Paper title:
Modelling FDI in GTAP: Supply Chains Reconfiguration

Presenter:
Shenjie Chen

Authors / Affiliations
Shenjie Chen  - Global Affairs Canada
Peter Dixon  - Centre of Policy Studies, Victoria University, Melbourne
Maureen Rimmer  - Centre of Policy Studies, Victoria University, Melbourne
Jingliang Xiao  - Global Affairs Canada

Status
Partially complete

Topic classifications  [suggest we tick the following] 
CGE modelling
  Dynamic modelling
  Model extensions/development
International Trade
  Multinational trade negotiations
Geographic classification 
  Not applicable



Abstract
We start by reviewing three previous efforts at incorporating FDI in GTAP.  
(1) Lakatos and Fukui (2014).  
(2) Yuan and Tsigas (2022).
(3) Dixon and Rimmer (2022)
The demand side is the same in models (1) and (2).  As in GTAP, purchasing agents buy domestic and imported goods via standard Armington.  But then there are additional nests in which domestic and imported goods are disaggregated by country of ownership.
The demand specifications in models (1) and (2) do not recognise that commodity j produced in different parts of the world by o-owned firms are better substitutes for each other than commodity j produced by different owners.  
This contrasts with model (3) in which mvh produced in the U.S. by Japanese-owned firms is strongly substitutable in the U.S. market for mvh produced in Japan.  mvh produced in the U.S. by U.S-owned firms is relatively weakly substitutable in the U.S.-market for mvh produced in Japan.  
The supply side in both (1) and (2) has NxR representative firms in each region where N is the number of industries and R is the number of regions: there are R representative firms in industry j in region r, one for each ownership region (o).  
In model (1), aggregate capital located in each region r [qo(cap,r)] is fixed (doesn’t respond to shocks that change FDI flows).  Region r’s fixed amount of capital is allocated between the NxR firms in region r in response to changes in their relative rates of return.    


In model (2), capital in each industry j owned world-wide by region o [qo_l(cap,j,o)] is fixed (doesn’t respond to shocks that change FDI flows).  Region o’s fixed ownership of j capital is allocated between (,o)-firms in the R regions () in response to changes in their relative rates of return.   
The capital allocation in model (1) is unattractive.  We want FDI to affect aggregate capital located in each country: if a country receives FDI, we want capital located in the country to increase.  Similarly, capital allocation in model (2) is unattractive.  We want FDI to affect aggregate capital owned by each country in each industry j: if there is an expansion in U.S. demand for German-owned varieties of mvh, we would expect total ownership of mvh capital by German-owned firms to rise, not just be reallocated between countries.    
In model (3) capital is allocated across industries and regions satisfactorily.  Growth in world-wide aggregate capital responds to world-wide savings.  The allocation of world-wide capital between regions, industries and ownership responds to changes in relative rates of return.  
Models (1) and (2) allow j-producing firms in country r to have different technologies depending on ownership.  This is difficult in model (3) because model (3) economises on dimensions: there are only N industries in each region.
Contribution in this paper
In model (3), the presence of major Japanese affiliates in the U.S. makes the elasticity of substitution high for U.S. consumers between U.S. produced cars and imports from Japan.  However, the model (3) specification does not recognize that the presence of a major Chinese affiliate in Vietnam should generate a high elasticity of substitution by U.S. consumers between imports from Vietnam and imports from China.  
Thus, model (3) does not introduce proper incentives for supply chain reconfigurations.  For example, it doesn’t capture the idea that Chinese producers faced with U.S. tariffs can move their production from China to Vietnam.  The present paper fixes this problem and provides illustrative applications.  

1. Introduction

This paper outlines a strategy for including FDI in GTAP-GAC.  We focus mainly on demand-side effects.  We have in mind the example of China getting around punitive U.S. tariffs by moving production to developing countries such as Vietnam and Malaysia.  
We introduce a key simplifying assumption: that all firms producing commodity j in region r, irrespective of ownership, have the same cost structure.  While multi-national firms owned in country s may shift production to country r to take advantage of low costs in r , our assumption means that the s-owned firms in country r have the same costs as the local firms in r.  
Under this assumption, our strategy for incorporating FDI can be made with minimal alterations to the present GTAP-GAC structure. All that will be required is alterations to parameters that determine the demand elasticities of households, government and firms (agents) for commodities identified by origin.  
There are three parts to our proposed modelling strategy: demand, supply and data.  This is a technical note.  More friendly material can be prepared in due course.  We also plan to write an appendix detailing the derivation of the elasticity formulas.

2. Theoretical framework
2.1. Demand
GTAP identifies demand by households, government and firms (referred to as agents) in each region for commodities disaggregated by region of origin, e.g. mvh produced in Canada.  We must add an ownership dimension, e.g. mvh produced in Canada by U.S. firms.  
We have worked out manageable formulas that incorporate the ownership dimension in demand elasticities.  Derivations of these formulas start with 7-dimension elasticities.  The dimension is reduced to 5 by simplifying assumptions.  

