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The social footprint of globalisation: towards the
introduction of strategic industries in quantitative
trade models

ltalo Colantone®®, Gianmarco Ottaviano“® and Piero Stanig® "

ABSTRACT

We argue that our understanding of industrial policy in the presence of ‘strategic’ industries that exert
positive externalities on the national economy may benefit from an extension of quantitative general
equilibrium trade models making the extent and pattern of trade-induced reallocations more salient. To
make these features relevant for national welfare, we introduce the notion of the ‘social footprint’ of
globalisation as the result of suboptimal trade-induced structural transformation in the presence of
externalities. For proof of concept, we use simple workhorse models featuring two countries and two
industries (only one of which is ‘strategic’) to highlight the role of the ‘scale elasticity’ of the strategic
industry and the consequences of the most common assumptions on market structure in quantitative
trade analyses.

KEYWORDS

Globalisation, quantitative trade models, trade liberalisation, market structure, externalities, strategic
industries

HISTORY Received 31 October 2022; in revised form 27 July 2023

1. INTRODUCTION

Industrial policy has become a priority for Western governments. In May 2021 the European
Union updated the industrial strategy it had unveiled the previous year with the aim of support-
ing the twin green and digital transitions, making EU industry more competitive globally, and
enhancing Europe’s open strategic autonomy. The European approach emphasises government
intervention in strategic areas in order ‘to develop activities that would not develop otherwise’,!
such as those concerning processors and semiconductor technologies. In September 2022, on the
other side of the pond, the US Department of Commerce unveiled its plan to spend 50 billion

dollars of taxpayer money to scale up the American semiconductor industry, arguably the US’s
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biggest effort to shape a strategic industry as well as its most significant investment in industrial
policy in at least fifty years.

The economic weight of the countries involved and the sheer amount of money committed will
likely have seismic consequences beyond the targeted industries, both at home and abroad. To under-
stand and evaluate such local and global consequences of industrial policy, traditional partial equili-
brium models of industrial organisation should be complemented with general equilibrium
mechanisms operating both within and across country borders. In this respect, new quantitative
models recently introduced in the field of international trade (see, e.g., Costinot & Rodriguez-
Clare, 2014) hold a lot of promise. The aim of this paper is to discuss how their potential could
be developed, expanding on the discussion on the backlash of globalisation in Colantone et al. (2022).

New quantitative trade models combine features borrowed from Armington (1969), Krug-
man (1980), Eaton and Kortum (2002) and Melitz (2003). They rely on four common primitive
assumptions, which are Dixit-Stiglitz preferences, one factor of production, linear cost functions,
and perfect or monopolistic competition. They also comply with three common aggregate
restrictions, requiring trade to be balanced, aggregate profits to be a constant share of aggregate
revenues and the import demand system to exhibit constant elasticity of substitution (CES).
Calibrated with several countries, several sectors and rich input-output linkages, they have
been applied to quantify how trade policy shocks affect national welfare, usually measured as
per-capita real consumption or expenditures (Caliendo & Parro, 2022).2

Current versions of those models exhibit, however, three main limitations with respect to the
analysis of industrial policy. First, for practical purposes, trade scholars have been driven by the
desire to identify as few as possible sufficient statistics in order to reduce the amount of infor-
mation needed for the quantitative assessment of the welfare effects of enacted or counterfactual
policies. This has led them to look more at the similarities between the implications of different
modelling assumptions than at their differences. From the perspective of industrial policy, an
important example of the unintended consequences of such a reductionist approach is the conven-
tional wisdom that assuming perfect or monopolistic competition has no qualitative, and at most
only small quantitative implications for the analysis. Second, the CES assumption implies that the
market outcome is efficient not only with perfect competition, but also with monopolistic com-
petition at least within industries, while between industries the extent of market inefficiency is
regulated only by differences in the elasticity of substitution, which is an unlikely industrial policy
parameter. Third, there is no way some industries can be singled out as ‘strategic’. Consider, for
example, the effects of trade liberalisation, which is the most studied type of policy intervention.
While trade liberalisation generates gains from trade arising from more efficient specialisation in
production, richer product variety and tougher firm selection, the extent and the pattern of the
implied trade-induced intersectoral reallocations of resources are inconsequential, as trade liberal-
isation increases national welfare independently of the resulting industry specialisation. In this
respect, the notion of ‘strategic’ industry is immaterial and thus necessarily left out of the picture.

To overcome those limitations, we propose to operationalise the notion of strategic industry
in a way that can be readily introduced in the quantitative trade models, making its concrete rel-
evance an empirical issue linked to the estimation of an industry scale parameter conditional on
the choice of industry market structure. This is achieved by defining as ‘strategic’ for a country an
industry that generates positive nation-wide externalities, that is, unpriced costs and benefits to
national welfare arising as effects of its activity. Being unpriced, such costs and benefits do not
enter the individual decisions of households and firms, which drives a wedge between private
and social evaluations and thus justifies policy action to realign them.

For ease of comparison with the trade literature, we then investigate the effects of trade liberal-
isation and study specifically how it affects the welfare consequences of the wedge between private
and social incentives. We call these consequences the ‘social footprint of globalisation’ as permanent
suboptimal results for society of the trade-induced structural transformation in the presence of
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externalities. For proof of concept, our investigation relies on simple workhorse versions of the
models by Armington (1969), Krugman (1980), Eaton and Kortum (2002) and Melitz (2003), fea-
turing two industries, one of which is strategic, and two countries, one of which has a locational
advantage in the strategic industry. We compare two types of locational advantage (comparative
advantage and market access) and the two types of market structure (perfect competition and mono-
polistic competition). In all cases, as trade gets freer, the strategic industry relocates from the country
with a locational disadvantage to the country with a locational advantage. Due to the positive extern-
ality characterising the strategic industry, such relocation reduces the welfare gains from trade in the
former country and amplifies them in the latter. However, with perfect competition in the strategic
industry, the country where that industry shrinks suffers less from the weakened externality if trade
liberalisation is deeper, whereas with monopolistic competition it suffers less if trade liberalisation in
shallower. The reason for such asymmetry is that under monopolistic competition structural trans-
formation gains momentum as trade gets freer, whereas the opposite happens under perfect com-
petition. This shows that the way in which market structure is modelled may matter much more
than generally understood in the literature on quantitative trade models.

