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Abstract The contribution of rice production to the three
major greenhouse gases CO2, CH4 and N2O in 1990, the
base year of the Kyoto protocol is investigated for Japan.
For the CO2 assessment, we use a top-down life cycle ap-
proach, CH4 is assessed using the Japanese GHG emission
inventory and N2O is assessed according to the ratio of
rice area divided by the total area of agricultural soils. In
total, 1.6% of greenhouse gas (GHG) emissions in 1990
originated from rice production. Next, we assess regional
variations in nine rice-producing regions, based on the CO2
data of 1990. General trends in rice production from 1960
to 2000 and data from the Japanese GHG emission inven-
tory since 1990 are used to assess variations in time. The
rice-related GHG emissions decreased to 1.05% of the to-
tal GHG emissions in 2001 and will be less than half the
1990 level in 2012, mainly due to the decrease in rice pro-
duction. Contrary to the trend in GHG emissions of rice,
overall GHG emissions increased as rice production fulfils
important roles, in mitigating global warming and in adapt-
ing to changing climates. The protection of rice production
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is required to counter the increase of GHG emissions in
transportation, waste and domestic sectors and to minimize
problems related to landscape, water and natural hazard
management.

Keywords Rice production . Rural and regional
planning . Global warming . Top down life cycle
assessment

Introduction

Rice is the most important agricultural commodity of Japan
and rice covered 7% of its territory in 1990. More than 99%
of the rice-cultivated area is paddy and less than 1% is up-
land rice. Some 3 million Japanese farms produced more
than 10 billion kg of rice. Divided by the total population of
123 million people, this gives an average of 75 kg produc-
tion per person, while the annual consumption was 68 kg
per person (MAFF 2003). The price of rice in Japan was
8 times higher than the world market price, and the con-
sumer paid the same amount of money as the producer
was paid by the state. Thus rice production is highly sub-
sidised and does not follow the world market. During the
1990s, Japanese rice production was questioned because of
anthropogenic global warming and the emissions of green-
house gases from rice production. However, rice produc-
tion is important to sustain the rural population of Japan
and therefore has to be regarded in a social context.

The Kyoto Protocol, which was accepted by Japan in
June 2002, targets the reduction of six greenhouse gases
(GHGs): carbon dioxide (CO2); methane (CH4); nitrous
oxide (N2O); hydro fluorocarbons (HFCs); per fluorocar-
bons (PFCs); and sulphur hexafluoride (SF6). The target
given to Japan for the first commitment period (2008 to
2012) was to reduce average emissions of greenhouse gases
by six percent from the base year (1990 for carbon diox-
ide, methane and nitrous oxide, and 1995 for hydro flu-
orocarbons, per fluorocarbons, and sulphur hexafluoride).
At the same time, the accuracy of the emission estimates
was to be improved. Official Japanese GHGs emissions
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Table 1 Japanese greenhouse gases in Gigagrams of CO2
equivalent

Year/Gas CO2 CH4 N2O HFCs PFCs SF6 Total

1990 1122.1 24.8 40.2 – – – 1187.1
1995 1210.9 23.4 40.8 20.0 11.5 16.7 1323.4
1999 1228.2 21.3 35.1 19.5 11.1 8.4 1323.6
2000 1238.7 20.9 37.8 18.3 11.5 5.7 1322.9
2001 1213.7 20.3 35.4 15.6 9.9 4.5 1299.4

Source: Ministry of Environment 2003, National GHGs Inventory
Report of JAPAN

(Ministry of Environment 2003) are described according
to the best practice method of the International Panel on
Climate Change (IPCC) in Table 1.

Agriculture and in particular rice production has been
named as a significant contributor to GHGs. Our aim is
to estimate the magnitude not only of direct rice-related
emissions in the GHG database, but also of GHGs hidden
in other categories, primarily energy, industry and waste.

