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Abstract 

This paper derives optimal trade and domestic taxes for a small open economy 

containing a monopolistically competitive (MC) sector in which firms may have 

heterogeneous productivity levels. Analysis encompasses cases in which the 

domestic MC sector is able to expand or contract flexibly, or is constrained to be 

of fixed size. In the former case domestic protection can bring gains by increasing 

the number of product varieties on offer; these gains (and the corresponding rates 

of domestic subsidy or of import tariffs) are reduced by heterogeneity of foreign 

exporters some of whom may withdraw from the market.  In the latter case gains 

from protection arise from terms-of-trade effects; since various margins of 

substitution are switched off, only the relative values of domestic taxes, import 

tariffs and export taxes matter.  In general, policies work through both a terms-of-

trade and a variety effect, and the paper shows how the relative importance of 

each depends on the structure of the economy.  
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1.  Introduction 

What combination of domestic and trade taxes maximises welfare in an open economy?  The 

answer to this turns on two sorts of reason for intervention; one is to manipulate the terms of 

trade and the other is to mitigate domestic distortions.  The optimal tax and tariff structure 

depends on the extent to which policy can operate on each of these margins. We revisit this 

question in an economy in which some activity takes place in a sector with monopolistic 

competition and firms differing in their productivity.  Our objective is to better understand the 

welfare economics of models with these features by identifying sources of inefficiency in the 

market equilibrium and the tax policies that correct them.  

To achieve this objective we work with a relatively general model structure that encompasses 

and extends a substantial part of the existing literature. We derive explicit formulae for optimal 

and constrained optimal taxes on domestic sales, imports, and exports, both when the 

monopolistically competitive (MC) sector contains symmetric firms (Krugman 1980), and when 

firms have different productivity levels (Melitz 2003).  This distinction matters for the responses 

of firms in the MC sector to policy.  Optimal policy also depends on the general equilibrium 

response of the economy, in particular the elasticity with which labour (the only sectorally 

mobile factor) can be shifted between the MC sector and a perfectly competitive (PC) sector.  

We derive results for intermediate values of this elasticity as well as for the polar cases that are 

in the literature, i.e. perfectly elastic supply (Krugman 1980, Venables 1982, Flam and Helpman 

1987, Baldwin and Forslid 2010, Campolmi, Fadinger and Forlati 2014, Ossa 2011, Bagwell and 

Staiger 2015), or perfectly inelastic (as in the one-sector economy of Demidova and Rodriguez-

Clare 2009).   

Our results both encompass and extend parts of the existing literature.  We show how many of 

the effects described in this literature operate through different channels to manipulate the two 

ultimate sources of welfare gains – the terms of trade and domestic distortions. By comparing 

cases – MC with and without heterogeneous firms, alternative specifications of the general 

equilibrium responses of the economy, and different combinations of admissible policy 

instruments – we gain considerable insight into what drives results and why they differ across 

cases.   

Throughout the paper our focus is on unilateral policy action by a small open economy.  The 

small open economy assumption means that foreign wages, price indices, and number of firms 

are constant.  However, while domestic policy does not influence the number of firms operating 

in foreign economies, it does (if firms are heterogeneous) influence the number of these firms 

that choose to export to the domestic economy (as in Demidova and Rodriguez-Clare 2009).  
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This, we think, is quite a good characterisation of the policy margins faced by many countries.  

Policy changes the number of firms that engage in trade – both the number of domestic firms that 

export, and the number of foreign firms that select to supply the domestic market.  For many 

countries and many markets this seems to be a realistic approach; foreign activities directly 

related to the country in question are affected by the country’s choices, while macro variables are 

not.   

What are our findings?  Welfare gains from policy derive from two opportunities that are not 

fully exploited by the market.  One is the monopolistic competition (MC) distortion.  In 

particular, the market under-supplies varieties because firms (that are not perfectly 

discriminating monopolists) are unable to capture the entire consumer surplus associated with a 

new variety.
1
  The other is the possibility of improving the terms of trade (ToT).  Some relative 

prices are fixed by the small open economy assumption, and others – such as the prices of firms’ 

export sales – are set efficiently, maximising the profit that can be extracted from foreign 

markets.
2
  However, policy may, depending on the general equilibrium structure of the economy, 

bring about a change in the domestic wage and this creates a ToT argument for policy 

intervention. 

Both these mechanisms generate a case for subsidising domestic sales to the domestic market 

and, in some cases, for a positive tariff on imports.  These policies have the effect of switching 

expenditure to the home MC industry leading, in general, to a price and quantity response.  The 

quantity response increases the number of varieties that are offered, thereby reducing the MC 

distortion of under-supply of varieties.  The price response raises domestic wages relative to 

foreign and thereby improves the ToT.  We provide a decomposition which enables us to 

attribute the impact of tariffs to a precise combination of MC and ToT effects. 

These arguments apply both with symmetric and with heterogeneous firms
3
.  The latter creates 

no fundamentally new arguments for policy since this specification of technology is not itself 

associated with any market failure.  However, the combination of a fixed cost of exporting and 

heterogeneous productivity levels means that foreign firms’ responses to policy become more 

elastic.  In particular, they may react to policy by changing the number of varieties sold in the 

                                                 
1
 The MC distortion arises as price is greater than marginal cost and, for each variety, total benefit is greater than 

total cost. The ratios of benefit to cost are the same at the margin and for the totals, this giving the CES property that 

the market supports an outcome that is efficient, conditional on the level of employment in the sector (Dixit and 

Stiglitz, 1977).  Dhingra and Morrow (2012) establish that this property also holds with heterogeneous firms.  
2
  There is no strategic behaviour so ‘strategic trade policy’ arguments do not apply. 

3
 By symmetric firms we mean firms that are identical, except in so far as their products are differentiated, as in 

Dixit-Stiglitz-Krugman models.  Heterogeneous firms differ in their productivity, and hence in their endogenous 

choices to serve different markets, as in Melitz models. 
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domestic market.  This reduces the value of using policy to change the number of domestic 

varieties, since more domestic varieties crowd-out some imported foreign varieties.  

Related literature contains models which vary in (at least) four respects.   Some papers look at 

the effects of changes in real trade barriers, others at tariffs; some look at unilateral changes, 

others bilateral; models vary in their general equilibrium structure; and they vary in whether they 

contain symmetric or heterogeneous firms.  Since the objective of the present paper is to 

understand the welfare economics of monopolistic competition and firm heterogeneity (i.e. the 

inefficiencies present in the market equilibrium) we focus on tariff and other tax policy 

instruments that do not have a direct real cost effect, and look at a single open economy 

(unilateral rather than multilateral policy).   

