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Original Article

Sustainable Development in Four East Asian Countries’
Agricultural Sectors Post-World War II: Measuring Nutrient
Balance and Estimating the Environmental Kuznets Curve

Shota Moriwaki *

Abstract

The purpose of this study is to measure agricul-
tural waste and estimate the environmental
Kuznets curve in four East Asian countries
using time series data from the 1960s to the
2010s. Positive nutrient balance (NB) suggests
there is pressure on arable land, causing water
pollution and greenhouse gases. For crop
farming, only China’s NB per arable land unit
(NBAL) has risen recently, while NB per prod-
uct (NBP) in all four countries has declined.
Regarding livestock farming, NBAL in all
countries except Japan has risen. Even more
recently, China’s NBP has risen differently to
other countries’movements. The estimation re-
sults of the environmental Kuznets curve sug-
gest China’s NBAL will rise continuously with
gross domestic product per capita increases
in crop farming. For livestock farming, the es-
timated indexes are confirmed to have wors-
ened with the advance of economic growth.

Key words: nutrient balance, farm gateway
method, environmental Kuznets curve,
breaking point unit-root test, non-linear co-
integrating regression

1. Introduction

The purpose of this study is to measure
agricultural waste in four East Asian countries,
China, Taiwan, Japan and South Korea, using
time series data covering the periods from the
1960s to the 2010s. Measured agricultural
waste is transformed to some indexes,
representing environmental efficiency. We
confirm whether the environmental Kuznets
curve (EKC) hypothesis has been established
in the studied periods using measured environ-
mental efficiency.

Following Japan, in which modern eco-
nomic growth as defined by Kuznets (1966)
started in the late 1880s, after World War II,
Taiwan and South Korea have achieved high
economic growth by the introduction of
export-oriented industrial policies. In China,
the adoption of the open-door policy in 1978
caused high economic growth.

Many previous studies reveal that the main
power for high growth in those countries is
rapid industrialization. Specifically, in
Taiwan, South Korea and China, compressed
industrialization processes have been accom-
plished through international trade and foreign
direct investment. Such high-speed industriali-
zation has to be supported by rapid agricultural
development so as to secure sufficient food
supply for workers. For the purpose of
avoiding the trap of food scarcity, caused by
drastic labour mobilization between industries,
it is critical that the agricultural sector raises
labour productivity.
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There are two popular ways to raise labour
productivity in agriculture: increase arable land
per labour unit and increase output per arable
land unit. Egaitsu (1985) describes mechanical
and biochemical aspects of agricultural
technology. In order to realize scale economies
and raise the arable land per labour unit, it is
necessary to utilize mechanical technology
fully. The effective use of biochemical technol-
ogy leads to increased outputs per arable land
unit. The four East Asian countries’ arable land
per labour unit is much smaller than that of
European countries and the United States.1

Because of the common productive conditions
of small land area per labour unit, these
countries experienced similar agricultural
development processes that depended more
intensively on biochemical technology.
As a result, the four countries’ arable land

productivity increased during the
1960s–2010s. Arable land productivity in
Japan, Taiwan, South Korea and China
increased 1.8, 2.6, 4.9 and 7.9 times, respec-
tively.2 Japan’s arable land productivity has
been constant at $4,000 per hectare since the
late 1980s. Taiwan’s arable land productivity
peaked at $7,000 per hectare in the 1990s and
then decreasedmodestly. However, arable land
productivity in China and Korea has increased.
Massive use of chemical fertilizers and con-
stant improvement of seeds are important fac-
tors for this rapid increase of arable land
productivity in these countries. As Hayami
and Godo (2005) show, in Asian countries,
technological innovation induced by the
relative scarcity of arable land to materials
has been widely observed.
The dependence on improvements and

intensive use of agricultural materials has
enabled sufficient food supply to be accom-
plished but coincidently has produced
over-nutrients into arable land. From the

point of view of the material balance ap-
proach, a positive deduction of nutrients in-
cluded in output from the nutrients of
inputs means the existence of over-nutrients
and will be a potential pressure on arable
land as waste materials: chemical fertilizers
that are not absorbed in crops and livestock
manure. The accumulation and dumping of
these surpluses of materials into arable land
causes pollution of groundwater and green-
house gas emissions.
The rapid increase of arable land productiv-

ity in the four countries analysed in this study
suggests that agricultural waste has coinci-
dently increased in these countries. Specifi-
cally, in the 2010s, Taiwan, South Korea and
China’s arable land productivity was superior
to Japan’s, which suggests the existence of
more serious pollution problems in their
agricultural sectors than in Japan’s. Environ-
mental problems by agricultural production
appear to be compressed and intensified like
rapid industrialization. Besides confirming the
significance of agricultural development on
economic development in the four countries,
we also need to examine the impact of
agricultural development on the environment.
Nishio (2005) and Shindo (2012, 2013) are

previous studies measuring material balance
in East Asia. Nishio (2005) shows that nitrogen
balance is positive in all crops, excluding rice
and legumes while phosphorus acid balance
is positive in all crops in Japan in 1998. A
different approach focusing on Japan is that
of Shindo (2012, 2013), who measure long-
term nitrogen load on agricultural land and
gross nitrogen balance related to food produc-
tion and consumption in Asian countries. In
addition, the studies of Shindo (2012, 2013)
measure inflow of nitrogen into rivers and
could be evaluated as comprehensive studies
calculating inflow and outflow of nitrogen to
soil surface. However, these studies do not di-
rectly confirm the relationship between nutri-
ent balance in agriculture and high-speed
economic growth in East Asia. Although
yearly movement of the nitrogen balance is
measured in East Asia, the EKC hypothesis in
the nitrogen balance has not been examined
clearly.

