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ABSTRACT: We propose a parsimonious way to incorporate three workhorse models in the
modern trade literature into the computable general equilibrium model (CGEs) GTAP. Fur-
thermore we estimate (a part of) the parameters in the model structurally. We show that the
Ethier-Krugman monopolistic competition model, and the Melitz firm heterogeneity model can
be defined as an Armington model with generalized marginal costs, generalized trade costs, and
a demand externality. As already known in the literature in both the Ethier-Krugman model
and the Melitz model generalized marginal costs are a function of the amount of factor input
bundles. In the Melitz model generalized marginal costs are also a function of the price of the
factor input bundles. Lower factor prices raise the number of firms that can enter the market
profitably (extensive margin), reducing generalized marginal costs of a representative firm. For
the same reason the Melitz model features a demand externality: in a larger market more firms
can enter. The Eaton-Kortum model deviates from the Armington model because aggregate
industry prices do not vary by origin in this model. We implement the different models in the
CGE model GTAP. We estimate the most important parameter in the different models, the trade
cost elasticity, employing a structurally derived gravity equation. The simulations show that
the largest welfare gains are generated in varying models, depending upon the type of trade lib-
eralization and the number of sectors which are modelled as Ethier-Krugman or Melitz. Effects
are largest in the Ethier-Krugman model under nationwide trade liberalization and all sectors
modelled as either Ethier-Krugman, Melitz or Armington. With only some sectors modelled
as Melitz or Ethier-Krugman, the largest welfare effects are produced in the Melitz model. We
also provide a detailed and intuitive description of incorporation in the GEMPACK-code of the
three different models.
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Incorporating Modern Trade Theory into CGE Models

ABSTRACT: We propose a way to incorporate the four workhorse models in the modern
trade literature into computable general equilibrium models (CGEs). We show that the Ethier-
Krugman monopolistic competition model, the Melitz firm heterogeneity model and the Eaton
and Kortum model can be defined as an Armington model with generalized marginal costs,
generalized trade costs and a demand externality. As already known in the literature in both
the Ethier-Krugman model and the Melitz model generalized marginal costs are a function of
the amount of factor input bundles. In the Melitz model generalized marginal costs are also a
function of the price of the factor input bundles. Lower factor prices raise the number of firms
that can enter the market profitably (extensive margin), reducing generalized marginal costs of
a representative firm. For the same reason the Melitz model features a demand externality: in a
larger market more firms can enter. We implement the different models in a CGE setting with
multiple sectors, intermediate linkages, non-homothetic preferences and detailed data on trade
costs. Calibrating the model to the empirically observable tariff elasticity we find that the largest
welfare gains are generated in varying models, depending upon the type of trade liberalization
and the number of sectors which are modelled as Ethier-Krugman or Melitz. Effects are largest
in the Ethier-Krugman model under nationwide trade liberalization and all sectors modelled
as either Ethier-Krugman, Melitz or Armington.With only some sectors modelled as Melitz or
Ethier-Krugman, the largest welfare effects are produced in the Melitz model.
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1 Introduction

There is a lively debate in the recent trade literature about the value added of firm heterogene-
ity in trade models. Arkolakis, et al. (2012) show that the welfare gains from trade can be
expressed with two sufficient statistics, the domestic spending share and the trade elasticity.
This holds in the Armington model, the Ricardian Eaton-Kortum model, the equal firms mo-
nopolistic competition Ethier-Krugman model and the firm heterogeneity Melitz model. The
only difference is the interpretation of the trade elasticity. In Armington and Ethier-Krugman
the trade elasticity is determined by the substitution elasticity between varieties, whereas in
Eaton-Kortum and Melitz it is determined by productivity dispersion. Melitz and Redding
(2013) instead show that trade cost reductions generate larger welfare gains in the Melitz firm
heterogeneity model than in the equivalent model with homogeneous firms, the Ethier-Krugman
model.

Firm heterogeneity has not been incorporated in a comprehensive way in multisector CGE
models. Most important work in this respect is Balistreri (2012), who have included firm
heterogeneity in one sector in a CGE model with other sectors characterized by an Armington

setup. Allowing for firm heterogeneity in all sectors might be useful for various reasons. First,



it can shed light on the discussion about the value added of firm heterogeneity in trade models
by exploring the differences in modelling outcomes with other models. Second, various realistic
microeconomic features can be modelled like the distinction of welfare effects into an intensive
and extensive margin effect. Third, CGE models contain a large degree of sectoral detail, but
are sometimes somewhat outdated in terms of modelling setup. With the incorporation of firm
heterogeneity in all sectors, this drawback would disappear.

In this paper we map out a parsimonious representation of firm heterogeneity enabling
incorporation in multisector CGE models. In particular, we show that both the Ethier-Krugman
and the Melitz model can be defined as an Armington model by generalizing the expressions
for iceberg trade costs and for marginal costs and by allowing for a demand externality in the
Melitz model. In Ethier-Krugman generalized marginal costs are a function of the number of
input bundles leading to so-called variety scaling (Francois (2013)). Variety scaling also props
up in the Melitz model, but on top of that generalized marginal costs are also a function of the
price of input bundles. The reason is that the extensive margin relative and the compositional
margin are affected by the price of input bundles. With a lower price of input bundles more
firms can sell profitably to the different destination markets generating a positive effect through
the extensive margin (more varieties) and a negative effect through the compositional margin
(lower average productivity because of the survival of the least productive firms as well). For the
same reason there is a demand externality in the Melitz model: in a larger market with a higher
price index more firms can survive, raising the extensive margin relative to the compositional
margin. Generalized iceberg trade costs are a function of fixed and iceberg trade costs and of
tariffs. We show theoretically that the Ethier-Krugman model is a special version of the Melitz
model if the firm size distribution becomes granular. Granularity corresponds with a trade
elasticity in Melitz equal to the substitution elasticity minus one. The reason is that under
granularity the destination-varying component of the extensive margin cancels out against the
compositional margin leaving only the intensive margin and the number of entrants-component
of the extensive margin, the two channels also operative in Ethier-Krugman.

ADD ON MULTISECTOR RESULTS

Our results on the ambiguity of the welfare effects in the different models seem to be at
odds with Melitz and Redding (2013) who argue that welfare is always larger under firm
heterogeneity than under firm homogeneity, given the additional flexibility of the economy

under firm heterogeneity. To compare our results with Melitz and Redding (2013), we replicate



the numerical simulations in Melitz and Redding (2013). These authors consider a symmetric
two-country single-sector model without intermediate linkages, showing that in this setting lower
trade costs (smaller trade costs) lead to larger welfare gains (smaller welfare losses) under firm
heterogeneity than under firm homogeneity. There are two differences between our multi-sector
comparisons of the Melitz firm heterogeneity model and the Ethier-Krugman firm homogeneity
model and the comparison in Melitz and Redding (2013). First, the firm heterogeneity model
used in the numerics in Melitz and Redding (2013) differs from the plain Ethier-Krugman
model, because there are fixed export costs and only a fraction of firms producing for the
domestic market exports. We work instead with the plain Ethier-Krugman model with only
one fixed cost of production and all firms selling in all markets. Second, we calibrate the
parameters of the model such that the empirically observable tariff elasticity is equal in the
firm heterogeneity and frm homogeneity models, whereas Melitz and Redding (2013) set the
substitution elasticty equal in the two models implying different tariff and trade elasticities in
the two models. Since the two models are structurally different, we think that the structural
parameters like the substitution elasticity do not have to be equal in a comparison of the two
models. Instead, we propose to set the implied empirically observable parameters identical.
Simulations with the symmetric two-country model show that the different parameterization of
the two models leads to the different conclusions on the welfare effect-ranking of the two models.
Calibrating as in Melitz and Redding (2013) to the structural substitution elasticity, the welfare
gains (losses) from lower (higher) trade costs are larger (smaller) in the firm heterogeneity model
than in the firm homogeneity model. Calibrating instead to the empirically observable tariff
elasticity (or trade elasticity) the welfare gains (losses) from lower (higher) trade costs instead
are larger (smaller) in the firm homogeneity model than in the firm heterogeneity model.
Further simulations with the two-country model show that the effect of changes in the
empirical and structural parameters have a different impact on the welfare effects of changes in
trade costs, depending on whether trade costs are calibrated such that baseline import shares
are equal for different parameter values or whether trade costs themselves are equal for different
parameter values. This exercise enables us to compare our results with the findings in di
Giovanni and Levchenko (2012) on the effect of granularity on the welfare effects of trade
liberalization. Furthermore, we compare our results with Fan et al. (2013) and Ossa (2015).
Costinot and Rodriguez-Clare (2013) is close to our work. They compare the welfare effects

of trade and trade liberalization in the different trade models in different setups. They show



that the expression for the price index in the most general model, the firm heterogeneity model,
nests the expressions in the Armington and Ethier-Krugman model. Their exposition is different
in several respects. First, they concentrate on welfare and thus only derive an expression for the
price index. Second, they do not write the different models as special versions of an Armington
economy with generalized marginal costs, generalized trade costs and a demand side externality.
By doing just that, we can incorporate the different models into a model suitable to analyze
detailed trade policy experiments and their effect on a range of outcome variables and not
only on welfare. Third, they limit their analysis mostly to a single sector setting, whereas we

incorporate the different models into a multisector model.

2 Model

2.1 General Setup

Consider an economy with J countries. There are three groups of agents ag with demand for
goods in sector r, private households p, government ¢ and firms f. The group of agents ag
in country j has demand q;-lg with CES preferences over quantities of domestic and imported
representative goods q;-l’ag and q;n’ag . We omit sector r subscripts as well as the derivation of

demand for sector  goods and take this demand as our starting point:
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Quantities of imported and domestic varieties can be summed up to give total importer and

domestic demand, q; with s = d, m:
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is a demand side externality playing a role in the firm heterogeneity version of the model. The
demand externality is identical for the different groups of agents. The reason is that upon paying
fixed export costs for a destination country firms can serve all three groups of agents in the

destination country and the zero cutoff profit condition is thus formulated over all three groups

!Derivations and expressions for sectoral demand for the three groups of agents can be found in Hertel (1997)
and also in Bekkers, et al. (2015). We also refer the reader to these publications for a description of the general
structure of the GTAP-model. We describe here only the parts of the model that are changed by extending the
model with monopolistic competition and firm heterogeneity.



together. The externality is source-specific with the source domestic or importer, s = d, m. The
reason is that we want to allow for different destination-specific taxes for imported goods and
domestic goods.

Demand for ¢;* can be written as:

Lt
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j

taj-’ag is a group-importer specific import tariff, expressed in power terms. ijg and p? are

respectively the price indices corresponding to q?g and ¢; defined below. For domestic goods
equations (1)-(3) are the final equations generating total domestic demand qf, but for imported

goods, demand g¢;" consists of demand for goods from different sources %, g;;:
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Solving for demand from source 4, g;;, gives:
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pi; is the price of the representative good traded from ¢ to j. The different prices are defined

as follows:
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The price of the representative good, p;;, in equation (9) is equal to cif-price calculated as
the sum of the marginal cost times the price of input bundles in the exporting country, b;pz,,
times the export subsidy applied to the fob-price plus the price of transport services p’;;; divided

by a transport services technology shifter ag, multiplied by generalized marginal costs in the



exporting country, ¢;, generalized iceberg trade costs ¢;; and bilateral ad valorem tariffs, ta;;,
both expressed in power terms. Firms spend a fixed quantity share of sales on transport services.
cif fob

i 18 a Leontief function of the quanity in fob-terms o;;

Technically, the cif-quantity traded o j

and transport services tr;;. The implication is that transport services work as a per unit trade
cost and appear thus as an additive term to the fob price te;;bipz,. Equation (9) makes clear
that the costs for transport services could be rewritten as ad valorem trade costs if the input
bundles used in transport services would be identical to regular input bundles, since this would
imply pf}" = pz,. So the reason that the costs for transport services operate as a per unit trade
cost is that different input bundles are used.

The Armington model, the Krugman/Ethier model and the Melitz model can all be seen
as special versions of the above structure, depending upon how the demand externality ej- in
equation (1), generalized iceberg trade costs t;;, and generalized marginal cost ¢; in equation
(9) are specified. In the subsections below we describe the main features of the different models,
give the expressions for ¢;, t;5, ej- and provide the intuition of these expressions. In the appendix
we give formal proofs that with the choices for ¢;, t;;, e;f the general setup-model is equivalent

to the different models.

2.2 Armington Economy

Perfectly competitive firms in country ¢ produce homogeneous country ¢ varieties with marginal
cost b;. So, input bundles Z; can be transformed into output x; according to z; = % With
marginal cost pricing the price of output in country i, py, is given by pf = b;pz,. Firms face
iceberg trade cost 7;;. There is no demand externality in the Armington economy, so e; = 1.

Therefore, the Armington economy is characterized by equations (1)-(9) with the following

expressions for ¢;, ¢;; and ej:

ci=1 (10)
tij = Tij (11)
ed =1 (12)

2.3 Ethier-Krugman Economy

In the Ethier-Krugman economy, preferences are characterized by love for variety over varieties

w produced in different countries. Utility ¢j? can thus be defined over physical quantities



(output) o (w) of varieties w € €;; shipped from all exporters i:

=3 [ o (13)
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The corresponding price index is defined over the prices of physical quantities of the varieties,
P’ (w):

P = [ Y / P90 ()17 duw (14)

=10,

Firms in country ¢ produce with an identical increasing returns to scale technology with fixed
cost a; and marginal cost b; implying that each firm produces a unique variety. Increasing
returns in combination with love for variety implies also that a larger number of input bundles
leads to a more than proportional increase in utility since the number of varieties is larger. To
capture this externality, generalized marginal costs ¢; are falling in the number of varieties N;
and thus in the amount of input bundles Z;. Employing the expressions for markup pricing,

the free entry condition and factor market closure, ¢; can be expressed as follows:?
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And Z; is a function of the number of input bundles, but also of the transport services and

export subsidies paid.
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Ti; are the per-firm revenues divided by group-specific import tariffs. Henceforth, N;7;; rep-
resents the value of trade before group-specific import tariffs are paid. Generalized marginal
cost does not fall proportionally in the amount of input bundles Z;, as the number of varieties

N; does not increase proportionally with the amount of input bundles Z;. N; is calculated

2Derivations in Appendix A



by combining factor market equilibrium and the free entry condition. Since transport services
are sourced employing separate input bundles, they have to be subtracted in calculating the
demand for input bundles from a specific country and sector. So an increase in transport costs
leads to less labor demand for given zero-profit-revenues. As a resut higher transport costs raise
the number of varieties for a given number of input bundles.?

