soybeans and
Brazilian and US soybean meal availability for import by Japan was determined by total exports
reduced by amount of exports to the EEC. Total rapeseed exports from Canada minus exports
to the major market, Mexico, were assumed available to the Japanese market. Only a percentage
of the rapeseed meal processed from the Canadian imports were assumed to be included in the
protein supply to the poultry and livestock industries. This reflected the fact that rapeseed meal
has historically been used in fertilizer preparations. Since the increased production and export
of ’low glucosinolate’ rapeseed (canola), utilization in feed rations has increased. To incorporate
the Brazilian policy of satisfying the domestic soybean processing industry, the Brazilian soybean
supply to the Japanese market was assumed to be total Brazilian soybean production minus
Brazilian consumption of soybeans. Chinese soybean meal supply was determined by total
soybean meal production less Chinese consumption of soybean meal.

The major source of demand for protein meal in Japan was the poultry industry -
primarily broiler production, though hog and dairy cattle production were noticeable factors.

Using poultry and livestock production as the basis for estimated annual protein demand required
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from Japanese yen to US dollars based on time series exchange rate data were obtained from the
International Monetary Fund in International Financial Statistics Yearbook. All production and
export data was published by the Foreign Agricultural Service, US Department of Agriculture,
in country production, supply and distribution (PS&D) reports. This data was on a marketing
year basis. EEC oilseed and product imports data, quantity and value was published by origin
in the EUROSTAT (Analytical Tables of External Trade (NIMEXE)) on a calendar year basis.
Production, supply and demand data for total oilseed utilization, and edible vegetable oil were
the basis for oilseed product demand.

Data for Japan poultry meat, pork and milk production was available from PS&D
reports. The conversion factors required to calculate the corresponding total feed requirements,
and then the protein demanded was obtainable from the Animal Science Department, Virginia
Polytechnic Institute & State University (VPI & SU). Additional data to calculate annual
Japanese protein demand were available from the PS&D table titled "Total Oilseed Meals
(excluding Fish Meal)". From this table, feed-use, industrial-use, and soybean meal equivalent
per annum data was used in this study. The soybean meal equivalent data was based on 44
percent protein at 10 percent moisture.

Japanese consumption of palm oil, soybean oil and rapeseed oil were also available from
PS&D reports. In this study, the data used to calculate annual demand for edible vegetable oil
was food-use and industrial-use from the "Edible Vegetable Oil" PS&D table for Japan.

Calendar year time series data of the characteristics of soybean imports from both the
US and Brazil were obtained from the Japanese Oilseed Processors’ Association. Similar
characteristics data for Canadian rapeseed exports were obtained from the Agricultural

Department of the Canadian Embassy, Washington, D.C. This study assumes that the US export
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marketing year corresponds to the calendar year for landed imports in Japan, since the time
delay between harvest and arrival in Japanese ports was approximately four months. For
Brazilian imports, calendar year data corresponds to the current Brazilian marketing year because
limited storage capacity requires that the majority of Brazilian soybean exports occur within the

first six months of their marketing year.

Chapter 1V: Theoretical Considerations and Methodological Approach 82



Chapter V: Model Optimal Solutions

Under Various Scenarios

The model optimal solution levels for oilseeds and products were the basis for evaluating
competition in market share terms. The model dual solution provided information about the
relationship between the constraints and the objective function of the primal model. The dual
model objective function coefficients were the shadow prices for the constraints from the primal
model.  Utilizing the general model described in Chapter IV required changes in the
mathematical operators in the vegetable oil and protein meal supply constraints. These
constraints were re-specified with an equality mathematical operator and the righthand-side that
was the actual Japanese imports of each product. The changes were required because the oilseed
product supplies to the Japanese market as calculated in the general model exceeded actual
imports. The overstated protein meal and vegetable oil supplies caused the model solution to
differe greatly from actual oilseed and oilseed products import levels. The equality operator and
new righthand-side level of the vegetable oil and protein meal supply constraints reflected the
assumption that the actual level of imports represented the equilibrium levels under existing

market conditions. Though direct imports of oilseed products increased over the study period,
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the majority of the overall increase in oilseed product supplies in the Japanese market originated
from Japanese processing of imported oilseeds. The focus of this study was oilseeds.
Consequently, the oilseed supply constraints were unchanged from the specification in the
general model.

The shadow prices associated with supply constraints, SUPPLY from the general model,
ranked the importance of the oilseeds and products to Japanese wholesalers who supply the
market with vegetable oil and protein meal. Supply constraints’ shadow prices indicate the
amount that the objective function would decrease for an additional unit of supply. The shadow
prices from the vegetable oil and protein demand constraints (DEMAND) were interpreted as
the economic importance of each product. The mathematical programming algorithm was
particularly useful in identifying the marginal implicit prices associated with characteristics
common to US and Brazilian soybeans, and rapeseed - the oilseeds that comprise the largest
portion of Japanese imports for oilseed processing. The shadow price associated with the oilseed
product conversion constraints or transfer rows (OSCONVERT) is the change in the objective
function solution at the margin for a one percent reduction in foreign material content, and a one
percent increase in each intrinsic characteristic, protein and oil content.

The inclusion of attributes of the oilseeds, afforded by the mathematical programming
methodology, additionally permits the extraction of the implicit price for each attribute. Though
an explicit price was not associated with the attributes, the shadow price that corresponds to the
transfer rows indicates the value oat the margin of each attribute. In the static constrained cost
minimization algorithm, this shadow price represents the marginal implicit price for an additional

unit of the attribute. the comparison of oilseed characteristics on an implicit price basis indicates
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Table V.1. 1988 Oilseed Imports by Japan - Attribute Levels and Model Solution

MODEL
SOLUTION
(Million MT)

_——— o

SOYBEANS RAPESEED
UNITED STATES BRAZIL Dry Basis CANADA
Difference
As-Is Dry' As-Is Dry! (US - Brazil) As-Is Dry!
Basis Basis Basis
ATTRIBUTES
(Percent)

Moisture 11.10 0.0 11.44 0.0 0.0 7.35 0.0
Foreign Material 2.40 2.7 1.34 1.5 1.2 2.16 2.3
Protein 35.88 40.4 36.94 41.7 -0.2 20.44 22.1
Oil 19.22 21.6 20.60 23.3 -1.5 42.12 45.5

Quantity Imported

3.5180

.64816

1.6521

Quantity
Processed

2.8638

.64816

1.6521

Processed/
Imports (%)

81.40

100.00

100.00

1

new moisture basis, F = characteristic at old moisture basis, and Old = old moisture basis.
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Table V.2. 1987 Oilseed Imports by Japan - Attribute Levels and Model Solution

Price per
Metric Ton
(US Dollars)

MODEL
SOLUTION
(Million MT)

226.50

20.28 | 23.0

SOYBEANS RAPESEED
UNITED STATES BRAZIL Dry Basis CANADA
Difference
As-Is Dry' As-Is Dry! (US - Brazil) As-Is Dry!
Basis Basis Basis

ATTRIBUTES
(Percent)
Moisture 12.57 0.0 11.93 0.0 0.0 8.38 0.0
Foreign Material 1.60 1.8 1.12 1.3 0.5 2.07 2.3
Protein 35.56 40.7 36.00 40.9 0.2 19.88 22.1
Oil 18.81 21.5 -1.5

42.22 45.5

Quantity Imported

4.6636

.40774

1.3917

Quantity
Processed

3.6601

.40774

1.3917

Processed/
Imports (%)

78.48

10000 |

100.00

1

new moisture basis, F = charactenistic at old moisture basis, and Old = old moisture basis.
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Table V.3. Model Estimation of Oilseed Imports Landed in Japan by Year (Quantity -

Million Metric Tons)
YEAR/ ACTUAL IMPORTS AVAILABLE SUPPLY! MODEL SOLUTION | MODEL
OILSEEDS PERCEN
QUANTITY PERCENT QUANTITY PERCENT QUANTITY PERCENT T OF
OF TOTAL OF TOTAL OF TOTAL ACTUAL

1988
Rapeseed 1.636 27.9 1.729 19.4 1.652 28.4 101.0
Soybeans

Us 3.657 62.3 6.530 73.3 3.518 60.5 96.2
Soybeans

Brazil .576 9.8 .648 7.3 .648 11.1 112.6

TOTAL 5.869 100.0 8.907 100.0 5.818 100.0 99.1

1987
Rapeseed 1.618 26.9 1.555 11.4 1.392 21.5 86.03
Soybeans
uUs 4.100 68.1 11.614 85.5 4.664 72.2 113.76
Soybeans
Brazil .306 5.1 .408 3.0 .408 6.3 133.01
TOTAL 60.24 100.0 135.76 100.0 6.463 100.0 107.29

1

exports to Mexico for Canadian rapeseed.
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oilseeds and products were required to satisfy the minimum quantities demanded in the market.
The shadow price for vegetable oil exceeded that for protein meal which reflects the greater
relative importance of vegetable oil of the two products from processing oilseeds.

Comparing the 1988 model solution to the available supply of oilseed, the optimum
solution represented 96 percent of the 1.73 million metric tons of rapeseed available from
Canada, 54 percent of the 6.53 million metric tons of US soybeans available, and all .65 million
metric tons of soybeans available from Brazil. Overall the model solution accounted for 99
percent of actual total oilseeds imported in 1988. Rapeseed and Brazilian soybean imports were
minimally overstated while US soybean imports were equally understated. Market share
allocation of the model solution was similar to that of actual imports of 1988. The model
similarly replicated actual total oilseed imports for 1987 by selecting oilseeds of just over 107
percent of total imports.

In comparison, soybean imports from Brazil were overstated by 33 percent. On a dry
matter basis where the foreign material content of US soybeans exceeded that of Brazil in 1988
by 2.2 percent, in 1987 the difference was 0.5 percent. Similarly, the protein content difference
in 1987 at 0.2, was greatly reduced from the 1.3 percent of 1988. The oil content difference
of the 1987 soybean imports was 0.2 percent lower than the 1.7 percent of 1988. With the
reduced characteristic differences between US and Brazilian soybeans, the price difference was
also diminished. In 1988, Japanese soybean imports from Brazil cost $50 more than the $294
per metric ton for imports from the US. Soybean imports from Brazil in 1987 at were only $2
greater than the metric ton price for soybean imports from the US, $228 versus $226,

respectively.
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In the majority of the years over the study period the spread between US and Brazilian
soybean import price has been greater than in 1987 and closer to that of 1988. To consider the
importance of characteristic differences in a year that reflects the average in the study period,
1988 was chosen as the baseline year. In addition, in 1988 though US soybeans were at a
substantial price advantage over Brazilian soybeans, there was a significant decline in US market

share.

V.1. Parametric Analyses of QOilseed Attributes

The influence of non-price factors on market flows/market share was evaluated by
parametrically changing the coefficients on the attributes for US soybean exports to Japan in the
model for 1988. The results for parametric changes of US moisture content were excluded
because other attributes were directly linked to the moisture content. Therefore, though a
change in moisture content caused a numerical change for other attributes, a real change in
attributes did not occur and the differences between oilseeds was maintained. For example,
when the model was run with moisture content equal for both US and Brazilian soybeans, the
results were the same as when estimated with the respective "as-is" attributes because the
attribute differences were unchanged.

The initial parameter change was foreign material content. Since this factor was
explicitly incorporated in soybean grades and standards, policy changes could be more easily
accomplished on this attribute than establishing new standards for oil and/or protein (Scenario
1). In Scenario 2, US oil content was adjusted to that of Brazilian soybeans. In Scenario 3, US
protein content was adjusted to the Brazilian equivalent, such that US and Brazilian soybeans

have equivalent attribute levels, and were competitive on the basis of attribute content. In the
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final scenario, Scenario 4, attribute levels for US and Brazilian soybeans were switched such that
the levels associated with US imports were set at those actually reported for Brazilian imports,
and vice versa. The last scenario was considered to explore the impact of the attribute advantage
of US soybeans relative to competing Brazilian soybeans, and the large volume of US soybeans
available for export to Japan. Technologically, the potential exists for improvement in composite

attributes of US soybeans.

V.1.1. Analysis of US Soybean Attributes Relative to Brazilian Soybeans
Results of the four different estimations were shown in Table V.4 by volume and market
share. The baseline scenario, Scenario 0, shows the optimal solution of estimating the model

with characteristics of all oilseeds "as-is".

Scenario 1

Foreign material content of US soybeans was set equivalent to Brazilian soybeans while
other attributes remained at the baseline level. In comparison with the baseline model,
Scenario 0, the volume of US soybean imports declined from 3.52 to 3.48 million metric tons,
which accounted for the change in total oilseed imports. The reduced flow of US soybeans
translated to a nominal decrease in market share - from the baseline model 60.46 to 60.18
percent. If the only change made was the reduction of foreign material, which would have
meant that a larger volume of US soybean imports would have processed to oilseed products,
Japanese oilseed processors could have satisfied demand for vegetable oil and protein meal from
5.78 million metric tons of total oilseed imports. Previously 5.82 million metric tons of oilseeds

were required to meet the same level of demand.
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Table V.4. Parametric Analysis of Characteristics of Japanese Imports of US Soybeans,
1988
S CENARTIO
0 1 2 3 4
“ Ut | PR rquvalent v
BASE F.M2 FM. FM. REVERSE US AND
MODEL oil oil BRAZILIAN
Protein CHARACTERISTICS
CHARACTERISTIC
(Percent)
Moisture 11.10 11.10 11.10 11.10 11.44
F.M.? 2.40 1.35 1.35 1.35 1.34
QOil 19.22 19.22 20.68 20.68 20.60
Protein 35.88 35.88 35.87 37.08 36.94
MODEL IMPORTS
(Million Metric Tons)
Rapeseed 1.6521 1.6521 1.5287 1.5851 1.5859
Soybeans - US 3.5180 3.4758 3.5671 3.3900 4.1841
Soybeans - BZ .6482 .6482 .6482 .6482 0.000
TOTAL 5.8183 5.7761 5.7440 5.6233 5.7700
MARKET SHARE
(Percent)
Rapeseed 28.40 28.60 26.61 28.19 27.49
Soybeans - US 60.46 60.18 62.10 60.28 72.51
Soybeans - BZ 11.14 11.22 11.28 11.53 0.00
TOTAL 100.00 100.00 100.00 100.00 100.00

new moisture basis, F = characteristic at old moisture basis, and Old = old moisture basis.

2

F.M. - foreign material.
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Scenario 2

When both the foreign material and the oil content were set equivalent to the Brazilian
levels, even though soybean imports from Brazil were unchanged, imports from the US
increased to 3.57 million metric tons and market share was 62.10 percent. In comparison to the
baseline model, total oilseed imports were reduced by 74,000 metric tons to 5.74 million metric
tons. The total quantity of oilseeds imported under this scenario was similar to the level of
imports in Scenario 1. The improvement in US market share in the Japanese oilseed market in
Scenario 2 can be explained by the reduction of both import level and the market share of
rapeseed. It was interesting to note that the improvement in US soybean oil content would bring

US soybean imports into competition with imports of Canadian rapeseed.

