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Abstract

The paper focuses on rice production and the environmental challenges connected with rice production. In
particular we exemplify the role of ricein the possible reduction of Japanese greenhouse gas emissions
applying Life Cycde Assessment as amethodology. Riceisthe most important agricultura commodity in
Japan and Japan has an overproduction of rice. The problem of reducing the amount of rice hastwo
practical background considerations.

i) It isexpensive to support overproduction and
i) The overproduction causes unnecessary environmenta pollution.

Wearein particular interested in the second aspect, whichisin fact closely related to the first one. A
practical background for the analysisisthe intended reduction of greenhouse gases expressed by the
Japanese government. During the COP3 event of December 1997 in Kyoto, Japan obliged itsdlf to reduce
greenhouse gas emissions by 6% relative to 1990 levels until the period 2008 to 2012. Agricultura
production should sign responsible for agreat part of this reduction. We want to show the potentid of
reducing CO, inrice production by alife cycle assessment approach (LCA).

LCA became astandard of Japanese industry in 1997. Hitherto LCA is not a common methodology in the
fidd of agriculture. However, alot of environment related discussionsin the agricultural sector could aso
be discussed on base of an LCA assessment. LCA assessments are supposed to give vauable information
of pollution loads in agriculture and their possible reduction. Today, there are many different LCA
methods available.

There are two principle approaches, the bottom up approach and the top down approach. At the bottom up
gpproach information is collected at the source of origin, namely the different locations of production. In
the case of rice we have more than 3 million producersin Jgpan, which requires many samplesto get a
representative picture from this approach. The top down gpproach, related to macro-economic modeling,
alows assessing the problem quickly and is based on economic input output tables. The top down
approach isonly suitable for major pollutants. It is a suitable approach to assess the globa warming
potentia, but it can not adequate information concerning many pollutants covered in a bottom up
approach. According to the availability of data, we first provide atop down approach, which we document
in this paper. Later on we intend to complete with a bottom up approach.

Inthefirst part of this paper, we will look at rice production from different viewpoints. First from the
viewpoint of producers, second from the viewpoint of consumers and third from the viewpoint of
environment and resource use. Asthe three views are related to entire Japan, we provide additiond
information concerning rice production regionsin Jgpan and concerning structurd patterns. In the second
part of this paper, we describefirst our LCA approach and its principles related to sustainability. Second
we perform cal culaions concerning the average Japanese CO, emissons related to rice and third we
differentiate this average according to regions and structurd factors.
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1. Introduction

The paper focuses on rice production and the environmental challenges connected with rice production. In
particular we exemplify the role of ricein the possible reduction of Japanese greenhouse gas emissons
applying Life Cycle Assessment as amethodology. Riceisthe most important agricultural commodity in
Japan and Japan has an overproduction of rice. The problem of reducing the amount of rice hastwo
practica background considerations.

iii) It is expensive to support overproduction and
iv) The overproduction causes unnecessary environmenta pollution.

Wearein particular interested in the second aspect, whichisin fact closdly related to thefirst one. A
practica background for the analysisis the intended reduction of greenhouse gases expressed by the
Japanese government. During the COP3 event of December 1997 in Kyoto, Japan obliged itsdlf to reduce
greenhouse gas emissions by 6% relative to 1990 levels until the period 2008 to 2012. Agriculturd
production should sign responsible for agreet part of this reduction. We want to show the potential of
reducing CO; in rice production by alife cycle assessment approach (LCA).

LCA became agtandard of Japanese industry in 1997. Hitherto LCA is not acommon methodology in the
field of agriculture. However, alot of environment related discussionsin the agricultural sector could aso
be discussed on base of an LCA assessment. LCA assessments are supposed to give valuable information
of pollution loads in agriculture and their possible reduction. Today, there are many different LCA
methods avalable.

There are two principle approaches, the bottom up approach and the top down approach. At the bottom up
gpproach information is collected at the source of origin, namely the different locations of production. In

the case of rice we have more than 3 million producersin Jgpan, which requires many samplesto get a
representative picture from this gpproach. The top down approach, related to macro-economic modeling,
alows assessing the problem quickly and is based on economic input output tables. The top down

gpproach isonly suitable for mgjor pollutants. It is a suitable gpproach to assess the globa warming
potentia, but it can not adequate information concerning many pollutants covered in a bottom up

approach. According to the availability of data, we first provide atop down approach, which we document
in this paper. Later on we intend to complete with a bottom up approach.

Inthefirst part of this paper, we will look at rice production from different viewpoints. First from the
viewpoint of producers, second from the viewpoint of consumers and third from the viewpoint of
environment and resource use. Asthe three views are related to entire Japan, we provide additiona
information concerning rice production regionsin Japan and concerning structura patterns. In the second
part of this paper, we describefirst our LCA approach and its principles related to sustainability. Second
we paform caculations concerning the average Japanese CO, emissons related to rice and third we
differentiate this average according to regions and structura factors.

2. Rice Production in Japan

2.1 Higtorical Overview and Recent Trends of Rice Production in Japan

Since about 1700 yearsriceis produced in Japan. Rice cultivation was brought from China, viaKoreato
Japan. Soon rice became the mgjor basis of food consumption. Rice availability dlowed amore dense
settlement structure of Japan as a sophisticated system based on feuda land lords and loca resource use
was established and improved. Japanese culture developed dong with rice production. Ricewas adecisve
factor in the Japanese political system as power was closaly related to the access of food. After aperiod of



civil wars the Edo period lasting from 1603 to 1867 brought peace and more control over land resources.
Thereby improvementsin rice production could teke place. Thisimprovements were based on increased
labour intensity. Imports of resources outside Japan was not possible, as during the Edo period the country
was closed to the outside world.

