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Abstract

The potential role of China as a major importer of agricultural products, and the likely impact on world markets has been
a topic of considerable debate over the past decade. In this paper, we focus specifically on the livestock sector and develop a
detailed analysis of productivity growth in China’s pig and poultry production along with projections of China’s likely meat
trade in the year 2010. We use a general equilibrium model which permits us to explore the sensitivity of our projections to
macro-economic uncertainty as well as uncertainty in livestock productivity growth rates. Our analysis shows that China’s
net trade position is very sensitive to both of these factors. With high livestock productivity growth and a slow-down in the
rest of the economy, China could be a substantial competitor in export markets by 2010. On the other hand, slow productivity
growth in livestock production, coupled with a rapidly growing macro-economy could transform China into a major market
for future meat exports.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

China’s future role in international agricultural trade
continues to be a puzzle. Since the 1995 publication
of projections by the Worldwatch Institute suggesting
massive grain imports by China in the 21st century
(Brown, 1995), considerable research effort has been
directed at quantifying China’s growth in food demand
and supply and implications for the world’s food trade
(Fan and Agcaoili-Sombilla, 1997). However, the bulk
of the attention has been devoted to grains. Livestock

∗ Corresponding author. Fax:+1-765-496-1224.
E-mail address: hertel@purdue.edu (T.W. Hertel).

trade, on the other hand, has received less attention.
The purpose of this paper is to provide a rigorous anal-
ysis of both the supply and demand determinants un-
derlying China’s future net trade position in livestock
products.

China has been a significant importer of poultry
meat since 1990. Import volume doubled between
1990 and 1994 and again between 1994 and 1996
and 1996 and 1999 (FAO).1 The most recent FAO

1 We accessed these data for main land China using the Chinese
language version of FAOSTAT on 3 January 2003. The disaggre-
gation of Mainland China from Taiwan was not available in the
English language options on the web site.

0169-5150/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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Fig. 1. China’s net exports as a portion of total trade (x + m) in non-ruminant products (1965–1997) and forecasts to 2010.Source: GTAP
version 5 data base (Gehlhar, 2002).

statistics place 2001 imports for Mainland China at
707,000 tons. Exports in 2001 were only 580,000 tons,
but had a much higher unit value, making Mainland
China a net poultry meat exporterin value terms.
Pig meat is the most important livestock consump-
tion item in China, but imports of this product have
only reached a significant level in the past few years,
peaking at 136,000 tons in 2000 (FAO). In 1999 and
2000, Mainland China was actually a net importer of
pig meatin volume terms, although she remained a
net exporter when trade is measured in value terms.

Of course there are many different products associ-
ated with livestock trade, including live animals, hides
and skins, processed products and other by-products.
In order to offer a more comprehensive perspec-
tive, and in order to view this over time, we turn to
the GTAP 5.0 time series trade data on trade in all
non-ruminant products2 (Gehlhar, 2002), which is in
turn based on the UN-COMTRADE database. The
solid line inFig. 1presents the evolution of the dollar
value of net exports (exports–imports) of meat as a
fraction of total trade on meat (exports+ imports)
from 1965 to 2001. While this trade specialisation
index is highly volatile, the trend is one of gradually

2 At the farm level, this category includes miscellaneous prod-
ucts, including hides and skins from all animals. This fact will be-
come important when we look at recent developments in China’s
livestock trade.

diminishing net exports, reflecting a gradual deterio-
ration of China’s comparative advantage in pork and
poultry production with demand growth out-pacing
supply. This begs a further question: Will China even-
tually become a net importer of livestock products?
Resolving this controversy requires examination of
the forces underpinning change in consumption pat-
terns in China, as well as the structural changes that
have been occurring in China’s livestock industry.

Significant research has been conducted into the de-
terminants of meat demand in China and other devel-
oping regions as a function of per capita income (e.g.
Cai et al., 1998; Rae, 1998; Delgado et al., 1999).
Wealthier urban consumers tend to demand a more di-
verse diet, and expenditures on some food items such
as meats, beverages and fruit tend to grow faster than
for food staples such as cereals and legumes.Delgado
et al. (1999)observe that less than one-quarter of the
world’s population living in the developed countries
presently consume an average of three times the meat
per capita compared to the developing countries aver-
age. Yet, it is in developing countries where the largest
annual increases in the aggregate consumption of an-
imal products are occurring.Delgado et al. (1999)
project that aggregate meat consumption in the devel-
oping countries will grow by nearly 100 million met-
ric tons (MMT) between the early 1990s and 2020,
whereas the corresponding figure for developed coun-
tries is 16 MMT. Projected growth rates vary widely
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among different parts of the developing world, with
China leading the way based on a doubling of the total
per capita quantity of meat consumed.

While most studies focus on the demand-side
determinants of these changes, the supply of food
products is also experiencing significant changes
and facing new challenges in developing countries,
including competition with rapidly growing manu-
facturing activity for scarce labour and capital, local
environmental constraints, innovation in international
transportation, policy reforms and relative levels of
productivity in livestock production.Coyle et al.
(1998)explore the relative importance of supply and
demand-side forces in explaining recent changes in
the composition of trade. They find that the demand
side is relatively more important. However, their
analysis abstracts from sector-specific productivity
changes and the authors cite this as one of the pos-
sible explanations for the large, unexplained residual
in their predicted shift from bulk to high value food
trade. The particular pattern of livestock productivity
growth and the speed at which developing countries
are adopting new technologies and potentially con-
verging to productivity values of the most productive
regions could also play a central role determining
future trends in livestock and food trade.