1. According to the Food and Agriculture Organization
Corporate Statistical Database (FAOSTAT), in 2013, ara-
ble land and permanent crops per agricultural employment
is 0.5 ha in China, 1.9 ha in Japan, 1.1 ha in Korea, 24.5 ha
in France, 21.1 ha in Germany and 72.5 ha in the United
States.
2. We calculate land productivity in the four countries
using the data from FAOSTAT.
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We finally estimate the relationship between
the measured environmental efficiency
measured using nutrient balance and gross
domestic product (GDP) per capita so as to
confirm whether the EKC in the crop and live-
stock farming sector in the four East Asian
countries has existed in the post-war period.
Considering specific differences of the agricul-
tural sectors in these countries, we use the
concept of time series analysis. Although there
have been many previous studies using time
series data to estimate the EKC using the CO2

or SO2 emissions that cause global warming
and acid rain, it appears that studies focusing
on the EKC hypothesis related to waste from
agriculture in East Asia are very rare.

We measure the nitrogen and phosphorus
balance as waste from agriculture. Shindo
(2012, 2013) measures nitrogen balance only
but does not measure the total nutrient balance,
which would require adding phosphorus to
nitrogen. Nitrogen surplus left in the soil is re-
leased into the atmosphere as nitrous oxide by
nitrification, causing global warming. Similar
to nitrogen surplus, phosphorus surplus causes
water pollution by flowing out from the soil to
rivers and groundwater. Bymeasuring material
balance through adding phosphorus to nitro-
gen, we can estimate the EKC in agriculture
more precisely in the four East Asian countries.
Although Zhang et al. (2015) estimate the
EKC-related material balance using worldwide
time series data, they focus on nitrogen balance
only. Li et al. (2016) estimate the EKC in
agrochemicals using regional panel data and
confirm the relationship between the nitrogen
or phosphorus surplus and GDP per capita.
However, their analysis is limited to China,
covering the period 1989–2009.

The rest of this article is organized as
follows. In Section 2, the measurement and es-
timation models for our research are explained
and the data for the empirical study are de-
scribed in Section 3. After two environmental
indexes in crop farming and livestock farming
are measured and compared between the four
East Asian countries in Section 4, the estimated
results of the EKC are confirmed in Section 5.
Finally, our conclusion in Section 6 discusses
effective policy that we should adopt.

2. Model

2.1. Measurement of nutrient balance from
crop and livestock farming

We define waste from the agricultural sector as
nutrient balance that deducts nutrients included
in outputs from the nutrients of inputs. This
equation is represented as follows:

NBi ¼ mix� niy (1)

where NB is nutrient balance, m is the
nutrient–input ratio, n is the nutrient–output
ratio, i is the nutrient, x is the production factor
and y is the agricultural output.

If this balance is positive (negative), the
pressure of nutrient surplus in the agricultural
area could be positive (negative).3

We can write NB in crop and livestock farm-
ing sector as equations 2 and 3.

NBcrop farming ¼ NUchemical fertilizer

þ NUseed � NUoutput (2)

NBlivestock farming ¼ NUfeed þ
NUopening stock and imports of live animal �
NUoutput �
NUending stock and exports of live animal

(3)

where NU represents the total weight of the
nitrogen and phosphorus.

The measurement using equations 2 and 3 is
similar to the farm gate method. The farm gate
method defines NB as the difference of the
nutrients included in inputs and outputs in the
agricultural production process. According to
Hoang and Alauddin (2010), the farm gate
method, soil surface and soil system methods
are listed as the main methods for calculating
NB. In the soil surface and system methods,
livestock waste nutrients are considered as

3. A negative surplus means that the nutrients necessary
for growing agricultural products are deficient. In this case,
it seems that the nutrients stored in the arable land supple-
ment the deficiency.
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inputs and livestock production nutrients are
not used as outputs for calculating NB in order
to measure NB from the difference of inflow
and outflow into the soil surface. Meanwhile,
the farm gate method enables us to measure
NB in crop and livestock farming from equa-
tions 2 and 3, respectively.4 Because the crop
farming sector uses a different technology to
livestock farming, it is more desirable to
analyse them separately. For measuring
equations 2 and 3, we use Hoang and
Alauddin’s (2010) inputs, excluding non-
agricultural atmospheric deposition, and their
outputs, besides withdrawals, owing to the
availability and credibility of the data.
Using a measured NB, we calculate

two indexes that represent environmental
efficiency. As a potential environmental pres-
sure on agricultural land, NB per agricultural
land unit was measured. Like Shindo (2013),
we adopt the area of arable land and
permanent crops as a proxy for agricultural
land. Considering NB as undesirable outputs
and agricultural outputs as desirable outputs,
the ratio of undesirable goods to desirable
goods is defined as another environmental
efficiency, which means the efficiency of
the agricultural products measured by the
undesirable goods. We separately calculate
these indexes in the crop and livestock
farming sector.
We estimate NB per arable land unit (NBAL)

and per product price (NBP) in the crop or
livestock farming sector as environmental effi-
ciency and compare these efficiencies between
the four countries in the periods 1961–2013 or
1961–2011. Measured NB is the sum of
nitrogen and phosphorus.

