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Abstract

This paper derives optimal trade and domestic téoes small open economy
containing a monopolistically competitive (MC) sacin which firms may have
heterogeneous productivity levels. Analysis encaapa cases in which the
domestic MC sector is able to expand or contraatilfly, or is constrained to be
of fixed size. In the former case domestic protectian bring gains by increasing
the number of product varieties on offer; thesegéand the corresponding rates
of domestic subsidy or of import tariffs) are redddy heterogeneity of foreign
exporters some of whom may withdraw from the marKkatthe latter case gains
from protection arise from terms-of-trade effecssnce various margins of
substitution are switched off, only the relativdues of domestic taxes, import
tariffs and export taxes matter. In general, peséiavork through both a terms-of-
trade and a variety effect, and the paper shows thewrelative importance of
each depends on the structure of the economy.
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1. Introduction

What combination of domestic and trade taxes madmwelfare in an open economy? The
answer to this turns on two sorts of reason faerirgntion; one is to manipulate the terms of
trade and the other is to mitigate distortionsh@ €économy. The optimal tax and tariff structure
depends on the extent to which policy can operateach of these margins. We revisit this
guestion in an economy in which some activity takdsce in a sector with monopolistic

competition and in which firms may differ in thgwroductivity. Our objective is to better

understand the welfare economics of models witlsgheatures by identifying sources of
inefficiency in the market equilibrium and the faolicies that correct them.

To achieve this objective we work with a relativglgneral model structure that encompasses
and extends a substantial part of the existingalitee. We derive explicit formulae for optimal
and constrained optimal taxes on domestic saleporisy and exports, both when the
monopolistically competitive (MC) sector contairyrsnetric firms (Krugman 1980), and when
firms have different productivity levels (Melitz @8). This distinction matters for the responses
of firms in the MC sector to policy. Optimal pofi@also depends on the general equilibrium
response of the economy, in particular the elagtiwith which labour (the only sectorally
mobile factor) can be shifted between the MC seatwt a perfectly competitive (PC) sector.
We derive results for intermediate values of thasticity as well as for the polar cases that are
in the literature, i.e. perfectly elastic supplyrg@igman 1980, Venables 1982, Flam and Helpman
1987, Baldwin and Forslid 2010, Ossa 2011, Campelnail. 2014, Bagwell and Staiger 2015),
or perfectly inelastic supply (as in the one-se&conomy of Demidova and Rodriguez-Clare
2009). The effects described in this literaturerapee through different channels, but ultimate
welfare change comes from impacts on just two ssuof welfare gain — the terms of trade and
domestic distortions. By comparing cases — MC wathd without heterogeneous firms,
alternative specifications of the general equilibri responses of the economy, and different
combinations of admissible policy instruments —geén considerable insight into what drives
results and why they differ across cases.

Throughout the paper our focus is on unilateralcgoaction by a small open economy. The
small open economy assumption states that foreage®; foreign price indices, and the number
of foreign firms are constant. The border pricegnports are therefore constant, although the
terms of trade are influenced by domestic poliacycsithe export prices of domestic firms are
variable. However, while domestic policy does mdituence the number of firms operating in

foreign economies, it does (if firms are heterogeisg influence the number of these firms that
choose to export to the domestic economy (as ini@@ra and Rodriguez-Clare 2009). This, we
think, is quite a good characterisation of the g@plinargins faced by many countries. Policy



changes the number of firms that engage in trad®th the number of domestic firms that
export, and the number of foreign firms that setecsupply the domestic market. For many
countries and many markets this seems to be astieadipproach; foreign activities directly
related to the country in question are affectedth®y country’s choices, while foreign macro
variables are not.

What are our findings? Welfare gains from poli®ride from two opportunities that are not
fully exploited by the market. The monopolistionepetition (MC) distortion means that the
market under-supplies varieties because firms @hanot perfectly discriminating monopolists)
are unable to capture the entire consumer surghsciated with a new variety The possibility

of altering the terms of trade (ToT) arises becaudele import prices are fixed by the small
open economy assumption, export prices are endagenbirms set export prices efficiently,
maximising the profit that can be extracted fromefgn market$. However, policy may,
depending on the general equilibrium structure haf €conomy, bring about a change in the
domestic wage, this affecting export prices andnibé.

Both these mechanisms generate a case for subgidismestic sales to the domestic market
and, in some cases, for a positive tariff on imporThese policies have the effect of switching
expenditure to the home MC industry leading, inagah to a price and quantity response. The
guantity response increases the number of varigtegsare offered, thereby reducing the MC
distortion of under-supply of varieties. The pri@sponse raises domestic wages relative to
foreign and thereby improves the ToT. We providelewomposition which enables us to
attribute the impact of tariffs to a precise conabion of MC and ToT effects.

These arguments apply both with symmetric and Wéterogeneous firmis The latter creates

no fundamentally new arguments for policy since thpecification of technology is not itself
associated with any market failure. However, thmlgination of a fixed cost of exporting and
heterogeneous productivity levels means that fordiigns’ responses to policy become more
elastic. In particular, the foreign MC sector magact to policy by changing the number of
varieties sold in the domestic market. This reduttee value of using policy to increase the

! The MC distortion arises as price is greater thamginal cost and, for each variety, total benafigieater than
total cost. The ratios of benefit to cost are thea at the margin and for the totals, this givimg €ES property that
the market supports an outcome that is efficieahd@tional on the level of employment in the sedixit and
Stiglitz, 1977). Dhingra and Morrow (2012) establthat this property also holds with heterogendionnss.

2 There is no strategic behaviour so ‘strategiderpolicy’ arguments do not apply.

® By symmetric firms we mean firms that are iderfiexcept in so far as their products are diffédetat, as in
Dixit-Stiglitz-Krugman models. Heterogeneous firmigfer in their productivity, and hence in theindogenous
choices to serve different markets, as in Melitdgis.



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

Related literature contains models which vary inléast) four respects. Some papers look at
the effects of changes in real trade barriers, reth¢ tariffs; some look at unilateral changes,
others bilateral; models vary in their general Blguum structure; and they vary in whether they
contain symmetric or heterogeneous firms. Sina dbjective of the present paper is to
understand the welfare economics of monopolistimetition and firm heterogeneity (i.e. the
inefficiencies present in the market equilibrium}pe viocus on tariff and other tax policy
instruments that do not have a direct real costceffand look at a single open economy
(unilateral rather than multilateral policy).

With this focus, we encompass several general ibquiin structures and both symmetric and
heterogeneous firms. An older literature from tH880s studies tax and tariff policy under
monopolistic competition, although without firm betgeneity. Variety and a terms-of-trade
reasons for active policies are identified in wbskVenables (1982, 1987), Flam and Helpman
(1987) and Helpman and Krugman (1989). The neweraliure includes papers by Demidova
and Rodriguez-Clare (2009) and Felbermayr, Jung laardh (2013). The former look at
unilateral policy in a single sector economy andwvdea policy result (taxing trade or subsidising
domestic production) which we replicate and gemsal The latter extend the Demidova and
Rodriguez-Clare model to large countries, and eethe optimal tariff to MC distortions and
ToT effects. A recent paper by Costinot et al.1@0works with a two-country model, looking
at first best policy including the possibility thpolicies are firm specific (i.e. vary with firm
productivity).