Representative output z; can be transformed into g;; accounting for the iceberg trade costs

7ij-There is no demand externality in the Ethier-Krugman economy, so we have:

tij = Tij (18)

e? =1 (19)

So, the Ethier/Krugman economy is characterized by equations (1)-(9) with ¢;, t;; and e; as

defined in equations (15)-(19).

2.4 Melitz Economy

In the Melitz economy preferences are like in Ethier/Krugman characterized by love for variety
over varieties produced by different firms from different countries as in equation (13)-(14).
Goods are produced by firms with heterogeneous productivity. To start producing, firms can
draw a productivity parameter ¢ from a distribution G; (¢) after paying a sunk entry cost
en;. The distribution of initial productivities is Pareto with a shape parameter § and a size

parameter x;:

(20)

A higher 6 reduces the dispersion of the productivity distribution and a higher x; raises all
initial productivity draws proportionally. We impose 6 > ¢ — 1 to guarantee that expected
revenues are finite.

The productivity of firms stays fixed and firms face a fixed death probability ¢ in each period.
Firms either decide to start producing for at least one of the markets or leave the market
immediately. In equilibrium there is a steady state of entry and exit with a steady number
of entrants drawing a productivity parameter, implying that the productivity distribution of

producing firms is constant.

3An increase in transport costs raises input bundle demand also through the demand for transport services,
but in the transport sector we assume perfect competition so there is no number of firms externality.



Firms produce with an increasing returns to scale technology with marginal cost equal
to %. We assume that productivity ¢ operates both on the costs of production and on the
transport sector. This means that more productive firms also need less transport services, an
assumption also made for iceberg trade costs 7;;. If productivity would only operate on the cost
of production in a setting where the costs for transport services operate as per unit trade costs,
the model would become intractable in a multicountry, multisector setting. Firms pay fixed
costs f;; for each market in which they sell. The fixed costs are paid partly in input bundles
of the source country and partly in bundles of the destination country according to a Cobb
Douglas specification with a fraction u paid in source country input bundles. Upon paying the
fixed entry costs for a destination market, firms can sell goods to all three groups of agents.

Since preferences are characterized by love for variety and production occurs with increas-
ing returns to scale, an increase in the number of input bundles leads to a more than propor-
tional increase in utility. To account for this externality, representative output is like in the
Ethier/Krugman economy defined as variety scaled output.

Since productivity is heterogeneous, variety scaled output is also affected by input costs.
Following Head and Mayer (2013) changes in costs lead to an adjustment in output along three
margins, an intensive margin, an extensive margin and a compositional margin. Lower costs
lead to more sales of firms already in the market, the intensive margin. This is a price effect
and hence does not affect variety scaled output. Lower costs also raises the mass of firms that
can produce profitably, the extensive margin. This leads to a rise in variety scaled output. And
finally, lower costs reduces the average productivity of firms in the market, as more firms can
survive, the compositional margin. This margin also affects variety scaled output. Accounting
for the latter two margins, generalized marginal costs ¢; can be written as:

1
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The expression for Z; is identical to the expression in the Ethier-Krugman model and is given
in equation (17). v, is a function of o and # and an additional conversion parameter v for later

use set equal to 1:
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x; can be transformed into ¢;; accounting for generalized iceberg trade costs, which are



a function of iceberg trade costs 7;;, fixed trade costs f;;, import tariffs ¢;; and the cif price
tr

teijpz, + Z% Iceberg and fixed trade costs affect the transformation in the same way through
ij

the extensive and compositional margin as the price of input bundles pz, affect generalized

marginal costs.* We get the following expression for generalized iceberg trade costs:
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The four terms between brackets represent the effects of the cif-price, tariffs, and iceberg and
fixed trade costs through the extensive and compositional margin on converting fob variety
scaled output into cif variety scaled output. Iceberg trade costs also have a direct effect through
the intensive margin, represented by the last term outside of the brackets.

Finally, the demand externality does play a role under firm heterogeneity, again driven
by the extensive and compositional margin. The following expression can be derived for the

demand externality e;:
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EY is expenditure by ag in country j. Both larger price indexes P, larger market sizes £
and lower group-specific tariffs ta?g for the different groups of agents ag raise the extensive
margin relative to the compositional margin and thus reduce the price index P;Lg and raise
utility q?g. A lower price of input bundles pz; in the destination country also raises utility, as
it raises welfare through the extensive margin relative to the compositional margin.

The Melitz economy is characterized by equations (1)-(9) with the expressions ¢;, t;; and e;

given in equations (21)-(24).

2.5 Nesting

From the expressions in the previous 3 subsections it follows directly that Krugman/Ethier is

a special case of Melitz up to a constant and Armington is a special case of both.

“Profits are calculated dividing revenues inclusive of tariffs by tariffs, 7 = 1t5a — ¢q — f. Costinot and
Rodriguez-Clare call this demand shifting. The alternative would be cost shifting with profits calculated as
m =1 —c(l+ta)g— f. This makes it impossible to find an expression for the mass of firms as a function of
market size, a problem also occuring in the Ethier/Krugman model.
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Melitz can be converted into an Ethier/Krugman model by setting 6 equal to o — 1, the
size parameter of the productivity distribution x; equal to the inverse of marginal cost b%,, sunk
entry costs times the death probability den; divided by the size parameter of the productivity
distribution r;, den;/k; equal to the fixed cost a; and the conversion parameter ¥ in equation

(22) as follows:

P 0—o+2 0
o= () o0 -

¢ = o — 1 implies that the demand externality e} is 1. It can be easily verified that the
expressions for ¢; and t;; in equations (21)-(23) become equal to the price of the representative
good in the Ethier /Krugman economy in equations (15)-(18). Ethier/Krugman can be converted
into Armington by setting the marginal cost parameter ¢; equal to 1 and thus dropping the
variety scaling.

The intuition for why 6 = o — 1 implies that Melitz leads to Krugman/Ethier is the fol-
lowing. As pointed out above a change in trade costs generates a change in trade flows along
three margins, an intensive margin of already exporting firms, an extensive margin represent-
ing an increase in the mass of varieties and a compositional margin representing the change
in average productivity of firms exporting. If trade costs fall, trade rises with an elasticity of
o — 1 along the intensive margin and with an elasticity 8 along the extensive margin. It falls
along the compositional margin with an elasticity ¢ — 1. So, if § = o — 1, the extensive and
compositional margin cancel out and only the intensive margin remains. Therefore, the model
with heterogeneous firms works out identically as a model with homogeneous firms.

The conversion factor ¢ in moving from Melitz to Ethier/Krugman is necessary. Without
this conversion factor utility would become infinite in Melitz with 8 = o — 1. The reason is that
0 = 0 —1 would imply that average productivity would become infinite. Still, when 6 approaches
o — 1 the effect of changes in trade costs will be identical to the effect in an Ethier/Krugman

economy. So, we can see the Ethier/Krugman model as a limiting case of the Melitz model.

11



3 Margin Decomposition of Trade in Melitz Model

Total trade flows as measured in cif-terms, inclusive of bilateral import tariffs, but exclusive of

group-specific importer tariffs, can be written as:

o

1 _
1—G(<p;.*j)ﬁ/j Tij (¢) g () dp (26)

Log differentiating equation (26) on the RHS and LHS wrt to the endogenous variables gives:
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The first term represents the extensive margin, EM, the second term the intensive margin, IM,
and the third term the compositional margin, CM. To elaborate on these expressions, we first

log differentiate the expression for ¢j; in equation (B.7):

- tr
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We can elaborate on the extensive margin, employing the expression for IV;; and N E; in equa-

tions (B.17)-(B.18) and the expression for c;fj in equation (28):

EM = dln Nyj = —0¢}, + NE; (29)
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We can elaborate on the intensive margin, IM, employing the expression for ry; (¢) and p?jg (p)

in equations (B.3)-(B.4) and summing over the three income groups:
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Finally, we can express the compositional margin, CM, as follows, using the distribution function

of the Pareto distribution in equation (20) and the expression for 74 (¢) in equation (B.3):
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Adding up the three margins, we can express the overall margin thus as follows:

dnVij = TM = EM + IM + CM
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(32)
4 Parameter Estimation

In the Armington and Ethier-Krugman model we only need estimates of the substitution elastic-
ity, whereas the firm heterogeneity model requires estimates of both the substitution elasticity
o and the shape parameter 6 of the productivity distribution. In the Eaton and Kortum model
we need estimates of the dispersion parameter of the productivity distribution p. We write
down the gravity equation of our general model to reveal which parameters can be identified by
estimating a gravity equation. The value of sales from country 7 to country j in cif-terms, v;;,

follows from multiplying the volume of trade in equation (5) by the price, p;;. Since p;; is the

13



price inclusive of bilateral tariffs ta;;, we have to divide p;jq;; by ta;; to get the value of trade
in cif-terms:
1—
Py Py °

Vij = P = oy (pzn) -7 q;” = tai_jo (tijcitez-jbipzi (1 + itmij))l_g (pm)a q}n (33)
17 1]

itm;; is the international transport margin defined as the value of payments to international
transport services vits;; divided by the fob-value of trade, vi];()b, tmyj = %.5 Since
we have observable values for tariffs ta;;, we employ estimates of the tariff elastzic;ty Euta tO
identify the parameters in the different models.® Equation (33) shows that o is equal to the
tariff elasticity €, 4, in the Armington and Ethier-Krugman model, where ¢;; is equal to 1. In
the Melitz model instead ¢;; is a function of bilateral tariffs ta;; implying that the tariff elasticity

is not equal to 0. Substituting the expression for ¢;; in equation (23) into the general gravity

equation (33) gives:

—(6+1+2=+L _ . _o _g
vij = taij( i) (teijbipz,) o (1 4 itmyj) oTijefij =1 ¢ (p}-")oq;n (34)

The tariff elasticity is determined by both o and 6, so additional information is required to
identify both parameters. The reason why the tariff elasticity is not identical to the trade
elasticity 6 is twofold. First, we estimate the gravity equation employing cif-values and therefore
have to divide by the power of the tariff ta;; implying a tariff elasticity ¢ 4+ 1. Second, in the
Melitz model tariffs affect trade flows also through the cutoff productivity. Higher tariffs reduce
trade flows because less firms can enter the market profitably (the extensive margin relative
to compositional margin effect), responsible for the second part (9;"%) of the elasticity. As
discussed in Appendix B this additional effect occurs with tariffs based on the landed price
(revenue shifting). Since iceberg trade costs 7;; and export taxes te;; are based on the cost-price
(cost-shifting), the additional effect through the cutoff productivity is absent in the elasticities
of these variables.

We discuss three possibilities to identify both parameters in the Melitz model in combination

with the tariff elasticity 6 + 1 + 97"%11. First, we can try to find observable trade costs that

(o

5We have used qlfjob = aﬁgtnj, because of the Leontief specification of transport services and fob-quantities.

5Some papers in the recent quantitative trade models literature concentrate estimation of the trade elasticity
€v,r, the elasticity of trade values with respect to iceberg trade costs. In some models the trade elasticity is equal
to the tariff elasticity. Since we do not have values for iceberg trade costs and since the trade elasticity deviates
from the tariff elasticity in the Melitz model, we do not focus on identification of the parameters employing the
trade elasticity. Still, we observe that the trade elasticity is equal to o — 1, o0 — 1, 6 and p in respectively the
Armington, Ethier-Krugman, Melitz and Eaton-Kortum model.
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are proportional with iceberg trade costs 7;; or fixed trade costs f;;. Although fixed trade cost
measures are available such as the World Bank cost of doing business data, we do not have
information to determine whether these measures are exactly or more or less than proportional
with fixed trade costs. Therefore, this is a not a viable option. Second, we can use information
on the international transport margin to identify 6. The coefficient on one plus the international
transport margin in the Melitz gravity equation (34) enables us to identify 6 and with the tariff
elasticity we can then obtain ¢. We can use data on the international transport margin from
the GTAP dataset. We disregard this option, because of poor data quality. Third, we can use
the fact that a productivity distribution with shape parameter 8 implies a firm size distribution
with a shape parameter equal to 8/ (o —1). So 6/ (0 — 1) can be estimated from log-firm-size-
log-rank regressions (Axtell (2001)).

As equation (34) shows, iceberg and fixed trade costs enter together in multiplicative form
in the expression for trade flows and for import shares. This implies that we can use the
conventional approach for Armington CGE-models and calibrate the combination of iceberg
and fixed trade costs such that the trade shares in the baseline simulation are equal to the trade
shares in the data. Therefore, we do not need information on the value of fixed trade costs
separately. Balistreri (2012) estimate the source- and destination-specific components of fixed
trade costs structurally from the model, but add a bilateral residual term to obtain a perfect
fit between actual and fitted trade flows. We do not follow this route, since it is unclear to
what extent source- and destination-specific components of fixed trade costs obtained in this
way really represent fixed trade costs instead of iceberg trade costs, given that iceberg and fixed
trade costs enter as a combined term in the theoretical gravity equation. So possible simulations
on the effects of reductions in source- and destination-specific components of fixed trade costs do
not properly inform us about the effects of reductions in fixed trade costs. Moreover, we think it
is more interesting to include observable variables in the gravity equation and subsequently also
in the CGE model to evaluate the effect of changing observable variables instead of unobservable

source- and destination-specific components of fixed trade costs.

5 Evaluating the Effect of Trade Cost Measures

We can include continuous measures of bilateral trade costs like distance and NTBs denoted by

bc;j, and dummy measures of bilateral trade costs like contiguity, common language, common
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AVE | Armington | Ethier-Krugman | Melitz | Eaton-Kortum
_Obe _Qbe Qbe Abe

aAV€pe Eot—1 Ev,t—1 Sv,t*% Ev,t—1
exp apqg—1 exp apg—1 exp apg—1 exp apg—1

aVepq Eu,tfl Ev,tfl Ev,t_% Ev,tfl

Table 1: Ad valorem equivalents of the four models

religion and membership of an FTA denoted by the vector bd;;. In the Armington and Ethier-
Krugman model we can easily calculate the ad valorem equivalent (AVE) of these measures.
The AVE of a measure calculates the equivalent ad valorem trade cost reduction of a 1% change
of the measure or in case of dummy variable of a change of the measure from 0 to 1. We estimate

the following equation in logs:

_ Py _ i ( ;n) 7 q;»n = —0cln taijf(a -1+ Ztmi]’)+abc In be;j+apabd; j+vi+nj+ei;
The AVE of bc and bd can be calculated by dividing the estimated coefficient on bc by one
minus the estimated tariff elasticity. Formally, we calculate the elasticity of trade flows with
respect to an observable trade cost measure divided by the elasticity of trade flows with respect

to (ad-valorem) iceberg trade costs, the trade elasticity €, ;:

gllnl:}ij a

__ Odlnbc;  Upe

Webe = Fhnuy, — = (35)
dInT;; o

For the dummy trade cost measure we divide the semi-elasticity of trade flows with respect to

a dummy observable trade cost measure with the trade elasticity:

dvij
811’1Uij dbdij Uij|bdi]':1 —Uijlbdij:(] 1
obd,; ; Vi v;5|bd; ;=0 exp apd —
aveps = ool — i iglbds; - (36)
v Eu,r Eu,r Eu, 1
OlnT;;

We can identify the trade elasticity €, r using the tariff elasticity €, . The expressions for the
two types of AVEs are displayed in Table 1.