With this focus, we encompass several general equilibrium structures and both symmetric and 

heterogeneous firms. An older literature from the 1980s studies tax and tariff policy under 

monopolistic competition, although without firm heterogeneity. Variety and a terms-of-trade 

reasons for active policies are identified in work by Venables (1982, 1987), Flam and Helpman 

(1987) and Helpman and Krugman (1989). The newer literature includes papers by Demidova 

and Rodriguez-Clare (2009) and Felbermayr, Jung and Larch (2013a).  The former look at 

unilateral policy in a single sector economy and derive a policy result (taxing trade or subsidising 

domestic production) which we replicate and generalise.  The latter extend the Demidova and 

Rodriguez-Clare model to large countries, and relate the optimal tariff to MC distortions and 

ToT effects. 

Much of the recent literature looks at reductions in real trade barriers. Baldwin and Forslid 

(2010) study the effect of changes in real trade barriers in a model with an MC and a PC sector, 

and show that trade liberalisation will have an “anti-variety” effect, an effect that is present in 

our work.  However, their finding that lower trade barriers raise welfare does not generally hold 

with tariffs rather than real barriers.  The substantial new literature on the gains from trade also 

focuses on real, rather than revenue raising, trade barriers.  Arkolakis et al. (2012) and following 

work point to the importance of trade elasticities in determining the welfare effects of trade.  

This is developed further in Melitz and Redding (2014) who study gains from trade and from 

bilateral liberalisation in a single sector economy, looking at both symmetric and heterogeneous 

firms.  The two cases imply different trade elasticities which shape the gains from liberalisation 

and – in our work – shape optimal tax and tariff policy. 

Our focus is on policy by a single country, maintaining the small open economy assumption.  

The penultimate section of the paper discusses how our results would extend to a full multi-
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country model, and hence to the work of Campolmi, Fadinger and Forlati (2014), Ossa (2011) 

and Bagwell and Staiger (2015). 

The remainder of the paper is organised as follows.  Section 2 sets out the model in quite an 

extensive way, carrying a lot of variables and making few substitutions.  Results are derived 

using comparative static techniques, linearising the model and solving the ensuing equations to 

derive first order conditions for tax rates.  The appendix gives the log-linearised system, and 

linear substitutions of the full system are readily undertaken by Mathematica.  They generate 

explicit optimal (and constrained optimal) tax formulae which are the core of our results. This 

method enables us to derive optimal (and second best) taxes in a wide range of cases; it is 

conceptually simple, lending itself to relatively easy interpretation and to application to other 

issues.  

Results are presented and explained in sections 4 and 5.  Section 4 looks at the two polar cases, 

first when the PC sector is such that the supply of labour to the MC sector is perfectly elastic, 

and then when the PC sector has a fixed labour demand, a limiting case of which is no PC sector 

at all (Demidova and Rodriguez-Clare 2009).  Section 5 places these in a general framework and 

shows that results are driven by a combination of MC distortion and ToT effects; we present a 

decomposition that separates these forces and establishes that the former drives results when 

labour supply is elastic (so quantity effects are large) and the latter when labour supply to the 

MC sector is inelastic (price effects dominate).   Section 6 discusses the implications of relaxing 

the small open economy assumption and relates our results to literature with full two country 

models.  Section 7 offers concluding comments. 

 

2.  The model 

We first outline the ingredients of the monopolistically competitive (MC) sector.  We do this in a 

succinct manner since many full expositions are in the literature (e.g. Melitz and Redding 2015).  

Each firm in the sector produces a distinct variety of differentiated product.  These products 

generate utility according to a sub-utility function with constant elasticity of substitution σ.  E 

denotes total expenditure on MC products in the domestic economy and P is the price index (the 

unit expenditure function dual to the sub-utility function).  The consumer price of a product is p, 

demand for the product is 
1  EPp , and the value of its  sales is

11   EPp .   

The marginal cost of a particular firm is W/ where W is the price of labour, the only input, and 

 is the firm’s productivity.  Firms mark-up price over marginal cost by factor σ/(σ -1) so the 

producer price is )1/()/( W .  The consumer price deviates from this according to ad 
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valorem tax factor τ, so )1/()/(   Wp .  The value, at consumer prices, of a firm’s sales in 

one market is therefore    11
)1( 

 
 EPW .  The firm captures fraction 1/τ of this, so its 

revenue is    11
)1(     EPW .  The remainder, fraction 1 – 1/τ, goes to government.

4
  

The firm’s operating profit, π, is fraction 1/σ of its revenue, so   11    EPW where  

  1
1

 
  .  

Entry decisions incur fixed costs that have to be weighed against expected operating profits. In 

order to produce at all, each home firm pays a fixed cost EWf  to draw a productivity parameter  

from distribution HG .  If this exceeds cut-off value D  the firm will sell in the domestic market 

after incurring further fixed cost DWf , so its expected profits on domestic sales are given by the 

first term in equation (1) below, where D  is the domestic tax rate.  Similarly, exporting incurs 

fixed cost XWf , is subject to tax X , and faces foreign demand curve with fixed expenditure and 

price index PE ,  (fixed by the small open economy assumption).  A firm will export if 

productivity exceeds cut-off value X .  The firm’s expected profits on export sales are the 

second term in (1), so the equation as a whole is the entry condition giving zero expected profits.  

   


























D
HDD dGWf

W
EP










1

1 0

1

1 




























X
EHXX WfdGWf

W
PE








 . (1) 

The survival cut-offs are the lowest levels of productivity at which profits from an activity are 

non-negative.  For domestic sales, D  satisfies  

D

D

D Wf
W

EP 




















1

1
,   and we define  HD dG

D





 1
,   (2) 

where D  is an aggregate of the productivity of active firms according to their impact on sales.   

Similarly, the export cut-off is X :  

X

X

X Wf
W

PE 























1

1
: HX dG

X





 1
. (3) 

In addition to home firms, there are foreign firms some of which supply imports to the domestic 

market. The foreign wage is fixed at unity, the number of foreign firms is exogenous, and these 

                                                 
4
 Our results are qualitatively unchanged if, in addition to these revenue raising frictions, there are real trade costs.  
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firms have productivity distribution FG  (possibly different from HG ).
5
  They choose whether or 

not to supply the domestic market.  The fixed cost they incur in supplying imports is fM, so the 

importer cut-off is M :     

M

M

M fEP 























1

1 1
:   FM dG

M





 1
. (4) 

It is convenient to have expressions for the total value of output sold by domestic firms in the 

domestic market, D, in the export market, X, and by foreign firms in the domestic market, M (all 

at consumer prices). The mass of domestic firms is denoted N and the mass of foreign firms N so, 

integrating over firms’ sales at consumer prices and using (2),  (3),  (4), 

  DDH
D NWEPdG
W

EPND
D
























 





11

1

1   (5) 

  XXH
X NWPEdG
W

PENX
X
























 





11

1

1       (6) 

MMF
M NEPdGEPNM

M









 












 



 11

1

1
.  (7) 

Notice that MDE  , and hence the usual definition of the price index follows from adding 

(5) and (7),
 6

   

  MMDD NNWP     111
.  (8) 

We will call DN  and MN  the ‘equivalent number of varieties’ supplied to the domestic 

market by home and foreign firms respectively.  The terms D  and M  adjust the number of 

firms that enter according to the proportion that supply the domestic market and their 

productivity distribution.  

