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During the two decades 1960-1980 the Japanese government was

faced with a problem of declining domestic demand for rice and a

persistent over-production which created mounting surpluses stored

at public expense. In an attempt to remedy the situation the

Japanese government imposed production controls on rice and offered

incentives to farmers to grow alternative crops such as wheat.

This thesis outlines the Japanese government's concern about

food self-sufficiency and how this concern may be reflected in the

government's wheat and rice pricing policies. The thesis evaluates

the producer and consumer welfare losses due to this pricing policy.

The thesis further evaluates associated economic costs of increas-

ing self-sufficiency in wheat through other policy variables includ-

ing income, producer price and land availability. The impacts on

self-sufficiency in rice if Japan were to become 100 percent self

sufficient in wheat production are also estimated.

THE CASE OF RICE AND WHEAT
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The methodology adopted was an extension of Bales and Green-

shield's model to evaluate welfare loss. Transportation rates were

calculated using a freight rate model developed by Clement. Prices

for wheat and rice were derived from Japanese government, Food and

Agricultural Organization, and USDA sources.

Three methods were used to evaluate the associated cost of

increasing self-sufficiency in wheat. The first method estimated

the increase in total household income resulting from a one percent

increase in the production of rice and wheat. The second determined

the increase in the producer price of wheat necessary to equate the

incomes of wheat and rice producers. The third method evaluated the

potential of achieving 100 percent self-sufficiency in wheat produc-

tion, and the effects this would have on the self-sufficiency ratio

of rice.

The study found that as a percent of Japanese Gross Domestic

Product, social welfare losses resulting from the self-sufficiency

policy were less than one percent for both rice and wheat. As a

percentage of total expenditures on the two commodities, however,

average welfare losses were 41 percent for rice and 118 percent for

wheat. The introduction of the production control program increased

the welfare losses for both wheat and rice.

Criteria developed to measure the costs of increasing the self-

sufficiency in rice found that the potential income from growing

rice exceeds that of wheat, despite the production control program

and incentives to farmers to grow wheat. The study estimated that

producer prices of wheat would have to be raised from ten to five



hundred percent to equate rice and wheat producers' incomes. The

study also showed that a goal of 100 percent self-sufficiency in

wheat production would have been unobtainable in the years following

1962, even if the potential divertable rice land was used for wheat

production. The self-sufficiency ratio of rice, however, would

remain above 100 percent for all years but three. Thus, it appears

that the welfare losses due to the pricing policy are large while

the potential to expand the production of wheat is limited under

the Japanese policy.
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The Economics of Food Self-Sufficiency

in Japan: The Case of Rice and Wheat

I. INTRODUCTION

'People who live on islands are very concerned and maybe even

paranoid about food self-sufficiency' (conversation with a food

production economist).

Japan is comprised of five main islands. Not surprisingly,

the Japanese government is concerned about the ability of its

domestic agriculture to meet Japanese domestic demand. The Ministry

of Agriculture, Forestry and Fisheries (MAFF) on a regular basis

issues charts and figures showing the self-sufficiency ratios (SSR)

of domestic agriculture)'

The platforms of the major Japanese political parties also

reflect this concern with their statements supporting increased

self-sufficiency in agricultural products Castle and Hemmi, 1981}.

Despite this concern it may be more efficient in some cases to

import food rather than to rely upon domestic production. This

thesis will examine the economic consequences of Japan's food

self-sufficiency policy.

The basis for the Japanese government's concern about self-

sufficiency is partially geographic. Japan is only 200 miles from

the mainland of the Soviet Union. Relations between the two

The calculation formulas for SSR's will be presented in
Chapter II.
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countries are tense. The two governments have not formally con-

cluded a peace treaty ending the hostilities of World War II. The

Russians are occupying and have a military base on the Sakhalin

Islands which Japan also claims. The Sakhalin Islands are only 30

miles from the northern Japanese island of Hokkaido. The Japanese

government fears the possibility of a foreign blackade should there

be an outbreak of hostilities.

The Japanese are also reluctant to rely upon the international

marketplace to supply their domestic needs. This reluctance extends

to allies; it was the United States, an ally of Japan, that imposed

a soybean embargo against Japan in 1973. The Japanese have also

felt the effects of the Arab oil embargo in 1973 and are very con-

cerned about the use of food as a political weapon, such as the

American grain embargoes against the Soviet Union to protest

Russian military activities.

The Importance of Rice in Japanese Agriculture

Before World War II rice accounted for 60 percent of the total

caloric intake of the Japanese diet. Traditionally, the retail

price of rice was kept low because of its role as a staple food.

Urban wages were tied to the price of rice. To promote industrial-

ization the price of rice was, by government policy, kept low to

keep wages low. However, the per capita consumption of rice has

been declining. In 1956, the urban per capita consumption of rice

(as a food) was 100.29 kgs. and in the rural areas it was 161.7 kgs.

In 1979, consumption declined to 45.78 kgs. and 111.6 kgs.,
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respectively [MAFF Statistical Yearbook]. Similarly, industrial

use demand for rice, primarily for confectionary and alcoholic

beverage purposes, has also fallen from a peak of 778,000 tons in

1969 to 376,000 tons in 1980.

Rice is bought by the government from the rice producers. The

purchase price of rice is determined not by supply and demand but

rather on a formula that is based upon the cost of production. The

government sells the rice to licensed wholesalers and thereby in-

fluences the retail price of rice. This government regulated resal9

priceis set independent of the purchase price and canbe lower then

the purchase price. The sales price is based on the Japanese Con-

sumer Price Index and it is politically difficult to raise the sales

price of rice [Ogura, 1974].

Japan has been self-sufficient in rice since the early 1960s

[Hayami, 1975]. Since then the Japanese government has also taken

responsibility for disposing and/or storing any surplus rice that

may accumulate in excess of demand. In 1965, the total rice supply

in Japan was 10,036 thousand tons, of which 2,454 thousand tons were

carryover. In 1970, the total supply had risen to 14,113 thousand

tons, of which 9,507 thousand tons were carryover.

In an effort to combat these growing surpluses the Japanese

government beginning in 1979, offered farmers subsidies to either

grow crops other than rice or to leave their land idle. These

diversion payments were approximately $1000 per hectare to idle

the land, $1160 to divert to annual crops, and $1330 to divert to

permanent holdings such as fruit trees [USDA ERS Bulletin, 1973].



Constraints Facing the Government

The Japanese government faces a number of constraints in trying

to attain its goal of reducing the rice surplus. First, it must

contend with tbe Land Reforrn. The Land Reform, which was carried

out after World War II, limits the amount of land that a farmer can

own to three hectares (12 in Hokkaido). Thus, farmers may not be

able to expand to take advantage of economies of scale [Nishimura,

1979]. Renting or leasing of land is difficult due to the Japanese

legal system's protection of tenant rights. For example, in order

for a landlord to regain use of his or her land it is necessary to

pay the tenant compensation in most circumstances.

Another obstacle making the reduction of the rice surplus dif-

ficult istechnologyç. While the government has limited the area

that a farmer can plant, it has not limited the increasing yields

from the land. In 1961, the average rice yield from one hectare

of land was 3760 kgs. versus 4790 kgs. in 1979 [MAFF]. Part of

this increased yield may be due to mechanization.1 In 1960,

approximately 4.4 percent of the total hours required in the pro-

duction of rice on a per hectare basis were machine hours [MAFF1.

In 1981, this rose to 23.8 percent.' On a deflated basis (1970

100) the amount of capital per hectare rose from S97,6O0 in 1960

to 735,2O0 in 1979 [MAFF, author's ca1cu1ations.

4

Mechanization has improved the transplanting and weeding
techniques of farmers and hence, has helped to improve yields.

In 1960, this was 7.6 out of 172.9 hours versus 15.2 out
of 63.9 hours in 1981 [MAFF, author's calculations].
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Increased use of land and improved fertilizers also contributed

to improved yields. In 1960, on a per hectare basis using deflated

figures (1970=100), the average farmer spent 22,476 for fertilizer

compared to 33,552 in 1979. Much of the farming technology in

Japan is rice related and it may be difficult to provide farmers

with the equivalent level of technology to grow alternative crops.

Furthermore, the high level of capitalization already in rice pro-

duction may present a barrier to farmers, especially part-time

farmers, in growing alternative crops to rice.

Due to profitabilityandquantityconsiderationmany of the

potential substitute crops for rice are winter crops. But, one

of the major factors limiting the use of winter crops as a rice

substitute is a scarcity of labor. This is reflected in thede-

dining utiljzation rate of pdy fields for winter crop cultiva-

tion. The utilization rate dropped from 34 percent in 1960 to 12

percent in 1971.

The scarcity of labor and declining winter land utilization

rate maybepartially due to the decline in the numberof full-time

farmer in Japan. The number of full-time farmers has fallen from

almost 50 percent of the total farm population in l95Uto only 13

percent in 198Q [MAFF]. This trend is accentuated by the overall

decline in the agricultural population which contributes to the farm

labor pool. The part-time 'weekend" farmers thus face a labor

shortage. Since the part-time farmers also have other jobs, the

time they devote to agriculture is limited. Rice is a relatively

low labor time-consuirting crop. In 1979, it required about 690 hours
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per hectare, most of which (673 hours or 97 percent) could be done

by family labor. By comparison, the total per hectare time require-

ments for Chinese cabbage was 1190 hours, cucumbers 7080 hours, and

tomatoes 6660 hours [MAFF]. Thus, a substitute crop for rice must

not only be profitable (rice is the most profitable crop in Japan)

but also comparable in terms of labor hours required.

The Japanese government faces three obstacles when trying to

sell the rice surplus on the international market. The first is

that Japanese rice costs the government about four times the world

price of rice.-" Hence, the government would have to sell stocks at

a loss. Secondly, the Japanese have signed an agreement with inter-

national exporters, primarily the United States and Thailand, to

limit Japanese rice export sales. Presently most of the Japanese

rice exports are in the form of food aid to developing countries.

Finally, the Japanese variety of rice 'Japanconica" has a different

taste than international varieties of rice. Thus, its potenital as

an export crop could be limited. However, for the purposes of this

thesis, it will be assummed that all varieties of rice are identical.

The rice production situation is also complicated by Japanese

domestic income policies. The use of subsidies and other incentives

to stabilize prices and to encourage the production of certain crops

dates back to the l860s under the Meiji government. This practice

For example, in 1979 the selling price of five percent
broken Thai rice, free on board from Bangkok was 95280 per metric

ton. The Japanese government production purchase price of domestic
rice was 288041 per metric ton in 1979. Even if transportation

rates are taken into consideration, the domestic price of rice is

higher than the imported rice.



Based upon the average wage of an urban factory worker.
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was continued after World War II by the American Occupying Army.

The army bought rice from the producers not at the market price,

but at a price based upon the cost of production. A series of laws

beginning in 1946 with the Tobacco Monopoly Law were devised to

stabilize farm prices. Thus, the use of subsidies and other incen-

tives are consistent with past Japanese government policy. However,

in trying to reduce the rice surplus the government must contend

with the Basic Agricultural Law of 1960. This legislation was

designed to raise and ultimately equate rural to urban wages.'

Therefore, the government must be careful not to lower rural wages

as it tries to reduce the rice surplus.

In summary, the Japanese government faces a number of con-

straints in trying to reduce the rice surplus. These include legal

restrictions on land size, tenants' rights provisions, techological

advances, the heavy capitalization of the rice farmers, problems

of labor shortages, the large number of part-time farmers, problems

disposing of the rice surplus on the international market, and

domestic incomes policies.

Wheat - A Potential Rice Crop Substitute?