Much of the recent literature looks at reductionsreéal trade barriers. Baldwin and Forslid
(2010) study the effect of changes in real tradeidra in a model with an MC and a PC sector,
and show that trade liberalisation will have antiariety” effect, an effect that is present in
our work. However, their finding that lower traldarriers raise welfare does not generally hold
with tariffs rather than real barriers. The substd new literature on the gains from trade also
focuses on real, rather than revenue raising, toadeers. Arkolakis et al. (2012) and following
work point to the importance of trade elasticitiasdetermining the welfare effects of trade.
This is developed further in Melitz and Redding128) who study gains from trade and from
bilateral liberalisation in a single sector econotapking at both symmetric and heterogeneous
firms. The two cases imply different trade elagés which shape the gains from liberalisation
and — in our work — shape optimal tax and tarifigyo



Our focus is on policy by a single country, maintag the small open economy assumption.
The penultimate section of the paper discusses cuawesults would extend to a full multi-
country model, and hence to the work of Ossa (20@&mpolmi et al. (2014), and Bagwell and
Staiger (2015).

The remainder of the paper is organised as follo8gction 2 sets out the model in quite an
extensive way, carrying a lot of variables and mgkiew substitutions. Results are derived
using comparative static techniques, linearisirgrtiodel and solving the ensuing equations to
derive first order conditions for tax rates. Thmendix gives the log-linearised system, and
linear substitutions of the full system are readilydertaken byMathematica. They generate
explicit optimal (and constrained optimal) tax fafae which are the core of our results. This
method enables us to derive optimal (and secont) beeses in a wide range of cases; it is
conceptually simple, lending itself to relativelgsy interpretation and to application to other
issues.

Results are presented and explained in sectiomsl £.a Section 4 looks at the two polar cases,
first when the PC sector is such that the supplialbbur to the MC sector is perfectly elastic,
and then when the PC sector has a fixed labour wieénaalimiting case of which is no PC sector
at all (Demidova and Rodriguez-Clare 2009). SacE@laces these in a general framework and
shows that results are driven by a combination &f distortion and ToT effects; we present a
decomposition that separates these forces andlissebthat the former drives results when
labour supply is elastic (so quantity effects amgé) and the latter when labour supply to the
MC sector is inelastic (price effects dominate§ection 6 discusses the implications of relaxing
the small open economy assumption and relatesesuits to literature with full two country
models. Section 7 offers concluding comments.

2. The model

We first outline the ingredients of the monopotiatly competitive (MC) sector. We do this in a
succinct manner since many full expositions arethia literature (e.g. Melitz and Redding
2015b). Each firm in the sector produces a distiaeiety of differentiated product. These
products generate utility according to a sub-ytiliunction with constant elasticity of
substitutions. E denotes total expenditure on MC products in theekiic economy anB is

the price index (the unit expenditure function dteathe sub-utility function). The consumer

price of a product i, demand for the product i ?EP?~, and the value of its sales

isp 7 EP7 !,



The marginal cost of a particular firm\i# ¢ whereW is the price of labour, the only input, and
@ is the firm’s productivity Firms mark-up price over marginal cost by factof{o - 1) so the

producer price is(W/¢)o /(o -1). The consumer price deviates from this accordmagd
valorem tax factot, sop =r(W/¢)o /(o —1). The value, at consumer prices, of a firm’s sales

one market is therefofeW/¢)o/(c-1)]" EP°™. The firm captures fraction 46f this, so its
revenue ist °[(W/g)a/(o -1)]"“EP’ . The remainder, fraction 1 —r14oes to governmefit.
The firm’s operating profitz, is fraction 14 of its revenue, sar= r'”(W/¢)1"”cEP”'1Where
c=0%(c-17".

Entry decisions incur fixed costs that have to legived against expected operating profits. In
order to produce at all, each home firm pays adfis@stWf. to draw a productivity parameter

from distribution G, . If this exceeds cut-off valu@, the firm will sell in the domestic market

after incurring further fixed costM, so its expected profits on domestic sales arengby the
first term in equation (1) below, whemg, is the domestic tax rate. Similarly, exportingurs
fixed costW, , is subject to tax, , and faces foreign demand curve with fixed expemeiand
price index E,P (fixed by the small open economy assumption). imn fwill export if

productivity exceeds cut-off valu@, , so the firm’'s expected profits on export sales te
second termin (1). The equation as a whole ity condition giving zero expected profits.

1-o 1-o
| ¢D{EP“¢,§’(%) —VVTD}dGH +] . {Eﬁ“crx"(%j —\/fo}dGH -Wr: =0. (1)

The survival cut-offs are the lowest levels of proivity at which profits from an activity are
non-negative. For domestic salg, satisfies

1-o
EP"‘%@"(%} =W, and we define ®y = J' " ¢° G, ()

D

where @ is an aggregate of the productivity of active Sraccording to their impact on sales.

Similarly, the export cut-off ig, :

4 Our results are qualitatively unchanged if, in #iddito these revenue raising frictions, thererags trade costs.



1-o
Eﬁff—la;{%j vy ®x=[, #7G,. @
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In addition to home firms, there are foreign firsmme of which supply imports to the domestic
market. The foreign wage is fixed at unity, the t@mof foreign firms is exogenous, and these

firms have productivity distributiofs. (possibly different fror’nC-)H).5 They choose whether or
not to supply the domestic market. The fixed ¢bsy incur in supplying imports fg, and they
face an import tariffr,, so the importer cut-off ig,, :

M

1-0
EPJ_1CTIQ|J( ¢i j = fy, Dy ELM ¢°7dG: . (4)

It is convenient to have expressions for the tegdlie of output sold by domestic firms in the
domestic markeD, in the export markek, and by foreign firms in the domestic markdt(all

at consumer prices). The mass of domestic firdei®tedN and the mass of foreign firméso,
integrating over firms’ sales at consumer prices asing (2), (3), (4),

1-o
D=NJ 5 EP‘HCG{%} dG,, = EP? *¢a(r W)/ No, (5)
l_
x=N[, EP e DY " 4G, = B~ o{r, W) Nop 6
=NJ,, q y G, = GO\Ty X (6)
r 1-o
M =N N EPJ_lca(%j dGe =EP?¢o1y, " N®,, . (7)

Notice thatE=D+M, and hence the usual definition of the price intt#lows from adding
(5) and (7),

P = ¢o|(rpW) 7 Noo, + 757N, |. ®)

We will call N®, and N®,, the ‘equivalent number of varieties’ supplied he tdomestic
market by home and foreign firms respectively. Témns ®, and ®,, adjust the number of

firms that enter according to the proportion thapmy the domestic market and their
productivity distribution.

®> See Demidova (2008) for further development efithplications of different productivity distribofis.