The rest of the paper is organised as follows. Section 2 presents the main features of the work-
horse models, highlighting their common and exclusive features. Section 3 activates the extern-
ality in the strategic industry and introduces the notion of ‘social footprint’ of globalisation by
showing how trade gains may come together with trade pains. Section 4 derives and compares
the welfare effects of trade liberalisation across models highlighting the role of the strategic sec-
tor’s scale elasticity. Section 5 concludes.

2. WORKHORSE MODELS

The most popular trade models used for quantitative analysis are those put forth by Armington
(1969), Krugman (1980), Eaton and Kortum (2002) and Melitz (2003). In recent years, through
the sufficient statistics approach of Arkolakis et al. (2012), various combinations of these models
have been calibrated and used to structurally quantify the general equilibrium effects of both fac-
tual and counterfactual trade-related shocks — including the North American free trade agree-
ment (NAFTA) (Caliendo & Parro, 2015), Brexit (Dhingra et al., 2017) and the rise of
China as global actor (Caliendo et al., 2019) — for which standard econometric approaches are
of limited use due to lack of data. These quantitative applications consider many sectors and
regions connected by complex networks of input-output relations. Yet, for our purposes, it is
more useful to follow Colantone et al. (2022) and rely on simpler, but more analytically transpar-
ent versions featuring two countries, two sectors and one productive factor only.

We call the two countries A (‘home’) and F (‘foreign’) and assume that they are inhabited by
fixed ‘numbers’ of consumers/workers Ly and Lp. Each worker supplies one unit of labour
inelastically so that Ly and Lp are also the countries’ labour endowments. We focus on country
H, with symmetric expressions holding for country F. The two sectors are designed so that, in
terms of national welfare, the international distribution of production is important for a sector
but irrelevant for the other. We bring the former sector to the forefront, dubbing it ‘strategic’
for the sake of brevity and using L4, and L% to denote country ’s and country F’s employment
in that sector. The reason why its international distribution matters is that the strategic sector
generates a positive nation-wide externality.

2.1. Common features
The preferences of the representative consumer are captured by the nested Cobb—Douglas CES
utility function,

Uy = Br(Q)“(05)' ¢, 1)
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with upper-tier CES quantity index,

k
L

Qs = [(Qu)™ + Q)™ @

and lower-tier CES quantity indexes,

Ny

Qs =10 G o],

N; o1 et 3)
O =12 Gl 7 ] .
Where By = (L4,)?, with scale elasticity y > 0, is the positive nation-wide externality arising
from employment in the strategic sector, Q% is consumption of a basket of home and foreign
produced varieties of a horizontally differentiated good, Q% (Q%y) is consumption of the
sub-basket of V7 (IVr) home (foreign) produced varieties, and ¢4, (®) (¢ (@)) is consumption
of home (foreign) produced varieties. As for OY, this is consumption of a homogeneous good
(‘outside good’). Parameters satisfy the restrictions & € (0, 1) and o > 1 so that varieties are
more substitutable with one another than with the outside good. Different models activate differ-
ent tiers. By can be equivalently interpreted as a consumption externality or a production extern-
ality given that (1) can also represent the aggregate production function for a final, non-tradable,
good that enters utility linearly. In standard quantitative trade models there is no such externality:
v =0 and thus By = 1 hold.
Basket Q5; as well as sub-baskets Q%,; and Q% have associated exact price indices,

Py = [Pur) ™ + (Pe) 17 (4)

for the upper tier and

Puyy = Uf)VH (PHH((U))l_Ud(U]Ey )

P =[5 (prn(e))~do]

for the lower tier, where pyr(w) and ppy(w) are the delivered prices of home and foreign pro-
duced varieties. Hence, using E° to denote consumer expenditure, the consumer constraint can be
stated as,

Py Qi + POy = Prart Qi + Pro Qy + Py Oy = EF 6)

where P}, is the delivered price of the outside good.

Denoting aggregate consumption levels by Qnrr = Q% L, Qrr = Quy L, Qu = QyLu
and Oy = 0%,Ly, maximisation of utility (1) subject to the budget constraint (6) implies that
aggregate expenditure Ey = E5 Ly is split between the differentiated basket and the outside
good according to aEy = PyQp and (1 — a)Ey = P}, 0% respectively. Indirect utility can
then be rewritten as Wy = By Vy with real consumption (or expenditure) per capita as

En/Ly

V; = a%(1 — o)\ ——H/ZH
n=al-a (P)*(P3y) "

(7)

The markets for labour and the outside good are perfectly competitive while the market of the
differentiated good is either perfectly or monopolistically competitive depending on the models.

SPATIAL ECONOMIC ANALYSIS
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Free entry then implies that expenditure equals labour income:
Ep = wyLy (8)

where wyy is the wage.

