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A net shift analysis was used to analyze growth in employment 

and value added from 1954 to 1982 in SIC 2037, Frozen Fruits, Fruit 

Juices, and Vegetables. This analysis indicated that the Pacific 

Northwest dominated the growth experienced in this sector over this 

time period. Oregon's share of total U.S. employment in SIC 2037 

increased from 7.3 percent in 1954 to 16.1 percent in 1982. Value 

added in Oregon was 16.1 percent of the U.S. total in 1982, and 

growth in both employment and value added was at a greater rate than 

the overall U.S. rate of growth in this sector. Washington's share 

of employment increased from 10.3 percent to 13 percent, and the 

share of U.S. total value added in this sector grew from 11 percent 

to 14.2 percent. Value added by the freezing of fruits and 

vegetables in Idaho increased to 10.3 percent of the U.S. total in 

1982, and employment grew to a share of 10.5 percent, from 3.5 

percent in 1954. An informal survey of executives in six food 

processing plants in Oregon suggested that expanding international 

export markets was essential to continued growth for this industry in 

the Pacific Northwest. 



A model of Japan's import demand of frozen vegetable products, 

specifically corn and potatoes, is estimated using data from 1978 

through 1986 of real own price at the export site, Japanese consumer 

expenditures adjusted by Japan's CPI, and Japan's domestic production 

of frozen corn and potatoes. Commerce Department data on exports by 

Customs District was used to disaggregate import demand by region; 

namely Oregon, Washington, the two together as Pacific Northwest, and 

the total U.S. 

It was found that the demand for frozen corn imports is more 

responsive to changes in real own price than the import demand for 

frozen potatoes. Income elasticities were positive and higher for 

frozen potato import demand than for frozen corn demand, except for 

Oregon originating exports. Production in Japan of frozen corn has a 

higher negative impact on exports from Oregon ports than Washington 

based exports. Production of frozen potatoes in Japan did not have a 

negative impact on import demand from any of the four export sites. 
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JAPAN'S IMPORT DEMAND FOR PACIFIC NORTHWEST 

FROZEN CORN AND POTATOES 

I. INTRODUCTION 

PROBLEM STATEMENT AND OBJECTIVES 

The growth of demand in the domestic market for frozen processed 

food has been enhanced by consumer demand for greater variety and 

convenience, pre-packaged foods for quick and easy preparation, and 

increases in restaurant visits. This market is limited by population 

growth and increases in household income levels, as well as tastes 

and preferences. The industry in the Pacific Northwest faces a 

limited domestic market because of the cost of transportation to 

major markets on the east coast. Food processors in the Pacific 

Northwest are competing with processors in the central and northern 

regions of the country which also produce many of the same food 

products. Population increases in the southwestern region of the 

U.S. may increase domestic sales, but competition with products 

processed in California and Mexico will limit potential increases in 

domestic sales of Pacific Northwest agricultural products. 

The international export market offers opportunities to expand 

markets and increase sales. The countries which make up the Pacific 

Rim are of particular interest for increasing the international 

market of food exports from Oregon. The opening of the Canadian 

market pending the passage in both countries of the U.S. - Canada 

Free Trade Agreement will allow for market expansion northward. 

Japan's objectives of increasing domestic consumption in order to 

decrease excess savings and balance the trade accounts will offer 
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greater access to Japanese consumers, who at this time enjoy a higher 

per capita income than their U.S. and Canadian counterparts. 

The research in this thesis focuses upon the import demand of 

Japan for frozen corn and frozen potato products from the Pacific 

Northwest. An underlying issue in this research has been to analyze 

the role of food processing in rural economies of Oregon. The 

growing of vegetables in many of the rural areas in the Pacific 

Northwest and the value added by processing these products should 

lead to increases in economic viability of rural areas. As exports 

increase, a link is made between the producers and consumers around 

the world, tying the rural economy to the global economy. This 

production and processing also links into the surrounding urban 

economies as firms based in urban areas supply packaging, marketing 

and managerial resources, and finished products originating from 

rural plants leave the port systems of Oregon and Washington to other 

points on the globe. 

The remainder of the first chapter of this thesis is divided into 

three sections. The first section is a short description of the 

history of food processing. The second section is a descriptive 

shift/share analysis of the domestic frozen food industry. The 

changes in employment and value added in SIC (Standard Industrial 

Classification) 2037 - Frozen Fruits, Fruit Juices, and Vegetables 

are shown in terms of shares held by states of total U.S. employment 

and value added in 1954 and 1982; and as shifts from areas of 

processing importance in 1954 to areas of importance in 1982. The 

last section of this chapter lists the share of total U.S. production 

of frozen corn and frozen potatoes processed in the Pacific Northwest 
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from 1978 through 1986, and indicates the share of total U.S. 

production which was exported to Japan. 

Chapter IT discusses the consumer and producer in Japan. The 

first section briefly describes the Japanese consumer market for food 

products, and in particular the frozen food market. The second 

section discusses the total consumption of frozen corn and potatoes 

in the Japanese market in terms of domestic production and imports, 

and the price differences from the Columbia Snake Customs District, 

Seattle Customs District and U.S. total exports to Japan.* The final 

section of Chapter II discusses market share of Pacific Northwest and 

U.S. products in the Japanese market. 

Chapter III provides an overview of the theory of international 

trade and a discussion of recent literature in econometric analysis 

of trade and import demand for agricultural products. Chapter IV 

describes the specification of the model used to estimate Japan's 

import demand for frozen corn and potatoes from Oregon, Washington, 

the Pacific Northwest and the U.S. It contains sections which 

describe the data to be used in the econometric models, the results 

of the estimations, and an interpretation of these results. Chapter 

V summarizes the major conclusions of the research with regard to the 

^The Columbia Snake Customs District consists of the ports at 
Astoria, Newport, Coos Bay (including North Bend and all points on 
Coos Bay in Oregon; Empire, Coos Bay, Millington, North Bend), 
Portland (including Linnton), all in Oregon; Longview, Vancouver and 
Kalama in Washington. The Seattle, Washington Customs District 
consists of the ports at Seattle (including Point Wells), Tacoma, 
Aberdeen-Hoquiam (including Grays Harbor), Blaine, Bellingham, 
Everett, Port Angeles, Port Townsend, Sumas, Anacortes, Nighthawk, 
Danville, Ferry, Friday Harbor, Boundary, Laurier, Point Roberts, 
Kenmore Air Harbor, Oroville, Frontier, Spokane, Lynden, Metaline 
Falls, Olympia, Neah Bay, Seattle-Tacoma International Airport. 
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stated objectives and recommends areas for further research. The 

study objectives of this research are: 

- To investigate the development of the frozen food industry in 

the U.S. and the role of the Pacific Northwest. 

- To estimate Japanese demand for frozen vegetable products, in 

particular potatoes and corn. 
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HISTORY OF THE FOOD PROCESSING INDUSTRY 

The venture capital supplied by the French government stimulated 

what was to become a major industry for the processing of food. 

Napoleon needed to feed his army and navy, so by 1807 the French navy 

was enjoying canned peas, beans and vegetable soup sailing to the 

Caribbean. The production techniques developed through the 19th 

century left the home and entered the factory. 

In the Census of Manufactures of 1905 food processing was 

strongly represented in the leading industries of Oregon, accounting 

for six of the thirteen leading manufacturing industries in the 

state. The food processing industries employed approximately 9.2 

percent of the total manufacturing wage earners in the state, paying 

9.3 percent of the total wages. By 1919 labor saving devices 

required fewer skilled workers. The bulk of the work required 

relatively unskilled, seasonal labor. In 1986 it was estimated by 

the Employment Division of the State of Oregon that manufacturing 

firms which process food and kindred products employed 12 percent of 

Oregon's total manufacturing employment and accounted for 9 percent 

of manufacturing payroll. This was second to the lumber and wood 

products sector. 

Companies involved in the freezing of fruits and vegetables 

encountered strong demand for their product after the end of 

rationing during World War II. In terms of employment and value 

added, processors in Oregon responded to the growth in demand for 

frozen products. The industry data is listed within Major Group 20, 

Food and Kindred products, of the U.S. Commerce Department's Standard 

Industrial Classification (SIC) system. The category SIC 2037, 
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Frozen Fruits, Fruit Juices and Vegetables was used in this analysis 

to understand the changes in the frozen foods sector. 

In the Census of Manufactures manufacturing industries are 

defined in terms of specific groups of related products, made of 

similar materials and by similar processes. If at one location there 

are distinctly different lines of activity the firm is required to 

report each as a separate activity. This is done only if 100 

employees or more are involved. 

Since 1929 census employment figures have been reported as an 

average for a 12-month period. It is calculated as number employed 

on the 15th or the "nearest representative day". 

NET SHIFT ANALYSIS 

A net shift analysis of covered employment and value added reported 

by firms for the specific food processing category, SIC 2037, was 

conducted to describe how the industry as a whole performed as well 

as how Oregon fared within the overall growth and development of the 

frozen food sector during the time period from 1954 to 1982. Table 

1.1 provides a current look at how SIC 2037 is represented within SIC 

20, and for all total covered employment in Oregon. The data is from 

the Employment Division of the State of Oregon for covered employment 

in Oregon for 1986. 