Scenario 3

US soybean characteristics were set equivalent to Brazilian characteristics thereby
improving the overall characteristics of US soybeans and eliminating the attribute differences
between the two sources of supply. There was a 0.20 million metric ton drop in total oilseed
imports. from the baseline model level of 5.818 million metric tons. The decrease can be
primarily explained by 0.13 million metric ton drop in imports from the baseline model level
of 3.518 million metric tons of US soybeans. The rest of the reduction in oilseed imports was
explained by a decrease in rapeseed imports from baseline model level of 1.65 to 1.58 million
metric tons in the current scenario. Imports of soybeans from Brazil were unchanged from the
baseline model level of .648 million metric tons. US soybean market share decreased minimally

to 60.28 percent from the baseline model percentage of 60.46. This showed that even if US
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soybean exports’ characteristics were equal to Brazilian soybean exports the US would not regain

market share.

Scenario 4

The attribute level of US and Brazilian soybean imports was reversed. Attribute
differences were therefore maintained while placing US soybeans at overall attribute advantage.
This was in addition to the US price advantage in 1988 in the Japanese market. The combined
advantage of US soybeans resulted in a significant increase in the level and market share of the
commodity. The optimal solution eliminated imports of Brazilian soybeans and placed US
soybean imports at 4.18 million metric tons, a 19 percent increase over the baseline model level
of 3.52 million metric tons. Rapeseed imports were reduced to 1.59 million metric tons, similar
to the previously discussed results of Scenarios 2 and 3. Therefore, the Japanese oilseed market
was divided between US soybeans and Canadian rapeseed at 72.5 and 27.5 percent, respectively.
Only by setting the difference between US and Brazilian soybeans in favor of the US soybeans

was there a change in market share in favor of the US.

V.1.2. Analysis of US Soybean Attributes - One Percent Foreign Material
Assumed

A reduction in allowable foreign material content of 1 percent has been suggested by

industry importers for US soybeans destined for export. It was discussed that this would make

US soybeans more competitive in the world market and halt loss of market share (Uniformity

2000 Conference). To evaluate the influence of the change in US soybean exports, the model

was run with US soybean foreign material content set at 1 percent at the "as-is" moisture content
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of 11.10 percent. This foreign material content was the maximum practicable improvement
possible for US soybean exports (Uniformity 2000 Conference). The results from the baseline
model and scenarios generated by changing US soybean protein and oil content, while foreign
material content of US soybeans was set at 1 percent, are shown in Tables V.5, V.6, and V.7.
Scenario A in these tables was the baseline model. The new characteristic levels for three
additional scenarios are noted in each table. In Table V.5 the oilseed trade volume and market
share results are presented. Scenario A of Table V.5, the baseline model results, is a repeat of
Table V.4, Scenario 0. In Table V.6 the shadow prices for oilseeds and oilseed products are

presented. In Table V.7 the shadow prices for oilseed attributes are presented.

Scenario A

The baseline model results, Scenario A, indicated a ranking of oilseeds and products with
an additional unit of soyoil imports from Brazil associated with an objective function increase
of $250. An additional unit of imported palm oil would increase the objective function by the
relatively smaller amount of $16. Based on these shadow prices an increase in imports of
vegetable oil would most likely be palm oil. For the imports of soymeal from China, Brazil,
and the US the corresponding shadow prices were -$83, -$64, and -$24. Because an additional
unit of soymeal from the US was associated with the smallest reduction in the objective function
value, the US would not be expected to be the preferred source of soymeal imports.

Of the oilseeds, Brazilian soybean supply was the only binding constraint in all scenarios
reported. At the margin, an additional unit of Brazilian soybeans would result in a savings of
$37. The implicit price of US soybeans and Canadian rapeseed was zero which indicates that

the processors would not derive economic gain from relaxing either constraint. An additional
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Table V.5. Analysis of Intrinsic Attributes of 1988 US Soybean Imports by Japan, Assuming
1 percent Foreign Material Content
S CENARTIO
A B C D
BASE FM: FM. F.M.
MODEL Protein Protein Protein
*ag-is” oil oir oir
CHARACTERISTIC "
(Percent)
Moisture 11.10 11.10 11.10 11.10
F.M.? 2.40 1.00 1.00 1.00
Protein 35.88 37.06 37.06 35.88
0il 19.22 20.71 22.22 22.22
MODEL IMPORTS
(Million Metric Tons)
Rapeseed 1.6521 1.5822 1.4566 1.3942
Soybeans - US 3.5180 3.3778 3.4254 3.5629
Soybeans - BZ .6482 .6482 .6482 .6482
TOTAL 5.8183 5.6082 5.5302 5.6053
MARKET SHARE
(Percent)
Rapeseed 28.40 28.21 26.34 24.87
Soybeans - US 60.46 60.23 61.94 63.57
Soybeans - BZ 11.14 11.56 11.72 11.56
TOTAL 100.00 100.00 100.00 100.00 _l

1

2 F.M. - Foreign Material.

3 US soybean exports’ oil content changed to surpass Brazilian exports by "as-is" difference.
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Table V.6.

Material Content (Dollars per Metric Ton)

Shadow Prices for Oilseeds and Oilseed Products from Analysis of Intrinsic
Attributes of 1988 US Soybean Imports by Japan, Assuming 1 percent Foreign

1

S CENARTIDO
A B C D
BASE FM. FM. FM.
MODEL Protein Protein Protein
1 "as-is” 0il oil* oil®
" CHARACTERISTIC

(Percent)

Moisture 11.10 11.10 11.10 11.10
F.M.? 2.40 1.00 1.00 1.00
Protein 35.88 37.06 37.06 35.88

0il 19.22 20.71 22.22 22.22
OILSEEDS and OILSEED PRODUCTS!
Rapeseed 0 0 0 0
Soybeans - US* 0 0 0 0
Soybeans - BZ* -37.12 -14.63 -6.11 -14.02
Palm Oil -15.68 -34.33 -41.40 -34.84
Soyoil - US*

Soyoil - BZ 250.31 231.66 224.59 231.15
Soymeal - CH* -82.93 -50.18 -37.76 -49.28
Soymeal - BZ -63.76 -31.00 -18.58 -30.10
Soymeal - US -24.42 8.52 21.02 9.43

= =

new moisture basis, F = characteristic at old moisture basis, and Old = old moisture basis.

2 F.M. - Foreign Material.

3

‘ Price/metric ton for oilseeds and oilseed products (1988): rapeseed - $298; US soybeans - $294; Brazilian soybeans -

Characteristics are converted to alternate moisture basis as follows: ((100 - New) * (F))/(100 - Old), where New =

US soybean exports’ oil content changed to surpass Brazilian exports by "as-is” difference.

$344; palm oil - $468; Brazilian soyoil - $601; Chinese soymeal - $248; Brazilian soymeal - $268; US soymeal - $309.

s US - United States; BZ - Brazil; CH - China.

[

invalid for economic interpretation.
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Table V.7. Shadow Prices for Oilseed Attributes from Analysis of Intrinsic Attributes of
1988 US Soybean Imports by Japan, Assuming 1 percent Foreign Material
Content (Dollars per Percent)

" S CENARTIO ]
A B C D
Us US CHARACTERISTICS CHANGED TO EQUIVALENT'
BASE FM:2 F.M. FM.
MODEL Protein Protein Protein
L- _ "as-is" __ Oil oiP oit* “
CHARACTERISTIC
(Percent)
Moisture 11.10 11.10 11.10 11.10
F.M.? 2.40 1.00 1.00 1.00
Protein 35.88 37.06 37.06 35.88
0il 19.22 20.71 22.22 22.22

OILSEEDS ATTRIBUTE SHADOW PRICES

1. Foreign Material Content

Rapeseed -3.06 -3.06 -3.06 -3.06
Soybeans - US* -3.70 -3.65 -3.65 -3.65
Soybeans - BZ* -3.87 -3.65 -3.56 -3.64

2. Protein Content

Rapeseed -3.89 -3.50 -3.36 -3.50
Soybeans - US -6.59 -5.94 -5.69 -5.92
Soybeans - BZ -6.59 -5.94 -5.69 -5.92

3. 0Oil Content

Rapeseed -4.84 -5.02 5.09 5.03
Soybeans - US -4.84 -5.02 5.09 5.03
Soybeans - BZ 4.84 -5.02 5.09 5.03

! Characteristics are converted to alternate moisture basis as follows: ((100 - New) * (F))/(100 - Old), where New =

new moisture basis, F = characteristic at old moisture basis, and Old = old moisture basis.

2 F.M. - Foreign Material.

3 US soybean exports’ oil content changed to surpass Brazilian exports by "as-is™ difference.
‘ US - United States; BZ - Brazil.
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unit of US soybeans or Canadian rapeseed would both have a neutral effect on the objective
function value.

The derivation of implicit prices for oilseed characteristics was critical to the
understanding of oilseed competition in Japan. The shadow prices for soybeans and rapeseed
characteristics were different (Table V.7, Scenario A). The implicit price for oil content was
the same at -$4.84/percent for the three oilseeds. The implied economic value of an additional
unit of protein was -$6.59/percent for US and Brazilian soybeans, and -$3.89/percent for protein
in rapeseed. The implied economic value of foreign material content was -$3.06 for rapeseed,
-$3.70 for US soybeans, and -$3.87 for Brazilian soybeans. On an economic value basis protein
meal was most important from soybeans at -$6.59/percent, and oil content was most important

for rapeseed (-$4.84/percent).

Scenario B

In Scenario B, in addition to reducing US soybean foreign material content to 1 percent,
protein and oil content of US soybeans were set equivalent to Brazilian soybean import levels.
This represented an overall improvement in the attribute composition of US soybeans. Changing
US soybean attribute levels, while holding the attributes of competing oilseeds constant, resulted
in a decrease in total oilseed imports from 5.8 to 5.6 million metric tons (Table V.5). The
decrease was explained by a 4 percent reduction in US soybean imports from the baseline model
level of 3.52 million metric tons and a similar percentage decrease in rapeseed imports from the
base model level of 1.65 million metric tons. The oilseed market shares were essentially

unchanged.
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The most notable difference in the results of Scenario B, with respect to competitive
position, was that the implicit price of Brazilian soybeans was reduced from the baseline model
cost of $37 by 61 percent to $15 (Table V.6). Zero implicit prices for US soybeans and
Canadian rapeseed indicate that Japanese oilseed importers would not be willing to pay for an
additional unit of either oilseed because there was excess supply available. In addition, the
economic value of an additional unit of US soymeal changes from being associated with a
savings of $24 (baseline model) to costing $8. Chinese and Brazilian soymeal imports
corresponded to reduced savings levels of $50 and $31, respectively. The marginal price for
an additional unit of Brazilian soyoil continues to be the highest of all imports, but at the
reduced amount of $232 compared to $250 in the baseline model. The implicit price for palm
oil more than doubled which indicated an increase in the importance of those imports for the
given demand for vegetable oil.

Adjusting the attribute composition of US soybeans to reflect attributes that appeared to
have greater value in the market resulted in an increased implicit price for US soybeans
associated with oil. The implicit price for vegetable oil increased from -$4.84 in the baseline
model to -$5.02 per percent (Table V.7). The implicit price for protein meal in soybeans
decreased from the baseline model -$6.59 to -$5.94 per percent, and in rapeseed from -$3.89
to -$3.50 per percent. Foreign material content implicit price for rapeseed was unchanged.
While foreign material content implicit prices in US and Brazilian soybeans decreased to -$3.65
per percent from -$3.70, the implicit prices for rapeseed foreign material content was constant
at -$3.06 per percent. Soybeans were no longer differentiated on the basis of characteristics’
economic value at the margin these differences have been eliminated through parametric changes

of US soybean levels of foreign material, protein, and oil content.
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Scenario C

Improving US soybean oil content to surpass that of Brazilian soybeans by the dry basis
difference, while the protein contents of Brazilian and US soybeans were equivalent, meant that
US soybeans would process to more vegetable oil than Brazilian soybeans. The improved
characteristic prloﬁlel of US soybeans resulted in a reduction in the import level of US soybeans
from 3.52 to 3.42 million metric tons (Table V.5). At this lower import level, US soybeans’
competitive position improved as its market share increased from 60.46 to 61.94 percent. This
occurred in spite of the reduction in the trade level because rapeseed imports declined by 5.34
percent to 1.46 million metric tons and total oilseed imports contracted by 4.95 percent to 5.53
million metric tons.

The 90,000 thousand metric ton loss in US soybean trade does not have to directly
translate to a loss in export income. The imports of US soybeans at the reduced level of 3.42
million metric tons can earn the same export income as the baseline model exports of 3.52
million metric tons of $1.03 billion, if the reduced export volume was sold at $301.49 per metric
ton. It is reasonable to expect that US soybeans with improved oil conte could be sold at the
higher price in the Japanese market. At $301.49 per metric ton, US soybeans would continue
to be price competitive with Brazilian soybeans. The 1988 price for Brazilian soybeans was
$344.45 per metric ton.

The supply constraints’ shadow prices (Table V.6) that resulted from model estimation
under this Scenario showed a continuation of the trends described with reference to Scenario B.
the implicit price of an additional unit of Brazilian soybeans was reduced to $6 from $37 in

Scenario A, baseline model. The implicit price of $6 was closer to the implicit price of zero for

! Characteristic profile is defined as the foreign material, oil and protein contents of an oilseed.
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US soybeans and Canadian rapeseed and implies that the sources of oils are more really
equivalent. The greater implicit price for palm oil of $41 than for Chinese soymeal, $38,
highlights the greater relative importance of vegetable oil to the Japanese market. Derived
implicit prices for Brazilian soyoil ($225) and US soymeal ($21) continued to indicate that an
additional unit of either would increase costs to the importer.

The implied economic value of an additional percent of oil in the oilseeds increased to -
$5.09 from -$4.84 in the baseline model (Table V.7). The marginal implicit prices for a percent
increase in protein in soybeans was -$5.69 and for rapeseed was -$3.36. These marginal implicit
prices represented a decrease from the baseline model prices of -$6.59 for soybeans and -$3.89
for rapeseed. The implicit price at the margin for a further percent reduction of foreign material
was -$3.06. This was consistent with the characteristics’ marginal implicit price in Scenarios
A and B. For a one percent decrease in foreign material in US soybeans the implicit price was
-$3.65 and for Brazilian soybeans it was -$3.56.

Similar to Scenario B, the marginal implicit prices for protein and oil contents were the
same for both US and Brazilian soybeans and were differentiated by the foreign material content.
The marginal implicit price for foreign material content in US soybeans (-$3.65) compared to
Brazilian soybeans (-$3.56) means that at the margin, increasing imports of US soybeans would
reduce the total cost by a larger amount than increasing imports of Brazilian soybeans.
Improved oil content would make US soybeans a more desirable and, consequently, more

competitive commodity in the Japanese market.
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Scenario D

In Scenario D, US soybean characteristics were parametrically changed to a high oil
content (22.22 percent®) and low protein content (35.88 percent®) to simulate US soybeans that
would be closest to rapeseed oil/protein ratio. The optimal solutions from parametric changes
of US soybeans showed that improvement in competitive stature came in conjunction with a
reduction in rapeseed imports. With few exceptions, optimal solutions have consistently included
all Brazilian soybeans available to the Japanese market. The analysis of the previous optimal
solutions indicates that while Brazilian soybeans were the primary competing oilseed with US
soybeans, Canadian rapeseed were playing a role in the erosion of US oilseed market share.
Canadian rapeseed and US soybeans were price competitive on and end-use basis in the Japanese
market. The difference between the two oilseeds was that rapeseed were intrinsically
characterized by higher oil content than soybeans.