The Meiji period following the Edo period (1867 to 1912) and the Taisho lasting until 1926 and current
Showa period led gradudly to anew Situetion. The cities where rgpidly modernised and incressed in Size.
There was a strong demand on labour power from rurd aress, the lack of working power was compensated
by new, sophidticated agricultura methods combined with the access to imported resources. After World
Wear |1, in 1948 land reforms took place, the old feuda system was destroyed and individua farmers got
accessto own land. The current small scale size of Japanese farmsisaresult of those land reforms.
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Figure 1 Historical development of rice production area and riceyield.
Source: S. Hasegawa, T. Tabuchi (1995) and H. Fukuda et al. (1984)

Better methods in land management dlowed to increase rice yields from some 500kg &t the beginning of
rice cultivation in Japan (around the year 300) to up to 5000kg per hectare in recent decades. The land
devoted to rice production increased from about 1% of land areaat the beginning of rice cultivation
(around 300) to 10 % around 1980, but decreased again to 7%, the current level. The population
development was closdly related to rice production. It increased from lessthan 5 million in 300 (estimate
based on availability of rice and land) to 126 million at the end of the 20™ century. Just in recent decades
population development became independent from rice production.

2.2 Recent Trendsin Rice Production

The situation of rice production changed significantly after the last world war. Over production was
reported for 1970s thefirst timein history, but other economic activities became more important than rice
production. They gave theincomethat rice production could be increasingly moreindustridised. The
economic importance of rice production fell from 9% in 1960 to 1.8% in 1990. At current Jgpan isthe gn



important rice producing country and accounts for 2.2% of world rice production (1997). Production costs
are significantly higher than in any other country of the world and about 8 times higher thanin the US.
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Figure 2 Recent trendsin rice production

Source: Agricultural Census

During the period 1960 and 1995, the average yield of rice increased from less than 4,000 kg rice
production to more than 5,000 kg rice production. The rice area decreased during the same period about
one third from more than 3 million hectare to dightly more than 2 million hectare. Thetotal rice supply
decreased from 12 million tons to close to 10 million tons. The average consumption per capita decreased
from 118 kg per capitato 68 kg per capita. Asthe population increased in average by dmost onemiilliona
year, from 93 million in 1960 to 125 million in 1995, the reduction of the per capitarice consumption
could be balanced by the increase of population.
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Figure 3 Ratio Between Factor Importance

The picture showed that the factor yield became more important, while the factor land and consumption
per person became lessimportant and factor supply decreased dightly in importance. Emphasiswas
increasingly more given to high yields and not to maintain land under cultivation. The consumersdid not
request any longer after rice asthey did in previous time as they could compensate rice by other food. Rice
supply could remain relatively stable, as the decrease in per capita demand was accompanied by

population increase.




2.3 Supply Related Factors of Rice Production

Agricultura production depending on loca resources was for long time the mgjor limitation of Japanese
population growth. Today food imports alow to have a high popuation density, that would not be
possible, if the country would be closed. Only in the case of rice thereis sdif sufficiency whichisaso
dependent on the import of resources outside Japan. Rice has neverthel ess an important function to secure
food availahility within the country and to occupy peoplein rurd aress.
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Figure4 Most Important Agricultural Products and Sdlf Sufficiency within Japan

In most other agricultural commodities we have adomestic shortage. Asthereisover production of rice, a
shift to other agricultural commoditiesiswanted. This planisnot easy to follow asin particular paddy
fields require investments before rice production, that are not necessary for many other agricultura
commodities.

2.4 Population trendsin Rice Production

There are about 3.5 million rice producersin Japan. At the beginning of the 60s there were dmost 12
million rice producers in Japan. In fact the younger farmers of those days are il active and the average
ageof rice farmersincreases. There are 3 usua patterns related to population trends. Remaining
colleagues overtake from those finishing with rice production. It is common to take another job and rice
production and get athe second income that is higher. Y oung people migrate out of the rurd aress. The
question how long this trends can continue and who will take over in the future is unsolved. Old rice
farmers live further with the experience of famine and food shortage of severd decades ago, where the
am wasto obtain sdf sufficiency in rice production, but they have more sophisticated meansto produce
rice



Table1 Shareof Agricultural Households Against Others (in 1000)

Number Households Total Agricultural Mixed Agricultural Non Agricultural No workers

1980 35824 1360 2131 28972 3311
1985 37980 1210 1954 30400 4344
1990 40670 993 1596 32568 5357
1995 43900 935 1379 34464 6902

Source: Japan Statistical Y earbook 1998, National Census data

Within 15 years from 1980 to 1995 the number of agriculturd households went down from 3.5 million
households to 2.3 million. The number of farm househol ds was reduced by one third. On the other hand
the number of total households increased considerably and the number of people per household decreases.

Within 35 years the number of farm household decreased sharply to 44% of the value from 1960. The

Table2 Shareof Full Timeand Part Time Farm Households 1960 to 1995 (in 1000)

Number Households Total Full time Part time
1960 6057 2078 3979
1965 5665 1219 4446
1970 5342 831 4510
1975 4953 616 4337
1980 4661 623 4038
1985 4376 626 3750
1990 3835 592 3243
1995 2651 428 2224

Source: Japan Statistical Y earbook 1998, Agricultural Census data

number of part time farms decreases considerably less (to 56% compared to 1960) than the full time farms

(to 21% compared to 1960).
Table 3 Income Sour ce of Agricultural Households
Year Agricultural Income Non Agricultural Income Total Share of agricultural income
1965 365 396 761 48%
1970 508 885 1393 36%
1975 1146 2268 3414 34%
1980 952 3563 4515 21%
1985 1066 4437 5503 19%
1990 1163 5438 6601 18%
1995 1442 5453 6895 21%

Source: Asahi Shinbun 1999, Agricultural Census data



Table4 Occupation in Agriculture (in 10,000)

Farm Occupants in 10.000 total female Share of female

t1965 1152 695 60%
11970 1025 628 61%
11975 791 493 62%
11980 697 429 62%
11985 636 388 61%
11990 565 340 60%
11995 490 286 58%

The decline of farm householdsis most obviousin the youngest age group, where within 20 yearsthe
number of households reduced to less than 25%. Large is dso the reduction in the medium age group 30 to
59 years old where the number reduced to less than haf in two decades. The only group that remained
stable and even dightly increased was the number of farmers of 60 years and over. Aswe had ratively
old datafrom 15 years ago for our digposal we expect the oldest group to be the largest one &t the current
situation, gpproximately the samein number but considerably lessfarmsin the youngest and the middle
agegroup.