The starting 7-dimension elasticities are of the form , where
a,r refers to agent a in region r (e.g. households in Canada);
j refers to commodity (e.g. mvh); 
s,o refers to variety, which has two dimensions, country of production (s) and ownership (o) (e.g. production in Canada by Japanese firms)
t,q also refers to variety,  production in t by firms owned by q.

is agent a,r’s elasticity of demand for commodity j of variety s,o with respect to changes in the price of variety t,q.  For example, it could be the demand elasticity of firms (a) in the U.S. (r) for mvh (j) produced in Canada (s) by Japanese firms (o) with respect to changes in the price of  mvh produced in Brazil (t) by Mexican firms (q).
In a model with complete disaggregation of demand by agents in each region, commodities, origins and ownership, the 7-dimension elasticities would appear in equations of the form 

				(1)
where 

is the percentage change in agent a,r’s demand for j of variety s,o;

 is the percentage change in agent a,r’s demand for j; and

 is the percentage change in the price to agent a,r of j of variety t,q.
The key simplification that we use is to assume that 

							(2)
where pm(j,t) is the percentage change in the market price of j produced in t and t(a,r;j;t) is the percentage change in the power of taxes, tariffs and transport costs applying to the flow of j produced in t and used by agent a in region r.  Under (2), all ownership-based varieties of j produced in t use the same technology.  Thus, there is no need to disaggregate the j industry in t.  At the same time, we can reduce the dimension of the demand elasticities from 7 to 5.  
To see how this is done, we start by combining equations (1) and (2) to obtain demand equations that contain 6-dimiension elasticities:

			(3)
where

						(4)
The elasticities in (3) don’t require an ownership dimension for the supplying region because the prices to agent a,r of commodity j from s move in the same way for all varieties in s.  
Next, we define a,r’s demand for commodity j from region s, by aggregating q5(a,r;j;s,o) over o: 

					(5)
where HO(a,r;j;s,o) is the share of a,r’s purchases of j from region s accounted for by ownership o.  
Applying (5) in (3) gives 

			(6)
where 

					(7)
In equation (6), we have eliminated the ownership dimension from a,r’s demand for j from s.  We have also arrived at an equation that has the same form as the demand equations in the standard GTAP model.  It relates the percentage change in agent a,r’s demand for j from region s to a,r’s requirements for j and to the prices to a,r of j from different sources.  This suggests that introducing FDI doesn’t require a change in the structure of the GTAP commodity demand systems.  It requires only resetting of elasticity values.   
Setting the demand elasticities     
We set the demand elasticities via assumptions for substitution elasticities.  At the 7-dimension level, demand elasticities and substitution elasticities are related by the formulas: 

  for all (s,o), (t,q) such that (t,q) )  (s,o) 
	(8)
and

	(9)
where

is the share of a,r’s purchases of j accounted for by variety t,q; and
(a,r; j; s,o; t,q) is agent a,r’s elasticity of substitution in its purchases of j between varieties s,o and t,q.  
Equation (8) refers to off diagonal elasticities.  It incorporates the Allen-Uzawa definition of substitution parameters.  Equation (9) determines diagonal elasticities in a way that ensures homogeneity: a uniform percentage change in the price of all varieties of j has no effect on the composition of a,r’s purchases of j.   
We propose to set (a,r; j; s,o; t,q) in a way that recognizes increased substitutability in a,r’s purchases of j between 
· any pair of varieties of j produced domestically (r = s = t)
· any pair of varieties that are imported (r s and rt) 
· any pair of varieties that have the same ownership (o = q)
We can do this by implementing a formula such as 

  	(10)
where

 if r = s = t, else zero

 if r s and rt, else zero

 if o = q, else zero             and
the ’s are positive coefficients.  We treat 0 as a parameter, but we allow the values for 1, 2 and 3 to vary across agents a,r and commodities j.  In addition, 3 can vary across ownership varieties o.  
Notice that we preserve the essential symmetry property of substitution of elasticities:

	(11)
By substituting from (10) into (8) and (9) and then into (4) we can obtain formulas for 6(a,r;j;s,o;t).  Here we set out the formulas.  Then we discuss the ’s and restate the formulas with our chosen  specifications.  Finally, we interpret the restated elasticity formulas.  Derivations of the formulas are in the appendix.  

Demand elasticities for commodity j by agent a in region r:  
The elasticity formulas for agent a,r’s demands for j are listed in equations (12) to (16).  The list is followed by the share coefficients appearing in the formulas.  
Own price elasticities for domestically produced commodities, s= r and t = r

	(12)
Elasticity for domestic varieties with respect to the price of imports from t, s = r and t  r 

	(13)
Elasticity for imports from s with respect to the price of domestic products, s  r and t = r 

	(14)
Own price elasticities for imports from s, s  r and t = s 

	(15)
Elasticity for imports from s with respect to the price of imports from t, s  r, t  r and t  s

	(16)
In these formulas, 
S(a,r;j;s,o) is, as mentioned earlier, the share of a,r’s purchases of j accounted for by variety s,o.
SD3(a,r;j) is the share of a,r’s purchases of j that are sourced domestically. This is given by 

	 	(17)
SMO4(a,r;j;o) is the share of a,r’s purchases of j that are accounted for by imported  o varieties.  This is given by

  		(18)
SM4(a,r;j;t) is the share of a,r’s purchases of j that are accounted for by imports from t (t r).  This is given by 

	 	(19)
One point to be noted immediately about (12) to (16) is the absence of 1.  Terms involving 1 can appear only in elasticities that involve changes in the relative prices of domestic commodities.  Under our assumption of a single technology for commodity j in region r, there are no changes in the relative prices of domestic commodities.  Consequently, it is not necessary to discuss the specification of 1.  
Specifying the functional forms for the 1, 2 and 3
We determine 2 and 3 according to 

	 	(20)
and

	 	(21)
where a2 and a3 are positive parameters.  
The additional share coefficients introduced in (20) and (21) are SM3(a.r;j) and SO4(a,r;j;o).
SM3(a,r;j) is the share of a,r’s purchases of j that are accounted for by imports.  This is given by 