Government revenudR, is earned from each of the tax instruments asdnated above, is
fraction 1 — 1/ of sales (at consumer prices) so:

R=DA-1/7,)+M@A-1/7, )+ XAL-1/7,). (9)

Employment in the home MC sectdyr, is implicitly defined by the fact that, sincenfis break
even (in expectation), the wage bill in the seda@qual to the value of sales at producer prices,

WL=D/ry+ X/7y. (10)

Turning from the MC sector to the general equilibriof the economy as a whole, we assume
that there is a fixed endowment of labour (setrattyy of whichL is used in the MC sector and
the remainder, 1 &, is employed in the PC sector. The PC sectat ékists) is freely traded
with price unity and concave production functiél-L). The value of national output (at

producer prices)y, is therefore
Y=WL+F(@-L). (12)

Labour is employed in the PC sector to the poinenehthe wage equals the marginal value
product,

W =F'l-1). (12)

The elasticity of labour supply from the PC secatath respect to the wage follows from this,
and is denotedy = —F'/LF" °

Consumer income is the value of output plus govemtnrevenue)Y + R. Ultility is Cobb-
Douglas with expenditure share on the MC segta@iving utility U and MC expenditurg,

U=(Y+R)P¥, (13)
E=ulY +R). (14)

This completes description of the equilibrium; thare 14 equations M, E, P, ®p, @y, ®,,,
D, X, M,R Y, L, W, andU.

The analysis of policy in our general case requinas both the MC and the PC sector are active
(although the PC sector becomes inactive in orteetpecial cases we study). To ensure this,
we assume thd is small enough for the expected profits of a dstindirm to be positive iN =

® This elasticity is, in general, not constant. Fexample, if the PC production function is iso-étas
FA-L)=(@-L), thenp=Q@1-1L) /{(1— a) L}. Strict concavity can be interpreted as deperelemca PC
sector specific factor of production, with factbiase (1 ).



0, implying that the MC industry is present in tthemestic economy; and large enough that
expected profits are less than or equal to zetbeifentire labour force is employed in the MC
sector’ We show in Appendix 1 that expected profitsraaotonically decreasing wifH, this

giving an interior equilibrium. Profits decline twiN for two reasons. One is that the wage may
increase as the PC sector contracts (equation t®.other is domestic market crowding; entry
of domestic firms increases supply to the domesticket and thereby reduces the price index

(equation 8) anBP’™, hence reducing profits. Market crowding is doffeg displacement of
imports, occurring as lower values &P’ increase the importer cut-offf,, (equation 4).
However, this displacement occurs progressivelycgbse importers are heterogeneous), so
increasingN is sure to reduc&P’™ and hence the expected profits of domestic firms.

3. Comparative statics

Our primary task is to investigate the effect chres in tax instruments, and we do this by log
differentiation of the equilibrium. Expressions égerived contain proportionate changes in the
tax instruments and endogenous variables, togeiitieisome further variables capturing relative
values of endogenous variables. We define thefdlaws.

The share of domestic firms’ sales in the domedticmarket (at consumer prices, :
s, =D/(D+M)=D/E. (15)
The share of export sales in MC production (at poed prices) Sy :

sy = (X /1y )/WL. (16)

Government revenue as a share of total consumemiec

r=R/I(Y+R) =/R/E. (17)
Finally, we define the share of the MC sector tattoxcomes, :

s, =EWL/Y. (18)

Given the share of MC spending in incomethe sharess,,s,,S, are not independent. Using
(20), (14) - (18) the equation linking them is,

" Expected profits are the left hand side of equa(il). The thought experiment here is to evalpatdits given
the number of domestic firmbl, and with other variables in equilibrium, i.e.isBiing equations (2) — (14)



Sp =S, (=5 )A-1)7p /1. (19)
For the remainder of the paper we assume that ptiedy is Pareto distributed, i.e.
G (¢) =1-¢7%, so that®, :ki¢§j"ki‘1/(ki -o+1) fori=H, j=D, Xand fori = F, j =M.
We define the parametédr=dk /(c-1) and make the standard assumption thato —1 so
that A 2 0.

The full log-linearised system is given in Append@xwith proportionate changes denoted ~.
There are exogenous changes in three tax instrgmamd 14 equations giving changes in the
endogenous variables (corresponding to equations (14) abové) Our principal interest is to
obtain the coefficients giving the effect of chasige each of the tax rates,,7,,7,,, on

utility, U. These coefficients will in general contain partever,u,A,,A-; endogenous

variablesr, sy, sy, S, ; and tax instruments,,, 74,7, . Setting these coefficients equal to zero
gives the first order conditions for optimal poliand, solving for tax rates, we obtain explicit

solutions for optimal policies. These are tabuladed discussed in following sections. While

the approach is conceptually straightforward tlyelada is cumbersome, even for the linearised
system of proportional changes; we Msthematica.

One expression containing total derivatives is foglfor interpretation of results. The welfare
effects of changes can be written as (see Appe3)dix

U= X W+, |+ ! D (N+ ®p) + Pm
Y+R o-1Y+R Y+R
N N N
N D D rD—l+ M M1y —1+ X X rX—1. (20)
Y+R |Wry | 15 Y+R |7y | Ty Y+R([Wry | 7y

In this equation * denotes a proportional chaagd,the terms in curly brackets are proportional
changes in quantities, i.e. changes in the vdlyed, X deflated by their prices. The equation is
useful as it shows how changes in the tax instrésn@md in endogenous variables determine the
change in welfare.

The first term on the right-hand side of (20) ie terms-of-trade effect, capturing the welfare
effects of an increase in the export price (anderabering that the border price of imports is

8 The comparative-static equations are numberedqi’}4’) and are found in Appendix 2.



constant by the small open economy assumption).ekpert price is affected by an export tax
and by any change in the domestic wage. The setndwe refer to as the MC distortion
effect — it captures the welfare effect of changethe number of varieties available to domestic
consumers. Notice that the expression is on clsaigéhe ‘equivalent number of varieties’,

Nd, and N®,,, so the effects of policy on firm selection entir changes ind, and @, .
The square bracket in this term is multiplied bgtda 1/(o —1) capturing the welfare gain from

an increase in the number of varieties (given texplenditurey. Finally, the terms in the second
row show the direct welfare effects of policy drsians, generating welfare gain if policy
expands an activity where the tax instrument ceeat@ositive wedge between consumer and
producer prices.

Optimal policies are found by settirt@; =0in (20), either for one policy instrument at theaei

or jointly for all three taxes, and with changeseimdogenous variables coming from the log-
linearised system given in Appendix 2. We derivaulis both for heterogeneous firms, and for a
case which we term symmetric firms. The differerscéhat in the symmetric case there are no
firm selection effects, i.e. the number of firmadavarieties) supplying each market varies only
with N, the number of active domestic firms. The Krugrmaxit-Stiglitz model, in which all
active firms supply all markets, is an examplehi$1° In our setting, the parameter restriction
equivalent to switching off selection effectsAg = A = o, this implying that®; ,i =D, X, M,

are constant (see appendix 2 equations 2’ — 4@.@dint can be illustrated by inspection of the
elasticity of the value of imports with respectttariff which, using (7’) and (4’), is

dinM
=(1-og)-(1. —o0)=1-A_.
d,nrM( )= (A ~0)=1-A,

Following Chaney (2008), the first elemefit- o) 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-effdls for the selection into imports. With
symmetric firms there is no selection effect so itheort elasticity is given by the intensive

® Seen most simply for a closed economy with symmédinms where the price index Pl = Npl_U. This

falls asN increases according ®=N /- o) + P, see also Appendix 2 equation (8').