So to calculate the AVE in the Melitz model also an estimate of the degree of granularity £
is required. There is a second difference between the AVE in the conventional Armington model
and the Melitz model. In the Armington model the AVE of a trade cost measure is equal to the
elasticity of iceberg trade costs with respect to the trade cost measure, for example for distance
the elasticity of iceberg trade costs with respect to distance. In the Melitz model instead a trade

cost measure can affect trade flows both through the iceberg trade costs and through fixed trade
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costs. Henceforth, there is for example an elasticity of both iceberg and fixed trade costs with
respect to distance. In running policy experiments it does not matter whether a reduction in a
trade cost measure is operationalized through calculation of the AVE and a reduction in iceberg
trade costs, or whether it is operationalized through calculation of the elasticity of fixed trade
costs with respect to the trade cost measure and implementation of the corresponding reduction
in the trade cost measure. To see the last point, we write the gravity equation of the Melitz
model with iceberg and fixed trade costs as a function of observable trade cost measures obs;;

and obslfj:

— 9_’_1_;'_9—#_4'1 _ ) o _G;TH
Vij = ta’ij( ) (teijbipz,) ’ (1 +itmy;) eTijgfij e (p;n)aq;n

0—0o+1

o —

Inv;; = — <0 + 1+ ) Inta;; — 6 (1 + itm;;) +ar In obs;; —i—afobszfj +vi+n;+ei; (37)

Comparing equation (34) and (37), the elasticity of iceberg and fixed trade costs with respect

to the observable trade cost measures are respectively given by:

a
ave;rrLelitz = 77—1 (38)
Ev,t - E
a
avefnelitz = 1 _f 1 (39)
3

Implementation of changes in obs]; and obszfj in the model shows that changes in the two

variables work out exactly the same. In the expression for generalized iceberg trade costs t;;,
0—o+1

o1
the term in 7;; and f;; is given by (7-9- ot > . Therefore, given that 0 = ¢, —

1 and

§
‘9:% = % — 1, the elasticities of t;; with respect to obs;; and obs{j are identical and given by

1jJig

_ar

— and % So for the overall effects it does not matter conceptually whether a change in an

observable trade cost measure is operationalized as a reduction in iceberg or in fixed trade costs.
Only for the margin decomposition it does matter how the change is operationalized. In general
though it will be hard to determine conceptually whether observable trade cost measures affect
trade flows through iceberg or through fixed trade costs. For example, it is likely that distance
or the presence of a free trade agreement (FTA) affects trade flows through both. It is less
costly to start exporting in a country at a shorter distance or in an FTA-partner. It is hard to
find measures that only affect one of the two trade costs.

Equation (39) indicates that ave’

elit. g0€s to infinity when the firm size distribution is
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granular. The reason is that fixed exporting costs should not have any effect under granularity

under trade flows thus implying that the effect of fixed trade costs should be zero.

6 Simulation Results

We present two sets of results. First, we present results of multi-country multi-sector simulations
with the adapted GTAP-GEMPACK model. Second, we replicate and extend the symmetric
two-country single-sector simulations in Melitz and Redding (2013) to be able to compare our

multi-sector simulation results with the results in Melitz and Redding (2013).

6.1 Multi-Sector Multi-Country Results

ADD RESULTS

6.2 Symmetric Two-Country Single-Sector Model

Melitz and Redding (2013) compare the welfare effects of trade and trade liberalization un-
der firm heterogeneity and firm homogeneity in a symmetric two-country single-sector single-
production factor setting. In the simulations Melitz and Redding (2013) compare the firm
heterogeneity model with a homogeneous firms model where only a proportion of firms exports
and firms pay fixed export costs. Moreover, they set the common structural parameter in the
two models, the substitution elasticity, equal and calibrate to the export share of firms and
the share of exporting firms. With this setup they find that the welfare gains (losses) from
lower (higher) trade costs are unambiguously larger (smaller) under firm heterogeneity than
under firm homogeneity. These results seem at odds with our multi-sector simulations where
welfare effects are larger under firm homogeneity than firm heterogeneity in some scenarios.
But we parameterize the model differently. In our simulations we set the structural parameters
of the model such that empirically observable parameters such as the tariff or trade elasticity
are identical in the two models. This calibration implies a different substitution elasticity in
the two models. In table 2 we display different choices for the two structural parameters, the
substitution elasticity o and the Pareto shape parameter 6, and the two empirical parameters,
the tariff elasticity €, 4, and the granularity of the firm size distribution, {. In the first four
columns we calibrate the parameters starting from the empirically observable parameters €, ¢4

and & with 6 and o following from these values. In column 5 instead we follow the approach in
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Param. | Heterogeneous | Homogeneous | Plain EK | Granular Melitz-Redding
Euyta 4 4 4 4 0+ -5 =52

0 Evta— 3 =215 | 2= =4) - Evta— 3 =3 | 4

o Evtal = 215 Evta =4 Evta=4 | cowé=4 |4

Table 2: Parameterization of the five models starting from tariff elasticity in homogeneous firms
model Melitz and Redding (2014)

Melitz and Redding with the structural parameters set at certain values with implied values for
the empirical counterparts. Melitz and Redding set the structural parameters 6 and o, implying
values for the empirical parameters ¢, 4, and &.

In the first four columns we set the tariff elasticity at 4, such that the tariff elasticity is the

same as the tariff elasticity in the homogeneous firms model in Melitz and Redding. We set

3
i
41’

the granularity parameter £ at the value implied by the parameters of Melitz and Redding.
With this choice we take the homogeneous firms model in Melitz and Redding as starting point
(column 2). We need a value for £ as well in this model, since only a fixed fraction of firms enters
in their baseline and this fraction is determined by the size of fixed costs and the parameter
f. In column 1 we derive the structural parameters # and o in the heterogeneous firms model
from the empirical counterparts €,4, and {. Column 3 displays the plain Ethier-Krugman
homogeneous firms model, so without destination specific fixed costs. Column 4 finally follows
our approach with structural parameters following from the empirical counterparts in the case
of £ =1, corresponding to granularity.

The fixed exporting costs f;; and iceberg trade costs 7;; are set such that the overall import
share is 0.89 and the share of exporting firms is 0.18. The other parameters do not affect the
results and are thus set at 1, f;; = k; = L; = en; = § = 1. We solve the model employing
the equilibrium equations in Melitz and Redding (2013). The details are presented in the
webappendix, where we show as well that the Melitz-Redding equilibrium equations lead to the
same solution as the general setup model with the appropriate choices for e;, ¢;; and ¢.” Figure
1 displays the real wage for the five parameter settings as a function of percentage increases
and decreases in iceberg trade costs 7;;. The figure conveys three important messages. First,

as in Melitz and Redding (2013) the welfare gains from trade liberalization are larger in the

heterogeneous firms model than in the homogeneous firms model when the structural parameter,

"We also show equivalence between the Melitz model equilibrium equations and the general setup model in
the presence of intermediate linkages.
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the substitution elasticity is set identical in the two models. Second, when the empirically
observable parameter, the tariff elasticity, is identical in the two models, this conclusion is
reversed and the homogeneous firms model generates larger welfare gains. This shows that the
way the model is calibrated is crucial for the relative welfare effects in the hetereogeneous and
homogeneous firms models. Third, the welfare effects in the homogeneous firms models and in
the model with a granular firm size distribution are identical.

1,05

\\ -
1,04

1,03 e
\ Heterogeneous
1,02 N
Homogeneous
Q Ethier-Krugman
1,01 >

:\ = == Granular

NS e Melitz-Redding

0,99

0,98

0,75 0,8 0,85 0,9 0,95 1 1,05 11 1,15 1,2 1,25

Figure 1: The real wage as a function of percentage change in iceberg trade costs for different
ways of calibrating the modeling parameters 6 and ¢ and calibration to the tariff elasticity, the
overall import share and the share of exporting firms in symmetric two-country single-sector
model

As a first robustness check, we calibrate like in Melitz and Redding (2013) to the export share
of firms (0.14) and the share of exporting firms (0.18). The figure reported in the webappendix
shows that the first two conclusions of the baseline calibration to the overall import share also
hold with calibration to the export share of firms: the welfare gains from trade liberalization
are larger in the heterogeneous firms model than in the homogeneous firms model when the
substitution elasticity is identical in the two models, but is smaller in the heterogeneous firms
model when the estimated tariff elasticity is identical. Like in the baseline calibration the
plain Ethier-Krugman model generates the same welfare effects as the firm heterogeneity model
under granularity. In deviation from the baseline calibration the welfare gains and losses from
respectively lower and higher trade costs are larger in the plain Ethier-Krugman and granular
firm heterogeneity model than in the firm heterogeneity model for an identical substitution
elasticity (Melitz-Redding calibration). This finding is in line with the findings of the multi-

sector simulations.
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Figure 2: The real wage as a function of percentage change in iceberg trade costs for different
ways of calibrating the modeling parameters 6 and o and calibration to the tariff elasticity, the
export share of firms and the share of exporting firms in symmetric two-country single-sector

model
Param. | Heterogeneous | Homogeneous | Plain EK | Granular Melitz-Redding
Ev,r 3 3 3 3 0 =45
3 3 _ 1 o-1 _ 3
43 45 e
Eor =3 Eo,r/€ = 42 —~ Evr =3 45
o eorl+1=3% |ey,+1=4 Evrt+1l=4|e6+1=44

Table 3: Parameterization of the five models starting from trade elasticity in homogeneous firms
model Melitz and Redding (2014)

As a second robustness check we do not calibrate to the tariff elasticity €, 4, but to the
trade elasticity €, -, the elasticity of trade values with respect to iceberg trade costs. We return
to calibration to the overal import share and the share of export firms as in the baseline. Table

3 displays the implied values for # and o starting from a trade elasticity of 3 and degree of

1

7> as in the homogeneous firms model in Melitz and Redding. We have

granularity of 3/4
0 = eyr and 0 = £, + 1 in the firm heterogeneity model and o = €, - + 1 in the homogeneous
firms model. We also need to determine a 6 for the homogeneous firms model and use 6 =
(0 —1)& = &, Finally, in the Melitz-Redding firm heterogeneity model we start with values
for 6 and o implying values for the empirical parameters €, » and §.

Figure 3 shows that calibration to the substitution elasticity as in Melitz and Redding would

still generate a larger welfare effect under firm heterogeneity. But with calibration to the trade
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elasticity, the welfare effects of trade liberalization would be exactly identical in the different
models. This result is in line with the argument in Arkolakis, et al. (2012) that the welfare
gains from trade are identical in the different models with an identical trade elasticity. Their
result though is on the welfare gains from trade as operationalized by a larger import share

instead of trade liberalization as operationalized by lower iceberg trade costs.
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Figure 3: The real wage as a function of percentage change in iceberg trade costs for different
ways of calibrating the modeling parameters 6 and ¢ and calibration to the trade elasticity, the
overall import share and the share of exporting firms in symmetric two-country single-sector
model

Next we evaluate the effect of variations in the empirical parameters £ and €, 44 and in the
structural parameters # and o on the welfare gains from trade in the Melitz firm heterogeneity
model, calibrating trade costs such that the actual import share is equal to the import share
in the baseline. With these simulations we can interpret several of the findings in the recent
trade literature. Figure 4 shows that a fall in £ reduces the welfare gains from trade. So moving
towards granularity raises the welfare gains from trade liberalization. From figure 5 we can
draw the conclusion that an increase in the tariff elasticity raises the welfare gains from trade
liberalization. This result shows that the findings on the welfare gains from small trade cost
reductions on global welfare in Fan et al. (2013) do not seem to be very interesting. The graph
shows that variations in the trade elasticity only have a negligible impact on the welfare effects
of lower iceberg trade costs for changes in these trade costs of about 5%. For changes of 10%

and larger the welfare effects start to vary considerably.
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Figure 4: The real wage as a function of percentage change in iceberg trade costs for different
values of £ and €, 4, = 4 and calibration to the overall import share and the share of exporting
firms in symmetric two-country single-sector model

1,06 —\
1,05 N
1,04 \\
1,03 \\

\\\ e @pSIlON=3
1,02

e @pSIlON=5
1,01 e @pSilon=7
1
0,99
0,98 T T T T T T T T T —
0,75 0,8 0,85 0,9 0,95 1 1,05 1,1 1,15 1,2 1,25

Figure 5: The real wage as a function of percentage change in iceberg trade costs for different
values of €, 1, and { = 0.8 and calibration to the overall import share and the share of exporting
firms in symmetric two-country single-sector model
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Figure 6 shows that an increase in 6 generates larger welfare gains from trade liberalization.
This result aligns with our finding above that the Melitz and Redding firm heterogeneity cal-
ibration leads to larger gains than the Ethier-Krugman calibration, which is the limiting case
of granularity with the same substitution elasticity as under Melitz and Redding and only a
lower shape parameter 8. The result seems however at odds with Proposition 4 in Melitz and
Redding (2013), where it is argued that a lower shape parameter leads to larger welfare gains
from trade. As shown in Figure 7 we find that this result holds if one starts from identical
iceberg trade costs for different values of 6, instead of starting from identical import shares.
The latter approach seems to be more reasonable, since iceberg trade costs are unobservable
and should thus be calibrated to the observable import share. The experiment in Figure 7
is similar to the experiment conducted in di Giovanni and Levchenko (2012). These authors
show that a move towards granularity has a strong positive effect on the welfare gains from
lower iceberg trade costs. They keep o constant and model a move towards granularity by a
reduction in the shape parameter 6 close to ¢ — 1. Based on our baseline results in Figure 4
we draw a similar conclusion: a move towards granularity raises the welfare gains from lower
iceberg trade costs. But our calibration differs in two crucial ways. First, we model a variation
in granularity, keeping the tariff elasticity €, 4, constant, whereas di Giovanni and Levchenko
(2012) vary both the tariff elasticity e, 4, and the granularity parameter { by varying 6 with
constant o. Second, we calibrate unobserved trade costs to observable import shares, whereas
di Giovanni and Levchenko (2012) keep unobserved trade costs constant when varying 6. They
obtain their trade costs from a gravity regression of trade flows on several explanatory variables.
Their calibration with constant trade costs across the different scenarios for 6 implies that the
elasticity of for example trade costs with respect to distance would vary as 6 as varied, since
the fitted coefficient of trade values with respect to distance stays constant across the different
scenarios. Comparing Figure 4 employing our proposed calibration with Figure 7 employing the
calibration used in di Giovanni and Levchenko (2012) shows that the effects of moving towards
granularity are much more modest in our calibration with the implicit variation in the degree of
granularity € in Figure 7 identical to the variation in Figure 4, from 1 to 0.6, with 6 falling from
5 to 3. So it seems that di Giovanni and Levchenko (2012) overstate the effects of granularity
on the welfare gains from reductions in iceberg trade cost reductions.