	 	(22)
SO4(a,r;j;o) is the share of a,r’s purchases of j that are accounted for by o varieties.  This is given by 

	 	(23)
Why do we use SM3(a.r;j) and SO4(a,r;j;o) in the denominators on the RHSs of (20) and (21)?  In answering this question, we start with the specification of 3 in (21).  We use SO4(a,r;j;o) in the denominator to scale the competition effects between o from different sources so that they don’t depend on the overall importance of o-varieties in a,r’s purchases of j.  By using this scaling factor, we avoid the situation in which an increase in the price of o from one source can have little percentage effect on demand for o from other sources simply because o is a small share of a,r’s expenditure on j.  The denominator used in (20) ensures that competition effects between imported j from different sources don’t depend on the share of imported j in a,r’s expenditures on j.
Restating the elasticity formulas incorporating the  specifications from (20) and (21)
By using (20) and (21) in (12) to (16) we obtain:
Own price elasticities for domestically produced commodities, s= r and t = r

	(24)
Elasticity for domestic varieties with respect to the price of imports from t, s = r and t  r 

	(25)
Elasticity for imports from s with respect to the price of domestic products, s  r and t = r 

	(26)
Own price elasticities for imports from s, s  r and t = s 

     	(27)
Elasticity for imports from s with respect to the price of imports from t, s  r, t  r and t  s

        	(28)
In (24) to (28), a0 is simply the parameter 0 with a name change for notational convenience.  The HS’s are shares from different sources in a,r’s expenditure on j of variety o.  These shares are defined by:

		(29)
The HM’s are shares from different sources in a,r’s total expenditure on imports of j.  These shares are defined by 

		(30)
Interpretation
The HS and HM shares in (24) to (28) negotiate the scaling issue.  The HS coefficients in each of these equations do not depend on the importance of the o-variety in a,r’s expenditure on j.  Similarly, the HM shares do not depend on the importance of imports in a,r’s expenditure on j.
In the cross-price elasticities, (25), (26) and (28), the a0 terms are the general effect of an increase in the prices of commodities from one country on demand for other commodities.  For example, (25) defines the elasticity of demand for a commodity produced in r with respect to a uniform percentage change in the prices of commodities from t.  In such an elasticity, the general sensitivity of demand for commodities from outside t to increases in the price of commodities from t depends on the share of t commodities in a.r’s expenditure on j.  
These general effects would be the total effects in a model in which a,r’s preferences for all versions of commodity j were encapsulated by a CES function.  This would exclude extra substitutability between pairs of commodities based on characteristics such as same ownership, both imported or both domestic.  
The effects on cross-price elasticities of extra substitutability between pairs of commodity with the same ownership characteristic can be seen in the a3 terms.  These effects depend on the HS shares.  For example, in (25), the ownership effect of price increases in t on a,r’s demand for commodity j from r of ownership o depends on the importance of region t as a supplier of the o-variety of j  to a,r.  Similarly, in (26), the ownership effect of price increases in r on a,r’s demand for commodity j from s of ownership o depends on the importance of region r as a supplier of the o-variety of j to a,r.  
The effects on cross-price elasticities of extra substitutability between pairs of imported commodity can be seen in the a2 terms.  These effects depend on the HM shares.  In (28), the import effect of price increases in t on a,r’s demand for imported j from s of any ownership variety depends on the importance of region t as a supplier of imports of j to a,r.  
There is no need for us to spend much time in interpreting the own-price elasticities given in equations (24) and (27).  The own-price elasticities follow in a mechanical way from the cross-price elasticities, see (9).  We can derive (24) by adding over all t  r in (25) and inserting negative signs. Similarly, we can derive (27) by adding over all t  s in (28) and inserting negative signs.  
It is reassuring to note that if we eliminate the o dimension from the elasticities in (24) to (28), then these elasticities collapse to the same form as those in standard GTAP.  Without the o-dimension, the a3 parameters are zero; the a0 parameters correspond to GTAP’s domestic-import substitution elasticities (a0 = ESUBD), and the a2 parameters correspond to the difference between GTAP’s import-import substitution elasticities and its domestic-import substitution elasticities (a2 = ESUBM-ESUBD).  This suggests that in setting values for a0 and a2 can refer to GTAP values for ESUBD and ESUBM.  In fact, we won’t have to explicitly set values for a0 and a2.  We will be able to modify the GTAP demand systems simply by adding a3 terms to the existing systems.  In setting a3, we will need to rely on judgement and sensitivity analysis. In this paper, we set a3 = ESUBD.
One final interpretive comment concerns the elasticities defined in (25).  Initially, we were puzzled by the absence of a2.  To understand this absence, we should put aside ownership effects, handled in the a3 term.  Then we should think of the effect of an increase in the price of imported products from t on demands for domestic products as a two-stage process.  In the first stage, there is an increase in the overall price of imports.  This is determined by the share of t products in a,r’s expenditure on imported j.  It is independent of import-import substitution .In the second stage, the increase in the overall price of imports of j affects a,r’s demand for domestic j only via domestic-import substitution. 
Going form 6-dimension demand elasticities to 5-dimensions
To move from the 6-dimension demand elasticities defined in (24) to (28) to the 5-dimension elasticities required for the demand system in (6), we take weighted averages of the 6-dimension elasticities using (7).  
The weights are the shares of variety o in a,r’s demand for j sourced from s.  These weights can be calculated as:

	(31)
2.2.  Supply
As mentioned earlier, there is a single technology in each region r for producing commodity j.  This technology is used to satisfy demands for (j;s,o) for all o where this notation refers to commodity j produced in region s by firms owned by o.  If demand for (j;s,o) increases, then capital in industry j in region s expands via the usual capital creation process and morphs implicitly towards production of the o variety.  
3. Data
Assume that commodity j, e.g. mvh, is an FDI commodity.  Then for j = mvh we will need to add the ownership dimension to the trade data.  This will give us V4(j;s,o;r) where this is the value of j produced in region s by o firms and sent to region r.  Ignoring, temporarily, distinctions between values at market prices, fob, cif, landed duty paid and purchasers prices, we can use the V matrix to calculate all of the share coefficients required for the demand elasticities.  The most basic share coefficients are the 5-dimension expenditure shares for agent a,r.  We propose to calculate these as: 

	 	(32)
where
HA4(a,r;j,s) is the share of the total supply of j from source s to r that is absorbed by agent a,r; and 
W(a,r;j) is the total expenditure on j by agent a,r.  
The numerator in (32) is a,r’s expenditure on j of variety o sent from s, and the denominator is a,r’s expenditure on j of all varieties from all sources. From (32) we find that 

 is the same for all agents a in r.  Thus, by adopting (32), we assume that the ownership composition of the purchases of j from s is the same for all agents in r.  For example, if Canadian households devote 10 per cent of their expenditure on mvh from the U.S. to Japanese-owned U.S. firms, then the same is true for Canadian firms and Government.  
The GTAP database contains the information we need to calculate HA4(a,r;j;s) and W(a,r;j).  This leaves V4(j;s,o;r) as the only new data requirement.  
Adding the o dimension to the trade data
The GTAP database contains V3(j;s;r).  This is the value of j sent from s to r.  We note that 

	 	(33)
Consequently, the data task is to determine shares for each s,r cell of the j trade matrix through which to split the observed value for V3(j;s;r) into V4(j;s,o;r) for all o.  
For some countries and commodities, data prepared for GTAP by Fukui and Lakatos (2012) indicates the ownership composition of output.  So our first assumption might be that V3(j;s;r) is split across ownerships in proportion to output, that is 

	 	(34)
where
Z(j;s,o) is the proportion of the output of j in region s accounted by o firms.  
We may be able to do better than (34).  For example, for developing countries we might introduce a bias in the composition of exports to developed countries in favour of foreign-owned firms.  Correspondingly, for developing countries there must be a bias in the sales of domestically owned firms towards the domestic market, e.g. Chinese firms in China selling predominantly to the Chinese market.  For developed countries, we might introduce a bias in the composition of exports towards domestically owned firms.  Correspondingly, for developed countries there must be a bias in the sales of foreign-owned firms towards the domestic market, e.g. Japanese firms in the U.S. selling primarily to the U.S. market.    
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The proportion of the output, Z, is derived from the share of domestic and foreign owned assets in the Multinational Revenue, Employment, and Investment Database (MREID) by USITC (Ahmad et al, 2023). MREID provides bilateral sector-level data on the international and domestic revenue, employment, and investment of multinational enterprises (MNEs) for 185 countries and 25 industries at NAICS 2-digit level. It enables a nearly complete description of each country’s foreign direct investment (FDI) activity. The database includes annual data from 2010 through 2021, with 2021 being the latest year with complete information. To calculate the proportion, we took the average numbers from 2019 to 2021 to avoid big changes in specific year in the data. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]GTAP v11 database (Aguiar et al, 2023) is used as the core data in this model. The reference year of GTAP v11 data is 2017. We updated it to 2022 using a dynamic GTAP model by targeting GDP, labour and population data from Oxford Economics and CEPII. In the model, we retained the 65 GTAP sectors and aggregated the 160 regions in to 17 regions. 

Table 1 shows the demand elasticities,  in equation (3), for the US Households on computer, electronic and optical products made by Chinese firm in region s (row name) with respect to price in market t (column name). The rows represent the location of production of computers owned by Chinese firms (say Lenovo) supplied to the US households. Column represents prices of Chinese computers in different markets.  
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For example, column 5, (the China column), 8.7, means that when the prices of computers manufactured in China go up by 1 %, the US households will demand 8.7% more of Chinese computers assembled in Canada, or in other markets except China. The demand elasticities for other markets are the same because US consumers believe that quality of Chinese computers assembled in China is not much different from those assembled in Vietnam, Canada or any other markets other than China.
The -13.1 at the top left corner of the table is the own price elasticity, which means that the supply of Chinese computers that made in Canada to the US will reduce by 13.1% when prices of computers made in Canada increase by 1%. Similarly, US households will reduce demand for computers made in China by 4.5%, if there is a 1% increase in prices in China.
The second figure on the first row, 0.6, means that the US demand of Chinese computers from Canada will go up by 0.6% when the prices of Chinese computers in US increase by 1%.
Elasticities in the second row (the US row) are the elasticities for US domestic varieties with respect to the price of imports from different markets. For example, when Mexico’s computer prices increase by 1%, US households will purchase 0.6% more of Chinese computers that made in US.