The optimal solution in Scenario D was the largest increase in import volume of US
soybeans when 1 percent foreign material was allowed as the maximum reasonable improvement
for US exports. Since rapeseed and total oilseed imports decreased and Brazilian soybean
imports were unchanged the increase from 3.52 to 3.56 million metric tons of US soybean
imports corresponded to a 4 percent increase in market share from the baseline model percentage
of 60.46 (Table V.5).

Shadow prices derived from constrained supplied in Scenario D were similar to those
of Scenario B. The difference between Scenario D and Scenario C results was that the implied

economic value of palm oil imports was $35 when in Scenario C it was $41 and Chinese

At 11.10 percent moisture content.
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soymeal implicit price was $49 when it was $38 in Scenario C, thus indicating a reversal of
economic importance of palm oil and Chinese soymeal imports at the margin.

In this final scenario, Scenario D, the oilseed attribute shadow price results were very
similar to those of Scenario B. However, the marginal implicit prices for US soybeans of -$3.65
and Brazilian soybeans of -$3.64 indicated a reduced advantage for US soybeans when compared
to their marginal implicit prices in Scenario C. In Scenario C, the shadow price for US
soybeans was also -$3.65 but the Brazilian soybeans shadow price was -$3.56. The -$0.09
difference in Scenario C indicates greater competitive advantage for US soybeans than the -$0.01

difference in Scenario D.

V.1.3. Discussion of Foreign Material, and Intrinsic Characteristics Analysis

The US loss of market share in the Japanese market has also meant a decrease in the
soybean trade volume. The price of US soybeans in the Japanese market has not increased to
compensate for the lost export income associated with decreased trade level. Brazilian soybeans
directly compete with US soybeans and US soybeans have consistently been price competitive
with Brazilian soybeans. While US farmers would like to halt the erosion of market share and
corresponding loss of export income by increasing trade volume, in an increasingly competitive
oilseed market such as Japan, increasing US soybean exports with characteristics "as-is" would
be difficult. Lost export income could be recovered from exporting the current volume of
soybeans that command a higher price. The possibility of soybeans commanding a higher price
in the Japanese market is realistic as shown by the price for Brazilian soybeans.

In this study, market share dominates in importance over the level of trade in US

soybeans because the primary concern was the loss of export income associated with the loss of
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US soybean competitiveness in the Japanese oilseed market. Japanese oilseed processors can
purchase oilseeds that process to a ratio of oil to protein similar to the products’ demand. The
competing oilseeds, Brazilian soybeans and Canadian rapeseed, were available at competitive
prices and, in the case of rapeseed, in the volumes that compete with US soybeans. The
parametric analyses showed that Japanese importers were differentiating between US and
Brazilian soybeans on the basis of characteristics.

The parametric analyses of attributes of US soybeans demonstrated that attempts at
regaining market share in the Japanese oilseed market should be characterized by reduction in
foreign material and increasing the composite intrinsic attributes of protein and oil content, to
surpass that of Brazilian soybeans. The intrinsic attribute improvement that corresponded to a
significant increase in market share was oil content. Brazilian soybean market share was
primarily unaffected by an increase in US soybean oil content. However, imports of Canadian
rapeseed appeared to be sensitive to such improvements. When US soybean oil content was
increased by 3 percent, market share for rapeseed decreased by 2 percent (Table V.5,
Scenario C).

The supply constraints’ shadow prices indicated the derived implicit price of an
additional metric ton of each oilseed and oilseed product. These prices provided insight into the
relative importance of oilseeds and products at the margin and between the separate groupings
of oilseeds, vegetable oils, and protein meal. Analysis of the competitive relationship between
US and Brazilian soybeans indicated that even a reduction in foreign material content to 1
percent in US exports resulted in the lowest implicit prices of all scenarios. The implicit price

at the margin for Brazilian soybeans was $6.11, and for US soybeans was zero. Across the
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various scenarios, the supply constraints for US soybeans and Canadian rapeseed were non-
binding and therefore associated with implicit prices of zero.

The analysis of shadow prices from the model optimal solution after parametric changes
to characteristics of US soybeans pointed to the requirement for US soybeans to be characterized
by foreign material content of 1 percent, protein content of 37.06 percent, and oil content of
22.22 percent, in order to improve market share (Scenario C). This profile of US soybean
exports meant a 1.48 percent increase in US market share over the baseline 60.46 percent. With
these characteristics, Brazilian soybean supply constraint shadow price was most reduced and
closest to that for US soybean supply. In addition, there was the greatest difference from
competing Brazilian soybeans and Canadian rapeseed in characteristic marginal implicit prices
at this profile of US soybeans. Though the market share improvement corresponded to a
reduction in trade of 3 percent to 3.42 million metric tons from the baseline level of 3.52,
income loss could be compensated through a 3 percent increase in the price of US soybeans from
$293.52 to $301.49 per metric ton.

In addition to evaluating the influence of attributes of US soybean exports on their
competitive position in the Japanese market, Japanese trade policy may also be affecting the

import choices that oilseed processors make.

V.2. Trade Analysis

The trade policy that directly affects Japanese trade in the oilseed complex was the
import tariff on vegetable oil imports from developed countries. To consider the affect of the
17 yen/kilogram tariff on vegetable oil imports from the US and Brazil on the Japanese oilseed

market, the model was re-estimated for 1988 with US and Brazilian soybean oil price coefficients
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reduced by the elimination of the tariff. When the tariff was eliminated, the oilseed product
supply constraints were changed back to the general model specification. This meant that the
mathematical operator was less-than-or-equal-to and that the righthand-side levels were
determined by the factors that would determine product exports from the respective countries.
Vegetable oil import supplies comprised of palm oil exports from Malaysia and Indonesia, and
soybean oil exports from the US and Brazil. Protein meal import supplies were determined by
US and Brazilian soymeal exports and China’s soymeal exports calculated by subtracting
domestic utilization from total production. In general, increased oilseed product availability was
what would have been expected to occur should the trade barrier be removed.

The results of model estimations to consider the impact of the Japanese vegetable oil
tariff on oilseed import are shown in Tables V.8 through V.11. The mathematical operator for
all supply constraints, SUPPLY from the general model, was less-than-or-equal-to. The
information noted in these tables for the nine oilseeds and products of the Japanese oilseed
complex market are: the price per metric ton, actual import levels, available supply, model
solution, and model solution as a percent of actual imports. In Tables V.8 and V.10 the price
of soyoil imports from the US and Brazil at $768.01 and $733.84 per metric ton, includes the
tariff. However, in Table V.8 the available supply of vegetable oil and protein meal imports
was set equal to actual product imports; and in Table V.10 the equality constraint was relaxed
and righthand-side was determined as described in the general model. In Tables V.9 and V.11
the soyoil price coefficients at $635.35 and $601.19, excluded the tariff. The difference between
these two models was the same as that in models estimated for Tables V.8 and V.10. The
supply constraints were set at actual levels for the model outlined in Table V.9 and the

constraints were relaxed in the model outlined in Table V.11.
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To satisfy the demand for vegetable oil and protein meal, the optimal solution for the
model described in Table V.8 selected all vegetable oil imports from the available supply of
palm oil, oilseeds in amounts similar to actual imports, and the actual levels of protein meal
imports. Under expanded supply conditions with the soyoil tariff removed (Table V.9),
vegetable oil and protein meal demand were satisfied with palm oil, Chinese soymeal, and
Brazilian soymeal imports. The selected amounts of these three products significantly exceeded
actual imports. The removal of the tariff placed Japanese processed vegetable oil in competition
with vegetable oil imports. With both vegetable oil and protein meal imports at a price
advantage over domestically processed oilseed products, the demand for oilseeds by the Japanese
oilseed processing firms was reduced to zero. This solution suggested that the oilseed processing
industry would be non-competitive economically if the vegetable oil tariff was reduced, unless
processing costs could be reduced to bring domestic prices down to a competitive level.

Though a reduction of oilseed imports would be expected when the tariff was removed,
the total elimination of oilseed imports may be significantly influenced by the dramatic increase
in the availability of oilseed products (Table V.10 and V.11, column 4). In the non-tariff model,
the total available supply of vegetable o0il was twenty-seven times the restricted supply in the
non-trade model. Protein meal availability was increased ten times over the supply n the non-
trade model. The expanded availability of oilseed products distorts the model of the Japanese
oilseed market because the increased quantity of imports would be expected to correspond with
a reduction in the trade price. The similar results for the non-tariff and tariff models imply that
there was not a unique relationship between the vegetable oil price and the available supply to

the Japanese market.
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V.2.1. Summary of Trade Analysis

Economic theory suggests that the level of a tariff would effectively protect the Japanese
produced vegetable oil from competition with imported vegetable oils. Though the elimination
of the trade barrier and the opening of the Japanese vegetable oil market could reasonably be
expected to translate to increased imports of vegetable oil from previously disadvantaged
sources, the model optimization results of trade analysis were ambiguous. The design of the
model developed in this study limits its’ capability to answer the question of the impact of tariff
on soyoil imports because it assumes that the soyoil supply response to changes in the Japanese
tariff structure would be immediate. While an initial increase could be expected, only over time

would supply flows change in response to tariff changes.

Chapter V: Model Optimal Solutions Under Various Scenarios 113



Chapter VI: Summary and Conclusions

VI.1. Summary

The US has lost market share in the Japanese soybean import market over the study
period, 1970 - 1989. At the beginning of the study period imports of US soybeans accounted
for just over 90 percent of soybean imports by Japan. In comparison, US soybeans accounted
for a record low of only 75 percent of total soybean imports in 1989. The objectives of the
study were (1) to evaluate the impact of intrinsic characteristics and foreign material content of
US soybean exports on the level of US soybeans imported by Japan, and the US competitive
position, measured by market share; and (2) evaluate the impact of policy instruments, such as
import tariffs, that affect oilseeds and oilseed product availability to the Japanese market.

Japanese produced soybeans was utilized in the food-use market. The end-products from
processing oilseeds was vegetable oil and protein meal. Vegetable oil was demanded primarily
for human consumption. Protein meal was demanded for used in poultry and livestock feed
rations. The competing oilseeds in the import dependent feed-use market were soybeans from

Brazil and rapeseed from Canada (canola). The Japanese demand for vegetable oil and protein
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meal may be satisfied from domestic processing of the imported oilseeds or direct imports of the
processed products. In the 1980’s, particularly in the post-1985 period, rapeseed meal became
increasingly competitive for soybean meal as a protein ingredient in feed rations primarily
because meal from the 'new’ rapeseed varieties was low in glucosinolates. Higher levels of this
amino acid in previous varieties of rapeseed caused the meal to sharp tasting, detracted from the
nutritive value of meal and could cause serious growth and reproduction problems for animals
that consumed it (McGregor). Additionally, in the post-1985 period there was a marked increase
in soymeal from China as a result of a barter agreement between a Japanese electric appliance
company and China. The Japanese have consistently maintained a tariff throughout the study
period for vegetable oil imports that primarily originate outside the Pacific Rim region. The
17 Yen/kilogram tariff on soyoil imports from the US and Brazil was of particular significance
in the post-1985 period. These factors are highlighted because they impact on the substitutes
for Japanese processed vegetable oil and protein meal.

The expansion of US soybean exports corresponds to increased production that was
related to policy instruments for other crops. For example in the 1970’s, the high target price
for wheat encouraged expansion of wheat production. Since soybeans could be double-cropped
with wheat in the Southeast and Delta regions, additional soybean production resulted as farmers
maximized land usage to capture returns from both the high wheat target price and higher
soybean market prices. More recently, commodity programs for wheat and corn restricted the
expansion of soybean production because utilizing 1and removed from wheat and corn production
for full-season soybean production would result in exclusion of that land from commodity

program historical base.
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The overall increase in US soybean export supplies were met by increasing export
supplies from Brazil to the Japanese market. Key to the expanded soybean production in the US
and other countries was the failure of the anchovy crop in the early 1970°s. The crop failure
meant that animal feed producers demanded an alternate source of protein meal for feed
preparations. The increased supplies of Brazilian soybeans correspond to expanded production
in Brazil. Brazilian soybean production increased as a side-effect from the Brazilian policy of
self-sufficiency in wheat production. Soybeans were double-cropped with wheat and benefitted
from the investment in infrastructure, such as roads, for the wheat crop. As Brazil’s balance
of payments deteriorated, exporting soybeans became increasingly attractive because they were
sold for foreign exchange. Supplies of the ‘new’ variety of rapeseed from Canada, canola, have
also increased over the study period.

Japan ranks second to the group of countries that comprise the European Economic
Community (EEC) as an importer of US soybeans. While both markets have shown a decrease
in demand for US soybeans, the cause differs in each market. In the EEC, soybean imports
from all sources have effectively been placed at a price disadvantage by subsidies to EEC oilseed
producers. The EEC under the subsidy program can produce oilseeds to satisfy the demand of
their oilseed processing industry. In comparison, Japan does not have the land resource to
produce feed-use oilseeds in volume to satisfy domestic demand. Therefore in order to satisfy
the Japanese demand for the joint products from processing oilseeds of vegetable oil and protein
meal, oilseed imports must be price and end-product competitive.

Export shipment data for both competing oilseeds, Brazilian soybeans and Canadian
rapeseed, include percentage foreign material and intrinsic attributes, particularly oil content.

Neither US soybean grades or standards include protein and oil attributes. In addition, all
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oilseed imports were tested for various characteristics at the port upon arrival in Japan.
Attribute data for oilseed imports was available monthly from the Japanese Oilseed Processors’
Association. Therefore, attribute information may be included in import decisions and may be
a component of the trade price.

Previous empirical studies that analyzed the demand for US soybean exports covering
the 1948 to 1985 period used econometric methods. Over this time period the construct of the
various models to reflect the increase importance of factors such as exchange rates and increased
soybean production in Brazil, and in the most recent study, the price of rapeseed. The short-
term export demand elasticities for the studies reviewed ranged from the relatively elastic
response of -2.00 to an inelastic response of -0.14, though most elasticities were in the -0.2 and
-0.6 range. These elasticities pertain to pre-1985.

Hurburgh and Brumm have outlined a method of calculating the economic value with
quality factors. The Estimated Process Value (EPV) of a bushel of soybeans was calculated
based on mass balance!. With the introduction of whole-grain near-infrared transmittance (NIT)
and near infrared reflectance (NIR) analyzers, intrinsic characteristics of oilseeds could be
measured more cost effectively. The EPVB (EPV per bushel) could be calculated with this data
in combination with prices for oilseed products.