The outside good is produced employing 1 unit of labour per unit of output so that its mar-
ginal cost is equal to the wage. This good is freely traded and chosen as numeraire, implying that
its price is the same in both countries: P = P2 = P° = 1. Moreover, as profit is maximised by
marginal cost pricing (P° = wy = wr), also wages are equalised across countries:
wy = wp = w = 1. Wage equalisation holds as long as both countries produce the outside
good, which happens when neither country on its own can supply world demand for that
good even if fully specialised in its supply. This is the case when condition

. Ly Lp
a < min ,
Ly+ Ly Ly+Lp

holds, which we assume henceforth. Designing the outside good sector this way vastly simplifies
the analysis.

In equilibrium, market clearing requires that a country’s labour income from the differen-
tiated varieties equals the world’s expenditures on those varieties,

LY = AunaLy + ApgraLr, ©)

where Az and Az are the shares of domestic and foreign expenditures on country H’s varieties

such that
PHH 1-o PHF 1-o
A =[— dAgr = — .
HH < P ) and Agrp Pr

Then, price and wage equalisation P9 = wy; = 1 allows us to rewrite real consumption (7) as
Vir = o1 — a)' " “(Prz)~*(Aparr) . (10)

When there is no externality from the strategic industry to the national economy, y = 0 and thus
By =1 hold so that real consumption and indirect utility coincide (Wy = V). Otherwise for
v >0, and thus By # 1, Wy = By Vyy implies that indirect utility evaluates to:

Wy = a*(1 — @) By (Pur)™“(Aarr) 7. (11)

which we take as our measure of national welfare.

2.2. Exclusive features

Beyond their common features, the simplified versions of the four most popular trade models can
be divided into two pairs according to their specific assumptions on the production technologies
of the differentiated varieties and the corresponding market structures.

2.2.1. Constant returns to scale and perfect competition

Constant-return technologies and perfectly competitive market structures characterise the
models by Armington (1969) and Eaton and Kortum (2002). In Armington (1969) only the
upper-tier basket (2) is activated with ¢z7 and ¢ units of labour required per unit of output. Inter-
national shipments incur iceberg trade costs such that 7 > 1 units have to be shipped for one unit
to reach its destination. Country A is always the lowest price supplier of the home produced sub-
basket everywhere, with prices set at delivered marginal cost Py = ¢y and Ppyr = tPuy.
Country F' is always the lowest price supplier everywhere of the foreign produced

SPATIAL ECONOMIC ANALYSIS
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sub-basket, with prices set at delivered marginal cost Prr = ¢ and Ppy = tPpr. Given the
upper-tier CES basket (2), expenditure shares evaluate to

Nt = (Prr)' ™ __a

Purn) ™" + )™+ ¢’ (12)
A _ (Prr)' ™ as
HF —

(Pup) ™ + (Pep)™7 1+ ad’

where a = (cr/ CH)‘F1 measures country /’s comparative advantage (2 > 1) or disadvantage
(a < 1) in the production of the differentiated good (as the outside good’s unit labour require-
ment is the same in the two countries) and ¢ = '~ € [0, 1] measures the freeness of trade,
with ¢ = 0 and ¢ = 1 corresponding to autarky and free trade respectively. Hence, in autarky
we have Ay = 1 and Agp = 0. Together with market clearing (9) and analogous expressions
for country F, shares (12) imply that equilibrium employment in ‘strategic’ differentiated pro-
duction evaluates to

2 _
L}, = aLy — aia(LH —Lp)+ o — 1)

+é @+ & +ad) L 13)

This expression shows that in autarky (¢ = 0) differentiated employment equals a share « of the
workforce, as the country spends a share « of its income on the differentiated basket and the bas-
ket has to be entirely supplied domestically. Otherwise (¢ € (0, 1]), differentiated employment
deviates from its autarkic level due to two forces: differences in market size (Ly # Lp) and com-
parative advantage (a # 1). In particular, we have L;‘T’{ > aLy if, relative to autarky, lost dom-
estic demand is more than compensated by gained foreign demand, that is, if comparative
advantage (2 > 1) is strong enough or the size advantage of the foreign market (Lp/Ly > 1)
is large enough.3 When that is the case, we say that country A has a locational advantage in
the strategic industry.

Expression (13) reveals what we may call a ‘reverse home market effect’: without comparative
advantage (2 = 1), the larger country is an importer of the differentiated basket. Sectoral special-
isation is always incomplete as (13) implies L?{ > 0 and an analogous expression for country F
implies Ljé > 0. Intuitively, this derives from the fact that each country is always the lowest price
supplier everywhere of its own sub-basket. Finally, larger ¢ reinforces the effects of both market
size asymmetry and comparative advantage.

Given (10), marginal cost pricing Py = ¢z and expenditure share (12) imply that the ratio
of real consumption with trade freeness ¢ to real consumption with ¢ evaluates to:

(14)

Vir(d) _ (/\HH(d)))_%
V(e ()

where ¢ = 0 — 1 is the trade elasticity, which by (12) measures the percentage fall in bilateral
trade for a one percent increase in the iceberg cost controlling for origin and destination charac-
teristics (Head & Mayer, 2014).

Differently from Armington (1969), Eaton and Kortum (2002) also activate the lower-tier
sub-baskets (3) with fixed Ny = Ny = 1. Moreover, which country is the lowest price supplier
of either sub-basket is uncertain. Specifically, country H has probability ()™ / [er) ™+ (cp) 8
77 to be the lowest price supplier of any variety to H as delivered prices at marginal cost
Prpr = ¢y and Pyp = tPpy are determined by a random unit labour requirement ¢ = 1/z,
with efficiency z drawn from a Fréchet (or extreme value) distribution with cumulative density

SPATIAL ECONOMIC ANALYSIS
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function:

Fy(z) = D for z € [0, o0),

where ¢y > 0 is the scale parameter (larger ¢z shifts density towards the lower bound of the sup-
port, making higher efficiency draws less likely) and 6 > 0 is the shape parameter (larger 6
reduces the heterogeneity of efficiency draws around the mode of the distribution). Analogous
expressions hold for country F. Yet, the equilibrium expenditure shares, differentiated employ-
ment and relative real consumption are still given by (12), (13) and (14) respectively, the only
difference with respect to Armington (1969) being that the trade elasticity € = 6 is now deter-
mined by the heterogeneity of efficiency draws rather than the elasticity of substitution. Special-
isation is also always incomplete in Eaton and Kortum (2002) as both countries always have a
positive probability of being the lowest price supplier of each lower-tier sub-basket.