The canned fruit and vegetable processing industry employed 10 

percent and frozen processing employed 31.8 percent of those employed 

in the Food and Kindred products category. The other sectors are 

included to show the predominance of canning and freezing fruits and 

vegetables.. 



TABLE 1.1 

EMPLOYMENT IN SIX SECTORS OF FOOD AND KINDRED PRODUCTS 
STATE OF OREGON - 1986 

% of Covered % of Total 
Sector Employment Covered 

SIC Code Total SIC 20 Employment 

2032 n/a 
2033 2,272 10.0% 0.22% 
2037 7,495 31.8% 0.73% 
2038 514 2.2% 0.05% 
2091 50 0.2% 0.00% 
2092 1,663 7.1% 0.16% 

TOTAL 11,994       51.3% 1.16% 

Definitions of SIC classifications: 
SIC 2032 - Canned Specialties 
SIC 2033 - Canned Fruits, Vegetables, Preserves, Jams and 

Jellies 
SIC 2037 - Frozen Fruits, Fruit Juices, and Vegetables 
SIC 2038 - Frozen Specialties 
SIC 2091 - Canned and Cured Seafoods 
SIC 2092 - Fresh and Frozen Packaged Fish 

Source: Employment Division, State of Oregon 

Table 1.2 is a comparison of value added data in 1954 and 1982 

for the four western states of California, Idaho, Oregon and 

Washington, and the U.S. total for industries in SIC 2037. Value 

added adjusted for inflation grew at a rate of 333.7 percent over 

this time period. As indicated, Oregon's share of U.S. total value 

added was 7.2 percent in 1954 and 14.2 percent in 1982. The state of 

California declined from a 24 percent share to 13.7 percent of total 

value added. Firms in Idaho did not disclose data in 1954, but by 

1982 accounted for 10.3 percent of the total value added in the U.S. 

Washington firms started with a larger share than those in Oregon, 

but by 1982 had equal shares of the total. The share of these four 



TABLE 1.2 

COMPARATIVE ANALYSIS OF FOUR WESTERN STATES 
SIC 2037 - FROZEN FRUITS & VEGETABLES 

VALUE ADDED IN 1982 DOLLARS 

VALUE SHARE : OF VALUE SHARE OF 
ADDEC I U.S >. ADDEC ) U, .S. 
1954 1954 1982 1982 

CALIFORNIA $122,491, 409 24. 0% $329,800, 000 13, .7% 
IDAHO N/A $248,400, 000 10. .3% 
OREC ;ON $36,608, 247 7. 2% $341,300, 000 14, ,2% 
WASh UNGTON $56,391, 753 11. .0% $341,500, 000 14, ,2% 

SUB- ■TOTAL $215,491, 409 42. 2% $1,261,000, 000 52, .4% 
U.S. , TOTAL $510,367, 698 $2,408,600, 000 

Source: Census Of Manufactures 

TABLE 1.3 

COMPARATIVE ANALYSIS OF FOUR WESTERN STATES 
SIC 2037 - FROZEN FRUITS & VEGETABLES 

COVERED EMPLOYMENT 

EMPLOY- SHARE OF EMPLOY- SHARE OF 
MENT U.S. MENT U.S. 
1954 1954 1982 1982 

CALIFORNIA 4,578 21.4% 8,600 18.0% 
IDAHO 750 3.5% 5,000 10.5% 
OREGON 1,573 7.3% 7,700 16.1% 
WASHINGTON 2,212 10.3% 6,200 13.0% 

TOTAL 9,113 42.5% 27,500 57.7% 
U.S. TOTAL 21,436 47,700 

Source: Census Of Manufactures 
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states accounted for just over half of the total U.S. real value 

added to fruits and vegetables by freezing in 1982. 

In Table 1.3 employment for the four western states and total 

U.S. employment in SIC 2037 is listed. There was overall growth of 

120.9 percent from 1954 to 1982. Again, California declined in 

share, with increased shares shown for Idaho, Oregon and Washington. 

The share of these four states made up over half of the total U.S. 

employment in SIC 2037 in 1982. 

Map 1.1 is used to apportion the shares of total U.S. real value 

added for the states with data disclosed in 1954 and/or 1982 in SIC 

2037. Of the U.S. total of $2.4 billion in 1982, $187.5 million or 

8.0 percent was not disclosed. The northeastern states, except for 

Maine, lost shares over this time period, as did Florida and 

California. Colorado and Texas had small shares in 1954, and no data 

disclosure in 1982. The shares increased for the Great Lakes region, 

but the major increases are shown to be in the Pacific Northwest 

states of Oregon, Washington and Idaho. 

Map 1.2 indicates the shares of total employment in 1954 and 

1982 in SIC 2037 by state. As noted earlier, employment increased 

over this time period, and Oregon's share increased to 16.1 percent 

in 1982. the Pacific Northwest region accounted for 39.6 percent of 

the total in 1982. California's share of 18.0 percent and Florida's 

share of 13.4 are the only other states with a share over 5 percent. 

The shift analysis is based on a technique employed by Perloff, 

et al. in Regions, Resources and Economic Growth. The shifts in 

employment and value added are generated by proportionality shifts 

and differential shifts. The net differential shifts are a result of 



MAP 1.1 

SHARES OF VALUE ADDED - 1954 AND 1982 

SIC 2037 

Upper =1954% 
Lower =1982% 



MAP 1.2 

SHARES OF EMPLOYMENT - 1954 AND 1982 

SIC 2037 

Upper=1954% 
Lower =1982% 
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expansion in some regions at a more rapid pace than in other regions. 

The upward net shifts are enjoyed by regions "...in which overall 

access to basic inputs or to markets has been improved relative to 

other regions engaged in the same activity...". (Perloff, et al.,p. 

71). The analysis included in this thesis is for the differential 

shifts in SIC 2037 for employment and real value added between the 

years 1954 and 1982. 

These net differential shifts are relative gains and losses 

among the states with regard to a particular variable in comparison 

to the national figure. For example, in measuring the employment 

change between 1954 and 1982, the percentage increase (or decrease) 

in national employment in SIC 2037 between these two years is applied 

to each state's employment in SIC 2037 in 1954. This gives the 

"expected change" by 1982 of employment if it had increased uniformly 

throughout all the states. This "expected" change for each state is 

then compared with the actual change recorded in the Census of 

Manufactures between 1954 and 1982.^ 

Map 1.3 is used to record the net differential shifts for 

employment in SIC 2037. Employment in Oregon, Washington and Idaho 

increased above the overall U.S. rate of growth of 120.9 percent, and 

accounted for a large proportion of the positive net shift. Oregon's 

^For example, Oregon's actual increase over the period 1954-1982 
was 4,225 more than it would have been if employment had increased in 
the same proportion as its "expected" change, whereas California's 
increase was 1,513 less than it should have been to conform with the 
national increase. Thus, Oregon had a "net upward shift" of 4,225 
employees in SIC 2037 and California a "net downward shift" of 1,513. 
Oregon's share of the total net upward shift, (the sum of all state 
upward shifts) over the period was 26.9%, while California accounted 
for 9.6% of the total net downward shift. (Refer to Map III.) 
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percent of the total net positive shift was the largest at 26.9 

percent. There were fifteen states which experienced a positive net 

shift, and twenty-one states that did not have employment increase at 

the expected rate. Most of the large declines occurred in the 

Northeast and Florida. Maine is an exception to this finding. The 

shaded states are those which experienced increases in employment but 

a relative downward shift, that is a growth lower than the national 

growth rate. These states are included in the total net downward 

shift. 

The net differential shifts in value added are shown on Map 1.4. 

A 56.6 percent share of the total positive net shift was in Oregon. 

This growth plus the 30 percent of net shift in Washington gave 

predominance to the Northwest region.^ 

This description of the frozen food sector indicates that the 

growth in employment and real value added in the Pacific Northwest 

was achieved without the locational advantages of other areas of the 

United States that are closer to the large urban markets of the 

Northeast. The rise of the fast food industry during this time frame 

created a large demand for the type of potato product grown and 

processed in this area. While much of the industry remained heavily 

involved in canning during World War II and beyond, the frozen 

industry had early roots in both Washington and Oregon. 

3Total value added was reported in only six states in both 1954 
and 1982 due to confidentiality requirements preventing disclosure. 
The shift analysis does not account for 28.7% of the value added in 1982. 



MAP 1.3 

SHARES OF NET DIFFERENTIAL SHIFTS IN EMPLOYMENT 1954 - 1982 

SIC 2037 



MAP 1.4 

^SHARES OF NET DIFFERENTIAL SHIFTS IN REAL VALUE ADDED 1954 - 1982 

SIC 2037 
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U.S. PRODUCTION AND EXPORTS TO JAPAN 

The total amount of frozen corn and potato products processed in 

the years 1978 through 1986 is shown in terms of shares of total U.S. 

production for Oregon plus southern Idaho; and Washington plus 

northern Idaho. These shares of production by region and the share 

of production which supplies the exports to Japan are presented in 

Table 1.4. 

The total U.S. production of frozen corn is primarily processed 

in Oregon, Washington and Idaho with an average share of 64 percent 

over this time period. It dropped to a low of 52 percent in 1986. 

