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1 Introduction

This technical annex provides a description of the bilateral trade decomposition model used in
the report ‘South America: An emerging competitor for Australia’s beef industry’

(Hyde et al. 2016). The report focuses on the beef industries of Brazil, Argentina, Uruguay,
Paraguay and Australia. There are two objectives. The first is to assess the main drivers behind
growth of beef exports from each country between 2000 and 2014. The second is to project the
value of beef exports between 2014 and 2030 under three policy scenarios.

A bilateral trade decomposition model was designed to quantify the historical drivers of beef
exports from Australia and its major competitors in South America, with the aim of drawing
implications for projections of future bilateral trade flows. Projections are determined from
2014 to 2030 that are indicative of the prospects for both regions to expand their exports. In
addition, further scenarios have been developed to assess the effects of changes in policies on
the projection. These policy changes include

removal of Argentine agricultural export restrictions
improved market access for South American beef exports
improvements in domestic transport infrastructure in Brazil and Australia.

Chapter 2 provides an overview of the model and key assumptions. Chapter 3 contains a detailed
algebraic description of the technical features and the closure of the model, and Chapter 4
outlines data sources and other techniques applied to the exogenous data.
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2 Modelling approach

This section outlines the partial equilibrium model used in Hyde et al. (2016) and expands on its
concept and methodology. The model is comprised of a set of simultaneous behavioural
equations which can be used to undertake two forms of analysis. In the first instance, the
decomposition analysis is applied to historical data to separate export growth from 2000 to
2014 between four key drivers. The model is then used to project beef export growth between
2014 and 2030 under a baseline and three policy scenarios.

The model assumes all beef from each exporting region is a homogeneous product. That is, the
model does not differentiate between high and low-quality beef. Beef is differentiated in import
markets by region of origin. For simplicity, the model covers boxed and carcass beef only. It
excludes highly processed beef and exports of live cattle.

Some beef importing countries are combined into regions for simplicity, while others are
explicitly defined. These countries and regions are identified and discussed in Chapter 4.

The decomposition model analyses historical beef trade data to identify and compare the main
drivers of beef export revenue growth in constant 2000 domestic currency in the selected South
American countries and Australia. It quantifies the channel through which each of these drivers
played a role between 2000 and 2014.

The four export drivers are:

export supply costs
market access
real exchange rates

income growth.

Export supply costs

The export supply costs driver captures a range of factors that affect the cost of exporting beef.
These costs are a key determinant of the competitiveness of beef exporting countries as they
affect the relative export prices of different countries. For example, a technological improvement
in a region’s production process allows producers to supply beef to the export market more
cheaply.

Examples of factors that change export supply costs are:

improvements in on-farm productivity

a disease outbreak, affecting the availability of slaughter cattle

lower transport costs following investment in infrastructure

adverse seasonal conditions, such as a drought, affecting slaughter cattle availability
changes to government regulations.

These factors are not specified in the model but describe the influences behind changes in export
supply costs more generally.
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Export supply costs are split into two separate categories in the decomposition analysis: 'own
export supply costs' and 'competitor export supply costs'. Own export supply costs for a given
exporter are based on changes to that region’s export supply costs. An increase in own export
supply costs would reduce demand for that region’s exports and cause export revenue to fall.

Competitor export supply costs reflect the contribution to a given region’s exports from changes
in export supply costs in all other exporting regions. For example, in the case of Brazil, if other
regions experience an increase in supply costs, there would be a positive effect on Brazil's
exports because, everything else being equal, Brazil’'s export price would be comparatively
lower.

For ease of reading, graphical representation of results presented in the paper are displayed as
the net result of own and competitor export supply costs. Supporting tables identify the separate
contribution of own and competitor export costs.

In Chapter 3, export supply costs are discussed in terms of technical advance. An improvement
in technical advance lowers export supply costs and vice versa.

Market access

The market access driver captures changes to the cost of exporting beef from one region to each
importing region. Implicitly, market access is the sum of tariff barriers and the tariff equivalent
of non-tariff barriers and transport costs. Market access is affected by changes to:

trade barriers, such as import tariffs, export taxes, tariff-rate quotas and sanitary or
phytosanitary (SPS) regulations

non-tariff barriers, including embargoes and sanitary requirements
transport costs.

As with export supply costs, market access costs are split into two separate categories for the
purpose of this analysis—own market access costs and competitor market access costs.