The pattern of full time farm household shows women as more important. This could be explained by the
fact, that the husband isworking outside the farm, in particular in the age group 30 to 59. With becoming
60 the hushands return home, so the distribution between sexes becomes more equal.
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Figure5 Decrease of Rural Population in Japan
Source: G. Ahamer, Global Change Data Base (1995)

People live ever more dense than what they lived before. The rural populaion would be even less, if
people would not commute over long distances. A rurd areais consdered an areawith less than 2,000
peopleliving in 1 kn. In addition table 4 explains that the rural population is getting older.



2.5 Labour Intendty in Rice Production

In this figure we see the trend concerning rice yields and labour intensity during the last decades.
Currently some 400 hours of human Iabour or onefifth of what was usua only 40 years ago are spent for
the cultivation of one haof rice. Therice yield increased from 2 tons per hato morethan 4t per ha. So the
farmer get more than 10 times the yield per working hour than just few decades ago.
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Figure 6 Decrease of Labour Intensity in Rice Production

Rice cultivation and indugtrid activity supported each other. Industry gave meansin the form of advanced
agricultural machinery and chemical inputs to reduce the labour time and rurad aress gave labour forceto
the industry.

At current lmost al young labour force has migrated from rural areas. But the remaining people staying
on the country side areimportant from the view point of customersto industry. In the following figure we
find some information about the role of farmers as consumers of industria products.



Table5 Importance of farmer s as customer s of agricultural machinery (1990)

Average agricultural machines of 100 farm households
Generator 2
Engine 4
Pump 11
Tractor(20ps<) 36
Tractor(20ps-50ps) a7
Tractor(50ps>) 2
Nursery Warmer 8
Hand Tractor 57
Transplanter(2 raw) 31
Transplanter(3-5 raw) 41
Transplanter(6 raw>) 7
Sprayer 28
Powder Sprayer 23
Binder 29
combine(3 raw<) 50
combine(4 raw>) 6
Threshing 23
Hulls remover 40
Dryer 53
Truck 198

Source: Agricultural Census 1990

One can seethat farmers are by far more important as consumers of industry than the urban
population. It isfurther clear that farmers could not effort thislevel of mechanisation if there
would not be agricultural subsidies. Farmers support is aso support for the industry aswell.
Regardiess the size of the farm, the prestige of the farmer demands for a complete set of
agriculturad machinery.

10



2.6 Demand Side of Rice Production in Japan

In Japan one can observe achangein the diet. The treditiond rice diet isbased on carbohydratesand is
increasingly “westernised” with higher levels of fat (Vermeul 1996). From 1951 to 1988, the ratio of
carbohydrates decreased from 78% to 59%. Thisis gtill about a 15% higher carbohydrate intake as
compared to Western countries like France, UK, US, Germany or Italy with a share between 41% and
46% carbohydrate. Fat increased from 10% to 28% in the same period and proteins remained sable at
13%.
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Figure 7 Comparison of Diet based on Rice and Cerealsin Japan to Other Countries
Source: G. Ahamer, Global Change Data Base (1995)

Mest consumption was il low in Japan (1991) as compared to other wedthy countries, but higher than
the globd average. Thetrend isin favour of more meat consumption & the expense of rice. The difference
to the OECD average may become considerably smaller over the next decades.

During 1960 and 1995 the average rice consumption decreased from 118kg to 68kg per capita (seefig.2).
This means a decrease by 42%. As the population increase during the same time was 34%, the decreasein
rice consumption was considerably smoothed. However, assuming that popul ation development will
stabilise, one may experience amore dragtic decrease in rice demand with strong effects for the producers.

Another question is certainly the readiness of taxpayers to continue the support for agricultureand in
particular for rice farming causing the highest costs. So are rice production cogts 8 times higher thanin US
or in Thailand. The group that supports the government policy to support rice farming is getting smaler
and the shrinking number of farm householdsis the reason for amore difficult Situation for the remaining
farmers. Soit isclear that rice producers are chalenged in the future to produce chegper and to combine
rice production with other services required by the urban population. This has aso to include amore
benign attitude towards environment and a higher resource efficiency of Japanese rice production. The
closeinteraction of agriculture and industry both profiting from the agricultural support system will be
increasingly constrained by overal economic and environmental considerations.
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2.7 Environment and Resour ces Side
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Figure 8 Increase of Agricultural Machinery (1950 to 1990)

In 1965 only every second household had one smple tractor, in 1990 every farm household had atractor,
about haf of them even amore advanced 4-whed tractor. Rice transplanters were introduced in 1970, in
1990 every second household had arice transplanter. Combine harvesters were introduced in 1970 as well
and some 25% of farm househol ds bought such amachine. Those are primarily the large farmers.



Machinery input in cereal production
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Figure9 Increase of Agricultural Machinery per Hectare 1967 to 1990
Source: G. Ahamer, Global Change Data Base (1995)

2.8 Increase of Resour ce Inputs 1961 to 1990

Thesuccessin yield increases and labour productivity was only possible due to a strong increase of
production inputs. Here we quantify these inputs based on fertiliser use and on energy consumed for rice

production related to one hectare of land.
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Fertilizer input per area
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Figure 10: Increase of Fertiliser 1961 to 1991

Source: G. Ahamer Globa Change Data Base (1995)

The amount of fertiliser use increased from 200kg in 1961 to lessthan 800kg in 1990. In 1979 the
fertiliser use had the peak with about 850kg, but stabilised under thisleve during the 80s. In the globa
picture, Japan lies 8 times over average.
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Figure 11 Increase of Energy Use per Unit Rise 1961 to 1991

Source: G. Ahamer Globa Change Data Base (1995)
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Combining the energy input of different inputs necessary to produce rice we see an impressive increase.
The energy requirement rose from 2 GJ per hectare to 70 GJ per hectare or some 35 times during the
observation period 1961 to 1991.

2.9 Marginalisation of Land and Change of Land Use

During 1960 and 1995, in particular during 1970 and 1990 the rice areawas reduced. Onethird of therice
fields were abandoned. While the load of chemicaswas considerably lessin these areas, they experienced
different problems.