Several studies explore trade issues related to
China’s livestock sector using different approaches
and models. Studies evaluating China’s comparative
advantage in livestock production conclude that this
country is competitive in livestock production.Tuan
and Peng (2001)estimate indicators that incorporate
the concepts of domestic resource costs, net social
profitability and effective rate of protection to show
changes in comparative advantage and trade compet-
itiveness of China’s livestock products. According to
their results, China’s production of hogs, beef cattle
and broilers has been competitive in trade and, hence,
China had a comparative advantage in producing
those products, although hog production has received
positive protection while beef cattle and broiler pro-
duction received negative protection.Hayes and Fuller
(1999)used US input–output coefficients and China’s
current resource endowments in an application of
the Heckscher–Ohlin–Vanek, comparative advantage
model to get a sense of the degree to which current
consumption, production and trade patterns in Chi-
nese agriculture deviate from optimal levels, as de-

termined by US technology. They show that China’s
capital use today is many times lower than it would
be in the presence of US technology, whereas labour
use is much higher. If China were to employ US tech-
nology, the authors predict that it would be producing
cash crops, fruits and vegetables and pork and poultry
for export, and importing enormous quantities of land
intensive crops as wheat, feed grains and rice.

Rae and Hertel (2000)test for convergence in live-
stock productivity among the Asia-Pacific economies.
They find evidence of recent convergence in produc-
tivity levels for pig and poultry production, but gener-
ally not in ruminant production. For China, significant
‘catch-up’ to North American levels was demonstrated
in poultry and pigs, and for non-ruminant production
the speed with which the technology gap has been
closing was greatest for China.Rae and Hertel (2000)
then proceed to draw out the potential implications
for trade in livestock and grains. However, an impor-
tant limitation of their study is that their productivity
projections are simple extrapolations of past trends.
Clearly, there is a limit to the amount of ‘catching-up’
that can occur, and this needs to be taken into account
when making such projections.

Studies that make projections of the Chinese econ-
omy to future years show contrasting results and in
many cases suggest that China’s present advantage in
livestock production might change in the future. The
Rosegrant et al. (2001)projections of world agricul-
ture using the IMPACT model show that China will
experience the largest projected rise in meat imports,
from near trade balance in 1997 to 4 million tons of
imports in 2020. They predict that poultry and pork
products will drive this increase, with poultry imports
rising from virtually zero in 1997 to 2 million tons
in 2020 and pork imports rising 1 million tons from
a trade surplus in 1997 to a trade deficit of 1 mil-
lion tons in 2020.Huang et al. (2000), use a partial
equilibrium model for China’ s food demand, supply
and trade analysis, to make projections to 2005 with
alternative scenarios. They find that, with no policy
changes, the supply of most animal products in China
will meet the increase in the domestic demand for
these commodities and the change in net trade over
the period of 2000–2005 will be marginal. They also
find that trade liberalisation will tend to increase the
prices of animal products in China’s domestic market.
Consequently, there will be an expansion in the pro-
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duction of animal products particularly the production
of pork. Delgado et al. (1999)make projections for
2020, and compared with 1993 they see net exports
declining for pork but increasing in the case of poultry.
Rutherford (1999)forecasts self-sufficiency of meat in
several Asian countries to the year 2010 using fore-
casts of the likely future balances between domestic
production and consumption of meat. He concludes
that China, together with Pakistan and amongst oth-
ers Vietnam, are likely to be self-sufficient with re-
spect to ruminant meat and project an improvement in
the long-term, non-ruminant self-sufficiency estimates
in China.OECD (2002)projects declining exports of
pork and increasing net imports of poultry meat to
2007.

Also relevant to the issue of China’s trade in live-
stock products is the literature about China’s recent
accession to the WTO. Analysing policy changes in
China due to WTO accession and projecting the econ-
omy to 2020,Huang and Chen (1999)predict that, as
a result of accession, China will become a major ex-
porter of pork and poultry (and an importer of corn).
In contrast with these results,Fuller et al. (2001)using
a multi-market world agricultural model predict large
meat imports as a result of China’s entry to WTO.
They argue that their results are consistent with the
fact that it is currently 3.9 times more costly to ship
grain in its raw form than an equivalent quantity of
grain shipped as animal protein. The study byHuang
and Rozelle (2002)uses a partial equilibrium model of
Chinese agriculture to analyse the impact of China’s
WTO accession with projections to 2005. Their base-
line projections, without policy changes, show that the
livestock sector will still be a net exporter, but the level
of net exports will be minimal due to higher feed prices
that result from limited access of producers to grain
imports. Their trade liberalisation scenario results pre-
dict an increase in the price of livestock products and
a decrease in the price of feed, stimulating increased
production, reduced consumption and expanding in-
creased net exports.

The results from the literature presented above are
by no means conclusive concerning the future role of
China in international livestock markets. In fact, many
of these studies seem to contradict one another. Part
of the reason for this is due to the fact that each one
emphasises a different aspect of the problem. In addi-
tion, it must be recognised that any such projections

are fraught with uncertainty and ideally the uncertainty
would be formally acknowledged and systematically
incorporated into the analysis. In this paper, we seek
to address these divergent predictions by building on
previous work (Nin et al., 2002) to improve on the
Rae/Hertel effort in two ways. First, we provide a de-
tailed analysis of productivity growth in China’s pig
and poultry production and we decompose historical
productivity growth, as well as forecasts for future
growth, into two parts: an underlying trend in the tech-
nical frontier and individual countries’ movement to-
wards that frontier. In addition, we formally introduce
uncertainty into the analysis by generating a distribu-
tion of productivity forecasts that allow us to derive
confidence intervals on our projections for the trade
balance of livestock products.

The paper is organised as follows. The next section
presents a historical analysis of non-ruminant live-
stock productivity growth world-wide, with a special
emphasis on China. We decompose historical produc-
tivity growth into catching-up and technical change
components. The third section presents the productiv-
ity forecasts for China. This is followed in the fourth
section by a discussion of the macroeconomic scenar-
ios for the year 2010.Section 5presents an analysis of
China’s trade in livestock products in the face of sup-
ply uncertainty, whileSection 6analyses the impact
of China’s macro-economic growth on meat trade bal-
ances. The last section presents conclusions and high-
lights findings from this study.