Real exchange rates

Movements in the bilateral exchange rate between the local currencies of each exporter and
importer also influence export performance by changing the relative import price of different
suppliers. A lower real exchange rate makes a region’s exports more competitive relative to its
competitors (in US dollar terms), and vice versa. More detail on the method used to account for
real exchange rates is provided in Chapter 3.

Real exchange rates are also split into two separate categories for the purpose of this analysis—
own real exchange rates and competitor real exchange rates.

Income growth

In the model, income growth is included to reflect changes in beef import demand, since higher
incomes increase the demand for beef. For example, an increase in a region’s exports may occur
because of stronger demand from a beef importing region, which has resulted from rising
incomes over time.

Growth in the real gross domestic product (GDP) in beef importing regions is used as a proxy for
income growth.
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The second part of the analysis is the extension of the model to generate baseline projections of
potential future beef export growth for Australia and the selected South American countries
from 2014 to 2030. The baseline projection assumes no policy changes over the projected
period, although it does include outcomes from recent free trade agreements and the Trans-
Pacific Partnership agreement. Other assumptions include projections of income and
technological progress.

Three additional scenarios which assume a policy change in one or more of the selected beef
exporting countries and in Australia are subsequently investigated. These scenarios are:

removal of Argentine agricultural export restrictions
improved market access for South American beef
improvements in domestic transport infrastructure in Brazil and Australia.

The scenario analysis is undertaken in order to generate estimates of the potential effects of the
policy changes on future export growth relative to the baseline. The results from each policy
scenario are compared with the baseline results in order to estimate the relative direction and
magnitude of the change in real export values.

Economic assumptions

The projections of beef exports use the same model as the historical decomposition analysis.
Assumptions about the future of the global economy and trade agreements, derived from
external sources, are applied. Specific assumptions about projected growth rates for the main
export drivers—export supply costs, market access, real exchange rates and import demand—
are outlined below.

Export supply costs

In the historical analysis the export supply cost driver captures more than the effects of
productivity growth alone. It picks up changes in effective input use, such that an outward shift
in export supply is either from improved input productivity, reduced input costs or both. In the
model, the export price is the full unit cost of the product from farm gate, including light
processing and transport to the export border. This includes any export tax or subsidy incurred.

However, for the projections, productivity growth is used as the proxy for changes in export
supply costs since changes to input costs, including from the effect of seasonal conditions, are
unpredictable. Productivity growth is assumed to be constant over the medium term.

In the baseline projection scenario, productivity assumptions vary by exporting region. Because
a consistent series of beef sector productivity growth estimates across regions is not available,
the analysis uses average annual agricultural total factor productivity (TFP) growth between
2001 and 2012 for each projection year ( ).
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Exp_orting Australia Argentina Brazil = Uruguay Paraguay EU North  India New
region America Zealand
unit % % % % % % % % %
Productivity 1.60 0.51 3.23 2.01 0.19 1.28 1.96 2.32 0.98
growth
Sources: USDA-ERS 2015, ABARES calculations
Market access
Market access is assumed to remain at its 2014 level in the baseline projection. In general, no
additional market access is assumed, including for countries actively attempting to reopen
markets (for example, Argentina and the United States). However, the baseline projection does
include Australia’s free trade agreements (FTA) with China, Japan and the Republic of Korea,
which do not appear in the historical decomposition as they were not in force in 2014. These
agreements will further improve market access for Australia over the projection period. Other
agreements explicitly included are the Trans-Pacific Partnership agreement and the Republic of
Korea’s FTAs with the United States and the European Union.
Real exchange rates
Real exchange rates are assumed constant at their 2014 average.
Import demand
Economic growth drives beef import demand in the model. For this analysis, GDP growth
projections between 2015 and 2020 from the International Monetary Fund (IMF 2015) are
extended to 2030 ( )- Real GDP growth for each region is an average of the countries
within that region, weighted by the share of regional GDP.
Importing region China EU North  ASEAN North  Middle Russian  Hong Rest of
Asia America East Federation Kong South
America
unit % % % % % % % % %
Income growth 6.3 1.9 1.6 5.4 2.3 4.2 1.9 31 3.0

Source: IMF 2015

Scenario overview

Scenario 1 Removal of Argentine agricultural export restrictions

Despite being the fourth largest beef producer in the world, Argentina is only a relatively minor
exporter. The majority of beef production is consumed domestically because exports have been
limited by export taxes and quantitative restrictions. Argentina’s restrictions on beef exports
were lifted in December 2015 and this scenario explores potential changes to beef trade.