As we only use the experiments with constant iceberg trade costs across the different sce-

narios to replicate findings in the literature, we delegate a discussion of the effect of variation
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in the other parameters on the welfare effects from trade liberalization under this calibration

to a webappendix.
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Figure 6: The real wage as a function of percentage change in iceberg trade costs for different
values of § and o = 4 and calibration to the overall import share and the share of exporting
firms in symmetric two-country single-sector model
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Figure 7: The real wage as a function of percentage change in iceberg trade costs for different
values of # and o = 4, with identical iceberg trade costs for different parameter values in the
baseline in symmetric two-country single-sector model

Figure 8 shows that variation in the substitution elasticity ¢ does not have any effect on
the welfare effects of changes in iceberg trade costs. Evaluating the underlying £ and €, 44, we
see that an increase in o for given 0, raises €, 4,, which makes the welfare effects larger and

decreases &, which reduces the welfare effects. Figure 8 indicates that the two opposite forces
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Figure 8: The real wage as a function of percentage change in iceberg trade costs for different
values of ¢ and # = 4 and calibration to the overall import share and the share of exporting
firms in symmetric two-country single-sector model

exactly cancel out.

We can summarize the symmetric two-country simulations as follows. First, our multi-
country multi-sector simulations are not at odds with the findings in Melitz and Redding (2013).
Second, calibration to the empirically observable parameters generates results opposite to cal-
ibration to the structural model parameters: calibration to the empirically observable tariff
elasticity generates smaller welfare gains from trade liberalization under firm heterogeneity
than under firm homogeneity also in a symmetric two-country setting. Third, in the compar-
ison between the firm homogeneity and heterogeneity model it matters whether iceberg and
fixed trade costs are calibrated to the overall import share or the import share of firms.

As a next step we include intermediate linkages in the symmetric single-sector two-country
model. We model intermediate linkages with input bundles being a Cobb-Douglas aggregate of
labor and intermediate input bundles with intermediate input bundles identical to final goods
bundles. We evaluate how the welfare effects of trade cost changes vary with the empirical
parameters { and €, 4, and the structural parameters ¢ and o. We calibrate iceberg trade
costs such that import shares in the baseline are equal to 0.89, normalizing both domestic and
exporting fixed costs to 1. Figures 9 and 10 show that the same pattern emerges for variations in
Ev,ta and 0 as in the models without intermediate linkages. Figures 11 and 12 instead show that
the patterns change for variations in ¢ and £. Figure 11 shows that trade cost changes generate

larger welfare effects when o is smaller, whereas without intermediate linkages the welfare effects
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Figure 9: The real wage as a function of percentage change in iceberg trade costs for different
values of § and o = 4 and calibration to the overall import share and the share of exporting
firms in symmetric two-country single-sector model with intermediate linkages
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Figure 10: The real wage as a function of percentage change in iceberg trade costs for different
values of €, 1, and { = 0.8 and calibration to the overall import share and the share of exporting
firms in symmetric two-country single-sector model with intermediate linkages
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did not vary with . From Figure 12 we see that the effect of £ on the welfare effects of variations
in trade costs changes. Without intermediate linkages a larger & corresponding with a move to
granularity leads to larger welfare gains from trade liberalization and smaller welfare gains from
larger trade costs. In the model with intermediate linkages instead the welfare gains from trade
liberalization are larger when moving away from granularity, whereas the losses from higher
trade costs are still smaller with more granularity. In Figure 13 we display the welfare effects
of lower trade costs as a function of £ for various values of 3, the share of gross output spent
on labor. The figure makes clear that the new pattern emerges for labor shares 8 of 0.8 and
smaller. Comparing these results of the single-sector model with intermediate linkages with the
multi-sector model results in the previous subsection shows that for both variations in £ and o
the patterns are opposite. A larger £ and a larger o lead in the multisector model (respetively
Figures 14 and 17) to larger welfare effects, whereas they lead in the single-sector model with

intermediate linkages (respectively Figures 12 and 11) to smaller effects.
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Figure 11: The real wage as a function of percentage change in iceberg trade costs for different
values of ¢ and 6 = 4 and calibration to the overall import share and the share of exporting
firms in symmetric two-country single-sector model with intermediate linkages
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Figure 12: The real wage as a function of percentage change in iceberg trade costs for different
values of £ and €, 4, = 4 and calibration to the overall import share and the share of exporting
firms in symmetric two-country single-sector model with intermediate linkages

7 Concluding Remarks

We have shown that both the Ethier-Krugman monopolistic competition model and the Melitz
firm heterogeneity model can be defined as a generalized Armington model. From this repre-
sentation of the two models it also follows immediately that the Melitz model generates the
same equilibrium outcome as the Ethier-Krugman model when the firm size distribution be-
comes granular. Using the Armington representation of the Ethier-Krugman and Melitz models
makes it possible to incorporate these models in a multi-sector multi-country setting without
generating computational problems. The Armington representation does not require solving
for additional pairwise variables like the cutoff productivity and the mass of firms, keeping the
dimensionality of the model limited. Parameters are based on estimates of the gravity model
following directly from the theoretical model and on measures of the granularity of the firm size
distribution taken from the literature. The model is calibrated such that import shares in the
baseline are equal to actual import shares in the data.

We have also undertaken simulations with a symmetric two-country model to clarify the
seemingly contradiction between our results on the ambiguity of the welfare effects across the
different models and the results in Melitz and Redding (2013) that welfare effects are always
larger under firm heterogeneity. These differences stem from the fact that we set the parameters
in the firm heterogeneity and firm homogeneity model such that the implied empirically observ-

able trade elasticity is identical in the two models, whereas Melitz and Redding (2013) set the
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Figure 13: The real wage as a function of percentage change in iceberg trade costs for different
values of £, €, = 4, different values of § and calibration to the overall import share and
the share of exporting firms in symmetric two-country single-sector model with intermediate
linkages
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common structural parameter in the two models, the substitution elasticity, equal, implying a

different trade and tariff elasticity.
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Appendix A Ethier/Krugman Economy

The goal of this section is to derive the expressions for ¢; and ¢;; in the main text in equations
(15)-(18). Before we go into the Ethier-Krugman model, we first rewrite the expressions for
demand and the price index in the general model. The general setup-expressions for g;;e; and

P implied by equations (3)-(9) are given by:

—0 a o—1 a
.. P EYY

_ | P J J
J

J age{p,g,f} J

1

pigtas 9\ T\ 7
ig LU ;
P]‘,lg = Z (e; ) (A.2)
i=1 J
With p;; defined as follows:
ptf’.’
Pij = taijtijc; <t€ijbipZ¢ + a;ﬁ) (A.3)
ij

tr

With &’ =d if i = j and ' = m if i # j and taj; = t;; = te;; = 1 and 22 = 0.

Q44

To show equivalence between the general model-representation and the normal representa-
tion of different models, we have to show that the expressions for demand in equation (A.1)
and for the price index in equation (A.2) with the appropriate choices for ¢;, ¢;; and e in the
general model-representation are identical to the demand and price index expressions in the
normal representation of the different models.

In the Ethier-Krugman model agents of group ag = {s,p, f} with g government, p private
sector and f firms in country j have CES preferences over physical quantities o (w) of varieties
w from different countries. The quantity and price index are defined in equations (13)-(14).

Demand for a variety w shipped from ¢ to j and sold to group ag is equal to:

_ ag 7 (5ag\° ! fag A
o (W)=Y (tapi; (w) P ES (A.4)
ag={s,p,f}
Varieties are produced by identical firms with an increasing returns to scale technology with
fixed cost a; and marginal cost b;, implying that each firm produces a unique variety. As firms
are identical, w can be dropped in the remainder.

Firms face iceberg trade costs 7;;, bilateral export taxes te;;, bilateral import tariffs ta;;,
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and group specific import tariffs ta?g . Moreover, there is a transport sector with firms having to

spend a fixed quantity share of sales on transport services. Technically, the cif-quantity traded

cif
0;;

is a Leontief function of the quantity in fob-terms olfjgb and transport services tr;;:

of;f = min (0{-}06, aﬁgtrij> (A.5)

Profits are therefore given by:

tr

ta;; — 1 Dij
o — 44390 . ag 0 .. v e b, ) iy
Tij = ta;"pyoij — (taj — 1) D;j0ij — o Dij0ij — Tij | teijbipz, + o 0ij
i ij

tr
— p’LJ vy T’ij tez]bszz + % Oij (A6)
taij @i

This expression for profit implies the following markup pricing rule:

ir
o P
pf;j = 70_ — 1taij7—ij (teijbipZi + atT,) (A?)

(4]
pj; is the cif price of physical output o;; before the group-specific import tarift ta?g is applied.
Firms do not face destination specific fixed costs and can enter all markets upon paying the

fixed costs a;. Profits from sales to all markets are thus equal to:
D;;0i5
T = Z L — a;Pz; (A8)

As a next step, IV; is defined as the mass of varieties produced in country 4. NN; is identical
for all destinations by absence of destination specific fixed costs. It follows from the following

labor market equilibrium:

J
ZTijOij 4+a; | N; = Z; (A.9)
j=1

To rewrite this expression, we first rewrite the expression for 7;;0;; using the markup equation
(A.7):

o—1 pjj0i;  o—1 pj;oij 1

1 (A.10)
7 prtai 7 prtay teijbﬁp;i*itr
)

TijOij =

Using equations (A.8) and (A.10), we can solve for N; from equation (A.9) as follows:
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J _ _
7. o-1 ) NiTij Nty
v o : pLT pz;tai;
Z' j=1 pZitaij teijbi-i-pz ,Jltr i
i alT
N = L i (A11)
oa; oa;

With Z; as defined in equation (17).

The price index in (14) can be written as equation (A.2) with e} =1 and p;; defined as:

pijta;® = / P9 (W) 77 dw (A.12)

ag
EQZ.].

Therefore, we only need to elaborate on pijtaj’ag to show equivalence of the price index. Given
that all firms are identical and all varieties N; are exported to all destinations, equation (A.12)

can be rewritten as:

1 Z.\ 17
pijtaj’“%Nf“ta?’“gpz’j=< > a3 7y, (A.13)

Substituting equation (A.7) for py; leads to:

s,ag Zz e g pz
pij = ta; " ta;;T; oa; p— teijbipz, + ;,1; (A.14)

Equation (A.14) shows that the externality is applied after expenditures on the transport sector

have been incurred. ¢;; is thus equal to 1 and we can write generalized marginal costs ¢; thus

as follows with Z; as defined in equation (17):

Appendix B Melitz Economy

Appendix B.1 Demand and Production

Like in the Ethier/Krugman economy the goal of this section is to derive the expressions for
generalized marginal costs c;, generalized iceberg trade costs ¢;; and the demand externality e;
in the Melitz economy in equations (21)-(24) and to derive the demand externality.

Agents of group ag in country j have the same CES preferences over varieties w from different
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countries as in the Ethier/Krugman economy. The quantity and price index are thus given by
equations (13)-(14) and demand for physical quantities 0;; (w) of a variety w by equation (A.4).
In contrast to the Ethier/Krugman economy goods are produced by firms with heterogeneous
productivity. Firms can sell both in domestic and foreign markets and have to pay fixed costs
fij to sell in each market. The fixed costs are paid in wages of both countries with according to
a Cobb Douglas specification a fraction p paid in domestic input bundles. The fixed costs are
destination-specific, but not agent-specific. So a firm pays the fixed costs ij only once for sales
to all three groups of agents. Exporting firms also face iceberg trade costs 7;;, bilateral tariffs
ta;j, agent-specific tariffs ta? , export taxes te;;. Moreover, there is a transport sector with firms
having to spend a fixed quantity share of sales on transport services as in the Ethier-Krugman
model with the cif-quantity traded of;-f defined as in equation (A.5). Profits are therefore given
by:

ta;: — 1 ptr Ois
Tij = ta?gpfjoij — (ta?g — 1) p%oij - - ~ pfjoij — Tij <t6ijbipzi + Tg %
J

ta; i
tr
p%Oz’j Pi; 05
= — TPz, | teij + — B.1
tag; P\ pz.ai | o (B

We assume that productivity ¢ operates both on the costs of production and on the transport
sector. b; is interpreted as a source-country marginal cost shifter.® Each firm produces a unique
variety, so we can identify demand for variety w by the productivity ¢ of the firm producing
this variety. Demand o4 () and revenues r;; (¢) of a firm with productivity ¢ producing in i

and selling in j are equal to:

ou@)= 3 () () (5.2

ag:{s7p?f}

ri@) = Y (@) (B) B (B.3)
ag={s,p,f}

Maximizing profits implies the following markup pricing rule:

o atr

i (p) = —— 5 . (B.4)

28
taijnj <t€ijbipZ¢ + J.)

Substituting equation (B.4) back into equation (B.1) shows that profits for sales to destination

ag

8In line with the GTAP model we define pi; as the price before group specific import tariffs ta;? are paid.
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market j are equal to:

wo (o)) 7 (P9)” " B
mii(0) = Y (1w 0) ~(P) £,

ag={s,p,f}

W l—p
taagta'-a - fijpzipzj (B5)
J v

So we add up the revenues for sales to the three groups of agents to calculate profit. In the
profit expression in equation (B.1) we have assumed that the bilateral tariffs ta;; and the group-
specific importer-specific tariffs ta?g are paid both based on the marked-up price over marginal
cost, respectively on the landed cif-price and on the landed cif-price inclusive of bilateral tariffs.
Iceberg trade costs 7;; and export taxes te;; instead are paid based on the cost level, respectively
the cif cost level (so inclusive of transport costs) and fob cost level. Both types of trade costs
(based on marked-up landed prices and based on cost levels) affect the optimal markup price
in equation (B.4) identically, but they affect the expression for profit as a function of revenues
in equation (B.5) differently. Revenues are divided by import tariffs based on landed prices
to calculate profit. Import tariffs are therefore revenue-shifting, whereas iceberg trade costs
and export subsidies are cost-shifting. The distinction is relevant for the gravity equation in
the Melitz model, since the revenue shifting tariffs affect the cutoff productivity and therefore

display a different elasticity.