The percent of U.S. production that was exported to Japan peaked at 

11 percent in 1980, but was 8 percent in 1986. 

The share of frozen potatoes processed in the Pacific Northwest 

was 76 percent of the U.S. total in 1986. The high was 84 percent in 

1978. The share of this production supplying the import demand of 

Japan has increased over this time period but remains a small 

fraction of total production.  The exports to Japan as a share of 

production in Oregon and southern Idaho matched that of Washington 

and northern Idaho in 1986 at 3.4 percent. 

Japan's share of total U.S. exports of frozen corn remained over 

60 percent since 1978, and was 69 percent in 1986. Exports to Japan 

were 74 percent of U.S. total frozen potato exports in 1986, the 

average was 71 percent over this nine year period. 

An informal survey in August of 1987 of executives in six 

processing plants indicated that this historical growth cannot be 

complacently used as a projection of future growth. The removal of 
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TABLE 1.4 

SHARES OF U.S. PRODUCTION AND EXPORTS TO JAPAN 

OF 
NORTHWEST AS PERCENT 

: U.S. TOTAL PRODUCTION 
OREGON/    WASH./ 
S.IDAHO  N. IDAHO 

EXPORTS TO JAPAN AS 
PERCENT OF PRODUCTION 
OREGON/  WASH./   U.S. 
S.IDAHO N. IDAHO  TOTAL 

FROZEN CORN 

1978 40.50% 24.72% 2.27% 15.76% 4.85% 

1979 40.89% 28.01% 3.71% 18.39% 6.88% 

1980 35.43% 30.81% 13.14% 19.71% 10.96% 

1981 36.50% 28.26% 8.13% 19.95% 9.03% 

1982 39.47% 31.07% 4.97% 10.71% 5.57% 

1983 40.33% 28.95% 8.28% 16.17% 8.38% 

1984 39.07% 16.07% 8.27% 24.02% 7.35% 

1985 43.52% 17.20% 5.71% 19.84% 6.18% 

1986 32.65% 19.41% 9.08% 25.48% 7.97% 

FROZEN POTATOES 

1978 55.92% 28.23% 0.70% 1.97% 0.96% 

1979 52.61% 26.45% 0.55% 2.70% 1.02% 

1980 48.76% 29.95% 1.15% 3.14% 1.52% 

1981 52.29% 26.51% 1.56% 3.07% 1.67% 

1982 49.30% 27.87% 1.72% 3.07% 1.74% 

1983 49.36% 26.87% 1.92% 3.59% 1.95% 

1984 52.19% 29.52% 2.18% 3.36% 2.16% 

1985 48.74% 28.06% 2.73% 3.21% 2.24% 

1986 42.23% 34.17% 3.40% 3.41% 2.81% 

Source: Northwest Food Processors Association and USDA 
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regulations of the trucking industry has made it more costly to move 

products to the eastern market. These industry representatives 

indicated that they believed the international markets, and 

particularly the Japanese market, is the source of growth for the 

near future. It was further noted that the domestic market is 

leveling, and plants in the midwest and northeast are decreasing 

their share of product in cans and changing to freezing product as a 

way to increase sales. Potatoes are now being grown in the panhandle 

of Texas which could contribute to increased competition in the 

french fry market, and the possibility of production increases in 

Mexico, and the subsequent movement to joint venture processing is 

seen as a threat to competitiveness. 

Therefore, it is expected that interest in and marketing efforts 

emphasizing Japan will increase. The decrease in prices of U.S. 

products abroad due to the fall in the value of the dollar compared 

to the yen and encouragement of consumer spending by the Japanese 

government will increase the growth potential for the Pacific 

Northwest frozen food sector. 
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II. JAPAN AND THE FROZEN VEGETABLE MARKET 

THE JAPANESE CONSUMER MARKET 

Japan is the world's top net importer of agricultural products 

and has been the largest U.S. customer since 1964. Neubert's article 

in Foreign Agriculture ranked the best market prospects for U.S. 

agricultural exports based on a survey of reports of Foreign 

Agricultural Service (FAS) counselors, attaches and trade officers. 

It was found that the Japanese market holds the greatest potential 

for exports of U.S. agricultural products, including high-value 

products used in the fast-food industry (beef, poultry, french 

fries), and the restaurant industry (meats and vegetables). The 

reform of agricultural policy in Japan and the relaxation of trade 

restrictions will be a key factor in future levels of imports, 

leading to an increase in consumption.  In addition, Japan shows 

strong income growth, and as the value of the yen increases, high 

value import prices decrease. 

This FAS study of market potential also used historic trade, 

economic and demographic indicators to determine the final rankings. 

The frozen vegetable sector was ranked as one of the food sectors 

that will do well on into the 1990's. As more women are entering the 

work force in Japan, households have less time to spend on shopping 

and meal preparation. The convenience of frozen products for 

microwave cooking will lead to increases in demand for frozen 

vegetables. This should also translate into a growth in the demand 

of the institutional and restaurant food industry. The number of 

junior college and university educated young adults will increase 
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temporarily in the next few years, increasing the acceptance of more 

Western foodstuffs (Cook and Kullberg). 

Japanese consumers are considered very quality conscious, and 

are willing to pay for it. But the product must conform to their 

expectations. Even though price is not the most important 

consideration, as the value of the yen increases, U.S. products could 

decrease in cost to the consumer and be perceived as a low-status 

item if not marketed appropriately (Foreign Agriculture, April 1987). 

Generally, the Japanese people are very particular about the taste of 

their food. They prefer to eat vegetables when they are young and 

small in size when flavor is considered at its best (Hijirida and 

Yoshikawa). Quality of product, as well as price and marketing 

efforts are important to increasing exports to Japan. 

JAPANESE PRODUCTION, IMPORTS AND CONSUMPTION 

Frozen food production in Japan in 1986 measured approximately 

823,000 metric tons in volume and 464.1 billion Yen in value. 

Vegetables were 11.7 percent of the total volume showing a growth of 

1.2 percent from 1985 to 95,961 tons. Production of frozen 

vegetables for institutional use was 75.8 percent of this total, 

retail 24.2 percent. In 1984 the respective percentages were lower 

at 68 and 32 percent, increasing in 1985 to 78 percent and 22 

percent. Of all frozen products consumed, vegetables made up 29.9 

percent of the volume in 1986 (Japan Frozen Food Association, 1986). 

The volume of frozen food imports other than of frozen 

vegetables and the volume of exports of frozen food are not known, 

but the Japan Frozen Food Association assumes it to be small. Frozen 
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vegetable imports in 1986 were up 19.4 percent from 1985, but its 

value in yen declined by 14.3 percent because of the sharp 

appreciation of the yen (See Graph 2.1). The annual percentage 

change of imports in three categories, frozen corn, frozen potato 

products, and other frozen vegetable products, is pictured in Graph 

2.2 for the years 1978 through 1986. There has not been a steady 

rate of change in imports, particularly of corn and other vegetables. 

Frozen potato import growth was positive for all years measured. 

Total production and imports of frozen vegetables, (adding to 

total consumption) are shown in Graphs 2.3 - 2.5 for the two frozen 

vegetable categories, corn and potatoes, and a third category made up 

of all other vegetables. Frozen corn production declined from 19,000 

metric tons in 1977 to 13,500 in 1986, while imports increased from 

9,700 tons to 29,300, increasing total consumption by 49 percent over 

this time period. The rapid growth in consumption of frozen potatoes 

was also coupled with a decrease in domestic production in 1985 and 

1986 as imports increased. Consumption totaled 113,598 metric tons 

in 1986 as opposed to 31,628 in 1977, rapidly growing by 259 percent 

in ten years. 

U.S. fast food franchises, such as McDonald's and Kentucky Fried 

Chicken, as well as the Japanese franchises Lotteria and Morinaga 

Love, use only U.S. frozen potatoes in their side dishes. French 

fries are inexpensive to serve and carry a high markup. Currently, 

Japanese consumers purchase fries during 40 percent of their visits 

at fast food restaurants, compared to an 85 percent rate in the U.S. 

This indicates the potential for continued growth in this market 

(Gressel). . 
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GRAPH 2.3 PRODUCTION, IMPORTS & CONSUMPTION 
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In the retail market the product has to be adapted for toaster 

ovens rather than deep fryers, and packaged in small quantities for 

current consumption, as consumers usually do not hold products in a 

freezer for later use. Because of the superior import product of the 

russet burbank potato, imports have a distinct advantage over 

domestically produced french fries (Gressel). 

The other frozen vegetables category includes beans (including 

green soy beans), pumpkin, spinach, and others. Graph 2.5 indicates 

a relatively stable production by domestic processors with an upward 

trend in imports, therefore consumption. The increase was 77 percent 

over these ten years. 