The two part descriptive study published by the Office of Technology Assessment (OTA)
included both US and Brazilian soybean grades and standards. While the majority of US
soybean exports were US Grade 3, the Brazilian soybean exports were "Export Quality’ which
was based on a combination of the four grades established by the non-governmental/industry

trade agency CONCEX (Conselho Nacional do Comercio Exterior). The basic differences

! Mass balance pertains to a complete accounting of both the amount and quality (protein content) of meal

and oil of soybeans.
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between US and Brazilian soybean exports from the grades and standards standpoint occur in
permitted levels of foreign material (3 percent for US soybeans and 1 percent for Brazilian
soybeans), and the fact that Brazilian soybean exports were analyzed for quality factors, such
as oil, before shipment. There was a space on the export certificate for Brazilian soybeans for
the notation of the oil content of the shipment. In addition, where contracts for US soybean
exports were based on origin weights and grades, payment on Brazilian export contracts was
based on destination quality (OTA).

The theoretical considerations in this study were agricultural marketing theory -
macro-pricing efficiency and theory of derived demand; and trade and production theory -
exchange rates and trade and, trade policy and input choice. Macro-pricing efficiency was
relevant to this study because it links grades and standards, product differentiation, and
transmission of information across the marketing chain through price. In the import dependent
Japanese oilseed market the theory of derived demand was not only relevant but had implications
for trade because the derived demand for soybeans, for example, is equal to the excess demand.
Therefore, any changes in the demand for either Japanese processed soyoil and soymeal directly
influences the quantity of soybeans for which Japan would be willing to trade. The influence
of the depreciation of the Japanese yen/US dollar exchange rate over the study period
theoretically would be expected to result in expanded trade between the US and Brazil. The
effect of changes in the exchange rate and its impact on trade was traced from a 1:1 exchange
rate between Japanese yen and US dollars, to an appreciation of the exchange rate, to a
depreciation of the exchange rate. Trade policy and input choice theory was included to provide
a basis for analysis of the difference in characteristics between US and Brazilian soybeans and

the ratio of processed oilseed products, given commodity prices, processing capacity, and
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consumer demand for Japanese processed vegetable oil and protein meal. The analysis was
shown for both closed market and open market scenarios. Finally, the cost minimizing choice
of oilseed inputs was analyzed in two-dimension output space.

On this theory base and Japanese oilseed market information the general model was
developed. Mathematical programming was employed to model the Japanese oilseed complex?
market. US soybean intrinsic characteristics appeared to be a major factor in market share
decline in only the last four or five years. With econometric methods, one would need 20 years
of data, and it would have been difficult to "discover” the impact of intrinsic characteristics with
only four or five observations. In addition to the minimum data requirements, mathematical
programming techniques facilitated the conversion with the model of oilseeds to the processed
end-products of protein and oil. The factors for the conversion of oilseeds to end-products were
the respective percentage content of protein, oil, and foreign matter.

The inclusion of attributes of the oilseeds, afforded by the mathematical programming
methodology, additionally permits the extraction of the implicit price for each attribute. Though
an explicit price was not associated with the attributes, the shadow price that corresponds to the
transfer rows indicates the value at the margin of each attribute. In the static constrained cost
minimization algorithm, this shadow price represents the marginal implicit price for an additional
unit of the attribute. The comparison of oilseed characteristics on an implicit price basis
indicates the ranking of the attributes for each oilseed. Through the comparison of implicit
price-based ranking of oilseed attributes, factors of non-price differentiation and competition

were shown.

2 Oilseed complex consists of oilseed and the processed products of vegetable oil and protein meal.
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Within the mathematical programming framework, the linkage between US soybean’
characteristics and trade volume and market share was analyzed under demand for protein and
oil, and oilseed supply condition. Specifically, the conversion factors for US soybeans were
changed and the model solved for the correspond US soybean imports and total oilseed imports.
Thus, US market share and competitive position relative to Brazilian soybeans for distinct US
soybean characteristics was determined.

Competitiveness is a relative, as opposed to an absolute idea and was measured by
market share. The three ways that increases in market share can occur is (1) if imports of US
soybeans remains constant and total oilseed imports contract; (2) if there is an increase in
imports of US soybeans while total oilseed imports were constant; or (3) if the percentage
decrease in US soybean imports is less than the percentage decrease in total oilseed imports.
The opposite movement in imports of US soybeans and total oilseed imports would have to occur
for a decrease in market share.

The US loss of market share in the Japanese market has also meant a decrease in the
soybean trade volume. The price of US soybeans in the Japanese market has not increased to
compensate for the lost export income associated with decreased trade level. Brazilian soybeans
directly compete with US soybeans and US soybeans have consistently been price competitive
with Brazilian soybeans. While US farmers would like to halt the erosion of market share and
corresponding loss of export income by increasing trade volume, in an increasingly competitive
oilseed market such as Japan increasing US soybean exports with characteristics "as-is" would
be difficult. Lost export income can be recovered from exporting the current volume of
soybeans that can command a higher price. The possibility of soybeans commanding a higher

price in the Japanese market was realistic as shown by the price for Brazilian soybeans.
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In this study, market share dominates in importance over the level of trade in US
soybeans because the primary concern was the loss of export income associated with the loss of
US soybean competitiveness in the Japanese oilseed market. Japanese oilseed processors can
purchase oilseeds that process to a ratio of oil to protein similar to the products’ demand. The
competing oilseeds, Brazilian soybeans and Canadian rapeseed, were available at competitive
prices and, in the case of rapeseed, in the volumes that compete with US soybeans.

The influence of non-price factors on market flows/market share was evaluated by
parametrically changing the coefficients on the attributes for US soybean exports to Japan in the
model for 1988. The results for parametric changes of US moisture content were excluded
because other attributes were directly linked to the moisture content. Therefore, though a
change in moisture content causes a numerical change for other attributes, a real change in
attributes does not occur and the differences between oilseeds was maintained. Additionally, the
dry basis comparison of US and Brazilian soybeans allowed the focussing on attributes that affect
the amount of protein meal and vegetable oil when oilseeds were processed.

On a dry basis in 1988 US soybeans were characterized by foreign material content of
2.7 percent, protein content of 40.4 percent, and oil content of 21.6 percent. In the same year
Brazilian soybeans were characterized by 1.5 percent foreign material, 41.7 percent protein, and
23.3 percent oil content. Correspondingly, in the Japanese market, US soybeans were priced
$50 less, per metric ton than Brazilian soybeans, while rapeseed was $298 per metric ton.

The model was run using 1987 and 1988 data because these were the last years for
which all data required by the model was available. The purpose of running the model for more
than one year was to check its ability to simulate actual trade flows. Comparing the 1988 model

solution to the available supply of oilseed, the optimum solution represented 96 percent of the
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1.73 million metric tons of rapeseed available from Canada, 54 percent of the 6.53 million
metric tons of US soybeans available, and all .65 million metric tons of soybeans available from
Brazil. Overall the model solution accounted for 99 percent of actual total oilseeds imported in
1988. Rapeseed and Brazilian soybean imports were minimally overstated while US soybean
imports were equally understated. Market share allocation of the model solution was similar to
that of actual imports of 1988. The model similarly replicated actual total oilseed imports for
1987 by selecting oilseeds of just over 107 percent of total imports.

In comparison, soybean imports from Brazil were overstated by 33 percent. On a dry
matter basis where the foreign material content of US soybeans exceeded that of Brazil in 1988
by 2.2 percent, in 1987 the difference was 0.5 percent. Similarly, the protein content difference
in 1987 at 0.2, was greatly reduced from the 1.3 percent of 1988. The oil content difference
of the 1987 soybean imports was 0.2 percent lower than the 1.7 percent of 1988. With the
reduced characteristic differences between US and Brazilian soybeans, the price difference was
also diminished. In 1988, Japanese soybean imports from Brazil cost $50 more than the $294
per metric ton for imports from the US. Soybean imports from Brazil in 1987 at were only $2
greater than the metric ton price for soybean imports from the US, $228 versus $226,
respectively.

In the majority of the years over the study period the spread between US and Brazilian
soybean import price has been greater than that in 1987 and closer to that of 1988. To consider
the importance of characteristic differences in a year that reflects the average in the study period,
1988 was chosen as the baseline year. In addition, in 1988 though US soybeans were at a
substantial price advantage over Brazilian soybeans, there was a significant decline in US market

share.
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The initial parameter change was foreign material content. Since this factor was
explicitly incorporated in soybean grades and standards, policy changes could be more easily
accomplished on this attribute than establishing new standards for oil and/or protein. In the
second scenario, US oil content was adjusted to that of Brazilian soybeans. The third scenario
was based on US protein content was adjusted to the Brazilian equivalent, such that US and
Brazilian soybeans have equivalent attribute levels, and were competitive on the basis of attribute
content. In the final scenario, attribute levels for US and Brazilian soybeans were switched such
that the levels associated with US imports were set at those actually reported for Brazilian
imports, and vice versa. This last scenario was considered to explore the impact of the attribute
advantage of US soybeans relative to competing Brazilian soybeans, and the large volume of US
soybeans available for export to Japan. Technologically, the potential exists for improvement
in composite attributes of US soybeans.

A reduction in allowable foreign material content of 1 percent has been suggested by
industry importers for US soybeans destined for export. It was discussed that this would make
US soybeans more competitive in the world market and halt loss of market share (Uniformity
2000 Conference). To evaluate the influence of the change in US soybean exports, the model
was run with US soybean foreign material content set at 1 percent at the "as-is" moisture content
of 11.10 percent. This foreign material content was the maximum practicable improvement
possible for US soybean exports (Uniformity 2000 Conference). The model was run three times
with US soybean protein and oil content being set equivalent to that of Brazilian soybean
imports, US soybean oil content set to surpass that of Brazilian soybeans by the dry basis

difference while the protein contents of Brazilian and US soybeans were equivalent, and US
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soybeans intrinsic characteristics set at a high oil content (22.22 percent®) and low protein
content (35.88 percent®) to simulate US soybeans that would be closest to rapeseed oil/protein
ratio.

The trade policy that directly affects Japanese trade in the oilseed complex was the
import tariff on vegetable oil imports from developed countries. To consider the affect of the
17 Yen/kilogram tariff on vegetable oil imports from the US and Brazil on the Japanese oilseed
market, the model was re-estimated for 1988 with US and Brazilian soybean oil price coefficients
reduced by the elimination of the tariff. The model was run for 1988 with combinations of tariff
and non-tariff soyoil price coefficients. Supply constraints’ righthand-sides were also changed
in different scenarios from actual imports to the level determined in the general model
specification.

To satisfy the demand for vegetable oil and protein meal, the optimal solution for the
model selected all vegetable oil imports from the available supply of palm oil, oilseeds in
amounts similar to actual imports, and the actual levels of protein meal imports. Under
expanded supply conditions with the soyoil tariff removed, vegetable oil and protein meal
demand were satisfied with palm oil, Chinese soymeal, and Brazilian soymeal imports. The
selected amounts of these three products significantly exceeded actual imports. The removal of
the tariff placed Japanese processed vegetable oil in competition with vegetable oil imports.
With both vegetable oil and protein meal imports at a price advantage over domestically
processed oilseed products, the demand for oilseeds by the Japanese oilseed processing firms was

reduced to zero.

3 At 11.10 moisture content.
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In the non-tariff model, the total available supply of vegetable oil was twenty-seven times
the restricted supply in the non-trade model. Protein meal availability was increased ten times
over the supply in the non-trade model. The expanded availability of oilseed products distorts
the model of the Japanese oilseed market because the increased quantity of iinports would be
expected to correspond with a reduction in the trade price. The similar results for the non-tariff
and tariff models imply that there was not a unique relationship between the vegetable oil price

and the available supply to the Japanese market.

VI.2. Conclusions

The parametric analyses of attributes of US soybeans demonstrated that attempts at
regaining market share in the Japanese oilseed market should be characterized by reduction in
foreign material and increasing the composite intrinsic attributes of protein and oil content, to
surpass that of Brazilian soybeans. The intrinsic attribute improvement that corresponded to
significant increase in market share was oil content. Brazilian soybean market share was
primarily unaffected by an increase in US soybean oil content. However, imports of Canadian
rapeseed appeared to be sensitive to such improvements. When US soybean oil content was
increased by 3 percent, market share for rapeseed decreased by 2 percent.

The supply constraints’ shadow prices indicated the derived implicit price of an
additional metric ton of each oilseed and oilseed product. These prices provide insight into the
relative importance of oilseeds and products at the margin and between the separate groupings
of oilseeds, vegetable oils, and protein meal. Analysis of the competitive relationship between
US and Brazilian soybeans indicated that even a reduction in foreign material content to

1 percent in US exports resulted in the lowest implicit prices of all scenarios.
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The analysis of shadow prices from the model optimal solution after parametric changes
to characteristics of US soybeans pointed to the requirement for US soybeans to be characterized
by foreign material content of 1 percent, protein content of 37.06 percent, and oil content of |
22.22 percent, in order to improve market share. This profile of US soybean exports would
mean a 1.48 percent increase in US market share over the current 60.46 percent. With these
characteristics, Brazilian soybean supply constraint shadow price was most reduced and closest
to that for US soybean supply. Though the market share improvement corresponds to a
reduction in trade of 3 percent to 3.4254 million metric tons from the baseline level of 3.5180,
income loss can potentially be compensated through a 3 percent increase in the price of US
soybeans from $293.52 to $301.49 per metric ton.

Current US soybean grades, through permitting foreign material content to be greater
than competing Brazilian soybean exports, apparently do not provide price signals on the
economic value of foreign material content. The exclusion of oil content from standards means
that the marketing system mechanism fails to indicate the importance of this intrinsic
characteristic. The implication of this is magnified in the Japanese market because oil content
data is included in the export certificates of competing oilseeds. In addition, the Japanese
Oilseed Processors Association have conducted oil content tests of soybean imports since 1972.

The results indicate that abatement of US soybean market share erosion might be achieve
by reducing foreign material content to 1 percent in combination with the mandatory testing and
documentation of the oil content of US soybeans. As agricultural marketing is influenced by
globalization trends and export markets grow in importance as an income source, competition

will increasingly be influenced by factors other than price.
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VI1.2.1. Further Research

In addition to evaluating the influence of attributes of US soybean exports on their
competitive position in the Japanese market, Japanese trade policy may also be affecting the
import choices that oilseed processors make. Though the elimination of the trade barrier and
the opening of the Japanese vegetable oil market could reasonably be expected to translate to
increased imports of vegetable oil from previously disadvantaged sources, the model optimization
results of trade analysis were ambiguous. The design of the model developed in this study limits
its’ capability to answer the question of the impact of tariff on soyoil imports because it assumes
that the soyoil supply response to changes in the Japanese tariff structure would be immediate.
While an initial increase could be expected, only over time would supply flows change in
response to tariff changes. This limitation of the model suggests that further research to
incorporate the dynamics of the link between vegetable oil price and supplies available to the
Japanese market would enhance the usefullness of the model in economic analysis of factors of
competition for US soybeans. In addition inclusion of the dynamic aspects of trade would
provide realistic indications of the impact of the tariff on vegetable oils from developed countries

on US/Japan soybean trade.
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Appendix A: Mathematical Programming

Optimization, the search for the optimum solution to a deterministic system that has its
origins in real life, is one of the four major areas of operational research - the other three being
simulation, risk or stochasticity, and artificial intelligence. Mathematical optimization is defined
as the minimization or maximization of an objective function subject to constraints by choosing
non-negative values as decision making variables (DMV). Constraints are factors which limit
the choices available and therefore, limit values of the decision making variables. The optimal
values for decision making variables are feasible if they satisfy the constraints and are greater
than or equal to zero. Linear programming is a specialized formulation of the generalized
formulation of the mathematical framework. In linear programming a restriction is placed on
the general formulation such that the DMV’s are only raised to the power of one. This means
that the region of feasible solutions, or opportunity set, for the objective function, lies in
Euclidean "2" space, E.

