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Abstract

This study presents an estimate of the trade balance of environmental load accompanying
commercial production and trade of grains and meat. The US, Canada, Australia, France,
and Argentina are taken up as major exporters, and Africa, the EU and Japan as importers.
Estimates are made of agricultural land area and the amounts of fresh water and fertilizer
used for the production of beef, wheat, rice, barley, maize and soybeans. Japan’s consump-
tion of food requires 19.5 million ha of pasture land and 7.5 million ha of crop land in other
nations, a land area equivalent to about 70% of the total land area of Japan. Moreover,
45 billion tons of fresh water and 994 thousand tons of nitrogen fertilizer are annually used
in the US, Canada, Australia, France, and Argentina for export agricultural production to
Africa, the EU and Japan. The energy efficiency, ¢.e., the ratio of the caloric value of the
product grains to the energy input for their production, is estimated for soybeans, wheat,
rice and maize in Japan and the US. The efficiency in Japan is lower than that in the US,
reflecting Japan’s high-density agricultural practices. For Japanese rice, the ratio is as low
as about 1.3. Furthermore, the international flow of the nitrogen nutrients associated with
trade in agricultural products and fertilizer is estimated. Japan imported 600 thousand tons
of nitrogen contained in foodstuffs in 1994, and exported 180 thousand tons contained in
fertilizers the same year.

KEYWORDS: trade and environment, agriculture and environment, international flow of
the nutrients, fertilizer and environment, energy use in agriculture

1. Introduction

As the economy becomes globalized, there is increased interest in problems of interna-
tional trade and the environment. By importing goods and services, nations can reduce the
environmental load generated domestically. Exporting nations, on the other hand, generate en-
vironmental load, export the produced goods and services, and thereby earn foreign currency.
A number of developing nations are advancing industrialization without sufficient attention
to environmental measures, and achieving economic growth by exporting industrial products
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with relatively large environmental loads to the developed nations (Imura and Moriguchi, 1995;
Imura ef al., 1996). This situation applies to a number of nations in Asia, where industrial pro-
duction is growing rapidly. A similar problem is occurring in trading of agricultural products,
except that in this case the primary exporters are the industrialized nations such as the US,
Canada, Australia and the EU. These nations or regions have commercial foodstuff production
intended for export, supported by large-scale use of agricultural machinery and extensive ex-
penditure of water and fertilizer resources, and there is concern over the environmental impact
this represents. Nations like Japan, which provide a smaller fraction of their own required
foodstufls, are consuming large amounts of agricultural land and water resources in exporting
nations like the US and Australia through the import of foodstuffs. In addition, they are also
causing the release of nutrients such as nitrogen and phosphate to the environment in quantity
through the large-scale use of fertilizer in exporting nations.

On the other hand, Asian nations such as China attract growing attention to the future
international balance of food supply and demand (Brown, 1995). The population in this region
is large and the rate of growth high, plus which the consumption of meat has been increasing
with economic development. Compared to grains, meat represents a larger environmental load
per unit caloric output (Japan Environment Agency, 1996). Therefore, if these nations increase
their foodstuff import, it would cause larger environmental loading in exporting nations.

Recognizing the above situation, this paper attempts to quantify environmental loading
associated with the production of foodstuffs, and examine its trade implications. Toward this
objective the following analyses are made:

1. A quantitative evaluation is made of the resources such as land, water and fertilizer
consumed for foodstuff production in exporting nations.

2. Quantification of environmental loading due to foodstuff production is made in terms of
energy consumption. Energy here includes fuels used for agricultural machinery, energy
required to manufacture such machinery, and energy required to manufacture fertilizer
and agrochemicals, and energy required for transportation.

3. A quantitative analysis is made of international nitrogen transfer accompanying trade in
fertilizers and foodstuffs. Here, nitrogen is chosen as an index of environmental load as
it is a key factor in water eutrophication.

2. Quantification of Environmental Load Accompanying
Agricultural Production and Trade

2.1 Framework of Analysis

Grains and beef, which represent a large volume in international trade, are chosen, and es-
timates are made of the land, water and fertilizer resources used to produce these agroproducts
which are then consumed in Japan (Fig. 1). Five nations, i.e., the US, Canada, Australia,
France and Argentina are chosen as major exporters of foodstuffs, along with three nations
and regions, i.e., Japan, the EU, and Africa as importers. The analysis is based on agrotrade
data for 1973, and for 1983 through 1993 (United Nations, 1974, 1984-1994).

2.2 Japan’s High Dependence upon Import: Case of Beef

To examine the degree of dependence on imported foodstuffs by category in Japanese
consumption, beef is taken up because Japanese dependence is greater for beef than for other
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Figure 1. Transfer of environmental loading through agroproduct trade

livestock products. The dependence of Japanese consumption of beef protein on overseas supply
is calculated. First, the amount of protein in a gram of beef (i.e., 0.14 gram protein/gram
beef) is multiplied by the total annual import weight of beef, and the resulting figure divided
by the total population of Japan to yield the per capita dependence on imported beef protein
(FAO, 1991; United Nations, 1973; United Nations, 1993). The results are shown in Fig. 2, in
which the bold line indicates the daily per capita consumption of beef protein in Japan, and
the solid line the dependence on imported beef which are primarily from the US and Australia.