2. Productivity growth 1961–1997

2.1. Technical change and ‘catching-up’

As discussed in the previous section, our focus on
the livestock sector is of special interest in light of
the changing consumption patterns in China. In this
context, it is interesting to examine; how fast China has
been catching-up to productivity levels in developed
countries?

The technological catch-up effect discussed by
Abramovitz (1986)is based on the possibility of imi-
tating technologies developed elsewhere at low cost,
allowing poor countries to grow faster than rich ones,
other things being equal. This is because countries
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with low levels of productivity (followers) are able to
bring into production a large backlog of unexploited
technology and have then the opportunity to ‘catch
up’ to the frontier. The further away from the fron-
tier a country finds itself, the greater the potential
for such catch-up. According to Abramovitz, produc-
tivity growth in the leading region is governed and
limited by technical change. The larger the techno-
logical and, therefore, the productivity gap between
leader and follower, the stronger the follower’s po-
tential for growth in productivity; and, other things
being equal, the faster one expects the follower’s
growth rate to be. On the other hand, the catch-up
process is inherently self-limiting because as a fol-
lower catches up, the rate of productivity growth
declines. The present study utilises this idea about
the diffusion of new technologies from leaders to
followers.

Data on the global livestock sector are drawn from
FAOSTAT (2000), the statistical database of the Food
and Agriculture Organisation of the United Nations
(FAO). Because we do not have a complete inventory
of inputs allocated to livestock production, we use the
same partial factor productivity measure used by oth-
ers, namely “output per head of livestock”. From this
point on, we will refer to our measure of partial fac-
tor productivity simply as ‘productivity’. However, it
should be borne in mind that this measure is funda-
mentally limited and will be inaccurate in the face of
substantial factor substitution (Capalbo and Vo, 1988)
and jointness in production. In a related paper,Nin
et al. (2003)show that the simple output per head mea-
sure appears to result in an overestimate of China’s
historical livestock productivity growth. This is due to
the fact that it fails to take into account the increased
feed, labour and capital per animal required in the
modern livestock production systems.

Constant returns to scale are assumed in the produc-
tion function for each country, implying that the scale
effect of productivity growth, relevant at the firm level
(Oude Lansink et al., 2000), vanishes at the industry
level. In defence of this assumption, we appeal to the
work of Diewert (1981), who shows that if there is
free entry and exit into an industry in which producers
competitively minimise cost, and if the output level at
which minimum average cost is reached is small rel-
ative to total industry output, then the industry cost
function will be approximated by a cost function lin-

ear that is in output, and therefore dual to a constant
returns to scale production function.

Following Färe et al. (1994)we decompose our
measure of historical productivity growth into two
parts: an underlying trend in the technical frontier and
individual countries’ movements toward that frontier
(catching-up). With a single input x (animal stock)
producing a single output y (meat), the technology is
represented inFig. 2 by the production frontierSt for
periodt and by the frontierSt+1 for periodt + 1. The
frontier is the boundary of technology in each year
and is defined as the maximum feasible output given a
quantity of inputx. Fig. 2 also shows two production
points representing animal stock and production for a
specific country in periodt (xt , yt) and t + 1 (xt+1,
yt+1). A partial factor productivity (PFP) measure in
period t and t + 1 for this country can be defined re-
spectively as: PFPt = yt/xt and PFPt+1 = yt+1/xt+1.
Similarly, productivity on the frontier in periodt and
t+1 for the same amount of input used in this country
is defined asFt = y∗

t /xt andFt+1 = y∗
t+1/xt+1. Using

these productivity estimates, a simple index of produc-
tivity growth between periodt andt + 1 for our prob-
lem country is estimated as: PGIt,t+1 = PFPt+1/PFPt .
This index takes values greater than one if productiv-
ity betweent andt +1 is growing and values less than
one if productivity is shrinking. Productivity growth
as measured by this index can be decomposed in a
catching-up (efficiency) and a technical change effect
by simply multiplying the right hand side of the previ-
ous equation by(Ft+1/Ft)(Ft/Ft+1) = 1 with F be-

y

St+1

yt+1 (xt+1,yt+1)

xt+1

yt*

yt (xt,yt)

xt

y*t+1

o

St

x

Fig. 2. Partial factor productivity growth and decomposition.
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ing productivity at the frontier as defined above. Re-
arranging terms we obtain:

PGIt,t+1 =
[

PFPt+1/Ft+1

PFPt/Ft

] [
Ft+1

Ft

]
. (1)

The first term on the right hand side ofEq. (1) is an
index measuring catching-up as the rate at which the
problem country is approaching or moving away from
the frontier. This is the case because the ratios PFPt /Ft

and PFPt+1/Ft+1 measure how far the country is from
the frontier in periodt and t + 1, respectively. If the
country is catching up to the frontier, this index will
exceed one. The second term ofEq. (1) is an index
of technical change, measuring productivity growth in
the frontier betweent and t + 1. Values greater than
one for this index imply that the sector is experiencing
technical progress.

2.2. Productivity growth and its components
1961–1997

We use production and animal stock data from
FAOSTAT for ten regions over the 1961–1997 pe-
riod in our historic analysis to construct the produc-
tivity indexes for China, Korea, South East Asia,
Latin America, Sub-Saharan Africa, Australia, New
Zealand, US–Canada, European Union (EU-15) and
Japan. It should be noted that the credibility of official
Chinese livestock data has been called into question

Table 1
Average annual productivity growth rate (%)

Pigs Poultry

Productivity Catching-up Productivity Catching-up

1991–1997 1961–1997 1991–1997a 1961–1997b 1991–1997 1961–1997 1991–1997a 1961–1997b