The baseline projection assumes the continuation of Argentina’s agricultural export restrictions.
This scenario is modelled by removing the constraints on Argentina’s exports. The quantitative
export restriction constraint is removed and Argentina’s export taxes are reduced to zero, which
allows Argentina’s beef exports to increase in response to global demand. This scenario also
examines the impact of removing Argentina’s restrictions on the other selected countries' beef

exports.
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The scenario is modelled by decreasing Argentina’s export supply costs, which occurs because
the removal of the restrictions allows for higher export supply. Average annual productivity
growth, used as a proxy for declining unit export costs, is 4.96 per cent a year between 2014 and
2030 in this scenario, compared with the baseline average annual productivity growth of

0.51 per cent.

Scenario 2 Improved market access for South American beef

This scenario explores the effects of improved market access for South American beef exports to
regions that currently either restrict or ban imports because of foot and mouth disease (FMD),
including Japan, the Republic of Korea and the United States.

There are three parts to this scenario:
improved access for South America to China-Hong Kong and ASEAN
improved access for South America to North America and North Asia
improved access for South America to all four regions.

These scenarios are modelled by gradually improving market access for South American
exporters in the relevant markets. By 2030, each country’s access is set equal to the most
favoured nation (MFN) tariff rates faced by other beef exporting regions.

Scenario 3 Improvements in transport infrastructure in Brazil and Australia

The effects of improvements in transport infrastructure in Brazil and Australia are examined
through two separate scenarios.

The scenarios assume an increase in Brazilian and Australian infrastructure investment,
respectively. Under each scenario the projected changes to Brazil and Australia’s beef exports in
2030 are compared with the baseline in which infrastructure efficiency does not increase.

Both scenarios are modelled as a 15 per cent reduction in transport costs in 2030 compared
with 2014 for the given country, compared with the baseline. As transport costs are a larger
share of export supply costs in Brazil, this equates to modelled export supply costs being around
8 per cent lower in 2030, while Australian export supply costs are around 6 per cent lower.
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3 Technical features and
implementation

The bilateral trade decomposition model, used in Hyde et al. (2016), is documented in algebraic
form below. The model is used to assess recent history as well as project future beef exports
from South America and Australia by using recent historical data. Beef export revenues are
obtained from simulating a structural simultaneous equation model of bilateral beef trade flows
across international borders. In the model, real export revenue is considered proportionate to
real profit, or producer surplus, for beef exporting firms.

The choice of modelling features reflects the analytical needs of the study. The model used is in a
structural form and applied to bilateral trade of a single good. Importers regard products from
different regions as different goods, but exporters charge the same price for a product sold to
different markets. This allows an importing region to import from different exporting regions at
different prices, implying differences in product quality or consumer preference based on region
of origin.

The technique used to simulate historical outcomes is taken from the computable general
equilibrium literature (see the discussion of closures in Dixon, Koopman & Rimmer 2012). The
model contains a system of simultaneous equations explaining bilateral trade in a single good,
with four types of shocks driving changes in bilateral trade and real export revenue (as
described in Chapter 2).

Avoiding the complexities caused by volatile data is a key reason for adopting the deterministic
decomposition approach rather than an econometric approach. The ‘on or off switching of trade
routes causes complexity in econometric estimation of structural gravity models (see the
introduction to gravity theory and estimation in Head & Mayer 2013 and the discussion on
treatment of zeros in Burger, van Oort & Linders 2009).

A further advantage of this approach is the relatively small dataset required—bilateral trade
data, common macroeconomic data and selected assumptions concerning price and income
elasticities. This is in contrast to other competitiveness indicators, which often require datasets
that may be less easily available or not comparable between regions.

Feenstra’s restricted translog expenditure share system is used in place of the Armington
parameterization to capture substitution between import suppliers (Feenstra 2003; Novy 2011).
The Armington approach to model import demand (Armington 1969) is used in the standard
GTAP model (Hertel 1997) as well as previous ABARES bilateral trade models. Compared with
the Armington approach, Feenstra's parameterization restricts share, rather than quantity
substitution, to one common cross term referred to as gamma.

The advantage of using the restricted translog approach in the model is that it will easily capture
a significant structural shift in import volume (from zero to a large volume or to zero from a
large volume), given relative price changes. This ‘on or off’ switching of trade routes is common
in agricultural commodity markets and is not possible under an Armington approach.
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There are four factors or drivers that explain annual changes in real export revenues. They are
1. export supply costs
2. import demand (or income growth)
3. border costs, which are divided into
i.  market access factors, and
ii.  the real bilateral exchange rate.