This figure shows that the amount of beef consumed by Japanese has roughly doubled over
the decade from 1983 to 1993, and that 40% of this beef protein is imported in 1993. Here, these
figures only include actual beef imports into Japan, and do not take into account imported
calves which are then raised in Japan. If this beef is taken into account, the dependence on
imported beef rises even higher.
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Figure 2. Per capita beef protein consumption in Japan
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2.3 Environmental Loading Accompanying Foodstuff Production
(1) Natural resources expended into foodstuff production '

Foodstuff production requires utilization of agricultural land, water and fertilizer resources.
Usage of land may result in soil degradation, such as the loss of fertile topsoil. Usage of
water resources requires the construction of water facilities such as dams, which might exert
significant impact on the natural ecosystem. As a result of using water for agriculture, it is
possible that insufficient water may be available for other purposes. The usage of fertilizer
leads to eutrophication of rivers and lakes through release of nutrients such as nitrates and
phosphates, and contamination of underground water from nitrates.

The expenditure of massive amounts of resources into foodstuff production is closely re-
lated to environmental impact in the production region. The actual relationship between the
resources expended in production and the resulting environmental impact, however, is com-
plex, varying with specific natural conditions and agricultural practices, and making it difficult
to discuss the relationship in general terms. Therefore, this paper uses the amount of resources
expended in production as an index of environmental load. While the resulting simplified anal-
ysis is a trial, it does provide an insight on the overall relationship of agricultural production
and environmental loading.

(2) TUse of land

l United Nations trade data I

Total agricultural land Total agricultural land
used for producing grains used for livestock raising

1 \

Agricultural land used Agricultural land used Pasture land
for export (grains) for export (beef) Teod oron Tond

Indirect agricultural land used by importing nations

Figure 3. Calculation of agricultural land area used in agroproduct trade

The land area Lge used for the production of key grains (i.e., wheat, barley, rice, and corn)
and soybeans which are exported (FAO,1995) are calculated, using the following expression for
each product:

Lge = Lgt g_j (1)
where Lg; is the total tilled area [ha], G volume of grain export [ton] and G total grain
production [ton]. _

Land used to produce livestock products includes not only the pasture land needed to raise
the livestock, but also agricultural land needed to raise feed crops (Fig. 3).

First the number of cattle needed to produce the volume of beef exported is calculated. Cut
production data is used to determine that a single carcass yields 300 kilograms of beef on the
average, and the weight of beef is then used to determine the number of carcasses needed (U.S.
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Department of Commerce, 1990). The following expression is used to calculate the amount of
agricultural land L., needed to produce these cattle and beef:

Lee = Lot—=2 (2)

where L., is the total cattle pasture land area [haj, C, the number of cattle exported, and

C; the total number of cattle raised in exporting nation. Here, relevant data from United
Nations commodity trade statistics for beef are used (United Nations, 1994). Many nations
report the trade volume in number of carcasses, but there are some which report by weight.
In such cases, the weight is converted into carcasses at the ratio of 500 kilograms per carcass
(Hori,1969).

Agricultural land area used for the production of feed corn is calculated from the amount
of corn consumed per animal per year (i.e., about 570 kilograms) and the number of cattle.
The percentage of the total corn crop for cattle raising is then calculated (Japan Ministry of
Agriculture Forestry and Fisheries, 1995). This percentage is multiplied by the total land area
used for corn production to determine the land area required for cattle raising. Imported corn
feed is also possible, but this analysis assumes that all corn feed is produced domestically. The
total of the pasture land needed for raising cattle and the agricultural land needed for raising
corn yields the total agricultural land area needed for beef export.

Fig. 4 shows the agricultural land area used to produce the grains and beef: the bars
pointing upward indicate the land area used indirectly through the import of agricultural
products by Japan, Africa and the EU; and the bar pointing downward indicate the land area
used by various exporting nations for exports to Japan, Africa, and the EU. Fig. 5 summarizes
the agricultural land area used overseas to produce grains and livestock products consumed in
Japan. As import of foodstuffs rises, the overseas land area used by Japan is also increasing
sharply. In 1993 the total land area utilized by Japan for imported foodstuffs was about 27
million hectares (19.5 ha for beef and 7.5 million ha for grains), which is roughly 70% of the
total land area of Japan (i.e., 38 million hectares), and roughly six times the total agricultural
land area of Japan. Similarly the EU used 9.2 million hectares and Africa 6.6 million hectares
of land in other nations (1993).

The Japan Environment Agency (Quality of the Environment in Japan, 1994) estimates
that the land area used overseas to produce agricultural products such as grains is 10.3 mil-
lion hectares, but this is calculated only for eight items (i.e., wheat, barley, sorghum, corn,
soybeans, coffee beans, cotton and natural rubber) which are produced for import into Japan,
and does not include agricultural land area used for the production of beef in the form of
pasture land and feed crop land. The present results indicate that even for only five exporting
nations, actual land use is 2.6 times larger than the estimate presented by the Japan Environ-
ment Agency. These results indicate the size of environmental loading accompanying livestock
production.

Growth of grain import is greatest for Africa, while there is a decline in import volume
for the EU. For exports, the US accounts for the majority of grain export and Australia for
the majority of beef export, indicating that these two nations serve as the key agricultural
production centers for the world.

