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The modelling approach
1.
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GTAP model and modifications

The model used in this supplement is a modified version of the GTAP model, a multi-country, multi-sector general equilibrium model of the global economy (Hertel 1997).
 The main features of the model are outlined in box 
1.1. 

The model has been used widely to examine the effects of changes in tariffs, trade barriers and industry assistance arrangements across countries. The sectoral and regional detail of the model makes it particularly useful for the analysis of policies that have different effects across activities and countries. Like all models of economic activity, GTAP embodies some simplifying assumptions. Some limitations relevant to this study are outlined in box 
1.2. While the results of any economic modelling need to be interpreted carefully, the multi-country nature of the GTAP model and its rich sectoral detail make it well suited for comparing the relative magnitudes of the potential effects of different changes in tariffs and other economic factors across countries.
The GTAP model produces projections of changes in economic values that are attributable to the shocks modelled, abstracting from any other influences, such as other policy changes or autonomous growth. Any projected changes in trade patterns reported are therefore attributable to the shocks as modelled and can be interpreted as the projected contribution of the modelled policy changes, given modelling assumptions, to movements in trade that might be observed. 

As a deterministic model, the GTAP model produces point estimates. Although they are subject to uncertainty, in common with most studies of this nature and in the absence of relevant empirical information, no attempt has been made to estimate confidence intervals. 
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Main features of the modified GTAP model

	· A ‘representative household’ in each region maximises a Cobb-Douglas utility function by allocating total regional income between private consumption, public consumption and savings. The ‘super household’ budget constraint consists of income from factors and from commodity taxes. Income taxes are not modelled. 
· Households are assumed to save a fixed proportion of the value of regional income. Savings from each country can be invested domestically and abroad. The ‘global bank’ in the standard GTAP model is replaced, in the modified model, by a constant elasticity of transformation supply function to investment funds across regions. These modifications make it possible to model the effects of trade and investment liberalisation on regional economies and to trace investment flows bilaterally between regions. 
· As the aggregate value of government expenditure in each region is modelled as varying with household income, it is not linked to tax revenue and government budgets are not modelled explicitly. This implies that the fiscal balance has no impact on model results.
· The allocation of private consumption is modelled using a constant difference in elasticities (CDE) function, in which the price and income elasticities of demand vary in response to changes in prices and aggregate expenditure. The allocation of government expenditure is governed by a Cobb-Douglas function. 

· The demands of producers, households and government for composite commodities are determined by their relevant behavioural functions. Composite commodities are formed through nested structures, with constant elasticity of substitution (CES) between imported and domestically produced goods and CES substitution between imports from different countries (the ‘Armington’ assumption). The demand for commodities at each level in the nesting depends on relative prices and the relevant elasticity of substitution (the elasticities of substitution between imported goods originating from different countries are twice those between domestic and aggregated imported commodities).

· Producers in each region are divided into sectors (industries) and are assumed to minimise costs subject to a constant returns to scale production technology. They combine intermediate inputs and a primary factor bundle in fixed proportions to produce their output. Skilled and unskilled labour, capital and land are combined using a CES function to form a primary factor bundle. Goods and factor markets are assumed to be competitive and clear in equilibrium.

· Regional capital stocks in the standard GTAP model are replaced by CES aggregates of domestic and foreign capital stocks in the modified model. After-tax returns to foreign capital can be transferred to their owner regions as their offshore income.
· In some simulations, ‘tax’ revenues are interpreted as economic rents to factors additional to normal returns. 
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Some limitations and simplifications

	All models of economic activity require simplifying assumptions to operate. Box 1.1 outlines a range of assumptions used in this exercise. A particular strength of the GTAP model is its country and sectoral detail and the associated real resource flows. However, the standard GTAP model does not explicitly account for matters including: 

· economies of scale and scope in production; 

· heterogeneity within the products in the database; 

· financial flows and financial instruments; or 

· risk and uncertainty. 

The GTAP model and closure used in this supplement does, however, feature a stylized treatment of savings and investment behaviour.

