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Abstract

This paper explores the impact of trade on growth when firms are heterogeneous. We find
that greater openness produces anti-and pro-growth effects. The Melitz-model selection
effects raises the expected cost of introducing a new variety and this tends to slow the rate of
new-variety introduction and hence growth. The pro-growth effect stems from the impact that
freer trade has on the marginal cost of innovating. The balance of the two effects is
ambiguous with the sign depending upon the exact nature of the innovation technology and
its connection to international trade in goods and ideas. We consider five special cases (these
include the Grossman-Helpman, the Coe- Helpman and Rivera-Batiz-Romer models) two of
which suggest that trade harms growth; the others predicting the opposite.
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Trade and growth with heterogeneous firms

Richard E. Baldwin and Frédéric Robert-Nicond”

1. INTRODUCTION

Until the 1980s, trade theory assumed away intlastry trade for convenience, but empirical
evidence revealed that much of world trade wastxatthe assumed-away kind (Grubel and
Lloyd 1975). In response, the so-called new trhgerny (Helpman and Krugman 1985)
incorporated imperfect competition and increasgtgnns to account for intra-industry trade. The
modelling choices made by new trade theorists asduaway, again for convenience, differences
among firms. Recent empirical evidence, howeveswstthat differences among firms are crucial
to understanding world trade. For example, firnfiedénces within sectors may be more
pronounced than differences between sector averagdsnost firms — even in traded-goods
sectors — do not export at all (Bernard and Jefh886, 1999a,b, 2001; Clerides, Lach and Tybout

" Submitted to JIE February 2005. This paper reglacduly 2004 draft written as a comment on M¢#803) for
Econometrica. The (rejecting) referees’ critiquesewthat our 9 page comment was not fair to teedlitre, ignored
welfare and omitted intuition. This draft redrestesse faults and extends the analysis in severitbns.
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1998, Aw, Chung, and Roberts 2000, Eaton, Kortumd, liramarz 2004; see Tybout 2003 for a
survey). In response, what might be called the ‘new’ trade theory incorporated firm-level
heterogeneity to account for the many of the nem-fevel facts. The main theoretical papers in
this rapidly expanding literature are Bernard, Batlensen and Kortum (2003), Melitz (2003),
Helpman, Melitz and Yeaple (2004), Bernard, Reddind Schott (2004), Bernard, Eaton, Jensen,
and Schott (2003), Melitz and Ottaviano (2003), Med2005), Luttmer (2005a, b) and Chaney
(2005).

Our paper studies the growth effects of greatenngss by embedding a heterogeneous-firms trade
model in a series of product-innovation endogergrosith models (Grossman and Helpman 1989,
1991, Romer 1986, 1990, Rivera-Batiz and Romer 498,1Coe and Helpman 1995, Dinopoulos
and Segerstrom 1999a, b, Keller 2004). We showapanness may either slow or speed growth
depending upon the impact of openness on the nargist of innovating. Since growth is too

slow from a welfare perspective in our model (asalignh product-innovation models), there can be
a tension between the dynamic and static welfdezsfwhen greater openness slows growth. We

show, however, that the overall welfare impactiambiguously positive.

To make these points as simply as possible, we witka new-new trade model related to
Helpman, Melitz and Yeaple (2004) and a ‘portmant@aoduct-innovation growth model that
includes as special cases Grossman and Helpmasgirinnovation model (Grossman and
Helpman 1991 chapter 4), Rivera-Batiz and Romdails-quipement’ model, as well as three other
models. This task is made easier by the fact ettt models are based on the well-known
Helpman-Krugman trade model. Indeed, it is insighth think of our model as the Krugman
(1980) model with three important additions. Fiveg, allow for knowledge spillovers in variety-
creation so that the cost of developing a new tafadls at the same pace as the value of
introducing a new variety. This eliminates the mafsgarieties from the equilibrium conditions
with the growth rate of the mass of varieties tgkis place as a key equilibrating variable; ibals
allows us to endogenise the growth rate. Secon@dseheterogeneity in firms’ marginal
production costs, using the Hopenhayn-Melitz vgrggineration/selection set-up where firms are
randomly assigned a marginal cost after having pathrt-up cost. Third, we add sunk market-
entry cost as in the ‘hysteresis and trade’ litea{Baldwin 1988, Baldwin and Krugman 1989,
Dixit 1989). The sunk costs of establishing a mankg'beachhead’ interact with the heterogeneous
marginal costs to produce two types of active firrisms that sell only locally and firms that

export as well as sell locally.



The paper is organised in five sections after ti@duction. The next two present the model
(section 2) and work out the long-run growth patcfion 3). The subsequent two sections work
out the growth effects of greater openness (Sedfji@and the welfare implications (Section 5).
Section 6 presents our concluding remarks.