China 3.0 4.2 2.6 3.7 11.8 2.9 8.6 0.5
Korea 0.2 2.5 −0.2 1.8 2.8 3.1 −0.2 0.7
South East Asia 0.7 2.0 0.3 1.2 0.0 1.3 −2.9 −1.1
Latin America 2.5 1.2 2.0 0.4 1.9 3.2 −1.0 0.8
Sub-Saharan Africa 0.7 0.2 0.2 −0.5 0.2 0.9 −2.7 −1.4
Australia 0.8 1.6 −0.3 0.9 1.0 3.0 −1.9 0.6
New Zealand 1.0 1.9 0.5 1.1 2.1 5.0 −0.9 2.5
US–Canada 0.9 1.0 0.5 0.2 3.0 2.1 0.0 0.0
EU-15 0.9 0.8 0.4 0.0 2.1 2.9 −0.9 0.6
Japan −0.1 1.6 −0.5 0.8 −0.4 2.2 −3.3 −0.2

Mean 1.1 1.7 0.5 0.9 2.4 2.7 −0.7 0.3

a The annual average rate of technical change for the period 1961–1997 was 0.5% for pigs and 3.0% for poultry.
b The annual average rate of technical change for the period 1961–1997 was 0.7% for pigs and 2.4% for poultry.

as reported inUSDA/FAS (1998)and Fuller et al.
(2000). Given that there are no corrected data for the
relevant period considered here, we use the FAOSTAT
data derived from official Chinese statistics, imply-
ing that this will likely result in overestimates of the
productivity projections to 2010.

Table 1reports the average annual rate of productiv-
ity growth and its components over the sample period,
for each country/sector pair in the sample, reported as
a ratio of productivity in the yeart +1 andt. The con-
trast between productivity growth in pig and poultry
production is noteworthy. Productivity in poultry pro-
duction has been growing at an average rate of 2.7%
a year during 1961–1997 compared with only 1.7%
in the case of pig production. There is also a signif-
icant contrast in the contribution of technical change
and catching-up to productivity growth in these sec-
tors. Movement in the frontier has dominated pro-
ductivity growth in poultry production over the past
three decades, while catching-up has been the driver
of productivity growth in pig production, world-wide.
The rate of technical change in poultry production for
1961–1997 has been, on average, 2.4%, increasing to
3% over the 1991–1997 period. This contrasts with
pig production, where technical change was only 0.7%
per year over the 1961–1997 period, slowing to 0.5%
in the 1990s.

Set in this global context, China’s productivity per-
formance has been nothing short of remarkable. China
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exhibits the highest rate of productivity growth over
the entire period for pig production, with most of this
rapid productivity growth due to ‘catching-up’ which
proceeded at an average annual rate of 3.7% between
1961 and 1997. As can be seen from the 1991–1997
figures for pig productivity inTable 1, the growth rate
for China, as with the world as a whole, moderated
somewhat in the last decade. This contrasts sharply
with the experience of China’s poultry sector. Here we
see an average annual rate of productivity growth over
the 1961–1997 period which mirrors the global aver-
age, with catching-up contributing relatively little to
the total 2.8% annual productivity growth rate. How-
ever, when we focus just on the 1991–1997 period, we
find an astounding 11.8% average annual productiv-
ity growth rate for poultry, of which the lion’s share
(8.6%) is due to catching up.

In addition to looking at long run averages, it is
also instructive to examine the time path of cumula-
tive indexes calculated as the sequential multiplica-
tive products of the annual index defined inEq. (1).
Fig. 3 displays these charts for pig and poultry pro-
duction in China. In pig production, shown inFig. 3a,
the curve representing the catching-up index is above
the technical change curve showing that productivity
growth since 1961 is largely due to ‘catching-up’. Af-
ter an initial period of catching-up between 1961 and
1965, we see that China fell away from the frontier
during 1966–1978, the years of the Cultural Revolu-
tion. The catching-up process in pig production was
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Fig. 3. Cumulative productivity growth rates in China.

resumed with the de-collectivisation beginning in the
late 1970s and early 1980s (Lin, 1992).

The time paths of indexes for poultry production
are shown inFig. 3b. Here, we see the technical
change curve lying above the catching-up curve until
the decade of the 1990s. During this period, technical
change was the driving force behind growth in poultry
productivity. However, since 1990, poultry production
in China has been catching-up at a remarkable pace.
This is shown by the sharp upturn in the catching-up
curve at the beginning of the 1990s resulting in an
increasing importance of this component in explain-
ing productivity growth. The process of productivity
growth in poultry production is quite different from
that of pigs, and appears to be related to the second
part of the rural reforms that began in the late 1980s
and 1990s (De Brauw et al., 2000).

In summary, our historical analysis suggests that
significant modernisation of the pig sector in China
commenced around a decade earlier than was the
case for poultry. In practice, much of this productivity
growth derived from changes in the structure of pork
production, where output has gradually shifted from
individual farm households using traditional technol-
ogy (95% of output in the mid-1980s versus 80% in
1996) to specialised livestock-producing households
and commercial firms applying modern technology
(USDA/ERS, 1998). Feed use and efficiency has also
changed dramatically for both pig and poultry pro-
duction in China. As recently as the early 1980s,
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most of China’s domestic animals were fed in the
backyards of farm households and, depending on the
type of animal, feed ingredients generally included
low-quality grains, table scraps, tubers and other crop
by-products and residues. With government reforms
in the mid-1980s, large amounts of feed grains, as
well as soybean and rapeseed meal began to be used
in animal feed (Tuan and Peng, 2001). This too, has
contributed to the remarkable productivity record in
recent years.

3. Productivity forecasts

By decomposing productivity growth into the tech-
nical change and catching-up components, we are able
to refine our forecasts of future productivity growth
in the pig and poultry sectors. As is seen from the
pig productivity growth rates inTable 1andFig. 3a, a
simple, trend-based extrapolation of past growth rates
is likely to be too optimistic given the tendency of
catching-up to diminish as a country approaches the
frontier. We now turn to the two distinct approaches
we have for projecting these two components of pro-
ductivity growth.