Government revenue, R, is earned from each of the tax instruments and, as noted above, is 

fraction 1 – 1/τ of sales (at consumer prices) so: 

)/11()/11()/11( XMD XMDR   .  (9) 

                                                 
5
  See Demidova (2008) for further development of the implications of different productivity distributions.  

6
  The number of active firms in each market depends on the mass of firms and the productivity cut-offs, (2)-(4).  
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Employment in the home MC sector, L, is implicitly defined by the fact that, since firms break 

even (in expectation), the wage bill in the sector is equal to the value of sales at producer prices,  

XD XDWL  //  .  (10) 

Turning from the MC sector to the general equilibrium of the economy as a whole, we assume 

that there is a fixed endowment of labour (set at unity) of which L is used in the MC sector and 

the remainder, 1 – L, is employed in the PC sector.  The PC sector (if it exists) is freely traded 

with price unity and concave production function )1( LF  .  The value of national output (at 

producer prices), Y, is therefore 

)1( LFWLY  .  (11) 

Labour is employed in the PC sector to the point where the wage equals the marginal value 

product,  

)1(' LFW  .  (12) 

The elasticity of labour supply from the PC sector with respect to the wage follows from this, 

and is denoted ''/' LFF .
7
 

Consumer income is the value of output plus government revenue, RY  .  Utility is Cobb-

Douglas with expenditure share on the MC sector μ, giving utility U and MC expenditure E,  

   PRYU ,  (13) 

 RYE   .  (14) 

This completes description of the equilibrium; there are 14 equations in N, E, P, ,D ,X  ,M  

D, X, M, R, Y, L, W, and U.  

The analysis of policy in our general case requires that both the MC and the PC sector are active 

(although the PC sector becomes inactive in one of the special cases we study).  To ensure this, 

we assume that fE is small enough for the expected profits of a domestic firm to be positive if N = 

0, implying that the MC industry is present in the domestic economy; and large enough that 

expected profits are less than or equal to zero if the entire labour force is employed in the MC 

sector.
8
   We show in Appendix 1 that expected profits are monotonically decreasing with N, this 

                                                 
7
 This elasticity is, in general, not constant.  For example, if the PC production function is iso-elastic, 

)1()1( LLF  , then  LL )1(/)1(   .  Strict concavity can be interpreted as dependence on a PC 

sector specific factor of production, with factor share (1-α). 
8
  Expected profits are the left hand side of equation (1).  The thought experiment here is to evaluate profits given 
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giving an interior equilibrium.  Profits decline with N for two reasons.  One is that the wage may 

increase as the PC sector contracts (equation 12).  The other is domestic market crowding; entry 

of domestic firms increases supply to the domestic market and thereby reduces the price index 

(equation 8) and 1EP , hence reducing profits.  Market crowding is offset by displacement of 

imports, occurring as lower values of 1EP  increase the importer cut-off, M  (equation 4).  

However, this displacement occurs progressively (because importers are heterogeneous), so 

increasing N is sure to reduce 1EP  and hence the expected profits of domestic firms. 

 

3. Comparative statics 

Our primary task is to investigate the effect of changes in tax instruments, and we do this by log 

differentiation of the equilibrium.  Expressions so derived contain proportionate changes in the 

tax instruments and endogenous variables, together with some further variables capturing relative 

values of endogenous variables.  We define these as follows. 

The share of domestic firms’ sales in the domestic MC market (at consumer prices), Ds :  

  EDMDDsD //  .  (15) 

The share of export sales in MC production (at producer prices), Xs : 

  WLXs XX // .  (16) 

Government revenue as a share of total consumer income,  

ERRYRr /)/(  .  (17) 

Finally, we define the share of the MC sector in total income, Ys , 

YWLsY / .   (18)  

Given the share of MC spending in income, μ, the shares YXD sss ,,  are not independent.  Using 

(10), (14) -  (18) the equation linking them is,   

 /)1)(1( DXYD rsss  .  (19) 

For the remainder of the paper we assume that productivity is Pareto distributed, i.e. 

ik
iG


  1)( , so that )1/(

1


 
i

k
jij kk i  for i = H,  j = D, X and for i = F,  j = M.  

                                                                                                                                                             
the number of domestic firms, N, and with other variables in equilibrium, i.e. satisfying equations (2) – (14) 
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We define the parameter )1/(   ii k  and make the standard assumption that 1ik  so 

that  i .   

The full log-linearised system is given in Appendix 2, with proportionate changes denoted ^.  

There are exogenous changes in three tax instruments, and 14 equations giving changes in the 

endogenous variables (corresponding to equations (1) – (14) above)
9
.  Our principal interest is to 

obtain the coefficients giving the effect of changes in each of the tax rates, MXD  ˆ,ˆ,ˆ , on 

utility, .Û   These coefficients will in general contain parameters FH  ,,, ; endogenous 

variables YXD sssr ,,, ; and tax instruments, MXD  ,, .  Setting these coefficients equal to zero 

gives the first order conditions for optimal policy and, solving for tax rates, we obtain explicit 

solutions for optimal policies. This is conceptually straightforward but is cumbersome, even for 

the linearised system of proportional changes; we use Mathematica.   

One expression containing total derivatives is helpful for interpretation of results.  The welfare 

effects of changes can be written as (see Appendix 3):  

                



























 MDX

RY

M
N

RY

D
W

RY

X
U

^^^^^^

)(
1

1


  

                    
X

X

XM

M

MD

D

D W

X

RY

XM

RY

M

W

D

RY

D















1

^

1

^

1

^






































 . (20) 

 

In this equation ^  denotes a proportional change, and the terms in curly brackets are proportional 

changes in quantities, i.e. changes in the values D, M, X deflated by their prices. The equation is 

useful as it shows how changes in the tax instruments and in endogenous variables determine the 

change in welfare.   