Japanese per capita consumption of these frozen products is 

quite small compared to U.S. standards. For example, per capita 

utilization of frozen corn in the U.S. in 1986 was nine pounds (4.09 

kg) compared to 0.78 pounds (0.35 kg) in Japan.  In 1979 per capita 

consumption in the U.S. of frozen potato products was nineteen pounds 

(8.64 kg) per year, compared to 2.06 pounds in 1986 in Japan, (1.2 

pounds in 1979) after seven years of increasing demand. Consumption 

of other frozen vegetables increased from 1.52 pounds (.69 kg) in 

1978 to 2.80 pounds (1.27 kg) in 1986. The consumption of all frozen 

vegetable products increased by 83 percent since 1978, from 3.07 to 

5.63 pounds per capita. 
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COMPARATIVE PRICES BY REGION 

The value of exports as recorded by the Commerce Department was 

used to calculate the price per metric ton at the export site.^ The 

value of total imports was taken from the Japan Frozen Food 

Association (JFFA) publications of which 1980 was the earliest 

available. Comparisons between Oregon, Washington and U.S. prices at 

export site and prices in Japan are shown in Graphs 2.6 and 2.7 for 

frozen corn and potatoes. These prices are in real yen per metric 

ton. 5 

Corn from the Columbia Snake Customs District commanded a higher 

price after 1979. In adjusted dollar terms, the price of exports 

from Oregon ports was $577.00 per metric ton in 1986, slightly above 

the Washington price of $557.00 per metric ton and the U.S. total 

price of $566.00 per metric ton. The price in Japan was $741.00 per 

metric ton. 

Frozen potato prices have fluctuated over this time span, with 

the price in Japan declining since 1982, the peak of the yen per 

dollar exchange rate. The export price in 1986 was $706.00 per 

metric ton from Oregon ports, $566.00 per metric ton from Washington 

ports, and .$638.00 per metric ton for all U.S. potato exports. The 

Japan price had decreased to $713.00 per metric ton by 1986, close to 

equaling the price of Oregon based exports. 

^A metric ton equals 2,204.622 pounds and 1000 kilograms. 

^The term Oregon refers to data from the Columbia Snake Customs 
District; Washington refers to data from the Seattle, Washington 
Customs District; U.S. data are from total figures calculated by the 
U.S. Commerce Department. 
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The Japanese market is highly structured. Their agricultural 

sector is protected with tariffs and quotas. The duty rate for 

frozen vegetables, except for sweet corn, has remained unchanged at 

ten percent for nearly the last three decades. A separate tariff 

category for frozen sweet corn was first established in 1976. The 

duty was 25 percent through 1979, 21.9 in 1980, 20.3 in 1981, and 

17.2 for 1982-1984. Effective January 1, 1985 it was dropped to 12.5 

percent and has continued at that rate through 1988 (Correspondence, 

American Embassy, Tokyo). 

SHARES IN THE JAPANESE MARKET 

U.S. based products accounted for over 85 percent of the total 

imports of frozen corn from 1978 to 1986 and at least 90 percent of 

the frozen potatoes except in 1979. Table 2.1 lists export totals 

for the Columbia Snake Customs District, the Seattle, Washington 

Customs District, the two added together to form a Northwest total, 

and the total U.S. exports to Japan. The percent of imports of Japan 

accounted for by each of these four area specific export regions is 

listed in Table 2.2. Annual export totals from the U.S. Commerce 

Department are at times listed as over 100 percent of the Japan 

import total. The two sources of data, U.S. Commerce Department for 

exports and Japan Frozen Food Association for imports, do not list 

the same totals, and the correctness of the data is difficult to 

ascertain. Even with this discrepancy, it can be seen that the 

exports from the Pacific Northwest are in essence the exports from 

the U.S. and the imports into Japan. 
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TABLE 2 :.l 

EXPORTS TO JAPAN 

IN METRIC TONS 

OREGON WASHINGTON NORTHWEST UNITED STATES 

FROZEN CORN 

1978 2550 10783 13333 13415 

1979 3993 13550 17542 18104 

1980 11177 14572 25749 26305 

1981 8341 15843 24184 25358 

1982 7426 12589 20015 21075 

1983 10023 14041 24063 25145 

1984 9868 11796 21664 22460 

1985 8837 12131 20968 21958 

1986 11274 18817 30090 30326 

FROZEN POTATOES 

1978 6815 9728 16543 16763 

1979 5339 13268 18607 18903 

1980 9761 16442 26203 26545 

1981 15633 15633 31265 32134 

1982 16827 16971 33798 34486 

1983 19436 19719 39156 39856 

1984 24380 21312 45691 46467 

1985 30913 20925 51838 51925 

1986 33577 27221 60798 65688 

Source: U.S. Commerce Department 
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TABLE 2.2 

SHARE OF JAPAN'S TOTAL IMPORTS 

TOTAL 
IMPORTS 

OREGON 
SHARE 

WASHINGTON 
SHARE 

NORTHWEST 
SHARE 

U.S. 
SHARE 

FROZEN CORN 

1978 14354 17.77% 75.12% 92.89% 93.46% 

1979 17666 22.60% 76.70% 99.30% 102.48% 

1980 28330 39.45% 51.44% 90.89% 92.85% 

1981 28820 28.94% 54.97% 83.91% 87.99% 

1982 24923 29.80% 50.51% 80.31% 84.56% 

1983 25476 39.34% 55.11% 94.45% 98.70% 

1984 22997 42.91% 51.29% 94.21% 97.67% 

1985 24506 36.06% 49.50% 85.56% 89.60% 

1986 29300 38.48% 64.22% 102.70% 103.50% 

FROZEN POTATOES 

1978 16403 41.55% 59.30% 100.85% 102.19% 

1979 24661 21.65% 53.80% 75.45% 76.65% 

1980 29202 33.43% 56.30% 89.73% 90.90% 

1981 34226 45.67% 45.67% 91.35% 93.89% 

1982 37566 44.79% 45.18% 89.97% 91.80% 

1983 44619 43.56% 44.20% 87.76% 89.33% 

1984 50186 48.58% 42.47% 91.04% 92.59% 

1985 56006 55.20% 37.36% 92.56% 92.71% 

1986 72069 46.59% 37.77% 84.36% 91.15% 

Source: Japan's Total Imports from Japan Frozen Food Association; 
Exports by Customs Districts from U.S. Commerce Department. 
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Graphs 2.8 and 2.9 show import origin in four categories; rest 

of U.S., Oregon, Washington, and rest of the world. The U.S. exports 

are pictured in a cumulative form so the area between the line for 

Washington and total imports indicates products from the rest of the 

world. The figure for 1986 U.S. exports of frozen corn to Japan from 

the U.S. Commerce Department is greater than the imports recorded by 

the JFFA. This creates an inconsistency in the data which is not 

correctable with the available data for the years 1979 and 1986. 

The overwhelming majority of frozen corn comes from the Seattle, 

Washington Customs District and the Columbia Snake Customs District. 

The JFFA lists imports from Taiwan, China, New Zealand, Canada and 

France totaling 1878 metric tons, or six percent of the total. 

The same situation exists in the frozen potato market. In 1986 

Oregon exports provided 47 percent of total imports, Washington 38 

percent, with an increase from 86 metric tons in 1985 to 4891 metric 

tons in 1986 shown for the rest of the U.S. The other exporting 

countries, in order of volume, are Canada, Holland, Belgium, Sweden, 

France, New Zealand, China and W. Germany, making up the remaining 

percentage of the import shares. 

The imports of other frozen vegetables are not mainly U.S. 

products. In 1978 the U.S. held a 32 percent share, but by 1986 it 

had declined to 19 percent. At the same time there was a steady 

growth in total imports of 124 percent. Taiwan was the major 

supplier in 1986 for this category supplying 64,935 metric tons, or 

57 percent of the total imports. China and the U.S. share the major 

portion of the remaining 43 percent. Green soybeans were 32 percent 

of the totaT import demand in this category in 1986. 
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III.  LITERATURE REVIEW 

LITERATURE IN INTERNATIONAL TRADE THEORY 

International trade theory and policy became important in modern 

western terms during the 16th through 18th centuries in Europe. 

During the era of mercantilistic economics exports were encouraged 

and imports discouraged, as major commercial entities increased their 

profits by trading in finished products. By the early 19th century 

this rather one-sided view was challenged by both Adam Smith who 

hypothesized that international specialization of factor inputs could 

increase world output; and David Ricardo whose theory of comparative 

advantage argued that mutually gainful trade is possible. Looking 

through the perspective of the economy of England, both attempted to 

prove that the overall welfare of consumers and producers would be 

increased by open and free trade (Carbaugh). 

The pattern of world trade is a result of international 

differences in supply and demand conditions. Individual demand 

curves are based on the underlying determinants of disposable income 

and personal tastes and preferences. From this an indifference curve 

map is developed indicating combinations of two goods that yield 

equal amounts of satisfaction. The individual indifference curve 

analysis is translated into a community indifference curve map as a 

pedagogical tool used to show the role of consumer preferences in 

international trade. 

Alfred Marshall took John Stuart Mill's concept of the "law of 

reciprocal demand" and formalized the illustration of the interaction 

between supply and demand through the use of offer curves (Marshall). 
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An offer curve depicts various amounts of two commodities that a 

country wishes to trade, given different price ratios. J. E. Meade 

showed how the offer curve could be constructed from a country's 

transformation curve which is based on the domestic supply factors of 

technology, productivity and resource endowments, and community 

indifference curves based on the demand determinants of income, 

prices, tastes and preferences (Meade). 

Shifts on the demand side or the supply side will effect the 

terms of trade, or price ratio of exports vis a vis imports, and the 

volume of trade. The overall welfare of consumers and producers 

depends on the relative strength of these two indices. 