NBAL ¼ nutrient balance
arable land

(4)

NBP ¼ nutrient balance
crop or livestock products

(5)

2.2. Environmental Kuznets curve in the
agricultural sector

We estimate whether the EKC has existed in
the four countries’ crop or livestock farming
sectors using NBAL and NBP as the dependent
variables. For example, in the case of NBAL,
the estimated EKC is represented in logarith-
mic form.

lnNBALt ¼ a0 þ aq lnqt þ aqq lnqtð Þ2
þ att þ ut (6)

where t is year, q is GDP per capita and ut is an
error term.
There appear to be some cases in which en-

vironmental efficiency is negative, especially
in the early stage of our studied periods, as
we estimate environmental efficiency using
just chemical fertilizer. To be precise, we need
to perform a calculation that includes organic
fertilizer. However, because comparable statis-
tics about organic fertilizer are scarce, we can-
not measure the nutrient balance by the total
sum of organic and chemical fertilizer. As a
result, some negative efficiency is measured,
although it is limited to China’s NBAL and
NBP in the crop farming sector in the 1960s.
In those cases, equation 6 cannot be repre-
sented in logarithmic form and so replaced in
semi-logarithmic form.

NBALt ¼ a0 þ aq lnqt þ aqq lnqtð Þ2
þ att þ ut (7)

In the co-integration test examining the
long-run relationship between variables, those
variables need to be I(1). Before the estimation
of equation 6 or 7, we confirm whether vari-
ables are I(1) by the unit-root test. In the unit-
root test, considering estimated periods over
50 years, we conduct the Zivot–Andrews
unit-root test, including structural change.

4. NB obtained by the soil system method is the value ob-
tained by subtracting leaching and run-off to the water sys-
tem from NB obtained by the soil surface method. Shindo’s
(2012, 2013) measurement methods are similar to the soil
surface and system methods. For details of the three
methods, see Hoang and Alauddin (2010, p. 361, Table 1).
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To check the long-run relationship between
variables in the EKC, many previous studies
use the co-integration test.Wagner (2015) indi-
cates that the EKC is a non-linear equation and
criticizes use of the conventional co-integration
test for checking the linear relationships be-
tween variables. Although Zhang et al. (2015)
also estimate the EKC in the agricultural sec-
tor, they use an autoregressive distributed lag
model to confirm the linear co-integration and
focus on nitrogen balance only. Following
Lin and Granger (2004), to test non-linear co-
integration, after non-linear regression is esti-
mated, Kwiatkowski–Phillips–Schmidt–Shin
(KPSS) tests using the residual should be
adopted.

In the estimation of equation 6 or 7, we
adopt the integrated modified ordinary least
squares method, which can estimate non-linear
regression, following Vogelsang and Wagner
(2014). For example, equation 6 is shown in
the form of the co-integrating regression like
equations 6 and 8

lnNBALt ¼ a0 þ aq lnqt þ aqq lnqtð Þ2
þ att þ ut (6)

lnqt ¼ lnqt�1 þ vt (8)

where ut and vt are zero-mean stationary pro-
cesses. Following Vogelsang and Wagner
(2014), for the estimation of the integrated
modified ordinary least squares, equations 6
and 7 are transformed as equations 9 and 10
measuring the partial sum, respectively.

S lnNBAL
t ¼ Sf

0

t þ aqS
lnq
t þ aqqS

lnqð Þ2
t

þ Sut (9)

SNBALt ¼ Sf
0
t þ aqS

lnq
t þ aqqS

lnqð Þ2
t

þ Sut (10)

where S lnNBAL
t ¼ ∑t

j¼1 lnNBALj , and f
0
= 1

and t, other variables and error term like
S lnNBAL
t .
Vogelsang and Wagner (2014) indicate that

the effect from the additive nuisance
parameters can be avoided by partial summing

different to conventional ordinary least
squares. In addition, to deal with endogeneity
induced from correlation between ut and vt,
we add lnqt into equations 9 and 10 as
independent variables following Vogelsang
and Wagner (2014).

S lnNBAL
t ¼ Sf

0
t þ aqS

lnq
t þ aqqS

lnqð Þ2
t

þ bq lnqt þ Sut (11)

SNBALt ¼ Sf
0
t þ aqS

lnq
t þ aqqS

lnqð Þ2
t

þ bq lnqt þ Sut (12)

We estimate equations 11 and 12 using
time series data covering 1961–2011 or
1961–2013 in the crop and livestock farming
sector, and in NBP or lnNBP, the EKCs are
estimated.

Thereafter, using the residuals of the esti-
mated equation, we conduct the co-
integration test to confirm long-run relation-
ships between variables. In the co-integration
tests, we use the KPSS test of Choi and
Saikkonen’s (2010) sub-residuals method.
The test statistics for the conventional KPSS
type is described as in equation 13.

C ¼ T�2ω�2
u ∑

T

t¼1
∑
t

j¼1
Su

 !2

(13)

where ωu is the long-run variance using total
estimated residuals. The null hypothesis of
equation 13 that the residuals are stationary
is rejected if the test value is beyond the
critical value at a significant level. We cannot
use the test statistics of equation 13 because
its limiting distribution depends on nuisance
parameters in the case of non-linear regres-
sions unless its explanatory values are strictly
exogenous.5

To avoid some problems, Choi and
Saikkonen (2010) modify equation 13’s test

5. For details, see Choi and Saikkonen (2010, Section 4.1).
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statistics through the use of the sub-residuals
method.6

Cb;i ¼ b�2ω�2
i;u ∑

iþb�1

t¼i
∑
t

j¼i
Suj

 !2

(14)

In equation 14, we need to explain how b of
block size and bi of its initial point are decided.
First, we decide the value of bsmall and bbig, as
in equation 15:

bsmall ¼ T 0:7 and bbig ¼ T 0:9 (15)

Next, we calculateCb,i of test statistics using
a measured block size by equation 14. In the
measured test statistics, we choose bi that
minimizes the standard deviation that is esti-
mated in each set of bi�2, bi�1, bi, bi+1 and bi
+2. The block size is decided by the estimated
bi and bbig, and we choose the most desirable
one in the calculated statistics. To obtain the
critical value, we use Hong and Wagner’s
(2011) Table B1 in Appendix B.