The export supply cost curve shifts down from a reduction in input costs. This occurs if inputs
are used more productively or if input prices fall. Shifting the curve downwards lowers export
supply costs and increases exports.

Trade volume also increases when real income growth shifts the aggregate export demand curve
out. Prices increase as a result if there is no corresponding shift in the supply curve.

Market access includes the ad valorem import tariff as well as the tariff equivalent of non-tariff
barriers and imputed transport costs. The border cost term incorporates all costs to move
product from the exporter to the importer.

The modelled import price is the export price marked up by the border cost. An appreciation in
the real exchange rate for an exporter is equivalent to an increase in the border cost.

Model settings

The historical and projection simulations share a common framework. The historical analysis is
undertaken in two settings:

the ‘decomposition’ setting
the ‘standard’ setting.

The projection simulations use the standard setting and are most readily understood, hence they
are discussed first. In the standard setting, a simulation is undertaken by imposing one or more
shocks to the drivers on a baseline model. The effects of these shock on bilateral trade volumes
and export revenue are then compared with those in the baseline. In so doing, the impact of the
drivers (the exogenous variables) on bilateral trade and export revenue (the endogenous
variables) are traced. For the projections, the baseline comprises a number of shocks to generate
a likely path for the endogenous variables over time. Any alternative simulations involve
changing one or more economic conditions, including trade policy measures, and examining the
deviation of the endogenous variables from the baseline path.

The purpose of the historical decomposition analysis is to estimate the contribution of a set of
exogenous drivers to the change in bilateral trade volumes and export revenue between 2000
and 2014. The contribution is expressed as a share of the change that occurred to these
variables. Specifically, the contribution can be interpreted as follows: x per cent of the historical
change in variable y is the result of the observed change in driver z.

In the historical decomposition analysis the magnitude by which the drivers affect trade flows is
first determined by running the model in the decomposition setting. In this setting, bilateral
trade volumes and export revenues are exogenous and are the difference between 2014 levels
and 2000 levels (the base year). The contribution of the export drivers (described above) to the
trade flow changes are calculated by the model. The simulation then is rerun in the standard
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setting with the driver contributions applied as exogenous variables. The bilateral trade volume
and export revenue results are generated endogenously in this setting.

The second step involves apportioning the drivers’ shocks (the exogenous variables) to the
endogenous bilateral trade volume and export revenue results. In so doing, the change in these
variable over the period 2000 to 2014 are explained by the each of the drivers. If there were
only one driver (and hence only a single shock), then only a single simulation would be
necessary because the contribution of that driver would explain 100 per cent of the observed
change in the variable of interest. However, with two or more drivers, it is necessary to use a
suite of standard simulations to build up the functional profile between the shocks and the trade
volume and export revenue outcomes. This is required in order to take into account any
interaction between the drivers and their combined impact on trade volumes and export
revenue.

Decomposition technique

The standard decomposition approach is to select a logical ordering for the shocks and measure
the effect on real export revenue of adding each additional shock until all drivers are included.
The idea is to sum alternative pasts to obtain the past in a single sum.

However, the results are sensitive to the choice of sequence—applying the shocks in different
orders affects the relative contribution of each shock. Harrison, Horridge & Pearson (2000)
propose a ‘straight line integral’ approach that avoids the conditional results from specific
sequencing by applying each shock simultaneously in small increments. This approach is used in
the ‘standard’ analysis, following the approach applied by Bohringer & Rutherford (2003), which
involves an outer and inner loop of ‘standard mode’ simulations.

Although results are reported in terms of aggregate shocks (for example, to export supply costs),
the model applies a large set of small shocks—for example, the change in export supply costs for
each individual region is an individual shock. These are then aggregated ex post into the results
reported in the paper. Analysing these individual shocks provides further information as to what
drove real export revenue for a given region.

The model is implemented in the General Algebraic Modeling System (GAMS) using the PATH
solver. In GAMS, sets, parameters and variables of the model are first defined, followed by a
declaration of the simultaneous equations that constitute the model. Features of the modelling
closure are discussed below, while data sources and regional aggregation are described in
Chapter 4.

The model is presented below without an explicit time dimension. However, change over time is
modelled by imposing a single or multiple loop of time periods defined by the exogenous
variable shocks, which runs from 2000 to 2014 in the historical application. All variables are
expressed in index form with a base year of 2000.

Price indexes for the historical analysis are measured in base year real domestic currency. For
the projections analysis, price indexes are measured in base year 2014 US dollars. Real bilateral
exchange rates are held constant, as discussed further in Chapter 4.