The Japanese government has been trying to reduce the surplus

of rice by encouraging farmers to grow alternative crops. One of

the crops that the government continues to encourage as a substitute

crop is wheat. The SSR of wheat has been of some concern to the
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Japanese government. The number of hectares devoted to wheat pro-

duction has declined from 763,520 ha. in 1950 to 191,000 in 1980.

The SSR of wheat was 27.8 percent in 1960, dropping to 7.4 percent

in 1970 and 3 percent in 1973. By 1980, however, the SSR had risen

to 9.9 percent [MAFF.

Wheat has many advantages as a substitute crop for rice. As

mentioned above, a substitute crop for rice should be a relatively

low labor time-consuming crop and require a minimum amount of non-

family labor. In this regard, wheat uses less labor hours than

rice. Wheat only required 176 hours, of which 174 hours (98.9 per-

cent) could be done by family labor.

Financially, wheat is showing more promise as an alternative

crop to rice. In 1979, the gross profit from a hectare of rice was

67l,536 versus 346,421 for wheat. However, during the 20 year

period from 1960 to 1979, profitability of rice rose 27.8 percent

compared to 169.4 percent for wheat. If 1970-1979 alone is con-

sidered, the profitability of wheat rose 200 percent while rice

fell 15.3 percent [MAFF]. Generally, the real price for rice has

been declining while the real price for wheat has been increasing.

This may be, in part, an attempt by the government to discourage

production of rice and attempt to make other crops appear to be

more financially attractive.

The Japanese government has been trying to promote the consump-

tion of rice to reverse the trend of declining demand for rice. The

continuing decline in rice consumption would seem to indicate that

the government's efforts have not been very successful. In this
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regard, the government may have conflicting aims because it is try-

ing to increase the consumption of rice, yet simultaneously increase

the production (but not the consumption) of wheat. This ambiguous

policy may result because rice and wheat are substitutes. According

to one interpretation, as the Japanese diet "Westernizes", the

Japanese eat less rice and more bread, noodles and bakery products,

6/
the latter all wheat-based products.

In the l950s the Japanese government instituted a National

School Lunch Program modeled on the American program. The school

children were served bread and milk as part of the menu items. In

a move to increase rice consumption the Japanese government has

subsequently sold rice at a discount as part of the school lunch

program. However, this policy does not appear to have reversed

the declining rice consumption trend.

The validity of the wheat/rice substitution theory has been

challenged by Usami. He argues that there has been a shift in

Japanese preferences from starch-based to protein-based foods; for

example, from noodles and rice to meat. This, he reasons, is due

to the rising standard of living of the Japanese people and is con-

sistent with developing countries moving into the development stage

of growth. With the rapid growth of the Japanese economy it may

be in the last few years that such a trend has occurred.

In summary, the Japanese government is encouraging farmers to

grow wheat as an alternative crop to rice. If successful, the SSR

Conversation with Dr. Hiroyuki Nishimura, Department of
Agricultural Economics, Kyoto University, Japan.
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of wheat would increase and the surplus stocks of rice would be

reduced. Wheat is a viable alternative crop to rice by virtue of

wheat's increasing profitability and its relatively low labor input

requirements. Whether or not wheat is an economically feasible

substitute crop for rice is debatable.

The issues that research will address are the welfare effects

of the rice and wheat pricing policy, the costs of trying to raise

the SSR of wheat and the viability of wheat as a substitute crop

for rice.

Objectives and Procedures

The first objective of this research is to determine the wel-

fare effects of Japanese government wheat and rice pricing policies

on consumer and producer welfare. As a second objective, this

research will examine the potential for increasing the self-

sufficiency ratio of wheat, and the subsequent impact on the SSR

of rice.

To achieve the first objective, the supply and demand functions

of rice and wheat will be examined under both a simulated free mar-

ket situation, and the present market conditions. The supply and

demand functions will be estimated to derive price elasticities

and approximate the change in quantity and price from the present

market that would result under the simulated free market model. To

measure the costs and benefits of pricing policy on producer and

consumer surplus a Bales-Greenshield welfare loss-formula will be

used.
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To achieve the second objective, simulated changes in price,

cultivated land, and revenue generated by each crop will be exam-

ined to determine to what extent rice could be substituted for

wheat.

Organization

Chapter II of this thesis will review the theory and litera-

ture on consumer and producer welfare in order to adopt the method-

ological and theoretical precepts necessary to achieve the objec-

tives of this study. Chapter III will discuss the methodologies

to be employed and review the reference sources from which the data

were obtained. Chapter IV will discuss and interpret the results,

and Chapter V will present an overall summary and conclusions of

this research and offer suggestions for further investigation.



II. THEORY AND LITERATURE REVIEW

introduction

This chapter will review the economic theory and literature

concerning the trade and welfare economics considerations of self-

sufficiency. The review will examine both the general theoretical

model and the literature written specifically on the Japanese food

self-sufficiency situation.

The Definition Of Food Self-Sufficiency

There are a number of definitions of measurements to determine

food self-sufficiency. One defines food self-sufficiency as the

percentage of total calories supplied by domestic sources. A second,

more simple definition refers to the percentage of total foodstuffs

supplied by domestic sources. Within Japan, there is debate over

which goods should be included in the overallSSR. The debate is

over whether all foodstuffs should be included in the SSR, especi-

ally in light of the "Westernization" of the Japanese diet, or only

include those items comprising the traditional Japanese diet. The

Japanese government defines self-sufficiency as the value of domes-

tic production of food of agricultural origin as a percentage of

total supplies. For purposes of this thesis, self-sufficiency will

be defined as the percentage of domestic food consumption supplied

by domestic sources.

12
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Food self-sufficiency is very similar to the concept of food

security. They are both a measure of resource allocation, but do

not imply optimality. Whereas food self-sufficiency concentrates

on the proportion of food supplied by domestic sources food security

aims

"... at balancing the year to year variability in aggregate
consumption around a long run trend. Food security does not

imply an increase in the average levels of consumption above
average trends. Rather it is designed to prevent consumption
levels from falling below trend values." [Valdes, 19811

Since Japan is not 100 percent self-sufficient in food produc-

tion Japan must rely upon food imports to meet domestic demand. The

level of imports and the divergence from trend consumption values

will affect food security. To measure the effects of actual and

trend consumption levels on food security Alberto Valdes developed

the following model:

For a particular year t, food security consumption (C) is

maintained at trend level () when there is a shortfall

in actual consumption (Ct) and when food consumption is

set equal to other actual consumption.

Symbolically,

when C <
then C

=

and when C
>

then C = C

Food security consumption (Cr) is maintained at trend

levels when there is a shortfall in actual consumption

levels rise above trend levels through planned conuner-

cial imports (Mt).



Symbolically,

when C > C and Mt < C * C.
t t

then C' - Mt [methodology froiu Valdes, 1968].

Thus, when actual consumption is close to food security con-

sumption this consumption is generally due to "excess" importation.

This model could be useful to measure the effectiveness of the

Japanese government's food importation policy in examining the

effects of imports on Japanese food security.Z"

The level of imports will affect both the food security and

self-sufficiency ratios of Japanese agriculture. However, it can

be argued that by engaging in trade and relying upon her comparative

advantage in producing selected commodities, Japan may be able to

both lower the cost of food products and raise the welfare level of

society as a whole. The Japanese government can either promote

self-sufficiency in food production or engage in trade and lower

the cost of food products. Given the current situation it appears

that Japan cannot have both. Presently, with domestic prices higher

than the world price for wheat and rice, the Japanese government

seems to have opted for a self-sufficiency oriented policy over a

lower food products price policy.1

14

Since accurate trend values are not available this model
will not be employed in the thesis.

For example, the estimated retail price of Thai rice in
Japan would have been 59 to 66 per kilogram in 1970 (the base
year) versus l66 for Japanese domestic rice. In the same year,

the estimated retail price of imported wheat was 26 per kilogram
versus 62 for Japanese domestic wheat.



The Welfare Cost Approach

Some studies of the Japanese rice and wheat industry have

stressed the economic costs of the pricing policy. These studies

have been predominately written by non-Japanese authors. This

section will review these studies as well as the literature on the

effects of import restrictions and protectionism.

Sanderson examined the effects of the Japanese government

intervention in the agricultural sector, and at trends in Japanese

food consumption. He concluded that Japanese farmers have been

enjoying higher incomes because the farmers' price as a percentage

of c.i.f.2' price has been increasing)P/ For example, rice prices

received by farmers were 205 percent of c.i.f. prices in 1960, ris-

ing to 320 percent in 1976. Similarly, wheat has risen from 158

percent in 1960 to 373 percent in 1976 [Sanderson, 1978]. Govern-

ment selling price for wheat as a percent of c.i.f. price, on the

other hand, has fallen from 150 percent in 1960 to 131 percent in

1976, reaching a low of 71 percent in 1974. Rice, on the other

hand, has risen from 205 percent to 320 percent in the same time

period [Sanderson, 1978]

15

21 C.i.f. is an acrnoymn for cargo, freight and insurance. A
c.i.f. price is the full, delivered import price. F.o.b. refers to
free on board and not including cargo, freight or insurance costs.

Since most Japanese agricultural prices are determined in-
dependently of world prices, the high ratio of domestic to c.i.f.
prices is not surprising. Japanese domestic agricultural prices are
often formulated on the basis of trying to ensure an adequate income
or return for the producer. Hence, prices are often based upon the
cost of production plus a percentage for 'return."
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Sanderson argues that due to the small size of Japanese farms,

the Japanese farmer cannot take advantage of economies of scale.

Thus, farmers must rely upon high value crops in order to make a

living. At present the most profitable crop in Japan is rice. The

combination land size and income constraints reduces the number of

alternative crops to rice. Consolidation is difficult due to the

legal limits under the Land Reform legislation, the high price of

land,-11" the use of land as a hedge against inflation and a reluc-

tance to sell the land due to cultural reasons. Thus, Japanese

agriculture must rely on crops that can be effectively grown on

small plots of land, and this limits the alternatives to growing

rice and frustrates attempts to reduce the rice surplus.

Sanderson also points out that during the 18 years of the

Japanese "miracle" economic growth (1955-1973), Japanese agricul-

ture could not keep up with the increased demand for food; as

incomes rose so did demand for food. During those two decades the

total caloric intake rose from 2,200 to 2,500 calories per day.

The composition of the diet also changed as meat, egg and dairy

product consumption increased [Sanderson, l978}.

In their study of the welfare of Japanese agricultural policy

Bales and Greenshields analyzed the effects of tariffs and subsidies

of eight commodities (wheat, rice, soybeans, barley, milk, pork,

chickens, and beef). They concluded that

The high price of land may be a function of the government
price policies and demand for it for non-agricultural purposes such
as housing and industry.
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"... the net social loss in consumption and production of
1975/76 import and production distortion for the eight com-
modities (was) $276 million and $111 million, respectively."

If current trends continue out Bales and Greenshields estimate that

in the fiscal year 1985/86 the net social losses will rise to $7.6

billion; two percent of Japan's GNP.

Both the Sanderson and Bales and Greenshields studies stress

the importance of tariffs and other forms of import restrictions in

their analysis of the Japanese agricultural sector. The next

section will review the effects of import restrictions and pro-

tectionism.

Tariffs

Both rice and wheat are subject to import restrictions by

Japan. Wheat is subject to an ad valorem tariff and rice may only

be imported by government license. The literature on tariffs will

be reviewed because tariffs are a policy instrument employed by

the Japanese government to carry out its self-sufficiency policy.

Since tariffs also affect consumer and producer welfare, these two

topics will also be reviewed.