2. A HETEROGENEOUS FIRMS TRADE MODEL WITH GROWTH

The foundation of our model is the well-known HeloimrKrugman monopolistic competition
model. We work with two identical nations, a singhemary factor L, and a single Dixit-Stiglitz
goods sector (‘manufactures’) with differentiateigties that consumers view as symmetric.
Competition takes the form of Dixit-Stiglitz mondfsbic competition among firms facing iceberg
trade costs. Each manufacturing firm’s productiostdunction is linear, involving a sunk, variety-
development cost (we denote this ‘start-up cosE ashere | is a mnemonic for ‘innovation’) and a
constant marginal production cost (we denote thielaimour input coefficient as ‘a’).
Manufacturing firms are assumed to be heterogenedhgespect to their marginal production
cost. A typical firm’s ‘a’ is drawn from a densitynction G[a] whose support is0a< &. The

firm learns its ‘a’ after it has paid the start-egst, F.

Selling a new variety in a particular market alequires the firm to pay a sunk cost that reflduts t
cost of adapting the variety to market-specifimdtds, regulations and norms. These costs —
which we refer to as ‘beachhead’ costs — may dfffetocally produced varieties and imported
varieties. The cost of establishing a ‘beachheadldcally made products iSED is a mnemonic

for domestic) and Jfor imported varieties (X is a mnemonic for exgrt

The three fixed costs — the start-up cqsdrid the two beachhead cosgsadfd Kk — involve units of
‘knowledge’. The start-up cost requingsunits of knowledge, while adapting it to local aport

market conditions requireg units andky units of knowledge, respectively. Thus:

Q) F, =« P, Fo = k5P, Fy =&y P

where R is the price of a unit of knowledge (K for knomg), and the&’s are expressed in units
of knowledge. Knowledge is created by a perfeatijnpetitive ‘innovation sector’ (I-sector for
short) and sold to potential entrants in the martufing sectof. The I-sector produces knowledge

using labour; its technology can be written implicas:

! The Hopenhayn-Melitz approach folds variety depelent into manufacturing, but innovation is theiaagpf
growth in our model, so we separate innovationmadufacturing by introducing an explicit innovatisector.



@) Qe :Pi; P = w4,

where Q is the flow of new knowledge (the I-sector’s oujpand S is total spending on new
knowledge (S is a mnemonic for savings since inliégwm all savings goes to buy new
knowledge). Competition ensureg &yualscfw,a,n] which is the I-sector’'s marginal cost
function; its arguments are the price of labouthe, vector of all unit-input coefficients of
manufactured varietied, and the number (mass) of these varieties, n. dltua/s the cost of
producing knowledge to be influenced by the costidct inputs (labour) as well as the general
level of efficiency in the economy as capturedépnd n. The only restriction we impose at this
point is that cflis homogenous of degree minus one in n due tmt@ogical spillovers. This

means that the cost of knowledge falls as the teséearns from the experience of having made ‘n’

varieties (as usual in endogenous growth models)laave dflimplicit for the moment.

3. THE EQUILIBRIUM

This section works out the steady state growthaatecharacterises the equilibrium distribution of
firm-level productivity. We first work out the iretitaneous equilibrium, i.e. the economy’s

equilibrium at a point on the long-run growth ptaking the growth rate as given.

3.1. Instantaneous equilibrium

Entry decisions are the fulcrum of this model dmete are two types: 1) the start-up decision, and

2) the two market-entry decisions. Although theselimked, we treat them in sequence.

A firm that has already sunk its start-up cost eriter a particular market if the benefit of dogsay
exceeds the cost. The benefit of entering a maldgeénds upon the firm’s anticipated sales and
these, in turn, depend upon the firm’s margindirsgkost relative to that of its competitors.
Relying on the standard logic of fixed costs, we aleady anticipate that only firms with
sufficiently low marginal costs will enjoy marketazes that are high enough to justify sinking the
beachhead costs. Since there are two beachheadBoand k) there will be two thresholds, one
for domestic sales, which we denote gsamd one for export sales, which we denoteca3 laese
two thresholds define three types of firms. The ediicient firms, i.e. those with the lowest unit
labour requirements (aggasell locally and also export (we call these Xdgpshort for export
firms). The least efficient firms (agpdo not produce (we call these N-types, shorhfor-
producers). Firms with intermediate efficiency<a<a) will produce but only sell locally (we call

these D-types, short for domestic firms).



To flesh out this intuition, we characterise themping profit that firms would earn if they
decided to enter a given market. Under Dixit-Stigtiompetition, firms find it optimal to charge a
constant operating profit margin,alAvherec>1 is the constant elasticity of substitution among
varieties® Thus the operating profit that a firm earns iraatipular market equals the value of the
firm’s sales times &, where the value of its sales are its market-$peuiarket-share times total

spending in the market, E.

By symmetry, wages are equalised internationatiyaking labour as numeraire (w=1) and using
well-known Dixit-Stiglitz results, firm-j’'s pricen its local market is;&1-1/0). If it exports, its

price in the export market i /(1-1/0), wheret=1 represents the usual iceberg trade casisifs
must be shipped to sell one unit in the export m@rkhus, a firm’s market share as a function of

its marginal selling cost is:

ml—a .

= m = J:D a7 dGlala,] + wj:x a™?dGlaa,]; O0<@=r""<1

@  ogm= (%)

where ‘m’ is the firm’s marginal selling cost (‘Br local sales anta for export sales), ‘n’ is the

mass of firmsjm is the weighted average of firms’ marginal selloogts in a particular market, and

G[ajaD] is the conditional density function of the a’s fspducing firms, i.e. a2’ A critical

parameter in our paper is the level of trade fregrjphi-ness)pranges from zero when trade is

perfectly closedt) to unity when trade is perfectly free=(), thus trade gets freer @sises.