Some commentators (for instance, Stanford and Conroy 2007) have argued that assumptions and parameter values commonly used in the CGE modelling of trade agreements — including those relating to employment levels, trade balances, product differentiation and capital mobility — call into question the results obtained. 

The objective of any economic modelling should be to provide insights relevant to the policy analysis at hand. The Commission’s CGE modelling in this supplement focuses on relativities in the long run (or ‘enduring’) changes in trade and investment flows, and associated changes in aggregates such as GDP, that can be attributed to different trade liberalisation scenarios. Thus, for example, it does not seek to track inter-temporal changes in aggregate employment, which would largely be determined by factors such as labour market arrangements and macroeconomic policies and conditions that are outside the scope of a trade agreement or reform. The economic environment (or model closure) used for the simulations is described below. More generally, while modelling results should always be interpreted carefully, taking into account the strengths and limitations of the model being used, the balance of feedback from the Commission’s modelling workshop supported the model used in this supplement as a suitable tool for helping to examine the policy questions under reference.

	

	


The model database and extension

The database used is an extended version of GTAP database version 7, which represents a 2004 base year.
 The standard database is comprised of 113 regional economies and 57 single-output industries. It is composed of:

· detailed input–output tables representing the industrial structure in each country;
· bilateral trade data for each of the 57 commodities; and
· measures of international transport costs (transport margins) to account for the difference between the border price of products in the source country (free on board or fob) and at the border in the country of use (cost including insurance and freight or cif).
Border protection on merchandise trade is included in the model in terms of tariff equivalents measured at the border of the importing country.
 Behind-the-border assistance, such as subsidies or price supports to agriculture and manufacturing industries, are included in the database but are not shocked in any of the scenarios. 
For the purpose of this supplement:

· 20 economies in the original GTAP database are retained with the remaining economies aggregated into five regional groupings to facilitate the computation process (appendix A); and
· all 57 industries in the original GTAP database are retained (appendix B).

The model theory was modified to account for bilateral capital flows to accommodate certain preferential scenarios. 

To accommodate the modified model, this 25-region version of the database has been extended to include two more sets of data:  

· a bilateral capital stock matrix to replace the regional capital stock vector that is present in the standard GTAP database, which does not identify the origin of the capital; and

· a bilateral saving and investment matrix to replace the regional saving vector that is present in the standard GTAP database. 
The modifications made to the GTAP model code and to the database are outlined in appendix C. Data to support these extensions were obtained from the International Monetary Fund’s Balance of Payments Statistics (IMF 2010) and UNCTAD’s Foreign Direct Investment (FDI) database (UNCTAD 2009).
Model closure (economic environment)
The variant of the GTAP model used in this supplement is a comparative-static model that compares the global economy with and without the changes applied, allowing for full adjustments across the global economy. As the model is comparative-static, it does not seek to trace the path through time by which adjustment occurs, or the length of the adjustment period. 
Within this comparative-static framework, the modelling results describe the potential longer-term effects of policies, that is, after the effects of a policy have had time to work through the global economy. The projected effects reflect those that might occur after capital and labour markets have fully adjusted (generally taken to be in the order of 10 or more years).
,

The longer-run economic environment for the modified GTAP model assumes that:
· The supplies of effective labour and land are fixed in each country. Within each country, labour is assumed to move between industries in response to differences in wages; ‘land’ is assumed to be mobile across designated agricultural land-using and resource industries.
 
· Factor prices (wages and returns to capital and land) in each economy adjust to ensure that there is no change in the ‘capacity utilisation’ implied in the model database for labour, capital and land.

· All tax rates are held fixed with tax revenue and the ratio of tax revenue to regional income adjusting in each country. 

The model closure used in this supplement allows the capital stock to adjust to its long-run equilibrium rate of return (closure A4, box 1.3), implicitly capturing the effects of the increased savings and investment that are induced by the modelled policy changes.
 Sensitivity of the results to this choice are reported in box 
1.3. 
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Choosing a suitable closure

	Reflecting the longer-run focus of the study, the closure used in this supplement is designed to capture some of the flexibility in the mobility of capital stocks that might be expected to exist over a longer time frame. 
In the long term, two assumptions can be used to represent adjustments in capital. 