2.2.2. Monopolistic competition and increasing returns to scale

Increasing-return technologies and monopolistically competitive market structure characterise
the models by Krugman (1980) and Melitz (2003). As in Eaton and Kortum (2002) but differ-
ently from Armington (1969), both models also activate the lower-tier sub-baskets (3). However,
differently from Eaton and Kortum (2002), the numbers of varieties of Vi and Ny are endogen-
ous due to free entry and each variety is produced by a monopolistically competitive firm under
increasing returns to scale, rather than by a mass of perfectly competitive firms under constant
returns to scale. Moreover, while in Krugman (1980), as in Armington (1969), there is no ex-
ante uncertainty about efficiency in production, in Melitz (2003), as in Eaton and Kortum
(2002), uncertainty is there.

In Krugman (1980), increasing returns at the firm level derive from the presence of a fixed
labour requirement for production. Specifically, supplying ¢ units of output requires
2r(g) = f + cug units of labour. International shipments of the differentiated varieties again
incur iceberg trade costs such that T > 1 units have to be shipped for one unit to reach its desti-
nation. Varieties are priced at constant markup o/(o- — 1) over delivered marginal cost (‘mill pri-
cing). Using 7, to denote the mill price, we have p,,, = cyo/(o— 1) and p,. = 1p,,,. Zero
profit, due to free entry, then implies that all firms operate at the same scale, g7 = (0 — 1)/cs,
so that they also share the same employment level, £ = fo. The number of firms is therefore a
linear function of total employment in the differentiated goods sector: Ny = L%,/ (fo). Hence,
given sub-baskets (2) and (3), expenditure shares evaluate to:

A _ NH(?’HH)l_U _ ”Lil
HH — ~ = ~ o 5
NH(PHH)1 + NF(PFH)1 aly + ¢Li (15)
NH(?’HF)l_(r (WLZ
AHF =

NH(}HF)lig + NF(;"FF)lio- a (bﬂLiI + Lla“" ’

as we have (Pyy)'™7 = NH(}HH)PU and (Pyp) ™7 = NF(}FH)P‘T. Together with market
clearing (9) and analogous expressions for country F, (15) shares imply that equilibrium employ-
ment in ‘strategic’ differentiated production equals:

2 —1)
e — ol _ad Lo — L (b(—
L A P g
This expression shows that in autarky (¢ = 0), differentiated employment is again equal to a
share & of the workforce. Otherwise (¢ € (0, 1]), as in the case of perfect competition, differ-
entiated employment deviates from its autarkic level due to two forces: differences in market
size (Ly # Lr) and comparative advantage (2 # 1). In particular, we have L%, > aLy if,

C(LF. (16)
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relative to autarky, domestic demand grows relative to foreign demand, which happens if the
domestic price index falls more than the foreign one, that is, if comparative advantage (a > 1)
is strong enough or the home market (Ly/Lp > 1) is large enough.4 When this is the case
we say, as before, that country /A has a locational advantage in the strategic industry.

Differently from the case of perfect competition, there is what Krugman (1980) calls a ‘home
market effect’: without comparative advantage (a = 1), the larger country is an exporter of the
differentiated basket. Incomplete sectoral specialisation requires L4, > 0 and L% > 0, which is
the case if asymmetries between countries in technology as well as market size are not too
large and the degree of trade freeness is not too high:

a—¢ _Lr _la-¢
1—ad Ly  dl—ad’

with necessary condition (a — ¢)/(1 — ad) > 0, thatis, p <a<1/aifa<landp < 1/a<a
if a > 1. Finally, when (17) holds, (16) also shows that, as with perfect competition, larger ¢
reinforces the effects of both market size and technology asymmetries. However, compared
with perfect competition, reinforcement is stronger in the case of comparative advantage and
also, in the case of size asymmetries, for @ > (1 — ¢)/(1 + ¢).

Together with analogous expressions for country F, p.., = czo/(0—1), pyr = TP
Ny = L%/(fo), (5) and (16) allow us to write the ratio of real consumption with trade freeness
¢ to real consumption with trade freeness ¢’ as

Vi) _ (LW) m(@)‘?
Vu(¢) L) A (d))

where ¢ = o — 1 is again the trade elasticity. Comparing (18) with (14) shows that, unlike with
perfect competition, monopolistic competition employment in the strategic sector matters for
real consumption beyond its implicit relevance through the domestic expenditure share. This,
together with the different behaviour of L%, as a function of ¢ in (13) and (16), implies a negative
correlation of welfare gains across countries between market structures (Colantone et al., 2022).
That is, countries that witness relatively higher welfare gains (or lower losses) under perfect com-
petition tend to display relatively lower welfare gains (or higher losses) under monopolistic
competition.