The sets r, r2 and r3 refer to the importing and exporting regions included in the model, as
defined in Chapter 4.
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Parameters

Parameters are calibrated at the beginning of the model run and are held constant in equations

( ):

Dummy variables

dvtr(r2,r) dummy variable, value is 1 if trade flow is modelled from exporting region r2 to importing
’ regionr

dvexp(r2) dummy variable, value is 1 if aggregate exports are modelled for region r2

dvimp(r) dummy variable, value is 1 if aggregate imports are modelled for region r

Behavioural parameters

ed(r) price elasticity of aggregate import demand in region r

ey(r) income elasticity of aggregate import demand in region r

es(r) price elasticity of aggregate export supply from region r

change in the expenditure share on import from r2 to r per log change in the price of import

amma(r2,r3,r
& ( ) fromr3tor
Share parameters

scshmv(r2,r) base year expenditure share of exporter r2 in importer r’s total imports

scshexvol(r,r2) base year volume share of r2 in r’s total exports

Endogenous variables

Endogenous variables are specified as solutions to the simultaneous equations and their values
are calculated by the model ( ).

Endogenous variables

qmgi(r) aggregate import demand index by region r
pmgri(r) aggregate import price index in region r
shmv(r2,r) import expenditure share from regionr2 tor
qtri(r2,r) bilateral trade flow from regionr2 tor
pmri(r2,r) import price index from regionr2 tor
peri(r) export supply price index from region r
qei(r) aggregate export supply from region r

10
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Exogenous variables

Exogenous variables are specified to reflect external shocks. In simulations, they are derived

from external sources—either historical data or by assumption ( ).
Exogenous variables
xyinci(r) real income index/import demand shifter on aggregate import demand by region r
bci(r2,r) border cost index comprising reri and ttctxpowi
reri(r2,r) real bilateral exchange rate index on bilateral trade flow r2 to r—an increase is a real

appreciation of currency r2 against r

ttctxpowi(r2,r) index of the power of the effective border tax, the ad valorem tariff and tariff equivalent of
non-tariff and unit transport border costs on bilateral trade flow r2 to r

ttechi(r) technical change/export supply shifter on aggregate export supply from region r

Model equations

The model consists of seven groups of equations. The equation names are at the left hand side of
the formulas below, while the equation itself is to the right of the double dots. Dollar sign
commands (for example, ‘$dvimp’) are GAMS shorthand for ‘if’ functions. For example,
‘qgmgieq(r)$dvimp’ implies that the equation ‘qmgieq(r)’ only applies for values of ‘T’ where
dvimp(r) is not equal to zero.

Generally, equations are solved with respect to the variable named in the equation. Exceptions
are noted at the end of this section.

Aggregate import demand function
qmgieq(r)$dvimp(r).. gqmgi(r)=(pmgri(r)**ed(r))* (xyinci(r)**ey(r))

Aggregate import demand refers to import demand for the product from all suppliers. Demand
decreases with higher aggregate price and increases with higher real income. In the applications,
price and income elasticities of aggregate import demand are based on ABARES assumptions.
The default own-price demand elasticity is -1.5, while the default income elasticity is 0.5.

Aggregate import price function
pmgrieq(r)$dvimp(r).. pmgri(r)=prod(r2$dvtr(r2,r),pmri(r2,r)**shmv(r2,r))
The aggregate import price index is defined as a Stone Geary index or a geometric weighted

average of the real import price indices from each exporter. The weights are the import cost
shares. This equation provides a linear approximation of the translog functional form.

Import expenditure share

shmveq(r2,r)$dvtr(r2,r)..
shmv(r2,r)=scshmv(r2,r)+sum(r3$dvtr(r3,r),gamma(r2,r3,r)*log(pmri(r3,r)))

Once the importer decides on the aggregate demand, the value share of total imports from each
source is allocated according to the translog form (Berndt 1991, chapter 9) depending on their
relative import prices.

A region’s import expenditure share increases if the relative price of imports from that region
falls, and vice versa. If there are no relative price changes, the shares are constant at the base

11
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value. Gamma refers to the translog slope term and is unique to each pair of exporting regions in
a given importing region. If gamma equals zero, the shares are constant and the function is in
Cobb-Douglas form.

Import shares must sum to unity. This is imposed by choosing one region’s import share (the
reference region) as the residual. It is necessary that the reference region trades in every year
for the analysis, so the reference region is chosen to be the region with the largest expenditure
share in the base year by default. If that region does not export in every year, the reference
region is adjusted manually.

