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[bookmark: _GoBack]We show that an existing Armington multi-country model can be converted into a Melitz heterogeneous-firm model by adding four groups of equations to the bottom of the Armington model.  We apply our method to an existing GTAP model (GTAP-A) with an Armington specification to create a new model (GTAP-H) with a Melitz heterogeneous-firm specification.  
The added equations drive technical change and preference variables that are exogenous in GTAP-A.  They introduce love-of-variety, economies of scale, and productivity variation across firms consistent with the theory set out in Melitz (2003).  Users of GTAP-H can implement closure switches to turn on a Melitz-style specification for any subset of the 57 GTAP industries while retaining the Armington specification for the remaining industries.  Our approach is simpler and more transparent than that proposed by Akgul et al. (2014) which does not preserve the original Armington model or allow effortless switches between Armington and Melitz specifications.  We compare results from GTAP-A and GTAP-H for the effects of trade liberalizations, taking care to set parameter values that equalize the models with respect to potentially observable trade responses. 
The four groups of equations that we add to the bottom of the Armington model coded in GEMPACK are listed below.  Definitions of the variables and coefficients in these equations are in Table 1.  
Group 1: Additional all-input-using technical change in the c-producing industry in country s

  	(1)
                     economies             total fixed costs             marginal productivity effect
                      of scale                    for industry           (change in composition of firms on sd link) 
This equation allows for productivity and scale effects by endogenizing technical change in industries that produce Melitz goods.
Group 2: Technical change in the mixing industry for commodity c in country d (s-using technical change)

	                         	(2)
This equation allows for love of variety by endogenizing technical change in industries that mix varieties to create composite goods.
Group 3: Equations for tfc(s,c), sd,c, and nsd,c, to tie up loose ends introduced in groups 1 and 2

		(3)
This equation defines fixed costs in the c-producing industry in country s, introduced in equation (1).

		(4)
This equation defines the average of the marginal productivities of c-producing firms that operate on the s,d link, introduced in equation (1). 

		(5)
This equation determines the number of c-firms on the sd link.
Group 4: Equations to determine ns,c via a zero-pure-profits condition

	    	(6)
This equation determines the price of domestic and imported goods used by the mixing industries. 

  	(7)






This equation imposes zero pure profits in mixing industries.  In an Armington model,  is the same as  and is given by the zero pure profit condition.   for s ≠ d is then determined in equations similar to (6) but with the exogenous or absent.  In the Melitz model, (6) determinesas well as  for d ≠ s.  This leaves the zero pure profit condition (7) to determine ns,c.  
Table 1.  Variables (percentage change) and coefficients in the add-on equations
	Variable
	Description

	

	All-input-saving technical change in industry c in country s.  Armington variable.

	

	Output of industry c in country s.  Armington variable.

	

	Quantity of fixed costs in industry s,c.  New variable in the Melitz add-on equations

	

	Average productivity of c-firms on the sd link.  Melitz add-on.

	

	Variety s-saving tech change in c-mixing industry in country d.  Armington variable.

	

	Number of c-firms on the sd link.  Melitz add-on.

	

	Number of c-firms in country s.  Melitz add-on.

	

	Quantity flow of c from s to d.  Armington variable.

	

	Basic price of c on sd link.  Armington variable.

	

	Cost of a unit of input for production of c in s.  Armington variable.

	

	Power of tariff applied by d to marginal cost of c from s.  Armington variable.

	

	Number of units of input used for production of c in s.  Armington variable.

	Coefficient
	Description

	

	Inter-variety substitution elasticity for users of commodity c.  Parameter.

	

	Basic-value share of country s in d’s absorption of c.  

	

	Quantity of fixed costs in industry s,c.

	

	Number of c-firms in country s. 

	

	Quantity of fixed costs to set-up a c-firm in country s.  

	

	Number of c-firms on the sd link. 

	

	Quantity of fixed costs for a c-firm to set-up trade on sd link.  

	

	Pareto parameter in the distribution of productivities of c-firms in s.

	

	Share of d in the basic value of sales of c produced in s.
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