19 Melitz and Redding (2014) compare gains from traith homogenous and heterogeneous firms in aaimigy,
pointing out that the case with ‘symmetric’ firmesed not require that all firms are identical. Keg point is that
there is no endogenous selection effect.

1 Head and Mayer (2015) show how the extensive macgh be decomposed into a selection effect and a
composition effect, and Felbermayr et al. (201% tee same framework to show how the effects alriéf tmay
differ from the effect of a real trade cost. Oupmeessions are consistent with Felbermayr et al.

10



margin (i.e. haslz = o). With heterogeneous firms, both intensive andrestt@ margin matter,
and the combined elasticity (3;—/1F). Similar reasoning applies for export elastisitieSince
we allow for the possibility thad,, # A, our setup is general enough for firms in one tyuio

be symmetric and elsewhere heterogeneous. In teftbe welfare effects in (20), the
symmetric firm case implies that the variety (MGtdrtion) effect only appears through changes
in the mass of domestic firms, as in standard Kiamgixit-Stiglitz models.

4. Optimal policies

We start by presenting results for two special saest with a perfectly elastic supply of labour
from the PC sector to the MC sectar £ o, section 4.1) and then perfectly inelastic supply
(n =0, section 4.2). In both sections we look at polagh symmetric firms (case Agnd
heterogeneous firms (case B). We present optimataianulae when all three tax instruments
are optimised (denoting values) and where just one instrument is optimised ith other
instruments not used (i.e. set at unity). We cdad former first-best policies and the latter
second-best. We omit expressions that are excéssiveplex?

In each section we tabulate results and draw duition, concentrating discussion of intuition
on the effects of an import tariff. In section 4vé& are able to develop intuition by some simple
arguments which show how policy equates marginaéfies and costs. For other cases intuition
is more complex and a crucial issue becomes urashelisiy the different roles of MC distortions
and ToT effects. Our discussion of this is corgdim section 5.

4.1 Perfectly elastic labour supply to the MC secto

A frequent assumption in the literature is tharehie a PC sector that produces a good that has
fixed world price with constant returns to laboloree*®. This fixes the wage in the economy,
meaning that the MC sector faces a perfectly eldatiour supply curve. In terms of the model,

n = ,W=0,andL adjusts freely. Table 1 presents results.

The first row of Table 1 gives optimal policy wisymmetric firms. The optimum is achieved by
a subsidy on domestic sales of home fimyss (0-1)/0 <1, with the import tariff and export

12 Eg. reportingr; for the special cases in section 4 but not theeg#rcase in section 5. These more complex

expressions are available on request from the eatho
13 As stated in the introduction a number of contiiflms make this assumption. In section 6, below,compare
their results to ours and show how our decompasiticeffects illuminates the underlying welfare romics.

11



tax set at unity. The effect of the subsidy is ¥pand home’'s MC sector, bringing in new
varieties and thereby mitigating the MC distortidhe optimal import tariff is zeraf;; =1, since
the economy is importing goods at constant pridéie optimal export tax is also zero. The
economy can vary its export terms of trade, raidimgir price by an export tax; however,
domestic firms have already chosen the price thatirmises profit extracted from the foreign
market, and any deviation from this is welfare @dg. With reference to equation (20), the
optimal policies are determined from the tradelstween reducing the MC distortion through
increasing the number of domestic varieties anckasing the policy distortion from subsidising
domestic consumption.

Turning to cases in which only one instrument iedJghe optimal value ofD Is as above. If

the tariff is the only instrument, then it should positive, 7;, >1. In terms of equation (20) this
distorts the domestic price of imports away frora tharginal cost at which they are supplied to
the economy, but is a second best policy to expamdlomestic MC sector, bringing in domestic
varieties and mitigating the MC distortich.

The economic intuition underlying this can be depel by establishing the marginal benefits
and costs of the quantity changes, and notingdptnal policy equates the ratios of marginal
benefit to marginal cost across affected quantiti@®e first quantity change from an import
tariff is a reduction in imports of MC products. @ihmarginal cost to the economy is their price,
and their marginal benefit is price times the faatg , as the tariff raises the marginal valde.
The second quantity change is that, as the tdrifhks imports of MC products, so it expands
domestic production. As usual in a Dixit-Stiglitzodel sales per firm are unchanged, so the
guantity change is met entirely by a change inrttass of domestic firmd$y. Entry of a new
variety brings consumer surplus, and the ratiotibtyuto expenditure iso/(o —1). Since firms

break even expenditure on each product equals ¢q)ecosts, so the ratio of benefit to cost for
a marginal change in the number of varietiegi¢o —1). Equating these marginal benefit-to-

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

formulary, =og/(o-1).

Continuing in part A of table 1, the final row gs/éhe optimal export tax when other instruments
are not used; it should be used to subsidise expnort<1) with the subsidy rate going to zero as

14 Notice from (1) that E + (0—1)|5=O, soM = @-o)i,, <0 (from 7’) and N=D>0 (from (5",
creating the policy distortion and variety effexspectively.
15 Equivalently, marginal benefit is price tinfes (ty =1 , where the second term is tariff revenue earned.

12



the share of exports in production increases (th&imum value ofr,is unity, occurring if
sy =1). This is second best policy shaped by the intenaof two forces. The subsidy attracts
entry of domestic firms (an increaseNh which increases the number of varieties offerethe
domestic market, partially correcting the MC distor. But, since this policy involves
subsidising foreign consumers (ToT loss) it is aefficient instrument, so the subsidy is
relatively small (equal to zerosf =1). In terms of equation (20), it is a trade-offveeen three
elements — the ToT loss, the MC distortion gaird e direct policy distortion from subsidising
exports.

Table 1: Optimal policy with perfectly elastic labair supply.

A: Symmetric firms.
All taxes optimally set:

T 0_1 *k *%
[ :7 <1 Ty =1 Iy =
Fixed taxes Optimised taxes
. _0-1
Iy =Ty =1 T :T<1
* 0
Ip=Ty =1 Ty = >1
D ~—{x MT 51
o g 1-s) 0l-%) + (1~ Y)s)]
(0-1+ p)os, + 05 (1= %) = 5 (L=5)] - o8
B: Heterogeneous firms:A:, A, >0
All taxes optimally set:
Z_B*:U_1<1 Z:;\;; :(J_1j£ AF j<1 Z.’)‘(:
o o \A-1
Fixed taxes Optimised taxes
Ty =Ty =1, T*D :(J_lj{l"' L= 5)(Ae ~0)(0 =1+ 4) }<1
o (0 -D[A-5p) A (0 -1+ 1) + o (- )]
. A
Ip =Ty =1 Iy =| ——[>1
o<1y o=
R - (-slol-s) + - W3] <1

(0 -1+ )[Aso + S, 0- ) — 5 A 5] - g,
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Part B of Table 1, the lower panel, gives policyhwheterogeneous firms. The key difference is
that expanding the domestic MC sector now redutesatimber of foreign firms that select to
supply imports (i.e. raises the foreign import offt-$,, and reducesb,, in equations 4 and 4’)
so welfare gains from drawing in domestic variet@e offset by loss of imported varieties.