As only relative prices matter, the gamma term for each importing country must sum to zero.
This is imposed by expressing each export region’s price relative to the price of imports from the
reference region. In this exercise, the gamma term is restricted using Feenstra’s approach (see
Feenstra 2003 and Novy 2011) to a common cross-price and common own-price term for each
import region. The default value for this model is 1. The cross-price term is the general term
divided by the number of possible trade sources. The own-price term is the cross-price term
multiplied by the number of trade sources minus one.

Bilateral trade flow index

qtrieq(r2,r)$dvtr(r2,r).. scshmv(r2,r)*pmri(r2,r)*qtri(r2,r)=shmv(r2,r)*pmgi(r)*qmgi(r)

The import expenditure share for a trade flow is the specific import expenditure for that region
divided by aggregate import expenditure.

Import price index definition
pmrieq(r2,r)$dvtr(r2,r).. pmri(r2,r)=peri(r2)* bci(r2,r)

where:
bci(r2,r)=reri(r2,r)*ttctxpowi(r2,r)

The import price index is the export price index times the border cost index. The border cost
increases if the real bilateral exchange rate appreciates (in terms of the exporting region’s
currency) or the power of the effective border tax rises. Border costs are defined as the sum of
the ad valorem tariff and the tariff equivalent of non-tariff trade and transport costs.

Export supply function
perieq(r)$dvexp(r).. geri(r)=(peri(r)**es(r))*ttechi(r)

Export supply increases with the real export price and an outward shift in technology. The
default value for the export price elasticity (es) is 2. A 1 per cent increase in the technology index
produces a 1/es per cent fall in export cost (if the export quantity is unchanged) or a 1 per cent
increase in exports (if the export price is held constant).

Export balance
qeieq(r)$dvexp(r).. qei(r)=sum(r2$dvtr(r,r2),scshexvol(r,r2)*qtri(r,r2))

The export balance equation ensures that aggregate exports from a region equal the sum of the
bilateral trade flows from that region to all importing regions.

12
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In the applications, the model is run in either standard or decomposition mode, as described in
the modelling features section. The above categorisation of the model variables as endogenous
and exogenous is for the standard closure mode, which is the default mode for a counterfactual
simulation, such as the forward projections.

In contrast, in the decomposition mode the export price index and the trade flow indexes
become exogenous (set to the observed bilateral trade data) while the technical change and
border tax indexes become endogenous (determined in the model).

In the standard closure, all equation names are associated with the corresponding variable
names. That is, the equations are solved by changing the value of the corresponding variable.
However, in the calibration mode there are three exceptions:

1. The export price index equation (perieq) is associated with the technical change index
(ttechi). The technical change index for each region is thus calibrated to fit the observed
export price series.

2. The import quantity equation (qtrieq) is associated with the real import price index
(pmri). This generates an import price series, which is not explicit in the observed data.

3. The import price equation (pmrieq) is associated with the border costs index (ttcxpowi).
The border costs index for each bilateral pair of regions is thus calibrated to fit the
import price series generated above.

Movements in the real income index and real bilateral exchange rate are set exogenously in all
applications. These are observed macroeconomic variables determined outside of the model.

13
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4 Data treatment

The trade data used in this analysis is sourced from UN Comtrade (United Nations Statistics
Division 2015), which provides volume and value of annual bilateral trade in beef, expressed in
current US dollars. The exporter is used as the reporter for the years 2000 to 2014, with
coverage over two Harmonised System (HS) 4-digit headings 0201 and 0202 (fresh and frozen
beef and veal). The bilateral trade data was cleaned to remove minor trade flows and aggregated
into the regions outlined in . Intra-regional trade flows were also removed.

Bilateral export values in US dollars were converted to domestic currency using the annual
average exchange rate in index form. The resulting values were deflated according to the
exporters’ consumer price index. The average real export price is the total export value from the
region divided by the total export volume.

The real bilateral exchange rate formula follows from recognizing the export series is in real
domestic export currency and needs to be converted to real domestic import currency.
Abstracting from the border tax for simplicity, the export series is multiplied by the nominal
exchange rate (importer currency per unit of export currency), and then multiplied by the
export inflation and divided by the import inflation.