We divide rice related GHGs into primary and secondary
emissions. Primary GHGs relate directly to rice and agri-
culture and depend on the metabolism of the rice plant
and the soil where it grows. Climate and water dynamics
play a most important role in these kinds of emissions.
Secondary emissions relate to the inputs of Japanese rice
production including agricultural machinery, fertilizer, pes-
ticides and others. Secondary GHGs are included in other
non-agricultural source categories such as fuel combustion
emissions and industrial processes. Particular methods are
necessary to translate from existing categories in the GHG
inventory database to make secondary greenhouse gases of
rice production visible and we describe the method of cal-
culation later on. The main sectors of the Japanese GHG
inventory are described in Table 2.

In the first two sections of this paper, we reconstruct the
picture of rice related GHG emissions in 1990, the base year
of the Kyoto protocol, and provide figures for the primary
and secondary GHGs of Japan, expressed as a percentage
of the total GHG emissions in CO2 equivalent. We discuss
some uncertainties related to these figures in accordance
with the good practice guidance in national greenhouse gas
inventories (IPCC 2000).

Then we assess the spatial and time variations in GHG
emissions in Japan. Thus we can discuss the variations
within Japan and provide some assumptions about regional
variations in 1990 as compared to the whole of Japan. But is
1990 still a representative year for rice production? Here,
we combine the estimates of 1990 with major trends in

rice production in the second half of the last century and
extrapolate this trend to the period 2008 to 2012.

In a final discussion, we relate rice production and the
services related to rice production to the overall picture in
Japan. What is the likely development in Japanese rural
areas and what else is relevant other than resource man-
agement? What can be the future role of rice production in
Japan?

Assessment of primary emissions related to rice
production: CH4 and N2O

Of the primary emissions of rice production, the most im-
portant gas is CH4. In developing countries, CH4 emissions
were considered to be the major GHG. Rice production
was assumed to contribute in the range of 6 to 27% of
global CH4 emissions (Neue 1993). Later on, after some
major efforts to assess CH4 emissions from rice production
(Wassmann et al. 2000) the range was reduced to 2 to 5%
of global CH4 emissions. According to a review (Sass et
al. 1999), the estimates of the contribution of rice produc-
tion became ever smaller with the increase of measurement
sites. In particular, the knowledge of how fluxes change in
space and time is inaccurate. Usually measurements cov-
ered only the vegetation period and variations are large.
According to a recent personal communication with Neue
(2003), rice is no longer considered to be a major contrib-
utor of global CH4.

In the 1995 IPCC Guidelines, the estimation of CH4
emissions from paddy fields is described as a function of the
CH4 emission factor, area of rice cultivated and the season
length. One critical default parameter is the CH4 emission
factor, which is based upon temperature. The seasonally
integrated CH4 flux depends much more on the input of
organic carbon, water, time and duration of drainage and
soil type than on local temperature.

The following equations specify how to assess CH4 emis-
sions (1) based on specific variables for local emission fac-
tors (2) and originate from the revised 1996 IPCC Guide-
lines (1997, Eqs. (4.41) and (4.42), chapter 4, p. 77 and
p. 80) in accordance with the IPCC best practice guidance
(IPCC 2000, p.399–417):

F = �i�j�k(E Fijk × Aijk × 10−12) (1)

F = estimated annual regional or national emissions of
methane from rice production in Tg per year, EFijk =
a seasonally integrated emission factor for i, j, and k

Table 2 Japanese greenhouse
gases in Gigagrams of CO2
equivalent according to sectors

Year/sector Energy Industrial
processes

Solvent and other
product use

Agriculture Waste Total

1990 1058.1 64.8 0.3 39.0 24.9 1187.1
1995 1140.2 115.2 0.4 37.1 30.4 1323.4
1999 1163.2 92,6 0.4 34,4 33.0 1323.6
2000 1171.8 92.8 0.3 34.1 33.9 1322.9
2001 1149.5 82.1 0.3 33.8 33.6 1299.4

Source: Ministry of
Environment 2003, National
GHGs Inventory Report of
JAPAN
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conditions in g CH4 m−2, Ai,j,k = annual harvested area
for i, j, and k conditions, in m2. i, j, and k = represent
different ecosystems, water management regimes and
other conditions under which CH4 emissions from rice
may vary (e.g. addition of organic amendments)

E Fi = E Fc × SFw × SFo × SFs (2)

E F i = Adjusted seasonally integrated emission factor for
a particular harvested area, EFc = Seasonally integrated
emission factor for continuously flooded fields without
organic amendments, SFw = Scaling factor to account
for the differences in ecosystem and water regime, SFo =
Scaling factor to account for amount and kind of organic
amendments, SFs = Scaling factor for soil type, if available.