3. Data

We use most of the input–output data from the
Food Balance Sheets (FBS) developed by
the Food and Agriculture Organization (FAO)
for measuring the nutrient balance. Because
the FBS covered the periods 1961–2011 or
1961–2013, our studied periods are limited to
51 or 53 years. To replace the lack of data on
phosphorus content by percentage in the FBS,
we use data of the local Food Composition
Table made by the government of each country
in order to calculate the quantity of nitrogen
and phosphorus included in the outputs and
inputs (Food and Drug Administration, 2016;
Institute of Nutrition and Food Safety, 2009;
Ministry of Education, Culture, Sports,

Science and Technology, 2015; Rural
Development Administration, 2013). To
obtain nutrients of the agricultural products
that are not written in the governments’ food
tables, we use other countries’ data in the four
East Asian countries. If we cannot obtain the
data, we use data from the Institute for Rural
Engineering (2006), Leung et al. (1972) and
US Department of Agriculture (2016). The
quantity of nitrogen is measured by multiply-
ing the quantity of protein and the FAO’s
(2012) conversion rate.

3.1. Nutrient balance estimation

• Output: annual production quantity of crops
or livestock farming from the FBS.

• Livestock amount of change: we obtained
annual change of livestock using the
FAOSTAT and each country’s data and
measured the amounts of nutrients.

• Seeds and feeds: annual consumption of
seeds and feeds from the FBS. As feeds,
from the commodity balances, soybean
cake, groundnut cake, sunflower seed cake,
rape and mustard cake, cottonseed
cake, palm kernel cake, copra cake, sesame
seed cake, oilseed cakes and other brands
are added for the estimation.

• Chemical fertilizer: China’s annual
consumption of chemical fertilizer is ob-
tained from the China Statistical Yearbook
and China Compendium of Statistics.
Taiwan’s annual consumption of chemical
fertilizer is obtained from the Taiwan
Agricultural Yearbook. In Japan and
Korea, we use modified data from the
FAOSTAT.

• Arable land: area of arable land and perma-
nent crops from the FAOSTAT.

• Output value: annual production value of
crops and livestock from the FAOSTAT
expressed in constant 2004–06 prices in in-
ternational dollars.

3.2. Estimation of the environmental Kuznets
curve

• Real GDP per capita: GDP per capita
expressed in 2004–06 prices in international

6. Instead of the method by the dummy variables, David-
son and Monticini (2010) propose the co-integration test
based on the sub-sampling method. Their model, which
could be adapted to the model with structural breaks, is a
kind of non-linear co-integration test, but it is not intended
to apply to a polynomial equation like in this study.
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dollars from the Total Economy Database
of Groningen Growth and Development
Centre.

In Table 1, descriptive statistics for our
empirical study are shown. In the studied
periods, the four countries’ GDP per capita
rose sharply concurrently. In all countries
except Japan, the production of crops and live-
stock increased. Although Japan’s NBfarming
decreased, the other three countries’ NBfarming
increased. In the livestock farming sector, all
countries’ NB increased.

4. Nutrient balance in the four countries

4.1. Crop farming sector

The measured results of the nutrient balance
per arable land unit (NBAL) in the crop
farming sector in the four countries are
shown in Figure 1. NBAL of China rose
continuously while fluctuating repeatedly
since 1961. During the 1960s, China’s NBAL
was negative and the phenomenon suggests
that in the periods studied, the stage of
agricultural development was pre-modern
and it appeared there was stagnation from
rapid socialization in the sector. However,
by adopting agricultural reform in its
open-door policy, in the latter 1970s, China’s
NBAL became positive and, since then, has
increased. Meanwhile, Japan’s NBAL peaked
in the latter 1970s and, since then, has
decreased modestly. In Taiwan, the peak of
NBAL was observed in the latter 1990s, and
in South Korea, it was observed in the latter
2000s. In both countries, after the peak,
NBAL decreased, and the decrease in South
Korea was observed to be more rapid than
that in Taiwan. In the early stage, NBAL in
Japan was the highest in the four countries,
but recently, NBAL in Japan has been the
lowest. In the near future, China’s NBAL will
exceed Taiwan’s ratio because of the rapid
increase. The polluting pressure on arable
land has been strengthened in China, which
is different from other countries.

Nutrient balance per product (NBP) in the
four countries is shown in Figure 2. China’s

NBP rose until the latter 1990s from a negative
ratio in the early phase, and while fluctuating
repeatedly since then, the NBP has shown a
downward trend. Taiwan’s NBP rose until the
latter 1990s, but a clear downward trend was
observed after the latter 2000s. Japan’s NBP
rose from the early 1960s to the late 1970s,
and since then, a downward trend has been
evident. In South Korea, since the 1960s, the
NBP had fluctuated repeatedly and
significantly, and since the latter 2000s, it has
declined sharply. Recently, the NBP in the four
countries concurrently showed a downward
trend, which is different from the movement
of the NBAL.

NBAL and NBP could be decomposed
using the output per arable land unit, as
follows:

NBAL ¼ NBP� output
arable land

NBP ¼ NBAL�arable land
output

(16)

respectively.
Equation 16 is an established formula in

the crop farming and livestock farming
sectors. The movements of NBAL and
NBP are affected by the interdependence
of these variables and output per arable
land unit or its reverse ratio. According to
Table 2, reflecting consistent increases of
output per arable land unit, China’s NBAL
has risen. China’s NBP was rising until fall-
ing beyond the turning point. This is be-
cause after the turning point, the decrease
rate of China’s arable land unit per output
exceeds the increase rate of NBAL. In
Japan, NBAL, NBP and output per arable
land unit depict the reverse U-type curve,
and thus, the movement of NBAL is af-
fected by the movement of NBP and output
per arable land unit. Meanwhile, regarding
NBP, the influence of the movement of
NBAL is stronger than that of arable land
unit per output. The decrease of NBAL
and NBP in Taiwan and South Korea
in the 2000s could be influenced by
interdependence.