The objective function can be represented by a matrix vector X ,, where X denotes the

decision making variable, and the vector has n rows and 1 column. The transpose of the
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objective function matrix is [X,, X,, X, ..., X,]’. The coefficients of the DMV’s are the
mathematical weights that are to be incorporated in the optimization process. These coefficients

stated in matrix form are a vector C,, where the transpose

I —g' ]
[ Con] .2

c.

. -

The constraints represent resource limits. In this study the processing capacity of the
Japanese oilseed industry limits the volume of oilseeds that may be imported. Constraints are
formulated as equations comprising decision making variables, technical coefficients, and a
righthand-side value representing the greatest or smallest permitted value of the required
resource. The weights of the constraining factors, or technical coefficients indicate the quantity
of the resources used by the particular decision making variable. These coefficients put limits
on the amount of the decision making variable that can be used in determining the optimal

solution. The technical coefficients stated in matrix format is A, where

axl 812 vow aln
[A(mxn)] = ay Ay ee an
Am1 Amo cee s

- -
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The righthand-side values can be stated as a column vector, an mx1 matrix b,

b,
[b(lxm)] = N

Transfer rows, a special type of constraint, are used to link parts of the model and to customize
it so that solving the model yields more information than the optimal values for the decision
making variables. Similar to constraints, transfer rows are comprised of equations of decision
making variables and technical coefficients, however, the righthand-side values, the b,,,, matrix,
are usually zero.

The mathematical representation of the linear programing problem is:

Maximize or Minimize x: F(x) = C ., Xua)

Subject to constraints: Ao Xwy > = < by

where X, >=0

Linear Programming Assumptions

The four major assumptions underlying linear programming are proportionality,
additivity, divisibility, and certainty. Proportionality assumes that the impact of the decision
making variable on the objective function and constraints is directly proportional to the quantity
of the decision making variable in the solution. To get around the limitation of the constant ratio
assumption, one can either use non-linear programming, or separable programming techniques

(a linear programming technique) where bounds are put on the DMV’s to break-up a non-linear
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function into linear portions. Additivity guarantees or requires that the decision making
variables do not interact. The implication is that DMV’s are technically neutral because of the
exclusion of interactive terms. Non-linear programming is the only manner in which this
problem can be resolved. The divisibility assumption states that all decision making variables
are infinitely divisible. This means that the optimal solution is permitted to be non-integer.
Rounding-off non-integer values to integers may be satisfactory, where the values are large.
However, if it is not satisfactory, then integer linear programming, where DMV’s are required
to be integer values is an option. Integer linear programming invariably would not the solution
of choice because the ability to do sensitivity analysis is lost, and there are only binary choices
for the DMV’s. Alternatively, the DMV’s could be broken-down into components with large
and significantly small coefficients, in which case the DMV with the small coefficient could
more easily be rounded off. All parameters are assumed to be known with certainty, non-
stochastic, through the certainty assumption. Parametric sensitivity analysis of the model
solution should be conducted because in real scenarios the assumption of parameter constancy
is not satisfied precisely,. Through sensitivity analysis, parameters that would cause a change
in the optimal solution by a small change in their values can be identified. To incorporate
uncertainty there are the techniques of Chance Constrained Programming (CCP), MOTAD
(Target MOTAD), or non-linear programming, i.e., Quadratic Risk programming. The latter

technique is popular in agricultural economics because it can be tied back to utility theory.

Properties of Solutions to Linear Programming Models

Feasible solutions to a linear programming model is defined as values to DMV’s in the

region of Euclidean "2" space, E2, which satisfy the m constraints for the n decision making

Appendix A: Mathematical Programming 134



variables. In economic terms, an optimal solution is the best combination of inputs to achieve
the firm’s objective of cost minimization or profit maximization. The combination of oilseed
imports that comprise the optimal solution of the model of Japanese oilseed and oilseed product
import flows, presented in this study, is the best combination of oilseeds to satisfy the vegetable
oil and protein meal constraint, given the price of the imports and the attributes characteristics
of the oilseeds from the US, Brazil, and Canada. The three properties of solutions to linear
programming models are: (1) if there is a unique solution to the linear programming problem
then it must be a corner point feasible solution; (2) if there are multiple optimal solutions, then
the objective function becomes tangent to a portion of the feasible region - at least two of the
solutions must be adjacent corner point solutions; and (3) if a corner point feasible solution is

better than the adjacent feasible solution, then it is the optimal solution.

Appendix A: Mathematical Programming 135



1 * MODEL FOR U.S. SOYBEAN TRADE WITH JAPAN

2 * JOYCE A.S. CACHO - MS THESIS/AGRICULTURAL ECONOMICS
3 * VIRGINIA POLYTECHENIC INSTITUTE & STATE UNIVERSITY, MAY 1991
4 * BOTE: KEY FOR SET, PARAMETER, AND VARTABLE NAMES IS PROVIDED AFTER MODEL SPECIFICATION
5

6 SET

7 COMPLEX JAP. OILSEED COMPLEX

8 /PLM-OIL PALM OIL FROM ALL SOURCE

9 SBO-US  SOYBEAN OIL FROM U.S.

10 SBO-BZ  SOYBEAN OIL FROM BRAZIL

11 RPSD RAPESEED FROM CANADA

12 SB-US SOYBEANS FROM U.S.

13 SB-BZ SOYBEANS FROM BRAZIL

14 SM-CHI = SOYBEAN MEAL FROM CHINA

15 SM-BZ SOYBEAN MEAL FROM BRAZIL

16 SM-US SOYBEAN MEAL FROM U.S./;

17

18  SETS

19 T YEARS /Y-1970*Y-1990/

20
21 INQL INTRINSIC QUALITIES /RPSD RAPESEED
22 SB-US  SOYBEANS-US
23 SB-BZ  SOYBEANS-BRAZIL/
24

25 Q QUANTITY IMPORTED
26 /QM-PLM-OIL TOTAL PALM OIL IMPORTS (MT)
27 QM-RPSD RAPESEED IMPORTS FROM CDA. (MT)
28 QM-SB-US SOYBEAN IMPORTS FROM US (MT)
29 QM-SB-BZ SOYBEAN IMPORTS FROM BRZ. (MT)

30 QM-SM-CHI ~ SOYBEAN MEAL IMPORTS FROM CHINA (MT)
31 QM-SM-OTH  SOYBEAN MEAL IMPORTS OTHER SOURCES (MT)/
32

33 RC RAPESEED BLOCK-COLUMN

34 /RPSD QUANTITY RAPESEED IMPORTED

35 R-PC PERCENT PROCESSING CAPACITY COMPONENT
36 R-FM PERCENT FOREIGN MATERIAL IN EXPORTS
37 R-PT PERCENT PROTEIN IN EXPORTS

38 R-OL PERCENT OIL IN EXPORTS/

39

40 RR RAPESEED BLOCK-ROW

41 /R-PC PERCENT PROCESSING CAPACITY COMPONENT
42 R-FM PERCENT FOREIGN MATERIAL IN EXPORTS

43 R-PT PERCENT PROTEIN IN EXPORTS

44 R-OL PERCENT OIL IN EXPORTS/
45

46 UC SOYBEANS~US BLOCK-COLUMN

47 /SBUS QUANTITY SOYBEANS IMPORTED FROM U.S.
48 U-pC PERCENT PROCESSING CAPACITY COMPONENT
49 U-m PERCENT FOREIGN MATERIAL IN IMPORTS
50 U-PT PERCENT PROTEIN IN IMPORTS

51 U-OL PERCENT OIL IN IMPORTS/

52

S3 UR SOYBEANS-US BLOCK-ROW

54 /U-PC PERCENT PROCESSING CAPACITY COMPONENT
55 U-FM  PERCENT FOREIGN MATERIAL IN IMPORTS

56 U-PT  PERCENT PROTEIN IN IMPORTS

57 U-OL  PERCENT OIL IN IMPORTS/

58
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115
116
117
118
119
120
121
122
123
124
125

BC SOYBEANS-BRAZIL BLOCK-COLUMN
/SBBZ QUANTITY SOYBEANS IMPORTED FROM BRAZIL
B-PC PERCENT PROCESSING CAPACITY COMPONENT
B-FM PERCENT FOREIGN MATERIAL IN IMPORTS
B-PT PERCENT PROTEIN IN IMPORTS
B-OL PERCENT OIL IN IMPORTS/

BR SOYBEANS-BRAZIL BLOCK-ROW

/B-PC  PERCENT PROCESSING CAPACITY COMPONENT
B-FM  PERCENT FOREIGN MATERIAL IN IMPORTS
B-PT  PERCENT PROTEIN IN IMPORTS

B-OL  PERCENT OIL IN IMPORTS/

X TOTAL EXPORTS /MLPLMOX TOTAL MALAYSIAN PALM OIL EXPORTS
INPLMOX TOTAL INDONESIAN PALM OIL EXPORTS

USSBOX TOTAL U.S. SOYBEAN OIL EXPORTS
BZSBOX TOTAL BRAZILIAN SOYBEAN OIL EXPORTS
CDRFX TOTAL CANADIAN RAPESEED EXPORTS
USsSBX TOTAL U.S. SOYBEAN EXPORTS

BZSBX BRAZILIAN SOYBEAN EXPORTS

BZSBMX TOTAL BRAZILIAN SOYBEAN MEAL EXPORTS
USSBMX TOTAL U.S. SOYBEAN MEAL EXPORTS/

FRDUT PRODUCTION AND DOMESTIC UTILIZATION
/BZSBP  TOTAL BRAZ. SOYBEAN PRODUCTION
CHSEMP TOTAL CHINESE SOYBEAN MEAL PRODUCTION/

V EDIBLE VEGETABLE OIL /PLMO  PALM OIL
SBO SOYBEAN CIL
RPSDO RAPESEED OIL/

SMR SOYBEAN MEAL BLOCK - ROW /SM-CH
SM-BZ
SM-Us/

SMC SOYBEAN MEAL BLOCK - COLUMN /SM-CH
SM-CH-PT
SM-BZ
SM-BZ-PT
SM-US
SM-US-PT/

SEEDS OILSEEDS AGGREGATE IMPORTS AND CRUSH /RPSD
SOYBNS/

DMD OILSEED PRODUCT DEMARD /FROTEIN
VEGOIL VEGETABLE OIL/

USEOSML  UTILIZATION OILSEED MEALS EXCL. FISH MEAL
/DOMUSE DOMESTIC USE OILSEED MEALS

CONSMEQ  CONSUMPTION SOYMEAL EQUIV. OILSEED MEALS
INDUSE INDUSTRIAL USE OILSEED MEALS

FOODUSE FOOD USE OILSEED MEALS

FDSDWST  FEED SEED AND WASTE OILSEED MEALS
ENDSTCK  ENDING STOCKS OILSEED MEALS/

USEEVO UTILIZATION EDIBLE VEGETABLE QILS
/VoDOM DOMESTIC USE EDIBLE VEG. OILS

VOIND INDUSTRIAL USE EDIBLE VEG. OILS
VOFO0OD FOOD USE EDIBLE VEG. OILS
VOFSW FEED SEED AND WASTE VEG. OILS

VONDSCK  ENDING STOCKS VEG. OILS/

PRICEIMP FRICE OF OILSEED COMPLEX IMPORTS YEN PER MT.
/PLMOTOT AVERAGE FRICE TOTAL PALM OIL IMPORTS
SBOU PRICE SOYBEAN OIL IMPORTS US
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126 SBOZ FRICE SOYBEAN OIL IMPORTS BRAZIL

127 RPSDCDA FRICE RAPESEED IMPORTS CANADA
128 SBU FRICE SOYBEAN IMPORTS US

129 SBZ PRICE SOYBEAN IMPORTS BRAZIL

130 SMCH PRICE SOYMEAL IMPORTS FROM CHINA
131 SMZ PRICE SOYMEAL IMPORTS BRAZIL

132 SMuU PRICE SOYMEAL IMPORTS US/

133

134 MPTS IMPORTS LEVEL OF OILSEED COMPLEX METRIC TONS
135 /MFLMOMAL QUANTITY PALM OIL IMPORTS MALAYSIA

136 MPLMOINS QUANTITY PALM OIL IMPORTS INDONESIA
137 MPLMOTOT QUANTITY PALM OIL IMPORTS TOTAL
138 MSBOU QUANTITY SOYBEAN OIL IMPORTS US
139 MSBOZ QUANTITY SOYBEAN OIL IMPORTS BRAZIL
140 MSBOTOT  QUANTITY SOYBEAN OIL IMPORTS TOTAL
141 MRPSDCDA QUANTITY RAPSEED IMPORTS CANADA
142 MSBU QUANTITY SOYBEAN IMPORTS US

143 MSBZ QUANTITY SOYBEAN IMPORTS BRAZIL
144 MSMCH QUANTITY SOYMEAL IMPORTS CHINA
145 MSMU QUANTITY SOYMEAL IMPORTS US

146 MSMZ QUANTITY SOYMEAL IMPORTS BRAZIL/
147

148 MJRCOLHD ALL COLUMNS IN TABLEAU /PLMO
149 SBO-US

150 SBO-BZ

151 RPSD

152 RPSD-PC

153 RPSD-FM

154 RPSD-PT

155 RPSD-OL

156 SBUS

157 SBUS-PC

158 SBUS-FM

159 SBUS-PT

160 SBUS-OL

161 SBBZ

162 SBEZ-PC

163 SBBZ-FM

164 SBBZ-PT

165 SBBZ-OL

166 SMCH

167 SMCH-PT

168 SMBZ

169 SMBZ-PT

170 SMUS

171 SMUS-PT/
172

173 CONROW ALL TRANSFER ROWS /RPSD-PC

174 RPSD-FM

175 RPSD-PT

176 RPSD-OL

177 SBUS-PC

178 SBUS-FM

179 SBUS-PT

180 SBUS-OL

181 SBBZ-PC

182 SBBZ-FM

183 SBBZ-PT

184 SBBZ-OL

185 SMCH-PT

186 SMBZ-PT

187 SMUS-PT/

188

189 *DATA

190
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191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257

*NITROGEN CONTENT-PER UNIT OF WEIGHT-AS IS-PERCENT

TABLE A(T,INQL)
RPSD

Y-1970
¥-1971
Y-1972
¥-1973
Y-1974
¥-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1950

W W Wwww
nN

SCALAR NITPRO
/6.25/

*MOISTURE CONTENT-PER UNIT OF WEIGHT-AS IS-PERCENT

TABLE B(T,INQL)

Y-1970
Y-1971
Y-1972
Y-1973
Y-1974
¥-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1990

*OIL CONTENT-PER UNIT OF WEIGHT-AS IS~PERCENT

RPSD

8.90
8.38
7.
8
8

35

.03
.31

TABLE C(T,INQL)

Y-1970
¥-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979

RPSD

CONVERSION FACTOR - NITROGEN TO PROTEIN

SB-
12.
12.
12,
12.
11.
11.
11.
10.
12,
11.
11,
11.
12,
12,
11.
12.
12.
12.
11.
10.