(83) Use of water

Increases in population and demand for agricultural water are leading to a shortage in
global fresh water resources. Here, the data for water demand for each crop is multiplied



82 Imura et al.

Million ha {a)Grains Miflion ha (b)Livestock
20 20
. Importing
Importiog nations/regions
1973 1983 1993 nations/ regions 1973 _—*n ;
apan
8 Japan 10 O Africa
@ Africa By
B EU l I ]
2 "
= ) E EXDOm
g q] Exporting T 0 nat ox?sg/re .
- nations/regions = _Ewglons
a
5 gs ad B Canada
anata O Australia
O Australia 10 L France
[+
France. D Argentina
O Argentina =
20 20

Figure 4. Indirect agricultural land use accompanying the trade of foodstuffs
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Figure 5. Agricultural land area used in other nations for the production of foodstuffs consumed in
Japan '

by the trade volume to determine the agricultural water used in the production of export
agroproducts, and used as an index of environmental load.

Demand for agricultural water varies greatly with climate, soil, crop and agricultural prac-
tice, and it is very difficult to obtain this value for different nations and regions. For this
reason, this paper uses the intermediate value for water demand from the US (Table 1) as a
common unit for all nations (Tokari et al., 1961). A comparison of water demand by agroprod-
uct for Japan and the US, however, shows that the US demand is about three times higher
than that in Japan. As the US data are not available for soybeans, Japanese data (United
Nations, 1994) is multiplied by the above factor to provide an estimated water demand (i.e.,
1200 tons per ton of soybeans).

Results calculated through the above method are indicated in Fig. 6. Japan used 13 billion
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Table 1. Water demand per unit of production for various crops (Tokari et al., 1961)

Crop us Japan
Wheat 460~550 191
Rice 690~710 295
Barley 510~530 175
Corn 230~380 94
Soybeans (1200) 429

Unit: tons of water / ton of crop product

tons of agricultural water indirectly in other nations through imported foodstuffs, while the
amount of water used for agriculture in Japan is about 45 billion tons (1993). In the same
way, the EU used 18 billion tons and Africa 10 billion tons of foreign water indirectly. While it
changes from year to year, there is an overall trend toward an increase in the amount of water
used indirectly in other nations through the import of agroproducts by Japan.
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Figure 6. Water resources indirectly consumed by importing nations/regions

(4) Use of fertilizer

With the expansion of agricultural production, both land and fresh water are experiencing
a shortage. An increase in commercial production, however, usually means an increase in
fertilizer input, which represents a risk of pollution for rivers, lakes and seas. To evaluate
this, the amount of nitrogen, phosphate and potassium fertilizers needed for production of
foodstuffs is estimated.

First the amount of fertilizer used per unit area is multiplied by the cultivated area, for each
crop, to determine fertilizer consumption in the foodstuffs producing nation. This is allocated
according to the volume of each foodstuff imported by each importing nation to determine
the amount of fertilizer indirectly consumed overseas by that importing nation. The volume
of fertilizers applied to major crops in Japan is summarized in Table 2 (Noguchi, 1961). No
such data, however, were available for other nations: total fertilizer usage data is available for
each nation as shown in Table 3, but it is for all agricultural uses, and not broken down by
crop. As in the case of water resources, the amount of fertilizer used also varies with soil, crop
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Table 2. Fertilizer applied to major crops in Japan (Noguchi, 1961)

Crop I Nitrogen fertilizer | Phosphate fertilizer | Potassium fertilizer
Wheat 4.8~82 2.2~90
Rice 6.3~17.2 6.3~7.8 4.8~90
Barley 6.7~9.0 4.1~8.2 4.8~8.2
Corn 7.1 5.6 6.0
Soybeans 1.5 3.7 4.1

(Unit: kg / 10a)

Table 3. Nitrogen fertilizer usage (OECD, 1994)

Usage
Japan 13
The US 5
Canada 3
France 13

(Unit: tons / km?)

and agricultural practice. Therefore, it is assumed that the ratios of nitrogen, phosphate and
potassium fertilizers are the same for all nations. Furthermore, the data of total fertilizer use
for the US are applied to Australia and Argentina for which relevant data were not available
and whose agricultural practices are thought to be similar to the US.

Results yielded by this method are given in Fig. 7, indicating the change over time in
the amount of nitrogen fertilizer indirectly consumed by Japan through imports of foodstuffs.
Annual indirect fertilizer consumption is generally 120 to 140 thousand tons, with a slight
rising trend. The majority of this increase is due to the increase in imports from the US. The
same trend is evident in phosphate and potassium fertilizers.

thousand tons

Us
60 .

160
140
g
‘é 120
7
§ 100 Exporting nations
5 B Australia
= 80 OCanada
3
g
&
2
2

40

20

1993

1987 1989 1991

Figure 7. Indirect nitrogen consumption by Japan in exporting nations
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Table 4 indicates the nitrogen fertilizer indirectly consumed by Japan, Africa and the EU
through the import of foodstuffs in 1993. The amount of nitrogen fertilizer indirectly used by
Japan in other countries was 155 thousand tons in 1993 while about 600 thousand tons were
directly used in Japan. In the same way indirect consumption by the EU was 505 thousand
tons, and by Africa 334 thousand tons. One can take it that the fertilizer used in production
of the foodstuffs is itself exported. In this case, it is clear that there is a massive flow of
fertilizer from major foodstuff producers, i.e., the US to the rest of the world. There is also
a considerably large flow from France to Africa and the EU. One of the causes for this is the
large volume of fertilizer used per unit area in France (FAO, 1995).