473Moriwaki: Sustainable Development of Agriculture

© 2017 The Authors. Asia and the Pacific Policy Studies
published by JohnWiley & Sons Australia, Ltd and Crawford School of Public Policy at The Australian National University



T
ab

le
1

D
es
cr
ip
ti
ve

St
at
is
ti
cs

an
d
R
es
ul
ts
of

th
e
O
rg
an

is
at
io
n
fo
r
E
co
no

m
ic
C
o-
op

er
at
io
n
an

d
D
ev
el
op

m
en
t
(O

E
C
D
,2
00
8)

an
d
T
hi
s
St
ud

y

C
ou
nt
ry

19
61

20
11

M
ea
n

M
ed
ia
n

M
ax
im
um

M
in
im
um

O
bs
er
va
tio

ns

R
ea
lc
ro
p
pr
od
uc
tio
n

(1
,0
00

in
te
rn
at
io
na
ld

ol
la
r)

C
hi
na

56
,7
51
,7
09

37
7,
76
2,
98
6

17
8,
00
0,
00
0

15
0,
00
0,
00
0

39
8,
00
0,
00
0

56
,7
51
,7
09

53
T
ai
w
an

1,
73
1,
33
8

2,
43
3,
52
5

2,
55
9,
05
8

2,
60
9,
04
6

3,
01
6,
08
0

1,
72
2,
86
3

53
Ja
pa
n

10
,6
19
,9
93

8,
04
0,
99
3

10
,5
09
,1
05

10
,8
24
,3
25

12
,8
17
,2
77

8,
01
5,
04
3

51
So

ut
h
K
or
ea

2,
34
1,
47
1

5,
61
9,
01
2

4,
81
4,
98
9

5,
29
7,
53
0

6,
35
6,
07
8

2,
20
0,
61
0

51
R
ea
ll
iv
es
to
ck

pr
od
uc
tio

n
(1
,0
00

in
te
rn
at
io
na
ld

ol
la
r)

C
hi
na

6,
47
3,
69
7

17
8,
39
3,
77
3

71
,5
44
,8
05

46
,9
77
,5
19

18
8,
00
0,
00
0

6,
47
3,
69
7

53
T
ai
w
an

41
9,
63
3

2,
84
7,
88
1

2,
00
1,
23
7

2,
31
0,
63
3

3,
41
8,
23
9

41
9,
63
3

53
Ja
pa
n

2,
96
0,
57
1

9,
65
4,
93
9

8,
38
1,
56
7

9,
67
9,
16
0

10
,5
98
,9
49

2,
96
0,
57
1

51
So

ut
h
K
or
ea

24
7,
33
0

4,
29
9,
41
9

2,
24
0,
47
5

2,
06
2,
93
3

4,
68
7,
63
4

22
4,
22
7

51
N
B
fa
rm

in
g
(1
,0
00

to
n)

C
hi
na

�2
,0
50

28
,3
12

12
,2
85

12
,6
31

29
,1
96

�2
,0
64

53
T
ai
w
an

23
19
5

17
3

20
0

27
4

23
53

Ja
pa
n

68
4

48
4

92
9

99
9

13
22

42
4

51
So

ut
h
K
or
ea

18
9

24
5

41
9

44
3

60
9

16
8

51
N
B
liv
es
to
ck
(1
,0
00

to
n)

C
hi
na

60
1

6,
46
7

2,
01
0

1,
37
8

7,
09
0

60
1

53
T
ai
w
an

23
19
4

12
3

13
0

21
6

20
53

Ja
pa
n

21
2

72
0

61
7

71
5

80
7

20
7

51
So

ut
h
K
or
ea

12
37
6

19
1

18
0

43
0

12
51

A
ra
bl
e
la
nd

an
d
pe
rm

an
en
t

cr
op
s
(1
,0
00

ha
)

C
hi
na

10
4,
35
0

12
1,
72
0

2,
68
7

1,
90
2

8,
68
4

60
3

53
T
ai
w
an

88
4

80
8

15
,1
85

12
,8
25

37
,2
41

2,
08
5

53
Ja
pa
n

6,
01
0

4,
56
1

21
,3
24

21
,9
28

31
,3
66

6,
19
0

51
So

ut
h
K
or
ea

2,
09
5

1,
69
8

10
,7
56

7,
72
1

28
,3
87

1,
53
5

51
R
ea
lG

D
P
pe
r
ca
pi
ta

(i
nt
er
na
tio

na
ld

ol
la
r)

C
hi
na

60
6

8,
08
8

2,
68
7

1,
90
2

8,
68
4

60
3

53
T
ai
w
an

2,
08
5

36
,0
92

15
,1
85

12
,8
25

37
,2
41

2,
08
5

53
Ja
pa
n

6,
19
0

30
,6
40

21
,3
24

21
,9
28

31
,3
66

6,
19
0

51
So

ut
h
K
or
ea

1,
53
7

28
,3
87

10
,7
56

7,
72
1

28
,3
87

1,
53
5

51
19
90
–9
2
av
er
ag
e

20
02
–0
4
av
er
ag
e

19
90
–9
2
av
er
ag
e

20
02
–0
4
av
er
ag
e

N
B
ni
tr
og
en
(1
,0
00

to
n)