Tariffs may be imposed for a variety of rationales. For

example, the government may impose a tariff to raise revenue or to

encourage the production of a certain product. However, there is

usually an economic cost associated with the imposition of a tariff.

Under free trade the imposition of a tariff would distort the abso-

lute and/or comparative advantages of the trading partners and

could result in a lowering of economic welfare.
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Johnson has defined two elements of the cost of trade protec-

tion policies. The first is the increase in income possible by

removing tariffs and implementing free trade unilaterally. In

Japan's case, this may be the increased income due to unilaterally

declaring free trade in rice and wheat. The second is the threat

to go to free trade to get concessions and the resulting additional

income that can be gained by making such a threat. Johnson defines

the cost of protection as "the sum of consumption cost and produc-

tion cost less the terms of trade, and may be negative." [Johnson,

1960]. In other words, under certain circumstances, it may be

beneficial to impose or to maintain tariffs.

Keynes argued that there could be gains from protectionism

if there were unemployment. Probisch also maintained that highly

selective tariffs may be a method of countering deteriorating terms

of trade. Flanders advances this argument furtherby saying that

countries on what he terms the "peripheral" should impose tariffs

on industrial imports from the "central" countries in order to

reverse or at least halt the worsening terms of trade that they

are subject to.

Harry Johnson speaks of setting a "scientific" tariff which

would be applied in such a manner as to minimize the costs by

structuring the tariffs in such a manner as to "equalize the ratio

of marginal benefit to each industry protected." The benefits

would be maximized in such a manner as to equate the marginal

benefits with the marginal costs of protection.
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In Japan's case a Johnsonian model of a tariff to promote

material self-sufficiency and independence may be applicable.

Johnson sets out the ratio of marginal cost to marginal benefits as:

C. N.
1 1

t.C. (1 + - )ii P c+N
i ii

where
,

N are compensated own price elasticities of supply and

demand for the ii commodity, t. is the tariff rate, and C and P

are the quantities originally consumed and produced [Johnson, l96O.

The tariff rates would be structured according to the elasticity of

supply and demand. The higher the elasticity of supply, the higher

the tariff rate. The lower the elasticity of demand, the lower the

imported quantity of the product is consumed.

The Effects of Tariffs on Consumer Surplus

The imposition of a tariff will affect consumer and producer

surplus (welfare). To evaluate welfare, the value to the consumer

is measured by the demand price of a good, and the value to the

supplier is measured by the supply price of a commodity. The

Marshallian assumptions about the marginal utility of money (MUM)

is that MUM is approximately constant. This would (a) allow money

to be used as a cardinal index of utility and; (b)

"If the M.U.M. remains approximately constant for movements
along the consumers' demand curve, the area below the curve
would provide an acceptable measure of the total utility from
the commodity and the Dupuit triangle would approximate the
true surplus" [Carrie, et al., l97l (author's emphasis).

There have also been studies questioning the validity of the con-

cept of producer and consumer surplus. E.J. Mishan argues that
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producer's surplus should be replaced by the term economic rent.

In the long run, he writes

"... labor and capital, both of them at fixed prices (and
therefore applied in fixed proportions) can be varied with-
out any alteration in the supply of land. Again, the sur-
plus itself is defined as the excess of the price over the
marginal cost of labor and capital and its output" [Mishan,
1969].

In measuring costs and benefits Harberger argues that the

costs and benefits should be aggregated to each relevant group,

even on the national level "without regard to the individuals to

whom they accrue" [Harberger, 1971]. Mishan argues that:

"... there is an increase in social welfare, either (1) if
the distribution of money income can be made equal without
making everyone worse off or else, (2) if everyone can be
made better off without making the distribution of money
income less equal" [Mishan, 1969].

How the introduction of a tariff will affect consumer and pro-

ducer surplus is graphically illustrated in figure 1. In this model

assume that the country in question (Country 1) has a higher domes-

tic equilibrium price for the good in question (Good T) that is

higher than the world price Referring to figure 1, under

such circumstances there will be OR units of Good T consumed. Of

these units OL will be from domestic sources and LR will be imported.

If the government were to impose a tariff (t) the new price

would be and total units consumed would fall to ON. Of the

ON units, imports would decline from LR to LM (a loss of MN), while

domestic share of consumption would rise to OM units (a LM unit

increase). The area AEFD would represent the increase in producers'

surplus. EBGH would symbolize the tariff revenue or return to the
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government. If this were a quota and not a tariff, then this area

would represent a return to the quota holder be it government or

some other party. FELM is the area of increased value to domestic

producers by the imposition of the tariff. EFG is a measure of the

production efficiency loss. It represents the increase in the vari-

able factors of production. This same area is a loss to society

in the sense that in order to produce Good T resources will have

to be taken from some other sector(s) of society. This area would

represent the net social loss in production. BHC, on the other

hand, is the dead-weight consumer loss. Consumers must rearrange

their consumption patterns to take into account the higher price.

Furthermore, due to the higher price the consumers will move to a

lower difference curve and get a lower level of satisfaction.

Imports of rice are restricted by the Japanese government.

The effects of the rice crop pricing policy on welfare is shown in

figure 2. At present, the Japanese government buys rice from the

producers at a price greater than the self-sufficiency price.--

In this diagram FMBC represents the government or taxpayer costs;-

the gain in producer surplus is EABM and the gain in consumer sur-

plus (at farm level prices) is EACF. The remaining area BAC is the

welfare cost due to economic inefficiency caused by the government

The self-sufficiency price is that price paid to producers
at the 100 percent self-sufficient level of production. Thus, if

the production levels are greater than the self-sufficiency levels
the price paid to producers is greater than the self-sufficiency
price.

The taxpayers pay money to the farmers equal to FMBC.
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pricing policy. PS is the self-sufficiency price and P is the

government purchase price.

The Japanese governmentts rice and wheat pricing policy is

based in part upon insuring that farmers receive an equitable

income)-±'' To carry out this policy the Japanese government employs

a 'fair" price scheme. The effects of this policy are shown graph-

ically in figure 3. Pe is the equilibrium price and Pf is the fair

price. Under this scheme the government sets a price for products

that it deems a fair price for that good. Since Pf is higher than

Pe, the quantity demanded by consumers falls from OC to OD. The

difference in quantity demanded and supplied (DC) between the equl-

librium and fair prices would be distributed through, in Japanese,

storage and export as well as production quotas. Using the

Marshallian assumptions about the MUM discussed earlier, under the

competitive equilibrium total utility is OABC but after the imposi-

tion of the "fair" price, total utility declines to OAFD (a loss of

DFBC). Employing the Marshallian assumption that the MUM of money

is the same for each consumer, then

"... (1) the total area under the demand curve to the left of
a given quantity represents total utility for that quantity
and; (2) the supply curve reflects opportunity costs of vari-
able resources used to produce each quantity" [Wallace, l962J.

The total social loss is BEF since variable resources EBCD are freed

from production of the good in question.

The Japanese government bases its equitable income formula
on equating average farm income with the average industrial wage.
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This section has shown that tariffs, quotas and fair price

schemes impose net social costs on society. If Japan were to

eliminate its tariffs, quotas and fair price schemes and engage

in trade it might be able to lower consumer prices. The next

section will review the literature concerning trade.

Trade

If Japanese domestic prices were higher than world prices, it

may be possible to lower Japanese domestic prices by engaging in

trade. There are, however, many conflicting views on the value of

trade. Some see trade as being beneficial and others view trade

as potentially harmful.

In a simple two-country two-good (rice and capital) model

assume country A has an absolute advantage in rice and country B

in capital. If A traded rice for capital and B vice versa then

general welfare of both countries would be improved. Richardo

advanced this theory to show that if one country had an absolute

advantage in both goods (i.e., both rice and capital) total welfare

could still be increased through the laws of comparative advantage.

Trade improves the division of labor, and through specialization

productivity can be increased. For example, if Japan had an abso-

lute advantage in capital and not in rice, Japan would trade capital

for rice. Japan's trade policy would not be dictated by the self-

sufficiency ratio of rice but rather by its terms of trade. This

would be true even if Japan had an absolute advantage in both rice

and capital.
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This Ricardian notion of trade has been criticized by Myint.

Myint argues that in the Ricardian comparative cost model the

country's resources would have to be given and fully employed

before it engages in trade. Thus, trade is not to allocate re-

sources, rather it is to find new effective demand. As Myint

classifies it, trade is a "vent" for surplus.

Another criticism of Ricardo's model is that it assumes that

resources are mobile nationally but not internationally. It also

assumes that labor exhibited constant returns to scale. This

assumption allows the price of a good to be set proportional to

the amount of labor inputs. While these assumptions may be neces-

sary for the analysis, the world is often far more complex than

the simplicity permits.

The Heckscher-Ohlin (H-O) theorem is an extension of Ricardo's

trade. The theorem is based upon the premise that countries have

different levels of factor endowments. According to the H-O theory

trade will be undertaken based upon the abundancy of the resources.

Exports will be based upon those goods which are produced from

relatively abundant resources. Likewise, imports will be of goods

made from relatively scarce or nonexistent goods in the country.

In the case of Japan's agricultural products, rice would be

exported and wheat would be imported.

Evans attacks the H-O theorem on the basis that capital cannot

be defined "as a part of 'factor endowment,' unless it is assumed

that capital goods are homogeneous (which obviously they are not)."

[Livingston, 19811 A case in point is the capital equipment used
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in wheat and rice production. While some of the equipment is

transferable, other equipment, such as transpianters, is not.

One critic of traditional comparative advantage theory is

Emmanuel. In his "unequal exchange" hypothesis, Emmanuel sees an

inequality of wages between the "center" and the "periphery" under

a situation of international specialization and movement toward an

equalized rate of profit. Given this equalized rate of profit

internationally the differences in the workers bargaining power

(due to the inequality of wages both nominal and real) leads to an

international distribution of wage income.

One apparent criticism of Emmanuel is that the international

currency mechanism would tend to equalize the differences in wage

rates before a situation as Emmanuel described could occur. How-

ever, this criticism would in itself assume a free (or relatively

free) market in foreign currencies.

Thus if the Japanese government were to engage in a free trade

of agricultural products it is conceivable that the consumer price

of agricultural products would decline. Since the Japanese govern-

ment is not engaged in a free trade of agricultural products the

next section will review the alternative cost methodology for

examining the rice and wheat pricing policy.

The Alternative Cost Approach

The alternative cost approach to the wheat and pricing policy

has been adopted by many Japanese researchers. This section will

examine the alternative cost methodologies.
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One Japanese attempt to measure the policy implications of

the production control program was by Machida. Machida analyzed

the economic variables that would explain the area of rice planted,

rice production and per capita rice consumption. From this data he

calculated rice's own and cross (with wheat) elasticities, as well

as income elasticities for quantity demanded. Using these

calculations he proceeded to develop a number of scenarios for

which he formulated the effects of raising or lowering the produc-

tion control program by five percent, ten percent and zero percent

on national income, price consumption and production of rice and

wheat. The validity of Machida's research is questionable. The

author using the data and methodology supplied by Machida could

not duplicate Machida's results.

Saburo Yamada estimated the cultivated land required for self-

sufficiency of selected crops in Japan in 1973. Using MAFF sources,

he calculated the land required as shown in Table 1.

Table 1. Cultivated and Required Cultivated Area to Achieve
Self-Sufficiency in Selected Crops, 1976

SOURCE: Yamada in Chisiom and Tyers, eds., p. 230, Table 10-8.