Appendix B.2 Entry and Exit

Entry and exit are like in Melitz (2003), i.e. firms can draw a productivity parameter ¢ from a
distribution Gj () after paying a sunk entry cost en;. The productivity of firms stays fixed and
firms face a fixed death probability 0 in each period. Firms either decide to start producing for
at least one of the markets or leave the market immediately. In equilibrium there is a steady
state of entry and exit with a steady number of entrants N E; drawing a productivity parameter,
implying that the productivity distribution of producing firms is constant. Denoting ¢;; as the

cutoff productivity, only firms with a productivity ¢ > ¢;; from country ¢ sell in market j.

Appendix B.3 Free Entry and Zero Cutoff Profit Conditions

Equilibrium is defined with a zero cutoff profit condition (ZCP) and a free entry condition (FE).

According to the zero cutoff profit condition firms from country ¢ with cutoff productivity ©i;
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can just make zero profit from sales in country j:

l1-0o o—1
ag ag ag
(ta pfj (90)> (PJ ) Ej po l—p B
Z ta®ta;; - Ufijpzipzj (B-6)
ag={p,9,f} 3

Since the fixed costs are destination-specific and not group-specific there is only one ZCP for
each source-destination pair and thus also only one cutoff productivity level ;. Using equations

(B.3)-(B.5) the ZCP can be written as follows:

1
taijz] <t€nglpZ + p” ) qu o—1 Eag 1—0o
¥ J j (B 7)
Yij = 1 Z tas Jag 15 .
(Ufijp%iplz;ﬂtaij> e ag={p,9.f} J

The free entry condition (FE) equalizes the expected profits before entry with the sunk entry

costs:

Z Z (pm ) ;ljg (QZU) = 5€nipZ7; (BS)

ag={p,g,f} j=1

©i; is a measure of average productivity and defined as:

. o1
~ o— gi (P
Pij = /90 11G()*d¢ (B.9)

79 —1
Using ” (o) _ (ﬂ)a and the ZCP in equation (B.6), the FE in equation (B.8) can be

(4,02) Y2
written as:
J - o—1
1— Pij
Z 4,0”)) pléipzj#fij % — 1) =denipg, (B.10)
=1 Pij

The distribution of initial productivities G; (¢) is Pareto:
(B.11)

with 6 the shape parameter and x; the size parameter. We impose 8 > o — 1 to guarantee that

expected revenues are finite. With a Pareto distribution ¢;; is proportional to @it

9 1
Gy — (9_0“> o (B.12)
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Substituting equations (B.11)-(B.12) into the fe, equation (B.10), gives:

J 0
Kj —
> (@) Vil iy s = sem, (B.13)
j=1 v

Appendix B.4 Equivalence of The Price Index

To show equivalence of the price index in the general representation version of the Melitz model

and the normal version, we write the price index in (14) as equation (A.2) with the representative

. P
price ig? deﬁned as:
.7

; ta>Y
Pt _ / 2 (@) dw (B.14)

ag
e

ijta;? . L . . . .
u :sj is the representative price including the demand externality. The representative price
J

in equation (B.14) can be redefined as an integral over productivities of the producing firms as

follows:

s,ag

p’l ta 1—0 7
— / Nijpi?? (¢ _9il9) dy (B.15)
1-Gi(v1)

el
Using equations (B.4) and (B.9) the representative price in equation (B.15) can be rewritten as

a function of average productivities:

1
5,09 e\ \ 1-0 s
ijta g , DPij ~0—1

e; o— o

The mass of varieties sold from country i to country j, IV;; is related to the mass of entrants

NE; and the cutoff productivity ¢7; by the following steady state condition:

o (1-Gi(ey)) NE ) ( s >9 NE; B.17)

v 1) go;f‘j 1)
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The steady state of entry and exit implies that N F; can be written as a function of the number

of input bundles Z;:

tr

J lfteifrb Dij I -
7. SN, o=1 Pz | _Ti(Pig)
(] . tr g
- = J o tesit Pij pzl.tajtaij
oc—127; o—1 N 9 bipg, alt
J— _ J
NE; = = ! (B.18)
0o en; Oo en;

Since N;;jT;j (9i5) is equal to the value of trade (inclusive of bilateral import tariffs ta;;, but
inclusive of group- and importer-specific tariffs ta;g ) and thus equal to NNV;7;; in the Ethier-
Krugman model, we can use the same definition for Z; in both models. Using equations (B.12),

(B.17) and (B.18), the representative price in equation (B.16) can be written as:

1

~ s pg"f 1-0o 1—-0
pita;” o o—1 K7 (taijtaj a9 (biteijpzi + atj)) -
6? _0'—1 U(Q—O‘—}—l)(‘}eni . O—o+1 ( . )

The final step is to substitute the ZCP solved for ¢; in equation (B.7) into equation (B.19)

generating the following expression:

> try =0 _0to—1 14 0=otl 9—o+1\ —0 l—o\ T
0 . .. pij o—1 1% 9(0.71) N 9(0—1) s,ag
pijta; ™ Vmhi Zi (te,]p Zi t ag.) Dy, ta;; Tijfij ta;
e;f den;
_O—0o+1
D < P9 )‘7_1 E9 (o—1)2
J J
ag={p,g,f} \ 7 g
* =7 (B.20)
Py

J

¥m is defined in equation (22) in the main text. From equation (B.20) we can easily determine
the source-specific component, c;, the bilateral component, ta;;t;;, and the destination specific
component, €7, in equation (A.3), the general setup-expression for the price in the Melitz model.

The source specific component in equation (B.20) is equal to:

1
07\ T 0=ctl
¢ = (7’“"‘1 ) P, (B.21)

den; i

40



The pairwise component in equation (B.20) is given by:

P P\ 0 0=o]
tijta;j | biteijpz, + e = | bite;jpz, + o (ifaz‘jﬂ'j)f’*1 (taijfij)("—l) (B.22)

Rearranging leads to the expression for ¢;; in the main text, equation (23):
6—o+1

pt’r o—1 0—c+1 5(9*‘74’21) 9—0"'!‘%

1] o— o—1 o—1

tij =\ | t€ijpz: + U T e Y (B.23)
ij

Finally, the destination specific terms in equation (B.20) represent the demand externality,

giving:
0—oc+1

—1 2
pa9 \ ¢ E%9 (o—1)
Ton <t“§’”> D
ag=1p,9;,
¢ = (B.24)
J pl—u
Z.

J

So we have shown that the general setup-expression for the price index in equation (A.2)
employing expressions for ¢; in equation (21), ¢;; in equation (23) and e’ in equation (24) follows

from a Melitz structure and is thus equivalent to a Melitz structure.

Appendix B.5 Equivalence of Quantity Index

To prove equivalence between the general setup and the Melitz setup, we also show that the
general setup-expression for demand in equation (A.1) is equivalent to the expression for demand
following from the Melitz structure. Substituting the expressions for ¢;;, ¢; and €] into the

expression for g;;e; in equation (A.1) leads to:

0 1 -
tr\ o—1 0 och—o+1 0 1—0o 0—oc+1
Db;; — —2 [ YmK; Z; 1— —1)2
s _ J =T, (o—1) mh; Zi po 1-p (o-1)
dij€; ( ij0iPZ; ag i ij Sen, fmpz,pz]
1 0'970'4»21
P g £ (0—1)
J J
* > | sw T s.ag (B.25)
ta; ta;
age{p.g,f} J J

Next we show that the expression for quantity g;; e; inclusive of the demand-side externality

starting from the Melitz-setup is identical to the expression in equation (B.25). We can write
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the quantity starting from the Melitz-setup as follows:

o
o—1

qije; = / 0(w)*+ dw (B.26)

wGQij

Redefining quantity in equation (B.26) as an integral over the productivity of producing firms

gives:

s T oot gly
gije; = | Nij [ 0ij (0) = #dw (B.27)
Pij 1-G (@fj)

Substituting the expression for ¢;; (¢) in equation (B.2), representative quantity in equation

(B.27) can be written as a function of average productivity:

o

qij¢; = N " oij ($ij) (B.28)

.. o ~ .
The next step is to use 731_%:2; = <%) and equation (B.12) to write 0;; (¢i;) as a function of
ij

cutoff quantity o;; ((p%):

fed

N AT
gije; = N5~ oij (7)) <9_ p— 1) (B.29)

The ZCP in equation (B.6) can be employed to express cutoff quantity O?Jg (gojj) as follows:

1—
fiiplzp 7" .
oy Pij
Tij (pziteij + i)

tr
“ij

0ij (80%) =(0—-1) (B.30)

Substituting equation (B.30) and also the expressions for NV;; and NE; in equations (B.17)-

(B.18) into equation (B.29) leads to:

o

~ — 1—
o—1 o1 1 w2z 7! fijp%ipzj“
o(f—o+1) (G B ) den; pé;
Tij pZiteij‘i’atj
s ij

qu ] fo—o+1
(SO* ) o—1
ij

(B.31)

Finally, the ZCP solved for ¢;; in equation (B.7) can be substituted into equation (B.31) and
after several rearrangings, we get the same expression as the general setup-expression in equation

(B.25).
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Appendix C Symmetric Two-Country Single-Sector Model

Appendix C.1 Equilibrium Equations

We follow Melitz and Redding (2013) and define equilibrium of the Melitz model in a single-
sector setting with two identical countries and a single factor of production L as a solution for

pq and @, as follows:

faJ (@a) + fod (¢z) = den (C.1)

Pz =T (ﬁ) - Pd (C.2)

With two symmetric countries we do not need country subscripts and use instead subscripts for
domestic (d) and exporting (z) values. f; and f, are domestic and exporting fixed costs, ¢4
and @, the domestic and exporting cutoff productivities. 7 represents iceberg trade costs with

domestic iceberg trade costs normalized at 1. J () is defined as follows:

~ o—1
J@ﬁ#l—cw»<0””) —4) (C3)

¥

With a Pareto distribution as in equation (B.11) this gives:

Y 0 K o—1
“@_GQ—MJ_Q_WWWH_ (C4)

Hence, equation (C.1) can be written as follows:

1 0 0
g fd(pml;l + f33<pm10n =en (05)
O—o+1\ (¢])" (D

Next, we derive an expression for welfare, equal to the real wage w/P, based on the cutoff
productivity ¢g4. With the wage w normalized at 1, welfare is equal to the inverse of P:
1

w o—1/(L o—1) o1
BT () ()

With ¢, F, and x respectively average productivity, a composite of fixed costs and the proba-
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bility of exporting and defined as:

@) = o (@0 (18 (©7)

F =Gy Tt Xk (C.8)
_1-Glea) _ (9a\™"

XT1-Glea) (w) (€9

Using equation (B.12), welfare can thus be written as follows:

_1
w o—1 (Lt [T e T T

In the homogeneous firms model defined by Melitz and Redding for comparison with the het-
erogeneous firms model, we use the same expressions for welfare, except for the fact that with

changes in trade costs 7, the cutoff productivities serve as average productivities and do not

change.
To allow for the case of granularity where § = o — 1, we drop the constant Gf;_lﬂ in equation
(C.5) determining ¢4 and ¢, and we drop the constant ﬁ#l in the expression for welfare in

equation (C.10). These changes do not affect the results on the effect of changes in trade costs
on welfare, since both changes only shift the level of welfare proportionally for all levels of trade
costs.

Since we do not impose an identical substitution elasticity in the different models, we do not
have an identical level of welfare at the starting level of trade costs. This does not affect our
results though and to account for different levels of welfare in the starting position we report
the welfare effects as a function of percentage changes in trade costs. Since the models are
structurally different, it is logical that welfare levels in the starting position are different. We
could have generated an identical level of welfare in all different models at the starting level of
trade costs by adjusting parameters that do not affect the results like the Pareto shift parameter

K.
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Appendix C.2 Calibration

Calibration of the parameters 6 and o is discussed in the main text. To calibrate to the overall

import share A and the share of exporting firms x, we define the import share X\ as:

N 1 (C.11)

1 1o (g2) 7o
+ 7 (@)

The share of exporting firms is equal to the probability of exporting y defined in equation
(C.9). We solve for f,/fq and 7 as a function of A and ef, the fraction of exporting firms.
Using equation (C.2) for the ratio of productivities we get for ef and A the following two

equations:

ef =17° (“;Z)Ul (C.12)
1

A= (C.13)

_0—0o+1

—0 fi o—1
147 <fd)

Solving for 77¢ from equation (C.12) gives:

0 =ef (‘z) o (C.14)

Substituting (C.14) into equation (C.13) and solving for f,/f4 gives:

1—\
falfa= v (C.15)

Substituting back into equation (C.14) and solving for 7 gives:

[

Inef (1)\;?

>H (C.16)

T = exp —

>

We can calibrate to the export share of firms es and the share of exporting firms ef, using

the expression for ef in equation (C.12) and the following expression for es:

(C.17)
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Solving equation (C.17) for 7 gives:

Jo _ exp —&Inefrd (C.19)

Ja

We cannot calibrate both to the fraction of export sales and the import share if we want
to allow for the granularity case. The fraction of export sales would fix a value for 7, so the
calibrated import share would be determined by values of f,/f4, creating a problem in the case
of granularity, since the coefficient on fixed costs in the expression for the import share A is

f# — o + 1 and would thus become zero in case of granularity.

Appendix C.3 Equivalence with General Setup Model

We check the correctness of the Melitz general setup model by comparing the model outcomes
with the outcomes of the Melitz model employing the full set of equations. We do this in two
settings. First, we take the symmetric two-country model used above and second, we look at
a two-country model with intermediate linkages. We also explore the second setting since with
intermediate linkages the demand externality e; plays a role in determining the price of input
bundles pz, and the wage w;, enabling us to check the correctness of the way we deal with the
demand side.

We eliminate several institutional details from GTAP in our two-counry model with inter-
mediate linkages. So we examine a model without a transport sector, without import tariffs
and export subsidies, without a separate nest between domestic and imported goods and with
only one group of agents, private households. Imposing the general equilibrium condition that
gross output pz, Z; is equal to the value of exports to all destination countries j and using the
fact that the absence of tariffs and trade imbalances implies that demand FEj is equal to pz, Zj,

gives us the following general equilibrium condition:

J .. l-c
pzZi =Y <];,J> pz,Z; (C.20)
j=1 ~"J

In a setting without intermediate linkages, the price and quantity of input bundles are respec-
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tively equal to wages w; and quantity of labor L;. The expressions for the price index and the

underlying generalized price are:

1

J 1-0o
=1
pij = LI ZClpZZ (C.22)
J

We have the following expressions for ¢;, ¢;; and e;. Because of the absence of per unit transport

services, we have included the term in pz, in ¢;; in ¢;, which is possible :

1
0 io 6—oc+1 0—o+1
ki Zi o1 Ty
— C.23
o= (52)" vy (©23)
6 Y=o+l
tig =75 fi " (C.24)
o—1 9—0-9—%
P~ pZZ] (e—1)
ij

Without intermediate linkages we solve equations (C.20)-(C.25) for w;, P;, pij, ¢; and ej. With
intermediate linkages we add the following two additional equilibrium equations implying that

P; has to be solved simultaneously with the other variables:

pz, = w) P (C.26)
w; Ly

We assume that input bundles are a Cobb-Douglas aggregate over labor and intermediates with
intermediates identical to final goods.® So with intermediates we solve equations (C.20)-(C.27)
for pz,, Zi, w;, P;, pij, ¢; and e;.