Table 4. International nitrogen flow accompanying fertilizer trade (1993)

From: To: | Africa EU Japan | Total

US 119 35 110 264
Canada 18 5 19 42
Australia 0 =~ 0 26 26
France 189 441 0 630
Argentina 8 24 0 32
Total 334 505]. 155 994

Unit: thousand tons

3. Energy Expended in Agricultural Production
3.1 Life Cycle Energy of Foodstuffs

Energy is a key index for the evaluation of environmental load accompanying the production
and consumption of goods and services. In general, energy consumption, as a result of the
use of fossil fuels, leads to emission of atmospheric pollutants and carbon dioxide which is a
cause of global warming. Research into life cycle assessment (LCA), a means of evaluating
the total environmental loading from the production through consumption to final disposal of
products, is becoming popular in recent years (UNEP, 1996). Below, the total amount of energy
consumed in the production of agricultural products is calculated, not only for energy directly
consumed in the operation of agricultural machinery, but also energy indirectly consumed
in the production of fertilizer, agrochemicals and machinery. The significance of this energy
consumption is discussed in terms of international trade.

3.2 Energy Expended for Fertilizer Production

Fertilizer consumption data (FAO, 1995) for each nation is multiplied by the energy ex-
pended to produce a unit weight of fertilizer (Helsel, 1992), yielding the total energy required
for fertilizer production. Here, it is assumed that the methods of fertilizer manufacturing are
identical worldwide, and that data for the US is universally applicable.

Table 5 shows the energy required for manufacturing a unit weight for each type of fertilizer,
indicating that the value for nitrogen fertilizer is several times larger than those for phosphate
or potassium fertilizer. This is because considerable amounts of coal are consumed as a raw
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material during the manufacturing process of nitrogen fertilizer, and this is included in energy
consumption. )

Table 5. Energy requirement for fertilizer manufacturing in the US (Helsel, 1992)

N 1.87
P,0, |0.42
K,0 |0.33

(Unit: TOE/ton)

Fig. 8 is a breakdown of the total production energy in the US by fertilizer type. Energy
expended in production of nitrogen fertilizer is significantly greater than the energy used in
the production of phosphate or potassium fertilizer. Fig. 9 indicates the amount of fertilizer
used per unit of agricultural land area in various nations (FAQ, 1995). Values for Japan and
the US are essentially flat, while China has increased six times from about 10 kg/ha in 1970 to
about 60 kg/ha in 1991. In other words, the amount of fertilizer used per unit area in China
has increased significantly, bringing about a sharp increase in the energy expended in fertilizer
production. Fig. 10 indicates results for estimations of total energy expenditures for various
nations for the production of fertilizer. The values for the US and China are considerably
larger than those of other nations, and in particular the values for China have risen sharply
since the 1970s.
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Figure 8. Energy expended in fertilizer production in the US

3.3 Energy Required for Agricultural Production

The direct and indirect energy expenditures in Japan and the US for the production of
foodstuffs (“energy input”) are compared with the food energy in terms of caloric values
of produced foodstuffs (“energy output”). The ratio of energy output to energy input for
foodstuffs is then evaluated (Kyuma and- Soda, 1995). The items chosen here are wheat,
soybeans and rice in Japan, and wheat, soybeans and corn in the US.
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Figure 10. Energy expended in fertilizer production in various nations

Expended energy is the total of energy consumption for the production of fertilizer, agro-
chemicals and agricultural machinery (“indirect” energy expenditure), and electricity and
petroleum used directly in agriculture (“direct” energy expenditure). Energy expended in
the manufacturing of agrochemicals and agricultural machinery is determined by multiplying
the capital expenditure on agrochemicals and agricultural machinery (Japan Ministry of Agri-
culture, Forestry and Fisheries, 1996; U.S. Department of Agriculture,1995) by the energy
consumption induced by a unit final demand of these items. Here, the unit amount is cal-
culated from the 1985 Japan-U.S. Input-Output Tables (Ministry of International Trade and
Industry, 1985; Shiratsuchi 1995). Energy output, on the other hand, is calculated by using the
data for the energy value (kcal) per unit weight (100g) of each foodstuff item (Japan Science
and Technology Agency, 1992).

The calculation results are given in Table 6 and Table 7. In large-scale, relatively low-
density American agriculture, the ratio of energy output to input is between 3.99 and 5.71 for
various agroproducts (average values of three different years). The values for the high-density
agriculture of Japan are from 1.08 to 1.88, representing low output efficiency. The value for
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Table 6. Energy expended in agroproduct production in the US (thousand TOE)

1985 1990 1994 Average

Soybeans Input: Fertilizer 1,413 1,296 1,396 1.368
Erectricity and petroleum 2,176 1,996 2,149 2,107

Agrochemicals 754 957 1,138 950

Agricultural machinary 83 56 58 66

Total 4.425 4,305 4,742 4,490

Output : _Caloric value of product 24,736 22696 29,662 25698
Qutput/Input 5.59 5.27 6.26 571

Wheat Input: Fertilizer 2,382 - - 2.382
Erectricity and petroleum 2,901 - - 2,901

Agrochemicals 272 - - 272

Agricultural machinary 89 = - 89

Total 5,645 ot - 5.645

Qutput : _Caloric value of product 22,530 - = 22,530
Qutput/Input 3.99 — - 3.99

Corn Input: Fertilizer 8,873 7,893 8,602 8,458
Erectricity and petroleum 5117 4,547 4,948 4,870

Agrochemicals 1.447 1,253 1,407 1,369

Agricultural machinary 367 117 188 224

Tota] 15803 13815 15145 14921

Output : Caloric vatue of product 78909 70,537 89,820  79.755
Output/Input 4.99 511 593 534

Note: "Total” is the total for fertilizer, electricity and petroleum,
agrochemicals, and agricultural machinery.