Imports

(1000 of
Production
per hectare

Cultivated
land needed

Present
cultivated

land

Commodity metric tons) (metric tons) (l000s ha) (l000s ha)

Wheat 5658 2.75 2060 86

Barley Rye 2238 2.64 850 78

Corn 9313 2.63 3540 0.3

Soybeans 3602 1.40 2570 7.9

Total 9020 24.6
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According to Table 1, Japan would have to increase its culti-

vated land in wheat production by almost 24 fold, barley and rye 11

times, corn 11.8 times, and soybeans 325 times in order to be 100

percent self-sufficient in each of those crops in 1976. In other

words, given the limitations on the amount of land available suit-

able for agriculture1 it would be impossible for Japan to be 100

percent self-sufficient in wheat, barley, rye, corn and soybeans.

Ogura examined the factors limiting Japanese agriculture. He

used a historical approach to explain the position of Japanese

agriculture today. He cited the high price of land and the housing

shortage as reasons why farmers are staying on the land even if

they are in Japanese terms relatively inefficient producers.

Farmers are reluctant to abandon rice as their main crop because

of the problems associated with winter farming, such as scarcity

of labor, and most of the alternative crops are winter crops.

Ogura writes that due to the declining farm population there will

have to be increased mechanization. However, the small size of

the land holdings will limit the degree of mechanization that can

occur and this is viewed by Ogura as a limiting factor of Japanese

agriculture. Another limiting factor is that there are significant

differences in crop farming and animal husbandry so that it would

be difficult to switch from crops to animal husbandry. Thus, it

will be difficult for Japan to meet its animal protein demand from

domestic sources. In 1960, 35.3 percent of the total expenditures

Only about 15 percent of land in Japan is suitable for
agriculture. In 1980, the total cultivated land area was 5,474,000
ha. {MAFF]
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on the final consumption of foods in Japan was from domestic sources

and in 1974, it was only 24.1 percent [Ogura, 1974].

Keizo Tsuchiya argues that price supports are necessary. He

reasons that price supports reduce price fluctuations. Price fluc-

tuations in turn cause farmers to produce less, they waste resources

and consequently both production costs and retail prices are in-

creased.

A point that seems to be overlooked in both the welfare loss

and alternative cost approaches is the significance of the social

losses. The next section will examine this issue.

Evaluating the Economic Impacts of Trade Policy

The literature presents a number of measures involving consumer

and producer surplus. Within the welfare economics literature there

is a measure of the welfare cost owing to economic inefficiency.

This is the "dead-weight loss." Dead-weight loss is defined as

"That loss of consumer surplus incurred by buyers and not
captured by producers, which is consequent upon an initially
competitive industry becoming monopolistic and therefore,
ceterus paribus, chargingahigher price and selling a lower
level of output." [Pearce, 1981].

The dead-weight loss from the imposition of a tariff is ullus-

trated in figure 1 on page 11. The tariff price is above the world

price for the good in question. This situation is analagous to the

situation in the Japanese wheat industry. The dead-weight loss in

this example is the traingle EGF representing the productive inef-

ficiency resulting from the imposition of the tariff plus the tri-

angle BHC which represents the consumer losses. Since the domestic
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price of rice is higher than the free market price of rice, the

same analysis could be applied to the rice industry to estimate the

dead-weight loss. The dead-weight loss in this case would be a

measure of the Japanese government's attempts to promote food self-

sufficiency in rice and wheat.

The dead-weight loss estimate does not explain the government's

actions; it is just a conceptual measure of the cost of the govern-

ment's policies. However, it can be used as a theoretical tool to

examine some of the governmental policy. The government is a proxy

for the collective interests of society. In the case of Japan, it

will be assumed that the policy of food self-sufficiency is a reflec-

tion of Japanese societal interests. Thus, if the goal of food

self-sufficiency cannot be achieved in the marketplace, the govern-

ment might treat the goal as an externality for public good.

In the Japanese situation, the government is concerned about

the possibility of an embargo and Japan's self-sufficiency in food

production. This would seem to indicate that the Japanese govern-

ment is not indifferent to risk but rather is to some degree risk

averse. Risk aversity at the national level could be reflected in

its protection policy and concern for self-sufficiency. A country

totally risk averse in food production would, for example, not rely

on imports for its food, and seek total self-sufficiency.

Thus, a risk averse country would have some form of protection

or "insurance" to ensure against the probability of a disaster. In

Japan's case it would be "insurance" against an embargo or similar

cut-off of food imports. This "insurance premium" might be proxied
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by the area of the dead-weight loss. The area representing the

economic costs of inefficiency is a reflection of how risk averse

a country is. This theoretical proposition would be difficult to

measure or validate. For example, one would have to estimate the

possibility of an embargo, and the risk aversity of Japan as a

nation.

Summary

This chapter reviewed the definitions of food self-sufficiency

and food security. It has also compared the welfare loss with the

alternative cost approaches to analyzing the rice and wheat indus-

tries in Japan. The welfare loss approach has used the economic

cost approach to analyze the pricing policies of rice and wheat.

The welfare loss approach looks at the implications of tariffs,

quotas and fair-price schemes on net social welfare. It also looks

at the use of trade as a means of reducing the net social welfare

losses. The alternative cost approach, on the other hand, stresses

the SSR's and the difficulties of switching crops. The next chapter

will use the literature presented in this chapter to develop a

methodology to analyze the rice and wheat pricing policies. This

methodology will incorporate both the welfare loss and alternative

cost approaches to analyze the rice and wheat pricing policies.



III. METHODOLOGY AND DATA SOURCES

The purpose of this chapter is to develop appropriate method-

ology that will allow for the approximation of the theory outlined

in Chapter II. The first challenge is to quantify the economic

consequences of Japanese rice and wheat policy on consumer and

producer surplus. Secondly, three alternative approaches are

developed to examine how much of the SSR of wheat could be raised

and the subsequent impact on the SSR of rice. These approaches are

adopted to take into account the Japanese concerns for food self-

sufficiency. The results of these methodologies will be used to

examine the effect of raising the SSR of wheat on net social wel-

fare. The data sources used in the analysis will also be outlined.

The Time Period Selected

The research will cover the years 1960 to 1980. This period

was chosen because during the 1960s Japan experienced its "miracle"

economic growth and recovered from the dislocative effects of the

Second World War. In 1960, the Japanese government introduced the

Basic Agricultural Law which aimed at equating rural and urban

incomes. In 1970, the Japanese government introduced a rice pro-

duction control program in an attempt to control the surplus of

rice. At the same time, the Japanese government offered subsidies

to encourage the growing of alternative crops to rice such as wheat.

Methodologies to be Employed in Evaluating Consumer and Producer

Welfare Loss

In Chapter II, figures 1, 2, and 3 show the effects on

33
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consumer and producer welfare caused by the imposition of a tariff

or a fair price scheme. Each of the figures graphically illustrates

an area of loss due to economic inefficiency resulting from the

imposition of a tariff or fair price scheme. In order to measure

the welfare loss due to the Japanese rice and wheat pricing policies

a methodology developed by Bales and Greenshields [1977] to measure

the triangle of economic inefficiency illustrated in figures 1, 2,

and 3 will be employed. The assumptions of constant marginal util-

ity of money, the supply curve reflecting opportunity costs of vari-

able resources and the demand curve representing total utility as

outlined in Chapter II will be incorporated into the analysis.

Net Social Welfare Losses

Net social welfare loss consists of net consumer welfare

losses and producer welfare losses. This section will develop the

methodology to measure the net social welfare losses.

Net Consumer Welfare Loss

To evaluate the area of the triangle representing net con-

sumer welfare loss for both rice and wheat, the Bales and Green-

shield estimation technique of:

NSLC = 1"2d - w -
(1)

will used:

where NSLC is the net social loss for consumer;

is world price at the retail level, per kilogram;

is the domestic retail price, per kilogram;

is the domestic consumption if the world price

prevailed.



Establishing the Retail Price of Rice and Wheat

To establish an average retail price for rice, household

income and expenditures data derived from the Statistical Yearbook

published by the Prime Minister's Office in Tokyo will be used to

derive an average per kilogram price for rice; total annual rice

expenditure divided by the total consumption of rice. This price

will be deflated by the Food Price Index using 1970 as the base

year to derive a constant yen price for rice. The domestic retail

price for wheat will be approximated by using the Japanese govern-

ment resale price of wheat. The resale price is the price that

the Japanese government sells wheat to wholesalers. This price

will probably understate the actual retail price of wheat. However,

the actual retail price of wheat is not available since the final

form of wheat is usually in refined products such as flour, bread

and noodles. These product prices would probably overstate the

retail price of wheat. The resale price methodology was used by

Bales and Greenshields in their study of welfare losses due to

Japanese agricultural policy. The resale price will be deflated

by the Food Price Index using 1970 as the base year.

Estimating the World Price of Rice

The estimate of the world price for rice will be derived by

adding the export price of Thailand five percent broken rice and

transportation rates to establish a world price for rice landed

in Japan. Thailand is the largest exporter of rice in Southeast

Asia and its export price of rice will be used to proxy the world

35
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price for rice.' The Thai export prices will be obtained from

the FAO Rice Report and the USDA-ERS Rice Situation Report. The

hypothetical shipment cost of transporting rice from Thailand to

Japan will be estimated using a modified Clement model.' The

modified Clement model that will be employed is:

Rate = 6.576Dist -.28ODisz - .362Ton + l.843Fuel (2)

- .O2lEx + 50.5l7F - 2.157P - 16.75

where

Dist is distance in 1000 miles

Disz is distance squared

Ton is shipment size in l000s of long tons

Fuel is the price of crude oil in yen per barrel

Ex is Thailand rice exports in 1000 of metric tons

P is the dummy variable for port size.

The distance between Bangkok and Yokohama will be determined

from the tables in the U.S. Defense Mapping Agency's Distance

Between Ports publication. A 33,000 long ton ship size will be

adopted to proxy the hypothetical carrier size of this model)-1'

The Organization of Petroleum Exporting state's price of crude oil

will be used to approximate fuel costs. The estimated cost will

Thai export prices are, technically, not free market prices
but are subject to an export subsidy. However, if the Japanese gov-

ernment were to buy Thai rice the purchase price would be at the sub-

sidized rate. Therefore, the Thai export price will be used in

this analysis.

Clement developed the model for determining ocean freight
rates for lower Columbia River grain exports [Clement, l982J.

This size is presently the maximum size used in the
Columbia River grain trade [MacDonald, 1982].
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be derived by placing the values of each of the variables into the

formula and solving for rate in each of the years of the analysis.

This estimate will be converted to metric tons and a per kilogram

estimate of the shipping costs will be obtained by taking the

absolute values of the resulting rate estimate and dividing by 1000.

When the transportation rates are added to the export price of

Thai rice an estimate of the world producer price in Japan will be

obtained. To estimate the world retail price for rice the margin

between Japanese producer and retail price will be estimated from

the MAFF Statistical Abstract. This estimate will be adjusted by

converting the producers' brown rice price to the retail white rice

price at a brown to white conversion rate of 0.90,!-1 and deflated

by the Food Index. To determine the world retail price in the

Bales-Greenshield analysis the transportation rates will be added

to the export price of Thai rice and this estimate will be multi-

plied by the Japanese producer/retail margin. To derive the prices

in constant yen the estimate will be deflated by the CPI. Sensi-

tivity analysis will be applied to measure the impact of transpor-

tation rates on the world retail price of rice.

Estimating the World Price for Wheat

To establish a world retail price for wheat a world producer

price for wheat will first be estimated. This will be derived by

dividing the volume of wheat imports into Japan by their value.