The first term on the right-hand side of (20) is the terms-of-trade effect, capturing the welfare 

effects of an increase in the export price (and remembering that the border price of imports is 

constant by the small open economy assumption). The export price is affected by an export tax 

and by any change in the domestic wage.  The second term we refer to as the MC distortion 

effect – it captures the welfare effect of changes in the number of varieties available to domestic 

consumers.  Notice that the expression is on changes in the ‘equivalent number of varieties’, 

                                                 
9
 The comparative-static equations are numbered (1’) to (14’) and are found in Appendix 2. 
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DN  and MN , so the effects of policy on firm selection enter via changes in D  and M .  

The square brackets in this term is multiplied by factor )1/(1  capturing the welfare gain from 

an increase in the number of varieties (given total expenditure).
10

  Finally, the terms in the 

second row show the direct welfare effects of policy distortions, generating welfare gain if policy 

expands an activity where the tax instrument creates a positive wedge between consumer and 

producer prices.   

Optimal policies are found by setting 0ˆ U in (20), either for one policy instrument at the time 

or jointly for all three taxes, and with changes in endogenous variables coming from the log-

linearised system given in Appendix 2. We derive results both for heterogeneous firms, and for a 

case which we term symmetric firms. The difference is that in the symmetric case there are no 

firm selection effects, i.e. the number of firms (and varieties) supplying each market varies only 

with N, the number of active domestic firms.  The Krugman-Dixit-Stiglitz model, in which all 

active firms supply all markets, is an example of this.
11

  In our setting, the parameter restriction 

equivalent to switching off selection effects is   FH , this implying that i  , i = D, X, M, 

are constant (see appendix 2 equations 2’ – 4’). The point can be illustrated by inspection of the 

elasticity of the value of imports with respect to a tariff which, using (7’) and (4’), is 

  FF

Md

Md



 1)(1

ln

ln
. 

Following Chaney (2008), the first element )1(  shows the intensive margin – the effect of a 

tariff on imports from the existing (foreign) firms – and the second element is the extensive 

margin, capturing the effects of changing cut-off levels for the selection into imports.
12

  With 

symmetric firms there is no selection effect so the import elasticity is given by the intensive 

margin (i.e. has ) F . With heterogeneous firms, both intensive and extensive margin matter, 

and the combined elasticity is  F1 .  Similar reasoning applies for export elasticities.  Since 

we allow for the possibility that FH   , our setup is general enough for firms in one country to 

symmetric and elsewhere heterogeneous.  In terms of the welfare effects in (20), the symmetric 

                                                 
10

 Seen most simply for a closed economy with symmetric firms where the price index is 
   11 NpP .  This  

falls as N increases according to pNP ˆ)1/(ˆˆ   , see also Appendix 2 equation (8’). 

11
 Melitz and Redding (2014) compare gains from trade with homogenous and heterogeneous firms in a similar way, 

pointing out that the case with ‘symmetric’ firms does not require that all firms are identical.  The key point is that 

there is no endogenous selection effect.  
12

 Head and Mayer (2015) show how the extensive margin can be decomposed into a selection effect and a 

composition effect, and Felbermayr et al (2013b) use the same framework to show how the effects of a tariff may 

differ from the effect of a real trade cost. Our expressions are consistent with Felbermayr et al. 
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firm case implies that the variety (MC distortion) effect only appears through changes in the 

mass of domestic firms, as in standard Krugman-Dixit-Stiglitz models.  

 

 4. Optimal policies 

We start by presenting results for two special cases, first with a perfectly elastic supply of labour 

from the PC sector to the MC sector (  , section 4.1) and then perfectly inelastic supply 

( 0 , section 4.2).  In both sections we look at policy with symmetric firms (case A)
 
and 

heterogeneous firms (case B). We present optimal tax formulae when all three tax instruments 

are optimised (denoting values τ
**

) and where just one instrument is optimised (τ
*
) with other 

instruments not used (i.e. set at unity). We call the former first-best policies and the latter 

second-best. We omit expressions that are excessively complex.
13

 

In each section we tabulate results and draw out intuition, concentrating discussion of intuition 

on the effects of an import tariff.  In section 4.1 we are able to develop intuition by some simple 

arguments which show how policy equates marginal benefits and costs.  For other cases intuition 

is more complex and a crucial issue becomes understanding the different roles of MC distortions 

and ToT effects.  Our discussion of this is contained in section 5.   

4.1 Perfectly elastic labour supply to the MC sector 

A frequent assumption in the literature on trade under imperfect competition is that there is a PC 

sector that produces a good that has fixed world price with constant returns to labour alone
14

.  

This fixes the wage in the economy, meaning that the MC sector faces a perfectly elastic labour 

supply curve.  In terms of the model,  , 0ˆ W , and L̂  adjusts freely.  Table 1 presents 

results. 

The first row of Table 1 gives optimal policy with symmetric firms.  The optimum is achieved by 

a subsidy on domestic sales of home firms, 1/)1(**  D , with the import tariff and export 

tax set at unity. The effect of the subsidy is to expand home’s MC sector, bringing in new 

varieties thereby mitigating the MC distortion. The optimal import tariff is zero, 1** M , since the 

economy is importing goods at constant price.  The optimal export tax is also zero.  The 

                                                 
13

  E.g. reporting 
*
X  for the special cases in section 4 but not the general case in section 5. These more complex 

expressions are available on request from the authors. 
14

 As stated in the introduction a number of contributions make this assumption. In section 6, below, we compare 

their results to ours and show how our decomposition of the effects helps us improve the understanding of the 

underlying welfare economics.  
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economy can vary its export terms of trade, raising their price by an export tax; however, 

domestic firms have already chosen the price that maximises profit extracted from the foreign 

market, and any deviation from this is welfare reducing.  With reference to equation (20), the 

optimal policies are determined from the trade-off between reducing the MC distortion through 

increasing the number of domestic varieties and increasing the policy distortion from subsidising 

domestic consumption.   

Turning to cases in which only one instrument is used, the optimal value of 
*

D  is as above.  If 

the tariff is the only instrument, then it should be positive, 1* M . In terms of equation (20) this 

distorts the domestic price of imports away from the marginal cost at which they are supplied to 

the economy, but is a second best policy to expand the domestic MC sector, bringing in domestic 

varieties and mitigating the MC distortion.
15

   

The economic intuition underlying this can be developed by establishing the marginal benefits 

and costs of the quantity changes, and noting that optimal policy equates the ratios of marginal 

benefit to marginal cost across affected quantities.  The first quantity change from an import 

tariff is a reduction in imports of MC products. Their marginal cost to the economy is their price, 

and their marginal benefit is price times the factor M , as the tariff raises the marginal value.
16

  

The second quantity change is that, as the tariff shrinks imports of MC products, so it expands 

domestic production.  As usual in a Dixit-Stiglitz model sales per firm are unchanged, so the 

quantity change is met entirely by a change in the mass of domestic firms, N.  Entry of a new 

variety brings consumer surplus, and the ratio of utility to expenditure is )1/(  . Since firms 

break even expenditure on each product equals (expected) costs, so the ratio of benefit to cost for 

a marginal change in the number of varieties is )1/(  .  Equating these marginal benefit-to-

cost ratios for the change in imports and the change in domestic production gives the tariff 

formula )1/(*  M .  