1. Consistent with growth theory, it can be assumed that in a steady state, investment and capital grow at the same rate; that is, the ratio of capital to investment remains fixed. For example, if tariff reductions reduce the cost of investment goods, investment will increase and capital will increase correspondingly to keep the ratio constant. 

2. Alternatively, the capital stock might be assumed to adjust to maintain the original long-run rates of return. For example, if tariff reductions cause returns to capital in industry to rise relative to returns in other industries, capital will move into the industry until returns to capital return to the original levels. 
By contrast, a short-term environment might be one in which capital is assumed to move across industries within an economy to seek the highest return, but not across borders — this closure is traditionally adopted in GTAP simulations. A medium-term environment might be one in which capital is allowed to move between economies while the global stock of capital is assumed fixed 

The effects of these varying assumptions about capital adjustment in the GTAP model simulations are illustrated against a common scenario of a global reduction in tariffs below. 

Estimated effects of alternative closure assumptions — global reductions in tariffs

Australia

World

Closure

Real GDP

Export volumes
Import volumes
Global product

Total trade

RoRd
% change

% change

% change

% change

% change

% change

A1

K stock fixed globally and in each economya
0.12

5.16

5.88

0.24

5.14

0.2 – 24.0

A2

K stock fixed globally, mobile across economies
0.25

5.44

6.36

0.36

5.74

1.78

A3

Variable global K, fixed investment/capital ratiob
0.72

5.75

7.07

0.90

6.46

0.60

A4

Variable global K stock, fixed rates of returnc
0.94

6.32

7.15

1.18

6.84

0

a Standard GTAP closure. b Closure used in PC (2009). c Closure used in this supplement. d Changes in regional rates of return, which vary across regions in closure 1, but are modelled as the same across regions in other closures.

Source: Simulation results.                                                                                              (continued next page)
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(cont’d)

	The results show that, as constraints on the adjustment of capital are relaxed, global product and Australian real GDP are projected to increase.
 Most of the projected increases in trade are attributable directly to the tariff reductions; increasing capital mobility magnifies these effects through an expansion in the size of the economy.
· In closure A1, the effects of trade liberalisation are constrained by the assumption of fixed capital stock by region; all changes are due to a more efficient allocation of factors of production within each region.
· In closure A2, the reallocative effects of capital moving across regions to its most productive use result in more efficient patterns of production around the world and global trade and output are projected to increase, although the increase is limited by the assumption of a fixed global capital stock. 
· In closure A3, the level of global capital stock is allowed to vary, but the investment-to-capital ratio is assumed fixed.
· In closure A4, capital stock is modelled as adjusting at the regional and global levels until rates of return adjust back to their original (assumed) long-run rates. This increased mobility of capital results in projected increases in GDP of around one third greater than under closure A3.  
Projected changes in rates of return are consistent with the constraints on capital in each closure.
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Outline of scenarios modelled
The scenarios presented in this supplement are designed to illustrate the effects of policies that are often included in preferential trade and investment agreements. Other policy experiments (some non-preferential) are also included for comparison purposes. The illustrative scenarios include:

· preferential, unilateral and multilateral tariff reduction scenarios (in chapter 2); 

· a variety of sensitivity analyses (in chapter 3) of the possible effects of costs associated with:

· rules of origin;

· carve-outs of sensitive products and industries; and
· incomplete pass-through of bilateral tariff preferences (that is, duty-paid prices decrease by less than the margin of preference); 

· implementation of trade facilitation measures (chapter 4); 

· other trading partners reducing tariffs bilaterally (chapter 5); and
· reductions in barriers to foreign direct investment (chapter 6).
Detailed results tables, model and database modifications, and database aggregation tables are included in appendixes A, B, C and E.