The nominal exchange rates were sourced from the IMF as reported in the World Bank’s World
Development Indicators Data Base (World Bank 2015). The consumer price and real GDP indices
for each country are sourced from the IMF World Economic Outlook (WEQ) database in the
October 2015 update (IMF 2015). The percentage growth rate for the region as a whole is the
sum of the purchasing power real GDP weighted average sum of the growth rates in the
individual indexes for the countries in that region. The purchasing power weights are also
sourced from the WEO database.

In calculating the base year import expenditure shares used in the translog form, the base year
import values are approximated by the corresponding free-on-board export values. The import
price index is then determined in the model.

The aggregation of export and import regions reflects the research objective to analyse
international competition between Australia and South America in the world’s beef trade. This
competition is both direct (in the same destination market) and indirect (a third region
competes with Australia or South America in either country’s main export markets). In
particular, nine export regions and eight import regions are separately identified in the model

( ).
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Region Abbreviation = Region type Coverage
Argentina ARG Exporter Argentina
ASEAN ASEAN Importer Brunei Darussalam, Cambodia, Indonesia, Laos, Malaysia,
Myanmar, Philippines, Singapore, Thailand and Vietnam.
Australia AUS Exporter Australia
Brazil BRZ Exporter Brazil
China-Hong CHN-HKG Importer China and Hong Kong
Kong
European EU Importer and EU-27: Austria, Belgium, Bulgaria, Cyprus, Czech Republic,
Union exporter Denmark, Estonia, Finland, France, Germany, Greece,

Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
the Netherlands, Poland, Portugal, Romania, Slovak Republic,
Slovenia, Spain, Sweden and the United Kingdom

India IND Exporter India

Middle East MID Importer Bahrain, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon,
Oman, Qatar, State of Palestine, Saudi Arabia, Syria, United
Arab Emirates and Yemen

New Zealand NZL Exporter New Zealand
North America NAM  Importer and United States, Canada and Mexico
exporter
North Asia JPKR Importer Japan and Republic of Korea
Paraguay PARAG Exporter Paraguay
Rest of South RSAM Importer Bolivia, Chile, Colombia, Ecuador, Falkland Islands, French
America Guiana, Guyana, Peru, Suriname and Venezuela
Russia RUS Importer Russian Federation, Ukraine and Belarus
Uruguay URUG Exporter Uruguay

Australia and the South American countries of Brazil, Argentina, Uruguay and Paraguay are
identified as major beef exporters. Importing regions of importance to Australia are mainly in
Asia or North America. Here, North America comprises Canada, Mexico and the United States.
For Australia there are three Asian import regions of major interest that are separately
identified. The highest quality beef product is typically demanded by Japan and the Republic of
Korea. These two countries are joined together into the North Asia region. Lower-quality
product is sold to North America and this import region is also identified. The remaining major
export destinations for Australian beef in recent history are ASEAN and China-Hong Kong.

For the South American exporters, major export destinations also requiring separate
identification in the model are the European Union, China-Hong Kong, the Middle East, Rest of
South America and Russia. The European Union is identified as EU-27 in all time periods and
Russia comprises the Russian Federation, Ukraine and Belarus.

North America is identified separately as it is an important exporter to China-Hong Kong and
North Asia. The European Union is identified separately as it is an important exporter to the
Middle East and Russian markets, as well as a major importer. India, which produces buffalo
product, is separated as an exporter due to its significance in ASEAN and the Middle East. New
Zealand is included mainly to account for exports to ASEAN, China-Hong Kong and North
America.
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The model simulations cover both the past and the future. The past is defined in the model
applications as the change over the period 2000 to 2014.

The model can be run over periods of increasing length from the base year. That means each
year can be compared to the base year of 2000 and the annual change can be calculated over
adjacent periods. In this report, results from 2014 are compared only to the base year 2000 and
not to adjacent periods.

The future is defined as the change over the period 2014 to 2030. The model can be run
annually, with shocks updated each year. For simplicity in the forward projections, the real
bilateral exchange rates are held constant at the 2014 values against the US currency and the
analysis is conducted with real price indexes measured in constant 2014 US dollars. Exogenous
projections for real income growth are sourced from the IMF. Technical change shocks reflect
average productivity growth rates calculated by the USDA over the past decade (USDA-

ERS 2015), except for Australia, where ABARES assumptions are used.

The treatment of the real bilateral exchange rate in the model requires further explanation. The
traditional approach in general equilibrium modelling is to subsume the real exchange rate in
the analysis and not report it separately. Analysis is done in a common international currency,
which is usually real US dollars. The trade data for each year is given in a single currency,
adjusted for inflation by a common price series so that values are in real terms. In this case, the
real exchange rate index in the model is set to 1 in all years. This approach is common in multi-
region whole-of-economy models, such as in the standard GTAP model, where values are often
expressed in base year US dollars (Hertel 1997).