SB-
18,
19.
19.
18.
19.
18.
19.
19.
19.
19.
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SB-US
5.88
5.88
5.89
5.81
5.77
5.71
5.71
5.75
5.72
5.79
5.69
5.77
5.74
5.70
5.60
5.68
5.70
5.69
5.74
5.75

Us
28
21
05
84
93
88
45
97
09
39
33
13
16
10
80
48
29
57
10
46

Us
80
05
57
75
13
45
03
49
31
51

SB-BZ

(S IRV BN WV RV NV RV RNV V]
o
-]

w
B
o

L RNV RN RV BT
~
o

SB-BZ

12.13
12.12
11.39
11.78
11.76
11.47
9.36

11.73
11.17

13.17

12.20
12.27
11.93
11.44
12.32

SB-BZ

19.93
20.53
20.39
20.25
20.15
20.36
19.43
19.66
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258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1990

*FOREIGN MATERIAL-PER UNIT

42.31
42.22
42.12
41.59
40.71

TABLE D(T,INQL)

Y-1970
Y-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1990

TABLE PRICE(T,PRICEIMP)

RPSD

.02
.07
.16
.08
92

[ SIS IS N

19.07
19.37
18.81
18.76
19.66
19.20
19.15
18.81
19.22
19.20

SB-US
.61
.95
.28
.83
.78
.88
.74
.84
.93
.90
.06
.28
.02
.28
.47
.39
.35
.60
.40
.35

NNEBNNNNNNNRR BB BN

20.69

19.71

20.35
20.27
20.28
20.60
20.46

SB-BZ

.80
.85
.01
.95
42
.40
30
.03
.50

HOOKRFHFOKEOO

.34
.12
.34
.09

[ e =

OF WEIGHT-AS IS-PERCENT

IMPORT PRICES YEN PER MT

*PLMOTOT = AVERAGE PRICE OF ALL PALM OIL IMPORTS

Y-1970
Y-1971
Y-1972
¥-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
¥-1984
¥-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1990

+
¥-1970
¥-1971
Y-1972

PLMOTOT
87375

62928
76980
154858
139266
113416
138938
123234
146707
138795
122471
118117
108706
173688
138999
55414
52141
59955
55687

SBZ

42517

SBOU
95571

107285
234578
217800
125671

120938
121699
109274
212667

SMCH

39015
40683
36276
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SBOZ

268342
154129

132971
127530
109879
158882
183082

77042

SMZ

40905
39285

RPSDCDA
44281
47408
38729
49149
92305

107527
78496
80454
61125
64918
67021
69650
72650
69081
85582
71700
35372
28899
38252
40235

SMU

39396
38476
39911

SBU

40190
45774
42761
56702
78842
83508
69495
81790
55583
66230
67304
71798
65047
65339
75386
58806
37994
32738
37614
42368
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325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
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Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989

TABLE CRUSH(T, SEEDS)

Y-1970
Y-1971
Y-1972
Y-1973
Y-1974
¥-1975
Y-197¢6
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-199%0

*BELOW RPSD REFERS TO RAPESEED IMPORTS FROM CANADA

TABLE IMPORTS(T,SEEDS) TH. MT. OF OILSEEDS IMPTD BY TYPE MK.YR.

Y-197¢0
¥-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987

66524
76460
68543
74580
65990
75038
83960
69092
90350

65059

58478
34353
33001
44141
41299

RPSD
408
554
666
647
673
662
752
815
1009
1010
1192
1167
1175
1252
1438
1352
1612
1657
1700
1730
1650

RPSD
407
604
687
672
659
718
776
832

1129

1067

1177

1212

1207
1195

1483

1419

1681

1604

36623
59206
63980
50244
86783
54716
59405
64026
81162
50656
44676
53098
37060
29690
27122
31854
36826

SOYBNS
2521
2636
2739
2720
2620
2701
2878
3296
3397
3470
3462
3564
3846
3832
3788
3907
3819
3804
3489
3450
3550

SOYBNS
3226
3396
3635
3244
3334
3554
3602
4260
4132
4165
4213
4486
4871
4728
4611
4796
4866
4847

80328
86214
55299
68982
71557
46647
58482
57950
71292
62137
64283
61671
40791
36614
35193
34311
38496

59976
63530
82444
61671
76197
48363
57119
62771
73594
64898
64139

42702
39165
35899
39596
45970

TH. MT. OF OILSEEDS CRUSHED BY TYPE MK.YR.
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390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456

Y-1988
Y-1989
Y-1990

1776
1650
1650

TABLE WF(T,MPTS)

Y-1970
Y-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-197¢6
Y-1977
Y-1978
¥-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989

Y-1970
Y-1971
Y-1972
¥-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989

+
Y-1970
Y-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982

428
430
445

6
0
0

IMPORT LEVELS

METRIC TONS CAL. YR.

MPLMOMAL MPLMOINS
232.210 30875.039
3046.596 36055.587
21903.691 64560.572
56253.296 38486.231
34188.339 45002.074
101869.314 30636.785
114376.717 10380.180
115473.300 5935.413
124435.924 8528.251
135747.116 8648.387
123967.123 7867.668
114488.183 4470.708
121554.832 5012.157
130810.764 989.153
156933.598 3669.340
189181.987 6545.755
204341.371 6997.519
229236 .814 8868.396
250758.514 7295.500
MSBOU MSBOZ
4368.608
5497.074
18717.859
12934.540 282.829
11086.418 503.059
19532.540 9857.274
26329.733 1441.083
4460.115 2757.972
3765.057 983.056
1000.030
9642.878
MRPSDCDA MSBU MSBZ
321789 2952449
405895 2926530
590217 3126338 14810
683199 3210168 184807
537673 2923541 82048
604180 3041186 43618
632099 3286815 125604
767488 3427801 58479
819582 4142546 1645
1118824 3838534 1289
1057351 4225611 34693
1165574 4021865 991
1141635 4196406
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MPLMOTOT
40291.831

54654.741
100316.488
113369.780
102505.351
153488.591
146720.592
141704.540
138995.116
148285.649
141044 .223
147824 .431
161854.550
156573.779
161291.893
196039.332
212166.983
238280.875
259488.752

MSBOTOT
4476.850
8.210

5994.921
19877.997
13614.885
12287.918

29389 .814
29291.229
7218.087
8928.676
1509.479

20537.274
2713.292

1049
495
5651
4566
1524
200
201
834
292
153
195
1601
1796

MSMU
69846
34285
44010
231514
123549
9
119031
236598
262705
222976
238994
127732
47163

MSMZ
1058
4131

38286

6484
16189
70876
76207
71773
54288
71635
83945
37725
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457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523

Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989

1090721
1199887
1422840
1376232
1617677
1635697
1738878

PARAMETER EXCHRT(T)

/ ¥-1970
Y-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1990

360.
349,
303.
271.
292.
296.
296.
268.
210.
219.
226.
220.
249,
237.
237.
238.
168.
144,
128.
137.
139.

00
33
17
70
o8

4646134
4180630
4345350
4331621
4099586
3657110
3263802

EXCHANGE RATE SERIES - YEN PER DOLLAR

23865

220922
128089
306536
575859
685196

17675
11284
40672
80253
125876
495742
364210

37809

5351
44810
38104
26398
17327

178665
104664
88088
103462
58607
65018
53033

*PROCESSING CAPACITY - PS&D, EDIBLE VEG. OIL, OILSEEDS CRUSHED

PARAMETER PROCAF(T)

/ ¥-1970
¥-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1990

3385
3554
3708
3590
3502
3567
3835
4301
4544
4642
4813
4914
5185
5264
5416
5480
5589
5591
5289
5376
5224/

TABLE TEXP(T,X)

Y-1970
Y-1971
Y-1972
Y-1973
Y-1974

MLPLMOX
573
697
797
902

1160

»

THOUSAND METRIC TONS

TOTAL EXPORTS-TBOUSAND METRIC TONS

INPLMOX
218
241
269
292
340
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USSBOX
790
634
484
651
466

BZSBOX

7
38
82
16

320

CDRFX

1062
966

1226
889
593

USSBX
11806
11344
13048
14673
11450
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524 Y-1975 1335 406 443 430 683 15107

525 Y-1976 1427 405 702 560 1019 15351
526 Y-1977 1514 412 933 522 1014 19061
527 Y-1978 1901 353 1059 459 1721 20117
528 Y-1979 2174 511 1220 809 1743 23818
529 Y-1980 2430 206 740 1212 1372 19712
530 Y-1981 2654 302 942 873 1359 25285
531 Y-1982 2871 407 918 947 1271 24634
532 Y-1983 2819 247 827 920 1498 20215
533  ¥Y-1984 3254 652 753 935 1456 16279
534 Y-1985 4101 759 570 413 1456 20158
535 Y-1986 4051 636 538 975 2126 20600
536 Y-1987 4178 859 850 661 1750 21870
537 Y-1988 4480 900 754 865 1949 14350
538 Y-1989 4880 900 680 700 1900 16874
539 ¥Y-1950 590 750 1800 16738
540

541 + BZSBX BZsSBMX USSBMX

542 Y-1970 990 4136

543 Y-1971 1506 3452

544 Y-1972 1373 4304

545 ¥-1973 2396 5033

546  Y-1974 3450 3900

547 Y-1975 4078 4667

548 Y-1976 5329 4136

549 Y-1977 5368 5516

550 Y-1978 5038 5997

551  Y-1979 638.466 6936 7196

552 Y-1980 1548.883 8562 6154

553 Y-1981 1449.729 7822 6266

554 Y-1982 500.804 7994 6449

555 Y-1983 1295.100 7690 4862

556  Y-1984 1561.110 8628 4460

557 Y-1985 3491.480 6961 5476

558 Y-1986 1200.150 8030 6661

559 Y-1987 3023.650 8477 6233

560 Y-1988 2597.360 9578 4797

561 Y-1989 8900 4404

562  Y-1990 9050 4853

563

564 *TOTAL PRODUCTION - BRAZ.- SOYBEANS, CHINA - SOYBN MEAL;

565 * BOTH IN TH. MET. TONS

566 TABLE TPROD(T,PRDUT) TOTAL PRODUCTION

567 BZSBP CHSEMP

568 Y-19%70 2077 1286

569 Y-1971 3666 1288

570 ¥-1972 5012 976

571 Y-1973 7876 1363

572 Y-1974 9892 1115

573 Y-1975 11227 1105

574 Y-1976 12513 1050

575 Y-1977 9541 1144

576 Y-1978 10240 1176

577 ¥-1979 15156 1264

578  Y¥-1980 15200 1298

579 Y-1981 12835 1531

580 Y-1982 14750 1374

581 ¥-1983 15541 1416

582 Y-1984 18278 1411

583 Y-1985 14100 2185

584 Y-1986 17300 3004

585 Y-1987 18021 3981

586 Y-1988 23200 3570

587 ¥-1989 19300 3170

588  ¥-1990 20500 3668

589
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590 *DATA BELOW ALL EEC EXCEPT CANADIAN RAPESEED WHICH IS MEXICO
591  TABLE MJREXP(T,X) EXPORTS TO MAJOR MARKET

592 MLPLMOX INPLMOX  USSBOX BZSBOX CDRPX
593 Y-1970

594 ¥-1971

595 Y-1972

596 Y-1973

597 Y-1974

598 Y-1975

599 Y-1976

600 Y-1977

601 Y-1978

602 Y-1979

603 Y-1980

604 Y-1981

605 Y-1982

606 Y-1983

607 Y-1984

608  Y-1985

609 Y-1986 319600
610 Y-1987 195200
611 Y-1988 220038
612 Y-1989

613 Y-1990

614

615 *NOTE:CY ECIMP ECIMP ECIMP ECIMP
616 + BZSBX USSBX BZSBMX USSBMX
617 Y-1970

618 Y-1971

619 Y-1972 684694 4434333 723110 2436716
620 Y-1973

621  Y-1974 2028448 6896197 665957 2497822
622 Y-1975 2214340 5752070 1149396 2012928
623 Y-1976 1664717 7274195 1701787 2267544
624 Y-1977 917232 7167621 2225271 1542726
625 Y-1978 362612 9139232 2767986 2673792
626 Y-1979 367641 9110663 3155115 2610161
627 Y-1980 496864 9848568 3225739 3618467
628 Y-1981 173047 9576876 4451666 3250997
629 Y-1982 45906 11391846 4228103 3780595
630 Y-1983 298173 9181929 4241931 4211514
631 Y-1984 649899 6499664 5039633 2217234
632  ¥-1985 2235002 5961677 6245559 2014156
633 Y-1986 1101791 9590950 5585424 2728977
634 Y-1987 2615912 10256026 4910905 3108864
635 Y-1988 1949199 7820549 5625467 1379787
636 Y-1989

637 Y-1990

638

639

640 TABLE DOMUT(T,PRDUT) DOMESTIC UTILIZATION

641 BZSBP CHSBMP

642  Y-1970 1977 1286
643 Y-1971 2494 1265
644 Y-1972 3227 976
645 Y-1973 4905 1342
646 Y-1974 6193 1090
647 Y-1975 7122 1090
648  Y-1976 9486 1034
649 Y-1977 9720 1114
650 Y-1978 9989 1145
651 Y-1979 13929 1198
652 Y-1980 14686 1113
653 ¥-1981 13623 1242
654 Y-1982 13942 788
655 Y-1983 13664 722
656 Y-1984 14899 761
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657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
€98
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723

¥-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1990

TABLE ALLOSM(T,USEOSML) JAPANESE OILSEED UTIL TH. MT.

¥-1970
Y-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1990

TABLE EDVGOL(T,USEEVOQ)

Y-1970
¥-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
¥-1990

13377
15031
15033
17557
16110
16825

DOMUSE
2529
2666
3010
2886
2652
2876
3241
3498
3649
2713
3719
3759
4066
3954
4240
4305
4439
4709
4638
4654
4610

VODOM

769

907
1027
1005

950
1075
1147
1228
1304
1338
1444
1488
1549
1522
1586
1631
1719
1763
1792
1816
1820

1069
1465
1638
1995
1570
1968

CONSMEQ
2377
2507
2856
2743
2510
2725
3072
3308
3445
3502
3490
3519
3808
3688
3915
3986
4078
4326
4250
4260
4233

VOIND
10
10
10
10
10
97
97
96
59
98

103
97

105

102
98
98

115

134

137

138
137

INDUSE

472
488
483
561
506
604
716
831
839
775
858
718
764
682
774
717
811
882
792
740
690

VOFOOD

683

804

914

927

860

978
1050
1132
1245
1239
1340
1386
1442
1420
1488
1533
1604
1629
1655
1678
1683

FOODUSE

COO0OO0OO0 00O

VOFSW

OO0 O0OO0OOONWKM

FDSDWST

2015
2135
2482
2296
2146
2272
2525
2667
2810
2923
2846
3026
3282
3247
3426
3542
3583
3777
3801
3869
3875

VONDSCK

43
45
49
47
71
49
48
53
79
55
60
73
34
48
45
48
83
116
79
45
26

*POULTRY MEAT PRODUCED IN JAPANE - THOUS. MET. TONS
PARAMETER POULMEAT(T)

/ Y¥-1970
Y-1971
Y-1972

490
550
635
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ENDSTCK
122
98
273
259
130
148
117
135
129
110
195
151
126
262
116
203
180
341
84
72
52

JAPANESE EDIBLE VG OIL UTIL TH. MT.