First-best optimal policy is therefore the domestitbsidy 7, <1 as before, combined with an

import subsidy, 7,, < 1 The size of this depends on the magnitudes ef ekpenditure
elasticities with respect to tax rates, with theam subsidy less than the subsidy to domestic
firms, and collapsing down to the symmetric casemwh- =¢. Notice that the expression for

I, containsA- not A, so it is heterogeneity of foreign, not domestimg that makes the case
for the import subsidy. With reference to equai@@) again, we now have two forces affecting
the number of varieties in the second term of tugagon: an increase in the equivalent number
of domestic varietiexN +®, >0)and a reduction in imported varietie®( <0); optimal

policy requires two instruments, each set to baawariety gains against the direct policy
distortions.

If 7, is the only instrument used then it should be lzsigly, although at a lower rate (i.E,
closer to unity) than in the symmetric case becadfisbe loss of imported varieties; the optimal
value depends on foreign selectidn, not on domestic firm selection. The import taafone
mirrors that in the symmetric case, but witreplaced byA., implying a lower tariff % The
argument for policy is simply the MC distortion,tithe number of MC varieties on offer now
changes at two margins,and®,, .

The final row of the table is the export tax witktérogeneous firms. As in the symmetric case,
the export subsidy is determined by tension betwleh loss and variety gain. It collapses to
the symmetric case ifi. =A, = and is a smaller subsidy l-,A, >o. This is because
changes in both the import and export cut-offs cedine impact of the export subsidy on the
number of varieties sold in the domestic marketnesamport varieties are crowded out, and
some of the quantity response of the domestic tngliss more firms exporting (rather than an
increase irN). It is noteworthy that this is the only reswdported Table 1 in whicil, appears,

i.e. where heterogeneity of domestic firms has l@gring on policy. The reason can be seen by

18 |ntuition for this comes from extending the line refasoning that we used in the symmetric casewiere
proportion (J—AF)/(l—AF) of the change in imports comes from the extensmeggin, i.e. a change in the
number of varieties supplied, and this change esittie premiund/(o —1) .
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inspection of (1') - (4’); the productivity cut-affg, and @y are unaffected by eithef, or 7

(see footnote (13), again), while both these cigd-affe affected by .

4.2 Inelastic labour supply to MC sector

We now look at situations in which the general gaum structure of the economy is such that
the supply of labour to the MC sector is perfeatiastic, this including the one sector economy
studied by Demidova and Rodriguez-Clare (2009, &femth DRC). While tax formulae derived
in this case are similar (in several cases idejtioahose in the previous section, they are drive
by quite different mechanisms. Essentially, whabholur supply is elastic quantity changes
interact with the MC distortion, but when it is éidk quantity effects are absent and price effects
(the ToT) drive results. The distinction is keyuederstanding the role of policy — and welfare
economics more generally — in this class of models.

It turns out that there are two assumptions invIvegoing from a general setting to the results
of DRC. One is thaty) = o that the supply of labour to the MC sectorasgfgxrtly inelastic.

The other is thgt = 1so domestic consumers only purchase the MC gddable 2 presents
results in three stages; first, the infinitely @lagabour supply casep(=o, p0 (Qlyepeating
the first rows of each section of Table 1); secapd,0, #0(0)); and finally n=0, ¢=1, the
DRC case.

The first row of parts A and B of Table 2 givesulés for 7=, p0 (01) in which optimal

policy requires setting all three of the instrunseait the values indicated. In the second row of
each part of the table the size of the domesticdd€or is fixed by inelastic labour supply. This
has the consequence that, since domestic MC piioducannot change, the only margin is its

distribution between domestic and export salesnceepolicy is achieved by the ratig/ 7y
taking the value indicated (the separate values,@nd 7, being immaterial). With symmetric
firms, part A, 7,, =1, = 1 With firm heterogeneity, part B, it is optimal $absidise imports as

well as domestic consumption to counteract the dnogvout of imported varieties due to the
foreign selection effect.

In the third row of each block the consumer demanadgin is also removed, by assuming that
consumption consists solely of the MC gogads . This means that the only tax instrument that

matters is the combinatiag /747,,. Varying any one ofr,,7,,7,, has the same real effect,

' Table 2 does not report cases where an instruimennstrained to equal unity.
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changing exports and imports together. This i®@sequence of Lerner symmetry in what is
now a very simple economy. With heterogeneoussfi(fimal row), this gives the result derived
by DRC in a single sector economy. We note thdbés not require that the economy contains a
single sector, or that trade in the MC good beraadd (the PC sector could still exist, simply
taking a fixed amount of labour to produce and eixpdfixed amount of output). But it does
require that margins of substitution between the B&Ctor and the PC sector — on both the
supply and demand side — are switched off.

Table 2: First best optimal policy: inelastic labair supply and Lerner symmetry
A: Symmetric firms.

n=co, 0OD: 72 :”T‘l 7 =1 7] =
n=0 u0(@D : (EJ _o-1 =1

Ty o
n=0, u=1: ( o ] S

LAVEDY g

B: Heterogeneous firms. A, Ay >0

**_0'—1 * % 0-_1 A *x
,7200’ /JD(O;D : Z-D _7 Iy :(TJ(AFF_]J<1 TX =
I, ** o-1 « (o=1) A
= o) 2| == =l (<1
=0 400 (TXJ g fu [ o j{/‘p-lj
) A-1
= =1: D =_F
1=0 K (TMTX] A

Despite the similarities in the tax and tariff farl@e in Tables 1 and 2, the mechanisms driving
policy are completely different in the two casesConsider first symmetric firms with
n=0 wu=1. Policy cannot be operating through the domddtizdistortion (as it does in Table

1), since the size of the MC sector, number ofetms offered, and output of each firm are
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completely fixed and invariant to policy. Instedide domestic wage changes, and it is this that
generates a ToT effect. Given this ToT effect,dh#mal value of the export tax (or equivalently
import tariff) is simply the reciprocal of the faga elasticity of demand for home’s expatis.
Similarly, with heterogeneous firms amd=0, ¢=1, there is a ToT effect and the optimal tariff

is the inverse of the foreign supply elasticity,—~1=1/(Ac —1). Allowing some flexibility in
consumer demand, i.g.=0, 0O (Qthe second row in part B of Table 2, creategthssibility

of increasing the number of foreign firms that dypghe domestic market, and this is achieved
by an import subsidy. In this case there is a doatlon of ToT and variety effects and the

relative importance of each depends on the strewigine selection mechanism. We discuss this
more fully in the context of the general case (n&ttion), using our decomposition of the

welfare effects of policy, equation (20).

5. The general case: optimal policies and welfaecomposition

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

cases of perfectly elastic and fixed labour supplythe MC sector. We now switch to the
general case and investigate two issues. Firstlaviwe and discuss optimal policies (section
5.1) and then, focusing on the import tariff, depose its effect on welfare into a ToT part and
an effect through MC distortions (section 52).

5.1 Optimal policies in the general case

Table 3 gives first and second best optimal pdida@ the general case (][0 ), x0[01]).