Continuing in part A of table 1, the final row gives the optimal export tax when other instruments 

are not used; it should be used to subsidise exports (its maximum value is unity, occurring if 

1Xs ). This is second best policy shaped by the interaction of two forces.  The subsidy attracts 

entry of domestic firms (an increase in N) which increases the number of varieties offered in the 

domestic market, partially correcting the MC distortion. But, since this policy involves 

subsidising foreign consumers (ToT loss) it is an inefficient instrument, so the subsidy is 

                                                 
15

 Notice from (1’) that 0ˆ)1(ˆ  PE  ,  so 0ˆ)1(ˆ  MM   (from 7’) and 0ˆˆ  DN  (from (5’), 

creating the policy distortion and variety effects respectively. 
16

  Equivalently, marginal benefit is price times )1(1  M  , where the second term is tariff revenue earned. 
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relatively small (going to zero if 1Xs ).  In terms of equation (20), it is a trade-off between three 

elements – the ToT loss, the MC distortion gain, and the direct policy distortion from subsidising 

exports.  

 

Table 1: Optimal policy with perfectly elastic labour supply. 

A: Symmetric firms.  

All taxes optimally set:  

 1
1** 







 D   1** M  1** X  

Fixed taxes Optimised taxes 
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B: Heterogeneous firms:  HF ,  

All taxes optimally set:  

 1
1** 


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


D  1

1
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



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



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
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
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


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1
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

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
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
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1
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






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


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The lower panel of Table 1 gives policy with heterogeneous firms, case B.  The key difference is 

that expanding the domestic MC sector now reduces the number of foreign firms that select to 
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supply imports (i.e. raises the foreign import cut-off M and reduces M  in equations 4 and 4’) 

so welfare gains from drawing in domestic varieties are offset by loss of imported varieties.  

First-best optimal policy is therefore the domestic subsidy 1** D  as before, combined with an 

import subsidy, 1** M .  The size of this depends on the magnitudes of the expenditure elasticities 

with respect to tax rates, with the import subsidy less than the subsidy to domestic firms, and 

collapsing down to the symmetric case when  F . Notice that the expression for **
M  contains 

F  not H so it is heterogeneity of foreign, not domestic firms that makes the case for the import 

subsidy.  With reference to equation (20) again, we now have two forces affecting the number of 

varieties in the second term of the equation:  an increase in the equivalent number of domestic 

varieties )0ˆˆ(  DN and a reduction in imported varieties ( 0ˆ M ); optimal policy requires 

two instruments, each set to balance variety gains against the direct policy distortions.  

If D  is the only instrument used then it should be a subsidy, although at a lower rate (i.e. 
*

D  

closer to unity) than in the symmetric case because of the loss of imported varieties; the optimal 

value depends on foreign selection, F , not on domestic firm selection.  The import tariff alone 

mirrors that in the symmetric case, but with  replaced by F , implying a lower tariff .
17

  The 

argument for policy is simply the MC distortion, but the number of MC varieties on offer now 

changes at two margins, N and M . 

The final row of the table is the export tax with heterogeneous firms.  As in the symmetric case, 

the export subsidy is determined by tension between ToT loss and variety gain.  It collapses to 

the symmetric case if   HF  and is a smaller subsidy if  HF , .  This is because 

changes in both the import and export cut-offs reduce the impact of the export subsidy on the 

number of varieties sold in the domestic market; some import varieties are crowded out, and 

some of the quantity response of the domestic industry is more firms exporting (rather than an 

increase in N).  It is noteworthy that this is the only result reported Table 1 in which H  appears, 

i.e. where heterogeneity of domestic firms has any bearing on policy. The reason can be seen by 

inspection of (1’) - (4’); the productivity cut-offs D  and X are unaffected by either M  or D  

(see footnote (13), again), while both these cut-offs are affected by X .   

                                                 
17

 Intuition for this comes from extending the line of reasoning that we used in the symmetric case, but where 

proportion    FF   1/  of the change in imports comes from the extensive margin, i.e. a change in the 

number of varieties supplied, and this change carries the premium )1/(1  .   
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4.2 Inelastic labour supply to MC sector 

We now look at situations in which the general equilibrium structure of the economy is such that 

the supply of labour to the MC sector is perfectly inelastic, this including the one sector economy 

studied by Demidova and Rodriguez-Clare (2009, henceforth DRC).  While tax formulae derived 

in this case are similar (in several cases identical) to those in the previous section, they are driven 

by quite different mechanisms.  Essentially, when labour supply is elastic quantity changes 

interact with the MC distortion, but when it is fixed quantity effects are absent and price effects 

(the ToT) drive results.  The distinction is key to understanding the role of policy – and welfare 

economics more generally – in this class of models.   

It turns out that there are two assumptions involved in going from a general setting to the results 

of DRC.  One is that 0  so that the supply of labour to the MC sector is perfectly inelastic.  

The other is that 1 , so domestic consumers only purchase the MC good.  Table 2 presents 

results in three stages; first, the infinitely elastic labour supply case ( )1,0(,   , repeating 

the first rows of each section of Table 1); second, )1,0(,0   ; and finally 1,0   , the 

DRC case. 

The first row of each block of Table 2 gives results for )1,0(,    in which optimal policy 

requires setting all three of the instruments at the values indicated.  In the second row the size of 

the domestic MC sector is fixed by inelastic labour supply.  This has the consequence that, since 

domestic MC production cannot change, the only margin is its distribution between domestic and 

export sales.  Hence, policy is achieved by the ratio XD  /  taking the value indicated (the 

separate values of D and X  being immaterial), together with 1**  MM  in the case of 

symmetric firms.
18

 With firm heterogeneity, it is optimal to subsidise imports as well as domestic 

consumption to counteract the crowding out of imported varieties due to the foreign selection 

effect.  

In the third row of each block the consumer demand margin is also removed, by assuming that 

consumption consists solely of the MC good, 1 .  This means that the only tax instrument that 

matters is the combination MXD  / .  Varying any one of  MXD  ,,  has the same real effect, 

changing exports and imports together.  This is a consequence of Lerner symmetry in what is 

now a very simple economy.  With heterogeneous firms (final row), this gives the result derived 

by DRC in a single sector economy. We note that it does not require that the economy contains a 

single sector, or that trade in the MC good be balanced (the PC sector could still exist, simply 

                                                 
18

  Table 2 does not report cases where an instrument is constrained to equal unity.  
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taking a fixed amount of labour to produce and export a fixed amount of output).  But it does 

require that margins of substitution between the MC sector and the PC sector – on both the 

supply and demand side – are switched off. 