The revised methodology is a function of the emission
factor integrated over a cropping season for a particular
rice water regime, a given organic amendment, and of the
annual harvested area cultivated under these conditions.
The revisions to the method use internationally agreed def-
initions for rice eco-systems, classified according to the
water regime and a range of CH4 emission scaling factors
relative to continuously flooded rice eco-systems and for
soils without organic amendment. A default seasonally in-
tegrated emission factor is provided for the continuously
flooded regime, without organic amendment. Yearly esti-
mates are based on a three-year average value (IPCC 1997).

Japanese studies have focused on the natural cycle dur-
ing rice production and CH4 (Yagi and Tsuruta 1994; Yagi
and Minami 1998). The official figure for CH4 emissions in
1990 was 24,795,460 tons of CO2 equivalents (Ministry of
Environment 2003). The CH4 from rice was 7,075,730 tons
of CO2 equivalents. This figure relates to the cultivation of
1,984.127 hectares and an average of 3.57 tons of CO2
equivalent from one hectare of Japanese rice field. This
corresponds to an average of 17 g m−2 of CH4 emissions
using the factor of 21 to calculate the global warming poten-
tial in CO2. Rice contributed 29% of all the CH4 emissions
of Japan. However variations within Japan were large. The
value for Tsukuba was smaller than 1.1 g m−2 CH4, while
the highest value was in Kawachi with 45 g m−2 CH4
(IPCC/UNEP/OECD/IEA 1997; citing Yagi and Minami
1990; Minami 1994). If we take the above proposed av-
erage value (17 g m−2), the CH4 emissions contributed to
0.6% of total Japanese greenhouse gas emissions in 1990.

In addition to CH4, the role of N2O has become increas-
ingly important. In the GHG inventory, the rice-related
N2O emissions are not explicitly assessed in connection
with rice growing, but are related to agricultural soils.
N2O might even be considered to be a larger problem
than CH4 in the future. N2O emissions from agricultural
soils and manure management were revised after 1995
(IPCC/UNEP/OECD/IEA 1997 and IPCC 2000, Eq. (4.21),
p. 4.54)

N2ODirect − N =
∑

i

{(FSN + FAM)i · E Fi + (FBN

+ FCR) · E Fl + (Fos · E F2)} (3)

N2ODirect = Emissions of N2O in units of Nitrogen, FSN =
Annual amount of synthetic fertilizer nitrogen applied to
soils adjusted to account for the amount that volatilizes as
NH3 and NOx, FAM = Annual amount of animal manure ni-
trogen intentionally applied to soils adjusted to account for
the amount that volatilizes as NH3 or NOx, FBN = Amount
of nitrogen fixed by N-fixing crops, cultivated annually,
FCR = Amount of nitrogen in crop residues returned to
soil annually, FOS = Area of organic soils cultivated annu-
ally, EFl = Emissions factor for emissions from N inputs
(kg N2O-N/kg N input), EF2 = Emissions factor for emis-
sions from N organic soil cultivation (kg N2O-N/ha-yr),
EFi = Emissions factor developed for N2O emissions from
synthetic fertilizer and animal manure application under
different conditions i.

The reference equation includes more sources of N2O
from agricultural activities and recommends N2O emission
factors, either as a dynamic factor (EFi), that depends on
local conditions and the relation of soil type and climate to
other biological, chemical and physical parameters, or as a
stable factor (EF1 and EF2). The revised method accounts
for the application of N-fertilizers to the soil and N up-
take in crops and tracks the flow of N as it moves through
the food chain. Three categories of N2O sources are iden-
tified: direct emissions from agricultural soils, emissions
from animal production, and other N2O emissions caused
by agricultural activities. The revised method includes pre-
viously omitted N2O sources. Using this method, global
N2O emission estimates imply that atmospheric N2O in-
put from agricultural production as a whole has apparently
been previously underestimated by at least 70%.