The scenarios are intended to illustrate aspects of reductions in barriers to trade and investment between: 

· Australia and a small country;

· Australia and a large country;

· Australia and other members of APEC; and

· all regions across the globe.

Although simulations reported in this supplement are based on economic data included in the GTAP model, none of the simulations are intended to provide — or are capable of providing — an assessment of the effects of any specific agreement. In particular, the simulations should not be interpreted as being equivalent to ex-ante or feasibility studies of possible agreements. The results in this study also should not be taken as an ex-post assessment of the impact of any particular agreement. 

In the preparation of this supplement, it has been recognised that the prospective effects of some agreements have been modelled elsewhere in advance of negotiation or signing. Appendix D outlines some of these studies of Australian preferential trade agreements as background to the analysis reported in this supplement. However, a comparison between results presented in this supplement and in those studies is not made; nor would it be appropriate. Rather, the scenarios in this supplement are intended to provide insights into the mechanisms and orders of magnitude of various aspects of trade and investment arrangements.
Although specific agreements might occasionally be referred to in this supplement, it should be noted that the projected effects reported pertain to a stylised implementation of reform possibilities. For example, references to reductions in tariffs in bilateral trade between Australia and the United States (the comparator large country adopted in this supplement) or between Australia and Thailand (the comparator small country) do not refer to the corresponding agreement between Australia and Thailand or Australia and the United States, but are simulations of an assumed bilateral reduction in tariffs from their estimated levels in 2004 to zero.
Characteristics of results
The results provided in this supplement are projections, not forecasts of what might or might not have occurred. The projections in this supplement therefore are: 

· predicated on the assumed economic behaviour and market structures embodied in the equation structure and database of the model, and on the parameters that determine the degree of responsiveness in key relationships; and

· designed to illustrate the mechanisms and orders of magnitude involved in reducing barriers to trade and investment. 

The effects captured in the scenarios arise mainly from a reallocation of resources and from adjustments in capital induced by reductions in barriers to international trade and investment. Due to the longer-run approach adopted in the modelling which allows for flexibility in capital markets, many results are likely to be larger than those that would be obtained from GTAP modelling that assumed sectoral and national capital stocks to be fixed (see box 
1.3). 

In most simulations, the reductions in barriers to trade and investment are not, unless otherwise stated, assumed to induce or be associated with any technological changes or productivity improvements. In particular, this is the case in almost all tariff reduction scenarios. To the extent that tariff reductions and increased competition from imports induce improvements in productivity among import competing firms or within import competing industries, the projections in this supplement could underestimate the possible increases in trade and income from reducing barriers to trade.
 
A summary of the results of the scenarios presented in the remainder of the supplement is shown in table 
1.1.  
Table 1.
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List of simulations used in this supplement and projected effects on Australian real GDP

	
	Description
	Real GDP

	
	
	% change

	Trade liberalisation
	

	T1
	Australia and a small country remove bilateral tariffs preferentially
	0.054

	S1
	Additional RoO costs: exporting industries in partners incur additional costs in the form of rents that accrue to factors used
	0.053

	S2
	Tariff reductions are not passed through to duty paid prices: exporters raise prices by the amount of the margin of preference and receive a rent that increases their income
	-0.004

	T2
	Australia and a large country remove bilateral tariffs preferentially
	0.117

	S3
	Additional RoO costs: exporting industries in partner countries incur additional costs in the form of rents that accrue to factors used
	0.112

	S4
	Tariff reductions are not passed through to duty paid price:  exporters raise prices by the amount of the tariff reduction and receive a rent that increases their income
	0.001

	S5
	Importers do not avail themselves of available preferential rates (partial utilisation)
	0.087

	T3
	Australia removes tariffs on imports from all sources, non-preferentially
	0.559

	T4
	APEC member countries remove tariffs on imports from all countries, non-preferentially
	0.862

	T5
	All countries remove tariffs on imports
	0.940

	Regional tariff reductions with and without Australia
	

	R1
	Australia removes tariffs bilaterally with China, Korea, Japan and the United States 
	0.950