At the first best policy optimum (top rows of eaphrt of the table) we can think of each
instrument being targeted at a particular margienetwelfare gains can be achieved. There are
three such margins in this model. (i) The numbledamestic varieties offered to domestic
consumers; (ii) the number of foreign varietieseoétl to domestic consumers (endogenous only
if foreign firms are heterogeneous and select @xporting); and (iii) the export terms of trade,
which depend on the domestic wage and the expart ta

18 Thus, in the symmetric firms cagg —1=T1,, —1=1/(g —1). We have also derived results with distinct
notation for home and domestic elasticities of &tligon, J,,,0 ; expressions in Table 2A contaf not g, .

19 0ssa (2011) discusses the importance of labourehfgkibility for policy motives; however, in hsnalysis he
assumes a perfectly elastic labour supply to thedd@or. Crozet andirionfetti (2008) analyse the importance of
concavity in the PC sector for the home-marketatffowever, they do not focus on policy issuege Section 6
for further discussion.
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At the first best optimum the import tariff is dettarget the number of foreign varieties. This
requires a subsidy only if this number is endogen(ie. foreign firms are heterogeneous),

- _(Oo=1) A . . . .
Ty :(TIA F—lj <1 (Tables 1B, 2B, 3B); it is not used otherwisegcsithe border price of
F

imports is fixed. The tax on domestic sales of detmeoutput is set to correct the MC distortion,

so 7, =(o-1)/o. The export tax is set to control the ToT, ansl Vauery =1.

Several remarks are in order on the last two o$eheFirst, as emphasised in the preceding

section, ify is finite then variations ity and in other instruments influence the wage amtée
the ToT. However the (net) value of any such Thange is zero it, has been optimised. This
can be seen by noting that the first order conditfor 7, evaluated atr, =r,,, is

. _o-1l|r +

I, :T{L—Azb} with A, =n/[(c -1-n)s ] if firms are symmetric, andy, =7/[(A, -1-71)s,]
with heterogeneous firms. As is apparent, depends ow unlessr, has been optimised, i.e.

takes its first best valug; = .2

Second, why is the ToT margin optimised by settimg export tax ar, = 2 As usual in the
monopolistic competition framework, firms have ckogheir price to maximise profits earned
from the foreign market, so the price of exportses to equate marginal export revenue with
marginal cost. An export tax will change exporices (the ToT) and also the number of
varieties produced domestically, but the former besn optimised by firm behaviour, and the
latter optimised by setting;; =(c—1)/c.?* Notice that if, instead of,, the economy used a
production tax, 7, the first best policy would involve subsidy, =(o-1)/c and tax
ry =0ol(o -1 (clawing back the production subsidy on exportg former targeted at the MC
distortion, and the latter at the ToT. We conjeetinat global efficiency requires a production
subsidy in all countries and no export tax; hetiece,unilateral first best optimum given in Table
3 is globally inefficient due to the ToT driven exptax.

20 0r there are no exports, =0. Notice also that this expression collapses toctireesponding expression in
Table 2 whery = 0.
?! The first order condition fofy , evaluated af,, =1, is 7 =[TDJ/(U—]) + A<]/[1+ A<] with

A =noll(c-1-n)a-s)o-s,(u+o-1}] . Thus,7, =Lonlyif 7, =(o-1)/ 0.
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Table 3: Optimal policy in the general model

A: Symmetric firms.
All taxes optimally set:

* % 0_1 * % * %
Ip=——x<1 Iy =1 Iy =
g
Fixed taxes Optimised taxes
. o0-1
T, =7, =1 ,=——.
M X D o

- « 3 1-u K
fEEL Tw ‘a—l{l a(l—u)+(a—1+u)sD[(1—sx)rz+sx(a—l)]}D{la—l]

B: Heterogeneous firms: Ag, A, >0

All taxes optimally set:

* % 0_1 ** - * %
TD = < 11 TM = (—0- 1) AF < l, TX =

Fixedtaxes  Optimised taxes

a—l}{H (L= )4 —0)(0 -1+ ) }
o (0-D[A- ) (0 -1+ @) + o (1~ )]

Ty =Ty =1, r;:(

— — _ AF _ 1—/,1 /]F
o=1x =L u = A _1{ U(l_,u)+(U_1+,U)SD[(1_SX)’7+SX (A _1)]}D[l A _J

What of the other results in table 3? With symieirms the second best domestic subsidy
coincides with the first-best subsidy, sinag, =74 =1 are the first-best values. With

heterogeneous firms, the second best domesticdsuissilower than the first-best value, the
reason being the crowding out of imported varietes discussed in section 4.1. It is worth

noticing that 7, does not depend omp. Again, this follows from the fact that there is no

additional ToT motive as long as, is at its optimal valuer(, =1).

With symmetric firms the second best optimal imptariff (with 7, =7, =1) is given in the

third row of the table. This is an import tax tladpands the number of domestic varieties on
offer and, ify is finite, also changes the ToT. We look at thisletail in the next subsection,
and decompose the impact of the MC distortion amd &ffect.
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Finally, firm heterogeneity affects the magnitubat not the sign of second-best policies. The
role of firm heterogeneity comes through by compgarparts A and B of Table 3. Selection

effects for importerd- >0) leads to a lower optimal tariff or a lower domestubsidy, since

domestic varieties crowd out imported ones. Sealactt home(A, >0) on the other hand,

increases the optimal (second-best) tariff. Thesarais that with heterogeneous firms, the
change in exports following a tariff will in parbme as a reduction in the share of firms
exporting (the extensive margin). This dampenswhge effect and increases the variety effect
of an import tariff.

5.2 Decomposition of the tariff effect

We have shown that policy is determined by a coatimn of MC and ToT effects, the former
dominant if the elasticity of labour supply to tN&C sector is high, the latter if it is low. We
now give the precise decomposition of these effdxtdding on equation (20) and looking not at

the first best optimum but just at an import tanfith other instruments not used, 59=7y =1
and 7, =7, =0. From (20), the condition for the optimal tariffien becomes (see also
Appendix 3)

G=—2 wy+_1 { D (N+&>D)+ M &JM} M 1—i(|\7|—fM)=0 (21)
Y +R o-1lY+R Y+R Y+R Ty

The changesV,N,®,,®,,,M come from differentiation of the equilibrium witespect ta,, ,
and follow from equations (1') — (14’) of Appendl, Making the substitutions yields a

complex expression which it is convenient to suniseaasU :{TOT+ MC+ TW}fM =0, where
ToT is the terms-of-trade effect, MC is the varietifect, and TW is the effect of the tariff
wedge. If the tariff is optimally chosen the term curly brackets is equal to
zero,TW = <{ToT + MC} , so

U:(TOT+MC){ ToT ,_MC }‘M

-1\, =0. (22)
ToT+MC ToT+MC

The first two terms in curly brackets give the tiefa contributions of the TOT and MC effects.
The expression for the share of the ToT and MCctffen the general case (evaluated at the

optimal second-best tariff rate, i.g, from the final row of Table 3B) are (see Appendjx

ToT  _ (0 -1+ L)8,5,(A: - 1) (23)
ToT+MC (0 -1+ u)s,[n-s,) +s. (A, -] - - p) (A —0)
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MC ToT