3.1. Modelling catching-up and technical change

In the case of catching-up, we assume that the ob-
servable growth in productivity can be modelled as a
diffusion process of new technologies. Previous stud-
ies have shown (Griliches, 1957; Jarvis, 1981) that the
cumulative adoption path follows an S-shaped curve.
Initially, productivity changes slowly because new in-
novations take some time to be adopted—usually, it is
necessary to adapt the new technologies to different
local conditions. After this, a period of rapid growth
is expected as the risk of applying the new technology
is reduced. Finally, productivity growth slows when
the bulk of the producers who will find the technology
profitable have adopted it, and the process reaches a
stable ceiling. We specify the following logistic func-
tion to represent the catching up process for each of
the regions in the sample:

Zit = Kt

1 + e−α−βt
. (2)

In this equation,Zit corresponds to the productivity
value of countryi on periodt. The parametersα and
β determine the shape of the logistic relationship for
each region. A positive and significantβ will be taken
as evidence that this particular region is catching-up
to the frontier. A high positive value ofβ indicates
that it will take a shorter time to get to the frontier
while a low value ofβ implies a longer period of ad-
justment. The parameterKt determines the ceiling, or
maximum productivity level, to which the region in
question is expected to converge. The ceiling in our
case is not constant over time but varies with techni-
cal change. In estimating the logistic relationship, we
use observed values forKt . These are computed as the
maximum productivity value for each sector across all
countries in the sample in yeart. Nonetheless, while
we are able to use actual observations on the frontier
in estimating the logistic function, when it comes to
forecasting, we need some way of predicting the evo-
lution of this productivity ceiling. We choose to make
this a simple exponential function of time, as follows:
Kt = eµ+γt . If a region is not catching-up, the logistic
model is likely not a good representation of the pattern
of productivity growth. In these cases, a simple expo-
nential function is used to model productivity growth
over time (either growth or decay).

3.2. Data and econometric results

Data used are from FAOSTAT as described in the
previous section. Results from estimation of the logis-
tic functional form for China are provided inTable 2.
We identify two structural change points in the pig
productivity series (1965 and 1979) and one structural
change point in the poultry series (1989). These indi-
cate the existence of different periods of catching-up
and productivity growth as shown by the productivity
index in our historical analysis. Note once again the
relatively earlier beginning of the catching-up process
in pig production with higher relative productivity val-
ues than in poultry production. The estimated param-
eters of the logistic curves for pig and poultry produc-
tivity also indicate a slower rate of catching-up in pig
production under current conditions. Whereas it would
take 50 years to increase pig productivity from 10 to
90% of the frontier value under the current diffusion
process, the comparable figure for poultry is just 36



A. Nin et al. / Agricultural Economics 31 (2004) 1–16 9

Table 2
Parametersa and regression statistics for China’s non-ruminant productivity assuming a logistic diffusion process

R2 α t-statistic β t-statistic Periodb

Pig production 0.83 −1.73 −7.34 0.23 3.21 1961–1965
−0.41 −5.12 −0.06 −10.02 1966–1978
−2.90 −12.41 0.09 11.12 1979–1997

Poultry production 0.93 −1.07 −22.87 −0.02 −8.59 1961–1988
−5.49 −16.74 0.13 12.79 1989–1997

a The parameters of the logistic function are estimated using the following transformation:Yit = log[Zit/(Kt − Zit)] = α + βt.
b Structural change with breaking points in 1966 and 1979 for pig production and 1989 for poultry production.

years.Table 3shows the results of the estimation pro-
cedure for the productivity frontier for pigs and poul-
try. The frontier in pig production is defined by Japan
during most of the historic period, but this country
shows a negative growth in output per head from our
1995 base. Projecting productivity of the frontier re-
gions (Japan, US–Canada and the EU-15) we find that
the EU-15 becomes the most productive region and
defines the frontier in 2010, with productivity levels
similar to those in US–Canada. This implies a slight
acceleration of technical change in the coming years,
as compared with the historical values. In poultry pro-
duction, US–Canada, New Zealand and Australia have
been producing at the frontier for the last two decades.

Table 3
Parameters and regression statistics for the frontier regions in non-ruminants productivity assuming an exponential functional form

R2 µ t-statistic γ t-statistic Perioda

Pig production
Japan 0.94 4.32 125.4 0.041 16.7 1961–1976

5.11 258.6 −0.070 −9.8 1977–1997

US–Canada 0.93 4.48 159.9 0.017 3.7 1961–1970
4.64 37.4 −0.002 −0.3 1971–1976
4.52 159.9 0.011 10.27 1977–1997

EU-15 0.71 4.62 384.6 0.014 6.1 1961–1968
4.58 442.9 0.010 16.85 1969–1985
4.43 105.3 0.014 10.37 1986–1997

Poultry production
Australia 0.79 0.87 14.0 0.046 8.48 1961–1979

1.93 11.74 −0.004 −0.61 1980–1988
1.89 10.99 0.001 0.18 1989–1997

US–Canada 0.99 1.18 114.9 0.022 16.91 1961–1973
1.13 101.5 0.024 52.21 1974–1993
1.10 5.71 0.026 4.80 1994–1997

New Zealand 0.93 0.20 3.31 0.056 5.39 1961–1970
1.04 3.64 0.017 0.81 1971–1977
1.09 15.56 0.025 9.99 1978–1997

a Periods with different estimated parameter values due to the existence of structural change in the series.

We project a slow-down in Australia’s productivity
growth, and consequently the frontier in the future will
be set by US–Canada and New Zealand.

3.3. A distribution of productivity forecasts

For purposes of forecasting China’s future livestock
productivity and trade, it is useful to have some idea of
the possible distribution of productivity outcomes, not
just a point estimate. A distribution of the forecasts for
each sector was approximated using the Efron boot-
strapping method (Dorfman et al., 1990). Fig. 4shows
the histograms of the 2010 projected productivity val-
ues for China.Table 4summarises the mean, standard
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Fig. 4. China’s bootstrapped distribution of productivity forecasts.

deviation and implied growth rates for productivity in
these two sectors for all regions in our sample. Pro-
ductivity in poultry is expected to grow much faster
than for pigs (9.5% versus 3.9% per year) over the
forecast period in China. This is fuelled by a higher
rate of growth in the poultry frontier as well as con-
tinued rapid catch-up in poultry productivity. In the
case of pigs, catching up is slower as China reaches
80% of the productivity value at the frontier in 2010.
This, coupled with slow growth of the frontier itself,
translates into slower overall productivity growth. We
now turn to a framework that will permit us to draw
the implications of these productivity projections for
world trade.