The equilibrium balance of world supply and demand is derived 

from national supply and demand curves. According to equilibrium 

theory, there is only one price ratio at which world demand and world 

supply are in balance. Figure 3.1 shows the effects of trade on the 

potential amount of production available for trade and sought for 

trade at each price level through the use of supply and demand 

curves. The diagrams on the left and right focus on the effects of 

trade on domestic producer and consumer groups, whereas the middle 

diagram focuses on the international exchange. The demand curve (ED) 

reflects the excess demand for good A, quantity demanded minus 

domestic supply for each price level. The supply curve (ES) is the 

excess quantity of good A between supply and demand in the rest of 

the world. The equilibrium price E is established after open trade 

is accomplished. This analysis does not take into account 

transportation costs or time lags which exist in the real world 

situation of trade. 
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Figure 3.1 

The Effects of Trade 

A. U.S. market    B. International trade C. Rest of world 

Price Price Price 

E=M 

More recent theories of trade relax one or more of the 

assumptions of pure trade theory. Staffan Linder based his theory of 

manufactures on the basis of similar tastes, linked to closely 

related incomes (Linder). Trade with foreign markets occurs after 

the domestic market has been satisfied. Products are sold in new 

markets which are in a position to develop tastes for new goods. 

This theory .offers a basis for considering Japan an important market 

for food products from the U.S., as incomes are rising and tastes and 

preferences are undergoing, at the least, experimentation. To move 

from trade theory into empirically based import demand modeling it 

must be remembered that trade theory, like all economic theory, is a 

simplification of reality. The uneven adjustments of people and 

institutions as a result of changes in governmental policy and 
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underlying financial and market forces makes it difficult to join the 

abstract nature of trade theory with empirically based trade 

modeling. 

LITERATURE IN ECONOMETRIC ANALYSIS OF IMPORT DEMAND 

The theory of demand suggests the quantity of imports purchased 

by consumers will depend on income, price of imports, and the price 

of substitute and complementary commodities.  In recent years 

empirical and theoretical research on world trade has followed the 

growth of the U.S. economy in the world market. From 1920 to 1962, 

the United States was a net importer of agricultural products. Over 

the past three decades agricultural trade has tripled in volume, 

while world trade increased fivefold. The U.S. exports 70 percent of 

the corn, 80 percent of the soybeans, and 40 percent of the wheat 

that is traded in the world market (Thompson and Abbot). 

There are different categories of models used to research 

international agricultural trade. These models usually involve 

forecasting or analyzing export and import quantities and prices, 

trade flows, and market shares. The global market clearing condition 

requires that total exports equal total imports, and the equilibrium 

world prices are simultaneously calculated in order that a clearing 

world market price may be set. 

The model of free trade would therefore postulate a linkage 

between the domestic price and the world market price through the 

exchange rate, after accounting for transportation costs. However, 

tariff or non-tariff barriers distort the link between world and 

domestic pr-ices. Also, internal prices may not be allowed to go 
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below or above some set level in order to protect domestic producers 

or consumers. 

The approaches taken to determine import and export relations of 

all the trading countries in the world market are mostly specified as 

one-product models. However, multiple-product models are used and 

take into account simultaneities between product and factor markets 

as well as changes in trade policy. 

The fact that space is a factor in the trading of commodities 

has led to the use of spatial equilibrium models in which an 

equilibrium solution is dependent on a matrix of transport costs from 

all origins to all destinations. Linear programming models used by 

Blakeslee, Heady, and Framingham for world trade in grains, 

fertilizer, and phosphate rock had the objective of minimizing global 

transport costs (Thompson). 

Takayama and Judge used linear schedules of export and import 

relations with world price to spatial equilibrium with standard 

quadratic programming (QP) (Thompson). Takayama and Liu (Thompson) 

analyzed world wheat trade and Fieri, Meilke, and MacAulay pork trade 

using QP in which supply was specified as a function of lagged price 

(Thompson). 

Non-spatial price equilibrium models are a special case of 

spatial equilibrium models and are cheaper and easier to solve. 

These models are used to determine the net trade position of each 

trading country, and are solved as a set of simultaneous equations. 

This type of model holds a stronger free trade view, and are most 

often linked to forecasting or projections of trade. Some examples 

of the use of such models are the Food and Agriculture Organization 
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(FAO) world price equilibrium model, the Japan Ministry of 

Agriculture world agricultural productions model, and the Michigan 

State University agriculture model (Thompson and Abbot). 

Two-region models examine the interactions between one specific 

country and the aggregate rest of the world. Two extremes have 

existed in this type of specification, one being a perfectly 

inelastic export demand schedule as used by Egbert and also by Heady 

and Srivastava (Thompson and Abbot). Evidence to the contrary was 

brought forth by Tweeten; Houthakker and Magee (Thompson and Abbot). 

The other extreme taken by Schuh is that the U.S. represents a small 

trading country and is a price taker in the world market (Thompson 

and Abbot). The alternative is to explicitly recognize the 

possibility of market power and imperfect competition, but is rarely 

raised (Thompson and Abbot). 

It has been observed that not all commodities are perfectly 

homogeneous in the eyes of the importer by country of origin. The 

observation that total domination by imports or complete domestic 

domination in most traded goods has not occurred means that changes 

in relative prices are not acting in international trade as they do 

in perfectly competitive models (Magee). This has justified a view 

of imperfect substitution in patterns of international trade. 

Differentiated product models recognize that individual 

commodities are not perfectly homogeneous. Many trade models in this 

category do not consider exported goods as perfectly substitutable by 

the "same" domestically produced goods, and that the same good from 

different origins may be treated as separate goods. 
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Armington specified a model which presented a general theory of 

demand for products that are distinguished from a commodity by kind 

and place of production, therefore assumed to be imperfect 

substitutes in demand. This type of specification allows products 

from different regions or countries to be considered as separate 

products within a market, rather than one commodity in a market, i.e. 

import demand for Oregon frozen potatoes (Washington, Australian) 

rather than total import demand for frozen potatoes. His work 

assumed that elasticities of substitution between products competing 

in any market are constant and do not depend on market shares. It is 

also assumed that as long as relative prices remain stable, each 

country's market share is unaffected by change in the size of the 

market. 

These assumptions yield a specific form for the relation between 

demand for a product, the size of the corresponding market, and 

relative prices. In order to maximize a utility function it is 

necessary to assume a constant elasticity of substition (CES). 

Otherwise, the conditions of homogeneity, symmetry and aggregation 

implied in demand theory cannot be met. These conditions hold for an 

individual cosumer with a given utility function. To use demand 

theory in aggregate market demand empirical studies, these same 

conditions must be met. Armington therefore starts with the general 

Hicksian model, runs through a sequence of progressively more 

restrictive assumptions leading to a simplified specification which 

preserves the relationships between demand, income, and prices. 

Applications of Armington's differentiated product model have 

been applied to agricultural trade in world wheat and feed grains by 
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Grennes, Johnson, and Thursby (Thompson and Abbot). Also, Sarris at 

the University of California at Berkeley applied it to fruit and 

vegetable trade. 

Resnick and Truman used a three stage approach to specify a 

trade model which disaggregated products by origin. They modeled 

non-food imports for each of the ten EEC and EFTA countries. In 

Stage I total real non-food imports are assumed to be a log-linear 

function of relative prices, real income, and a variable used in 

linear equations where the actual level of the index of industrial 

production and the trend level of the index are related as a growth, 

or pressure of demand variable. This total import demand is 

distributed between two main groups of countries exporting products, 

namely Europe and the rest of the world. Prices of the respective 

country groups are the arguments of the function for Stage IIA. 

Stage IIB focuses on the European countries forming two competing 

blocs, the EEC and EFTA countries. Stage III distributes the imports 

for each country within the two European groupings EEC and EFTA. 

Price and Thornblade estimated U.S. import demand functions by 

country and commodity for certain manufactures. Their work 

concentrates on price elasticities by an equation in a double 

logarithmic form where the quantity of imports from a given country 

is regressed on: 1) the ratio of the import price (unit value of 

goods landed in the U.S.) to the wholesale price of an equivalent 

product produced in the U.S.; 2) the ratio of import price to a 

weighted average of prices of imports from other foreign suppliers; 

and 3) some measure of domestic demand or activity. Because of the 
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lack of data on actual import prices unit values were used in the 

price variables. 

The real consumption expenditure variable had the most 

significant explanatory power across industries and supplying 

countries. The price coefficient was significant but positive for 

various categories of consumer durables. As compared to more 

aggregate studies, their results in the broad sense suggested that 

relative price does not display great explanatory behavior. They 

note that the variations in quarter to quarter activity relating to 

institutional factors not included in the model may suggest the need 

for more complicated models to explain the greater variations in 

imports at more disaggregate levels. Also, marketing and promotional 

efforts directed at the importing market may cause substantial shifts 

in the import demand schedules. They suggested that some type of 

series variable related to promotional activity in trade categories 

from individual countries might have significant explanatory power. 