Table 7. Energy expended in agroproduct production in Japan (thousand TOE)

1985 1930 1994 Average

Soybeans Input: Fertilizer - 8 3 6
Erectricity and petroleum - 356 12 184

Agrochemicals - 55 2 29

Agricultural machinary - 15 4 9

Total = 435 22 228

Qutput :_Caloric value of product b 113 41 77
Output/ln_put - 0.261 1.89 1.08

Wheat  Input: Fertilizer 42 47 27 38
Erectricity and petroteum 99 57 38 65

Agrochemicals 71 9 5 28

Agricultural machinary 35 34 11 27

Total 248 147 81 159

Output : Caloric value of product 291 317 188 265
Qutput/Input 1.17 2.16 2.31 1.88

Rice Input: Fertilizer 637 564 601 601
Ereetricity and petroleum 2,120 1,310 1,331 1,587

Agrochemicals 230 173 162 188

Agricultural machinary 1,078 525 475 692

Total 4,064 2,572 2,569 3.068

Output : _Caloric value of product 4,093 3,685 4,206 3,995
Qutput/Input 101 1.43 1.64 1.36

Note: "Total” is the total for fertilizer, electricity and petroleum,
agrochemicals, and agricultural machinery. ’

rice, in particular, is as low as 1.3.

Fig. 11 and Fig. 12 indicate the input energy per ton of produce in Japan and the US.
The values for soybeans and wheat are higher for Japan than for the US, indicating a large
difference in the use of agricultural machinery. From 1970 to 1993, the number of tractors per
1000 hectares of agricultural land in the US has been flat slightly above 10, while in Japan
it rose from over 50 in 1970 to about 400 in 1993, representing an eight-fold increase (FAO,
1995). As a result, there has been a major increase in the amount of energy expended in
agricultural machinery in Japan: a direct result of the difference in “merit of scale” between
the two nations. There are also significant differences between the energy expenditure of
electricity and petroleum for wheat and soybeans, and of agrochemicals for wheat, between
the two nations.
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3.4 Energy Required for International Transport of Foodstuffs

In the above, it is demonstrated that the energy requirement per unit production of food-
stuffs is remarkably smaller in the US than Japan. Traded foodstuffs, however, must be trans-
ported over thousands of kilometers from producer countries to consumer countries. Moreover,
in a continental country like the US, they must also be transported over a long distance within
the country before shipping from the port. The question here is how large is the energy ex-
pended in the stage of transport. To answer this question, the energy required for transporting
foodstuffs from the US to Japan is estimated. In this case, transportation energy is the sum
of the energy required for the domestic land transport and that for international maritime
transport.

First the energy required for domestic land transport in the US is estimated by multiplying
the annual average energy consumption of a truck in the US and the number of trucks engaged
in the transport of agricultural products (U.S. Department of Comimerce, 1995). Then, the



90 Imura et al.

energy required for sea transport between Seattle and Tokyo is estimated, using the data for
the number of voyages, and fuel consumption by tonnage of cargo boats. The details of this
estimation was published elsewhere (Yashima et al., 1997).

Fig.13 compares the energy required for two categories of soybeans and wheat consumed
in Japan: the Japanese products, and the US products exported to Japan. Even if transport
energy is added, energy required for the US soybeans and wheat is less than a half of that
required for Japanese products.
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Figure 13. Total energy expenditure of soybeans and wheat production in Japan and those imported
from the US

3.5 Comparison of the Total Energy Expenditure Between Japan and
the US -

A comparison of the energy efficiencies of agricultural production in Japan and the US
shows that Japan’s high-density approach has a low efficiency. Energy efficiency is especially
low for rice cultivation. If other factors are ignored and only energy efficiency examined, it
is more efficient for Japan to import grains produced in the US than to grow them in Japan.
Trade and environmental implications of this result, however, should be considered from more
comprehensive viewpoints.

4. Nitrogen Flow Caused by Foodstuff Trade

4.1 Balance of Nitrogen Fertilizer Input and the Nitrogen Contained
in Agroproducts

Nitrogen is an essential element which supports life on the earth. It is an important factor
in determining the fertility of soil, and its release into water may cause eutrophication. Thus
the flow of nitrogen in the natural ecosystem as well as that caused by human activities such
as industrial and agricultural production has been studied by various authors (Kawashima,
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1996). The Japan Environment Agency, in particular, presented a comprehensive review of
nitrogen flow based on various study reports (Quality of the environment in Japan, 1994) .

Japan exports fertilizers manufactured domestically to other nations, and other nations
exporting agroproducts to Japan use fertilizers in agricultural production. A portion of the ni-
trogen expended in production is recovered in the form of the agroproducts, and the remainder
released to the environment. The nitrogen captured in the agroproducts moves internationally
through trade. This paper presents the balance of international flow of nitrogen resulting from
the trade of foodstuffs and fertilizers.

First, the relationships between nitrogen fertilizer input and crop yield, for the foodstuffs
discussed in Section 3.2, are indicated in Table 8 and Table 9. Here, the amount of nitrogen
contained in foodstuffs is determined by dividing the protein content for each item from the
foodstuff supply and demand tables by the nitrogen-protein conversion coefficient (Japan Sci-
ence and Technology Agency,1992) (Table 10). The excess amount of nitrogen is then defined
as the nitrogen fertilizer expenditure for producing foodstuffs minus the nitrogen contained in
the foodstuffs. In both Japan and the US, excess amount of nitrogen occurs, with the excep-
tion of soybeans which have nitrogen-fixation ability. The excess amount of nitrogen is larger
for rice and corn than for wheat. Japan, which uses a denser cultivation method for wheat
production than the US, releases about three times as much nitrogen per unit land area to the
environment.