=1- . (24)
ToT+MC ToT+MC

It is clear from (23) that a more elastic supplyjaifour to the MC sector (highg) reduces the
contribution of the ToT effect. A8 . » so (23) goes to zero and (24) to unity, confirntimat
the results of Table 1 are driven entirely the MiStattion, not the ToT effect. The polar
opposite case of Table 2 hgs=0, 4 =1, so (23) and (24) become

ToT A -1 MC A, —A

= , = (25)
ToT+MC A, -1 ToT+MC A, -1

If the distributions of productivity are the same both countries, Ay =Ag, then, with

n =0 u=1, welfare effects are entirely due to ToT argumeAtthough individual firms take
into account the slope of foreign demand curvesHeir varieties they do not internalise the fact
that changes in output change the wage, and ftissthat creates the ToT effect. However, if
Ay > Ac then there is also a positive MC distortion effeEssentially, the (positive) response of
domestic varieties to a tariff is greater in abs®ohalue than the (negative) response of foreign
varieties, meaning that (even in the one secton@ny of section 4), there is a variety gain from
an import tariff. Hence, for the single-sector mmmy, the main message from this
decomposition is that, while some MC distortioreefs are present ifl, # A-, the case for the
tariff is driven principally by the fact that it pnoves the ToT. As the tariff cuts imports, so the
wage has to rise in order to cut exports in liddore generally, the share of the ToT effect is
strictly decreasing in bothandy, as can be seen from equation #3)

6. Small versus large economy analysis

In the analysis so far we have focused on a snpalh @conomy. What additional effects come
into play if this assumption is relaxed? Domesbtiqy can then, in principle, change the foreign
wage, mass of active firms, and price index. TWwil change equilibrium responses (the

derivatives of Appendix 2), and adds two new tetm®ur expression for domestic welfare
change, equation (20). A change in the foreignemaganges the price of domestic imports,
having a ToT effect, and a change in the massreido firms changes the number of varieties
sold in the domestic economy, so has an MC distoiffect. Formally, equation (20) becomes

22 This thought experiment holds the share varialsles, constant.
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- X (- - M/t - 1 D - A M [~ -
U, = +7y |- MW |+ —— (N, +Pp) + Ng +®
H {Y+R6NH Tx) Y+R F} 0—1{Y+R( H p) Y+R( F M)}

N N N

N D D TD‘1+ M M |1y —1+ X X rx—l_ (26)
Y+R Wy7p | T7p Y+R Wty | Ty Y+R | WyTx | Ty

SubscriptsH andF are added to identify home and foreign variablesappropriate. These
terms combine into ToT and MC effects, togetherhwilhe policy distortions, as before.
However, the ToT effect (the first square bracket)ow the weighted sum of changes in export
and import prices, both measured at internatidmaider) prices, where the weights are the value
of exports and imports, respectively, measuredoadldr prices. Thus, an increase in foreign
wages, W, reduces domestic welfare. The MC distortion effghe second square bracket)
depends on the change in the mass of domestic {iNgsand the selection of domestic and

foreign firms into supplying the domestic markéb{,®,,) as before, and now also on the
change in the mass of foreign firni.

It is useful to compare this expression to papesadysing the large economy case. For example,
Campolmi, Faldinger and Forlati (2014, henceforffFCstudy a large economy Krugman model
with perfectly elastic labour supply, and discusgrfpossible effects of policy. The first is the

MC distortion, operating vial(lH. The second is a production relocation effecm@omes
known as a home market effect and referred to by &~a delocation motive). This occurs as,
in a full two country model, a shock will in genkemhange bothI\AIH and IQF (CFF has

symmetric firms, so selection effechD,&JM are absent). This production relocation effect

changes welfare through its impact on the supplyafeties, i.e. interacting with the MC-
distortion and impacting welfare through the secmuogare brackets in (26). It has been
extensively studied in the two-country Krugman mdfler example Venables 1987, CFF, Ossa
2011, Bagwell and Staiger 2015). Thus, a homeormgariff raisesN,, and, in the full two-

country model, reducebl.. This may raise domestic welfare, as can be bgeroting that, in

equation (26), a symmetric changék(: - NF > 0) will have a positive effect on welfare if

domestic firms’ sales are a larger share of experedi than are imports,
DI(Y+R)>M /(Y +R).

The third mechanism analysed by CFF is a ToT efféctheir framework wages are constant so
a ToT effect arises only through a change in domestport taxes (as in the first term of
equation (26)) or wage taxes (not present in owtato If labour supply to the MC sector is less
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than perfectly elastic, as in the present papahark will also impact the ToT via changes in
wages,Vf/H and WF. Thus, production relocation will impact the T@E well as the MC-

distortion. As we have seen the relative imporant ToT versus MC-distortion effects
depends on the elasticity of labour supply to the 8é&ctor. This is clearly stated (although not
formally modelled) by Ossa (2011). While our agmio is to endogenise the wage response via
diminishing returns to scale (or equivalently thregence of a fixed factor) in the PC sector,
Crozet and Trionfetti (2008), in a paper abouthltbene market effect, achieve wage endogeneity
by making an Armington assumption on the outpuhefPC sector.

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

induced distortions in the final row of (26). f@ears when more than one policy instrument is
in use. As an example, if there is an export sybsgigolace and a wage tax alters the quantity
exported, then the changes in export subsidieslghmitaken into account when determining

the effect of the wage tax.

This comparison illustrates the consistency of analysis with the results of these papers, and
also makes an important general point. Ultimaiesgggom policy in this class of models arise
from MC-distortion and ToT effects, but these candbiven by different policy instruments and
occur via different channels. Thus, ToT effectsuwahrough export subsidies or, if labour is
supplied inelastically, through a broader set oasuees that change demand for labour in the
MC sector and hence change wages. MC-distortifmetsfarise as the number of domestic firms
change and also as the number of foreign firms Igupgpthe domestic market may be affected
by domestic policy. This arises in large econonodats (production relocation), and also in the
presence of firm level heterogeneity when, as wee lsown, domestic policy will influence the
number of foreign firms choosing to supply the dstitemarke?’. We think it important that
the numerous different effects and channels desttiito the literature are understood in terms of
the ultimate mechanisms through which they changiéave.

Finally, our focus has been on welfare in the econamplementing the policy. An implication

of our results is that the effect of policy in themestic MC sector on other countries depends on
the overall structure of the economy — and hencethdr it just changes quantities, or also

changes prices and the ToT. Building on this,rgdaopen economy model could be used to
analyse the response of foreign policy instrumémtdomestic policy. This is beyond the scope

of the present paper, although we note the corioibsi of Ossa (2011) and Bagwell and Staiger
(2015) to this issue, illustrating how relocatiamdaerms-of-trade effects may play key roles in

23 Costinot et al. (2016) confirms this result by pimig out that firm heterogeneity lowers trade
protection if and only if there is active selectfrforeign firms into exporting.
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international trade policy competition. As shouklddear from our discussion of CFF above, the
policy motives are the same in our small open esgnmodel as for large economies; however,
with active policies in several countries, non-cegpive policy solutions will typically differ
from the unilateral policies of our model.