Equation (3) is pivotal; five observations facil@antuition and subsequent analysis: i) The ratio,
m*°/m , is a measure of the firm's market-specific coritjyeness, i.e. its marginal selling cost
relative to an average of its competitors’ margswlling costs; ii) A firm’s market share exceeds
1/n to the extent its competitiveness is aboveageeriii) A firm’s market share (and thus its
operating profit) increases as its marginal cdst,faeteris paribus; iv) The average marginal
selling costs1, depends on the two cut-off marginal cosgsaad &, and the distribution G; note
that the geometric weights are negativeqlso higher marginal costs lowar ; v) As the mass of
active firms ‘n’ grows (as it will along the steastate growth path), the market shares of all

existing firms decline in tandem and at the rat@l@th n grows.

Cut-off conditions. Given the sunk-ness of the beachhead caos@né Kk, the relevant benefit

of market entry is the present value of the maseteific operating profit. Defining the discount

2 See Guide to Calculations for details availableverw.hei.unige.ch/~baldwin/
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rate asy and using (3), firm-j’'s benefit from entering ltxal and export market are, respectively,
s[g]E/oy andgs[g]E/oy, where E is total spending on manufactured goo@sach (Symmetric)

market. The market-entry cut-off conditions aresthu

(4) S[aD]EZPKKD; ﬂax]EZPKKx
gy oy

where @ and g are the cut-off marginal costs for entering thealanarket and the export market

respectively (D stands for domestic and X for eXpor

Free entry condition. A potential entrant to the manufacturing seatast pay Fto develop a
new variety, learning the variety’s associatedoialy after sinking F The potential entrant then
decides whether to invest in the further knowletige is necessary to enter the local market and
the export market. Potential entrants that drawpétvarieties (a>g abandoned their project.
Those lucky enough to get assink ip and K, depending upon the revealed ‘a’. Plainly, thaigal

of the resulting variety depends on its ‘a’. Cadtirg these values is easy, but not necessary.

A firm’s start-up decision can be cast in termshaf expected present value of a ‘winning’ variety
(winning in the sense that it is actually produdes,is a D- or X-type). Because we focus on
steady states, the ex ante likelihood of gettimgrener with any particular ‘a’ is exactly the saae
the actual distribution of a’s for winners alreadythe market. In other words, the expected
operating profit of a winner must exactly match #verage operating profit earned in the market.
This average is Bh because total operating profit worldwide equ&Zdue to the constancy of

the Dixit-Stiglitz operating profit margin) and theorldwide mass of varieties is 2n. THus:

Expected value of a ‘winner’ _E
ony

Of course, innovators do not come up with a wirewary try; only new varieties with asavill be
‘winners’. It is straightforward to calculate thepected fixed cost of getting a winner (i.e.

developing a D or X type patent). The answer is:

Gla,],, 1

© - “Glay] ' Glay]

Pk ; K=Ky +K

3 Since only varieties with agare producecﬁ[ajaD] equals G[a)/G[g]. See Melitz (2003) for a proof.

* This ‘expected=observed’ result marks the ste#ahg sn any model with a memory-less firm-birth ateghth process.
Eaton and Kortum (2002) use a similar approach.



WhereF is the expected fixed cost, which depends upomptice of knowledge Pand the

expected units of knowledge required to get a ‘witirThe first term ink is the fixed cost for local
sales — an expense that every winner incurs. T¢enseterm reflects the fact that a fraction of
winners are X-types and so inaw as well; G[&]/G[ap] is the probability of being an X-type
conditional on being a winner. The third right-haath reflects the expected variety development
cost, i.ek; times the inverse probability of getting a winoera random draw since, i.e. 1/G[&

the number of ‘tries’ needed to get a winner.

The expected pure profit from developing a newetgris (Ebny - F ). Free entry drives this to

zero, so the free entry condition for variety infmotion is>

(6) Elo =Pk

ny
If we took the ratio of (Eny) and R k¥, (6) would be Tobin’s g=1 equation sincesfy is akin to
the expected stock market value arde®s the expected replacement cost. As we shalladee,

growth effects of trade work through the replacenuest®

Since c[Jfrom (2) is homogeneous of degree minus one imencan use an ‘intensive form’ o§ P

pk=nP. With this notation, the cut-off and free entrynddions, (4) and (6), are:

a l—O'E @ l—oE E
7 L = peKp, ———=PeKy, — =PeK; =nP, =w,a
( ) ma_y pK D ma_y pK X 0_y pK pK K C[ ’1]

Observe that ‘n’ drops out of the three conditi@asit must if n is to continue rising forever twe t
growth path). In an endogenous growth model, teeadint factoy — which varies with the growth

rate — adjusts as ‘n’ would in a no-growth model.