Table 8. Nitrogen balance in Japanese cultivated land (kg/ha)

1985 1990 1994
Rice Nitrogen fertilizer used 118 118 118
Nitrogen recoverd in crops| 35 36 38
Excess amount of nitrogen 82 82 79
Soybeans | Nitrogen fertilizer used 15 15 15
Nitrogen recoverd in crops 101 110 96
Excess amount of nitrogen —86 —95 —81
Wheat Nitrogen fertilizer used 72 72 72
Nitrogen recoverd in crops| 53 52 53
Excess amount of nitrogenl 19 20 19

Table 9. Nitrogen balance in American cultivated land (kg/ha)

1985 1990 1994
Corn Nitrogen fertilizer used 133 133 133
Nitrogen recoverd in crops| 55 55 64
Excess amount of nitrogen 79 79 69
Soybeans | Nitrogen fertilizer used 12 12 12
Nitrogen recoverd in crops 136 136 165
Excess amount of nitrogen —123 —123 —152
Wheat Nitrogen fertilizer used 42 42 42
Nitrogen recoverd in crops 36 38 36
Excess amount of nitrogen] 6 4 6
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Table 10. Nitrogen-Protein conversion coefficient (Japan Science and Technology Agency, 1992)

Wheat 5.83
Rice 5.95
Soybeans 5.71
Others 6.25

(Unit: grams of protein / gram of nitrogen)

4.2 International Nitrogen Flows
(1) Framework of analysis

The nitrogen flows between the regions of Japan, Asia, Europe, North America, Latin
America, Africa and Oceania for 1980, 1985, 1990 and 1994 are estimated, for trade in major
agricultural commodities, i.e., wheat, corn, soybeans, rice, other grains, beef, vegetables, and
fruit, and nitrogen fertilizer. Trade in foodstuffs is based on Commodity Trade Statistics of the
UN (United Nations, 1980, 1985, 1994}, and the nitrogen content of agroproducts is determined
as described in the above.

This analysis is similar to that presented by Japan Environment Agency (Quality of the
Environment in Japan, 1994), but it presents a time series analysis based on updated trade
data.

(2) Results

The nitrogen flows between regions calculated through the above method are indicated in
Table 11. In 1994, for example, about 600 thousand tons of nitrogen contained in foodstuffs
and 59 thousand tons of nitrogen contained in fertilizer were imported to Japan. On the
other hand, there was only a minimal export of nitrogen contained in foodstuffs from Japan,
showing Japan’s massive excess import of nitrogen. When nitrogen fertilizers are taken into
consideration, however, we have a totally different balance. Japan exports about 180 thousand
tons of nitrogen annually (1994), especially to Asian nations. An overall view of nitrogen flow
shows an influx from North America to Japan accompanying foodstuffs trade, and then outflow
from Japan to other Asian regions accompanying fertilizer trade. In 1994, the US exported
about 1.9 million tons of nitrogen contained in foodstuffs, about 47% of which were imported
by Asian nations.
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Table 11. Nitrogen flow accompanying agroproduct and fertilizer trade (Unit: T-N)

{A: Nitrogen contained in

agroproducts, F:

Nitrogen contained in fertilizer)

Year atren | oo Camada Ts A | ASi8 Tapan | Curope | Oceania [yl o
Import from| 1980 A 201 62000 3800 -~ &600 78 1 220 11200] s000| 24300
F ~{ 275000| 275,000 —| 14100 zo0o|  1900] 144000 - ~| 435000
1985 A 250 16000 16,000 - 8600 590 4 esool 102000 5800 42100
F 220| 322,000 322,000 ~| 14700 25000 2.800| 292,000] 14900 ~[ 668,000
1990 A of 32400| 28600 —| 7600 1200 7\ 12000 12200{ 7.900| 54600
F 2,500 429.000] 429,000 -} 83400 8700 550| 189,000 - -1 713,000
1994 A 20| 107.000| 107000 | ezeol 2100 18 12900 9900|6100 141,000
e F 31,200] 556,000| 556,000 ~| 126000 75,600 400] 273000| 1900 ~|1.070.000
Exportto | 1980 A 77,400] 29.700] 29,700 —| 26s000| s0s000| 408000 960000] 1800  1,800|2140,000
F 17,500{ 35.400| 35400 ~| 352.000] 182.000 ~| 161000] 11100 5900 758,000
1985 A 105000 122000 12200 —| 230000] 716000| 397,000| 521,000 160 74|1,580,000
F 13700 29800 29800 ~| 104000 91,100 810 ~|  sm0| 7s00| 247,000
1990 A 98,600] 29.400] 29,300 —| 222000| 783000} 320,000| 483,000  5600]  4,100]1,620000
F R _ . _ _ _ _ _ _ _ _
1994 A 171,000 15400 15400 ~| 352000 881,000| 369.000|. 456000] 6900]  6,700{1,880,000
. _ _ ~ _ _ _ _ _ _ ~ _
Import from| 1980 A - 39500 -1 39,500 - 6 - i 1000 500| 40,500
¥ —| 26400 ~| 26400 - - ~{ 2000 - | 28,400
1985 A - 18400 | 18400 2200 90 - 400 940 430| 22,000
F ~ 35900 —| asso0| 4500 - —| 14900 - - 55300
1990 a 17 24300 ~| 24300 720, 310 - 83| 1200 710{ 26,700
F 8500 36,000 =| 36,000 —-{ 1800 -| 27200 - — 73,600
1994 A 30[ 11300 ~| 11,300 410 470 5 130| 2s00{ 1300| 14800
F - 18600 ~| 18,600 ~| 10900 ~ 6100 - ~| 85600