7. Concluding comments

The model of trade and Dixit-Stiglitz monopolistompetition, with or without heterogeneous
firms, is the workhorse model of trade theory. Bireicture is simple enough to yield explicit
formulae for optimal policies, yet also complicatbugh for the algebra involved in deriving
these for the general case to explode. This hamngiise to a literature of special cases and
incomplete general understanding. The presentrpage derived the optimal tax and tariff
formulae in a model that encompasses these spesdabk and thereby draws out the underlying
arguments for policy.

The main messages are that there are potentiad §am using policy to support the home MC
sector, either through a subsidy to firms’ domesttes or through trade taxes. The gains are
driven by a combination of two effects, one througlantities, the other through prices. The
guantity effect arises from the interaction of &gblicy with the MC distortion; supporting the
domestic industry increases the range of productefter with beneficial variety effects. The
price effect arises through the general equilibriofrthe model; if labour supply to the MC
sector is inelastic then supporting the MC sectaises wages and this brings a ToT
improvement. The presence of heterogeneous piligdydempers results since the number of
foreign varieties sold in the domestic market idagenous and foreign reactions become more
price elastic. However, this heterogeneity createsjualitatively new arguments for or against
policy interventions.

Our results encompass the findings of DemidovaRmdriguez-Clare (2009) and Felbermayr et
al. (2013) for the one-sector economy. However,degomposing the welfare effects, we
highlight the mechanisms and draw out similaritigth the older literature on homogeneous
firms, e.g. Flam and Helpman (1987) and Venableg8Zland 1987). With more than one sector,
there is a trade-off between terms-of-trade effacis variety effects, and we demonstrate how
this depends on the elasticity of labour supplyh® MC sector. Furthermore, our results show
that although firm heterogeneity does not give ita@rely new arguments for policy
interventions, the size of the optimal taxes orssiibs are affected. And by distinguishing
between domestic and foreign selection effectsintip@rtance of foreign firms’ selection effects
for product variety in the home market becomesrdteaur results.
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When comparing our results with those from studiesptimal policies in large economies, we

conclude that the underlying forces are the saragisgfrom policies ultimately arise from the

MC-distortion and the ToT effects. Finally, we @adthat our modelling of a small, open

economy with firm heterogeneity captures importamd realistic features in many markets, i.e.
that domestic policies may affect the number oéigm suppliers choosing to service the market,
even if the country is too small to have an impacacro-conditions in the rest of the world.
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Appendix 1. Expected profits and the mass of firms

We assume thdg is small enough for the expected profits of a detindirm to be positive iN

= 0, and large enough that expected profits amethesn or equal to zero if the entire labour force
is employed in the MC sector. There is a uniguaevafN at which a domestic entrant expects
to break even if expected profits are monotonicaéglining withN. We establish this relation-
ship using the comparative statics of section 8 wne extension. The left hand side of
equation (1) is expected profits, which we now dermo. We takeN as exogenous, all tax rates
constant and equal to unity, and use (2’) — (lelinvestigate howzchanges wittN . From
Mathematica,

,AT:_O,\][ Se[Auso +Ae (1= 5p)]+ pisplsp A= Ay) =5 ] +r7essh }
Mlsi[Anso + A @=sp)]+ 1 lsp W= Ay) = s s {2 - sp) + Ao}

For the analyses of section 4.1 and 4.2 respeygtivel
) N
15 } oN

ﬁ:—aﬂ[ <0 andf7=-=—<0.
s{e 0-55) + Ao} 7

Appendix 2. Comparative statics

Differentiation of the equilibrium conditions (1)(24) gives the following equations with
equation numbers matching level equations (1) ¥ (14

0=(1-s E+(0-1)P-alW +7, - s oW +7, ). (1)

(-0)py =E+(0-DP-of+7,), > &:D:"Ha‘a{é+(a—1)ﬁ>—a(v§/+fD)}, 2)

(1—0)¢X2—0M+fx), 2 cbx:(a_/]H)M/"'fx)’ 3)
Ap -0

A-0), = E+(c-DP-0t,, 5> b, = E+@-vP-0iy}. @)

Changes in the values of sales (domestic, expdrtraports) satisfy;

A:E+(a—1)I5+(1—J)M/+fD)+I<|+&3D, 5)
X :(1—0)(\/§/+fx)+|§|+q3x, (6)
M=E+(c-)P+(@1-0)f, +P,,. )
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The price index (8) changes according to:

A

A

P:SD{VY/+fD+ N

+® . P

Joamsfne ]
-0 1-0
The change in government revenudfisand, sincdk can equal zero, we us&/E notdR/R.

drR :[Iﬁ(rD _1)+fDJSD +(|\7|(TM -1 +17y, J(l_SD)Jr()Z(TX -1 +7y J( SpSx J ©)

E Tp " Tp 1-sy
From (10), employment in the MC sector changesraicg to™*

C+W = (-5)(D -7, )+ 5, (X -7, ). (10))
Turning to the general equilibrium, the changehim Yalue of output and wages are

Y =sW. (11)

W=Cin. (12)
The change in utility and expenditure are :

U=(@0-rY +rR-uP=@1-r)sW + R/ E - 1P, (13)

E=(@1-r)Y+rR=(1-r)sW + udR/E. (14)

Appendix 3. Decomposition of the welfare effectd @an import tariff.

Substituting (8’), (9") and (11’) in (13’) gives
U=(- r)s{vilw(—D(rD ;1) : fDJsD +ﬂ[M (ry =D+ 1i J(l—sD)

D Im
X(ry =1+ 7, | SpSy ~ . N+o, . D,

+ — Uy Sp|W+T5 + +@1- Iy + .
ﬂ[ H4ySp DY, (1= sp)| T 1-o

Rearranging this and usings, =D/(Y+R) , ul-s,)=M /(Y +R), and

[@-1)s, — 5] = X (Y +R), gives equation (20) of the text.

24 With the Pareto distribution and equal price aosrk-ups in both markets, employment is proposido the
number of firms, sd_ = N, as can be seen from (5’) and (6’), using (1) &xd (3’).
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Holding 7, =7, =1 gives equation (24), with changes in endogenotialMas coming from
differentiation of the system with respect{p. The welfare change can be expressed as

U ={ToT + MC +TW}#,, , where ToT is the terms-of-trade effects, MC i variety effect, and

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

ToT + MC +TW =0, giving (21) of the text. The expressions for Taid MC are found by
usingMathematica to find terms in (20) (evaluated at the second-bpsmal tariff in the bottom
row of Table 3B).

KSX(AF -1
(0 -1+ i@~ 507 +D) + s Ay |+ A-sp) A} —om

vic = K7@=50 + 5 (A = Ae)] - = 1)@= 5)Ae =0)
(0 =1+ pa){sp [0 = 5)(7 + 1) + 5 A) |+ (1= 5p) Ae ) - o

ToT =

where K = u(o -1+ u)s, (1-sp) and hence

(0 -1+ pf{so@-5)07 +D + 54|+ Q=) Ae} - o
By inspection, ToT is positive (both the numeratnd denominator are positive) while MC may
be positive or negative. Equations (23 and (24p\ofrom these expressions.
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