Brown rice refers to the unprocessed rice whereas white
rice is processed rice. The "shrinkage" in processing is approxi-
mately ten percent.
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These values are found in the Prime Minister's Office Statistical

Abstract. The retail price of wheat will be established using the

producer to resale margins as reported in Townsend and Martin [1981].

This estimate will be deflated by the CPI to give the value in con-

stant yen.

To estimate per capita consumption of rice the household con-

sumption and expenditures tables in the Prime Minister's Office

Statistical Yearbook will be used. Total consumption per house-

hold will be divided by the average members per household to derive

a per capita estimate. Per capita wheat consumption statistics

will be obtained from the FAO Food Consumption Statistics.

Estimating Changes in Consumption

To estimate the consumption levels between consumption at

domestic prices and if the world price prevailed
- d' the

price elasticities of demand for wheat and rice will be calculated.

Calculating the Elasticities of Demand for Rice and Wheat

The price elasticities of demand for rice and wheat will be

estimated to evaluate changes in consumption due to changes in

price. Once the elasticity of demand for each product has been

estimated, the consumption of rice and wheat at world prices can be

calculated by the following formula:

LP
(3)

where is the price elasticity, the change in price (P) is the

difference between domestic and world prices (PW) and the
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the change in quantity (EQ) is the difference between the consump-

tion that would occur at world prices and domestic consumption

at domestic prices. The domestic consumption at domestic

prices and the domestic price will be derived as outlined pre-

viously. After the elasticity formula has been calculated the

formula can be rewritten to solve for Q as:

(4)

To estimate the price elasticity of supply and demand, Foxes

supply and demand equations will be employed {Fox, Intreligator,

1978]. The following exactly identified system of structural

equations will be used:

d d
thp = a1 + a2 2.nl + u

S S
£nq = ct3 £np + a4 2flZ + u

d sq =q=q

where

P is the retail price;

qd is the quantity demanded per capita;

q is the per capita consumption;

q5 is the per capita quantity supplied;

1 is the per capita income;

Z is per capita production; and

ud and u5 are the error terms.

Equation (5) is a constant elasticity demand function and equa-

tion (6) is the supply equation with production (z) assumed exogenous.



"The reduced form equations can be written

£np - £nI + £nz
1-act 1-act

a2a3 a4
£nq - 2,nI + nz

la1a3 l-a1ct3

by solving the structural equations simultaneously and omitting the

disturbances." is "the ratio of the two coefficients of "
l

is "the ratio of the coefficients" of z, &2 is "the coefficient of

9,nI in the first equation times l-&1a3" and is "the coefficient

of z in the second equation times l_&1&3" [Intriligator, 1978].
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An ordinary least squares regression will be run on the follow-

ing reduced form equations:

2,nP = 111 £i + 112 2,nz (7)

th = 113 9nI + 114 nz (8)

The results of the regression analysis will be used to obtain the

structural equation parameters)-! The structural equation para-

meters will be used to estimate the price elasticity of supply and

demand. The coefficient a1 in the demand equation (Equation (5)) is

the slope of the demand curve and is a price flexibility. The recip-

rocal of will yield an estimate of the price elasticity of demand.

The coefficient a2 in the same equation is the demand curve shifter.

The reciprocal of a2 yields the income elasticity of demand. The

coefficient a3 in the supply equation (Equation (6)) is the estimated

price elasticity of supply while a4 is the estimated implied elas-

ticity of production. Per capita income data will be taken from the
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Prime Minister's Office Statistical Yearbook, and the MAFF Statisti-

cal Abstract will provide the per capita production data.

In this manner, the net consumer loss resulting from the Japan-

ese rice and wheat pricing policy is estimated using partial equili-

brium analysis. This loss will be calculated by first determining

the difference between the domestic and world prices. These prices

are available from published sources with the exception of the world

price for rice which will be estimated as previously described.

Secondly, the difference between the consumption levels if the world

price prevailed and domestic consumption at domestic prices will be

calculated using published data to estimate the quantity demanded at

the domestic price. By calculating the elasticity of price demand,

the change in quantity can then be estimated. The resulting changes

in prices and consumption will be multiplied together and divided by

two to estimate the area of the triangle of consumer welfare loss.

Net Producer Welfare Loss

To evaluate the area of the triangle representing net producer

loss the following formula will be used:

NSL = l/2(P - P1) (Q - Q)
p

where

NSL is the producer's net social loss;

P is the domestic producer price per kilogram;

is the world producer price per kilogram;

Q is the domestic production at domestic prices; and

(9)



Q is the domestic production that would be forthcoming

at the world price.

Establishing Domestic and World Producer Prices, and Domestic

Production at Domestic Prices for Rice and Wheat

The domestic prices and domestic production at domestic prices

statistics will be obtained from the MAFF Statistical Abstract.

The world producer prices will be calculated using the formulas

outlined in determining the retail price of each commodity. The pro-

ducer price will be the retail price less the producer/retailer

margin and will be deflated by a Producer Price Index. The differ-

1 1
ence between domestic and world prices - P) will be estimated

by subtracting the domestic producer prices which have been derived

from published data from the calculated world producer prices.

The difference in the quantities (Q - Q) will be calculated

as outlined in the modified elasticity formula (Equation (41)). How-

ever, in this instance production statistics will be used instead of

consumption statistics.

After the consumer and producer welfare losses have been estim-

ated and their significance evaluated, other economic implications

of the Japanese food policy such as income, pricing and land avail-

ability will be evaluated. These other measures will help to deter-

mine the impact on social welfare losses and the economic costs of

increasing the SSR of wheat.
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Methodologies to be Used to Evaluate the

Potential for Increasing the SSR of Wheat

This section will develop the methodology for measuring some of

the costs other than welfare loss that would be incurred by raising

the SSR of wheat, and evaluate the potential to raise the SSR of

wheat by transferring rice acreage into wheat production.

The Net Income Approach

To evaluate the effects of the production control program on

consumer income a comparison of changes in income due to changes in

production formula will be used. This research will use the Tolley

[1982J formula to estimate these changes. The formula to be used is:

C -E
change in T a a

---X
change

a

= G
G
a

where

T is net income;

is production from crop a;

Ga is gross receipts from crop a;

Ea is gross expense of crop a; and

C is the ratio of gross income from crop a to net household

income.

This formula will also show the net increase in farm income from a

one percent change in production. This formula can alternatively

be written:

change in T a
G
a

- G.F = F
change in Q T N+NA

a a
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where

F is net agricultural income divided by gross agricultural

income;

N is net agricultural income; and

NA is nonagricultural income.

The statistics will be obtained from the MAFF Statistical

Abstract with the exception of family labor. The family labor cost

component is probably overstated in the MAFF calculation because the

cost is computed using the value of hired farm labor as the measure

of the value of family labor. To estimate the value of family labor

two methodologies will be used. The first is the zero opportunity

cost methodology as suggested by Dr. Hiroyuki Nishimura.-' Under

this formulation the family labor cost component would be removed

from the calculation of farming expenses. Dr. Nishimura argues that

farmers would continue to farm their land due to cultural reasons

and irrespective of price.

The second methodology for estimating owner's labor cost will

be a formula based upon fifty percent of the labor costs as estim-

ated by MAFF, weighted by the number of part-time farmers. This

methodology is adopted to take into account opportunity costs and

farming as leisure aspects of the family labor cost component.'

44

Professor, Department of Agricultural Economics, Kyoto
University, Kyoto, Japan (conversation with the author).

Farming as leisure is a concept based upon the premise that
many part-time farmers would continue to farm even if it were un-
profitable to do so. Hence, farming could be valued as a leisure
and not necessarily profitable activity.
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The value of a net increase in farm income from a one percent

increase in production will be determined on a yearly basis by

placing the values for each of the variables into the equation and

solving for the increase in net income. This change in income

formula may be used as a method of evaluating why farmers have not

increased the production and hence SSR of wheat. If the change in

income from a one percent increase in production of wheat is less

than that of rice it suggests that despite increased subsidies and

possible welfare loss, the financial incentives to switch crops is

not great enough.

Increased Producer Price Approach

While the net income approach evaluates the change in income

due to a change in production, the increased producer price approach

estimates the increase in producer prices that would be necessary

to give wheat producers the same revenue per hectare of land as rice

producers. To estimate the necessary increase in producer price,

the costs and revenues of growing both rice and wheat will be

obtained from the MAFF Statistical Abstract. Costs will be deducted

from revenues to obtain a gross profit estimate. The gross profit

estimate will be adjusted by the difference in each crop's yields

and deflated by the Producer Price Index to estimate the prices in

constant 1970 yen. The difference in producer prices will be cal-

culated from the MAFF Statistical Abstract and deflated by the PPI

to estimate constant 1970 yen prices. After deriving profit and

producer price estimates the following formula will be used:
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Gross profit rice

(

Producer Price Rice\
Gross profit wheat

X
-Producer Price Wheat)

Increase in ProducerYield per hectare of rice
- Price of Wheat to equate (11)X

Yield per hectare of wheat
income to rice producers
on a per hectare basis.

The values for each variable will be estimated and calculated in the

formula to derive an estimate of the increased producer price of

wheat necessary in each year of the study to equate rice and wheat

producers incomes on a per hectare basis.

The aim is to give an indication of the magnitude of profit

differences between rice and wheat. This may also explain some of

the differences in the SSR ratios of the two crops. If the profit-

ability of rice was higher than wheat then farmers would tend to

prefer to grow rice over wheat for financial reasons. However, even

if the price of wheat were to be raised at the producer level, rice

farmers may still continue to grow rice due to land quality.

Land Quality Approach

One constraint facing the Japanese government in its attempts

to divert rice growing areas to other crops is land quality.

Approximately half the paddy land cannot be used for growing other

crops {Castle and Hemmi, l982. The land quality approach will

compare the area of potential divertable land from rice production

to the area required for one hundred percent self-sufficiency in

wheat production. Thisanalysiswill assume that the prices and

percentage of wheat and rice marketed were constant. In other

words, for any given year it will assume constant yields, prices

and quantity marketed even though the area devoted to wheat
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production has hypothetically increased. To estimate the impact of

increasing the SSR of wheat the following formulas will be used:

Total demand for wheat + yield per hectare = Total

area required for 100 percent SSR in wheat pro- (12)

duction [100% TAR].

Potential rice land divertable to wheat production.

Area presently used for upland rice production +
(13)

1/2 (Area presently used for paddy rice produc-

tion) = Total Potential Divertable Land [TPD].

100% TAR [Equation (15)] - present cultivated

land devoted to wheat production = Reduction
(14)

in present rice production area to produce 100

percent wheat SSR [RPAD].

TPDL [Equation (16)] + present area devoted to

cultivating wheat = Area available and poten-
(15)

tially available to produce wheat by diverting

'rice land [AAPA].

(AAPA [Equation (18)] yield per hectare)

Total Demand = Self-sufficiency ratio of
(16)

present cultivated area devoted to wheat

production and potentially divertable land

from rice production [PSSR].
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{[(Total cultivated area devoted to rice pro-

duction - AAPA (Equation (18)) + any surplus

over land required for 100 percent SSR of (17)

wheati x yield} Total Demand = Impact on

SSR of rice by diverting to wheat production.

The required data will be obtained from the MAFF Statistical

Abstract and calculated yearly. After solving for each of the six

equations the potential for raising the SSR of wheat and impact on

the SSR of rice can be evaluated.

In summary, this chapter has developed the methodology to

evaluate the net consumer and producer losses due to the Japanese

government's wheat and rice pricing policy using Bales-Greenshield

model. To estimate the variables in the Bales-Greenshield's model

both ordinary least squares techniques and published statistics will

be utilized.