4. Projections to 2010

4.1. Trade model

Following Rae and Hertel (2000), we incorporate
our projections of productivity growth into a modi-
fied version of the GTAP applied general equilibrium
model (Hertel, 1997) to project national and regional
production, consumption and trade flows between
1995 and 2010. Our analysis has abstracted from
changes in trade policy. China still has relatively high
tariffs on meat imports, and these will be reduced

upon China’s entry to the WTO. This could also
have an important impact on China’s future role in
international livestock products trade.

For purposes of this study, several modifications
are introduced to the standard GTAP model. First,
we follow Rae and Hertel (2000)introducing a uni-
tary elasticity of substitution between feedstuffs in
livestock production. Several minor modifications are
introduced to the standard model to make it more
suitable for its use in growth projection simulations
with the most important being the assumption that re-
gional investment is constrained to increase in propor-
tion to regional capital stock as would be the case in
steady-state equilibrium (Dimaranan, 1998).

The GTAP framework distinguishes sectors by their
intensities in five primary production factors: land
(agricultural sectors only), natural resources (extrac-
tive sectors only), capital, and skilled and unskilled
labour. In trade, products are differentiated by coun-
try of origin, allowing bilateral trade to be modelled,
and bilateral international transport margins are in-
corporated and supplied by a global transport sector.
The model is solved using GEMPACK (Harrison and
Pearson, 1996).

The 50 commodities in the version 4 GTAP database
have been aggregated up to 14 commodity groups, of
which 6 commodities (rice, wheat, other grains, oil
crops, other crops and processed food) compete for
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Table 4
Productivity forecasts (kg per head) and productivity growth decomposition (%) 1995–2010

Productivity forecast in year 2010 Annual rates of growth (%)

Mean Standard
deviation

Maximum
value

Minimum
value

Productivity
1995

Total
growth

Catch-upa

Pigs
Logistic forecasts

China 136 2.90 149 123 77 3.9 2.5
Korea 167 2.39 178 156 124 2.0 0.6
South East Asia 133 2.89 146 120 85 3.0 1.6
Australia 163 2.71 175 151 132 1.4 0.0
New Zealand 153 3.14 167 139 118 1.7 0.4
Latin America 67 1.83 75 58 45 2.6 1.3
Sub-Saharan Africa 50 1.54 56 43 33 2.8 1.4
ROW 123 2.99 137 110 88 2.2 0.9

Exponential forecasts
Japan 117 1.47 123 110 129 −0.7 −2.0
US–Canada 156 2.93 169 143 131 1.1 −0.2
EU-15 168 2.36 178 157 137 1.4 0.0

Poultry
Logistic forecasts

China 7.7 0.28 9.0 6.4 2.0 9.5 7.1
Korea 9.1 0.37 10.7 7.5 4.4 5.0 2.7
EU-15 8.2 0.07 8.5 7.9 6.3 1.7 −0.5
Latin America 7.5 0.28 8.7 6.2 4.7 3.1 0.9

Exponential forecasts
Japan 4.1 0.05 4.3 3.8 4.0 0.0 −2.2
South East Asia 1.8 0.06 2.0 1.5 2.1 −1.0 −3.2
Australia 6.9 0.30 8.3 5.5 7.1 −0.2 −2.4
New Zealand 10.3 0.42 12.2 8.4 7.0 2.6 0.3
US–Canada 11.0 0.28 12.2 9.7 7.4 2.7 0.4
Sub-Saharan Africa 1.4 0.01 1.4 1.3 1.3 0.4 −1.8
ROW 0.9 0.07 1.2 0.6 2.1 −5.2 −7.3

a Technical change for the period 1995–2010 was projected to grow at an annual rate of 0.9% for pig production and at an annual rate
of 2.24% for poultry production.

use in the feedstuffs composite. Meat producing live-
stock farming is represented by two aggregates: beef
cattle (i.e. ruminant livestock) and other livestock (i.e.
non-ruminants). These farming sectors provide inputs
to the beef processing (ruminant meat) and other meat
(non-ruminant meat sectors). All remaining produc-
tion sectors are aggregated into manufactures, ser-
vices or other natural resource based commodities.
The GTAP countries/regions are aggregated to match
those reported inTable 1.

4.2. Parameters

The parameters of the standard GTAP model have
also been modified for this study. Because of the ex-

tremely rapid growth in China, coupled with its critical
role in determining global meat demand, we have de-
voted special attention to the income elasticity of de-
mand for meat in China. In the standard GTAP model,
this value is set at 1.10 in 1995. This reflects the fact
that a majority of the population in China is still quite
poor, and livestock products are still a luxury for them.
However, asYu et al. (2004)have shown, this elastic-
ity is expected to fall with continued income growth.
Accordingly, we have used Yu’s estimated AIDADS
demand system to obtain an average value for this elas-
ticity over the 1995–2010 projections period (0.89).
We recalibrate the demand system for China to re-
produce this value. This recalibration is particularly
important since, asYu et al. (2004)show, the Con-
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stant Difference of Elasticities demand system used in
GTAP tends to prevent luxury goods from becoming
necessities as income grows.

Following earlier long term projections with the
GTAP (e.g.,Rae and Hertel, 2000) we double the val-
ues of the standard trade elasticities.Gehlhar et al.
(1994)andLiu et al. (2000)provide evidence that in-
creasing these elasticities improves the fit of the model
to long run structural changes in trade.