146



724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790

Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
¥Y~1990

SCALAR POULCHIC CONVERT POULTRY MEAT TO LIVEBIRD WEIGET

698

740

756

839

923
1027
1109
1154
1134
1209
1257
1309
1395
1421
1465
1471
1475
1475

/1.25/

SCALAR FEEDTOT POUNRDS FEED REQUIREMENT PER POUND OF LIVEWEIGHT

/2.00/

SCALAR PROTREQ PERCENTAGE OF TOTAL FEED THAT IS PROTEIN

/21.00/

/;

TABLE JCONSP(T,V)

Y-1970
¥-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981
Y-1982
Y-1983
Y-1984
Y-1985
Y-1986
Y-1987
Y-1988
Y-1989
Y-1990

*POPULATION OF JAPAN IN MILLIONS - MID-YEAR ESTIMATES IFS

PLMO

41

55

100
115
108
153
127
147
139
148
142
142
177
159
161
196
203
220
220
230

PARAMETER POPUL(T)

/ Y¥-1970
Y-1971
Y-1972
Y-1973
Y-1974
Y-1975
Y-1976
Y-1977
Y-1978
Y-1979
Y-1980
Y-1981

104.
105.
107.
108.
110.
111.
112.
113.
114.
115.
116.
117.

SPECIFIC VEG OIL CONSUMPTION-THOUS. MET. TONS

SBO
427
472
485
510
445
513
547
594
609
623
632
686
687
697
702
701
710
694
660
650
672
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RPSDO
148
209
276
264
279
284
336
343
416
417
505
492
505
522
583
580
633
680
725
732
709
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791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857

Y-1982 118.45
Y-1983 119.26
Y-1984 120.02
Y-1985 120.75
Y-1986 121.49
Y-1987 122.09

Y-1988 0.00
Y-1989 0.00
Y-1990 0.00/;

*JAPANESE IMPORT TARIFF FOR VEGETABLE OIL
*IMPORTED FROM DEVELOPING COUNTRY - PREFERRED - YEN PER KG
SCALAR TRGVGC /0/;

*JAPANESE IMPORT TARIFF FOR VEGETABLE OIL
*IMPORTED FROM DEVELOPED COUNTRY - YEN PER KG
SCALAR TRDVGO /17/;

*JAPANESE IMPORT TARIFF FOR PROTEIN MEAL IMPORTED FROM
*DEVELOPING COUNTRY - FREFERRED - PERCENT OF IMPORTS IN
*METRIC TONS

SCALAR TRGPROTM /0/;

*JAPANESE IMPORT TARIFF FOR PROTEIN MEAL

*IMPORTED FROM DEVELOPED COURTRY - PERCENT OF IMPORTS IN
*METRIC TONS

SCALAR TRDPROTM /.0/;

*JAPANESE IMPORT TARIFF FOR SOYBEANS - PERCENT
*OF IMPORTS IN METRIC TONS
SCALAR TRSB /.0/;

*JAPANESE IMPORT TARIFF FOR RAPESEED - PERCENT
*OF IMPORTS IN METRIC TONS
SCALAR TRRPSD /.0/;

*CONVERT FOREIGN MATERIAL TO DRY BASIS AND FRACTION OF ONE HUNDRED
PARAMETER DRYFM(T,INQL) FRACTION OF ONE HUNDRED;

DRYFM(T,INQL) = ((100/(100-B(T,INQL})))*D(T,INQL))/100;

DISPLAY DRYFM;

*CONVERT NITROGEN TO ACTUAL PROTEIN
PARAMETER ACTPROT(T, INQL) PERCENT;
ACTPROT(T,INQL) = A(T,INQL)*NITPRO;
DISPLAY ACTPROT;

*CONVERT ACTUAL PROTEIN TO MOISTURE FREE BASIS
PARAMETER DRYPROT(T, INQL) FRACTION OF ONE HUNDRED;
DRYPROT(T,INQL) = ((100/(100 - B(T,INQL)))*ACTPROT(T,INQL))/100;
DISPLAY DRYPROT;

*CONVERT "AS IS" OIL CONTENT TO MOISTURE FREE BASIS
PARAMETER DRYOIL(T,INQL) FRACTION OF ONE HUNDRED;
DRYOIL(T,INQL) = ((100/(100-B(T,INQL)))*C(T,INQL))/100;
DISPLAY DRYOIL;

*PERCENT OF IMPORTS CRUSHED
PARAMETER CRMP(T,SEEDS);
CRMP(T,SEEDS) = CRUSH(T,SEEDS)/IMPORTS(T,SEEDS);

*IF CRUSH TO IMPORT RATIO GREAT THN ONE SET EQUAL TO ONE
*ONLY FOR SOYBEAN IMPORTS FROM US
*ALL RPSD AND SBZ PROCESSED

SCALAR CR, CSZ, CSU;
CR = 1 + O*(CRMP('Y-1988','RPSD'));
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858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
89%2
893
894
896
895
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924

CSZ = 1 + O~(CRMP('Y-1988','SOYBNS'));
CSU = 0 + 1*(CRMP('Y-1988','SOYBNS'));

CRS((CRMP('Y-1988','RPSD')) GT 1) = 1;
CSZS((CRMP('Y-1988','SOYBNS')) GT 1) = 1;
CSUS((CRMP('Y-1988*,'SOYBNS')) GT 1) = 1;

*RAPESEED BLOCK - IMPORT LEVEL, REMOVE FOREIGN MATERIAL,

PARAMETER RPSD(RR,RC);

RPSD('R-PC’,'RPSD') = -1*(CR);

RPSD('R-PC’,'R-PC*') = 1;
RPSD('R-FM', 'R-PC")
RPSD('R-FM', 'R-FM")
RPSD('R-PT', 'R-FM")
RPSD('R-PT','R-PT")
RPSD('R-OL’, 'R-FM')}
RPSD('R-OL*,'R-OL")
DISPLAY RPSD;

1;
1;

1;

-1%(1 - (DRYFM('Y-1988','RPSD'))});
-1*(DRYPROT('Y~-1988',’RPSD'));

-1*(DRYOIL('Y-1988','RPSD'));

*US-SOYBEAN BLOCK IMPORT LEVEL, REMOVE FOREIGN MATERIAL, CONVERT

PARAMETER SBUS(UR,UC);

SBUS('U-PC’,'SBUS') = -1*(CSU);

SBUS('U-PC’, 'U~-EC*) 1;
SBUS('U-FM','U-PC')
SBUS('U-FM', 'U-FM') 1;

SBUS('U-PT', 'U- 1;

-1*(1 - (DRYFM('Y-1988','SB-US’)));

~1*(DRYOIL('Y-1988','SB-US"));

SBUS('U-PT','U-FM') = -1*(DRYPROT('Y-1988','SB-US')});

PT*)
SBUS('U-OL’, 'U-FM')
SBUS('U-OL', *U-OL")
DISPLAY SBUS;

1;

CONVERT TO COMPONENT PRODUCTS

TO COMPONENT PRODUCTS

*BRAZIL-SOYBEAN BLOCK IMPORT LEVEL, REMOVE FOREIGN MATERIAL, CONVERT TO COMPONENT PRODUCTS

PARAMETER SBBZ(BR,BC)

SBBZ('B-PC','SBBZ') = -1*(CS2);

SBBZ('B-PC’,'B-PC') = 1;
SBBZ{'B-FM','B-PC') =
SBBZ('B-FM',’'B-FM') = 1;
SBBZ('B-PT’','B-FM') =

SBBZ('B-PT’, 'B-PT’) 1;

-1*(1 - (DRYFM('Y-1988',6'SB-BZ')));

-1*(DRYPROT('Y-1988"','SB-BZ'));

SBBZ('B-OL‘,'B-FM') = -1*(DRYOIL('Y-1988','SB-BZ'));

SBBZ(‘'B-OL',‘B-OL') = 1;
DISPLAY SBBZ;

*SOYBEAN MEAL BLOCK
PARAMETER SYBNML (SMR,SMC);

SYBNML (*SM-CH',’'SM-CH') = -1%(.44/(1 - .123));
SYBNML ('SM-CH', 'SM-CH-PT') = 1;
SYBNML(*SM-BZ','SM-BZ') = -1*(.44/(1 - .125));
SYBNML ('SM-BZ', 'SM~-BZ-PT') = 1;
SYBNML ('SM-US','SM-US') = -1*(.44/(1 - .130))
SYBNML (*'SM-US', 'SM-US-PT') = 1;

*ALL CONVERSIONS PUT INTO LARGE MATRIX

PARAMETER CONVT(CONROW,MJRCOLHD) TRANSFER ROWS
CONVT ('RPSD-PC’, 'RPSD') = RPSD('R-PC’,'RPSD');
CONVT ('RPSD-PC', 'RPSD-PC') = RPSD('R-PC','R-PC');
CONVT ('RPSD-FM', 'RPSD-PC’') = RPSD('R-FM’,'R-PC’);

CONVT ( 'RPSD-FM', 'RPSD-FM')
CONVT ( ‘RPSD-PT' , 'RPSD-FM')
CONVT ('RPSD-PT’, 'RPSD-PT')
CONVT ( 'RPSD-OL’, 'RPSD-FM')
CONVT (*'RPSD-OL', 'RPSD-OL’)

CONVT('SBUS-PC','SBUS') =

CONVT('SBUS-PC', *SBUS-PC') = SBUS('U-PC’','U-PC’);
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RPSD('R-FM’, 'R-FM');
RPSD('R-PT’,'R-FM');
RPSD('R-PT', 'R-PT');
RPSD('R-OL’, 'R-FM');
RPSD('R-OL','R-OL');

SBUS('U-PC', 'SBUS');

BEANS AND MEAL;
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925 CONVT ('SBUS-FM', 'SBUS-PC') = SBUS('U-FM','U-PC’);
926 CONVT ('SBUS-FM', 'SBUS-FM') = SBUS('U-FM','U-FM');
927 CONVT('SBUS-PT’, 'SBUS-FM') = SBUS('U-PT','U-FM’);
928 CONVT ('SBUS-PT’, 'SBUS-PT') = SBUS('U-PT','U-PT');
929 CONVT('SBUS-OL’, 'SBUS-FM') = SBUS('U-OL','U-FM');
930 CONVT('SBUS-OL', 'SBUS-OL') = SBUS('U-OL’,'U-OL');

931 CONVT('SBBZ-PC','SBBZ') = SBBZ('B-PC’','SBBZ');

932  CONVT('SBBZ-PC',’'SBBZ-PC') = SBBZ('B-PC','B-PC');

933  CONVT('SBBZ-FM',‘SBBZ-PC') = SBBZ('B-FM','B-PFC');

934  CONVT('SBBZ-FM','SBBZ-FM') = SBBZ('B-FM','B-FM');

935 CONVT('SBBZ-PT','SBBZ-FM') = SBBZ('B-PT','B-FM');

936  CONVT('SBBZ-PT','SBBZ-PT') = SBBZ('B-PT','B-PT');

937  CONVT('SBBZ-OL','SBBZ-FM') = SBBZ('B-OL','B-FM');

938 CONVT('SBBZ-OL','SBBZ-OL') = SBBZ(’'B-OL','B-OL');

939 CONVT( 'SMCH-PT’, *SMCH') = SYBNML(‘'SM-CH', 'SM-CH');

940 CONVT (' SMCH-PT', ‘SMCH-PT') = SYBNML('SM-CH','SM-CE-PT');
941  CONVT('SMBZ-PT','SMBZ') = SYBNML('SM-BZ','SM-BZ');

942  CONVT('SMBZ-PT','SMBZ-PT') = SYBNML('SM-BZ','SM-BZ-PT');

943 CONVT( 'SMUS-PT',*SMUS') = SYBNML('SM-US’,'SM-US');

944 CONVT ('SMUS-PT', 'SMUS-PT’) = SYBNML('SM-US’,'SM-US-PT');
945

946

947

948 *PROCESSING CAPACITY CONSTRAINT

949 PARAMETER OILSD(MJRCOLHD);

950 OILSD('RPSD-PC') = 1;

951 OILSD('SBUS-PC') = 1;

952 OILSD('SBBZ-PC') = 1;

953

954 PARAMETER PC RIGHT HAND SIDE;

955 PC = (PROCAP('Y-1988')*1000);

956 DISPLAY PC;

957

958 *IMPORT SUPPLIES AVAILABLE (SUPPLY BLOCK)
959 PARAMETER SUP(COMPLEX,MJRCOLHD);

960 SUP('PLM-OIL’,'PLMO’) = 1;

961  SUP('SBO-US','SBO-US') 1;

962  SUP('SBO-BZ','SBO-BZ') 1;

963 SUP('RPSD', '‘RPSD') = 1;
964 SUP('SB-US','SBUS') = 1;

965 SUP('SB-BZ','SBBZ') = 1;

966 SUP('SM-CHI','SMCH') = 1;

967 SUP('SM-BZ','SMBZ’') = 1;

968  SUP('SM-US','SMUS') = 1;

969

970

971 *SUPPLIES AVAILABLE TO JAPANESE MARKET

972 *MOISTURE REMOVED FROM OILSEEDS AND FROTEIN MEAL

973 PARAMETER SUPRHS(COMPLEX) RIGHT HAND SIDE;

974 SUPRHS('PLM-OIL') = (WF('Y-1988', '"MPLMOTOT'));

975 SUPRES('SBO-US') = (WF('Y-1988','MSBOU')});

976  SUPRHS('SBO-BZ') (WF('Y-1988','MSBOZ'});

977 SUPRES('RPSD’) ((TEXP('Y-1988"', 'CDRPX')*1000) - MJREXP('Y-1988','CDRPX'));
978  SUPRHS('SB-US') ((TEXP('Y-1988"', 'USSBEX')*1000) - MJREXP('Y-1988', 'USSBX'));
979  SUFRHS('SB-BZ') ((TEXP('Y-1988','BZSBX')*1000) - MJREXP('Y-1988','BZSBX'));
980  SUPRHS('SM-CHI') (WF('Y-1988','MSMCH'));

981  SUPRBS('SM-BZ') (WF('Y-1988',6'MSMZ'));

982  SUPRHS('SM-US') (WF('Y-1988', 'MSMU’))

983

984 *OILSEED PRODUCT DEMAND BLOCK

985  PARAMETER PD(DMD,MJRCOLHD);

986  PD('PROTEIN’,°'RPSD-PT') = .59;

987  PD('PROTEIN', 'SBUS-PT')
988  PD('PROTEIN','SBBZ-PT')
989 PD('PROTEIN', 'SMCH-PT')
990 PD('PROTEIN', 'SMBZ-PT')
991 PD('PROTEIN', 'SMUS-PT')

N8N
)
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992  PD('VEGOIL','PLMO’)
993  PD('VEGOIL’,'SBO-US')
994 PD(*'VEGOIL', 'SBO-BZ')
995  PD(°'VEGOIL’, 'RPSD-OL')
996  PD('VEGOIL', 'SBUS-OL')
997  PD('VEGOIL',°'SBBZ-OL')
998

999 * 1 MT EQUALS 2,204.622 LBS.