	R2
	R1 plus China, Korea, Japan and the United States remove tariffs bilaterally with each other
	0.691

	R3
	China, Korea, Japan and the United States remove tariffs bilaterally
	-0.088

	S6
	R3 with increased flexibility in the export sector modelled as a higher elasticity for land supply in Australia
	-0.029

	S7
	R3 with increased flexibility in the export sector modelled as an endogenous increase in the supply of land in Australia
	-0.001

	R4
	R3 plus Australia removes tariffs on imports from all countries
	0.473

	Trade facilitation I
	

	F1
	1 per cent reduction in the cost of imports between Australia and a large country
	0.067

	F2
	1 per cent reduction in the cost of all imports into Australia and a large country
	0.368

	F3
	1 per cent reduction in the cost of world imports
	0.417

	F4
	T5 plus F3
	1.365

	Trade facilitation II
	

	S8
	5 per cent reduction in transport costs on trade between Australia and a large country 
	0.009

	S9
	5 per cent reduction in transport costs on all imports into Australia and a large country
	0.045

	S10
	5 per cent reduction in transport costs on world trade
	0.058

	Foreign investment liberalisation
	

	V1
	a 5 basis point reduction in the risk premium on bilateral FDI originating from the partner country in Australia and a large country — preferential
	0.009

	V2
	a 5 basis point reduction in risk premium on all FDI in Australia and a large country — non preferential
	0.062

	V3
	V1 plus a 5 per cent induced productivity improvement on the corresponding FDI 
	0.022

	V4
	V2 plus a 5 per cent induced productivity improvement on the corresponding FDI 
	0.080


Scenario








�	The terms ‘region’, ‘country’ and ‘economy’ are used interchangeably in this supplement to designate a regional entity appearing in the model, which can be a country or a group of countries (for example, the United States of America, the European Union and the Rest of Africa).


�	The GTAP database is documented in Narayanan and Walmsley (2008) and on the GTAP website: https://www.gtap.agecon.purdue.edu/databases/v7/default.asp. The GTAP database is expressed in 2004 US dollars.


�	Since Australian tariffs rates are applied on the fob value of goods, the rates in the GTAP model are smaller than might be expected on the basis of the Australian customs schedule, but consistent with the schedule. 


�	While the comparative static approach adopted in this study provides an indication of the longer-run impacts on the level of economic activity, the approach does not delineate possible adjustment paths between the current and projected new level of activity. To trace possible paths, a dynamic modelling framework would be required. Such modelling is beyond the scope of this study.


�	In addition, the model solves quickly; a valuable feature in policy modelling (and in particular for this study, which consists of a large number of simulations). This feature was noted by one of the referees at the workshop as being valuable, as well as the fact that the developments required to adapt newer dynamic models based on GTAP, such as GDyn (Walmsley, forthcoming), to the needs of this project would not be practicable in the time available.


�	‘Land’ represents agricultural land in agricultural industries and natural resources in mining and forestry industries. For other industries, industrial land is accounted for in capital. The supply of labour is assumed not to be affected by the policies modelled, but rather a function of education and other relevant labour market policies.


�	It is assumed that the microeconomic policy changes do not affect the distribution of labour between countries. Aggregate labour supply in each country (aggregate employment) is therefore assumed to be determined by factors beyond the scope of the modelling.


�	Francois and McDonald (1996) introduce capital accumulation and mobility effects of liberalisation by tying capital growth to investment and allowing rates of return to vary. 


�	Australian GDP increases are smaller than the average because Australian tariffs are low relative to tariffs in other economies and therefore reductions in Australian tariffs are smaller.


�	The assumption of fixed capital stock at the regional level is accompanied by variations in projected rates of return across economies; changes in the global rate of return decrease across the simulations as the stock of capital is modelled with increasing flexibility to adjust globally.


�	Increased competition from imports could improve the productivity of import competing industries by improving the productivity of import competing firms or by eliminating the least competitive parts of the industry, as suggested by Melitz (2003) and Chand, McCalman & Gretton (1998).
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