Table 2:  Inelastic labour supply and Lerner symmetry 

A: Symmetric firms.  

)1,0(,    : 





1** 
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B: Heterogeneous firms.   HF ,  
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Despite the similarities in the tax and tariff formulae in Tables 1 and 2, the mechanisms driving 

policy are completely different in the two cases.  Consider first symmetric firms with 

1,0   .  Policy cannot be operating through the domestic MC distortion (as it does in Table 

1), since the size of the MC sector, number of varieties offered, and output of each firm are 

completely fixed and invariant to policy.  Instead, the domestic wage changes, and it is this that 

generates a ToT effect. Given this ToT effect, the optimal value of the export tax (or equivalently 

import tariff) is simply the reciprocal of the foreign elasticity of demand for home’s exports.
19

 

                                                 
19

  Thus, in the symmetric firms case )1/(111 ****   MX . We have also derived results with distinct 

notation for home and domestic elasticities of substitution, FH  , ; and in Table 2A  it is F  not H in these 
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Similarly, with heterogeneous firms and 1,0   , there is a ToT effect and the optimal tariff 

is the inverse of the foreign supply elasticity, )1/(11**  FM  .   

With firm heterogeneity and )1,0(,0    – the second row in Table 2B – there will be a 

combination of a ToT and a variety effects, due to the selection mechanisms for home and 

foreign firms. The reason is as follows: even if the total production of MC goods is given from 

the inelastic labour supply, a domestic subsidy (or an export tax) will affect both the wage rate 

and supply and demand of MC goods to domestic consumers. On the supply side, reduced 

profitability of exports implies that the number of exporting firms goes down, while the number 

of firms selling in the domestic market increases
20

. On the demand side, consumers’ 

expenditures are switched from PC to MC goods, as the price index for MC goods goes down. 

Finally, imports are affected positively by the wage effect but negatively from the direct effects 

of the domestic policy measures; the import subsidy partly offsets this. Hence, there will be a 

combination of ToT and variety effects in this case and the relative importance of each depends 

on the strength of the selection mechanism. We discuss this more fully in the context of the 

general case (next section), using our decomposition of the welfare effects of policy, equation 

(20).   

 

5.  The general case:  optimal policies and welfare decomposition 

Our focus up to this point has been on deriving optimal tariff and tax formulae for the special 

cases of perfectly elastic and fixed labour supply to the MC sector.  We now switch to the 

general case and investigate two issues.  First we derive optimal policies (section 5.1) and then, 

focusing on the import tariff, decompose its effect on welfare into a ToT part and an effect 

through MC distortions (section 5.2)
21

.  

5.1 Optimal policies in the general case 

Table 3 gives first and second best optimal policies for the general case [i.e. )1,0(),,0(   ].  

Several observations stand out.  First, if all three tax instruments are set optimally, then tax and 

                                                                                                                                                             
expressions. 

20
  Using (1’)-(4’) it is easy to see that with 0ˆ W  we have 0ˆ X and 0ˆ D , and since the mass of firms, N, 

is given in the case of inelastic labour supply, the equivalent number of firms serving export and domestic markets 

follow directly from these selection effects.  
21

 Ossa (2011) discusses the importance of labour market flexibility for policy motives; however, in his analysis he 

assumes a perfectly elastic labour supply to the MC sector. Crozet and Trionfetti (2008) analyse the importance of 

concavity in the PC sector for the home-market effect. However, they do not focus on policy issues.  See section 6 

for further discussion.  
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tariff rates are independent of η and μ and hence the same in Tables 1, 2, and 3.
22

  This is true 

both with symmetric and heterogeneous firms. However, although the first-best policies are the 

same, the underlying mechanisms differ, as we discuss further below. 

Second, when only domestic subsidies are in use their optimal level, *
D , does not depend on the 

elasticity of labour supply,, (see Table 3). The reason is that all relative consumer prices 

(between domestic MC goods, imports and PC goods) are affected by WD , not by D  and W  

individually; hence, the elasticity of labour supply does not have a separate effect on the optimal 

domestic subsidy. With symmetric firms the subsidy takes value  /)1(* D . With 

heterogeneous firms *
D  depends on  , and it is easy to see that as   increases, *

D  goes towards 

FF  /)1(   .
23

   

Third, optimal values of each of the trade policy instruments depend on   (we report import 

tariffs only, the export tax formula being complicated). This is because, in contrast to the 

domestic tax rate, trade taxes and the wage rate have different effects on relative prices faced by 

consumers.  For both the symmetric and heterogeneous firms cases, the second-best optimal 

tariff is increasing in   and approaches the levels in Table 1 as  .  It is also increasing 

in .  In the general case, an import tariff will have both a variety (MC distortion) and a ToT 

effect; their relative importance will be further analysed in section 5.2. 

Finally, firm heterogeneity affects the magnitude, but not the sign of second-best policies. The 

role of firm heterogeneity comes through by comparing sections A and B of Table 3. Selection 

effects for importers  F( ) leads to a lower optimal tariff or a lower domestic subsidy, since 

domestic varieties crowd out imported ones. Selection at home )(  H  on the other hand, 

increases the optimal (second-best) tariff. The reason is that with heterogeneous firms, the 

change in exports following a tariff will in part come as a reduction in the share of firms 

exporting (the extensive margin). This dampens the wage effect and increases the variety effect 

of an import tariff.  

                                                 
22

 Although in the one-sector economy, only relative taxes matter, as shown in section 4.2.  
23

 See also Tables 1 and 3.  The case of domestic subsidies alone is not reported in Table 2 although, since only 

relative subsidies matter, it is implied by other expressions. 
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Table 3: Optimal policy in the general model 

A: Symmetric firms.  

All taxes optimally set:  
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5.2 Decomposition of the tariff effect 

We suggested in preceding sections that policy is determined by a combination of MC and ToT 

effects, the former dominant if the elasticity of labour supply to the MC sector is high, the latter 

if it is low.  In this section we give the precise decomposition of these effects, building on 

equation (20) and focussing on an import tariff, so 1 XD   and 0ˆˆ  XD  . From (20), the 

condition for the optimal tariff then becomes (see also Appendix 3)  
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The changes MNW MD
ˆ,ˆ,ˆ,ˆ,ˆ  come from differentiation of the equilibrium with respect to M , 

and follow from equations  (1’) – (14’) of Appendix 2,  Making the substitutions yields a 

complex expression which it is convenient to summarise as   0ˆTWMCToTˆ  MU  , where 

ToT is the terms-of-trade effect, MC is the variety effect, and TW is the effect of the tariff 

wedge.  If the tariff is optimally chosen the term in curly brackets is equal to 

zero, MC}{ToTTW  , so       
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The first two terms in curly brackets give the relative contributions of the TOT and MC effects.  