1000  SCALAR SBMEQV SOYMEAL EQUIV OF OILSEED MEAL;
1001  SBMEQV = (((ALLOSM('Y-1988', 'FDSDWST') +

I el e

1002 .545*% (ALLOSM('Y-1988"','INDUSE')))

1003 /ALLOSM('Y~1988", 'DOMUSE’ ) )* (ALLOSM(°'Y-1988', 'CONSMEQ')))*1000;
1004  DISPLAY SBMEQV;

1005 .

1006  PARAMETER PDRHS(DMD) FROTEIN DRY BASIS AND VEG OIL DEMAND;

1007

1008 *10 PERCENT MOISTURE CONTENT

1009  PDRHS('PROTEIN') = ((100/(100-10))*.44)*SBMEQV;

1010 PDRHS('VEGOIL') = (EDVGOL('Y-1988',°'VOFOOD') + .565*(EDVGOL(’'Y-1988','VOIND')))*1000;
1011  DISPLAY PDRHS;

1012

1013 *CONVERT YEN FRICE/UNIT TO DOLLAR PRICE/UNIT

1014 PARAMETER DOLFRICE(T,PRICEIMP);

1015 DOLPRICE(T,PRICEIMP) = PRICE(T,PRICEIMP)/EXCHRT(T);

1016 DISPLAY DOLFPRICE;

1017

1018 *IMPORT SWITCH FOR SOYBEAN OIL EQUAL ONE OR ZERO

1019  SCALAR IMPSBOUS US SOYBEAN OIL IMPORT SWITCH;

1020 IMPSBOUS = 9999999S((DOLPRICE('Y-1988','SBOU')) EQ 0);

1021  SCALAR IMPSBOBZ BRAZIL SOYBEAN OIL IMPORT SWITCH;

1022  IMPSBOBZ = 9999999$((DOLPRICE('Y-1988',°'SBOZ’')) EQ 0);

1023

1024 *PRICES FOR THE OBJECTIVE FUNCTION

1025  PARAMETER OBJFN(MJRCOLHD) OBJECTIVE FUNCTION PRICES;

1026  OBJFN('PLMO') = (DOLPRICE('Y-1988',°'PLMOTOT'));

1027 OBJFN('SBO-US') = ((DOLPRICE('Y-1988','SBOU')) + ((TRDVGO*1000)/EXCHRT('Y-1988')))
1028 + IMPSBOUS;

1029  OBJFN('SBO-BZ') ((DOLPRICE('Y-1988','SBOZ')) + ((TRDVGO*1000)/EXCHRT('Y-1988')))
1030 + IMPSBOBZ;

1031 OBJFN('RPSD') (DOLPRICE('Y-1988"', 'RPSDCDA’));

1032 OBJFN('SBUS') (DOLFRICE('Y~1988','SBU'));

1033  OBJFN('SBBZ') (DOLPRICE('Y-1988',°'SBZ'));

1034 OBJFN('SMCH') (DOLPRICE('Y-1988','SMCH'));

1035 OBJFN('SMBZ') (DOLPRICE('Y-1988‘,'SMZ’'));

1036  OBJFN('SMUS') (DOLFRICE('Y-1988"','SMU'));

1037

1038 *CALCULATIONS

1039  SCALAR POULPORT PORTION OF PROTEIN DMD POULTRY INDUSTRY;

1040  POULPORT = (1.96*( ((POULMEAT('Y-1988°)*(1000)*POULCHIC)*FEEDTOT) * (FROTREQ/(100 - 13))}));
1041  DISPLAY POULPORT;

1042

1043

1044  VARIABLES

1045 Z OBJECTIVE FUNCTION VALUE - TOTAL COST OF OILSDS AND PROD.

1046 X1(MJRCOLHD) QUANTITY OF OILSD AND FROD TO IMPORT;

1047

1048

1049  POSITIVE VARIABLE

1050 X1;

1051

1052

1053  EQUATIONS

1054 TIC TOTAL IMPORT COST

1055 CCONVT(CONROW) CONVER. TO END-VALUE COMPONENTS OILSEEDS AND MEAL
1056 C1PROCAP OILSEED CRUSH CAPACITY CONSTRAINT

1057 C21SPPOB SUPPLY CONSTRAINT PALM OIL SUPPLY MALAYSIA AND INDON
1058  C225PSOU SUPPLY CONSTRAINT SOYBEAN OIL FROM US
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1059  C238PS0Z SUPPLY CONSTRAINT SOYBEAN OIL FROM BRAZIL

1060  C24SFRSC SUPPLY CONSTRAINT RAPESEED FROM CANADA

1061 C25SPSBU SUPPLY CONSTRAINT SOYBEANS FROM US

1062 C26SPSBZ SUPPLY CONSTRAINT SOYBEANS FROM BRAZIL

1063 C27SPSMC SUPPLY CONSTRAINT SOYMEAL FROM CHINA

1064  C28SPSMZ SUPPLY CONSTRAINT SOYMEAL FROM BRAZIL

1065 C29SPSMU SUPPLY CONSTRAINT SOYMEAL FROM US

1066 C3DMD (DMD) JAPANESE DEMAND FOR VEG OIL AND PROTEIN;
1067

1068

1069 CCONVT(CONROW) .. SUM(MJRCOLHD, (X1(MJRCOLHD))*{CONVT(CONROW,MJRCOLHD)*100)) =E= O;
1070 C1lPROCAP.. SUM(MJRCOLHD, X1(MJRCOLHD)*OILSD(MJRCOLHD)) =L= PC;

1071 C21SPPOB.. X1('PLMO')*SUP('PLM-OIL','PLMO') =E= SUPRHS('PLM-OIL');

1072 C22SPSOU.. X1('SBO-US’')*SUP('SBO-US','SBO-US') =E= SUFRHS('SBO-US’');

1073  C23SPSOZ.. X1('SBO-BZ')*SUP('SBO-BZ',‘'SBO-BZ') =E= SUFRHS('SBO-BZ');

1074  C24SPRSC.. X1('RPSD')*SUP('RPSD','RPSD') =L= SUPRES('RPSD');

1075  C25SPSBU.. X1('SBUS')*SUP(’'SB-US','SBUS') =L= SUPRHS('SB-US’);

1076  C26SPSBZ.. X1('SBBZ')*SUP('SB-BZ','SBBZ') =L= SUFRHS('SB-BZ');

1077 C27SPSMC.. X1('SMCH')*SUP('SM-CHI','SMCH’) =E= SUFRHS(‘'SM-CHI');

1078 C28SPSMZ.. X1(’'SMBZ')*SUP('SM-BZ','SMBZ') =E= SUPRHS('SM-BZ');

1079  C29SPSMU.. X1('SMUS')*SUP('SM-US','SMUS') =E= SUPRHS('SM-US');

1080 C3DMD(DMD).. SUM((MJRCOLHD), X1(MJRCOLHD)*PD(DMD,MJRCOLHD)) =G= PDRHS(DMD);
1081 TIC.. SUM((MJRCOLHD), X1(MJRCOLHD)*OBJFN(MJRCOLHD)) =E= Z;

1082

1083

1084 MODEL JAPAN /ALL/;

1085 OPTION LIMROW=20;

1086 OPTION LIMCOL=0;

1087 SOLVE JAPAN USING LP MINIMIZING Z;
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SYMBOL LISTING

SETS

BC SOYBEANS-BRAZIL BLOCK-COLUMN

BR SOYBEANS-BRAZIL BLOCK-ROW

COMPLEX JAPANESE OILSEED COMPLEX

CONROW ALL TRANSFER ROWS

DMD OILSEED FRODUCT DEMAND

INQL INTRINSIC QUALITIES

MJRCOLHD ALL COLUMNS IN TABLEAU

MPTS IMPORTS LEVEL OF OILSEED COMPLEX METRIC TONS

PRDUT PRODUCTION AND DOMESTIC UTILIZATION

PRICEIMP PRICE OF OILSEED COMPLEX IMPORTS YEN PER MT.

Q QUANTITY IMPORTED

RC RAPESEED BLOCK-COLUMN

RR RAPESEED BLOCK-ROW

SEEDS OILSEEDS AGGREGATE IMPORTS AND CRUSH

sMC SOYBEAN MEAL BLOCK - COLUMN

SMR SOYBEAN MEAL BLOCK - ROW

T YEARS

uc SOYBEANS-US BLOCK-COLUMN

UR SOYBEANS-US BLOCK-ROW

USEEVO UTILIZATION EDIBLE VEGETABLE OILS

USECSML UTILIZATION OILSEED MEALS EXCL. FISH MEAL

v EDIBLE VEGETABLE OIL

X TOTAL EXPORTS

PARAMETERS

A NITROGEN CONTENT OF OILSEEDS (PERCENT) PER UNRIT OF WEIGHT AS-IS
ACTPROT PERCENT PROTEIN CONTENT OF OILSEEDS (CONVERTED FROM NITROGEN CONTENT)
ALLOSM JAPANESE OILSEED UTILILIZATION IN 1,000 METRIC TONS

B MOISTURE CONTENT (PERCENT) OF OILSEEDS PER UNIT OF WEIGHT AS-IS

(o4 OIL CONTENT (PERCENT) OF QOILSEEDS PER UNIT OF WEIGHT AS-IS

CONVT TRANSFER ROWS TO CONVERT BEANS AND MEAL TO END PRODUCTS

CR SCALAR SWITCH USED IN DETERMINING PERCENT OF RAPESEED IMPORTS PROCESSED IN MODEL
CRMP RATIO OF OILSEED PROCESSED TO OILSEED IMPORTED

CRUSH TH. MT. OF OILSEEDS CRUSHED BY TYPE MK.YR.

Csu SCALAR SWITCH USED IN DETERMINING PERCENT OF US SOYBEAN IMPORTS PROCESSED IN MODEL
CSZ SCALAR SWITCH USED IN DETERMINING PERCENT OF BRAZ. SOYBEAN IMPORTS FROCESSED IN MODEL
D FOREIGN MATERIAL CONTENT OF OILSEEDS (PERCENT) PER UNIT OF WEIGHT AS-IS
DOLFRICE YEN PRICE OF OILSEEDS AND FRODUCT IMPORTS CONVERTED TO US DOLLARS
DOMUT IN COUNTRY UTILIZATION OF SOYBEANS IN BRAZIL AND SOYBEAN MEAL IN CHINA
DRYFM OILSEEDS FOREIGN MATERIAL CONTENT (PERCENT) AT ZERO MOISTURE CONTENT
DRYOIL OILSEEDS FOREIGN MATERIAL CONTENT (PERCENT) AT ZERO MOISTURE CONTENT
DRYFROT OILSEEDS FOREIGN MATERIAL CONTENT (PERCENT) AT ZERO MOISTURE CONTENT
EDVGOL JAPANESE EDIBLE VEGETABLE OIL UTILIZATION IN 1,000 METRIC TONS

EXCHRT EXCHANGE RATE SERIES - YEN PER DOLLAR

FEEDTOT POUNDS FEED REQUIREMENT PER POUND OF LIVEWEIGHT

IMPORTS OILSEEDS IMPORTED BY TYPE, MARKETING YEAR, 1,000 METRIC TONS

IMPSBOBZ BRAZIL SOYBEAN OIL IMPORT SWITCH
IMPSBOUS US SOYBEAN OIL IMPORT SWITCH

JCONSP JAPANESE CONSUMPTION OF PALM, SOYBEAN, AND RAPESEED OILS, 1,000 METRIC TONS

MJREXP CANADIAN RAPESEED EXPORIS TO MEXICO; IMPORTS BY EEC OF US & BRAZ. SOYBEANS AND SOYMEAL
NITFRO CONVERSION FACTOR - NITROGEN TO FROTEIN

OBJFN OBJECTIVE FUNCTION FRICES

OILSD OILSEED IMPORTS IN PROCESSING CAPACITY CONSTRAINT

c PROCESSING CAPACITY RIGHTHAND SIDE

PD OILSEED PRODUCTS IN OIL AND PROTEIN DEMAND CONSTRAINTS

PDRHS OIL AND FROTEIN DEMAND CONSTRAINT RIGHTHAND SIDE

POPUL JAPANESE POPULATION

POULCHIC CONVERT POULTRY MEAT TO LIVEBIRD WEIGHT

POULMEAT POULTRY MEAT PRODUCED IN JAPAN, 1,000 METRIC TONS
POULPORT PORTION OF PROTEIN DEMANDED POULTRY INDUSTRY
FRICE IMPORT PRICES, YEN PER MT
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PROCAP OILSEEDS CRUSHED IN JAPAN FOR EDIBLE VEGETABLE OIL

FROTREQ PROTEIN PERCENTAGE OF TOTAL FEED

RPSD TRANSFER ROWS TO CONVERT RAPESEED IMPORTS TO PROCESSED PRODUCTS

SBBZ TRANSFER ROWS TO CONVERT IMPORTS OF BRAZILIAN SOYBEANS TO PROCESSED PRODUCTS
SBMEQV SOYMEAL EQUIV OF OILSEED MEAL

SBUS TRANSFER ROWS TO CONVERT IMPORTS OF US SOYBEANS TO PROCESSED PRODUCTS
SUP SUPPLY CONSTRAINTS FOR OILSEEDS AND PRODUCTS

SUPRHS RIGHTHAND SIDE OF SUPPLY CONSTRAINTS

SYENML CONVERT SOYBEAN MEAL IMPORTS TO PROTEIN

TEXP TOTAL EXPORTS-THOUSAND METRIC TONS

TPROD TOTAL PRODUCTION

TRDFROTM JAPANESE TARIFF ON PROTEIN MEAL IMPORTS FROM DEVELOPED COUNTRIES

TRDVGO JAPANESE TARIFF ON ALL VEG. OIL IMPORTS EXCEPT COCONUT AND PALM OILS
TRGFROTM JAPANESE TARIFF ON PROTEIN MEAL IMPORTS FROM DEVELOPING COUNTRIES
TRGVGO JAPANESE TARIFF ON COCONUT AND PALM OILS

TRRPSD JAPANESE TARIFF ON RAPESEED IMPORTS

TRSB JAPANESE TARIFF ON SOYBEAN IMPORTS

WF OILSEED AND PRODUCTS IMPORT LEVELS IN JAPAR, METRIC TONS, CALENDAR YEAR
VARIABLES

X1 QUANTITY OF OILSD AND PROD TO IMPORT

Z OBJECTIVE FUNCTION VALUE - TOTAL COST OF OILSDS AND FROD.
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