3.2. Saving, investment and growth

To finish our characterisation of the growth patie, need to address two further issues: the

saving/investment. To this end, we work with simiplertemporal preferences, namely:

® U=["e*mnDdt; D :([ dﬁ'””di)““’”‘” . Y=E+S: Y=L+E
0 0o g

® See Guide to Calculations for details of the spomdence between ours and the Melitz (2003) aphroa
® See the Guide to Calculations for details.



wherep is the rate of pure time preference, D is the C&&umption composit€) is the (time-
varying) set of consumed varieties, angsa&onsumption of variety-i. Consumers divide imeoY
between current expenditure E and saving/investi@ewhere Y equals labour income, L, plus all
manufacturing operating profit &@l-sector profit is zero). Utility optimisation iplies a

transversality condition and the Euler equation

9) E/E=r-p

where ‘' is the rate of return on saving/investméixpenditure on goods E equals income less
spending on new units of knowledge, S. Since thegezero pure profits in the I-sector, S equals
the value of inputs, i.e. labour employed in tleettor, L (recall w=1). Thus E=L+E-L,, so:

L-L,
1-1/o0
Thus determining the utility-maximising path of exyliture E also pins down the

(10) E= - L =L-E@-1/0)

savings/investment path SFT'he implied growth rate of ‘n’ given, Lis:

(11) n=— = = —;
K P K

where the first and second expressions are relgt€d), S=L. and g=Pxn; g is the growth rate of

g

n. Note that a constant Implies a constant growth in the mass of variaties

Solving for thetime-path of E. The economy can be described as a dynamiersysbnsisting

of two differential equations, the Euler equatiéh &nd the growth of varieties equation (11). To
solve these for the steady state, we must spdwfgtate variable. Although the steady state is
unaffected by the choice of state variables, tise @ calculation depends greatly on this choice.
Following Baldwin and Forslid (1991), we choosesk the state variable. The fruit of this choice is

immediately apparent. First, pgiven expressions (9) and (10) and the factlifrad by definition

of steady stat® Moreover, if L, stops evolving, (11) tells us that g is constdmng the steady-state
growth path. The discount ratg,is simple to calculate, e.g. the present valug Dftype’s

operating profit is:

'[:{e“‘”g“al"’ E/(on,m} dt a,<ac<a,

" See the Guide to Calculations for details.
8 Note that this presumes the steady state existisastable in the relevant sense; see Guide twu@dions for details.



Where n is the initial n, and & reflects the fact that the consumer/owner requiresturn of rp

in order to forego the consumption necessary tanie the creation of a new variety, and the term
e” reflects the rate at which the new firm’s markedre (and thus operating profit) declines due to
the expansion of competitors as per (3) and (1dlyigy the integral, the present value s a
°Elongym wherey=p+g. Intuitively, the gross discount rateeflects pure time preferenpeand

the rate at which the typical variety’s market shialls, namely g.

Summarising, expenditure E, savings/investment, Shke growth rate of varieties g, and the
discount ratey are time-invariant along the steady state grovetth.pThe dynamic system therefore
reduces to three equations — the two cut-off camditand the free entry condition — with three

unknowns, g, @and &. The only thing left to find is the utility maxising level of E.

Using (10), (11), and the third expression in (i8Jds the intuitive result that the utility-maxirmg
E equals ‘permanent income’, i.e. the income frabolur L plus the rental rate on the steady-state

value of the nation’s capital stock (which equalg:®
E=L+ppk
Using this ang=p+g in (7), the cutoff and free entry conditions:are

a, “(L+ppck) _ @, " (L+ ppcK) _ L+popK _
— = Pkkp — = PrKxs = Pk
mo (o + Q) mo(p +9) o(p+09)

These three expressions implicitly define the tlegeilibrating variables,;z ax and g.

(12)

3.3. Discussion of the growth path

The growth path in our model shares many simitsitvith the growth path of the canonical
Grossman-Helpman product-innovation growth modaf &ssumes homogenous varieties. The
long-run growth path is characterised by a timeaifant division of labour between the production
of capital goods (knowledge in our model) and comgstion goods; the division is, iersus L-L.

The constant application of to knowledge creation yields a steadily rising snafsvarieties due to
the learning curve assumed in the I-sectdf, €lbserve that ‘g’ here is the equilibrating vatea
much as ‘n’ is in no-growth homogenous firm tratké-T hereafter) models, like Melitz (2003).
Because knowledge spillovers remove n from theutation, it is the speed of innovation that

ensures zero expected pure profit from varietyoohiction. The economic logic is that a faster

° From (6), the present value of all varieties, nigridoy, equals RK , since p=nPx.
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growth of n drives down the expected benefit ofadticing a new variety since it boosts the rate

at which innovators expect the operating profiaafew variety to decline as per (3).

The constant flow of new varieties together witl time invariant employment of labour in the
production of consumption goods means that consomptroduction of each variety continuously
declines at a rate of g. The representative consaaes her real consumption, E/P, rise at:

(13) 0o =2,

where g is the growth rate of real consumpti@rin the working paper version of our paper
(Baldwin and Robert-Nicoud, 2005), we proved that laissez-faire mass of varieties and cut-off
points along the steady-state growth path are paojptimal, but the laissez-faire growth rateast

low from the planner’s perspective.