For assessing the rice-related N2O emissions we only
consider soil, but manure generation by farm animals could
be considered to be rice-related as well. According to the
principles of the best practice advice, we apply a sim-
ple model. 45.5% of all cultivated land was under rice
in 1990. We use this ratio to assess the rice-related N2O
emissions. Some 11% of the total Japanese N2O emissions
or 4,434,180 tons of CO2 equivalents originated from rice
and contributed 0.37% of the total amount of the Japanese
GHG emissions.

Uncertainties in estimating CH4 and N2O together are
high and there are no measurements of total greenhouse
gas emissions for the whole year. N2O and CH4 are likely
to be in a trade off, but this relation is not yet well under-
stood (Tsuruta 2002). In contrast to other Asian countries,
there is only one harvest of rice per year in Japan, even
though the south of Japan would climatically qualify for
two harvests. In some cases, vegetables are grown in se-
quence with rice on the same soils. To some perhaps minor
extent, even CO2 can play a role in agricultural soils. Efforts
are being made to find out how far the other greenhouse
gases HFCs, PFCs, SF6 are involved in the natural cycle of
rice production. However, at this stage, we only consider
CH4 and N2O. Considering the existing uncertainties in
emission estimates, about 1% of the 1990 Japanese GHG
emissions, and some 30% of GHGs related to agriculture,
accounting for 11.5 Tg CO2 equivalents, are caused by
rice-related primary emissions of CH4 and N2O.
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Assessment of secondary emissions related to rice
production: CO2

In highly industrialised countries such as Japan, we can
consider rice to be an industrial product. Thus we can cal-
culate the share of rice-related greenhouse gas emissions
using life-cycle analysis (LCA) as a method (Breiling et al.
1999). The inputs relate to different activities of rice pro-
duction, preparation of rice field and canalisation system,
seedling phase, growing phase, harvesting phase and post-
harvesting phase. Inputs include agricultural machinery,
fuels and other energy, pesticides, fertilizer and many more
that are registered in the life-cycle inventory. Connected
to every input we find other resource inputs and emissions.
More sophisticated software for life-cycle analysis includes
several thousand constituents. The amounts of constituents
in inputs are summed up to a total output of the product.

Problems in accounting may arise in cases of co-
generation of several products. This applies also to rice pro-
duction. We have the production of rice straw or “tatami”
mats, and the provision of important services such as the
maintenance of rural landscapes that provide flood protec-
tion and recreational areas for urban people. The splitting
between multiple products is an often discussed and not en-
tirely resolved issue in life-cycle assessment. In our case,
we had a further problem in that the base year of the Kyoto
protocol 1990 had passed and a so-called bottom-up life-
cycle analysis was not possible. Further, it would have been
difficult to make a bottom-up inventory for rice production,
as there are many production methods and each farmer has
preferences as to how to manage the land and how many
inputs to give. To obtain representative Japanese data, we
would have to interview thousands of farmers in different
climatic regions, using different variants of rice.

Our prime interest is not growing resource use and opti-
mization of resource use, but the assessment of greenhouse
gases. We had to find a different method; a top-down life-
cycle assessment based on economic input and output ta-
bles (Yoshioka et al. 1998). There are over 4,000 products
considered in the economic input-output matrix and one
can track emissions in a similar way to tracking the flow of
money, originally described by a so-called Leontieff ma-
trix. However, only major constituents, such as CO2, can be
covered by this approach, as less frequent constituents may
show significant errors. Originally developed for economic
analysis for finding the multiplication effect of expendi-
tures, a transformation of the original input-output matrix
from economy to resource use is necessary to assess the
amount of GHG emissions instead of the flow of money.

All necessary inputs for activity xj(=rice) are expressed in
Eq. (4).

aj =





a1j
...

aij
...

anj




· xj (4)

Then all necessary inputs for all process activities are ex-
pressed in Eq. (5).

n∑
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By-products and emissions are expressed as follows.

y = Ex =
n∑

j=1

ejxj =
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...
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...
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(6)

The following condition assumes f as a vector of final de-
mand (Yoshioka et al. 1998). This mathematical formation
is different from input-output analysis in economics. Life-
cycle inventories must allocate resource requirements and
emissions to multiple products from a single process, which
is impossible in input-output analyses based on the princi-
ple of one activity-one commodity. A modification of the
principle is required to adjust for life-cycle assessments
including recycling or multiple productions.