Ja
pa
n

O
E
C
D
(2
00
8)

93
5

81
3

T
hi
s
st
ud
y

92
8

83
6

So
ut
h
K
or
ea

46
5

45
6

58
1

52
2

N
B
ph
os
ph
or
us
(1
,0
00

to
n)

Ja
pa
n

33
9

24
3

36
9

26
8

So
ut
h
K
or
ea

10
3

92
11
8

11
2

N
ot
e:
N
B
=
nu
tr
ie
nt

ba
la
nc
e.
W
e
us
e
th
is
st
ud
y’
s
m
ea
su
re
m
en
tr
es
ul
ts
an
d
fi
gu
re
s
in

th
e
O
E
C
D
(2
00
8,
pp
.5
1–
52
,F

ig
ur
es

1.
2.
2
an
d
1.
2.
8)
.

474 Asia & the Pacific Policy Studies September 2017

© 2017 The Authors. Asia and the Pacific Policy Studies
published by JohnWiley & Sons Australia, Ltd and Crawford School of Public Policy at The Australian National University



4.2. Livestock farming sector

Japan’s NBAL in the livestock farming sector
showed an increasing trend until the early
1990s, and the efficiency has remained almost
constant since then (Figure 3). NBAL in South
Korea and Taiwan increased consistently in

the studied periods while fluctuating repeat-
edly. Although China’s NBAL was almost
constant for a long period, the ratio has risen
since 2000. In the livestock farming sector,
China’s NBAL was much smaller than that of
other countries, which differs from the case of
the crop farming sector. China’s lower NBAL

Figure 2 Nutrient Balance Per Product in the Crop Farming Sector 1961–2011/13 (Grams Per International Dollar)

Note: For Japan and South Korea, the provisional value is published only until 2011, and thus, the measurement period is
from 1961 to 2011.

Source: Author’s calculation using the provisional value of the Food Table from the FAOSTAT.

Figure 1 Nutrient Balance Per Arable Land Unit in the Crop Farming Sector 1961–2011/13 (Tons Per Hectare)

Note: For Japan and South Korea, the provisional value is published only until 2011, and thus, the measurement period is
from 1961 to 2011.

Source: Author’s calculation using the provisional value of the Food Table from the FAOSTAT.
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compared with other countries could be
explained by lower output per land unit, which
is shown in Table 2. In 2011, the output per
arable land unit in China in livestock farming
was the lowest in the four countries.7 Mean-
while, recently, NBAL of livestock farming in
Japan and South Korea was higher than the
efficiency in the crop farming sector and
Taiwan’s efficiency was slightly lower than
the crop farming sector’s NBAL.
Like Figure 4, Japan’s NBP in the livestock

farming sector has fluctuated between 60 and
80 g per international dollar and Taiwan’s
NBP has varied between 50 and 70 g per
international dollar. In both countries, clear
decreasing and increasing trends could not
have been observed. In South Korea, while
repeating relatively large fluctuations, NBP
has shown an upward trend since the early
phase. After an obvious decline in the late
1990s, the ratio has varied between 80 and
90 g per international dollar since then. In
China, after a rapid decline in the 1980s, NBP
had been almost constant for about 20 years,
and recently, the ratio has risen rapidly.
In China, although the livestock output per

land unit has risen in the studied periods, it
influenced a rapid increase of NBAL after

around the 2000s. In addition, NBP started
to rise in the late 2000s and the increase by
the interdependence effect is confirmed. The
rapid decline of NBP from the early 1980s
to the early 1990s in China was induced by
the concurrent decline of NBAL and arable
land unit per output. Regarding the rapid in-
crease of the output in the livestock farming
in these periods, Fuller et al. (2001) point out
that according to the excess supply of meat or
eggs in the livestock statistics of the Chinese
government, meat or egg production is over-
measured and the trend has been on the in-
crease. However, the government statistics that
Fuller et al. (2001) criticize are greatly modi-
fied by the results of the Agricultural Census
in 1997. Thus, the annual average growth rate
of pork, whose share is largest among meat
eaten by the Chinese, measured from modified
data in the FAOSTAT is lower by 2.9 percent-
age points than the growth rate from the old
version of government statistics in Fuller
et al. (2001). Thus, we believe that the influ-
ence of excessive measurement results, if any,
is considerably reduced.8 In Taiwan, the in-
crease of NBAL is affected by the increase of
the output per land unit until around 2000, after
which movement from interdependence with
NBP is observed. In Japan, the movement of
NBAL could be explained by the movement
of output per arable land unit around early
1990, and thereafter, the constant trend of
NBP and output per arable land unit determine
the trend of NBAL. In South Korea, NBAL has
risen since around 1975 by the rise of output
per arable land unit while NBP also affects
NBAL with fluctuations. NBP has risen with
fluctuations by the increase of NBAL, which
cancels out the decrease in arable land unit
per output after around 1975. However, after

7. The absence of crude feed, discarded food, human
waste etc. in the feed data provided by the FAO partially
affects our estimate.

8. Even now, a large gap between the demand and supply
of meat or egg production in government statistics has been
observed. Although Ma et al. (2004) and Yu and Abler
(2014) propose methods to shrink the gap, their methods
have not yet reflected in government statistics. Since Fuller
et al. (2001), the results of two agricultural censuses have
been published in China. Therefore, if assuming that exces-
sive measurements on the supply side continue to shrink,
ambiguous definitions and coverage on the demand side
need to be clarified in order to prevent underestimation.