Price elasticity estimates for disaggregated commodities 

imported into the U.S. were found by Kreinin to be lower than those 

generated for total manufacturing imports in other recent studies of 

like functional form. The commodities were not differentiated by 

country of origin.  Income elasticities were rather high and very 

dispersed, consistent but somewhat higher for what had been estimated 

for more aggregative groupings. Kreinin found that price and income 

elasticities for manufactured goods are higher (in most countries) 

than those for raw materials or food, and price elasticities for 

finished consumer goods exceeded those for machinery items. 
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Markov models also recognize that importing countries view 

imports of the same product from different exporting countries as 

imperfect substitutes. One such example of this approach was applied 

by Dent to international wool trade. 

The traditional aggregate import demand models cited previously 

implied that the demand for imports is a function of real income, 

expenditure, or another activity variable in the importing region; 

the price of goods imported into the region; and the price of goods 

in the region (Magee). This specification relies on the proper 

definition of the price variable. Murray and Ginman criticize the 

traditional specification which uses a relative price index; the 

price of imports divided by the price of domestically produced 

substitutes. They argue that this constrains the import demand 

function, placing equality but of opposite signs to the elasticities 

with respect to import prices and domestic prices. This is suspect 

because of the probable differences in weights of import prices as 

opposed to the domestic price index of heterogeneous commodity 

groups. Also, consumer preferences and reactions to changes in 

import prices as opposed to domestic prices may not be equal. 

The alternative specification separates the price variable into 

two variables, allowing for a difference in elasticities. A test of 

Canadian imports from the U.S. from 1950 through 1964 indicated that 

the income elasticity was smaller when the prices were separated, and 

there was a somewhat smaller import price elasticity of demand. The 

final improved specification is a log-linear form using real income 

rather than money income, the two separated price indexes, and the 

domestic price index of non-traded items. This lowered the real 
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income elasticity to approximately one; the import price elasticity 

was also approximately one, lower than in the traditional equation; 

the domestic price elasticity for traded substitutes was twice that 

of the elasticity for non-traded goods and services. 

A model specified by Gallagher, et al hypothesized relations 

that govern U.S. wheat exports and foreign demand. The regional 

import demands were related to domestic prices, internal supplies, 

and other shifters, such as the price of close substitutes or income 

unique to the region under consideration. 

A time trend factor to account for changing tastes has been used 

by Sasaki and Fukagawa in an analysis of the Japanese expenditure 

pattern for 1961 - 1982. The proxy for changing tastes was specified 

as the square of time. This taste variable had a positive effect on 

the subgroup processed food. It was also positive for 'food away 

from home', as was income, whereas for rice and other cereals the 

time trend was not influential. As the consumption of rice has 

declined, livestock products, fruit, fat, and oil has increased 

rapidly. They found that substitution between commodity groups was 

largely due to changes in income, own price, and tastes rather than 

that of cross prices. They conclude that rapid economic growth has 

led to consumption patterns that are Westernized and modernized as 

per capita incomes rise, and that qualitative improvements will be 

sought as quantity is satisfactory. They further state, "It is 

necessary to develop or import good and new foodstuffs, and to 

introduce new diets and excellent arts of cooking from abroad." (p. 

66). 
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According to Thompson and Abbot, studies which estimate 

econometric equations to explain either the market share or demand 

for specific U. S. exports in selected importing regions are valid 

only if market share within a region is constant or if the product is 

differentiated by country of origin.  In this research an attempt has 

been made to respond to questions of validity by differentiating the 

good by product, frozen corn or frozen potatoes; by export region, 

namely Columbia Snake Customs District, Seattle, Washington Customs 

District, the two together as a Northwest regional specification, and 

total U.S. product specific exports to Japan. The following chapter 

outlines the effort to estimate the elasticities for region specific 

imports of Japan of these frozen vegetable products. 
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IV. MODEL SPECIFICATION AND RESULTS 

THE SPECIFIED MODEL OF IMPORT DEMAND 

The specified model follows traditional aggregate import demand 

models by hypothesizing that demand for imports is a function of real 

income, in this model consumer expenditure in Japan adjusted by the 

Japanese CPI; and own price adjusted by the Japanese CPI. As stated 

in the previous chapter, the study by Sasaki and Fukagawa found that 

substitution between commodity groups was largely due to income, own 

price, and tastes rather than cross prices. The use of own price 

rather than the often used relative price index is supported by this 

study and by Murray and Ginman's discussion on the problems of using 

relative prices. The excess demand, or import demand in Japan, is 

total demand minus the quantity supplied by Japanese food processors. 

The specification used in this research is a reduced form 

incorporating the supply side production capacity in the demand 

equation. 

A log linear functional form has been specified to test the 

hypothesized relationship of the dependent variable of area specific 

imports of Japan (M-jj), measured in metric tons, to the explanatory 

variables of (i) real f.o.b. own price in Yen per metric ton (Pij); 

(ii) consumer expenditures in Japan in real Yen (CEj); and (iii) 

domestic production of the specific commodity (QSj), i.e. frozen corn 

or potatoes. Equation 1 states the relationship tested. 

(1) In M-jj = a0 + aj In P-jj + 32 In CEj + 33 In QSj 

The regions supplying the import demand of Japan for frozen corn 

and frozen potato products are the Columbia Snake Customs District; 
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the Seattle, Washington Customs District; the two former districts as 

a combined Pacific Northwest District; and the U. S. in total. 

The exchange rate and the general level of prices in Japan are 

included implicitly through the expression of prices of frozen 

vegetables from dollars to real Yen and Japanese consumer 

expenditures in terms of real Yen. Factors that are not considered 

in this empirical analysis include changes in transportation costs, 

change in trade barriers and tariff levels, changes in consumer 

preferences, changes in price and consumption of complements to 

frozen vegetables, and changes in the prices of possible substitute 

commodities for sweet corn and frozen potato products. 

The assumption that there are no close substitutes in the 

Japanese marketplace for frozen french fries is supported by the fact 

that, as mentioned previously, the retail market is only a small 

percentage of the market for frozen products in Japan. Most of the 

utilization is in the institutional, or restaurant sector. The 

arrangements of the fast-food franchises, i.e. McDonald's, Kentucky 

Fried Chicken, Lotteria and Morinaga Love to use only U.S. frozen 

potatoes renders this particular segment of the frozen potato market 

non-substitutable. If the demand for frozen potatoes is a derived 

demand, something demanded as a complement to a hamburger or chicken 

serving, a more efficient specification of the model would include 

variables such as volume of hamburgers sold per year and number of 

franchise openings. The present specification does not include 

variables related to a derived demand analysis. Misspecification 

results in a loss of efficiency and explanatory power of a model, but 

because of data limitations it is not tested in this analysis. 
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DESCRIPTION OF DATA 

Time series data for the annual exports by Customs District by 

commodity was available for the time period of 1978 - 1986 from the 

U.S. Commerce Department.^ The estimates of Japan's total private 

consumption expenditures were taken from the "International Financial 

Statistics Supplement on Output Statistics" published by the 

International Monetary Fund. Japan's consumer price index was taken 

from the "Supplement on Price Statistics" and the exchange rate 

between the Yen and the U. S. dollar from the "Supplement on Exchange 

Rates." Population estimates were obtained from the "Population and 

Vital Statistics Report" of the United Nations. Domestic production 

for Japan and total import statistics were obtained through 

correspondence with the Japan Frozen Food Association in Tokyo which 

publishes an annual report entitled "Statistics on Various Aspects of 

the Japanese Frozen Food Industry." 

The price variable was calculated by dividing total value of 

exports in dollars by total volume converted to metric tons from 

export site and adjusted by the exchange rate and consumer price 

index for Japan. The price and production variables are expected to 

have negative coefficients, whereas consumer expenditures as an 

indicator of the income effect is expected to have a positive 

coefficient. 

A double log linear functional form constrains the elasticities 

to be constant. The price and income elasticities (aj and 32) and 

^The use of export data rather than import data may produce a 
downward bias of the elasticities, specifically on the price 
elasticity.- Refer to Emami, 1987. 
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the elasticity pertaining to Japan's domestic production (33) can be 

read directly from the regression results.  It has been shown that 

short-run elasticities are typically lower than long-run 

elasticities, relating to the time lags relevant to consumer behavior 

adjusting to changes in tastes and preferences, and macroeconomic 

forces of exchange rates and trade policy. 

The use of an Ordinary Least Squares (OLS) model is appropriate 

when the shifts in the supply schedule are large relative to those of 

the demand schedule, and/or when the supply schedule is highly 

elastic (Learner and Stern). Given that exports of frozen vegetable 

products are only a relatively small fraction of total supply in the 

U.S., the possibility of an elastic supply schedule is quite high, 

and OLS seems to be appropriate. 

RESULTS 

The results of estimating Japan's import demand of frozen corn 

using ordinary least squares (OLS) regression are listed in Table 

4.1. The significance of the estimated coefficients are listed as 

letters beside the given t-statistics. Under the t-statistic is the 

value of the standard error of each coefficient. The adjusted 

coefficient of determination is given, along with the Durbin-Watson 

statistic and the value of rho. The results after correcting for 

autocorrelation are presented in Table 4.2.' 