Differently from Krugman (1980), in Melitz (2003) firms enter the market under a veil of
ignorance about their efficiency. They are thus ex-ante identical but ex-post heterogeneous as
in Eaton and Kortum (2002). However, while in Eaton and Kortum (2002) many firms with
the same efficiency supply any given variety, in Melitz (2003) as in Krugman (1980) only one
firm supplies such variety. Specifically, in Melitz (2003) a firm incurs a sunk labour requirement
/. to enter the market. By hiring 7; workers the firm invents its own variety and discovers its effi-
ciency z = 1/¢ in supplying it. Production of ¢ units of output then requires f/ + ¢g units of
labour, as in Krugman (1980). Efficiency z is unknown to the firm before paying 7, and, upon
entry, it is drawn from a Pareto distribution with scale parameter 1/cy and shape parameter
6 > 1. This implies that the unit labour requirement c is itself determined as the realisation of
a random variable with cumulative density function,

¢ (17)

(18)

0
Gle) = (i) for ¢ € [0, cir]. (19)
CH

While larger ¢z; makes higher efficiency draws less likely, larger 6 reduces the heterogeneity of
efficiency draws away from the mode ¢y. Exporting incurs not only an iceberg trade cost
7 > 1 but also a fixed export cost f, = /.

SPATIAL ECONOMIC ANALYSIS
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Ex ante, an entrant expects to sell a variety in the domestic and foreign markets with prob-
abilities (czzr/ c)? and 7 %(cqp / )’ respectively. Ex post, these probabilities translate into the
fractions of entrants that produce and of entrants that export. This is due to the law of large num-
bers and holds for the ex-ante expected and ex-post average values of all variables. Varieties pro-
duced are priced on average at constant markup over expected delivered marginal costs

P = 571 ¢n and Py = Tpy,, with

1
CHH 0|7

~ 1-o ¢ 0

= dl — = 20
b UO c (CHH” e @0)

where ¢z is the domestic cutoff marginal cost corresponding to zero domestic demand,
. 6%
-0 — 1
cHH = [0t = CH, 1)

fo-1 1§

as firms drawing ¢ > ¢y are too inefficient to generate the operating profit needed to cover the
fixed cost of production and thus choose not to produce. Analogously, due to the fixed cost of
export, there is also a cutoft marginal cost for zero foreign demand, which is related to the dom-
estic cutoff in the destination market by cyr = cpr/7. As analogous expressions also hold for
country F, that implies p,,, = p,, so that the expected price of varieties in the destination mar-
ket does not depend on where they are sourced from.

Given free entry, an entrant’s expected profit is zero, which together with markup pricing
determines the entrant’s expected employment Iy = /.00/(c — 1). This is inclusive of labour
hired for production and for the sunk labour requirement. As a result, the number of entrants
is proportionate to differentiated employment: N, = [L%,/(£0)][(c — 1)/a]. However, the
number of entrants that eventually produce is smaller: Ny = (czzzr/ cH)eNf_, where, given (19),
(cum/ )% is the probability that an entrant draws a marginal cost below the cutoff (21). Accord-
ingly, given baskets (2) and (3), the equilibrium expenditure shares, differentiated employment
and relative real consumption are still given by (15), (16) and (18) respectively, the only difference
being that the trade elasticity € = 0 is determined by the heterogeneity of efficiency draws rather
than the elasticity of substitution. In this respect, the model by Melitz (2003) is a stochastic ver-
sion of the model by Krugman (1980), as the model by Eaton and Kortum (2002) is a stochastic
version of the model by Armington (1969). Henceforth, we restrict the feasible values of the
trade elasticity to € > 1 in order to make them compatible with all four models. This is the
more stringent constraint of the model by Melitz (2003), while in the other models the trade
elasticity would have to meet the less stringent constraint & > 0.

3. TRADE GAINS AND TRADE PAINS

We can use the workhorse models to define the gains and pains from trade, and study in detail
how these evolve with trade freeness.

3.1. Gains from trade

Following Arkolakis et al. (2012), let us define a country’s ‘gains from trade’ as the loss in real
consumption that would occur if the country went from the current situation to a counterfactual
autarkic situation. In the workhorse models this exercise can be readily performed by evaluating
(14) and (18) at current trade freeness (¢ > 0) and autarkic trade freeness (¢ = 0) given
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equilibrium expenditure shares (12) and (15), plus differentiated employment (16) in the case of
monopolistic competition. Accordingly, for perfect competition (PC) and monopolistic compe-
tition (MC) respectively, the gains from trade amount to,

PC e
GFTEC(¢) = % = (1 + ij) (22)
and
wic, V() a—¢\:
G = e = (14 6{=2) (3)

with a/e < 1 given @ € (0, 1) and & > 1. Both GFT/¢(¢) and GFT%C((;[)) are positive, larger
than 1 and increasing in trade freeness. This holds as long as specialisation is incomplete with
monopolistic competition, which we assume henceforth. Inspecting (22) and (23) reveals the fol-
lowing results:

Proposition 1 - Trade gains, comparative advantage, and market structure. (4) Independently of market
structure there are gains from trade as international trade improves real consumption relative to autarky and (B)
the gains from trade are an increasing function of trade freeness. However, (C) under perfect competition the
gains from trade are larger when the country has a comparative disadvantage in the strategic sector (a < 1),
whereas under monopolistic competition they are larger when the country has a comparative advantage in
that sector (a > 1).

Result (C) implies that, as described above, across countries the welfare gains under the two
market structures are negatively correlated, which shows that the predictions of new quantitative
trade models are inherently different under the alternative market structures. Moreover, while
with perfect competition the gains from trade are a concave increasing function of trade freeness,
with monopolistic competition they are a concave function of freeness if @ < 1 holds, but they
can also be a convex increasing function of freeness if 2 > 1 holds.® Without comparative advan-
tage (a = 1) the two market structures deliver the same gains from trade.

3.2. Pains from trade

We have defined a country as having a locational disadvantage in the strategic industry if its
employment in that industry falls as trade becomes freer. This is, however, immaterial for the
country’s real consumption independently of market structure, and real consumption is all that
matters for utility when there is no externality from the strategic sector (y =0 and By = 1)
as commonly assumed in new quantitative trade models.