The expression for the share of the ToT and MC effects in the general case (evaluated at the 

optimal second-best tariff rate, i.e. 
*

M  from the final row of Table 3B) are (see Appendix 3),  

 

  ))(1()1()1()1(

)1()1(

ΜCΤοΤ

ΤοΤ










 FHXXD

FxD

sss

ss
  ,                           (23) 

 
ΜCΤοΤ

ΤοΤ
1

ΜCΤοΤ

ΜC





.   (24) 

It is clear from (23) that a more elastic supply of labour to the MC sector (higher η) reduces the 

contribution of the ToT effect.  As   so (23) goes to zero and (24) to unity, confirming that 

the results of Table 1 are driven entirely the MC distortion, not the ToT effect.  The polar 

opposite case of Table 2 has 1,0   , so (23) and (24) become 
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If the distributions of productivity are the same in both countries, FH   , then welfare effects 

are entirely due to ToT arguments. Although individual firms take into account the slope of 

foreign demand curves for their varieties they do not internalise the fact that changes in output 

change the wage, and it is this that creates the ToT effect. However, if FH    then there is also 

a positive MC distortion effect.  Essentially, the (positive) response of domestic varieties to a 

tariff is greater absolute value than the (negative) response of foreign varieties, meaning that 

(even in the one sector economy of section 4), there is a variety gain from an import tariff.  

Hence, for the single-sector economy, the main message from this decomposition is that, while 

some MC distortion effects are present if FH   , the case for the tariff is driven principally by 
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the fact that it improves the ToT.  As the tariff cuts imports, so the wage has to rise in order to 

cut exports in line.  More generally, the share of the ToT effect is strictly decreasing in both η 

and μ, as can be seen from equation (23)
 24, 25

.    

 

6. Small versus large economy analysis 

In the analysis so far we have focused on a small open economy. What additional effects come 

into play if thid assumption is relaxed? Domestic policy can then, in principle, change the 

foreign wage, mass of active firms, and price index.  This will change equilibrium responses (the 

derivatives of Appendix 2), and adds two new terms to our expression for domestic welfare 

change, equation (20).  A change in the foreign wage changes the price of domestic imports, 

having a ToT effect, and a change in the mass of foreign firms changes the number of varieties 

sold in the domestic economy, so has an MC distortion effect.  Formally, equation (20) becomes  
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Subscripts H and F are added to identify home and foreign variables as appropriate.   These 

terms combine into ToT and MC effects, together with the policy distortions, as before.  

However, the ToT effect (the first square bracket) is now the weighted sum of changes in export 

and import prices, both measured at international (border) prices, where the weights are the value 

of exports and imports, respectively, measured at border prices.  Thus, an increase in foreign 

wages, WF, reduces domestic welfare.  The MC distortion effect (the second square bracket) 

depends on the change in the mass of domestic firms (NH) and the selection of domestic and 

foreign firms into supplying the domestic market ( MD  , ) as before, and now also on the 

change in the mass of foreign firms, NF.   

It is useful to compare this expression to papers analysing the large economy case.  For example, 

Campolmi, Fadinger and Forlati (2014) (henceforth CFF) study a large economy Krugman 

                                                 
24

 These are the derivatives holding the share variables, sx, sD constant. 
25

 Similar exercises done for the first-best policies in Table 2B reveal that with )1,0(,0    there is a 

combination of a ToT and a variety effect even if FH   , while for 1,0   there is only a variety effect if 

FH   , as in (25).  
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model with perfectly elastic labour supply, and discuss four possible effects of policy.  The first 

is the MC distortion, operating via HN̂ .  The second is a production relocation effect (sometimes 

known as a home market effect and referred to by CFF as a delocation motive).   This occurs as, 

in a full two country model, a shock will in general change both HN̂  and FN̂  (CFF has 

symmetric firms, so selection effects MD  ˆ,ˆ  are absent).   This production relocation effect 

changes welfare through its impact on the supply of varieties, i.e. interacting with the MC-

distortion and impacting welfare through the second square brackets in (26).  It has been 

extensively studied in the two-country Krugman model (for example Venables 1987, CFF, Ossa 

2011, Bagwell and Staiger 2015).   Thus, a home import tariff raises HN  and, in the full two-

country model, reduces FN .  This may raise domestic welfare, as can be seen by noting that, in 

equation (26), a symmetric change ( HN̂ = - FN̂ > 0) will have a positive effect on welfare if 

domestic firms’ sales are a larger share of expenditure than are imports, 

)/()/( RYMRYD  .    

The third mechanism analysed by CFF is a ToT effect.  In their framework wages are constant so 

a ToT effect arises only through a change in domestic export taxes (as in the first term of 

equation (26)) or wage taxes (not present in our model).  If labour supply to the MC sector is less 

than perfectly elastic, as in the present paper, a shock will also impact the ToT via changes in 

wages, HŴ and FŴ .  Thus, a production relocation will impact the ToT as well as the MC-

distortion.  As we have seen the relative importance of ToT versus MC-distortion effects 

depends on the elasticity of labour supply to the MC sector. This is clearly stated (although not 

formally modelled) by Ossa (2011).  While our approach is to endogenise the wage response via 

diminishing returns to scale (or equivalently the presence of a fixed factor) in the PC sector, 

Crozet and Trionfetti (2008), in a paper about the home market effect, achieve wage endogeneity 

by making an Armington assumption on the output of the PC sector.  

CFF’s fourth mechanism is called a fiscal-burden-shifting effect, and corresponds to the policy 

induced distortions in the final row of (26).  It appears when more than one policy instrument is 

in use. As an example, if there is an export subsidy in place and a wage tax alters the quantity 

exported, then the changes in export subsidies should be taken into account when determining 

the effect of the wage tax.  

This comparison illustrates the consistency of our analysis with the results of these papers, and 

also makes an important general point.  Ultimate gains from policy in this class of models arise 

from MC-distortion and ToT effects, but these can be driven by different policy instruments and 

occur via different channels.  Thus, ToT effects occur through export subsidies or, if labour is 
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supplied inelastically, through a broader set of measures that change demand for labour in the 

MC sector and hence change wages.  MC-distortion effects arise as the number of domestic firms 

changes and also as the number of foreign firms supplying the domestic market may be affected 

by domestic policy.  This arises in large economy models (production relocation), and also in the 

presence of firm level heterogeneity when, as we have shown, domestic policy will influence the 

number of foreign firms choosing to supply the domestic market.  We think it important that the 

numerous different effects and channels described in the literature are understood in terms of the 

ultimate mechanisms through which they change welfare.   