4. GROWTH EFFECTS OF MARKET OPENNING

Solving the third expression in (12):

L/o o-1
g= _ plo-)

(14) —
Pk o

Since everything here is a parameter except jall growth effects of trade must come through the
expected sunk cost of getting a new variety, he.denominator of Tobin’s q. Thus:
Result 1: Closer international economic integration is pro-growth if and only if it lowersthe

expected sunk cost of developing a new, produced variety (namely, px K ). Thisallowsusto
define two growth-effect channels: the px-channel and the x -channel.

4.1. Pro- and anti-growth effects

Anti-growth. As it turns out, th& -channel is unambiguously anti-growth since theeexgd
sunk cost of getting a ‘winner’ rises with freeade. Intuitively, freer trade makes it easier to
export, so the threshold marginal cost for expgrta, rises. The increased competition from
imports makes both markets more competitive arglithwers the commonpdthe extra
competition induces the least efficient D-type rto cease production). From the definitiorkof

in (5), this means that the typical winner is mitkely to be an X-type and a successful entry will
require more tries before getting a winner; bottides raisex .** In short trade may be anti-growth

since it raises the fixed knowledge-requiremermriae# varieties conditional on entry.

1% This follows from the fact that the ideal CES prindex is P={(M )**?}/ (1-1/0).
1 See Melitz (2003) for proof with a general G; elve demonstrate this for a specific functionahfor
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Pro-growth. Freer trade in goods and ideas may alter iice pf new knowledge, We
cannot be more precise without an explicit funaidiorm for cw, d,n], but two well-known
economic mechanisms suggest that thelpnnel will usually be pro-growth. One conceims t
price-lowering impact of freer trade on goods wiead the indirect impact of this og when the
knowledge-producing sector uses intermediate inpuh equipment.” An entirely separate line of
reasoning concerns international knowledge spitvié tighter integration makes the flow of ideas
freer then we would expect learning in each natiiolnave a greater cost-lowering impact in both

nations and this would show up in a lowgr p

4.2. Analytic solutions and microfoundations for I-secto r technology

Analysis up to this point has been conducted withesort to a functional form for G. Much of the
subsequent analysis can also be conducted in #msien, but the reasoning is clearer with explicit

solutions for g, ax and g. We assume a Pareto distribution:

(15) Gla] = (a/a,)" O<ac<a, =1
where k and @are the ‘shape’ and ‘scale’ parameters, respdgtiBy choice of units, @is

normalised to unity without loss of generality. W({tL5), we solvem andx, so (12) yields?

D X

(16) g=Llo_plo-n a:((ﬁ—l)/(.j, a_(Q(,B—l)/ﬂj
KO 1+ Q) 1+Q)k,

where p=c[1,d]1], ¥ = Bk, 1+ Q)/(B-1) and®
Q=¢T?, T=«k,lk,, L=kllc-1)>1

Omega as a measur e of openness. Q (a mnemonic for ‘openness’) is a Cobb-Douglas ayeof
the two types of trade barriers in the HFT modatjable trade cost (as measured by freegess
and fixed trade costs (as measured by the excdssaehhead cost facing imported varieties,
namely EFx/Fp). Q displays several convenient features. It combinegprotective effects of
fixed and variable trade costs, and it is boungvbeh zero and unity with zero indicating autarky

and unity indicating free trade.

4.2.1. Microfoundations for the I-sector marginal cost function

12 specifically, M = B{(1+ Q) /(B -1)}** (k, 1 k,)” .
13 The restrictior>1 ensures the integrals converge.
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The strength of thexpchannel depends upaifw, 1] . Five special cases are considetéd.

Grossman-Helpman model. The canonical Grossman-Helpman product-innomahodel
assumes a learning curve where the marginal castating knowledge falls as the I-sector’s
cumulative production, n, rises. Specifically:
_ K, (L+Q
w L e PR
n+An* (B-D(@A+A)

where &A<1 (lambda is a mnemonic for ‘learning’) measuresititernational dimension of

a7 dw,a,n] =

spillovers; this is for the Home nation, but thedtgn nation’s is identical since n=n* by
symmetry. (The original Grossman-Helpman versiomsatered the extremes of no and perfect
spillovers, i.eA=0 andA=1.) Many justifications of this intertemporal esxiality are possible.
Romer (1990) rationalizes it by referring to theritval nature of knowledge. Grossman and
Helpman (1991) assert that it reflects the impagbablic knowledge’ that is created automatically

along with the private, patentable knowledge thatk to new varieties.

Coe-Helpman model. A variant of (17) makes a function of trade flows by equatidgo the

fraction of foreign varieties that are importedmedy (a/ap)", i.e.:

3 = k = IBKD (1+Q)
(18) A=(a,/a,) = Pk = 0T

Where/TrepIaces?\ in (17). Coe and Helpman (1995) provide empireatience that knowledge

spillovers are related to trade flows; see Kelk&OR) for a critique.

Efficiency-linked knowledge spillovers. Expression (17) assumes that I-sector learisiegual
for all varieties (the impact orkps the same for X- and D-types). An alternativeoiassume that
the extent of the spillovers is proportional to #verage efficiency of the produced varietieshso t

n’s are weighted by the average marginal ¢ostnd m*. Noting n=n* andm = m*:

- w o= {(BDK}”
1o WaN iz T P ey

Reverseengineering. The three previous special cases treat |-sé&oning as proportional to
the number of varieties the sector has producedetfes, however, contain different units of
knowledge depending upon their export status. Teeage number of knowledge units in a locally

produced variety i% , as per (5), but it is higher for an imported g&yj namelyp+Kx+K; .