Let us now look at what changes when the externality is present (y > 0 and By # 1). In this
case, the ratio V(¢)/V(0) of real consumption with trade freeness ¢ to real consumption with
autarky (¢ = 0) is an imperfect measure of the corresponding ratio of indirect utilities. In par-
ticular, given Wy (¢)/Vi(0) = By($)Vi(h)/Br(0)V(0), expression (11) implies that the
indirect utility ratio equals

(24)

%w_mwc%w>f
Wu(0)  Br(0) \ Auu(0)

which differs from the real consumption ratio by a factor due to the gap that exists between the
welfare value of the externality with trade freeness ¢ (Bz(p) = B(L%,(4))) and its autarky value
(Bi(0) = B(L4,(0))). This gap is not considered in the individual decisions of firms and workers,
which creates a divergence between the private and social costs and benefits of those decisions.
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We call By (¢)/Br(0) the ‘social footprint of globalisation’ as it measures such divergence. This
social footprint amplifies the gains from trade for By (¢)/Bx(0) > 1 and dampens them for
Br(¢)/Br(0) < 1. In the knife-edge case of By(¢)/Br(0) = 1, globalisation leaves no social
footprint. When By (¢$)/Bg(0) < 1 holds, gains from trade come together with ‘pains from
trade’. In this respect, as By (¢b) is larger (smaller) than B(0) if and only if L.¢,(¢) is larger (smal-
ler) than L4,(0), country H suffers pains from trade whenever trade causes its strategic industry to
shrink relative to autarky, that is, when it has a locational disadvantage in that industry.
By (13), (16), (22) and (23), the indirect utility ratio (24) evaluates to,

Whe(d) ¢ Lp[(Ly 2-17)" P\*
Wﬁw»‘{1_a+¢22[61“>_1+mJ}<1+Z> )

with perfect competition and

Wfldc(d))_ ¢ Lp Ly 2 —-17)" a— ¢ H
W%Gmf{”1_am[“<a—1)+a_¢]} (1+¢1_g¢) (26)

with monopolistic competition, where the terms between curly brackets capture the change of

employment in the strategic industry from autarky as trade is liberalised. These expressions
show that both comparative advantage and relative market size determine whether the social
tootprint amplifies or dampens the gains from trade. In particular, as discussed in Section 2.2,
with perfect competition there is amplification if comparative advantage (# > 1) is strong enough
or the size advantage of the foreign market (Lp/Ly > 1) is large enough to make the term
between square brackets in (25) negative. With monopolistic competition there is amplification
if comparative advantage (¢ > 1) is strong enough or the home market (Ly/Lp > 1) is large
enough to make the term between square brackets in (25) positive. Another important difference
between the two market structures is the extent to which employment in the strategic industry
adjusts to trade liberalisation. This is regulated by the factors ¢/(a+ ¢) and ¢/(1 — a¢)
under perfect and monopolistic competition respectively. The former (latter) factor is an increas-
ing concave (convex) function of ¢. Hence, while with perfect competition the adjustment in
employment decelerates as trade becomes freer, with monopolistic competition it accelerates.
In other words, under perfect (monopolistic) competition, firms in the strategic industry become
less (more) sensitive to comparative advantage and market size differences as trade is liberalised.

4. Trade liberalisation scenarios

To avoid an uninsightful taxonomy of possible cases, it is useful to focus on a situation where the
social footprint of globalisation dampens country H’s gains from trade (By(¢)/By(0) < 1), and
to consider only two polar cases, where there is either no comparative advantage (¢ = 1) or no
market size difference (Ly = Lp).

4.1. No comparative advantage
With a = 1, expressions (25) and (26) simplify to

wEe)| ¢ (L N\

W#muﬂ‘P+1+¢Qﬂ Q]“+@ ol
and

WH()

_ ¢ (Lrp 7 "
mﬁwuﬂ‘P_1—¢GZ_Q}“+¢) (29)

SPATIAL ECONOMIC ANALYSIS



12 |. COLANTONE ET AL.

1127 7
1.104 /
1.08 /

1.06
#
1.04 1 /

1.02 1 /
l.OO'@_—__: ————————— ——ﬁﬁ

098 T T T T T T T 1

Figure 1. Indirect utility ratio and trade freeness (perfect competition without comparative
advantage).

where, as already noted, with no comparative advantage the gains from trade are the same for the
two market structures.

Figure 1 shows a graphical representation of the indirect utility ratio (27) as a function of
trade freeness when smaller market size is the only source of country /s locational disadvantage
and market structure is perfectly competitive.® With trade freeness measured along the horizontal
axis, the two convex curves correspond to two indirect utility ratios evaluated for a smaller value
of vy (solid line style) and a larger value of vy (dotted line style). The horizontal dashed line is the
unit benchmark. When the indirect utility ratio is above (below) that line, country H is better
(worse) off with trade than in autarky. For ease of comparison, the upward sloping long-dashed
curve reports the gains from trade. The figure shows an interesting pattern: as the country starts
to liberalise trade from autarky, initially the pains from trade due to the contraction of the stra-
tegic industry dominate the gains from trade leading to lower indirect utility than in autarky.
Only later on, as trade liberalisation proceeds, the situation is reversed with the gains dominating
the pains from trade. By making the pains from trade more salient, a larger value of vy increases
the degree of trade freeness that has to be attained before the gains start to dominate the pains.