However, as the focus of the bilateral decomposition model is on relative competitiveness, and
exogenous changes in real exchange rates have effects on price competitiveness, the analysis
would be incomplete without acknowledging these effects. The analysis was therefore done with
the real bilateral exchange rate as a separately identified border cost component from the
border tax component. In this case, aggregate exports from a region and import prices to a
region are measured in the model in the relevant region’s base year real domestic currency.

Note that the technical change indexes will be different in the historical decomposition
depending on which approach is taken. This is because the value of the technical change index is
determined uniquely from the export price equation ‘perieq’, where the export quantity is given.
However, the export price can be presented in either real US dollars or a domestic currency.

16



The ABARES bilateral trade decomposition model ABARES

5 References

Armington PS 1969, ‘A theory of demand for products distinguished by place of production’, IMF
Staff Papers, no. 16, pp. 159-78.

Berndt,ER 1991, The Practice of Econometrics: Classic and Contemporary, Addison-Wesley,
Reading, Massachusetts.

Bohringer,C & Rutherford TF 2003, ‘Numerical implementation of the HHP Decomposition in
GAMS Models - An Illustrative Example’, available at ftp://ftp.zew.de /pub/zew-docs/div/ce-

decomp.pdf (pdf 17kb).

Burger, M], van Oort, FG & Linders, GM 2009, ‘On the specification of the gravity model of trade:

zeros, excess zeros and zero-inflated estimation’, Spatial Economic Analysis, vol. 4, no. 2, pp. 167-
190.

Dixon, PB, Koopman, RB & Rimmer, MT 2012, “The Monash style of computable general
equilibrium modelling: A framework for practical policy analysis’, pp. 23-103, in Dixon,

PB & Jorgenson, DW (eds) Handbook of Computable General Equilibrium Modeling, Elsevier,
North-Holland, United States.

Feenstra, R 2003, ‘A homothetic utility function for monopolistic competition models, without
constant price elasticity’, Economics Letters, vol. 78, no. 1, pp. 79-86.

Harrison, W], Horridge M & Pearson, KR 2000, ‘Decomposing simulation results with respect to
exogenous shocks, Computational Economics, vol. 15, no. 3, pp. 227-249.

Head, K & Mayer T 2013, ‘Gravity Equations: Workhorse, Toolkit, and Cookbook’, CEPII Working
Papers, no. 27, available at cepii.fr.

Hertel, T (ed.) 1997, Global Trade Analysis: Modeling and Applications, Cambridge University
Press, Cambridge, United Kingdom.

Hyde, M, Thorpe, S, Waring, A, Moir, B & Gunning-Trant, C 2016, South America: an emerging
competitor for Australia’s beef industry, ABARES research report no. 16.14, Canberra, December,
available at agriculture.gov.au/abares/publications.

IMF 2015, ‘World Economic Outlook Database’, International Monetary Fund, available at
imf.org/external/pubs/ft/weo/2014/02 /weodata/index.aspx, accessed 11 November 2015.

Novy, D 2013, ‘International trade without CES: Estimating translog gravity’, Journal of
International Economics’, vol. 89, no. 2, pp. 271-282.

UN Statistics Division 2015, ‘United Nations Commodity Trade Statistics Database (UN
Comtrade)’, United Nations, New York, available at comtrade.un.org/db/default.aspx, accessed
20 November 2015.

USDA-ERS 2015, ‘International agricultural productivity’, Economic Research Service, US
Department of Agriculture, available at ers.usda.gov/data-products/international-agricultural-
productivity.aspx.

World Bank 2015, ‘World Development Indicators’, World Bank, available at
data.worldbank.org/data-catalog/world-development-indicators, accessed 20 November 2015.

17


ftp://ftp.zew.de/pub/zew-docs/div/ce-decomp.pdf
ftp://ftp.zew.de/pub/zew-docs/div/ce-decomp.pdf
http://cepii.fr./
http://www.agriculture.gov.au/abares/publications
http://imf.org/external/pubs/ft/weo/2014/02/weodata/index.aspx
http://comtrade.un.org/db/default.aspx
http://www.ers.usda.gov/data-products/international-agricultural-productivity.aspx
http://www.ers.usda.gov/data-products/international-agricultural-productivity.aspx
http://data.worldbank.org/data-catalog/world-development-indicators


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