14 We thank one referee for suggesting the secondhémt



13
Presuming that the local I-sector only learns fr@rieties that it can actually purchase (the idea

being only these can be ‘reverse engineeregfy,a, n] would be:

w
20 wan=—— = K=|1+
@ dwan= o e [

(B-DR, Q)"
BT(1+Q)

wherek, equalsk, +k, +k, and ] is from (18); again n=n*.

L ab-equipment model.  Another well-known product-innovation modely&a-Batiz and Romer

(1991), supposes that knowledge is produced ubimdjrial good CES composite, Ko:

I, o [B-vx)Y
21) dwan=pP?;, P=(nm¥?, a=0-1 = pKK_KD((1+Q)KDJ

where P is the CES price index, and the restriatioa is implied by our homogeneity assumption
on dw,&,n]. This provides microfoundations for a connectietween the cost of goods and the

productivity of the knowledge creating sectdPlainly, these five special cases could be mixetl a

matched to create a wide range of possibilities.

4.3. Autarky to Free Trade liberalisation

The productkp, is the pivot for growth effects, as per Resuldaving worked out the analytic
solutions forkp, in the five cases, evaluation of the growth eBeaftfreer trade is straightforward.
We start with a base-case comparison of two coneépiktremes, complete autarky and complete
integration. When nations are autarkic in termthefflow of goods and ideaQ=A=1/T=0; when

they are fully integrate@=A=T=1.

The Grossman-Helpman and Coe-Helpman models digptagame growth rate in the two
conceptual extremes. Intuitively, this is becatmgedhift to full goods-market openne&s=0 to

Q=1) increases the amount of knowledge per vari€tyby exactly the same amount that the
increase in ideas-openneas(Q toA=1) lowers the per-unit price of knowledge. Thisuk does

not hold for the other models of innovation, thicééncy-linked, reverse-engineering and lab-
equipment models. In these models zero-to-fullgragon is pro-growth. The stark contrast in
results is due to the connection between manufagisector average productivity and innovation-
sector productivity. In the Grossman-Helpman and-Belpman models there is no direct

connection while there is in the other three mgdsshe well-known productivity enhancing

!5 The same ‘output composite’ can either be consumnémivested as in traditional growth models.
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effects of liberalisation in the HFT models (soledlshifting and sorting effects) stimulate

innovation in the latter but not the former. Neodnsider marginal changes in integration.

4.4. The growth effect of freer trade in goods and ideas

The termxp, is the pivot for growth effects, but observe thagaebiguity of growth effects stems
from the g-channel. In all five caseslk / d¢g equals Bkp/(3-1)}(dQ/d@)>0, so thex -channel is
unambiguously anti-growth. If the overall effecpissitive, it must be that theqzhannel is pro-
growth and sufficiently strong to overwhelm the atge kK -channel effect. We consider freer trade
with respect to variable trade costs (i.@>d), with respect to fixed trade costs (i.e. dT<0)¢ with

respect to trade in ideas, (i.2.>D).

Lower variabletrade-costs. Reducing iceberg trade costs tends to slowiyran two cases,
speeding it in three cases. Given Resul22¢’T** and the simple analytic solutions in (17)-(21),

the proofs are by inspection of the relevant exgoesfor p, k.

. Under the expression (17) knowledge-creating teldyyo(Grossman-Helpman)gd0 has
no impact on p, so the p-channel does nothing to offset the nega#&vehannel effect. The
overall impact is therefore anti-growth (our wordipaper version, Baldwin and Robert-Nicoud

2005, discusses this case at length).

. Under the expression (18) knowledge-creating teldyyo(Coe-Helpman), thexpchannel is
positive, but it is not sufficiently large to oftse negativex -channel effect unless T=1 in which
case the net growth effect is zero (NB: T=1 imptles beachhead cost is the same for a local and

imported variety).

. Under the expression (19) knowledge-creating teldgyyo(efficiency-linked spillovers), the
px-channel is positive. It is also strong enoughuweroome the anti-growtik -channel. Formally,
the result can be seen by inspection of (19). tinly, the pro-growth p-channel is driven by the
productivity enhancing impact of freer trade, whisltin turn driven by a selection effect (weaker
firms are eliminated and more firms export) anth@rs-shifting effect (the market shares of the
most efficient firms rise while those of inefficigirms falls). The anti-growth effect, however, is

driven by the selection effect alone (i.e.xJé0 and d(g)<0) and so it is weaker.

18 |n this case, the expression for E in operatirfifsris just Y since both E and S are spent ordgoo
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. Under the expression (20) knowledge-creating teldyyo(reverse engineering), the-p
channel is positive. It dominates the anti-growthchannel, so the overall effect is pro-growth as
inspection of (20) reveals. Intuitively, we camikiof this as the Coe-Helpman model with an extra
fillip for international knowledge spillovers. Thextra fillip is due to the fact that imported
varieties systematically ‘embody’ more knowledgecsi they have been adapted to meet the
beachhead costs in both markets, while some dbtiadly-produced varieties embody omdyand
Kp units of knowledge. Notice that this extra effescstrong enough to overcome the anti-growth

Kk -channel even when T is very large but finite.