Figure 2 shows an analogous graphical representation of the indirect utility ratio (28) when
market size market structure is monopolistically competitive.” The two curves corresponding to
the indirect utility ratios evaluated for smaller y (dashed line style) and larger vy (dotted line style)
are now concave. The horizontal dotted line is the unit benchmark while the upward sloping
solid curve reports the gains from trade. The figure shows a different pattern than before: as
the country starts to liberalise trade from autarky, initially the gains from trade dominate the
pains from trade leading to higher indirect utility than in autarky. However, as trade liberalisation
proceeds, the situation is reversed with the pains dominating the gains. The reason for this differ-
ence with respect to Figure 1 is that, as discussed above, under monopolistic competition struc-
tural transformation gains momentum as trade gets freer, whereas the oppositive happens under
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Figure 2. Indirect utility ratio and trade freeness (monopolistic competition without comparative
advantage).

perfect competition. Moreover, as one would expect, a larger value of y decreases the degree of
trade freeness that can be attained before the pains start to dominate the gains.

4.2. No market size difference
With Ly = L expressions (25) and (26) simplify to

Wik _ ¢ ol (1.02)
WOy 0, araarae 0] (149) %)
and
Wie(¢) _[ ¢ o ]’( a—¢>%
o, ' e aa—ae P g G0
respectively.

Figures 3 shows a graphical representation of the indirect utility ratio (29) as a function of
trade freeness when comparative disadvantage is the only source of country H’s locational disad-
vantage and market structure is perfectly competitive.® The figure exhibits the same qualitative
features as Figure 1. As trade freeness starts to increase from autarky, the pains from trade
initially dominate the gains from trade. Then, as trade liberalisation proceeds, the situation is
reversed with the gains dominating the pains.

Analogously, Figure 4 shows a graphical representation of the indirect utility ratio (30) as a
function of trade freeness when comparative disadvantage is the only source of country H’s loca-
tional disadvantage and market structure is monopolistically competitive.” The figure exhibits the
same qualitative features of Figure 2. As trade freeness starts to increase from autarky, the gains
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Figure 3. Indirect utility ratio and trade freeness (perfect competition without market size difference).

from trade initially dominate the pains from trade. Then, as trade liberalisation proceeds, the
situation is reversed with the pains dominating the gains.

4.3. Role of scale elasticity
Beyond their graphical representations, expressions (25) and (26) can be used to further highlight
the role of the scale elasticity 7y that regulates the strength of the positive nation-wide externality
arising from employment in the strategic sector. In particular, they allow one to explicitly deter-
mine the threshold scale of elasticity above which the pains from trade dominate the gains from
trade and below which the reverse holds.

Specifically, solving W4C(p)/WEHC(0) = 1 and WHC(¢)/ WMCE(0) = 1 for y determines the
threshold scale elasticity as

N ln<1+f>
c _ _ =
T ) )
n at oLy | \Ir 1+ ad

with perfect competition, and

a—¢
yMc:_ﬁ ln(l+¢1—ﬂ¢>

e & Lp[ (Lu 2 —1
O K A=)

with monopolistic competition. For y = y"“ and y = y"¢ gains and pains exactly offset each
other so that country H is indifferent between trade and autarky. The pains dominate the

(32)
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Figure 4. Indirect utility ratio and trade freeness (monopolistic competition without market size
difference).

gains for y > ¥y and y > Y| with the opposite happening for y < y"¢ and y < yM¢. With
reference to the figures discussed in the previous section, Y*¢ and Y are the value of the scale
elasticity corresponding to the intersections of the indirect utility ratios with the horizontal unit
benchmark. Those figures show that, holding «/e, Ly/Lr and a constant, the intersections
depend on ¢ as implied by (31) and (32).

Consider, now, the two polar cases. With no comparative advantage (2=1), for
By (¢)/Br(0) <1 to hold, country A must be larger than country F (Ly > Lp) with perfect
competition, but smaller than country F (Ly < Lp) with monopolistic competition. Expressions
(31) and (32) evaluate to

o« In(1+ ¢)
yPC|g:1 — _gln(l ~ d) <1 - ﬁ)) (33)
1+ ¢ Ly
and
R 1+ ¢) (34)

€ ¢ (Lp
n(1-125(2 1))

respectively. The fact that (33) is an increasing function of ¢ implies that, as trade becomes freer,
with perfect competition the scale elasticity required for the pains to dominate the gains rises. In
other words, the range of values of vy for which trade reduces indirect utility with respect to
autarky becomes narrower when trade freeness increases. Therefore, when trade is already deeply
liberalised, a given value of v is less likely to fall in the region where further trade deepening
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reduces the indirect utility ratio by downsizing the strategic industry. It is then harder to argue
against trade based on a shrinking strategic industry when trade liberalization is deeper rather
than shallower. In contrast, the fact that (34) is a decreasing function of ¢ implies that, as
trade becomes freer, with monopolistic competition the scale elasticity required for trade pains
to dominate trade gains falls. The range of values for vy for which trade reduces the indirect utility
ratio is, therefore, wider for higher rather than lower trade freeness. It is then easier to argue
against trade based on a shrinking strategic industry, for deeper rather than shallower trade lib-
eralisation. Moreover, for given ¢, with perfect (monopolistic) competition the larger is the mar-
ket size difference between countries, the smaller (larger) is the scale elasticity required for the
pains to dominate the gains.

With no market size difference (Ly = Lr), for By($)/Br(0) < 1 to hold, country H must
have a comparative disadvantage in the strategic industry (« < 1). Expressions (31) and (32) then
simplify to

ln<1+é>
Y\ /iy = -2 ?