Table 1. Demand Elasticities for the US’ Households on computer made by Chinese firm from different sources with respect to price in market t, a3 = ESUBD

	          Market t
Source
	Canada
	USA
	Mexico
	Australia
	China
	Japan
	Korea
	VietNam
	ROASEAN
	India
	Brazil
	ROSAmerica
	EU27
	UK
	Russia
	Africa
	ROW
	Total

	Canada
	-13.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	USA
	0.1
	-8.2
	0.6
	0.0
	6.3
	0.1
	0.1
	0.2
	0.2
	0.0
	0.0
	0.0
	0.3
	0.0
	0.0
	0.0
	0.3
	0.0

	Mexico
	0.1
	0.6
	-12.0
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	Australia
	0.1
	0.6
	1.2
	-13.2
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	China
	0.1
	0.6
	1.2
	0.0
	-4.5
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	Japan
	0.1
	0.6
	1.2
	0.0
	8.7
	-13.0
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	Korea
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	-13.0
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	VietNam
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	-12.8
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	ROASEAN
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	-12.7
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	India
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	-13.2
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	Brazil
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	-13.2
	0.0
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	ROSAmerica
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	-13.2
	0.6
	0.1
	0.0
	0.0
	0.5
	0.0

	EU27
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	-12.6
	0.1
	0.0
	0.0
	0.5
	0.0

	UK
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	-13.1
	0.0
	0.0
	0.5
	0.0

	Russia
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	-13.2
	0.0
	0.5
	0.0

	Africa
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	-13.2
	0.5
	0.0

	ROW
	0.1
	0.6
	1.2
	0.0
	8.7
	0.2
	0.2
	0.4
	0.5
	0.0
	0.0
	0.0
	0.6
	0.1
	0.0
	0.0
	-12.7
	0.0





4. An illustrative example: US increases tariff on Chinese computers by 50%
In this section, we conduct a policy simulation that US increases 50% tariff on Chinese computers to illustrate the different behaviour of the GTAP model after integrated the framework of the global supply chains reconfigurations. To compare the results to the standard GTAP framework, we set up two scenarios: one is with reconfigurations (setting a3 in (21) as ESUBD), the second one is without reconfigurations (setting a3 = 0). 
Table 2 shows the trade diversion in two scenarios. The top panel is the results without reconfigurations, the middle panel is the ones with reconfigurations, and the bottom panel is the difference of the two scenarios. Two scenarios show strong trade diversion effects. US replaces all its import of computers from China by importing from other regions. The bottom panel shows that, in the case with reconfigurations, US import more from ROW and less from Canada and Mexico. 
Table 3 shows the changes in supply of computers to US by sources and ownerships in two scenarios. The bottom right panel show the major difference is the supply of computers from the Chinese-owned firms from non-China regions increase substantially (over 150%). 
The main reason is that the demand elasticities in Table 1 are very different when we terminate the mechanism of supply chain reconfigurations by setting a3 to zero. As Table 4 shown, with a3 = ESUBD, the demand elasticities for computers made by Chinese firm in non-China regions are almost twice as big as in the top panel (a3 = 0). That means when US put a tariff on the computers made in China, Chinese firms will go elsewhere to produce their computers to meet the demand from the US market.
It is worth to mentioned that, due to no Chinese-owned affiliate sale in US in the computer sector according to MREID, even the percentage change form show that Chinese-owned affiliate sale in US would increase by 167%, the actual value change is zero. 

Table 2. Trade diversion (change in fob) in two scenarios (rows are exporters and columns are importers)
	Without Reconfigurations (a3 = 0)

	US$mn
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total
	
	
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total

	Canada
	0
	7,206
	33
	-477
	-231
	-633
	5,897
	
	Canada
	0%
	85%
	9%
	-22%
	-20%
	-22%
	39%

	USA
	-2,378
	0
	3,310
	-8,047
	-4,611
	-17,763
	-29,488
	
	USA
	-9%
	0%
	9%
	-23%
	-20%
	-21%
	-14%

	Mexico
	-339
	50,364
	0
	-2,627
	-708
	-2,173
	44,518
	
	Mexico
	-16%
	73%
	0%
	-29%
	-27%
	-28%
	49%

	China
	3,359
	-251,022
	12,959
	0
	14,935
	69,270
	-150,499
	
	China
	28%
	-99%
	50%
	0%
	14%
	12%
	-15%

	EU27
	245
	38,867
	1,061
	-4,056
	0
	-6,596
	29,521
	
	EU27
	10%
	114%
	30%
	-6%
	0%
	-5%
	13%

	ROW
	609
	118,707
	3,489
	-31,013
	-2,334
	-10,591
	78,867
	
	ROW
	11%
	114%
	30%
	-5%
	-2%
	-3%
	7%

	Total
	1,496
	-35,877
	20,853
	-46,221
	7,051
	31,515
	-21,184
	
	Total
	3%
	-8%
	26%
	-6%
	3%
	3%
	-1%

	With Reconfigurations (a3 = ESUBD)