The potential to increase the SSR of wheat will be examined by

a net income approach, an increased producer price approach, and a

land quality approach. The welfare losses combined with the assoc-

iated costs of being potentially one hundred percent self-sufficient

in wheat would give an indication of the economic implications of

such a policy. The results of these analyses and indication of the

economic implications of the present pricing policy are presented

in the next chapter.



IV. RESULTS

This chapter will discuss and interpret the results of the

methodologies outlined in the previous chapter. The measures of

consumer and producer welfare loss will be evaluated and the

estimates of transportation costs and supply and demand elasti-

cities used to formulate the welfare loss will be specified.

These findings will be combined with the results of the net in-

come approach, increased producer price approach and land quality

approach to evaluate the overall implications of rice and wheat

pricing policy in Japan.

Producer and Consumer Welfare Loss Results

In order to estimate the consumer and producer welfare losses

as outlined in Equations (1) and (9) of Chapter III, a number of

preliminary formulations must be calculated. In order to estim-

ate the changes in the quantities supplied and demanded at world

prices, the elasticities of supply and demand of both rice and

wheat must be calculated. In order to estimate a world producer

and retail price for rice, transportation costs from the hypo-

thetical exporter, Thailand, must also be calculated. The pro-

ducer to retail margin will be calculated to estimate a world

retail price for rice and wheat.

Estimating the Elasticity of Supply and Demand
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As outlined in Chapter III, the change in quantities demanded

and supplied at world prices vis--vis domestic prices can be
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calculated with Equation (4). To calculate the elasticity of

supply and demand the Fox reduced form equations as presented in

Equations (7) and (8) of Chapter III will be estimated using

ordinary least squares regression.

Reduced - Form Rice Price Equation. The results of the ordinary

least squares regression on the reduced form rice price equation

after being corrected for serial correlation were:

This equation is not significant at the .05 level of the F test'

but the Durbin-Watson statistic suggestion absence of serial corre-

lation at .01(2.31) level of significance.

Reduced-Form Rice Quantity Equation. The results of the ordin-

ary least squares regression on the reduced form rice quantity

equation after being corrected for serial correlation were:

In the reduced form equation p is the retail price per kilo-
gram, I is per capita income in 1970 yen, z is per capita production
and q is per capita consumption in kilograms.

The t statistics are reported but their significance is not
reported. In the reduced form equation t statistics may not be a
good indicator of the significance of a variable because of the
relationship between the structural and reduced form coefficients.
The t statistics of the structural equations would be a more accu-
rate indicator of a variables significance.

The Cochrane-Orcutt iterative procedure used in this analy-
sis to correct for serial correlation uses one degree of freedom in
the iterative procedure.

Though these equations have a significance level, they
represent the best estimates available using these equations. The

results should be used with caution.

£np =

t statistic

Adjusted R2 =

2.19426

(2.14691

0.011287

+ 0.062566lnI + 0.22072nz'

(0.854088) (l.25648)1'

F(2,l7)!-L 0.84137 D-W = 1.7319



2.nq = 9.15051 - 0.3l49ll2nI - 0.08822842,nz

(t statistic) (11.6079) (-5.02711) (-1.76077)

Adjusted R2 = .612303 F(2,17) = 15.0623 D-W = 1.908

The F test (2,17) was significant at the .01 percent confidence

level and the Durbin-Watson test (3,21) indicated an absence of

serial correlation at the .01 percent confidence level.

Reduced-Form Wheat Price Equation. The results of the ordinary

squares regression on the reduced form wheat price equation after

being corrected for serial correlation were:

9np = 8.92829 - 0.4363369nI - 0.0142272inz

(t statistics) (3.75705) (-2.37339) (-1.368232)

Adjusted R2 = .166992 F(2,17) - 2.173361 D-W 1.8265

The F test (2,17) was not significant at the .05 confidence level

but the Durbin-Watson test (3,21) indicated an absence of serial

correlation at the confidence level.

Reduced-Form Wheat Quantity Equation. The results of the

ordinary least squares regression on the reduced form wheat quantity

equation after being corrected for serial correlation were:

thq = 0.884864 + 0.18334th1 + 0.00273372nz

(t statistics) (1.16789) (3.32788) (0.168912)

The F test (2,17) is significant at the .01 confidence level and the

Durbin-Watson statistic indicates at a lack of serial correlation

at the .01 level.

From the reduced form equation estimates the parameters of the

structural equations (Equations (5) and (6)) were estimated. The

results are summarized in Table 2.
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Rice Wheat

-2.4966 -5.204375

a2 -0.7236414 0.5178334

-5.033258 -0.4201807

a4 1.0204524 -0.0032442
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Table 2. The Estimated Parameters of the Structural Equations'

The price elasticity of demand was estimated to be -0.400547 for

rice and -0. 192146 for wheat. The price elasticity of supply was

estimated to be -5.033258 for rice and -0.4201807 for wheat. Inter-

pretation of these results will be presented in later sections.

Transportation Rates

The absolute values of the modified Clement transportation rate

formula-Z/ were divided by the tonnage to convert the rates from

metric tons to kilograms. The estimates of cost ranged from one to

eleven percent of the export price. Sanderson [19781 has suggested

a figure of six percent of total export price as a transportation

cost for rice. However, this constant six percent estimate would

not account for the variations in the shipping rates. The estim-

ated transportation rates were quadrupled in this study to test for

sensitivity of the world price of rice to transportation costs.

While the rise in rates from one to eleven percent of total value

The structural equations are:

2np = ct1nq + a2nI + ud

Znq a3inp + ct4nz + U5

Equation (2), Chapter III.
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seems reasonable, an increase from eleven to forty-four percent

seems questionable. The original estimates seem to correspond with

the few published rates that are available [Maritime Research, Inc.,

1982]. However, due to the lack of verifying data, both rates will

be used in the analysis.

Calculation of Producer and Consumer Welfare Losses

The elasticities of supply and demand were used to estimate the

quantities consumed and produced at world prices. The estimates of

the changes in world/domestic price and consumption levels were used

to calculate Equations (1) and (9) of Chapter III.-' The welfare

loss estimates were aggregated and calculated as a percentage of GDP

and as a percentage of total consumer expenditures on rice and wheat.

The price of rice has been varied to account for alternative trans-

portation rates. The low transportation cost component of the analy-

sis is based upon the original estimate of Equation (2). The high

transportation cost reflects the quadrupling of the rates to analyze

the sensitivity of rice prices to transportation rates.

In 1970, the Japanese government imposed a production control

program on rice production. To evaluate the effects of the imposi-

tion of the control program on welfare losses three sets of refer-

ences were used in the analysis. The first is an average of the

welfare losses over the period of the study. The other two are

averages of welfare loss before the imposition of the program and

The net social welfare losses for consumers and producers,
respectively.
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the welfare losses after the introduction of the program. According

to this analysis the average annual welfare loss from 1960-80 would

have been 343,054 million for the high transportation cost rice,

423,082 million for the low transportation cost rice, 82,292.7 mu-

29/
lion for wheat. The average welfare losses as a percentage of

Japanese GDP are tabulated in Table 3 as a percentage of consumer

expenditures on rice and wheat in Table 4.

Interpreting the Results

Theoretically, under perfectly competitive market conditions the

price elasticity of demand should be negative and the price elasti-

city of supply should be positive.1 The supply equation results of

this analysis do not conform to theoretical expectations. The nega-

tive supply elasticity estimates for rice may be due to the produc-

tion control program, Land Reform, and the increasing number of

part-time farmers. The Land Reform and production control program

constrain the farmer from expanding production in response to higher

prices. In the case of both wheat and rice the number of farmers

planting these crops has declined for most of the years under consid-

eration in this study [MAFF, various issues]. Hence, the area devoted

to and quantity produced of each crop has declined [MAFF, various

issues]. Wheat suffered the largest decline through the downward

trend reversed itself starting in 1978 [MAFF, various issues].

This statistic may be more meaningful when viewed in refer-

ence to other Japanese income accounts or economic statistics.

This assumes that the goods in question are normal goods.

For example, a Giffen good has a positively sloped demand curve.



(1960-80)

1960-80)

Table 4. Average Welfare Losses Due to the Japanese Government's
Rice and Wheat Pricing Policy as a Percentage of Total
Consumer Expenditures on the Respective Commodities

Total Expenditure on Rice
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Table 3. Average Welfare Losses Due to the Japanese Government's
Rice and Wheat PricingPolicy as aPercentage of GDP

Rice

Wheat

Total
Low Trans-
portat ion

Cost Model
(%)

High Trans-
portation
Cost Model

(%)

Low
Estimate
(l)+(3)

(%)

High
Estimate
(2)+(3)

(96)(p6)

(1) (2) (3)

After Produc-
tion Control 0.650 0.573 0.315 0.965 0.888
Pro gram

(1970-80)

Before Produc-
tion ContrOl 0.516 0.299 0.167 0.683 0.466

Program
(1960-69)

Study
Average 0.586 0.443 0.244 0.830 0.687

Low Trans-
portat ion

Cost Model

High Trans-
portation
Cost Model Wheat

(%) (%) (96)

After Produc-
tion Control
Program
(1970-80)

59.601 52. 726 154.913

Before Produc-
tion Control
Pro gram

(1960-69)

20. 374 12.886 79.31

Study
Average 40. 921 33.754 118.931
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At present, domestic wheat production supplies only about ten

percent of total market supply [MAFIfl. Assuming the quantity

demanded is constant, a one hundred percent increase in domestic

production would increase the total percentage supplied by domestic

sources to only 20 percent. Thus, the supply elasticity estimates

may be affected by the relatively large imported quantities which

may overshadow the domestic production decision making process.

The income elasticity of demand results would suggest that rice

is inferior good and that whe.at is a normal good. However, the

results should be viewed in caution in light of the debate in Japan,

as discussed in Chapter II, regarding a shift in Japanese dietary

habits and the low significance levels of the estimated reduced form

equations.

The formula used to calculate net consumer welfare loss (Equa-

tion (1)) may not accurately measure the losses due to the rice and

wheat pricing formulas. These losses which don't accure to other

members of society may not be an accurate measure because it doesn't

take into consideration the income effect. This situation is illus-

trated in figure 4.

In figure 4, D and are the world and domestic price,

respectively. Demand' represents the demand curve at domestic prices

and Demand" is the demand curve at world prices. If the price is

lowered from the domestic price (D) to the world price (W) the

income effect could shift the demand curve from Demand' to Demand".

This is assuming that the income effect has no influence on prices.

The methodology used in this analysis would measure the dead-weight
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Figure 4. The potential for error in estimating welfare losses.
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loss area as ABC instead of EFC. Therefore the results of this

analysis should be viewed in terms of magnitudes and not exact

numerical estimates.

Using welfare loss as a percent of GDP, the losses for rice

are greater than those for wheat largely due to the magnitudes of

the expenditures on each product. As shown in Table 5, the overall

average expenditure on wheat was only 12 percent of that spent on

rice. The producer price paid for rice is higher than that of wheat

and hence the profitability of rice is greater than that of wheat.

Since the expenditures as a percent of GDP were less for wheat than

for rice, the magnitudes of the losses are also less.

The social welfare losses for wheat are greater than those for

rice in terms of the consumer expenditures for each commodity. This

is a reflection of the high price supports given to domestic wheat

producers. The domestic price, both at the farm and retail level,

is higher than the corresponding world market price. Since the

level of protection is relatively higher for wheat as compared to

rice, wheat's net social losses as a percentage of consumer expendi-

tures are higher.