. Under the expression (21) knowledge-creating teldgyo(lab-equipment), thexpchannel
is positive and strong enough to overcome thetfettfreer trade raises the expected sunk cost of
getting a ‘winner.” As in the efficiency-linked-slovers model, the result is due to the powerful,

pro-efficiency impact of freer trade in the HFT nedd

Lower fixed trade-costs. Reducing k to the level of i (i.e. dT<0) has qualitatively identical
effects on growth as@O in three of the five cases since T grabpear bundled iQ. These are
the cases where the degree of international spilfgk. is exogenous, viz. (17), (19) and (21).
When the international spillovers parametes linked to the fraction of foreign varieties tlzae

traded, then T has an independent effect on greimtte this fraction is a function of T, i.e. from

(16) and the definition ofl , we haved =Q/T . Itis easy to show that taking account of the T
insideQ and the explicit T in the models whexés endogenous, i.e. (18) and (20), lower fixed
barriers to trade is always pro-growth. The intuitis obvious. Since lower T encourages spillovers
by increasing the fraction of traded varietieseitds to be pro-growth and this only adds to ttee pr
growth effect from @>0.

Higher knowledge spillovers. It is plain that raising the exogendum isolation is pro-growth
since it lowers the expected cost of getting a heir without any direct impact on the reward to
getting a ‘winner.’ In the Grossman-Helpman modgknness to ideas, opposes openness to
goods,Q, such that they cancel if they are equal, ¥&Q; in this case, greater openness has no

impact on growth.

4.5. The Role of Heterogeneity and beachhead costs
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The role of heterogeneity and beachhead effedtsite and growth links are quite obvidtisf

the beachhead costs are eliminated, integratiomd@mpact on the range of varieties and so the
K -channel is eliminated; it turng , i, # and K, into parameters. It also eliminates most of the

effects on the pchannel. Changes in the exogenous learning spiltofas measured By still
effect growth, and the price lowering impact okigtation feeds directly intocpn the lab-
equipment model. Note that when T&>=1 the growth effects of freer-trade (in the trextial
iceberg sense) are unchanged, except for the Clperida model. In this case, T=1 implies the

anti-growth k¥ -channel exactly offsets the pro-growthrghannel.

4.6. Static versus dynamic productivity effects

A major finding of heterogeneous-firms trade theigrthat trade openness can raise productivity
via selection and share-shifting effects (MelitD3)) Defining ‘measured productivity’ as the ratio
of real manufacture output to manufacturing laboput, we note that openness also boosts
productivity in our model since greater opennesgis the ideal CES price index. However, in
cases such as (17), openness slows the rate dt thieiprice index falls and so slows the rate of
productivity improvement. This implies that therayrbe tension between the static and dynamic

productivity effects of trade in an HFT model.

5. WELFARE

Most of the welfare issues in our model are simplee present value of utility on the equilibrium
growth path at time t=0 isg3E/Py(p+g). Using the permanent income expression for QM

(21), and the analytic solution fon , we have:

1/(o-1)
| o 1+Q. 1.5 Ko\ s
(22) UO_[pK/?J(ﬁ(_,B—l) (—KI)J

The first term in parentheses reflects the dynameidare aspects, i.e.;HE/(p+g), and the second

captures the static aspects, i.ep1Fainly greater openness (i.€%0) always produces positive
static effects. The sign of the dynamic normatiffeats of greater openness balance on the same

fulcrum as did the positive effects, namegyp.

Indeed, the decentralised growth rate g is sub@tiram a welfare perspective because innovators
do not internalise the positive dynamic (learniagbernalities they exert on future innovations (see

Grossman and Helpman 1991 and Baldwin and RobexdtNi 2005). As a result, any policy that

" See our working paper version for the mathematlesils.
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raises growth reduces the gap between the marketlyrate and the desirable one is welfare
improving in a dynamic sense. To summarise:

Result 2: The static welfare effect of greater openness is always positive; since laissez-faire
growth is sub-optimal from the social-welfar e per spective, the dynamic welfar e effect is
positiveif and only if greater openness raisesthe growth rate. Given Result 1, this meansthat

a sufficient condition for greater opennessto be welfare enhancingisthat greater openness
lower sthe expected cost of a new produced variety, namely p,x .

Thus for 3 of the 5 special cases for I-sectorretdgy, namely (19), (20) and (21, we can say the
welfare effects are unambiguously positive, giviem dnalysis in Section 4. Welfare ambiguity
arises when openness is anti-growth since it csemtension between welfare-enhancing static
effects and welfare-worsening dynamic effectshim Grossman-Helpman case in which openness

is the most strongly anti-growth:

(o@+ )| (1+Q e Ko\
el elia) e

1/(o-1)

By inspection, this is unambiguously increasingpenness as measuredognd as measured by
Q as well only ifo is small enough; in such cases, openness raifareelespite the negative

impact on growth.