	US$mn
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total
	
	
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total

	Canada
	0
	6,343
	22
	-515
	-249
	-686
	4,914
	
	Canada
	0%
	75%
	6%
	-24%
	-22%
	-23%
	33%

	USA
	-2,170
	0
	2,691
	-8,534
	-4,917
	-18,605
	-31,534
	
	USA
	-8%
	0%
	7%
	-24%
	-22%
	-22%
	-15%

	Mexico
	-334
	43,853
	0
	-2,673
	-730
	-2,220
	37,896
	
	Mexico
	-16%
	64%
	0%
	-30%
	-28%
	-29%
	42%

	China
	3,038
	-253,462
	11,281
	0
	16,102
	75,652
	-147,390
	
	China
	26%
	-100%
	43%
	0%
	15%
	13%
	-15%

	EU27
	241
	39,032
	941
	-4,099
	0
	-6,768
	29,346
	
	EU27
	10%
	114%
	26%
	-6%
	0%
	-5%
	13%

	ROW
	440
	133,443
	2,804
	-34,385
	-3,011
	-12,686
	86,605
	
	ROW
	8%
	128%
	24%
	-6%
	-3%
	-4%
	7%

	Total
	1,215
	-30,792
	17,738
	-50,205
	7,196
	34,687
	-20,162
	
	Total
	2%
	-7%
	22%
	-7%
	3%
	3%
	-1%

	Difference

	US$mn
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total
	
	
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total

	Canada
	0
	-863
	-12
	-37
	-18
	-54
	-983
	
	Canada
	0%
	-10%
	-3%
	-2%
	-2%
	-2%
	-7%

	USA
	208
	0
	-619
	-487
	-306
	-842
	-2,046
	
	USA
	1%
	0%
	-2%
	-1%
	-1%
	-1%
	-1%

	Mexico
	5
	-6,511
	0
	-46
	-22
	-48
	-6,622
	
	Mexico
	0%
	-9%
	0%
	-1%
	-1%
	-1%
	-7%

	China
	-321
	-2,441
	-1,678
	0
	1,167
	6,382
	3,109
	
	China
	-3%
	-1%
	-6%
	0%
	1%
	1%
	0%

	EU27
	-3
	164
	-121
	-43
	0
	-172
	-175
	
	EU27
	0%
	0%
	-3%
	0%
	0%
	0%
	0%

	ROW
	-169
	14,735
	-685
	-3,371
	-677
	-2,095
	7,738
	
	ROW
	-3%
	14%
	-6%
	-1%
	-1%
	-1%
	1%

	Total
	-282
	5,085
	-3,115
	-3,984
	146
	3,172
	1,021
	
	Total
	-1%
	1%
	-4%
	-1%
	0%
	0%
	0%



Table 3. The changes in supply of computers to US (in purchase prices) by sources (row) and ownerships (columns) in two scenarios
	Without Reconfigurations (a3 = 0)

	US$mn
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total
	
	
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total

	Canada
	6,335
	449
	0
	0
	0
	326
	7,110
	
	Canada
	80%
	80%
	0%
	0%
	0%
	80%
	80%

	USA
	670
	93,631
	0
	0
	4,975
	2,300
	101,576
	
	USA
	34%
	34%
	0%
	33%
	34%
	34%
	34%

	Mexico
	0
	24,629
	10,711
	424
	7,433
	5,975
	49,171
	
	Mexico
	0%
	67%
	67%
	67%
	67%
	67%
	67%

	China
	-1,347
	-10,779
	0
	-147,584
	-12,151
	-99,400
	-271,261
	
	China
	-99%
	-99%
	0%
	-99%
	-99%
	-99%
	-99%

	EU27
	366
	7,123
	31
	1,514
	25,803
	4,465
	39,302
	
	EU27
	107%
	107%
	107%
	107%
	107%
	107%
	107%

	ROW
	322
	17,364
	19
	4,406
	7,094
	90,803
	120,009
	
	ROW
	106%
	106%
	111%
	108%
	108%
	108%
	108%

	Total
	6,346
	132,417
	10,762
	-141,240
	33,154
	4,469
	45,907
	
	Total
	53%
	39%
	67%
	-91%
	49%
	2%
	6%

	With Reconfigurations (a3 = ESUBD)

	US$mn
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total
	
	
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total

	Canada
	5,527
	317
	0
	0
	0
	256
	6,099
	
	Canada
	70%
	56%
	0%
	0%
	0%
	63%
	68%

	USA
	870
	88,115
	0
	0
	6,636
	3,538
	99,160
	
	USA
	45%
	32%
	0%
	200%
	46%
	53%
	34%

	Mexico
	0
	16,619
	8,592
	1,393
	6,501
	6,403
	39,507
	
	Mexico
	0%
	45%
	54%
	221%
	59%
	72%
	54%

	China
	-1,362
	-10,923
	0
	-148,922
	-12,346
	-100,329
	-273,881
	
	China
	-100%
	-100%
	0%
	-100%
	-101%
	-100%
	-100%

	EU27
	332
	5,498
	27
	4,029
	24,046
	5,154
	39,086
	
	EU27
	97%
	83%
	94%
	286%
	100%
	124%
	107%

	ROW
	295
	13,425
	16
	11,716
	6,587
	104,398
	136,437
	
	ROW
	97%
	82%
	95%
	287%
	101%
	124%
	123%

	Total
	5,663
	113,050
	8,635
	-131,784
	31,424
	19,420
	46,409
	
	Total
	48%
	33%
	54%
	-85%
	46%
	9%
	6%

	Difference

	US$mn
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total
	
	
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total

	Canada
	-808
	-132
	0
	0
	0
	-71
	-1,010
	
	Canada
	-10%
	-23%
	0%
	0%
	0%
	-17%
	-11%

	USA
	200
	-5,517
	0
	0
	1,661
	1,239
	-2,416
	
	USA
	10%
	-2%
	0%
	167%
	11%
	19%
	-1%

	Mexico
	0
	-8,010
	-2,119
	969
	-932
	428
	-9,664
	
	Mexico
	0%
	-22%
	-13%
	154%
	-8%
	5%
	-13%

	China
	-15
	-144
	0
	-1,338
	-195
	-929
	-2,620
	
	China
	-1%
	-1%
	0%
	-1%
	-2%
	-1%
	-1%

	EU27
	-34
	-1,624
	-4
	2,515
	-1,757
	689
	-216
	
	EU27
	-10%
	-25%
	-14%
	178%
	-7%
	17%
	-1%

	ROW
	-27
	-3,939
	-3
	7,310
	-507
	13,595
	16,429
	
	ROW
	-9%
	-24%
	-16%
	179%
	-8%
	[bookmark: _GoBack]16%
	15%

	Total
	-683
	-19,367
	-2,126
	9,456
	-1,729
	14,951
	502
	
	Total
	-6%
	-6%
	-13%
	6%
	-3%
	7%
	0%





Table 4. Demand Elasticities for the US’ Households on computers made by Chinese firm from different sources (rows) with respect to price in market t (columns) in two scenarios
	Without Reconfigurations (a3 = 0)