The introduction of the production control program increased

the net social welfare losses for both rice and wheat. Even though

the production control program aimed at reducing the amount of rice

produced, the decline in consumption exceeded the decline in pro-

duction. The continuation of the government's policy of buying rice

at a price in excess of the world level, and the decline in consump-

tion combined to increase the net welfare losses despite the



Table 5. Comparison of Average Expenditures on Rice, Wheat and Food in Percent of GDP and
Monetary Terms (1970=100) (per capita)

Total Expend- Total Expend- Total Expend-
iture in Yen % of GDP iture in Yen % of GDP iture in Yen % of GDP

After Production
Control Program

8646 (1.06) l6l0 (0.198) 966l5 (11.88)

Before Production
Control Program

l3l54 (2.86) l006 (0.22) 78856 (17.16)

Study Average l0859 (1.68) 13l3 (0.20) 87736 (13.60)

Rice Wheat Food



Equation (10), Chapter III.

60

production control program. The production control progran included

incentives and subsidies to farmers to grow wheat. These incentives

and subsidies increased the net social welfare losses associated

with wheat production.

As outlined in Chapter II, there have been two methodological

approaches used to analyze the Japanese rice and wheat pricing

policy. One is the welfare cost approach and the other has been

directed more towards attaining self-sufficiency in food production.

This section has examined the welfare losses associated with the

rice and wheat pricing policies. The next section will look at the

feasibility and costs of Japan being 100 percent self-sufficient

in wheat production.

Economic Consequences of Increasing the SSR of Wheat

To evaluate the consequences of increasing the SSR of wheat

three methodologies are employed. These are the net income approach,

the increased producer price approach, and the land quality approach.

If the Japanese government does raise the SSR of wheat through its

pricing policy, there will be economic costs, and these three fac-

tors must be considered to evaluate such costs, as well as the social

welfare losses of such an action.

Net Income Approach

The Tolley approach was used to measure changes in total

farm household income due to changes in production. The results are
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summarized in Table 6. In Table 6 the effect of a one percent

increase in production on total farm household income is evaluated

using two references. The first evaluates the increase in produc-

tion using the zero opportunity cost perspective as outlined in

Chapter III. The second examines the impact of increasing produc-

tion on income using the adjusted family labor perspective which

is also outlined in Chapter III.

The 1963 wheat harvest was affected by unfavorable weather

conditions and as a result yields were about half of the previous

year' and costs of growing the wheat exceeded the revenue received.

The increase in total income resulting from a one percent

increase in rice production decreased from 0.296 percent in 1960 to

0.0877 percent in 1980. A number of factors could be responsible for

this trend. One factor is that with the increasing number of part-

time farmers, the income from farming and rice production as a per-

centage of total income has declined over the period of the study

[MAFF, various issues]. Secondly, the number of farmers growing

rice exclusively has declined especially after the introduction of

the rice production control program [MAFF, various issues].

The declining trend in incomes accelerated after the introduc-

tion of the control program, especially in the adjusted family labor

analysis. Removing family labor as a cost item seems to have muted

the impact of the production control program. This could be due

to the valuation of family labor, for the impact of a one percent

The yield was 1.2 metric tons perU hectare in 1963 versus
2.5 in 1962, and 2.4 in 1964.



1980 .0877 .0033 .0774 .0042

1979 .0819 .0048 .0689 .0035

1978 .0970 .0033 .0791 .0028

1977 .1383 .0005 .1215 .0003

1976 .1296 .0010 .1133 .0003

1975 .1486 .0013 .1316 .0006

1974 .1345 .0017 .1146 .0012

1973 .1391 .0011 .1194 .0007

1972 .1315 .0013 .1014 .0008

1971 .1334 .0020 .0997 .0008

1970 .1844 .0026 .1434 .0007

1969 .2152 .0043 .1665 .0009

1968 .2614 .0066 .2080 .0031

1967 .2796 .0072 .2266 .0032

1966 .2615 .0076 .2019 .0028

1965 .2547 .0109 .1905 .0049

1964 .2633 .0088 .1423 .0037

1963 .3061 .0041 .2577 -.0005

1962 .2833 .0180 .2089 .0098

1961 .2636 .0192 .1708 .0089

1960 .2960 .0227 .1868 .0099
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Table 6. Percentage Increase in Total Income Due a One Percent
Increase in Production

Zero Opportunity Costs Adjusted Family Labor

(%) (%)

Year Rice Wheat Rice Wheat
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increase in production fell 70 percent for rice producers during

the period under study. This decline in the increase to total in-

come gained from producing rice is consistent with the govern-

ment's aim of trying to diversify rice production. If the govern-

ment wanted to encourage the production of alternate crops, it

would reduce the income potential of growing rice and increase

the potential of growing alternate crops to encourage diversifica-

tion.

Since the government is attempting to promote growing wheat as

an alternative crop, the income potential of wheat should be increas-

ing, especially after the introduction of the production control

program in 1970. This has not been the case. The income potential

from growing more wheat declined until the last three years of the

study when it dramatically reversed itself. This downward trend

can be due to a number of factors. For example, the production of

wheat has been declining and the area devoted to wheat production

only began to increase in 1978. Thus, wheat income as a percentage

of family income would also have been declining. Since the stat-

istics are calculated on total income and the total income received

from each crop as an average of all farm households, the income

potential from growing wheat could be understated. What seems sig-

nificant is the wide gap between the potential increase in income

from rice over growing wheat. It would not make economic sense for

a rice producer seeking to maximize income to diversify into wheat

production when one percent increase in rice production is more

profitable than a one percent increase in wheat production. The next
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section will examine the necessary increase in producer prices to

equate incomes of rice and wheat producers.

Increased Producer Price Approach

One of the most direct methods of increasing producer income

is to raise the price paid for their products. The increased pro-

ducer price analysis was carried out using Equation (11) of Chapter

III. Since the analysis was performed ex-ante, it was assumed that

yields, area, and percentage marketed would remain constant. The

analysis calculated the income that rice and wheat producers would

receive from growing their respective crops on one hectare of land.

The analysis then estimated the producer price that would equate the

two incomes. The results of the analysis are shown in Table 7. The

two reference points of Zero Opportunity Cost and Adjusted Family

Labor are the same as in Table 6.

The differences in the results between the two components is

due to the differences in the weighting and value of the family

labor costs. The family labor component of wheat is larger than

that for rice and hence, when removed and adjusted for yields the

results differ. In order to equate the incomes of rice and wheat

producers the purchase price of wheat would have to be increased

from ten to over seven hundred percent, depending upon the year and

method of evaluating labor. The sizeable increases would indicate

that on an income basis the government still must increase the incen-

tives to wheat producers and, as a result, incur greater welfare

losses just to equate incomes.



Table 7. Increase in Government Purchase Price Necessary to Equate Wheat and Rice Producerst
Incomes, Base Year = 1970

Government

Zero Opportunity Costs

Percentage Increase
Income Equating in Government Pur-

Adjusted Family Labor

Percentage Increase
Income in Government Pur-Equating

Purchase
Year Price in

Government Pur- chase Price to
chase Price in Equate Invomes (%)

Purchasing Price chase Price to
in Equate Incomes (%)

1980 10704 12364 115.5 11819 110.4
1979 9923 13463 125.8 11866 119.6
1978 9692 15332 154.6 13032 134.5
1977 9495 18315 188.97 19145 201 . 7

1976 6574 21454 226.0 18032 278.4

1975 6129 22509 342.4 20173 329.1
1974 5564 17264 287.6 16594 298.2
1973 4345 15925 286.2 16928 389.6
1972 3810 15990 368.0 19532 512.7
1971 3367 14647 384.4 18609 507.5
1970 3431 18971 517.3 23934 697.6
1969 3267 9687 282.3 15208 465.5
1968 3170 9710 297.2 14692 463.5
1967 3034 10564 333.2 16252 535.6
1966 2902 9982 329.0 16376 564.3
1965 2713 8233 283.7 15127 557.6
1964 2591 8771 323.7 15424 595.3
1963 2473 12613 486.8 19196 776.3
1962 2402 7084 268.5 14243 592.5
1961 2283 5583 244.7 13350 584.8
1960 2149 6109 267.6 14044 653.5
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When the government introduced the production control program

in 1970, it increased both the incentives to producers to grow

wheat and the welfare losses it experienced. After the introduction

of the control program, the increase in purchase price necessary to

equate rice and wheat producers income declined significantly from

417 percent in 1970 to 116 percent in 1980 in the first instance

and from 698 percent to 110 percent in the second. Thus, the effects

of the incentive programs are being reflected in the prices being

paid to producers. While this analysis estimates the increase in

producer prices necessary to equate incomes, it does not measure

the effects of converting present rice production into wheat pro-

duction to incre.ase self-sufficiency. The next section will analyze

the potential to convert present rice production capacity to wheat

production.

Land Quality and Increasing the SSR of Wheat

This section will examine the impact on rice production if the

land available for conversion were shifted into wheat production.

The analysis assumes constant yields, area, prices, and that land

converted from rice production to wheat will not be double-cropped

with wheat.1 Using the MAFF supply and demand figures, estimates

of acreages necessary for self-sufficiency in wheat and rice are

calculated in Tables 8 and 9, respectively.

A crop of rice and wheat in the same year. The analysis
assumes that once diverted from rice production, the acreage will
be used exclusively for wheat production.



Table 8. Land Required for 100 Percent Wheat SSR, in Hectares

Area Required
Area Under for 100% SSR Rice Land Poten- Rice Land Potentially

Year Cultivation in Wheat Deficit tially Available Available Minus Deficit

Hectares

1960 602200 2150656 1548456 174600 197544
1961 648700 2168328 1519628 1734000 214372
1962 642000 2742667 2100667 1717000 -383667
1963 583700 4960291 5376591 1706000 -3670591
1964 508200 3121935 2613735 1698000 -915735
1965 475900 2904412 2428512 1694000 -734512
1966 421200 3426265 3005065 1690000 -1315065
1967 366600 3324495 2957896 177100 -1186896
1968 322400 2933005 2610605 1687000 -923605
1969 286500 3660552 3374052 1687000 -1687052
1970 229200 4698221 4469021 1505000 -2964021
1971 166300 3932666 3766366 1382000 -2384366
1972 113700 3746505 3632805 1350000 -2282805
1973 74900 3420069 3345169 1336000 -2009169
1974 82800 3090625 3007825 1387000 -1620825
1975 89600 2845698 2756098 1405000 -1351098
1976 89100 2850176 2761076 1409000 -1352076
1977 86000 3115678 3029678 1396000 -1633678
1978 112000 1956420 1844420 1290000 -554420
1979 149000 1945020 1796020 1263000 -533020
1980 191000 2810735 2619735 1197000 -1422715
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Table 9 . A Comparison of the SSR of Wheat and Rice if the

Potentially Divertable Rice Fields were Combined with

Present Wheat Cultivation Areas

Year

SSR of Wheat if Production
Occurred on Current Wheat SSR of Rice if the Potential

Production Area and Potenti- Land were Diverted to Wheat

ally Divertable Rice Fields Production

1960 100.0 110.2

1961 100.0 125.8

1962 86.0 148.9

1963 38.4 149.9

1964 70.7 155.5

1965 74.7 159.7

1966 61.6 151.0

1967 64.3 124.6

1968 68.5 129.3

1969 53.9 141.4

1970 36.9 146.6

1971 39.4 199.1

1972 39.1 163.9;

1973 41.2 145.1

1974 47.6 126.1

1975 52.5 101.7

1976 52.6 102.6

1977 47.6 94.6

1978 71.7 80.7

1979 72.6 94.0

1980 49.4 138.4
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These tables assume thatanyexcess land over that required for

100 percent wheat self-sufficiency would revert back to rice pro-

duction. These estimates suggest that for most of the years under

study even if all the potential land currently under rice produc-

tion were to be shifted to wheat production, Japan still would not

be 100 percent self-sufficient in wheat. The analysis is slightly

overstating the SSR of rice values by only considering the demand

for rice as a staple food. However, even with this overstatement

taken into account, Japan still would remain self-sufficient in

rice production for most of the years under consideration [MAFFL

Japan, as shown earlier, is incurring heavy welfare losses by try-

ing to encourage diversification from rice to other crops as an

attempt to improve the SSR of other foodstuffs. These calculations

indicate that a goal of 100 percent self-sufficiency in wheat pro-

duction cannot be met by transferring land from rice to wheat pro-

duction. With the increased incentives and production controls on

wheat the Japanese government has only increased the SSR of wheat

from three to ten percent. To try to maximize the SSR of wheat may

be a more plausible goal, but a tradeoff exists between the costs

of increasing the SSR in wheat production, and the comparable costs

of the mounting rice surplus. This comparison is left to future

research.