^The values in parentheses in this and subsequent equations are 
the calculated t values for a one-sided test of the regression 
coefficients; a are significant at the 99.5% level (tf.=4.032), b are 
significant at the 99% level (tc= 3.365), 

c are significant at the 
97.5% level (tc= 2.571), 

d are significant at the 95% level (tc= 
2.015), and- ^ are significant at the 90% level (tc= 1.476). 
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TABLE 4.1 

RESULTS OF ESTIMATIONS FOR FROZEN CORN IMPORTS 1978-1986 

USING ORDINARY LEAST SQUARES 

Dependent Variable ln(area specific imports of Japan) 

OREGON   WASHINGTON   NORTHWEST U.S. 

In price   -0.6869     -1.1367    -0.9711 -0.9424 

t-stat    (-0.984)     (-3.260)c   (-3.158)c (-3.274)c 

S.E.       0.6977      0.3487     0.3075 0.2878 

In con.ex.  4.9308     -0.0553     1.5975 1.5882 

t-stat    (3.732)b    (-0.090)     (2.876)c (3.044)c 

S.E.       1.3212      0.6152     0.5554 -0.5218 

In prod.   -1.9369     -0.7687    -1.1389 -1.1579 

t-stat    (-2.882)c    (-2.848)c  (-4.2701)a (-4.768)a 

S.E.       0.6720      0.2700     0.2667 0.2429 

Constant 10.548 

t-stat   (0.6589) 

Adjusted R2 0.74 

Durbin-Watson 2.74 

rho      -0.3826 

30.359 24.105 24.028 

(3.827)b (3.436)b (3.647)b 

0.59 0.80 0.84 

1.97 2.48 2.43 

0.0746 -0.2982 -0.2710 
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The three independent variables, real own price in yen at export 

site; Japanese consumer expenditures adjusted by Japan's consumer 

price index; and Japan's production of frozen corn explain 74 percent 

of the changes in the annual volume of export sales of frozen corn 

from the Columbia Snake Customs District ports. The estimated 

coefficients exhibit the correct signs, but the price variable is not 

significant in this equation. 

Under the assumptions of the classical linear regression model 

the disturbances have uniform variances and are not correlated with 

one another. One test of this assumption is the Durbin-Watson (D. 

W.) statistic. A value of two in absolute terms indicates a low 

probability of autocorrelation.  In this estimation the D. W. 

statistic indicates that there is a high probability of negative 

autocorrelation, that is a negative (positive) disturbance of one 

estimator leads to a positive (negative) disturbance in the following 

period. This is known as first-order autocorrelation. The 

consequences of autocorrelation is a loss in efficiency, in that the 

estimated coefficients no longer have the minimum variance. 

The same model was estimated for exports of frozen corn from the 

Seattle, Washington Customs District as the dependent variable. The 

estimation explained 59 percent of the variation. Unlike the 

estimation for imports originating from Oregon ports, the price 

coefficient is significant at the 97.5 percent level, and negative. 

The income coefficient is negative, but is not significant in this 

estimation. The production coefficient is negative and significant 

at the 97.5 percent level. The Durbin-Watson statistic does not 

indicate a problem with autocorrelation. 
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When the Oregon and Washington data is combined into a Northwest 

variable, all elasticities are significant and have the expected 

signs. Eighty percent of the variation is explained by this 

estimation, but there is a loss of efficiency due to autocorrelation. 

The U.S. total model also has problems of autocorrelation. 

In order to correct for autocorrelation of the type that the 

current error term is a fraction (referred to as rho) of the error 

term of the preceding period, plus a classical error or disturbance 

term, an alternative model called the generalized linear regression 

(GLR) is estimated. The results after using the Cochrane-Orcutt 

iterative least squares method for estimating the coefficients are 

listed in Table 4.2. 

The reported value of rho is listed as a measure of correcting 

for autocorrelation. If rho were 0, the error terms would not be 

correlated, and the model would meet the assumption of 0 covariance 

between the error terms of the classical linear regression model. 

The estimated model using the Cochrane-Orcutt iterative method 

resulted in more efficiency; the standard errors are lower using this 

method; and the value of rho decreased for the four area 

specifications. The explanation of 81 percent of the variation for 

imports from Oregon and significance levels of 99.5 for the income 

and production variables lends confidence in the relationships 

attributed to this model. The price variable is significant at the 

95 percent level. An increase in the export price of 1 percent would 

result in a 1.3 percent decrease in imports of frozen corn from 

Oregon. An increase of one percent in total consumer expenditure in 

Japan would' result in a 4.9 percent increase in frozen corn imports, 
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TABLE 4.2 

RESULTS OF ESTIMATIONS FOR FROZEN CORN IMPORTS 1978-1986 

CORRECTED FOR AUTOCORRELATION 

Dependent Variable ln(area specific imports of Japan) 

OREGON    WASHINGTON   NORTHWEST     U.S. 

In price  -1.2974      -1.1399    -1.1295   -1.0877 

t-stat   (-2.188)d    (-3.289)c   (-4.276)a (-4.376)a 

S.E.     0.5929      0.3466     0.2642   0.2486 

In con.ex. 4.8619      -0.1153     1.4533    1.4310 

t-stat   (6.120)a    (-0.208)    (4.254)a  (4.326)a 

S.E.      0.7855      0.5547     0.3416   0.3308 

In prod.  -2.6046      -0.8072    -1.3832   -1.3692 

t-stat   (-4.462)a    (-2.986)c   (-5.927)a (-6.462)a 

S.E.      0.5838       0.2703     0.2334    0.2119 

Constant   24.334      31.053     28.964    28.493 

t-stat   (1.951)e     (4.014)b   (5.177)a  (5.371)a 

Adjusted R2  0.81       0.59      0.85     0.87 

rho      -0.2161    -0.0670    -0.0979   -0.1368 
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the highest elasticity estimated for the four specified regions. An 

increase in domestic production of frozen corn of one percent would 

lead to a decreiase in demand of 2.6 percent. This is the highest 

elasticity in terms of the effect of Japan's production on the demand 

for imports. 

The Washington model shows different results in that only 59 

percent of the variation is explained by this estimated model. The 

price coefficient is significant and negative. The impact on imports 

as consumer expenditures increases by 1 percent is negative, but 

insignificant. The production coefficient is significant at the 99 

percent level, but has a lower value than that for Oregon, implying 

that domestic production in Japan has less of an effect on export 

levels from Washington than from Oregon. 

The results for the combined Pacific Northwest model and the 

total U.S. estimations indicate all of the coefficients are 

significant at the 99.5 percent level, and are of the expected signs. 

The impact of increases in consumer expenditures is less than in the 

Oregon specification. Demand for frozen corn imports from the 

Pacific Northwest would increase by 1.5 percent for a 1 percent 

increase of Japan's consumer expenditures. The production in Japan 

of frozen corn will be closely matched by a corresponding decrease in 

import demand for Northwest and total U. S. frozen corn. The 

adjusted R^ of 0.87 is highest for the U.S. specified model. 

The OLS estimates for frozen potato products using the same 

specification as for corn for the four regions are listed in Table 

4.3. The results in estimating the import demand for frozen potatoes 

indicate a Jiegative price coefficient, except in the Washington 
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estimation, which is insignificant; positive and significant income 

coefficients; and positive, except for Washington, production 

coefficients which are all insignificant. The D. W. statistic does 

not indicate a high probability of autocorrelation in these four 

specifications. 

The insignificance of the coefficients coupled with a reasonably 

high adjusted coefficient of determination indicates the need to 

consider the problem of multicollinearity between the specified 

variables. The correlation matrix of coefficients indicated a high 

correlation coefficient, over 0.80, between the consumer expenditure 

variable and the production variable in the Oregon model; between all 

of the variables in the Washington model; between consumer 

expenditure and production in the Northwest model; and the same pair 

in the U.S. model. To correct for this loss of efficiency due to 

multicollinearity, a ridge trace was computed and a K value was 

determined for each area specific regression. The K-value used to 

transform each regression is given in Table 4.4 with the alternative 

results. 

Another problem which could be considered but is not tested in 

this analysis is the possibility of misspecification. Other 

independent variables suggested to explain import demand for frozen 

potatoes included quantity of hamburgers consumed in Japan, number of 

fast food franchise openings during this time period, and the level 

of promotions and advertising undertaken by fast food restaurants in 

Japan. 

There was an improvement in the significance of the price 

coefficient- in the Oregon and U.S. estimated regressions, at the 90 
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TABLE 4.3 

RESULTS OF ESTIMATIONS FOR FROZEN POTATO IMPORTS 1978-1986 

USING ORDINARY LEAST SQUARES 

Dependent Variable ln(area specific imports of Japan) 

OREGON   WASHINGTON   NORTHWEST     U.S. 

In price   -1.0119     0.4553    -0.1143   -0.4587 

t-stat    (-1.161)     (-0.964)    (-0.202)  (-0.866) 

S.E.       0.872      0.4722     0.5673    0.5297 

In con.ex. 4.9247 5.3103 5.3464 4.8062 

t-stat (1.699)e (3.658)b (3.032)c (2.875)c 

S.E. 2.8982 1.4518 1.7634 1.6716 

In prod. 2.4637 -1.0397 0.5359 0.9926 

t-stat (1.245) (-0.938) (0.429) (0.819) 

S.E. 1.9787 1.1082 1.2489 1.2123 

Constant   -28.881 -10.987 -20.516 -18.556 

t-stat    (-2.148)d (-2.543)d (-3.011)c (2.961)c 

Adjusted R2  0.80 0.88      0.89     0.90 

Durbin-Watson 2.19 2.16       1.79     1.38 



60 

TABLE 4.4 

RESULTS FOR ESTIMATIONS FOR FROZEN POTATO IMPORTS 1978-1986 

USING RIDGE REGRESSION FOR CORRECTING MULTICOLLINEARITY 

Dependent Variable ln(area specific imports of Japan) 

OREGON   WASHINGTON   NORTHWEST     U.S. 