In many cases there was no planned transition and because of this, many problems come into existence.
For examplerice terracesin hilly aress, difficult to cultivate were the first to be given up. Thereby a
unique cultural landscape is disgppearing. If not planted with forest, it islikely that these terraces can
become easily destroyed during typhoon periods and soil that is usualy fixed by rice plants during the
most intensive typhoon month September erodes much more easy. Erosion plots can becomeinitia points
for afuture disagter in connection with hang dides.

It is however difficult to find more precise numbers for the magnitude of this problem and other similar
problems connected with a sudden retrest of humans from marginaly suitable agricultura land. The
problems of marginadisation are further no short term problems, but require aresponsein a10 to 20 years
perspective. Parts of the funds used for the agricultural support system have to be shifted from rice to this

purpose.

2.10 Regional Differencesin Japanese Rice Production

In the following we give some brief information about different Japanese areas and their suitability for rice
production. Measures to optimise the economic, environmenta and socid performance of amore
susgtainable rice production in Japan are not unique dl over Japan, but require particular concern for
regiond and locd differences. Wefind mogt of thericefieldsin rain fed low lands up to an dltitude of
500m. Mountain rice, which is not dependent on irrigation, is relatively small in number and accounts
only for afew percent.
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Figure 12 Most Important Rice Production Areasin Japan



There are many varieties of rice adapted to different regions. Aswith any other product some give high
yield and lower quality and others lower yield with high quality. Thisis aso reflected in therice price,
where high quality rice can cost up to two times the price of lower quality Japaneserice varieties.
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Figure 1 Temperatuse asd precipilateon in bour cties
(Sowrce; Japan Mational Astroogmical Oibservatory. 190

Figure 13 Differencesin Climate Conditions Within Japan

There are considerable climate differences within Japan. While in Sapporo the annua mean temperatureis
8.2°C, Sxgaisin average with 16.1°C dmost 8 degress warmer. Thiswill have primarily an influence on
the choice of rice varigty. In hotter areas the use of pesticides is expected to be higher in colder areeswe
would expect lower yields per production area.

Table 6 Differencesin Rice Production in Major Japanese Regions (1990)

Farming Household Paddy Field
Total Full Time Area (ha) Average Area km2 Percentage of
Area (ha) Paddy

Hokkaido 95437 42582 244247 2.559 78520 311
Tohoku 607433 59206 622589 1.025 66906 9.31
Hokuriku 297023 19398 290974 0.980 25216 11.54
Kanto 821676 117161 420684 0.512 50405 8.35
Tokai 405360 41787 165016 0.407 29274 5.64
Kinki 375450 43505 181825 0.484 27280 6.67
Chugoku 387643 64483 203420 0.525 31770 6.40
Shikoku 229458 48653 94137 0.410 18800 5.01
Kyushu 615252 154776 319391 0.570 44374 7.20
Total 3834732 591551 2542283 0.663 372545 6.82

We get adifferentiated picture of nine Jgpanese regions. We recognise alarge differencein average size
between Northern and Southern and Western Japanese Regions. Hokkaido the northern idand has four
times the average Japanese farm size. Tohoku and Hokuriku have 1.5 times the average Japanesefarm

size. All other regions have an average farm size of around half a hectare. Mogt of thefarmswefindin
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Kanto areq, theflat region of Tokyo area, with more than 0.8 million farms. Next come Kyushu region and
Tohoku regions, both with more than 0.6 million farms. All other regions have lessthan 0.5 million farms.
Hokkaido has the lowest number of rice farmerswith less than 0.1 million. In Hokuriku region some 12%
of theland areaare paddy fields. Next comes Tohoku with 9% of the land area, Kanto with 8% and
Kyushu with 7%. The mentioned aress have more rice fields than what is the Japanese average. All other
regions have shares of under average.

For further consideration we include only those rice farms, that were actively sdlling on the market and
exclude those that primarily produce for own consumption.

Table7 Number of Sdlling Rice Farms According to Size and Region

Specia0.5ha 0.5-11-1515-22-2525t0 3.0to 4to5 > Total

| < 3 4 5ha
Hokkaido 6 1862 5893 8330 24965 41056
Tohoku 663 66791 136051 95366 65500 43996 28443 30232 12287 11180 490509
Hokuriku 218 42349 81640 50206 29786 16557 9107 8292 2932 2568 243655
Kanto 2461 106024 187781 106696 59024 30449 14828 11937 3898 3421 526519
Tokai 1552 75957 105402 39213 14590 5458 2207 1497 468 705 247049
Kinki 1342 80382 104380 33400 10663 3628 1631 1255 518 542 237741
Chugoku 1031 72767 113494 45548 15729 5699 2304 1847 585 637 259641
Shikoku 1120 38495 63742 22505 7992 3215 1418 974 240 152 139853
Kyushu 2821 80642 139754 76082 42286 22614 11639 10038 3294 2411 391581
Japan 11214 563407 934106 469016 245570 131616 77470 66072 32552 46581 2577604

Source: Agricultural Census, 1990, only selling rice farms are included

In Hokkaido thefarm sizeis collected according to adifferent scheme asfarms are much larger thaninthe
rest of Jgpan. All other regions have the same smd| scale farming classification. For smplicity we
combined the two schemesin one table. Therefore more than hdf of thefarmsin largest farm classare
situated in Hokkaido. The largest amount of small farms under haf and one hectare can be found in Kanto
region. In Hokkaido, where leest rice farmers are, the number is more than three timeslessthan in
Shikoku, the second smallest region with rice farmers. Mot farmers salling to the market are in Kanto and
Tohoku regions.