We compare the Melitz general setup model in the symmetric two-country case with the
equilibrium in the previous subsection. So we solve equations (C.2) and (C.5) for ¢4 and
¢, and determine the real wage from equation (C.10). In the model with intermediates we

compare the Melitz general setup model with the following set of equilibrium equations: the

9With a Leontief specification, we would have the following expressions:

pz; =wif+(1—B) P
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expression for the price index following from equation (B.19); the expression for the number
of varieties following from equations (B.17) and (B.18); a demand equation; an expression for
cutoff revenues following from equation (B.3); a markup pricing expression in equation (B.4);
and a zero cutoff profit condition in equation (B.6). The free entry condition is substituted
in both the expression for the number of varieties and the demand equation. This gives the

following set of equations:

J
—c 0 x\1—0o
(P)' 77 = ZNjimpﬁ (SOji)l (C.28)
j=1
"o 12z
Kj g — i
Nij = <<P;kj> o0 den (C.29)
! 0
PZiZz‘ = ZNz‘jmrzj (‘P:j) (0-30)
j=1
rij (93) =pij (#3;) 7 (P) " E; (C.31)
* 0  TijPZ;
ij \Pij) = " C.32
pij (#15) o1 ¢ (C.32)
rij (93;) = o fijply, vy, (C.33)

We solve equations (C.28)-(C.33) together with equations (C.26)-(C.27) for P;, p;j (cp;‘j), Nij,
©lis Zis D245 Tig (ﬁ}); w;.

We show that relative welfare changes as a function of relative changes in iceberg trade costs
are identical employing the general setup set of equations and employing respectively the Melitz-
Redding set of equations (for the symmetric two-country model) and the full set of equations
(for the model with intermediate linkages). We do this for the three different parameter values

also used for the Melitz model in the main text in Subsection 6.2.

Appendix C.4 Calibration Model with Intermediate Linkages

We use the symmetric two-country single-sector model with intermediate linkages also to run
robustness checks on the influence of variation in parameters on the welfare effects of trade costs
changes. Therefore, we discuss here calibration of trade costs in this model. The share of goods

imported into country j from country ¢, s;; is given by:

Dii 1—0
ij
%ij = (f )

J
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In the model with all equilibrium equations we write the import share as follows:

 (pij (@ij) e
Sz] - Ty

1 1-o
0 1-o *
() ()
P
-0
0 Dij (wfj)
-0 +1 P;

To determine the baseline level of iceberg trade costs 7;;, we endogenize 7;;, imposing the above
equations. We normalize domestic iceberg trade costs 7;; at 1. We set f;; at 1.
Instead of setting f;; at 1, we can also calibrate to the share of exporting firms as follows to

determine the size of f;;, again normalizing f;; at 1:

(C.34)

We find an expression for ¢;; from the baseline simulation. Using equation (C.24), we can then

write 7;; as a function of ¢;; and fij:w

o1 _ (B—0+1)

Tij = tz‘j%f“ 9(c—1) (C.35)

(2

Appendix D Implementation in GTAP GEMPACK

We implement the Melitz structure with demand and supply side externalities and generalized
iceberg trade costs in the GTAP model programmed in GEMPACK. We outline for each of
the three topics first the blocks added to the GEMPACK code and then how the existing code
is adjusted. Then we discuss parameterization in GEMPACK to continue this section with a
discussion of how to move between the different models employing closure swaps. We finish this
section with a discussion of the margin decomposition in GEMPACK. In the implementation

we assume that all fixed exporting costs are paid in the source country, i.e. u = 1.

'9We normalize f;; at 1.
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Appendix D.1 Supply-Side Externality

The supply-side externality in the Ethier-Krugman and Melitz model can be gathered by log

differentiating respectively equations (15) and (21):

Ci_—o__l i (Dl)
- 1 —= 15

Ci:—*ﬂ (Zi):_;Zi (D 2)
~ 1 = 0—-0+1 __

; = — NE;+ —pz, D.3
T et Tt (B-3)

In GEMPACK we model respectively the Ethier-Krugman, Eaton-Kortum and Melitz supply-

side externality as follows:

oscaleek(i,r) = ekscale(i,r) — [1/(0 — 1)] * nne(i, ) (D.4)
1

oscaleeako(i,r) = eakoscale(i,r) — — * qo(i, ) (D.5)
o

oscalem(i,r) = mscale(i,r) — [1/(c — 1)] x nne(i,r)

+ g(_i‘;;g  [ps(i,r) — pfactwld] (D.6)

In equation (D.5) we have used that in the Eaton-Kortum model o = p.

We deflate the price change term ps(i,7) in the calculation of the Melitz-externality in
equation (D.6) by the numeraire pfactwld, such that a change in all prices does not change the
size of the externality and is neutral. To move between the different supply-side externalities

we add the following additional equation:
oscaleekm(i,r) = ekscale(i,r) + eakoscale (i,r) + emscale(i,r) — sext(i,r) (D.7)

We use the same variable for the relative change in the number of firms in the Ethier-
Krugman model and in the number of entrants in the Melitz model, nne (i,r), since the two
are identical. This becomes clear by log differentiating equation (A.11) or equivalently equation

(B.18). In GEMPACK notation we get:

J _ _
7. o-1 NiTi5 N7y
- v o Z pi” T pz;taij
A I=1 pz,ta; | teijbit—"1
N, Zi ' Zi%;
Z’ p— pu—
oa; oa;
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VOM (i,r)

nneh(i,r) = qo (i,7)

J

VOM (i,r) — =L ST (VXMD (iyr,t) — VIWS (i, r,t))
t=1

J

J
s=L VOM (i,r) — =2 3> (VXMD (i,r,t) — VIWS (i,7,1))
t=1

=LV XMD (i,r,s)

(peif (i,r,5) + qus (i, 7, 5)

— ‘;};3//5((:’:58)) (ps (i,7) + ao (i,7) — tx (i,7) — tx (i,7,5))
B VIWS (i,r,s) = VXWD (i,r,s) trans (i,r, )
VIWS (i,r, ) b '

=Ly IwW S (i, r, s)

3

J
s=1 VOM (i,r) — =2 3> (VXMD (i,r,t) — VIWS (i,7,1))
t=1

x (peif (i,r,8) + qxs (i,r,8) — (ps (i,r) + ao (i,7))) — nne (i,7) (D.8)

So the expression for the number of varieties contains additional terms, reflecting the size
of transport services and export subsidies to all destination partners. Moreover, we have to
take into account that the variety scaling term has to be applied to the cif-price, so inclusive
of transport costs, for the international price and quantity. Therefore, we have to write the
iceberg trade costs technology shifter ams (i,r,s) as a function of the supply-side externality.
We cannot include the supply-side externality before the transport sector is added, since we
would have to multiply all terms by 1/FOBSHR (i,r, s) which would be destination specific.
Since the domestically sold goods do not feature transport costs, but do benefit from variety

scaling, the variety scaling term also affects domestic prices and quantities, i.e. ppd, pgd and

pfd and qpd, qgd and qfd.

Appendix D.2 Demand-Side Externality

To model the demand-side externality, we add a block to the model calculating the demand-side
externality and we adjust the price and quantity expressions for domestic and imported goods
for the three groups of agents, private households, governments and firms.

First, we discuss the additional block for the demand-side externality. Log differentiating
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the theoretical expression for the externality in equation (24) gives:

6—o+1
> ( i )H B\
s | ag={s.n.f} ’ ’
€, = 1—p
Pz,
P9 o—-1 EY9
7 J
s,ag s,ag
75 ta; ta; O0—o+1pam [Sa), V-0t g S
.S - R R e G
j R p \77" g o—-1 (0 —1)
agf{g,pyf} Z tag]yag/ tasia,g/
ag,:{‘g?pvf} J ’
(D.9)

s\ l—o
Multiplying the numerator and denominator of the coefficient by (%) , wWe can rewrite
J

equation (D.9) as follows:

~ pia; 0—0+1 /= o\ O0—0+1 /=2 —m

65 = Z 779 (P.g—ta-’ 9)+7(E-g—ta-’ g)

! > opig® \ o1\ ’ (c—1)* V7 ’
ag={gmf} ag = ft

(D.10)
To find the equivalent expression in GTAP notation, we observe that qu;’ag represents the
expenditures of group ag = f,p, g on source s = d,m, V, S, AG, M. So, equation (D.10) can be

written in GEMPACK notation as follows with s = m, d:

dscalels (i,1) = h;_;l (priceDs (i,7) — pfactwld) + 9(_0521 (valueDs (i,1) — pfactwld)
o— o—
— 1
- U(H—U—Z)tarifst (,7) (D.11)
(-1

With priceDs (i,7) the price index term of the externality in sector ¢ in country r for source
s =d,m, valueDs (i,r) the value term and tarif f Ds (i, 7) the tariff term and defined for s = m

as (the expressions for s = d are similar):

priceDm(i,r) = SHRIPM x [pp(i,r)] + SHRIGM x [pg(i,r)]

+ sum(j, PROD_COMM,SHRIFM(i,j,7)) * [pf(3,7,7)]) (D.12)

52

)



And:

valueDm(i,r) = SHRIPM x [pp(i,r) + qp (i,7)]
+ SHRIGM = [pg(i,r) + qg (i,7)]

+ sum(j, PROD_COMM,SHRIFM (i, j,7)) = [pf(i,§,r) + qf (i,5,7)]) (D.13)
And:

tarif fDm(i,r) = SHRIPM * tpm(i,r) + SHRIGM * tgm(i,r)

+ sum(j, PROD_.COMM, SHRIFM (i, j, 7)) * tfm(i, j,r)) (D.14)

pp, pg, and pf are the relative price changes for private households, government and firms and

qp, q9, and ¢f the quantity equivalents. SHRIPM (i,r) is defined as:

_ VIPM (i,r)

SHRIPM (i,r) = ) (D.15)

With VIM (i,7) the sum of import demand at market prices:
VIM(i,r) = VIPM(i,r) + VIGM(i,r) + sum(j, PROD_.COMM,VIFM(i,j,r)) (D.16)

SHRIGM (i,r) and SHRIFM (i, j,r) are defined similarly. As for the supply-side external-
ity, we deflate the price and value changes (based on price changes) in the calculation of the
externality by the numeraire, such that a change in all prices does not change the externality.

To determine how the expressions for domestic and importer demand and price for the
three groups of agents in the GTAP model change, we define the domestic and importer price,

inclusive of the externality and the agent-specific tax, ;Bj’ag , as follows:

ta S99
P R . (D.17)

J s
e]

Log differentiating both equation (D.17) and the rewritten expression for demand in equation
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(3) gives:

G = (P —5) + 7 - (D.18)
ﬁfﬁq — t(l;’ag _|_p/jIg — 8/;9 (Dlg)
The equivalent expressions in GTAP for domestic government goods is given by:
pgd(i,s) = tgd(i,s) + pm(i,s) — Dextd(i, s) (D.21)
pgm(i,s) = tgm(i, s) + pim(i, s) — Dextm(i, s) (D.22)

with ggd and qg the domestic and total government demand; pgd, pgm and pg, the domestic,
imported and overall price of government consumption; tgd and tgm the tax on domestic and
imported government consumption; pm and pim the domestic and import price of goods; and
Dextd the domestic demand externality. So we model the demand externality as a technology

shifter to domestic and imported demand.

Appendix D.3 Generalized Iceberg Trade Costs

The generalized iceberg trade costs are equal to the normal iceberg trade costs in the Armington,
Ethier-Krugman and Eaton-Kortum model. Only in the Melitz model the two are distinct and
generalized iceberg trade costs are defined in equation (23). Log differentiating this equation

gives:

+ 72]%' (D.23)
g

In the GTAP model (with all variables expressed in relative change terms) bilateral ad-valorem
tariffs t/ai\j consist of import tariffs tm and tms and the iceberg trade costs 7;; consist of an
iceberg-trade-costs-like technology shifter ams. Tariffs are paid based on the marked-up prices,
whereas iceberg trade costs and the transport margin operate on the physical quantities and are
thus based on costs. As a result, the coefficient on tariffs in generalized trade costs is different.

Since both the generalized iceberg trade costs t;; and the generalized marginal costs ¢; are
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applied on the cif-price, we endogenize the iceberg-trade-cost-like technology shifter ams (i, r, s)
as a function of the supply-side externality sext (i,7) and generalized iceberg trade costs. In

GEMPACK notation we get in the Ethier-Krugman/Eaton-Kortum and Melitz model respec-

tively:
genitcekh(i,r,s) = —sext(i,r) + itc(i,r, s) — genitcek(i,r, s) (D.24)
0 — 1 0 — 1
genitemh(i,r,s) = —sext(i,r) + U((Ul;;)(tm(i, s) +tms(i,r,s)) + (1 + UT) itc(i,r, s)
o — g —
0 — 1 0 — 1
%f@m (i,r,8) + chif (i,r,8) — genitem (i,r, s) (D.25)

oc—1

R

We shift between the Ethier-Krugman/Eaton-Kortum and Melitz model with the following
equation:

genitcekm(i,r, s) = genitcek(i,r, s) + genitem(i,r, s) + ams(i,r, s) (D.26)

We add the variable itc to the model, which represents normal iceberg trade cost in the Ethier-
Krugman and Melitz specification of the model. Since ams (i,r, s) is a technology-shifter and a
positive shock to ams represents a reduction in iceberg trade costs in the standard model, we
add ams in the above equation instead of subtracting it. The existing code of the model does
not have to be adjusted to account for Melitz-generalized trade costs and only requires a closure
swap. Since sext (i,7) can be either Ethier-Krugman, Eaton-Kortum or Melitz depending on
the swap chosen in equation (D.7) and since the generalized trade cost is given by iceberg trade
costs 7;; (itc in GTAP relative changes) in both Ethier-Krugman and Eaton-Kortum, we can

use one equation, equation (D.24), for both models.