Cagada | — ~— —
Exportto | 1980 A 16,000] 11,000 —| s51700] 45400 90700] 30800 64,000 14 1] 227,000
F —| 279,000 —! 279000  zo000| 17,200 - 140}  as00]  4900| 303,000
1985 A 23,300 18,900 ~| 18900 a1700] 102000| 36600 40000 150 140] 216,000
F 2,500 299,000 ~| 299000] s5300{ 40500 ~| 1s00| 12900 12900] 362,000
1990 A 23100] 41.900 — 3600 30000| 172000] 21400 11,300 150 140| 279,000
¥ 840| 431,000 —| 431000 12200 11600 1100] 9300] 31500] 31000| 496,000
1994 A 28,600] 120,000 —| 120000| ssz00| zozooo| 37800] 25000 1300 970| 436,000
F ~| 560,000 —| se0000 19800 1200] 1200 87| 42600 34,600| 624,000
Import from| 1980 A 6700| 473.000[ 33.100] 440000] 4500] 8400 - 560 33,700| 33,600{ 529,000
- 230 - 230 5100 1,000 B — ~1 8000
1985 A 580{ 462,000] 37,900\ 424000| 36400 42400 ~| 2400 41,300{ 40500 585,000
F ~| 1400 —{ 1400 3800{ 8500 ~| 1900 - ~| 15700
1990 A 8000] 434000 41.700| 395.000{ 64200| 30800 ~| 2000/ 27800 27.300| 557,000
F - 7800 1100|6700 — 44900 -1 7300 - ~| 60000
1994 a 15,100] 426000 41,300] 285000| 64800 49800 ~|  szo0| 42400 41,600] 606,000
F | e700| 1200f 5500 87| 43,100 ~|  7900] r700| 1700] 89,400
Japan § — - -

Exportto | 1980 A 840 1 10 1 72| 4,000 - - 2 | so00
¥ 3100 - - | 2600] 336000 - ~| 15700 —| 358,000
1985 A 1 17 14 2 - 17 - . - - 34
F 8,300 330 - 330 750| 151.000 - ~-|  es00 230| 170,000
1980 A - 1 8 2 - 19 - - - - 30)
F 9,000 490 - 490|  3,200] 159,000 - ~| w700 120} 174,000
1994 A - 22 4 18 - 10 - 1 - - 33
F 210 250 - z50]  4,200{ 177,000 - 15 1,300 140 183,000

Note: Agroproducts in the traded total of wheat, corn, soybeans, rice,
beef, vegetables and fruit.

other grains,
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Table 11. Nitrogen flow accompanying agroproduct and fertilizer trade (Unit: T-N) [cont.]

(A: Nitrogen contained in agroproducts, F: Nitrogen contained in fertilizer)

Year Africa A]\z[r:)errti:a Canada, G A[r;\aet;?ca Asia oo Europe | Oceania F— Total
Import from| 1980 A - 1900 1,900, -~ 5 - - 67 -1 1900
F —-| 13800{ 8400/ 5400 - 92 92 2300 - ~ 16,200
1985 A - - - - - - - 160) - 160
F. i - — - - - _ - - _ _
1990 ‘A" - 42 2 39 - - 7 7 - 55
P — — — — - - _ _ - _ _
1994 A - - - - - - - - - - -
r — - - - - — — _ - _ _

Austratia |- — —
Export to 1980 A 26,700 8,200 540 7,600 4,300 145,000 32,200 2,400 3,100 —{ 189,000
F - - - - - - - - 5,100 - 5,100
1985 A 38,200 6,500 470 6,100 6,700 227,000 44,300 1,200 3,600 —| 286,000
F — - —| - — — — - _ - -
1980 A 26,900 9,600 790 8,800 3,300{ 189,000 27,700 2,900 5,100 —| 236,000
F - - - - - 12,600 - - 3.200 - 15,900
1994 A 210 7.300 1,300 6.900: 73 18,100 11,600 740 710 - 27,100
F - - - - - 9,600 1,800 450 8,500 - 18,600
Import from| 1980 A 850 55,200 1,900 53,300 9,100 1,100 - 18,800 45 - 85,200
F 690 114,000 —={ 114,000 - - =| 304,000 - — 418,000
1985 A 750 29,600 1,600 28,000 12,700 1,400 - 17.400 17 - 61,800
F 3,100 20,100 - 20,000 3,500 - —| 601,000 - ~-| 628,000
1990 A 900 11,000 650 10,300 13,200 1,900 - 27,200 41 - 54,300
F 39,000} 144,000 15,800 141,000 15,400 22.300 —| 754000 - —{ 975,000
1994 A 1,100 19,000 6,000 12,900 11,100 2,000 - 30,800 120 - 64,000
F 29,500 19.000 - 19,100 16,800 640 -1 687,000 - —| 753,000
France + — —