Table 8 Differencesin Scale of Rice Production in Major Japanese Regions (1990)

Specia0.5ha 0.5-11-1515-22-2525t0 3.0to 4to5 > 5ha Total

| < 3 4
Hokkaido 1 820 7514 21207 124224 153766
Tohoku 101 18786 65351 75127 73362 64575 52033 69887 36227 49045 504494
Hokuriku 36 13223 46761 48506 40173 28656 19108 21308 9552 12583 239906
Kanto 292 25363 73150 67176 52964 35826 21727 21904 9331 11529 319262
Tokai 195 19645 43952 25413 12513 5349 2443 2048 904 3315 115777
Kinki 194 22886 49731 26057 11301 4715 2601 2509 1458 2790 124242
Chugoku 140 20296 54525 35806 16779 7428 3414 3215 1219 2058 144880
Shikoku 166 10226 27160 14348 6448 2964 1464 1160 400 366 64702
Kyushu 413 20931 57886 48481 35624 23142 13722 13767 5526 5384 224876
Total 1538 151356 419336 340914 249164 172655 124026 135798 85824 211294 1891905

Source: Agricultural Census, 1990, only selling rice farms are included
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Most land for rice production iswithin the second smallest class with size 0.5 to 1 ha containing 22% of
the rice producing area. Then there comesthe third smallest classwith 1 to 1.5 ha (18%) followed by the
classfrom 1.5to 2 ha (13%). Only on the forth place there comes the largest group, primarily because we
included Hokkaido into this comparison (11%). Then there comesthe group with size2to 2.5 ha,
followed by the smalest group with farms under 0.5 ha (8%), followed by the groups 3 to 4 ha (7%), 2.5
to 3 ha (7%) and lesst areawefind in the group of farm size 4 to 5 ha (5%).
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3. LCA Methodology

3.1 General

We propose to introduce environmentaly more benign production methodsin rice production and evauate
the environmenta performance with help of the LCA method. Degradation of environment and depletion
of resources are most seriousissues for humankind. The change of rice production methodsin Japan
contributed to this development. LCA appeared during the last 10 yearsin Japan and was applied for
various products, in which one evauates ,, from the cradle to the grave impacts of productsto the
environment. A LCA approach for rice will include processes of the entire production cycleincluding
preparation, sawing, cultivation, harvesting and post harvesting activities. Each activity rdlated torice
production hasto be related to amgjor process and the processes will be combined in the production cycle.
Every activity isrelated to inputs and outputs until the product asfind output of the production effort is
gained. However, there are dways some difficulties accompanying life cycle assessments on how to
retrace repercussions in production systems and how to dlocate inputs and outputs among multiple
products.

3.2LCA in agriculture

In Japan, agricultura products did not yet find too much consideration in LCA approaches, but it can be
expected that thisfield isgoing to develop fast. In highly developed countries, most agricultura products
can be regarded asindugtria products as well. With the difference that in addition to human processes,
natural processes have to be further considered. Ingtead of anindudtria plant, steered by human decisions,
one uses biological processes of nature to finalise a product. The inputsto rice production like agricultural
meachines, fertilisers and peticides are industrid products.

Theided of agricultural production during the last decades was to come ever closer to industrial
production methods with a maximumaof control and aminimum of surprise factors from nature. While the
conditions of an industria plant can be dmost completely controlled, the production field in agriculture
can only be controlled to a certain extend. In the case of Japanese rice production, water levels and soil
consistency are usualy controlled by field operators, but climate can not be controlled, unlessriceis
breaded in a glasshouse. Recent methods of tissue culture even show, that agricultura products can be
generated in artificid environments that are closest to industria production methods.

There are dso principa differencesto industry. Unlike in mgjor industries, agricultural producers were not
forced to the same extend to control their emissions to the environment. The farmer produces agricultura
products outside urban aress. Different pollution loads, impairing soil-, water- and air qudity can not
accumulate in the same way like they doein cities. Critical pollution doses of immediate hedth impacts
arelesslikdy in rurd aressthan in densaly populated aress. The polluters and the victims areidenticel in
the rural population and thereby confrontations as experienced between interest groups from citiesare
unlikely.

There are many more producers of agricultura products than of industrial products. The total amount of
pollution caused by asingle farmer is perhaps smal in comparison to an industrid unit. The pollutionis
dispersed over awide areaand not concentrated. One can compare this Situation to the effects of the high
stack policy that was common in industry afew decades ago. There the pollution was dispersed over large
areas without solving the problem at source. Forest die back and other large scae environment threats with
possible consequence for the urban population led to regulations. In the case of rice production, usudly
near by the seg, thelocd soil and water system is effected. The extend of pollution ends up in the sea
nearby coastd arees. Drinking weter widdly originates from the mountains and thereby magjor conflicts
with the urban population was avoided. This Situation was probably responsible, that the pressure to
regulate environmental pollution in agriculture was considerably lessthan in industry. Another obstacleto
regulate pollution originating from agricultureis the number of producers. It is more difficult to regulate
the millions of farm units as compared to thousands of indudtries.
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This situation can be changed by developing an gppropriate framework with the help of LCA. We chose
rice, the most important agricultura commaodity for this purpose asrice covers about half of the

agriculturd production of Japan. We prepare a conceptua framework and mathematica framework to
assess the problem.

3.3 Conceptual Approach of LCA in Rice Production

LCA in Rice Production

INPUTSE

Required for Production

SEEDLINGS
FERTILISERS PESTICIDES
RICE MACHINERY
FUELS & OTHERS

EICEFIELD

FProduction Center

HUMAN PROCESSES
HATURAL PROCESSES
CONTEXTUAL VARIATIONS

QUTEUITS
Profite & Costs

RICE (MAIN PRODUCT)
» SIDE PRODUCTS (WANTEL)
+ POLLUTION (ITHWANTEL)

Figure 14 Schemeof LCA in Rice Production

Infig. 14 direct inputs and outputs to rice production, both related to a production centre, thericefield, are
conddered. We find main inputs like fertilisers, pesticides, machinery, fuds and other energy and get the
output rice. In addition to rice we may get other wanted products than rice aswell (e.g. asarvice of
improving theloca dimate during summer time or a picturesque scenery) . But rice production is
connected with pollution aswell.



Table9 Major Processes, | nputs, Outputsin Rice Production

Rice Production | Inputs (human induced Production Centre (natural Outputs
processes) processes)
Tillage Machines, materials Ricefield Pollution (Emissions)
Growing Machines, materials Ricefield Pollution (Emissions)
Harvest Machines, materials Ricefield Product, Bye product
Total Machines, materials Rice field Product, Bye product, Pollution
3.3.1Inputs

We can differ between two kinds of inputs, those one can use during severd years, eg. agricultura
meachines and those materials which are consumed immediatdly, e.g. pesticides and fertiliser.