Summary

The estimated supply and demand elasticities were relatively

inelastic with the exception of theprice supply elasticity of wheat
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which was relatively elastic. As a percentage of GDP estimated net

social welfare losses were significant. Losses are greater for

rice than for wheat. As a percentage of consumer expenditure on

each product, wheat has the larger net social welfare losses. The

net social welfare losses increased in both cases after the intro-

duction of the production control program.

Increases in wheat production contribute less to family total

income than increases in rice production. Further increases in the

producer price of wheat would be required to equate rice and wheat

producers income. Even if rice farmers were to ignore the income

effects and divert from rice to wheat production, there still would

not be enough land to produce the wheat required for 100 percent

self-sufficiency. Further implications of these results will be

discussed in the final chapter.



V. SUMMARY AND CONCLUSIONS

This study examined the welfare losses resulting from the

Japanese government's rice and wheat pricing policy. It also evalu-

ated three factors that bear upon the pricing policy and the Japan-

ese government's desire to improve the SSR of wheat production.

Summary

Estimates of the welfare losses resulting from the wheat and

rice pricing policies were made using the Bales and Greenshields

formula outlined in Chapter III. This analysis applied Fox struc-

tural equations to the Japanese rice and wheat markets in order to

derive estimates of the respective supply and demand functions.

These supply and demand estimates were used to forecast changes in

quantities produced and consumed between the competitive world price

and the subsidized domestic prices. Transportation rates were cal-

culated to estimate a world producer and retail price for rice. The

transportation rates were estimated using a modified Clement formula.

The sensitivity of the world rice prices to freight rates was exam-

ined by quadrupling the rates. The original estimates of the rates

were within the range previously calculated by Sanderson. The

quadrupled rate estimate was above published rate structures.

To determine the magnitude of the welfare losses two reference

points were used. The first estimated welfare losses as a percent-

age of GDP. The second calculated welfare losses as a percentage

of total consumer expenditure on each commodity. As a percentage

71
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of GDP the welfare losses were relatively small. As a percentage

of total expenditure, however, the losses were relatively high. In

the low transportation cost model the average loss was 40.9 versus

33.8 percent for the high transportation cost model and 118.9 per-

cent in the case of wheat. The introduction of the production

control program increased the welfare losses. Losses increased

from 20.4 to 59.6 percent in the case of low transportation cost

rice model, 12.9 to 52.7 percent for the high transportation cost

rice model and 79.3 to 154.9 percent for wheat. The increase in the

wheat welfare losses after the control program was implemented

could be due to the increased producer prices and incentives

offered by the government to encourage farmers to grow wheat. The

welfare losses as a percentage of GDP are relatively higher for

rice because the total expenditures are greater for rice than for

wheat. The relatively higher losses for wheat at the total con-

sumer expenditure level are due to the relatively higher level of

support and relatively higherdomestic over exported world prices

that wheat has vis-à-vis rice.

The study also examined three alternative policy variables

through which the Japanese government might influence domestic wheat

and rice production. These three policy variables were a net income

approach, the increased producer price approach and the potential

increase in SSR appraoch. Using a net income approach, the research

showed that the potential to increase producer incomes from a one

percent increase in the production of rice was greater than that of

wheat even after the introduction of the rice production control
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program. However, the increase from a one percent rise in income

was declining for rice but rising for wheat during the time period

studied. The study used a Tolley marketing formulation to estim-

ate the rise in producer prices necessary to equate wheat and rice

producers income on a per hectare basis. The study estimated that

wheat producer prices would have to be raised from ten to over five

hundred fifty percent to equate rice and wheat producer incomes.

The net income and increased producer price approaches show that

the Japanese government must increase its incentives to wheat pro-

ducers to ensure them the same income as rice producers. The study

evaluated the potential of Japanese agriculture to achieve one

hundred percent self-sufficiency in production. To calculate this

potential, the study combined the area presently devoted to wheat

production with the area currently used for rice production but

potentially divertable to wheat production. Using this methodology,

in all but the first two years of the study, the goal of one hundred

percent self-sufficiency in wheat production was not obtainable. In

1980, for example, the potential SSR of wheat using this methodology

was only 49 percent. On the other hand, if all the potential wheat

growing land presently used for rice cultivation were to be diverted

to wheat production, the SSR of rice would fall below one hundred

percent in only three of the twenty years under study. In 1980, for

example, this hypothetical SSR of rice would be 138 percent.

In summary, this research found the welfare costs of the Japan-

ese rice and wheat pricing program to be relatively high at the

total consumer expenditure level. It also found that the Japanese
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government would have to further increase the price paid to wheat

producers or take other measures to raise the income potential of

wheat if the government wished to equate wheat and rice producers

income. This in turn would increase the net social welfare losses.

Furthermore, a goal of one hundred precent self-sufficiency in

wheat production by diverting land from rice production is not

obtainable. The implications of these findings will be discussed

in the next section.

Conclusions

The analysis carried out in this research was an attempt to

measure some of the economic effects of the Japanese rice and wheat

pricing policy. The analysis combines a methodology employing wel-

fare loss critera, with an examination of the costs of alternative

food self-sufficiency schemes in order to evaluate the rice and

wheat pricing policy. While the welfare losses are quite small in

terms of percentage of GDP, the losses are very high in terms of

consumer expenditures on rice and wheat.

The Japanese consumer is paying a high price to insure food

self-sufficiency. However food self-sufficiency alone is not the

reason for the relatively high cost of rice and wheat. Prices are

high because the Japanese government is trying to maintain farm

incomes at a level compatible with urban incomes. The aim of the

Basic Agricultural Law wasto equalize rural and urban incomes.

This law was used as justification for the raising of producer

prices over world prices. However, the farm incomes are greater

than urban incomes [MAFF, various issues]. If the social welfare
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losses are to be justified as a means of equalizing urban and rural

incomes, the justification is no longer valid. Japanese consumers

are subsidizing Japanese farmers through the relatively high price

of food and through other incentives such as lower tax rates for

farmers and bonuses to plant certain crops. With the increased

farm incomes and increased number of part-time farmers, the continu-

ation of this subsidization should be examined, especially in light

of Mishan's definition of an increase in social welfare and the

distribution of income.1

The cost of increasing the SSR of wheat is relatively high.

Increasing the SSR of wheat will increase the social welfare losses.

A goal of one hundred percent self-sufficiency in wheat production

cannot be achieved by diverting land from rice production. The

Japanese government might well be advised to compare the costs of

raising the SSR of wheat against the costs of the storage and dis-

posal of surplus rice.

The goals of ensuring an adequate level of foodstocks and

raising the SSR of wheat are quite reasonable. On the other hand,

the high cost to the consumer in terms of total expenditures for

rice and wheat would tend to question the "cost-effectiveness" of

the policies. Food self-sufficiency may be something only developed

economies can afford. Due to its developed economy, Japan may be

able to afford to pay the welfare losses associated with its rice

and wheat pricing policies. Total food expenditures for the time
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period 1960-1980 averaged 136 percent of GDP (Table 6). If Japan

was a substistence economy and food expenditures were sixty or more

percent of GDP it is doubtful if Japan could afford the costs of

the rice and wheat pricing program. Perhaps the Valdes food

security approach-1 is an appropriate methodology to guide food

policy if self-sufficiency is a concern of the Japanese government.

The welfare loss analysis used in this study is very simplistic.

It merely measures the difference between world prices and domestic

prices. This was the same technique adopted by the Budgen conunis-

sion looking into the Australian tariff and whose methodology was

criticized by W.M. Corden [l95fl. Corden's criticism lies in the

analysis assuming that if wage rates would remain constant, that

there would be zero elasticity of substitution between goods.

Ignoring the effects on exchange rates should free trade or a

relaxing of the restrictions occur. While these criticisms are

valid, the objective of this research was not so much to empirically

measure the magnitude of the welfare losses as to develop a basis

for evaluating the pricing policy.

The welfare loss methodology used in this study could lead to

a situation where the welfare losses were lower if the transporta-

tion costs of the imported good are raised. This is because the

difference between domestic and world prices decrease as transpor-

tation costs increase. Thus, a potential to understate the losses

incurred exists using this approach.
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Though the methodology adopted by this study is simplistic,

the goal of the research was not to derive exact numerical estimates

but rather to establish magnitudes. The relative size of the magni-

tude of welfare loss, for example, was used to evaluate the rice and

wheat pricing policies. The question being researched was 'Are

these policies the most efficient in carrying out the goals of the

government?' This research would tend to reply in the negative.

However, a number of questions remain unanswered and these will be

discussed in the next section.

Suggestions for Future Research

A number of questions were posed and avenues of investigation

opened during this research that remain unanswered and unexplored.

This section will present a number of ideas for future research.

If the Japanese government is trying to insure an adequate

level of foodstocks by raising the SSR of wheat, it will increase

social welfare costs. Presently, Japan has no known oil reserves

or oil producing capacity, andmusttherefore import all of its

petroleum products. To ensure an adequate supply of oil Japan tries

to import from a variety of sources so that it does not become de-

pendent upon one supplier. A future researcher may wish to explore

the feasibility of Japan adopting a similar strategy for importing

food. Instead of trying to achieve one hundred percent self-

sufficiency in wheat, Japan might rely more on imports, and attempt

to diversify its sources of wheat imports.
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Future researchers may wish to pursue Harry Johnson's notion of

a scientific tariff to determine a tariff rate that would equate the

marginal costs with the marginal benefits of the rice and wheat pro-

ducing sectors of the Japanese economy. This also could be applied

to determine to what extent the SSR of wheat could be raised by

diverting land from rice production or to determine the amount of

incentives that should be offered to farmers to grow wheat.

Future researchers may wish to view the Japanese government's

pricing policies wheat and rice as a risk management strategy. This

methodology would treat rice and wheat as public goods and the pric-

ing policies would in effect be insurance policy premiums against a

blockade or food shortage developing in Japan.

The future researcher may also want to consider the alternative

methods available to control the present surplus of rice in Japan.

Supply and particularly demand aspects of this problem should be con-

sidered especially since demand is declining more rapidly than supply.

The area of developing an adequate model for determining a world

price for rice should be considered. In this model, it was assumed

that Thai rice could be substituted for Japanese "Japonica" rice but

this may not necessarily be the case. Future researchers should pay

particular attention to developing a transportation cost model to

analyze the cost of imported rice into Japan.

Finally, when evaluating welfare losses the future researcher

may want to take into account Corden's criticisms of the Bridgen Com-

mission report and analyze the impacts of tariffs on incomes, ex-

change rates, and substitutability of imported for domestic goods.
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