Table 2 Crop andLivestock Production PerLandUnit

China Taiwan Japan South Korea

Crop production per land unit
(international dollars/hectare)
1961 544 1,959 1,767 1,118
1971 843 2,795 1,907 1,473
1981 1,132 3,215 1,993 2,236
1991 1,277 3,141 1,930 2,533
2001 2,049 2,997 1,926 3,365
2011 3,104 3,012 1,763 3,309
Livestock production per land unit
(international dollars/hectare)
1961 62 475 493 118
1971 164 979 1,115 233
1981 288 1,697 1,649 577
1991 497 3,125 2,010 1,239
2001 999 3,557 1,991 2,119
2011 1,466 3,525 2,117 2,532

Source: FAOSTAT.
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a drastic decline around 1995, NBP has
remained in the range of about 80 to 90 g per
international dollar since the rise of NBAL
and the decline of arable land unit per output
are offset.

Finally, we compare the results of this study
with previous work. Although there are few

previous studies that measure the nitrogen
and phosphorus balance in the four East Asian
countries in our study throughout the post-war
periods, the Organisation for Economic Co-
operation and Development (OECD, 2008)
calculates the nitrogen and phosphorus balance
in the 1990s–2000s in Japan and South Korea.

Figure 3 Nutrient Balance Per Arable Land Unit in the Livestock Farming Sector 1961–2011/13 (Tons Per Hectare)

Note: For Japan and South Korea, the provisional value is published only until 2011, and thus, the measurement period is
from 1961 to 2011.

Source: Author’s calculation using the provisional value of the Food Table from the FAOSTAT.

Figure 4 Nutrient Balance Per Product in the Livestock Farming Sector 1961–2011/13
(Grams Per International Dollar)

Note: For Japan and South Korea, the provisional value is published only until 2011, and thus, the measurement period is
from 1961 to 2011.

Source: Author’s calculation using the provisional value of the Food Table from the FAOSTAT.
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The measured results of the OECD (2008) and
this study are shown in Table 1.
In Japan, the difference of the measured

results is within 10%, but in South Korea, the
difference expands to within 20%. It can be
inferred that differences in the measurement
method caused the disparity.9 The trend of
decreasing measured values is similar in both
studies.

5. Estimation results

5.1. Breaking point unit-root test

In order to estimate the co-integrating regres-
sion and conduct the non-linear co-integration
tests, we check the stationarity of the variables
used for those procedures. We show the results
of the breaking point unit-root test by Zviot–
Andrews for the stationarity check in Table 3.
In the crop farming sector, China’s and

Taiwan’s results indicate we cannot reject the
null hypothesis that all series have unit roots
at the 10% level, but in first differences, we
can reject the null at the 10% level. The series
for our estimation in both countries are I(1).
Meanwhile, Japan’s lnNBAL and Korea’s
lnNBP are not I(1), but the other variables in
both countries are I(1).
In the livestock farming sector, excluding

lnNBAL in China and lnNBAL and lnNBP in
Taiwan, we cannot reject the null in the series
at any level and can reject the null in the series
in the first differences. Those series for the
estimation are I(1).

5.2. Non-linear co-integration test

For the confirmation of the long-run relation-
ship between the series for the estimation, we
conduct the non-linear co-integration test by
Choi and Saikkonen (2010), who contrived
the modified KPSS unit-root test using the

residuals of the estimated equations as the
non-linear co-integration test. We estimate
the modified KPSS test statistics using
the way that we choose the value minimizing
the standard errors calculated in the series of
the KPSS statistics in the block size,
measured by following Choi and Saikkonen
(2010).10 Table 4 shows the results of the
non-linear co-integration test. Except for
the equation of China’s NBP in the crop
farming sector, we cannot reject the null at
the 5% level in any of the estimated equa-
tions. Summarizing the results of Tables 3
and 4, except for China’s NBP, Japan’s
lnNBAL and South Korea’s lnNBP in the crop
farming sector and China’s lnNBAL and
Taiwan’s lnNBAL and lnNBP in the
livestock farming sector, the co-integration
in the estimated equations of the EKC has
been established.

5.3. Estimated results of environmental
Kuznets curve equations

The estimation results of the co-integrating
regressions by Vogelsang and Wagner (2014)
are shown in Table 4.11 All regressions’
parameters are significantly estimated at the
1% level. Considering the results of the unit-
root tests and co-integration tests, the hypothe-
ses of the EKC are significantly supported in
the equations of China’s NBAL, Taiwan’s
lnNBAL and lnNBP, Japan’s lnNBP and South
Korea’s lnNBAL in the crop farming sector. In
the livestock farming sector, the EKC are ob-
served in Japan’s lnNBAL and lnNBP. Mean-
while, China’s lnNBP and South Korea’s
lnNBAL and lnNBP significantly depict the
reverse shape of the EKC.
Gross domestic product per capita at the

turning point of the EKC is described in
Table 4.12 In the crop farming sector, Taiwan
and Japan had surpassed the phase in which

9. Although the OECD (2008) measures livestock manure
as an input in farmland, our study does not calculate it. The
OECD’s measurement method is similar to the soil surface
method. For more detail, see the OECD (2008, p. 50, Fig-
ure 1.2.1).

10. For details, see Section 2.
11. We use integrated modified ordinary least squares for
the estimation. For details, see equations 6–12.
12. Calculating the turning point, we use the method for
obtaining the maximum value of the quadratic function.
For example, see Stern (2015, equation (3)).
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NBP had risen, and specifically, Taiwan had
already entered the phase in which NBAL
had declined. China’s turning point in the
NBAL equation could be a higher level of
GDP per capita than the recent level. While
Taiwan’s actual GDP per capita exceeds the
value at the turning point around 1986 inNBAL
and NBP, in Japan’s NBP, crossing the turning
point is observed around 1983. In South
Korea’s NBAL, reaching the turning point is
the most delayed but was accomplished
around 2010.