With an LCA approach we andysein the first step the materials directly connected with rice production.
Thismay directly dlow to consider areduction of inputs, which is not necessarily output related. An
examplewould beif | can not increase my yield with additiond fertiliser input or even decreaseit. Or |
can use agricultura machinery longer, before subgtituting it with new machinery. In suchacasel can
reduce inputs without an adverse effect on my output. The amount of pollution related to one unit of rice,
will decresse.

At acertain limit, this smple reduction of inputswill no longer be possible. The next step will be a deeper
anaysis of the machines and materids. In such an andysiswe can follow track of machines and materias.

I will make a separate table of inputs and outputs from each machine required for rice production and
divideit by the years possibleto useit. Or take fertilisers or pesticides. But the production centre will shift
to other places, where machines and fertilisers are produced, in many cases outs de Jepan.
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L.CA in Rice Production Including Inputs
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Figure 15 Analysisof Input Chain in Rice Production

Asaconseguence | will face the problem to locate the pollution problem, because for many inputs| doe
not know where the production centreis, unless| consider globa pollutants like greenhouse gases. In dll
other cases | am not able to locate the pollution related to inputs. This makesit further adifficult task to
account for the total pollution related to LCA.

3.3.2 Production Centre

Inthe case of rice, an agricultura product, afied isthe production centre. After we give our basic inputs
on thefield, we have natural processes converting our inputsto the product and other outputs. In the case
of paddy, which covers more than 95% of rice production, these processes contain anaerobic reaction
which leadsto the generation of CH,4 and N, O, greenhouse gases that contribute to globa warming. In
comparison to non agricultura, industria products, the areas required for rice production are huge.

3.3.3 Outputs

The expected output is the main product, here rice, and bye products, like straw for tatami mats or other
traditiona Japanese products. Another output, along the rice growing cycle is the services provided by rice
cultivation. The beauty of the traditiona landscape or the cooling effect of neighbouring settlements and
the protection againgt floods and torrents are just some of the services provided by rice growing.

We can digtinguish between locd, regiond and globd environmenta pollution going out from the
production centre which isin our case therice fidd. Soil contaminationisaloca problem, water pollution
isaloca or smdler region problem and ar pollution will be aregiona or globd problem, but in the case

of agricultura production no loca problem.



In the case of inputs, where SO, or NOy are produced, we will have aregiond pollution problem, if the
pollution is produced in the same region, but we can not add the pollution resulting from far region
imports. In this case we can add fudls resulting from the transportation.

All greenhouse gases, regardless where in the world the production centreis, can be added to thefinal
accounting of pollution. Therefore the assessment for globa pollutants is considered to be less
complicated than other pollutants impairing the regiond and local scae.

3.4 Mathematical Framework to L CA in Rice Production

Bottomup method is most commonly used in developing life cycle inventories of investigated systems.
Inthis method, inputs and outputs are listed up in atable of each estimated process, taking the

rel ati onships between the processesinto consderation. Hence it has difficultiesin alocating inputs and
outputs among multiple products aswell as retracing repercussions between the systems. In particular, we
have to establish the method of proper dlocation in the sysemsincluding multiple production or recycling
of products. The amount of samples required to get the complete picture hasto be high and at current we
doe not have yet sufficient datafor a bottom up approach. We assume however that within a more recent
future we can undertake this effort. In the bottom-up method, inputs and outputs are usualy alocated to
each product in proportion to the weight or the mole number of them. These are cdled weight-based or
mole-based dlocation.

Certain inputs, for example atractor, are not only used for rice production, but even for other agricultural
products. The pollution share should therefore be divided between severa products. In practica termsthis
might be a difficult attempt. This paper dedswith anovel mathematica mode of life cycle assessment
cdled Processrelationd Modd. Utilising thismodel, we can dissolve the difficulties of LCA inretracing
complicated repercussons and in dlocating resource requirements and environmentd emissions. The
model conssts of input and output matrix, including every process or activity in investigated systems.
Thusit issmilar to the Input-output analysesin economics, but different inincluding emissonsand in
taking recycle of wastesinto consderation. Caculation of inverse matrix enables usto estimate direct and
indirect resource requirements and emissons attributed to each activity in the sysems.

Life cycleinventories dlocated to each product should be consistent with those of overall systems. For
ingtance, if there aretractors A and B, of which CO, emission allocated to tractor A is higher than that of
B, andif al farmers sdlect tractor B, CO, emissions from overdl systems should decrease. However,
weight-based alocation doe not generdly insure the above mentioned consistency. We developed anovel
meathematical formation called Process-rdationd Model, which can insure the consistency between each
product and the overdl system (Y oshioka et d., 1996).

Next we describe the mathematica framework of the process-rdational modd. Fig. 14 depictsasingle
process which needsto be put into amathematical formation. We can ded with an dement in fig. 14
either asaprocess or as a plant according to the boundary and purpose of evauation and it will lead us
further tofig. 15.

Fig. 14 indicates that all necessary inputs for activity X (=rice) are expressed in equation (1).

a&,; 0
Q:

a. =
J

&) X,

DO O O OO

a, o

Then al necessary inputs for al process s activities are expressad in equetion (2).
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On the other hand, products, by products and emissions are expressed asfollows. Here we should note
that this mathematica formation is different from input-output analysesin economics. Lifecycle
inventories must alocate resource requirements and emissions to multiple products from a single process,
which isimpossiblein input-output analyses based on the principle of one activity-one commodity. We
have to modify the principle so asto make life cycle assessmentsincluding recydling or multiple
production. For this purpose, we define the vector X not to be materials, but to be processes. Then it

follows that AX and EX represent the materias to be inputted into or outputted from the processes

X. Thuswe caninclude multiple outputs or emissons such as CO,, NOx, SOx and heavy metdsin
equation (3).

8,0
y= Ex=§ejxj :geﬂ ezj %n:gxl:
% S

&, 8 - e%@,

Thefollowing condition is obtained from equetions (2) and (3), assuming f asavector of find demand.