4.3. Macroeconomic projections

Following the work ofGehlhar et al. (1994), pro-
jections are made through exogenous shocks to each
region’s endowments of physical capital, skilled and
unskilled labour, population and technology. Forecasts
for population, investment (capital stock), and labour
force are from a base case scenario developed from
World Bank forecasts (Walmsley et al., 2000). This
base case scenario reflects the changes expected to
occur in the world economy through the year 2010.
Projections were obtained for gross domestic product,
gross domestic investment, population, skilled labour
and unskilled labour. The stock of farmland in each
region is simply held constant. Productivity growth
for the non-livestock sectors is obtained endogenously
using a region-specific technical change variable.

4.4. Characterising uncertainty in non-ruminant
productivity forecasts

As there is considerable uncertainty associated with
the productivity forecasts (recallFig. 4 andTable 4),
we seek to characterise the extent to which this un-
certainty translates into uncertainty about China’s
non-ruminant trade balance. We begin with the boot-
strapped non-ruminant productivity distributions,
which we summarise with symmetric triangular dis-
tributions for purposes of sampling. This triangular
distribution is centred on the mean of the bootstrapped
distribution of productivity forecasts(Z̄) and has sup-
port Z̄ − W to Z̄ + W , whereW is the extreme value
from the bootstrapped distribution (see alsoFig. 4).
We introduce uncertainty in China’s non-ruminant
productivity growth3 using the Gaussian quadrature

3 We have previously introduced uncertainty in non-ruminant
productivity in the non-China regions. Since this makes little dif-

approach to Systematic Sensitivity Analysis (SSA)
proposed byDeVuyst and Preckel (1997). The proce-
dure, as automated byArndt (1996)and Arndt and
Pearson (1998)draws a weighted sample from this
estimated distribution of productivity growth rates,
using the resulting model simulations to generate the
means and standard deviations reported below. The
Gaussian quadrature approach has the advantage of
attaining a high degree of accuracy, while requiring
limited number of solves of the model (De Vuyst and
Preckel, 1997). In this case, the Gaussian quadratures
are discrete distributions whose first three moments
are identical with those of the continuous distribu-
tions. The SSA procedure implemented is based on
Stroud’s quadrature (Arndt, 1996).

Following Rae and Hertel (2000)we apply the pro-
ductivity shocks to both value-added and to the feed
composite, in order to maintain a constant ratio of feed
use per animal. Therefore, under positive productiv-
ity growth, feed consumption per unit of output (the
feed conversion ratio) will decrease. There is consid-
erable evidence to support the assumption of more ef-
ficient feed conversion as discussed inRae and Hertel
(2000). The trend in China is towards development of
specialised livestock production units and larger, more
intensive management systems that will contribute to a
declining demand for feedgrains per kilogram of meat
production.

5. Implications for China’s livestock trade

According to the mean projection (Table 5), China’s
trade balance in non-ruminant products will deterio-
rate by 2010 with China becoming a net importer in
the non-ruminant sector (see alsoFig. 1). Continued
rapid investment and growth in the Chinese economy,
under this base case scenario, leads to a deterioration
in China’s trade balance in agricultural products, and
to an increase in its specialisation in manufactures and
services.

In order to help understand what is behind these
changes in China’s non-ruminant trade balance in
2010, we also report the associated changes in ex-
ports, imports, domestic sales and output (annualised

ference to China’s livestock trade, and it significantly complicates
the analysis, we have left this out of the present paper.
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Table 5
Mean and standard deviations of the changes in China’s trade balance when uncertainty is introduced in China’s non-ruminant productivity
projections (mUS$, 1995)

Trade balance Change 1995–
2010

Standard deviation
of the change

1995 2010

Base case
Non-ruminants 1651 −1093 −2744 1144
Other agriculture −2096 −50372 −48276 241
Manufactures 52611 229843 177233 1565
Services 239 45774 45535 853

Total 52404 224152 171748

Slow growtha

Non-ruminants 1651 12994 11344 2108
Other agriculture −2096 −14701 −12605 69
Manufactures 52611 122896 70286 2426
Services 239 10767 10529 617

Total 52404 131956 79553

a GDP growth in China: 5.55% per year and capital growth adjusting to maintain productivity growth in non-livestock at the same
level of that in the rapid growth scenario.

rates) inTable 6. From the section labelled ‘base case’
we see that agricultural imports grow strongly over
this period, while exports are flat (non-ruminants) or
declining (other agriculture). Non-ruminant output
growth is faster than for other agriculture, but slower
than that in the non-agricultural sector.

Table 6
Annual growth rate for China’s exports, imports, domestic sales
and output (%)

Exports Imports Domestic
sales

Output

Base case
Non-ruminants 0.4 10.6 6.8 6.6
Other agriculture −5.9 14.0 4.8 4.5
Manufactures 7.9 6.1 9.0 8.9
Services 9.9 4.8 8.7 8.8

Total 8.0 6.6 8.5 8.5

Slow growtha

Non-ruminants 11.6 1.8 5.9 6.2
Other agriculture 6.7 6.9 4.4 4.3
Manufactures 5.4 4.7 6.1 6.0
Services 6.1 4.5 5.8 5.8

Total 5.6 4.8 5.8 5.8

a GDP growth in China: 5.55% per year and capital growth
adjusting to maintain productivity growth in non-livestock at the
same level of that in the rapid growth scenario.

The standard deviations inTable 5give us a good
idea of the sensitivity of these findings to uncer-
tainty in China’s non-ruminant productivity forecasts.
While the mean non-ruminant trade balance in 2010
is 1093 million US$ (mUS$), the standard deviation
is 1144 mUS$. Therefore, we are not in a position to
state definitely that China will be a net importer of
non-ruminants in 2010. Indeed, applying Chebychev’s
inequality, the 95% confidence interval on the
2010 trade balance varies from 4055 US$ to 6241
mUS$.

6. The role of macroeconomic uncertainty in
China

The rate of growth of productivity in the non-ruminant
livestock sector is not the only source of uncertainty
in our productivity forecasts. Growth in the other
sectors of the Chinese economy, and indeed the Chi-
nese overall rate of macroeconomic growth, is also
uncertain. China has maintained an extremely rapid
rate of economic growth over the past decade. Will
this continue into the future? What impact would a
slowdown have on livestock trade?