81 1 ¢ 1-—4 (35)
n< _a+¢1+a¢>

and

— ¢
1n<1+¢>” )
c __¢- 1—-ad
VM|LH/LF:1— e b 1-a2 (36)
“( _1—a¢a—¢>>

respectively. The former expression is an increasing function of ¢ so that, as trade becomes freer,
with perfect competition the scale elasticity required for the pains to dominate the gains also
increases. The latter expression is a decreasing function of ¢ and thus, as trade becomes freer,
with monopolistic competition the scale elasticity required for the pains to dominate the gains
decreases. As before, with perfect (monopolistic) competition it is harder (easier) to argue against
trade based on a shrinking strategic industry for shallower (deeper) trade liberalisation. More-
over, for any given ¢, with perfect (monopolistic) competition the stronger is the comparative
disadvantage (smaller a) between countries, the smaller (larger) is the scale elasticity required
for the pains to dominate the gains.

To summarise, no matter whether country H’s locational disadvantage arises from compara-
tive advantage or market size difference, we can state:

Proposition 2 — Trade liberalization and national welfare. For a country with a locational disadvantage in
the strategic industry, freer trade makes it more (less) difficult for the pains for trade to dominate the gains from
trade under perfect (monapolistic) competition.

The reason for the asymmetry between perfect and imperfect competition arises from the
fact that, as already discussed, under monopolistic competition firms in the strategic industry
become more sensitive to comparative advantage and market size differences as trade is liberal-
ised. As a result, structural change becomes more disruptive. The opposite holds under perfect
competition.
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5. CONCLUSION

We have modelled ‘strategic’ industries as exerting positive externalities on the national economy.
We have argued that our understanding of the role of industrial policy in the presence of such
industries may benefit from an extension of quantitative general equilibrium trade models mak-
ing the extent and pattern of trade-induced reallocations more salient.

We have made those features relevant for national welfare by introducing the notion of the
‘social footprint’ of globalisation as the result of suboptimal, trade-induced, structural transform-
ation in the presence of positive externalities from strategic industries.

For proof of concept, we have used simple workhorse versions of the most popular trade
models featuring two countries and two industries, only one of which is ‘strategic’, to highlight
the role of the elasticity of the externality to the scale of the strategic industry. We have also dis-
cussed the consequences of alternative assumptions on market structure, showing that how a
market structure is modelled matters much more than generally understood in the literature
on quantitative trade models.

The ‘scale elasticity’ of the strategic industry is a key parameter determining the unpriced
costs and benefits of trade-induced structural change (and thus whether the country where the
strategic industry shrinks gains at all from trade). Its value is not available off-the-shelf and
how to estimate it is not straightforward and depends on the interpretation of the externality.
Nonetheless, as highlighted by Colantone et al. (2022), in the case of technological spillovers
a promising approach could be to find a way to extend the estimation strategy developed by Bar-
telme et al. (2019) for a closed-economy quantitative model from the structural estimation of
intra-sectoral spillovers to that of inter-sectoral spillovers. This would provide the ingredients
for computing the economy-wide scale elasticities of the different sectors and quantitatively
assess their strategic relevance.

Hence, future developments of this line of research should focus on the structural estimation
of intra- and inter-industry externalities to compute the nation-wide scale elasticities of the
different industries and quantitatively assess their strategic relevance. Moreover, while for sim-
plicity we have not considered the internal geography of countries, due attention should be
paid to the spatial decay of those externalities as crucial determinants of the nation-wide scale
elasticities.
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! https://single-market-economy.ec.europa.eu/industry/strategy_en.
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2 As discussed by Head and Mayer (2023), CES demand implies that substitution across pro-
ducts follows a simple share proportionality. In contrast, the demand systems typically used in
industrial organisations allow for cross-elasticities that depend on a similarity in observable attri-
butes. This is clearly more realistic but it is also more demanding in terms of data availability and
computational challenges, especially when it comes to general equilibrium applications. Head
and Mayer (2023) show that at the aggregate level the combination of CES and monopolistic
competition can offer a useful approximation of the more complex demand systems and market
structures found in the standard toolkit of industrial organisations.

3 Formally, Z¢, > aLz holds if and only if Lz /Lr < a(a+ ¢)/(1 + a¢) is satisfied. Hence,
even when country H is larger (Ly/Lp > 1), with trade it can still gain employment in the stra-
tegic industry if it has a strong enough comparative advantage (a2 > 1). Vice versa, even when the
country has a comparative disadvantage (¢ < 1), with trade it can still gain employment in the
strategic industry if it is smaller enough (Ly/Lp < 1).

Formally, L, > aLg holds if and only if Ly/Lr > (1 — a¢)/[a(a — ¢)] is satisfied. Hence,
even when country  is smaller (Lz/Lp < 1), with trade it can still gain employment in the stra-
tegic industry if it has a strong enough comparative advantage (2 > 1). Vice versa, even when the
country has a comparative disadvantage (¢ < 1), with trade it can still gain employment in the
strategic industry if it is larger enough (Lgy/Lg > 1).

Formally, with monopolistic competition <1 is a sufficient condition for
A*GFTMC($)/d¢d* < 0, while a > 1 is a necessary condition for &>GFTHC(¢)/d¢* > 0.
¢ In Figure 1 the parameter values are « = 0.5, e =2.1,a=1, Ly/Lp = 1.5, y = 0.83 (solid
convex curve) or y = 0.85 (dotted convex curve).

7 In Figure 2 the parameter values are « = 0.5, e =2.1, a=1, Ly/Lr =0.6, y=0.05
(dashed concave curve) or y = 0.08 (dotted concave curve).

8 In Figure 3 the parameter values are « = 0.5, = 2.1, = 0.9, Lyy/Lp = 1, y = 2 (solid con-
vex curve) or y = 2.5 (dotted convex curve).

% In Figure 4 the parameter values are « = 0.5, e =2.1, =09, Ly/Lr =11, y=0.1
(dashed concave curve) or y = 0.2 (dotted concave curve).
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