Ex3 Ax+ f

(E- A)x3 f

In order to determine X , we need criterion function for optimisation or smulation such asrgjit function,
onwhich actua systemsdepend. If actud systems are determined to minimise thetotal cost of overall

systems, X isobtained by minimising the criterion function, CX. Equation (5) expresses the solution
X, wherethe matrix B represents optimal basis of the minimisation problem.

x=B-1f
X =B Yaf +Baf, + o +B i+ + Bk
TX;
-1
—1=BY

T,

From equation (6) and (3), we can estimate outputs of Section K per unit of Demand | as shown in
equation (7).
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Thuswe can dlocate resource or emissonsto each product, even if asystem include recycling or multiple
production. Thisalocation principleis caled Bl alocation by Yoshioka et d. (1996).

Then we can estimate the improvement of an overal system as EBE) 1b1 when anew process bl is
introduced in the system.

Dx=- Bc')lb1
Dy=- EB; b,

3.5 Sustainability of Resour ces and Emissions

We derive the necessary conditions for sustainable limitations on renewable resources, non-renewable
resources and environmental emissions. The definition of sustainable consumption is obtained by
investigating whether or not resource depletion and environmental crises can be avoided if the present
rates of life-cyde efficiency and energy demands are continued (M atsuhashi €. d., 1996).

Asfar as non-renewable resources are concerned, the sustainability condition is derived as follows.

Suppose that grade of aresourceis expressed in the function of f(R,P)=R/P, then the following equation is

obtained by differentiating the function f(R,P).

e é D.{1-
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Accordingly equation (11) is obtained.
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1-C) mR,

Ry = Reserves of the resources a initid time period.

R = Rate of increase of Ry by improvement of geophysica prospecting and mining.

S=Rate of subgtitution by other resources.

o = Lifecyde€ficiencies of utilising the resources at initia time period.

a=Raeof incresseof ¢,

Co = Rate of recycle of the resources a initia time period. Although recycleis physically impossiblein
energy resources, it correspondsto the rate of cascading.

c=Raeof increaseof C,.

P, =Production of the resources at initia time period.

Do = Demand of the resources at initid time period.

b = Rate of increase of Dy

R
R

a+r+s-b+( (1-C0)=

Condition (11) indicates that depletion of anon-renewable resource can be avoided if the left-hand side
including the factors of technologica improvement islarger than the reciprocal number of Ry/Py.
Therefore we define this as a sustainahility condition of a non-renewable resource.

Renewable resources can dso be dedlt with asfollows. Stock type renewable resources are evduated such
as bio mass resources, since flow-type renewable energy harvested by photo voltaic or wind turbine
systems doe not deplete. As conclusion, sustainability condition is the same asthat of non-renewable
resources except that r in Equation (11) correspondsto arate of regeneration of a renewable resource.
Next we investigate environmenta emissions suich as anthropogenous CO, emissons. If weregard
environmenta emissions as negative resources, we are able to goply the same kind of condiition as non-
renewable resources. In evauating CO, emissions, sustainability condition isthe same asthat of non-
renewable resources except that Cy, in Equation (11) correspondsto the rate of absorption by the
environment and that both r and c are zeros. In particular, we should note that Cy is closely related with
accumulation mechanism of CO, emissions.

Thusthe sustainability condition on renewables, non-renewables and environmenta emissions are shown
to besmilar. Accordingly we can ded with various resources and emissionsin the integrated framework.
The sustainahility conditions enable us to eval uate how the technologies of efficiency improvement,
innovative mining or heat cascading contribute to the sustainakility.

(1) R/Pof exchresourceis estimated based on proven reserves and production.

(2) Sudtainability limitation of each resource is evaluated based on the above estimated R/P.

(3) Thevaduesin Eq. (11) are caculated as the average va ues between ’ 70 and " 90 for minera resources
and between '80 and ' 90 for energy resources.

(4) Wecan evauate the distance between sustainable condition and actual situation of each resource as
showninFig.l. Thisdistanceisdefined asactua unsustainability.

(5) Resarvesof those resources are supposed to increase as exploring and mining technologies are

improved. Therefore we evauated the vaue of r in Eq. (11) assuming that the proven reserve of each

resource will gpproach the ultimate reservein fifty years.

(6) Wecaninvestigate the potentid risk of depletion of each resource, which is defined as potentia
unsustainability.

(7) Asfar asCO; isconcerned, sustainability limitations and present situation is assessed based on
arbornefraction, which isthe rate of CO, accumulating in the atmosphere to maximum permissble
accumulation in the aamosphere. Maximum permissible accumulation is assumed to be 560 ppm,
twice of that in pre-industrid era.

A resource, of which the point is abovethe line, isjudged to be sustainable. For example, copper is
judged to be sugtainable actudly, Snce improvementsin miningtechnologiesincreased the proven
reserves. However, it isjudged to be potentidly unsustainable, since the ultimate reserve of copper isnot
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s0 much. On the contrary, iron isjudged to be potentialy sustainable because of huge ultimate reserves,
dthough it isactudly unsugtainable. Wheress oil and naturd gasisjudged to be actudly sugtainable, dll
energy resources except for cod is potentidly unsustainable. Unsustainability of CO, islower than that of
natura gas, and is comparable with thet of oil and higher than thet of codl.

Itisdsoindicated that energy resources and CO, emissions could threaten the sustainable devel opment
of humankind. Therefore we focus our andysis on greenhouse geses and CO in the next section.

4. Possible Contribution of Rice Production to Reduce Greenhouse Gas Emissions
in Japan

Herewe investigate into the potentia of reducing greenhouse gasesin agriculture due to improvementsin
rice production. We want to recdl that the Japanese government intended in the Kyoto Protocol to cut the
total nationa greenhouse gas emissions by 6%. A large contribution should be due to meesures related to
agriculture (1997). Now we anayse the potentia contribution of rice. The reduction potentid is expressed
in this section.

On thericefield we can differ between two kinds of processes, processes rdlated to the activities of
farmers and natura processes on thericefield. In the LCA assessment we have concentrated on processes
in direct connection to farmers, because we suppose that they can be controlled to some extent. But we
have further to consider the naturdl processes on thericefield. They are different according to the actua
location, climate, topography and soil conditions, which are summarised in the regiondl picture of this
andysis. In addition we may find other variations due to structurd factors. For this reason another
explanation is provided according to the size of farms.