For this purpose, the vector x is defined not to be mate-
rials, but to be processes. Then it follows that Ax and Ex
represent the materials to be inputted into or outputted from
the process x. Thus it is possible to include multiple outputs
or emissions such as CO2, NOx, SOx and heavy metals in
Eq. (6). Based on Eqs. (5) and (6), we obtain the following
relation in Eq. (7).

Ex � Ax + f
(7)

(E − A)x � f

In order to determine x, a criterion function for optimisation
or simulation such as the rojit function is needed, on which
actual systems depend. If actual systems are determined to
minimise the total cost of overall systems, x is obtained by
minimising the criterion function cx. Equation (8) expresses
the solution x, where the matrix B represents optimal basis
of the minimisation problem.

x = B−1 f (8)

We split matrix B into all processes involved and get Eq. (9)

xj = B−1
j1 f1 + B−1

j2 f2 + · · · + B−1
ji fi + · · · + B−1

jn fn
(9)

∂xj

∂ fi
= B−1

ji

From Eqs. (9) and (6), it is possible to estimate outputs of
Section K per unit of Demand I as shown in Eq. (10) .

∂yk

∂ fi
=

n∑

j=1

(
Ekj × B−1

ji

)
(10)
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Fig. 1 Regional CO2 emissions related to rice production 1990
according to LCA

Thus it becomes possible to allocate resources or emissions
to each product, even if a system includes recycling or
multiple productions. This allocation principle is called BI
allocation by Yoshioka et al. (1998).

In the following, we provide estimates for Japanese CO2
emissions from rice production related to a value of one
million yen. The average CO2 emissions in 1990 of all
products related to the value of one million yen were
2.39 tons (Japanese Government 2003). The average CO2
emissions emitted in rice production were 2.33 ton CO2
for a generated value of one million yen or 97.5% of aver-
age overall CO2 emissions. More than half of this amount,
51.5% relates to agricultural machinery, followed by fuels
and other energy (14.7%), fertilizer (11.0%) and pesticides
(7.4%). Land consolidation works, indicated in Fig. 1 below
as building and soil improvement, contributed 3.4%. All
other categories within the LCA framework described by
Yoshioka et al. (1998) were minor and contributed in to-
tal 12.9%. The Japanese data are described as standard in
Fig. 1 below.

The 1990 gross agricultural output of 31,959 billion Yen
is used to assess CO2 emissions from total rice produc-
tion. According to this calculation, 7,446,447 tons of CO2
or 0.63% of the total GHG emissions is related to sec-
ondary emissions of rice production. Secondary and pri-
mary emissions together (CO2, CH4, N2O) contributed
1.6% of Japanese GHG emissions in 1990.

Regional variations within rice production

We had few local data of primary emissions based on pre-
vious Japanese research and it would be difficult to assess
regional variations in a sophisticated way, due to this lim-
ited data. This is different for secondary emissions. Each
Japanese prefecture produced economic input-output tables
in 1990 according to the same scheme, so rice production
and GHG emissions can be calculated for each prefecture
of Japan using the method described above. In Fig. 1 we
used the division into nine regional Japanese production
units, each of them including one or several prefectures,
structural data according to farm size, and also a calcula-
tion according to farm size units.

The regional variations ranged from 1.78 ton CO2 in
Hokkaido, the most Northern region, with the lowest emis-
sions per one million yen to 3.29 ton CO2 in Shikoku, the
smallest of the four main islands, with the highest CO2
emissions per one million yen.