Appendix D.4 Parameterization

We need values for the parameters ¢ in the Armington, Ethier-Krugman and Melitz model,
f in the Melitz model and p and 7 in the Eaton-Kortum model. From the empirics we have
estimates for the tariff elasticity €, 1, and the degree of granularity {. By varying the parameters
etil and gran, based on the estimated ¢, 4, and £, we switch between the parameterizations of

the different models.
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Starting with the Melitz model, we have:

0 — 1
P B e (D.27)
o—1
-1
g="7 (D.28)
0
We can thus express 6 and o as a function of the estimated € and g as follow:
o=E*Eptq (D.29)
1
0 =cyr— ¢ (D.30)

Granularity ¢ approaching 1 means that the model is approaching so-called ”full granularity”
with 0 =0 — 1.
Melitz and Redding (2013) compare the Melitz and Ethier-Krugman model imposing an

identical value for the substitution elasticity ¢ instead of identical value for the tariff and trade

Ev,ta_l

elasticity. To mimic their experiment we impose 0 = €, 4, and 6 = Ern

with £y the degree
of granularity implied by the experiments in Melitz and Redding (2013). Since these authors
set o at 4 and 6 at 4.25, we have {yp = "T_l = & ~ 0.71. To run this experiment, we will
have to use a separate tabfile, since ¢ and 6 are different functions of €,4, and { than in the
other calibrations.

In the Armington and Ethier-Krugman model we only need a value for o, which is equal to
€uta- In the Eaton and Kortum model we need a value for the dispersion parameter p, which
is equal to the tariff elasticity minus one, €, ¢, — 1. In the implementation in GTAP we do not
replace the substitution elasticity o = esubd in the code by p = rho, but keep working with esubd
and recognize that we get the Eaton-Kortum equations if we impose esubd = rho = €y, — 1
and adjust the parameter values accordingly.!! To work with esubd set equal to Euta — 1, We
introduce the parameter etil in the parameter file based on the estimated tariff elasticity and

set it at ;44 — 1 in the Eaton-Kortum model.

We thus introduce the parameters gran as a measure for granularity & and etil as a measure

"1n the quantity equations for ¢pd, gpm, qgd, gqgm, qfd, ¢fm, and qzxs, o is equal to p, so we impose o = p
in the quantity equations. In the price equations o is equal p + 1, but in relative changes the parameter p does
not play a role, so we do not have to allow for the different value of ¢ in the pricing equations.
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Parameters | Armington | Ethier-Krugman | Melitz | Eaton-Kortum
etil Euta Evta Evta Evta — 1

gran 1 1 13 1

esubd Evta Evta §*Euta | Evga—1

theta — — Evta — % —

Table 4: Parameterization of the four models

for the tariff elasticity €, 4, and employ the following equations in all four models:

esubd = gran x etil (D.31)

theta = etil — (D.32)

gran

esubd is the substitution elasticity ¢ in the original GTAP model and theta is the dispersion
parameter 6 in the added Melitz-block of the model. By varying the values for gran and etil,
we can then move between the different models. First, in the Ethier-Krugman and Armington
model the substitution elasticity esubd is equal to the tariff elasticity &, s, thus requiring gran =
1 and etil = €,44. Second, in the Melitz model we have the expressions (D.29)-(D.30) for
esubd = o and theta = 0, thus requiring etil = €, and gran = . Third, by setting gran at
1 and etil at € — 1, we get the Eaton-Kortum parameterization with esubd = rho = e, ¢4 — 1.
The parameterization is summarized in Table 4. The table shows the values required for the
parameters etil and gran read from the parameter file and the implied values for esubd and

theta based on the use of different parameter files in the command file.

Appendix D.5 Moving between Different Models with Closure Swaps

We move between the different models using closure swaps and employing different parameter
files with different parameter values. First we discuss closure swaps. The baseline model with
the additional blocks and without closure swaps implies the Armington model. We move from
Armington to Ethier-Krugman by turning on the Ethier-Krugman supply-side externality and
by endogenizing iceberg trade costs. We move from Armington to Melitz by turning on the
Melitz supply-side and demand-side externalities and by endogenizing iceberg trade costs. We
move from Armington to Eaton-Kortum by turning on the Eaton-Kortum supply-side external-
ity and by endogenizing iceberg trade costs.

By swapping oscaleekm with sext in equation (D.7) and nneh with nne in equation (D.8)

for the Ethier-Krugman and Melitz model and tekh with tek in the Eaton-Kortum model we
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turn on the supply-side externality. By swapping oscaleek with ekscale, oscalem with mscale
or eakoscale with eakoscale in respectively equations (D.4)-(D.6) we turn respectively the
Ethier-Krugman, Melitz and Eaton-Kortum supply-side externality on.

To turn on the Melitz demand-side externality, we swap dscaled with Dextd (dscalem with

Deztm) in the following equation:

dscale2d(i,r) = dscaleld(i,r) — Dextd(i, ) (D.33)

Finally, to model generalized trade costs in Ethier-Krugman, Eaton-Kortum or Melitz,
ams (i,7,s) is swapped with genitcekm (i,7,s) in equation (D.26). By swapping genitcekh
with genitcek or genitcmh with genitem in respectively equations (D.24)-(D.25) we choose for
respectively Ethier-Krugman/Eaton-Kortum or Melitz generalized iceberg trade costs.

To move between the different models, we also have to use different parameter values. We
do this by employing different parameter files in the command file, with the parameter files
differing in their values of etil and gran according to Table 4. The table makes clear that the
values for etil and gran are identical for Armington and Ethier-Krugman. Hence, we use the
same parameter file for these two models, whereas Melitz and Eaton-Kortum have their own

parameter files.

Appendix D.6 Margin Decomposition

To calculate the three margins in GEMPACK, we rewrite equations (28)-(32) in GEMPACK

notation as follows:

1
psistarh (i,r,s) = 71[1)3(1',7") + ao (i,7) — pfactwld] + <1 +
o —

! 1) (tm (i, s) +tms (i,7,5))

+ pcif (i,r,8) 4+ ite (i,7r,8) +

oc—1

g

1
— priceDs(i, s) — 1valueDs (,s) +

tarif £ Ds (i 8) — psistar (i
p— U_lamff s(i,s) — psistar (i,7,s)

The extensive margin is given by:

extm (i,r,s) = —Opsistar(i,r,s) + nne(i,r)
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And the intensive margin is defined by:

intm (i,r,8) = — (o — 1) (itc (i,7,s) + tm (i, s) + tms (i,r,s) + pcif (i,7,5))

+ (0 — 1) priceDs(i, s) + valueDs (i, s) — atarif fDs (i, s)

The compositional margin can be expressed as:

compm (i,r,8) = (o — 1) psistar (i,r, s)

And finally the overall effect can be written as:

dInVy; = TM = EM + IM + CM

0—0o—1
S . (ps (i,7) + ao (i,7) — pfactwld) + nne(i,r)

o—1
- (0 * T) (tm (i,s) + tms (i,7, )
-0 (ZtC (i7T7 S) —l—pczf (i,’f’, 8)) - i_illfex (l, T, 8)

+ OpriceDs(i, s) +

1 valueDs (i, s) — of 1 tarif fDs (i, s) (D.34)

With priceDs, valueDs and tarif fDs defined as in equations (D.12)-(D.14), except for the

fact that values are expressed employing agents prices instead of market prices.

29



Supplementary Appendices of Derivations

Additional Multi-Country Multi-Sector Simulation Results

We present additional results on the effect of variations in the empirical parameters & and
€ute and in the structural parameters ¢ and o on the welfare gains from trade in the Melitz
model, working with the model with a Melitz-structure in all sectors and considering variations
in trade costs in all sectors. While varying § we keep €, 4, constant and vice versa and while
varying 6 we keep o constant and vice versa. The results displayed in Figures 14-17 deliver a
clear message. Moving away from granularity, be it through a reduction in &, an increase in 6
for given o or a decrease in o for given 6, leads to smaller welfare effects: smaller welfare gains

from reductions in iceberg trade costs and smaller welfare losses from increases in iceberg trade

costs.

1,13

1,08
e 5i=0.8
e [ 51=0.9

1,03 4 ksi=1

0,98

0,93 T T T T T T T T T ,

0,75 0,8 0,85 0,9 0,95 1 1,05 1,1 1,15 1,2 1,25

Figure 14: Average weighted utility as a function of percentage change in iceberg trade costs
for different values of { and €, 44 = 4

To better compare the results generated with GAMS in a two-country setting with the
simulations employing GTAP-GEMPACK, we also ran simulations with GTAP-GEMPACK
in a single-sector setting by aggregating the data. Figures 18 and 19 display the results of
variations in £ and in 6, giving the same picture as the multi-sector model. A movement
away from granularity with more action on the extensive versus decompositional margin, either
through a decrease in £ for given €, 4, or an increase in ¢ for given o, leads to smaller welfare
effects, both smaller gains from trade liberalization and smaller losses from increases in trade

costs. The only difference with the multi-sector simulations is that for larger reductions in trade
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Figure 15: Average weighted utility as a function of percentage change in iceberg trade costs
for different values of €, 4, and £ = 0.8
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Figure 16: Average weighted utility as a function of percentage change in iceberg trade costs
for different values of 8 and ¢ = 4
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Figure 17: Average weighted utility wage as a function of percentage change in iceberg trade
costs for different values of o and 6 = 4

costs, the welfare gains become closer when moving away from granularity become closer again
to the gains under granularity. So utility with & = 0.8 approaches utility £ = 0.9 and utility

with @ = 4 approaches utility with 6§ = 3.5.
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Figure 18: Average weighted utility as a function of percentage change in iceberg trade costs
for different values of § and €, 4, = 4 in a single-sector model

Additional Symmetric Two-Country Single-Sector Simulation Results
In Figures 21-22 we display the effect of variations in respectively €,¢q, §, and o on the
welfare gains from lower iceberg trade costs, calibrating to the same iceberg trade costs for

the different parameter values in each figure. Whereas calibration to import shares always
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Figure 19: Average weighted utility as a function of percentage change in iceberg trade costs
for different values of # and o = 4 in a single-sector model

generate both larger welfare gains and smaller welfare losses when parameters are changed in
a certain direction, calibration to iceberg trade costs leads to larger welfare gains and losses
when parameters are changed in a certain direction. Moreover for €, ¢+, and { the effect of the
parameters on the welfare gains from lower iceberg trade costs is reverted. With calibration
to import shares a larger tariff elasticity leads to larger gains from lower iceberg trade costs,
whereas with calibration to iceberg trade costs a larger tariff elasticity leads to smaller gains.
Similarly, we find that with calibration to import shares a larger ¢ leads to larger gains from
lower iceberg trade costs, whereas with calibration to iceberg trade costs a larger £ leads to
smaller gains.

In Figures 23 and 24 we vary the trade elasticity instead of the tariff elasticity for both
calibrations, i.e. with iceberg trade costs calibrated such that the import share is identical in
all baselines and with iceberg trade costs identical in all baselines. We find the same results as
with variation in the tariff elasticity. A larger tariff elasticity raises welfare when trade costs
are calibrated to the import share and the welfare effect becomes smaller with a larger trade
elasticity when trade costs are equal in the different baselines.

In Figures 25-28 we display the results of simulations of the model with intermediate linkages
with trade costs calibrated as in di Giovanni and Levchenko (2012), so with identical baseline
trade costs for different parameter values. We find identical results as in the model without

intermediate linkages. Welfare effects are stronger for a smaller tariff elasticity €, 4., a smaller
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Figure 20: The real wage as a function of percentage change in iceberg trade costs for different
values of £ and €, 4, = 4, with identical iceberg trade costs for different parameter values in the
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Figure 21: The real wage as a function of percentage change in iceberg trade costs for different
and £ = 0.8, with identical iceberg trade costs for different parameter values in

values of €, ¢4

the baseline in symmetric two-country single-sector model with intermediate linkages
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Figure 22: The real wage as a function of percentage change in iceberg trade costs for different
values of o and 6 = 4, with identical iceberg trade costs for different parameter values in the
baseline in symmetric two-country single-sector model with intermediate linkages
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Figure 23: The real wage as a function of percentage change in iceberg trade costs for differ-
ent values of the trade elasticity and calibration to the overall import share and the share of
exporting firms
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Figure 24: The real wage as a function of percentage change in iceberg trade costs for different
values of the trade elasticity, with identical iceberg trade costs for different parameter values in

the baseline

degree of granularity £, a smaller o and a smaller 8. The last result is in line with the finding

in di Giovanni and Levchenko (2012), who show that welfare effects of trade liberalization are

larger when moving towards granularity, as modelled by a lower # in a setting with identical

baseline trade costs for different parameter values.
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Figure 25: The real wage as a function of percentage change in iceberg trade costs for different
values of €, 4 and £ = 0.8, with identical iceberg trade costs for different parameter values in
the baseline in symmetric two-country single-sector model with intermediate linkages

Equation (25)
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Figure 26: The real wage as a function of percentage change in iceberg trade costs for different
values of o and 6 = 4, with identical iceberg trade costs for different parameter values in the
baseline in symmetric two-country single-sector model with intermediate linkages
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Figure 27: The real wage as a function of percentage change in iceberg trade costs for different
values of § and €, 4, = 4, with identical iceberg trade costs for different parameter values in the
baseline in symmetric two-country single-sector model with intermediate linkages
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Figure 28: The real wage as a function of percentage change in iceberg trade costs for different
values of # and o = 4, with identical iceberg trade costs for different parameter values in the
baseline in symmetric two-country single-sector model with intermediate linkages

To convert Melitz into Ethier/Krugman the following should hold:

Substituting the expressions for 7., and 7, in equation (22) leads to the following expression

for 4:

1
" o —(0+1) cf% ot _o—1 L
oc—1 0—o+1 0 7

" o —(0+1) U_QZZJlrl _[o—1
oc—1 0—c+1 o

Equation (27)



Differentiating equation (26) on the RHS and LHS wrt to the endogenous variables gives:

o0

1
dVi:dNi‘ﬁ-+Ni~/dn‘(w)g(sO)dsoNi-w ©i;) 9 (©i;) dei;
J YARY) ]1_G(¢?j>¢* J ]1—G<(pf:j> ]( ]) ( J) J
ij
1 i g\ ¥j;
+ Nij———7— /Tij () g (v) d90<]>*d i
1”(“’@)% 1-G ()
1 (o]
:dNi‘?i"f‘Ni'/dri'(@)g(W)d@_Ni'”' ©ij) 9 (#i5) i
YARY) jl—G(Sp:j)SO* J ]1—G<(p;“j) ]( ]) ( ]) J
ij

10



Writing in logs and using g (cp;*j) = —%:
ij
[e.e]
Nij . 1
dInV;; = dlnNij?Tz‘j + Nij————— [ dlnrij (¢) 15 (0) 9 () dsoﬁ
i 1-G (¢) ] g
Pij
- Nij;nj (¢5;) 9 (¢f;) dIn Sofj@ji
1-G (¢3) Vij
o01-6(s3))
¢ * ok
—Vij dln PijPii
1-G (cp;%) ij
Tiq
dl N [ w02 (),
1-@G (w) Tij
8ln1—G<<p’?‘»> 1—G(cp’f‘-> *
1 ] v Py
Ny (] * L dIn gy, T
]1—G(‘Pfj) () O }; Pij Vi
om1-G(p)1-G(e5)
n e, Pij 1-G (goz‘j)