In both cases we take the costs to produce 60 kg of rice as abasisfor the input to the mathematica model
described in the previous section. The differencesin production costs can be found in table 10 and table
11. Animportant difference concerns the cogts of different rice varieties. In 1990, the best rice varieties
could be sold for 25,000, while the guaranteed rice price of the government was 16,500 Y en, about two
thirds of the best price. In average the sdlling price was some 20% higher than the production price.

Table 10 Production Costsper 60k g of Rice According to Region (1990)

Japan Hokkaido Tohoku Hokuriku Kanto Tokai Kinki Chugoku Shikoku Kyusyu
Nursery 340 178 278 519 337 456 418 333 470 290
Fertilizer 1028 777 1048 903 890 1208 1311 1423 1214 1008
Pesticide 865 722 763 854 697 977 885 1210 1153 1175
Light, heat and power 364 377 331 364 381 337 372 372 464 395
Other materials 255 271 207 208 327 352 323 343 200 206
Water utilization 745 684 849 954 746 483 611 354 846 648
Rental cost 1197 735 1313 1047 1052 1896 1449 1179 887 1256
Buildings and improving soils] 538 637 407 661 459 607 731 661 1051 442
Agricultural machines 4914 3142 3869 5138 5079 5820 7229 6756 7902 5195
Labor costs 5972 3704 4730 5811 6952 8043 8025 8508 8374 5814
Um 16218 11227 13795 16459 16920 20179 21354 21139 22561 16429
Byproducts 496 405 502 204 583 465 351 584 617 799

Source: Japanese Agricultural Census 1990

The production costs are twice as high in Shikoku as compared to Hokkaido. The main reason for this
differenceisthe share of agriculturad machines and labour cogts, which are both 2.5 timesin Shikoku than
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Hokkaido, where we have dso the largest rice farms. Thereforeit islikely that selling prices were lower
than production prices. The production costswere in this case partly subsidised by farmincome outside

the agricultural sector.
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Figure 16 Regional Differencesin CO, emissions of Japanese Rice Production (1990)

Taking rice value of 1 million yen we havein average 2.3t CO, emissions. Shikoku isthe region where
we have with 3.3t CO, emissonsthe highest vaue. In Hokkaido we have only about 1.8t CO, related to
the same vaue of rice production. If we consider a producer price of Y400, we will be ableto get 2.5t of
rice for thisamount. If we take the farmers price for rice between Y 275 and Y500, we get about 3.6 t of
rice for this yen amount. Depending on the variety of rice we will get between 0.64t to 0.92t CO, rdated
to the production of 1t rice. Taking thetotd rice Japanese rice production from 1990 with 10.5 million
tons, we can caculate the related CO, emissonswith 8.2 million tons CO,. Thetotal CO, emissons
(including other greenhouse gases) of Japan in 1990 were 920 million tons CO, or 7.7t per person. Rice

contributed with 0.9% to the greenhouse gas production of Japan.

Table11 Production Costsper 60kg of Rice Accordingto Size

0.3ha 0.5-1.0ha 1.5-2.0ha 2.5-3.0ha 5.0ha
Nursery 673 419 244 200 193
Fertilizer 1243 1115 948 1031 846
Pesticide 1057 931 827 778 714
Light, heat and power 380 363 367 374 356
Other materials 330 288 212 157 264
Water utilization 766 730 688 806 703
Rental cost 2724 1620 836 675 504
Buildings and improving soils 873 596 444 381 552
Agricultural machines 6387 5733 4698 4110 3098
Labor costs 9752 7209 5082 4230 3363
Um 24185 19004 14346 12742 10593
Byproducts 741 584 364 452 339

Source: Japanese Agricultural Census 1990
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Theregiond differencesis supported by the picture of the sructurd differences. Very smal farms
produce mogt expensive. The costs of machinesis double and the cogt of Iabour isthree times as much at
amdl farms.
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Figure 17 Regional Differences of CO, Emissionsin Japanese Rice Production (1991)

We get large differences according to size, smdl scale production causes more pollution, but differences
between smd| size and large Size are less than differences of regions. There have to be more factors that
explain the different costs and emission rates than the farm size. We propose to analyse high and low cost
rice varieties and their regiona distribution as a possible candidate to explain the emissions. Natura
conditions may also have an impact.

Intotd rice production just accounts for about 0.9 % of the Japanese greenhouse gas emissonsand the
reduction potentia will be considerably lessthan the total CO, emissions. The average Japaneserice
consumption of 75 kg accounts for about 0.06t of the 7.7t CO, emissons.

If we consider current trendsin rice production we can assume areduction of greenhouse gasss. A flat
reduction of 1990 levels by 20% to 30% of per capita consumption (75kg) until 2010 (lessthan 55kg), is
not impossible if we interpolate the trend observed during 1960 (118kg) to 1995 (68kg) will reduce
between 0.1% and 0.2% of total greenhouse gas emissionsin Jgpan. It isfurther likely that the smaler
farmswill abandon first and that the ecologica efficiency in rice production related to the produced vaue
will improve for structurd reasons. According to first calculations, the potentid of structural change may
be another 0.1% of Japanese greenhouse gas emissions that could be avoided.

If we assume savings of inputsrelated to LCA can be one quarter as compared to the inputsin 1990, 0.1%
to 0.2% of greenhouse gas savingsis likely. Technologica improvementsin the production of inputs can
total up to another 0.1% reduction. But, if we assume a continuation of total supply levelsa 10 million
tons and a stable number of farms, LCA efficiencies are expected to be more efficiently reduced at small
farms. However, at current we congider this as an opinion. It will become the objective of our future work
to assess the potentia of this reduction. According to our first set of caculations, we belief that rice
production will only account for half of the greenhouse gas emissonsin 2010 rdative to 1990 levels.
Thereby some 8% of the job to be completed by Japan according to COP3 from Kyoto, will be done.
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Even though the continuation of observed trends in rice production will have an important influence on the
reduction of greenhouse gases, we congder the introduction of control meesures resulting from LCA
andysis as more important to reduce greenhouse gases. LCA can thereby become a powerful tool for a
more sustainable Japanese agriculture.
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