6. CONCLUDING REMARKS

This paper explores the growth effects of trademfitens are heterogeneous and face sunk market-
entry costs. Our findings can be viewed as speakirige trade and growth literature on one hand,
and the new-new trade theory on the other. Asddraale and growth is concerned, our main
finding - that freer trade has an ambiguous impaagrowth - contrasts with most findings in the
homogeneous-firms endogenous growth literature evpesitive effects are the standard result; this
ambiguous finding squares better with the empirsédlence on the effects of trade openness on
growth (see Berg and Krueger, 2003, for a surv@picifically, our model stresses the need for
empirical researchers to better investigate tHebetween trade and the dissemination of
knowledge, in particular its impact on the effiagigrof the innovation sector. As far as the new-new
trade theory is concerned, our main finding is thate is tension between static and dynamic
productivity effects. Although freer trade improvadustry productivity in a level sense, it may

harm it in a growth sense, at least when ideakgndices are used to measure real output.
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One line of research that would be interesting @did to explore the impact of unilateral trade

liberalisation. However, this analysis becomes wevplved, so we leave this for future research.
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Guide to Calculations by Footnote:

“Trade and growth with heterogeneous firms”

(not for publication, will be posted on the web)
Richard E. Baldwin and Frédéric Robert-Nicoud

2. The constant operating profit mark-up followsedily from the standard Dixit-Stiglitz result of
constant cost-price mark-up; for example, rearmaggjne first order condition for local
sales,p(1-1/0)=a we get that operating profit earned on local s&lés-a)c = pc/o , where ¢

is local sales.

5. The direct approach to formulating the condifionzero-expected-profit-from-innovation is to

calculate the expected benefit net of market erusts, i.e.

[{a" (E/ omyn) - Fo}dGla) + ¢ {2 (E/ omyn) - F,}dGla] » Which simplifies to
(E/amn)(Alap]+@A[ax]) minus (G[a]Fp +G[ax]Fx), wherexx] = anl-adG[a]_ Notice,

however, that (3) implies Gja=(A[ap]+@A[ax])/ M, the benefit less market-entry costs is
G[ap](E/noy)-G[ap]Fp -G[ax]Fx. This is set equal to I the direct approach. Dividing this
through by G[g] validates our indirect approach ({®). We adopt the indirect approach
since it allows us to deal more clearly with growatid corresponds more closely to Tobin’s
insightful approach to characterising investmerd general equilibrium setting. It also
allows a direct comparison with standard endogegooth models (which do not have
market-entry costs) and it facilitates analysigmwth effects by concentrating the impact

of openness and parameter changes in the expextedfgetting a winner.

6. See Baldwin and Forslid (2000), Propositionrladg@eneral proof that the direct impact on
Tobin’s q is a sufficient statistic for growth efts in this sort of model. Intuitively, this is
obvious since anything that raise Tobin’s q encgesanore investment and this, in an
endogenous growth model, results in faster growtie. faster growth, in turn, returns
Tobin’s g back to its steady state value of undtly the variables in the numerator of

Tobin’s q are either endogenous (e.g. E) or arampaters unrelated to trade liberalisation.

7. Formally, income is L+rW, where W is wealthsithe rate of return, amg=L+rW-E describes

wealth accumulation. The Hamiltonian i§la(E/P)+w(L+rW-E) and r and the path of P is
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exogenous to the consumer/saver. The necessaritioosgire &/E=wand «r=¢ plus
a transversality condition. Manipulation involvitite time derivative of the first condition

and substitution of the second condition yieldsEléer equation.

8. The two differential equations are:

E/E=r-p, E:p/?
K

Doing a standard change-of-variables transformati@ntake L.and g =n/n as the state variables

and, using (10), the system becomes:

_LI =r-p _ﬁ_ |
L-L, N pek

As usual, changing state variables has no impattesystem dynamics. As is well know from
decades of growth models, this system is saddlegtable. Also, as in most endogenous
growth models, there is no transitional dynamioseithe saddle path is a point, namely the
steady state equilibrium. The system jumps immetlid@b the steady state since otherwise
the system would violate the transversality condsi All these assertions are proved at
great length and generality in Grossman and Help{©891) and other textbooks on
growth. The exact proof in this case can be fomnBaldwin and Forslid (2000) which uses

Tobin’s g approach to evaluate the growth effettsamle in a homogenous goods model.

Our use of ‘state variable’ is somewhat unconveration the standard terminology of economic
dynamics (where state variable means a non-jumpgca-state and control variables are
jumpers). Mathematically speaking, the state veisttine set of variables defines the state of
the system fully. This includes variables that ganp or only move smoothly. Thus what
economists usually call control variables, co-statiéable and state variables are,
mathematically speaking, all state variables. Adlerone needs to know them all in order to
fully characterise the state of the system. Formte, in the simple differential equation
X = px X is the state variable whether it is a jumpenatr The trick of taking L as
numeraire and Las a state variable opens the door to the intugimplification of working
with the static economy representation of the dyingrath, i.e. focusing on the share of
primary resources devoted to creation of new ‘edipgind the creation of consumption
goods. Anything that raises the share of L devatezhpital (i.e. knowledge in our model)

creation is pro-growth.
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