With agricultural statistics based on structural differences
associated with farm sizes, ranging from less than 0.5 ha
to more than 5 ha, it became possible to calculate the con-
version factors according to size structure. The regional
and the farm size variations were not much different, as
the structural pattern of farm size is closely correlated to
the region under consideration. Hokkaido, the last region
in Japan where rice was introduced, about 100 years ago,
performs best. The average farm size is about 10 times
larger here than in Shikoku. The number of farms pro-
ducing this result is relatively small. The higher efficiency
in resource use seems in particular related to machinery,
which is 43.1% as compared to 59.4% in the Kinki re-
gion. In contrast, the share for fuel and energy is highest
in Hokkaido with 18.5% and lowest in Kinki with 11.0%
of CO2 related emissions. The range of machines, despite
a fairly low usage, is the best explanation for why small-
scale rice production produces higher GHG emissions. In
addition, small farms consume a higher proportion of the
rice produced, not only for themselves but also for urban
relatives, and less rice comes to the market. Oversupply
with fertilizer and pesticides might additionally contribute
to the high values.

Variations in rice production in Japan since the 1960s

Between 1960 and 1990, the cultivated rice area decreased
by one third. Rice supply decreased by one sixth as
productivity increased by about 20%. The consecutive
values for 1960 onwards in five-year steps are given in
Table 3. The rice consumption was 118 kg and went down
to 70 kg per person, a decrease of 40%, mainly due to the
change in diet of Japanese people. However, the population
increased during this time by 30% and the national demand
decreased moderately. Labour productivity related to one
hectare of rice was three times higher in 1990 than in 1960
and the number of farm households decreased by 30%. The
increase in productivity was closely related to extensive re-
source use. According to calculations from Ahamer (2001)
based on FAO data, energy demand increased by more
than 20 times per unit area. This increase is closely related
to the use of machinery, pesticides and fertilizer. Karube
et al. (1995) describe the increase in the use of machinery
during the above-mentioned period. From 1960 to 1970,
primarily the number of walking tractors increased. From
1970 onwards, four-wheel tractors, rice transplanters and
combined harvesters became frequent and in 1990, almost
every farm had the full range of machinery including two
trucks. Total fertilizer use, a combination of different kinds
of fertilizers, increased by 40% from 1960 to 1990, but
went down again after 1990, an indication that resource
intensities might have slightly decreased after 1990.
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Table 3 Trends in Rice Japanese Rice Production 1960–2000

Year Cultivated
land in ha

Cultivated
paddy in ha

Rice supply
in mill. tons

Average ha
yield in kg*)

Consumption
per person

Work hours
per ha

Population
in million**)

Farms in
million

Total fertilizer
per ha in kg

GJ/ha
rice***)

1960 5323761 2943806 12.57 4270 118 >1600 94.30 6.06 538 <3
1965 5133831 2938632 13.35 4541 112 1412 99.21 5.66 630 4.5
1970 5156336 3010521 12.57 4175 95 1178 104.67 5.40 649 18
1975 4782518 2567260 12.71 4953 88 815 111.94 4.95 702 23
1980 4705587 2388826 11.12 4657 79 644 117.06 4.66 760 32
1985 4566859 2227661 11.19 5025 75 551 121.05 4.38 909 40
1990 4361168 1984127 10.56 5321 70 438 123.61 4.23 926 68
1995 4120279 2005234 10.78 5376 68 391 125.57 3.44 818 –
2000 3883943 1616334 9.49 5871 65 341 126.96 3.12 899 –

Sources: MAFF, Ministry of Agriculture, Forestry and Fisheries(2004). Statistics and Information Department, Minister’s Secretariat, Census
of Agriculture & Forestry
* Calculation: rice supply/cultivated paddy
** Statistics Bureau, Ministry of Health, Labour and Welfare; in Statistical Handbook of Japan 2003
*** G. Ahamer, Global Change Data Base, based on FAO data

After 1990, in the period relevant for the Kyoto protocol,
most of the trends in rice production observed during 1960
and 1990 continued. The land under cultivation, the paddy
area under cultivation, the total rice yield, the per capita
consumption of rice, and the number of farm households
decreased steadily. The reason for this development was the
extraordinary progress in labour efficiency based on high
resource inputs. In Table 3 those trends are expressed by
the indicators work hours per ha and energy consumed per
ha in GJ. Some trends, however, such as the use of fertil-
izers in rice production had a peak in 1990 and decreased
again. Agricultural GDP went down, from 4.16 in 1970 to
1.71 percent in 1990, and in 2000 it was only 1.07 percent.
This implies that less money is now available for agricul-
tural machinery, fertilizers, pesticides and improvement of
agricultural land. More than 20% of the paddy area was not
cultivated in 2000. The figures indicate that rice production
was and still is changing very fast.