	
	Canada
	USA
	Mexico
	China
	EU27
	ROW

	Canada
	-8.7
	0.6
	1.2
	4.4
	0.6
	0.5

	USA
	0.1
	-3.8
	0.5
	2.0
	0.3
	0.2

	Mexico
	0.1
	0.6
	-7.6
	4.4
	0.6
	0.5

	China
	0.1
	0.6
	1.2
	-4.4
	0.6
	0.5

	EU27
	0.1
	0.6
	1.2
	4.4
	-8.2
	0.5

	ROW
	0.1
	0.6
	1.2
	4.4
	0.6
	-8.3

	With Reconfigurations (a3 = ESUBD)

	
	Canada
	USA
	Mexico
	China
	EU27
	ROW

	Canada
	-13.1
	0.6
	1.2
	8.7
	0.6
	0.5

	USA
	0.1
	-8.2
	0.6
	6.3
	0.3
	0.3

	Mexico
	0.1
	0.6
	-12.0
	8.7
	0.6
	0.5

	China
	0.1
	0.6
	1.2
	-4.5
	0.6
	0.5

	EU27
	0.1
	0.6
	1.2
	8.7
	-12.6
	0.5

	ROW
	0.1
	0.6
	1.2
	8.7
	0.6
	-12.7

	Difference

	
	Canada
	USA
	Mexico
	China
	EU27
	ROW

	Canada
	-4.4
	0.0
	0.0
	4.3
	0.0
	0.0

	USA
	0.0
	-4.4
	0.1
	4.3
	0.0
	0.1

	Mexico
	0.0
	0.0
	-4.4
	4.3
	0.0
	0.0

	China
	0.0
	0.0
	0.0
	-0.1
	0.0
	0.0

	EU27
	0.0
	0.0
	0.0
	4.3
	-4.4
	0.0

	ROW
	0.0
	0.0
	0.0
	4.3
	0.0
	-4.4




Table 5 shows the changes of sale by ownership in different market. On the China row in the bottom panel, it shows that Chinese owned affiliate sale increase more in most of the regions with supply chain reconfigurations. On the other hand, US owned affiliate sale and it domestic sale increase less in the case of reconfigurations. One of the main reason is that Chinese firms jump over the tariff protection by setting firms in non-Chinese regions. The effects of the protection of the tariff hike for the US domestic producers are eroded in this new framework.    



Table 5. The changes in sale in different markets (rows) by ownerships (columns) in two scenarios
	Without Reconfigurations (a3 = 0)

	US$mn
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total
	
	
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total

	Canada
	5,023
	380
	0
	-1,146
	281
	218
	4,756
	
	Canada
	29%
	12%
	0%
	-16%
	7%
	5%
	13%

	USA
	356
	53,070
	20,793
	-9,169
	5,470
	11,300
	81,820
	
	USA
	29%
	12%
	41%
	-16%
	7%
	5%
	10%

	Mexico
	0
	0
	9,043
	0
	24
	22
	9,089
	
	Mexico
	0%
	0%
	42%
	0%
	7%
	4%
	41%

	China
	0
	0
	358
	-125,537
	1,163
	3,031
	-120,986
	
	China
	0%
	11%
	42%
	-16%
	7%
	5%
	-14%

	EU27
	0
	2,820
	6,275
	-10,336
	19,817
	5,442
	24,017
	
	EU27
	0%
	12%
	42%
	-16%
	7%
	4%
	5%

	ROW
	259
	1,304
	5,044
	-84,551
	3,429
	63,589
	-10,927
	
	ROW
	29%
	13%
	42%
	-16%
	7%
	4%
	-1%

	Total
	5,637
	57,573
	41,512
	-230,738
	30,184
	83,601
	-12,230
	
	Total
	29%
	12%
	41%
	-16%
	7%
	4%
	0%

	With Reconfigurations (a3 = ESUBD)