Export to 1980 A 50,000 6 4 3| 2,000 18,900 2| 176,000 6 -] 247,000
F 29,600 - - - 7,400 28,000 - 70,200 - —{ 135,000
1985 A 57,500 24 6| 17 4,400 23,200 5/ 213,000 24 298,000
F 18,800 440 650 290 2,500 17,100 =} 111,000 - —| 150,000
1990 A 66,700 14 3 11 4,800; 43,600 5| 242,000 41 -1 357,000
F 5,300 6,000 400 5,900 6,300! 7,200 —| 129,000 - 154,000
1994 A 15,300 23 5| 19 15,700 27,100 11} 233,000 45 -1 291,000
F 9,600 4900 5,500 3,700 12,200 6,200 ~| 180,000 3,000 2,900 216,000

Note: Agroproducts in the traded total of wheat, corn, soybeans, rice, other grains,

beef, vegetables and fruit.
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Fig. 14 and Fig. 15 show the nitrogen flow balance for Japan’s foodstuffs trade. The net
import (i.e., import minus export ) of nitrogen by Japan was about 170 thousand tons in 1980,
but increased to about 480 thousand tons in 1994.

Nitrogen contained in agroproducts:

529 thousand tons &
Nitrogen contained in fertilizers: g%

8 thousand tons & Nitrogen contained in agroproducts:
% 5 thousand tons

Nitrogen contained in fertilizers:
358 thousand tons

Total: 363 thousand tons

Total: 537 thousand tons

Nitrogen fized in cultivated land:
164 thousand tons

Figure 14. Nitrogen balance in Japan (1980)

Nitrogen contained in agroproducts:
606 thousand tons

Nitrogen contained in fertilizers: Nitrogen contained in
59.4 thousand tons _‘.; ¥ agroproducts: null
Total: 666 thousand tons i Nitrogen contained in fertilizers:

183 thousand tons
Total: 183 thousand tons ~

Nitrogen fixed in cultivated land:
152 thousand tons

Figure 15. Nitrogen balance in Japan (1994)

Next question is how to estimate the amount of nitrogen fixed in cultivated land in Japan.
There is little reliable data to estimate the speed of fixation in cultivated land. Therefore, we
simply assume that values for lands such as Japan, which are relatively fertile, are thought to
be about 30kg/ha/year (Kawashima, 1996). Applying this value, it is estimated that nitrogen
fixation was at about 160 thousand tons in 1980, and at about 150 thousand tons in 1994.
Therefore, the amount of nitrogen Japan imported in the form of foodstuffs was about 3.2
times larger than the amount of nitrogen fixed in cultivated land in 1980. This gap further
expanded: import was 4.4 times larger in 1994.

The majority of the nitrogen imported into Japan through foodstuffs is eaten by the
Japanese or consumed as livestock feed, eventually released into the water, soil and atmo-
sphere in the form of various nitrates and salts. Water pollution in rivers, lakes and closed
water bodies in Japan, due to effluents from household waste water, has become a major is-
sue, and it is clear that a large contributing factor is the influx of nitrogen through imported
foodstuffs.

5. Conclusions

Under today’s free-trade regime, trade among nations takes place in accordance with the
laws of comparative advantage. Nations with larger environmental capacities are able to utilize
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that capacity as a resource to produce, and export the products: there is little to condemn here.
There is a different view, however, that the current free-trade stance is destroying the foodstuff
self-supply capabilities of nations, thereby making it difficult for nations to maintain their
intrinsic natural ecosystem. One key issue in finding an interface for discussion between these
two seemingly opposing viewpoints is how to assess the international balance of environmental
loading pertinent to trade.

Based on the above thought, this paper presented an estimate of the international balance of
environmental loading, using as an index the resources expended for production of agricultural
products. The major results are as follows:

1. Approximately 27 million hectares of agricultural land are used in other nations to pro-
duce the foodstuffs consumed in Japan (1993), which is equivalent to roughly 70% of the
land area of Japan and roughly 600% of the agricultural land area of Japan. In the same
way, the EU uses 9.2 million hectares and Africa 6.6 million hectares of land in other
nations. Usage of land for the livestock trade is especially high, and is increasing,.

2. Japan uses 13 billion tons of agricultural water indirectly in other nations through im-
ported foodstuffs, while the amount of water used for agriculture in Japan is about 45
billion tons (1993). In the same way, the EU used 18 billion tons and Africa 10 billion
tons of foreign water indirectly.

3. The amount of nitrogen fertilizer indirectly used by Japan in other countries was 150
thousand tons in 1993 while about 600 thousand tons were directly used in Japan. Indi-
rect consumption by the EU 500 thousand tons, and by Africa 330 thousand tons.

4. A comparison of the energy efficiencies of agricultural production in Japan and the
US shows that Japan’s high-density approach has a low efficiency. Energy efficiency
is especially low for rice cultivation. In other words, if other factors are ignored and only
energy efficiency examined, it is more efficient for Japan to import grains produced in
the US than to grow them in Japan, and environmental loading in Japan would of course
be that much lower.

5. In 1994, Japan imported about 600 thousand tons of nitrogen in the form of foodstuffs,
and exported about 180 thousand tons in the form of fertilizer. The amount of nitrogen
contained in the imported foodstuffs to Japan was about four times the amount fixed in
Japanese cultivated land in 1994. In order to clarify the environmental effects of such
imported nitrogen, its effect to local water quality of rivers and seas should be studied.

In the above analysis, some simplifications and assumptions are made mainly due to the
limited availability of consistent data for differing nations and regions. The results presented
in this paper, therefore, should be regarded as rough estimates, but they are significant as
a starting point for considering environmental implications of the production and trade of
foodstuffs.
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