In accordance with the best practice advice, we estimate
the change in GHG emissions of rice production for the
years 1990, 1995, 1999, 2000 and 2001 in Table 4. We
calculate CO2 ourselves, use the official rice-related value
for CH4 (Japanese Government 2003) and adopt the N2O
value for agricultural soils with the ratio cultivated rice area
and cultivated total agricultural area.

Secondary emissions should in principle be assessed in
the same way as in 1990 by the LCA calculation we pre-
sented above. However, we did not have the necessary
data. Therefore we estimated figures according to: (a) the
value of rice production in the respective year (Statistical
Division, Ministry of Agriculture, Forestry and Fisheries,
2003), (b) the results of regional variations of LCA in 1990
provided in Fig. 1 above and (c) the trends in time of
Table 3. Almost 20% of the rice area cultivated in 1990
was not cultivated in 2000. We assume that more difficult
and mountainous smaller areas were taken out of produc-
tion, while the larger more profitable areas are still in place.
The standard value has therefore dropped from 2.33 ton in
1990 to perhaps 2 ton per one million yen rice value in
2000, about the same value as the region Tohoku in 1990.
In Table 4, we provide the percentages of the three main
greenhouse gases.

Outlook and discussion:

The significance of rice production in Japanese GHG emis-
sions decreased and will further decrease until the period
2008–2012. The shares in GHG emissions in 1990 and 2001
were 1.6% and 1.05% respectively. If we assume that the

Table 4 Share primary and secondary emissions in rice production 1990–2001

Year Rice value in
10 billion Yen

Tons CO2/
mill. Yen

Mill. tons
CO2

Share
GHGs

CH4 rice mill.
tons CO2

Share
GHGs

N2O agricultural
soils

Cultivated rice/
cultivated soil

N2O rice
mill. tons
CO2

Share
GHGs

1990 3.196 2.33 7446.68 0.63% 7075.73 0.60% 9746.46 45.50% 4434.2 0.37%
1995 3.186 2.2 7009.2 0.53% 7200.86 0.54% 8797.91 48.67% 4281.7 0.32%
1999 2.376 2 4752 0.36% 6165.26 0.47% 8151.76 41.62% 3392.4 0.26%
2000 2.321 2 4642 0.35% 6018.51 0.45% 8144.45 41.62% 3389.4 0.26%
2001 2.220 2 4440 0.34% 5907.16 0.45% 8136 41.62% 3385.9 0.26%

Source: Statistics Bureau, Ministry of Health, Labour and Welfare 2004, Gross Agricultural Output and Agricultural Income Produced
(1985–2001) and Ministry of Environment 2003, National GHGs Inventory Report of JAPAN and own calculations
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ongoing trends continue, a value of 0.7% in 2012 is likely.
Even in absolute numbers, we see that the emissions re-
lated to rice production have decreased by 28% from 1990
to 2001. But should one be happy that rice is contribut-
ing in an extraordinary way to the reduction of Japanese
GHGs? Some governmental strategies aimed to solve the
problems of agricultural subsidies and the fulfilment of the
Kyoto protocol requirements simultaneously. We consider
this to be impossible. As shown in Table 2 and Table 4, the
Japanese GHG emissions increased during the same pe-
riod as rice-related emissions decreased. Rice production
contributes to both, to mitigation of global warming and
to the adaptation to the probable consequences of climate
changes.