In the livestock farming sector, the GDP per
capita at the turning point has been much
higher than the current value in Japan and
NBAL and NBP in Japan could be expected to
continue increasing along the line of the EKC
towards the turning point. In NBAL, South
Korea’s GDP per capita exceeds the value at
the turning point around 1989. Regarding
NBP, China crossed the turning point around
2004, but shortly after that, around 2006,
South Korea exceeded the turning point.
Recently, those countries had already
surpassed the turning point and their NBAL
andNBPwill continue to expand along the line
of the reverse EKC with economic growth.

6. Conclusions and policy implications

From our measurement results of environmen-
tal efficiency, a rapid increase of NBAL in
China’s crop farming sector was observed
in the studied periods. In China, after the early
2000s, NBAL in the livestock farming sector
rose, suggesting that there is an increased
pressure of pollution on arable land in both
sectors. Meanwhile, following Japan’s turning
point that was reached in the 1970s, Taiwan
and South Korea have surpassed the turning
point, changing from an increase to a decrease
for NBAL in the 1990s and 2000s. However, in
the livestock farming sector, a clear turning
point was not observed in Taiwan, Japan or
South Korea in the studied periods. Although
NBAL in the livestock farming sector was
stable since the early 1990s in Japan, an
upward trend has still been observed in
Taiwan and South Korea.

In NBP in the crop farming sector, China’s
movement has most clearly depicted a reverse
U-shaped curve throughout the studied pe-
riods. After the late 2000s, the downward trend
continued across all countries. In the livestock
farming sector, a U-shaped curve in China’s
NBP was observed throughout the studied pe-
riods. After the late 2000s, China’s NBP rose
although that of other countries remained
stable with temporary fluctuations. Recently,
China’s NBP movement suggests the occur-
rence in the livestock farming sector of a
phenomenon like counteracting improvement
in the crop farming sector.

From the estimated results in the EKC, with
GDP per capita rising, in the crop farming
sector, NBAL in Taiwan and South Korea and
NBP in Japan and Taiwan will be improved.
Although China’s estimated results of NBAL
satisfy the EKC hypothesis, as China has not
reached the turning point, if a high-level
growth of GDP per capita could be realized in
China in the future, NBALwill continue to rise.
The order of arrival of turning points, such as
in Japan, Taiwan, South Korea and China, on
the EKC in NBAL or NBP essentially overlaps
the turning points of the measurement results
of each year. Regarding the crop farming
sector, in which the EKC is established, the
degree of industrialization can explain
the trend of environmental efficiency.

In the livestock farming sector, although
Japan’s NBAL and NBP each satisfy the EKC
hypothesis, they have not reached the turning
point, and with the growth of GDP per capita,
they are expected to rise. China’s NBP and
South Korea’s NBAL and NBP indicate the
reverse results of the EKC hypothesis. With
economic growth, those indexes will worsen
along the lines of the reverse EKC. The estima-
tion results of the EKC in NBAL and NBP in
livestock farming could endorse measurement
results that the reverse U shape, like the crop
farming sector, is not definitely observed in
the studied periods. In the livestock farming
sector, the four East Asian countries have not
entered the declining phase of the EKC.
Therefore, it is suggested that the influence
from common factors, such as the degree of
industrialization, is relatively small.
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In the four East Asian countries, China’s
NBAL could be affected by rapid economic
growth most significantly in the crop and live-
stock farming sector. Recently, the NBP indi-
cates that the environmental efficiency of
pollution has improved in the crop farming
sector but worsened in the livestock
farming sector. It is more desirable for China’s
government to adopt a policy that promotes the
optimal use of chemical fertilizers and concen-
trated feed. In order to reach the turning point
more rapidly, it might be effective to develop
varieties that need smaller amounts of fertil-
izers. BecauseNBAL in the crop farming sector
in China has recently been more than four
times larger than that of the livestock farming
sector, policy implementation that prioritizes
the crop farming sector could be effective for
total pollution cuts in the agricultural sector.
After the National People’s Congress in 2015,
the Chinese government announced that the
total use of fertilizers would be suppressed to
the current level for 5 years to reduce pollution
effects on arable land and water.13 That
suggests China’s government has recognized
the serious condition of the crop farming sector
and measurement of the overuse of chemical
fertilizers is required.
In Taiwan, Japan and South Korea, NBAL

and NBP in the crop farming sector recently
have improved, and in some indexes, the
EKC has been established in the periods. In
three countries, NBAL in the livestock farming
sector was almost the same or higher than that
in the crop farming sector in the 2010s. Con-
sidering that three countries in the crop farming
sector entered the decrease phase of the EKC,
indicating a negative relationship between
NBAL or NBP and GDP per capita, the
measurement for pollution cut should focus
on the livestock farming sector.
In this study, we calculate the nutrient

balance and estimate the EKC in the four East
Asian countries’ crop farming and livestock
agricultural sectors. Although measured
environmental efficiencies are limited toNBAL
and NBP, we can also measure a more

comprehensive index, including not only desir-
able and undesirable goods, but also produc-
tion factors, such as labour power, capital and
energy, by the method of data envelopment
analysis. By narrowing the target of measure-
ment to, for example, rice and pig farming,
we are able to obtain more precise data. Specif-
ically, because we can obtain data for chemical
and organic fertilizer in the 1950s–2010s in Ja-
pan’s rice farming sector, we can measure nu-
trient balance more precisely. In addition, we
would like to estimate the relationship between
measured environmental efficiency using
nutrient balance and not only GDP per capita
but also income disparity and price of waste
materials.
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