	US$mn
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total
	
	
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total

	Canada
	4,117
	491
	0
	-1,393
	334
	258
	3,806
	
	Canada
	24%
	16%
	0%
	-20%
	8%
	6%
	11%

	USA
	253
	44,848
	13,479
	-11,654
	6,206
	13,838
	66,970
	
	USA
	21%
	10%
	27%
	-21%
	8%
	6%
	8%

	Mexico
	0
	0
	7,343
	0
	51
	63
	7,457
	
	Mexico
	0%
	0%
	34%
	0%
	15%
	12%
	33%

	China
	0
	0
	1,223
	-105,064
	2,334
	6,035
	-95,472
	
	China
	0%
	94%
	144%
	-14%
	14%
	10%
	-11%

	EU27
	0
	3,641
	5,294
	-13,237
	17,580
	5,714
	18,993
	
	EU27
	0%
	16%
	35%
	-21%
	6%
	4%
	4%

	ROW
	179
	2,033
	5,337
	-88,090
	3,747
	66,790
	-10,004
	
	ROW
	20%
	20%
	44%
	-17%
	7%
	4%
	0%

	Total
	4,549
	51,013
	32,676
	-219,438
	30,252
	92,699
	-8,251
	
	Total
	24%
	11%
	33%
	-15%
	7%
	5%
	0%

	Difference

	US$mn
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total
	
	
	Canada
	USA
	Mexico
	China
	EU27
	ROW
	Total

	Canada
	-906
	111
	0
	-247
	52
	41
	-950
	
	Canada
	-5%
	4%
	0%
	-4%
	1%
	1%
	-3%

	USA
	-103
	-8,222
	-7,313
	-2,486
	735
	2,539
	-14,850
	
	USA
	-8%
	-2%
	-14%
	-4%
	1%
	1%
	-2%

	Mexico
	0
	0
	-1,700
	0
	27
	41
	-1,632
	
	Mexico
	0%
	0%
	-8%
	0%
	8%
	8%
	-7%

	China
	0
	0
	865
	20,473
	1,171
	3,004
	25,513
	
	China
	0%
	83%
	102%
	3%
	7%
	5%
	3%

	EU27
	0
	822
	-981
	-2,901
	-2,237
	272
	-5,025
	
	EU27
	0%
	4%
	-7%
	-5%
	-1%
	0%
	-1%

	ROW
	-80
	729
	293
	-3,539
	318
	3,201
	923
	
	ROW
	-9%
	7%
	2%
	-1%
	1%
	0%
	0%

	Total
	-1,089
	-6,560
	-8,837
	11,301
	68
	9,097
	3,980
	
	Total
	-6%
	-1%
	-9%
	1%
	0%
	0%
	0%



5. Concluding remarks
Over the last two decades, international trade theory has undergone a steady transformation that has placed firms, rather than countries or industries, as the central unit of analysis. It is not countries or industries that trade with each other, rather it is the firms that trade each other.  Trade and global production are integrated together. There are endogenous choices between different modes to serve foreign markets (cross-border trade vs investment) and to organize the global production. Organization of international trade is about the choice of different modes to serve foreign market, the location decision and sourcing decision of global production, given the cost competitiveness, and policy environment in foreign markets.
The paper examines the reconfigurations of global supply chains from the lens of organization of international trade and global production that allow us to unify the different elements of trade, production and investment together under this new framework. 
This generalized armington framework introduces proper incentives for supply chain reconfigurations. For example, it captures the idea that Chinese producers faced with U.S. tariffs can move their production from China to Vietnam and rest of the world.    
As shown by the example in section 4, the effects of tariff-like trade policies might be weakened by the rerouting and reconfiguration of supply chains in the global context. 
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Appendix.  Derivation of formulas (12) to (16) for the price elasticities

Our final elasticity formulas are listed in (24) to (28).  These formulas follow in a trivial way from (12) to (16) together with the definitions of 2(a,r;j) and 3(a,r;j;o).  Consequently, in this appendix we set out only the derivations of (12) to (16).  For notational simplicity we leave out the arguments on the ’s.  
The derivations of the formulas in (12) to (16) for the 6-dimension elasticities start from the 7-dimension elasticities, 7(a,r;j;s,o;t,q).  This is agent a,r’s elasticity of demand for commodity j produced in region s by firms of ownership o with respect to the price of commodity j produced in region t by firms of ownership q.  Since we are concerned with a,r’s elasticities, region r is the domestic region.  
Own price elasticities for domestically produced commodities, s= r and t = r

We are now considering a,r’s elasticity of demand for domestic varieties of j with respect to a uniform variation in the price of domestic varieties.  This is denoted by .

	(A1)

	(A2)
Substitute from (8) and (10) into (A2) and use (9):

	(A3)
Again substitute from (8) and (10)

	(A4)
Taking account of the definitions of the D’s and recognizing that 

	       ,	(A5)

	  ,	(A6)

	  ,	(A7)

	  ,	(A8)


	(A9)

	(A10)

	(A11)
and

	(A12)
we can write (A4) as:

	(A13)
(A13) simplifies to 

      ,	(A14)
establishing (12).
Elasticity for domestic varieties with respect to the price of imports from t, s = r and t  r 

Now we consider a,r’s elasticity of demand for domestic varieties of j with respect to a uniform variation in the price of imports from t.  This is denoted by .

	(A15)
With t  r,(A15) can be written as

	(A16)
This simplifies to 

  ,	(A17)
establishing (13).
Elasticity for imports from s with respect to the price of domestic products, s  r and t = r 

Now we consider a,r’s elasticity of demand for an import variety of j with respect to a uniform variation in the price of domestic varieties.  This is denoted by .

	(A18)
With s  r, (A18) can be written as

	
	(A19)
This simplifies to 

	    ,	(A20)
establishing (14).
Own price elasticities for imports from s, s  r and t = s 

Now we look at the effects on a,r’s demand for the s,o variety of j of a uniform variation in the prices of all varieties from s.  This is denoted by .

	(A21)

	(A22)

	(A23)
Hence

	(A24)
This simplifies to

     ,	(A25)
establishing (15).
Elasticity for imports from s with respect to the price of imports from t, s  r, t  r and t  s

Now we look at the effect on a,r’s demand for a variety of s,o imported of a uniform variation in all prices of products from region t, t  s.  This is denoted by .

	(A26)
With t  s, (A26) can be written as

	(A28)
This simplifies to 

   ,	(A29)
establishing (16).
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