GHG emissions of rice production were particularly high
in 1990. No other rice producing country exceeded the in-
tensity of Japanese rice production. Regarding the resource
performance of rice production in 1990, many farms in
Japan were to have been closed and production was to have
shifted abroad. And indeed, both happened, many farms
were closing and according to international trade agree-
ments, Japan had to open its market to foreign rice imports.
There is a close dependence between the industrial sec-
tor and the related service sectors. In the GHG emission
inventory, the share of agricultural industries went down,
but to a considerably lower percentage, an indication that
the loss of domestic markets is partly compensated for by
increasing exports. Sewerage previously used as a nutri-
ent base for rice production resulted in ever more sewage
sludge that had to be incinerated. And indeed, we observed
a sharp increase in GHG emissions in the waste sector (see
Table 2). If rice is not produced locally, more freight traf-
fic and transportation is required (Ministry of Environment
2003); GHG emissions in this sector increased sharply.
Yokohari et al. (1996) pointed out that paddy fields in the
non-mountainous urban areas have an important cooling
task in summer. Thereby, the amount of energy used for
air conditioning can be significantly reduced. The increase
in GHG emissions in the domestic sector during 1990 to
2001 is a reason to highlight this function of paddy as well.
In summary, the benefit of having less GHG emissions in
rice production is offset by the increase in other sectors. A
further decline in rice production is likely to be relative to
an increase in total GHG emissions.

Other important benefits of rice production are water
management, disaster prevention, landscape preservation,
and biodiversity conservation. It is necessary that rural ar-
eas remain populated and that rice production continues. A
retreat of humans from marginally suitable paddy and rural
lands (MAFF 2003) will have many more consequences
than just the loss of rice, which could be imported. A
unique cultural landscape developed over 1,500 years with
particular plant and animal species is endangered. Recent
Japanese research (Fukamachi et al. 2002; Takeuchi et al.
2003) shows that, until a few decades ago, forestland and
rice fields were a combined system of nutrient supply to rice
production and proper management of forests. Secondary
biotopes dependent on the particular use of land could de-
velop here. In the case of Japan, two thirds of all water used

in Japan is consumed by agriculture, primarily for irriga-
tion of paddy-fields. Dams constructed for rice production
slow down the flow of water in mountains and buffer the
consequences of extreme weather events that are expected
to increase in the future. The maintenance of ponds and
irrigation systems will become inadequate. Rice plants fix
cultivated field soil during typhoon periods in September.
If rice is abandoned, erosion plots can emerge easily if the
soil is left bare with nothing to alleviate the disturbance
on land. Starting points for disasters may be created and
unwanted impacts of torrents, flooding and hang slides will
occur more frequently. This in turn may cause damage to
urban regions at a later stage.

The pressure on high inputs will decrease with a change
from a production-based, to an area- based or direct farmer
support system. Currently some 500,000 farm households
or one out of six actively take part in reducing the amount
of chemical fertilizer and other agricultural chemicals
(MAFF 2001). During 1999 and 2000, several new laws
were passed, such as “The Law Concerning the Promotion
of a Highly Sustainable Agricultural Production Method”
and “The Law Amending Several Provisions of the Law
Concerning Standardization and Proper Labelling of
Agricultural and Forestry Products” and have recently
been implemented. Food security and food supply will
remain a task of international co-operation and cannot be
solved within Japan. While the domestic supply of rice
still covers more than 100%, the total agricultural self-
sufficiency is only 40% of the energy content of nutrition
(Statistical Handbook of Japan 2003) and it is desirable to
achieve a higher percentage with less resource input.

Conclusions

We no longer have mere rice production, but a sophisticated
resource-intensive land management system based on rice
cultivation and multipurpose agriculture. It is adapted to
the available intensities of current resource flows, but the
resource flow continues to change. There might be more
competition for fewer resources in future. Japan can be-
come an example on how a less resource-demanding rice
production can be facilitated.

Solutions that try to mitigate global warming and to re-
duce GHG emissions, but disregard the dependencies be-
tween agriculture and other sectors are likely to fail. The
observed reduction of GHG emissions from rice production
is in this context a minor success, because the emissions
in other sectors increased simultaneously and are likely to
increase with a further decline in rice production.

Overproduction is no longer economically favourable
and one can expect that ever more farm households will
reduce their inputs to rice production. The challenge is to
transform the system of rice production into an ecologi-
cally sound one, and to keep the services related to rice
production at a lower environmental cost. This includes
any link in the chain of inputs, starting from the construc-
tion of paddy-fields, to the cooperative use of agricultural
machinery, fertilizers, pesticides and fuels. In particular
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the combined use of machinery can further reduce rice
emissions.
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