Finally, a large open economy model enables analysis of the response of foreign policy 

instruments to domestic policy.  This is beyond the scope of the present paper, although we note 

the contributions of Ossa (2011) and Bagwell and Staiger (2015) to this question, illustrating 

how relocation and terms-of-trade effects may play key roles in international trade policy 

competition. As should be clear from our discussion of CFF above, the policy motives are the 

same in our small open economy model as for large economies; however, with active policies in 

several countries, non-cooperative policy solutions will typically differ from the unilateral 

policies of our model.  

 

7.  Concluding comments 

The model of trade and Dixit-Stiglitz monopolistic competition, with or without heterogeneous 

firms, is the workhorse model of trade theory.  The structure is simple enough to yield explicit 

formula for optimal policies, yet also complicated enough for the algebra involved in deriving 

these for the general case to explode.  This has given rise to a literature of special cases and 

incomplete general understanding.  The present paper has derived the optimal tax and tariff 

formulae in a model that encompasses these special cases and thereby draws out the underlying 

arguments for policy. 

The main messages are that there are potential gains from using policy to support the home MC 

sector, either through a subsidy to firms’ domestic sales or through trade taxes.  The gains are 

driven by a combination of two effects, one through quantities, the other through prices.  The 

quantity effect arises from the interaction of trade policy with the MC distortion; supporting the 

domestic industry increases the range of products on offer with beneficial variety effects.  The 

price effect arises through the general equilibrium of the model; if labour supply to the MC 

sector is inelastic then supporting the MC sector raises wages and this brings a ToT 

improvement.  The presence of heterogeneous productivity tempers results since the number of 

foreign varieties sold in the domestic market is endogenous and foreign reactions become more 
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price elastic.  However, this heterogeneity creates no qualitatively new arguments for or against 

policy interventions. 

Our results encompass the findings of Demidova and Rodriguez-Clare (2009) and Felbermayr et 

al. (2013a) for the one-sector economy; however, by decomposing the welfare effects, we 

highlight the mechanisms and draw out similarities with the older literature on homogeneous 

firms, e.g. Flam and Helpman (1987) and Venables (1982 and 1987). With more than one sector, 

there is a trade-off between terms-of-trade effects and variety effects, and we demonstrate how 

the general equilibrium conditions affect this trade-off.  In general, the more elastic is the supply 

of labour available to the MC sector, the more will the variety effect dominate. Furthermore, our 

results show that although firm heterogeneity does not give qualitatively new arguments for 

policy interventions, the size of the optimal taxes or subsidies are affected.  And by 

distinguishing between domestic and foreign selection effects, the importance of foreign firms’ 

selection effects for product variety in the home market becomes clear in our results.   

Finally, when comparing our results with those from studies of optimal policies in large 

economics, we conclude that the underlying forces are the same: gains from policies ultimately 

arise from the MC-distortion and the ToT effects. Furthermore, we note that our modelling of a 

small, open economy with firm heterogeneity captures important and realistic features in many 

markets, i.e. that domestic policies may affect the number of foreign suppliers choosing to 

service the market, even if the country is too small to have an impact on macro-conditions in the 

rest of the world.   
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Appendix 1.   

We assume that fE is small enough for the expected profits of a domestic firm to be positive if N 

= 0, and large enough that expected profits are less than or equal to zero if the entire labour force 

is employed in the MC sector.  There is a unique value of N at which a domestic entrant expects 

to break even if expected profits are monotonically declining with N. We establish this relation-

ship using the comparative statics of section 3, with one extension.  The left hand side of 

equation (1) is expected profits, which we now denote  .  We take N as exogenous, all tax rates 

constant and equal to unity, and use (2’) – (14’) to investigate how  changes with N .  From 

Mathematica,  
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Appendix 2.  Comparative statics 

Differentiation of the equilibrium conditions (1) – (14) gives the following equations with 

equation numbers matching level equations (1) – (14) 
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Changes in the values of sales (domestic, export and imports) satisfy; 
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The price index (8) changes according to: 
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The change in government revenue is dR and, since R can equal zero, we use dR/E not dR/R. 
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From (10), employment in the MC sector changes according to
26
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Turning to the general equilibrium, the change in the value of output and wages are 
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The change in utility and expenditure are :  

PEdRWsrPRrYrU Y
ˆ/ˆ)1(ˆˆˆ)1(ˆ   ,  (13’) 

EdRWsrRrYrE Y /ˆ)1(ˆˆ)1(ˆ  .  (14’) 

 

Appendix 3.  Decomposition of the welfare effects of an import tariff.  

Substituting (8’), (9’) and (11’) in (13’) gives 

 

.
1

ˆ
ˆ)1(

1

ˆˆ
ˆˆ

1

ˆ)1(ˆ

1
ˆ)1(ˆˆ)1(ˆ

ˆ)1(ˆ






























































 















 














 























M
MD

D
DD

X

XD

D

XX

D

M

MM
D

D

DD
Y

s
N

Ws
s

ssX

s
M

s
D

WsrU

 

Rearranging this and using )/( RYDsD  , )/()1( RYMsD  , and 

  )/()1( RYXssr DY   ,  gives equation (20) of the text.  

                                                 
26

  With the Pareto distribution and equal price cost mark-ups in both markets, employment is proportional to the 

number of firms, so NL ˆˆ  , as can be seen from (5’) and (6’), using (1’), (2’) and (3’). 
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Holding 1 XD   gives equation (24), with changes in endogenous variables coming from 

differentiation of the system with respect to M . The welfare change can be expressed as 

  MTWMCToTU ̂ˆ  , where ToT is the terms-of-trade effects, MC is the variety effect, and 

TW corresponds to the tariff wedge.  With the optimal tariff in place TW is set such that 

0 TWMCToT , giving (21) of the text.  The expressions for ToT and MC are found by 

using Mathematica to find terms in (20) (evaluated at the second-best optimal tariff in the bottom 

row of Table 3B).   

   








FDHXXD

Fx

ssss

Ks
ToT

)1()1)(1()1(

)1(
 , 

 
   








FDHXXD

FDFHXX

ssss

sssK
MC

)1())1)(1()1(

))(1)(1()()1(
, 

where  )1()1( DD ssK   and hence    

 
   








FDHXXD

FDHXX

ssss

sssK
MCToT

)1())1)(1()1(

))(1)(1()1()1(
. 

By inspection, ToT is positive (both the numerator and denominator are positive) while MC may 

be positive or negative.  Equations (23 and (24) follows from these expressions.  
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