Angus Maddison (1998)has studied this question
in some detail. Maddison highlights two periods in the
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post-war growth of the world economy. Firstly, 1952 to
1978, in which Japan and the advanced capitalist coun-
tries rapidly caught up to the US. Although China’s
real income during this period grew faster than ever
before, its growth was less than the world average. In
contrast, over the 1978–1995 period, world economic
growth was much slower, with a sharp decrease in the
total factor productivity performance of the US and
the other advanced capitalist countries, while China
and the East Asian economies were the most dynamic
component of the world economy.

Comparing the baseline projections for the pe-
riod 1995–2010 used here with the projections for
1995–2015 made by Maddison, we conclude that
both projections show similar relative growth across
most regions, with the baseline projections being
somewhat more optimistic in terms of growth of the
world economy in the coming decade. The most im-
portant difference between both sets of projections is
in China’s GDP forecast. The GDP forecast in the
baseline projections assumes that China will exhibit
a similar growth rate to that of the past two decades,
continuing to rapidly catch-up to the frontier. Mad-
dison agrees that China is likely to grow faster than
most other Asian countries because: (a) its level of
real income/productivity is quite low; (b) it has sus-
tained a high growth trajectory for two decades and
has proved capable of maintaining high rates of in-
vestment in physical and human capital; and (c) it
was less exposed to the shocks which other dynamic
Asian countries sustained in 1997. However, he ar-
gues that future growth is unlikely to be as fast as in
1978–1995 because China faces major problems in
reforming state industry, fiscal and monetary policy;
has eroded some of the once-for-all gains from previ-
ous liberalisation; and faces a slowdown in the Asian
markets.

In order to capture the effect of a slower overall
rate of economic growth in China, we conduct an
additional simulation where we assume that China’s
GDP will grow at 5.5% annually as projected by
Maddison, as opposed to the projection of 7.8%
per year. We then analyse the effect of this slower
rate of growth on production, demand and trade of
non-ruminant products. Of course, there are a num-
ber of alternative ways to implement this slow-down.
Given our emphasis on productivity forecasts, we
leave those unchanged and implement this slow-down

entirely through a reduction in the rate of capital
accumulation.4

The impact of a slow-down on China’s economic
growth is reported in the bottom panels ofTable 5.
The differences with the base case results are striking.
With China’s GDP growing at a rate of 5.5% instead of
the 7.8% projected in the first scenario, China is trans-
formed into a net exporter of non-ruminant products.
More important, this outcome is robust to uncertainty
in non-ruminant productivity inherit in our forecasts of
that variable. Comparing the mean value of the trade
balance change (11,344 mUS$) with the standard de-
viation of this random variable (2108 mUS$), and ap-
plying Chebychev’s inequality, we conclude that even
with low rates of non-ruminant productivity growth,
China is expected to be a net exporter of non-ruminant
products in 2010.

The bottom panel ofTable 6 helps to explain
the sensitivity of the non-ruminant livestock trade
balance to changes in macroeconomic growth. An
economy-wide slowdown affects livestock trade on
both the supply and the demand sides. Lower income
growth obviously reduces domestic demand, and
hence domestic sales and imports. However, lower
productivity growth in the non-agricultural sectors
also means less competition for scarce factors of pro-
duction. Non-agricultural production grows much less
rapidly under this scenario. This means that more re-
sources are available for livestock production, thereby
enhancing supply and further eroding the need for
imports.

7. Summary and conclusions

This paper represents an attempt to better under-
stand the growth and diffusion of productivity in
the livestock sector and its implications for livestock
trade. Our analysis of past productivity performance
in the Chinese pork and poultry sectors serves as a
basis for forecasting future developments. Having
started the modernisation process a decade earlier,
pork output per head is already at two-thirds of
North American levels. On the other hand, poul-

4 We have also implemented the slow-down as a reduction in
productivity growth in the economy outside of the non-ruminant
sector. This made little difference in our findings.



A. Nin et al. / Agricultural Economics 31 (2004) 1–16 15

try productivity in China is only about one-third
of that in North America. However, the growth in
poultry productivity is accelerating. We project poul-
try output per head to grow by 9% per year out to
2010.

In order to assess the likely consequences of future
changes in livestock productivity on international trade
in livestock and related products, we used a modified
version of the GTAP model of global trade to make
projections to the year 2010. Uncertainty in China’s
future productivity growth rates was also taken into
account. In our base case we find that China will in-
crease net imports of non-ruminant products. This ap-
pears to be confirmed by trade data that has just be-
come available for the period up to 2001 (seeFig. 1).
However, it should be noted that the sharp drop in
China’s trade specialisation index from 1999 to 2001
is largely driven by hides and skins imports. The trade
specialisation index in non-ruminant meat products
alone remained in the neighbourhood of 0.2 from 1997
to 2001.

The analysis of potential uncertainties, both in
China’s non-ruminant sector and the macro econ-
omy, shows that the nation’s net trade position is
very sensitive to these factors. If livestock productiv-
ity growth is at the high end of possible outcomes,
and if there is a slow-down in the rest of the econ-
omy, China could become a substantial competitor
in export markets by 2010—particularly if sanitary
standards are improved and disease problems can be
overcome. On the other hand, slower than expected
diffusion and adoption of livestock technology, cou-
pled with a rapidly growing macro-economy could
transform China in a major market for future meat
exports.

The projections in this paper have assumed no pol-
icy changes in China or elsewhere. Events such as
China’s recent accession to the WTO suggest further
research that can build on that reported here. The
literature at present offers conflicting conclusions
about the impact of WTO accession, ranging from
China becoming a major net exporter of pork and
poultry, to predictions of substantial meat imports.
Combining our productivity convergence analysis
with improved analyses of trade liberalisation im-
pacts should further illuminate the continuing debate
on China’s future role in the global livestock econ-
omy.
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