K-value     0.4        0.3       0.3      0.3 

In price   -0.8419     -0.2103    -0.4288   -0.5680 

t-stat    (-1.696)e    (-0.912)    (-1.380)  (-1.982)e 

S.E.       0.4963      0.2307     0.3108    0.2866 

3.2925    3.2941 

(5.318)a  (5.612)a 

In con.ex. 3.8332 2.4239 

t-stat (3.778)b (5.216)a 

S.E. 1.0145 0.4647 

In prod. 2.1688 0.7204 

t-stat (2.861)c (2.151)d 

S.E. 0.7580 0.3349 

0.6191    0.5870 

1.3620    1.4365 

(2.981)c (3.334)c 

0.4569   0.4309 

Constant   -22.361 -7.4716 -15.33 -14.448 

t-stat    (-1.988)e (-1.500)e (-2.324)d (-2.359)d 

Adjusted R2   0.76 0.77 0.84 0.86 

Durbin-Watson 1.57 1.23 1.21 0.97 
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percent level. The significance of the consumer expenditure 

coefficient was increased in all four models. The production 

coefficient remained positive, not the expected sign, and became 

significant in each of the four models at the 97.5 and 95 percent 

levels. The adjusted R^ decreased slightly in all but the Oregon 

specification. 

SUMMARY 

The demand for frozen corn imports is more responsive to changes 

in real price than the import demand for frozen potatoes. The price 

elasticities that were significant in the potato estimations were for 

Oregon, -0.84, and U.S. total exports at -0.57, whereas for corn all 

four elasticities were significant and ranged from -1.09 in the U.S. 

model to -1.30 in the Oregon model. 

The income elasticities are higher for frozen potato import 

demand than for corn except for Oregon. This is consistent with the 

assumption that the majority of french fries and other frozen potato 

products are consumed when eating away from home, which is positively 

impacted by increases in income and overall expenditures. A one 

percent increase in the level of real consumer expenditures in Japan 

would result in a 3.29 percent increase in demand for frozen potatoes 

from the Pacific Northwest, which is also the U.S. model elasticity 

and close to the Oregon elasticity of 3.8. Washington based imports 

of frozen potatoes are less responsive to increases in consumer 

expenditure, but positive and significant, whereas in the corn sector 

the income elasticity is negative and insignificant. Oregon based 
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corn imports of Japan have a high and significant income elasticity, 

4.86. 

The demand for frozen corn imports decreases at a rate greater 

than unity when domestic Japanese production increases, differing 

from the frozen potato market which indicates a relationship between 

increases in production in Japan and increases in import demand. 

This could possibly be explained by a growth in demand which is 

greater than the domestic processors are able to accommodate, and/or 

that the special arrangements of multinational franchise operators to 

purchase U.S. potato products are not impacted by domestic 

production. Production of frozen corn in Japan would lead to larger 

decreases in imports from Oregon than from Washington. The 

elasticity for Oregon specified corn is -2.61 as compared to the 

Washington elasticity of -0.81. The elasticity for the Pacific 

Northwest model is -1.38 and the U.S. elasticity is -1.37. The best 

results for the Pacific Northwest based imports are listed in Table 

4.5. 

A limitation of this research results from using export data 

from the U.S. Commerce Department to specify import demand for Oregon 

versus Washington products. The data is for shipments from the 

Seattle, Washington and Columbia Snake Customs Districts, not state 

specific production. Therefore, the results of this research cannot 

be used as a direct indication of demand for Oregon or Washington 

processed products, but rather the demand for shipments from the two 

Customs Districts. Also, the interpretation of the results in this 

study are based on a small number of observations, which reuslts in 

less confidence than studies which include a longer time period. 
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TABLE 4.5 

BEST RESULTS OF ESTIMATIONS FOR PACIFIC NORTHWEST 

Dependent Variable ln(area specific imports of Japan) 

FROZEN CORN FROZEN POTATOES 

NORTHWEST NORTHWEST 

In price    -1.1295 -0.4288 

t-stat     (-4.276)a (-1.380) 

S.E.       0.2642 0.3108 

In con.ex.  1.4533 

t-stat     (4.254)a 

S.E.       0.3416 

3.2925 

(5.318)a 

0.6191 

In prod. -1.3832 

t-stat (-5.927)a 

S.E. 0.2334 

Constant 28.964 

t-stat (5.177)3 

1.3620 

(2.981)c 

0.4569 

-15.33 

(-2.324)d 

Adjusted R2  0.85 

(3) significant at the 99.5% level 
(b) significsnt at the 99% level 
(c) significant at the 97.5% level 
(d) significant at the 95% level 
(e) significant at the 90% level 

0.84 
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V. CONCLUSIONS AND RECOMMENDATIONS 

The demand for frozen corn imports in Japan appears to be price 

elastic. A decrease in the price of corn should lead to an increase 

in aggregate revenues for U.S. firms exporting into Japan. The 

Japanese substitute domestically processed corn for the frozen corn 

shipped from the Columbia Snake Customs District at a greater rate 

than for the corn shipped from the Seattle, Washington Customs 

District. The upward trend since 1983 in domestic production of 

frozen corn may decrease the shipments of frozen corn from Oregon, 

even if prices are decreasing. 

The import demand for frozen potatoes appears not to be price 

elastic. A decrease in price would not lead to greater revenue, 

other things being equal. Continued increases in consumer 

expenditure levels in Japan should lead to greater levels of exports 

from Oregon ports. Japanese domestic production has not led to 

decreases in the demand for frozen potato imports, and appears to 

have no effect on demand for frozen potato imports. 

Recently, U.S. and Japanese negotiators reached an agreement in 

Tokyo to end Japan's restrictionson beef and citrus imports. 

Specifically, this agreement calls for Japan to liberalize its 

markets in three years for beef. Also, in the wake of the market 

liberalization agreement with the United States, the Japanese 

government plans to increase its domestic production of beef and 

citrus production through an $800 million assistance program. 

The U.S.-Japanese beef market liberalization agreement has 

important implications for the Pacific Northwest exports of fresh and 
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frozen vegetables to Japan. As the quota on Japanese meat imports 

will be removed, the price of beef in Japan will reduce to the free 

market equilibrium level (U.S. export price plus costs of insurance, 

freight, and marketing margins). This new lower level of domestic 

beef prices in Japan may or may not decrease further due to the 

replacement of subsidies for the quota. However, because of the 

lower beef price in Japan, the less preferred foods will be replaced 

in the Japanese diet by meat which ranks higher in consumers' 

preference hierarchy. The future increase in Japanese demand for 

beef, (no matter if it is provided from imported beef, or from the 

higher domestic production because of new subsidies), will increase 

demand for beef complements such as potatoes and corn, as well as 

other vegetables. 

Historically, the Pacific Northwest region has been the major 

supplier of frozen corn and potatoes to Japan (see Table 2.2). 

Consequently, the future increase in Japanese demand for these 

products could be expected to have a positive impact on Pacific 

Northwest exports, increasing export generated revenues for this 

region. 

Further research may be of interest with the general objective 

of improving our understanding of the impacts of the recent U.S.- 

Japanese bilateral beef agreement on Pacific Northwest exports of 

vegetables in general, and individual fresh and frozen vegetable 

products. 

An analysis of the theoretical and empirical implications of the 

combined effects of quota-removal subsidy-placement on Japanese 
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demand for beef would increase the ability of firms and processors to 

understand the implications of trade negotiations with the Japanese. 

This analysis could further answer questions regarding the impacts of 

the changes in Japanese demand for beef on the Japanese domestic and 

foreign demands for beef complement products such as fresh and frozen 

vegetables. Also, a better understanding of the role of vegetables 

as a complement to other foods in the Japanese diet would increase 

the ability of producers and processors in the Pacific Northwest to 

expand trade in the fresh and frozen vegetable export market. 

Since Japan is the major U.S. customer for exports of frozen 

corn and potatoes, further research into policy implications related 

to the economic payback of efforts by state and county agencies to 

expand export markets through trade shows, extension service 

educational resources, and changes to the regulatory arena in which 

manufacuturing firms exist is supported by the findings in this 

research. The Japanese demand for imports of frozen corn and 

potatoes is serviced in large measure by the Pacific Northwest. 

Identification of other value added food products may provide further 

opportunities for producers and processors in rural areas of the 

Pacific Northwest. Further research on developments in production 

capacity, new packaging technology, different methods of processing, 

and waste water treatment may further the competitiveness of the 

frozen vegetable processing industry here in Oregon. The impacts of 

commodity trade liberalization on the requirements of shipping and 

port facilities in Oregon may also be of interest to state policy 

makers. 
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