1 7 ij
= dIn N +Nij/dlnr¢j () ri,((fp)g(so) dy
1-G cp*f.) Tij
< Y Sﬁ;‘kj

Olnl-G (sofj) Olnpy; Tij (‘P;'k]) B Olnl-G (@:j)

_l’_

Oln (pfj Jln Tij Tij Oln SD;}- g
Tij (Oé)
= dlIlNij + Nij dlnrij (‘P) = g (‘p) dp
v

1=G (90;}) S":j

81n1—G<<,02‘j)d1 (i ()
Olngy, Y\ T T

_l’_

Equation (32)

Adding up the three margins in equations (29)-(31), we get:
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dInVj; = TM = EM + IM + CM

0 o — 1 —
S pZi_(]‘_lu’)ij_e(]-—'_O_l)taij

oc—1 oc—1

pt"f 0 —~ —
— (2
— 07, — 0 (teijpzi - atﬁ) ———qfi + NEi

ij

9 pig; = | oAy sau
+ T Z s ((O’—l)Pj + E;7 — otay )
7" ag={s,p,f} > 2
T ag'={s.p.f}
/\ ptTf
— (o= 1) | 7ij + tai; + (teijpzi + ﬁ“)
ij
ps‘qs',ag — — —
D (0= )PP+ By~ ota™)
ag={s.p.f} > p;d;
ag'={s,p.f}

- tr
_— _— — — Di; —
+ppz; + (1 — p) pz; + otaij + (0 = 1) 735 + (0 — 1) (teijpzi + aii) + fij
ij
S S7ag

S A R Ny R
Z s 509 J J J
ag=tsat} & P00
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Elaborating and merging terms, we get:

0 g g —
0 - _
— ——1 (L= pz; + (1= n)pz
1 —_— —_— —
9<1+0_1>taij(ol)taijJrUtaij
07— (- DA+ - DT
- tr - ir - tr
—0 teijpzi—l-% —(0’—1) te,’jpzi-i-% +(0’—1) teijpzi-F%
a;’ a;’ a;’
0 ~
_70_1fij+fij
4] ps.q‘?’ag — — —
4+ — Z 17 g ((0— 1) Pfg —I-E}lg —Uta;’ag>
J— S El
ag={sp.f} > P;4;
ag,:{s7p’f}
B 0—oc+1 __ (1 )9—0—1,\
- IL[/ 0__1 pZi ,U/ 0__1 ij
1 SR Pt 0—0—1~
—lol1+—)=1)ta: - 075 =0\ te;mr, + 2L | =2~ ~ ¢
< < +O’—1) ) Qg Tij (e”pzleagf o—1 ij
0 pa;" =5 a5 e
—1-0_1 Z S s ((0—1)Pj +Ej —ataj )
ag={s.p.f} p;4;
So we have:
0—oc+1__ 0—0c—1__ 0—0c—1\ — -
T™ = —Mﬁpzi -(1=p) ﬁpzj - <9+ 0—1) taij — 07
- tr s S,ag
i 0—0—1—~ 0 D;4; Pag ag
_9<t€ijpzi+a§’7>_ -1 Tt oy > > g <("_1)P' £
J ag:{svpmf}a 74

g'={s,p,f}

Equation (28)
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Log differentiating the expression for ¢7; in equation (B.7) gives:

~ —p I\ — -
Pij = <1+1>pz + 1PZ +(1+01) tagj + Tij

—_—

ag,e o—1 a
s ¥ (Fm) b
1- Jag:{&p,f} ta;"7; ta;
p L—p - I\ — -
<1+1) Pz, + 1pZ + <1+0__1> taij-l-ﬂ-j
E;’g

ag — — —

ag mag _ 4, ag
Tj>+Ej taj)

ag ag
B ((‘7_ 1) (PJ —tay —

1 taj
o —1 Z ;
ag:{szpaf} Z ta9’
ag'={s,p,f}

Equation (34)

Substituting equation (23) into equation (33) gives:

0—o+1
ptr o—1 0—o+1 97o'+1 0— UJr% 60— o'+1 ptr
__ 4,0 2 —1 o—1 (o‘ 1) (0—1)2
vij = ta; teijbipz, + pr i’ ta;; f Tijci | teijbipz, + a—
i )
ptr o—1 2] 0— L7+1 o 0— U+%
— o b v o—1 o—1 o—1 p(o—1) m\—0 m
7, i tr 7 J J
—ta-j teijbipz, + o i ta,; f (p ) q
ij

—6
Y tr 0—o+1
—(1+&=H)o b R =) m\ =7 —m
= ta,; teijbipz; + e Tij i i (p)') 7 45

j
_970 ptr -0 ) 9((7+)1
— — o—1 m
=tay" " \teybipz + 5 | Ti ci ()" df"
Z]
+ —0
_Bo+6(0c—1)—60(c—1) ng 0 _9(_0-_51 o
=ta; tebipz, + = | Ty fyy T e () 7 4
(4]
(9+0079a+9) ptr —0 0—o+1
T o—1 @D, (pm) O m
= taij teljblpz + — fZ] (pj ) qj
Z]

—0

t’l" 0—oc+1

—(0+5%) p -1

= ta;; teisbipz, + —- T f” 1 (p;n) qj
U

—0
—o tr 6—o+1
_(6_;'_1_’_(9074{1) pz] —0 p (c—-1) m\—% m
= ta; tebipz, + — | Ty Ly T e (') g
ij

Equation (A.1)
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Substituting equations (6)-(8) into equations (2)-(5) gives for g;;:

—0 —o
o Dij o Dij m,ag
o) o) 2,0
J J age{p,g,f}
.. ta. .
[ Dij o—1 j p; ag
= <m> >, () (p{lg ) 4

age{p.g.f} J
P \°
_ -1 j
=p;7 (¢ Y (taq%,ag> q;° (S.1)
age{p.g.f} J
Substituting equation (9) and rearranging gives:
b Pij - 1
ta;it:c; (te‘- Dy + ZT> ag o— ag
Com igligCi ijViPZ; azl;j Pj Ej 5.9
qij€; = o Z m,ag a9 ( . )
J age{p,g,f} \ 7 J

To derive the expression for q;l’ag we substitute equation (7) into equations (2)-(3):

-0 o—1
d.d __ Cjbijj Z P]{lg E;'lg (S 3)
9;¢; = ed ¢ d,ag tad,ag :

J age{p,9,f} J j

Together equations (S.2)-(S.3) imply the general expression for ¢;*’ in equation (A.1).
Equation (D.8)

Log differentiating equation (A.11) gives:

J _ _

7. _ o=l S NiTij _ NiTy

- ¢ o : plY pz;taij
=1 pztai;| bitesj+—4
Z. i ¢ P at”
N, =" = ZiTiy

;= =
oa; oa;
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— Z; ~
J _ _
Zi - Z = -t pt'r - pZZ]taZ.J.
— L
j=1 pz,;laij (b tem—i- t'r)
Z7, )
o—1 Nij""z]
J ¢ (b t +p§]r') T
aii ( bips, tei;+—4 —
B G (Niﬂ“ ij
E ta;;
— J B B ij
7j=1 _ Z o—1 Nisz’j ; o Nij’f‘ij
, o pYy Pz, tai;
j=1 pz;taij (b tez]-i- tr) ‘
Pz; 5
Pij
Dz t€ij o all
- piT bz, + teij - pt” pz])
bipziteij + i bipz;teij + -
’L] Z]
J o—1 NijTij —
. Z o pztaj Nijrm
ta;;
i J _ _ 1)
j—l Z NiiTij , _ NijTij
Py Pz, taij
=1 tau b iteij+ tr) !
Pz; 5
Pz, Zi >
- Zi
J _
Z NijTij _ NijTij
tr ta;:
p; 1]
j=1 ta” b te”-l-p a”)
Y]
NijFij
/ ()
tay; ( teij+—
B Z ij ij szlaw (N T‘W
i=1 J Ny Nyry |
= L o—1 ijTij _ NyTij
pziZZ Z o p” taij
j=1 ta;; | bitesj+—"57 L
PZz“w
tr
Py
pztei | ajj
- \Pz +tei; | — o ng)
pzteij + ik bip:;tei; + ?r
ij @ij
J o—1 NijTij —~
N Z o tay; NijTij
j=1 J N7 N7 b
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In GEMPACK notation we get:

VOM (i,r)

oscale(i,r) = nne(i,r) — qo (i,7)

J
VOM (i,r) — =L ST (VXMD (i,r,t) — VIWS (i, r,t))
t=1

LYV XMD (i,r,s)

J
n Z 3 (pcif (i,r,s) + qxs (i,r,s)
s=L VOM (i,r) — =2 3> (VXMD (i,r,t) — VIWS (i,7,1))

t=1

VXWD (i,r,s)
-~ VIWS (i, s)

VIWS (i,r,s) = VXWD (i,r,s)
B VIWS (i,r,s)

ZJ: =LY WS (i, 7, s)

J
s=L VOM (i,r) — =2 3> (VXMD (i,r,t) — VIWS (i,7,1))
t=1

(ps (i,7) + ao (i,7) — tx (i,7) — tx (i,7,5))

ptrans (i,7,5s))

x (pcif (i,7r,8) + qus (i,7,8) — (ps (i,7) + ao (i,7)))

Equation (A.7)

Taking the FOC wrt pf; in equation (A.6) gives:

( £ () (P;‘Q)UIE?)
0=(1-o0)

ag:{s’p7f}
ta?gtaijteij
pg ag —HD) g\ L ag
+ 0T bipzi + W Z (taj pij) <P] ) Ej
g ag={s,p,f}
1 pit 1
0=(1-0)——— +o0mj | teijbipz, + 2= | —a5—
ta?gtaijteij *J ( R CLZ ta?gpij

o i
%)
Pij = 70_ — 1taijteij7'ij teijbipzi + aif;

Equation (A.8)

Substituting equation (A.7) back into equation (A.6) gives:

—0 o—1
ag, ag ag ag
taj Pij (ag—{zs:p I <ta] pfj) (P] ) E] ) p‘?, oc—1 —0 o—1
- T “ o > (m;gp”) (ijg) 5
j i K ag={s,p.f}
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FEquation (A.11)

Substituting equations (A.8) and (A.10) into equation (A.9) gives:

J 0 0
o—1 p;;0i5  o—1 P;;0ij 1
E + — — 1| +a; | N; = Z;
, o pzlai; o pzta Pij
i i i tesjb;
J bt o
J o
o—1 pP;;0ij 1
N;oa; + E N; Z]t P 1| =2
: 0  Pzl0ij ij
=l i tegbi + —id,
J ij% + pZiaE;
J o
_o— - P04 1
ZZ o Z szz.tai' tr 1
— it ij
J=1 teijbi+pz "
ol
N; = : 1 (S4)
oa;
o1 vy —
Zi o Z 'pz;tai; o 1
—1 i J ij
Jj= teijbit—r
= = (S.5)
ga;

Equation (B.5)

With tariffs as revenues shifters, profits for sales from ¢ to j can be written as:

taqu(.’.oij ptr Ois 1—
=) (J o = Tij tez’jbz'PZHra%jr f — fiiplypz,"

ag ag ag
_ Z ta; pfjoij o - 1 ta; pijo;; - plfu
oot} ta?g tag; o ta?g ta;; W22,
ag: S’p?
— ta;gp?j Oij oo 1—p
N Z otata;; 7fiijipi
ag={sp.f} = 4 Y
ag o -0 Pag o—1 Eag
taj b;; (¢) j i u 1—p
{Z: f ta?gtélijd - fiijipZJ’
ag: S’p?

Equation (B.7)

Using equations (B.3)-(B.5) the ZCP can be written as follows:

tr
D
o taisz‘j (teijbz-pzi + at{«)

v

pfj(‘P):U_l o
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ta?p. (v) 7 pPY U_lE“g
i Pig \¥ i i b 1-p
Z a9t = Ufijpzipzj
ag={s,p,f} 3

a2 (o)) (o) B
i Pij \¥ i i uo1-
Z ta®ta: = 0fijPz,Pz,

ag={s,p,f} gt

ta®ta; T | bite: . pZ 1= ag,e o-1 ag

aj taZjT’Lj ztempZi + atr (P ) E.
> - . : = o fyp Y
_ * agy .. i j
ooy \7 7ii ta; tai; ’

-1
1—o ag.e\” ag
2 ag b pf; <P] ) Ej _ x \1-0o
E P 175% ta;jTij | biteijpz; + i = (#3)

agy . . ol L—p
ota; tazjfz]pzipzj

ag={s,p,f} ij
e\ 1— B
(LT" (b-t@..pz, + P )) ’ page)’ 1 09
A S ag l—o \*j J x\1-0o
W > (mj taij) e (#75)
Ufijpzipzj ag={s.;p,f} J
ag,e o—1
pzvj l1-0o P_97 ag
R CTRs:) I () B
Hoplh agy = \¥ij
4 Py 1
=24 Tij (biteiiji + a%) Z ( R]qg,e >a1 E;.lg -
* i
—p\ -0 ta.“ta;;T;; tata, ;
(Ufijpéiplzj“) ' ag={s,p,f} g it

1 ag ag

piT B 1

SZqtaTi (biteiij,- —I-ﬁ) ijg,e o-1 E;.’g T—

- po1—p 1-o 72 i taj
Ufijpzipzj tai; ag={s.p,f}

Equation (B.10)

(S.6)

Writing expected profit m;; ($i;) as a function of expected revenues r;; ($;;) using equation

(B.5) and expressing expected revenues r;; (;5) as a function of cutoff revenues 7;; (cp;kj) using

rij(p1) _ (1 ot
n;(soz) = <¢2> gives:

rag (@%) NG
~ ij \Yii) [ ij 1—
LCHESESY o r— ( s ) — fipy,pz"
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Using the ZCP in equation (B.6) this can be rewritten as:

- o—1
~ 1— Pij 1-
mij (Pig) = fiply 7" ( o ) — fijply,pz,"
)

- o—1
- Bii
= fijp%iplzj“ (f) —1 (S.7)
Pij
Substituting equation (S.7) into the FE, equation (B.8) leads to equation (B.10).
Equation (B.12)

Using the Pareto distribution in equation (B.11) average productivity ¢;; can be written as:

00 [e's) 0 ,{f
{50_17 /(pa—l gi ((:0) d(p* /(pa—l pft! ng
i - - 0.
1— ( ) w )
oo ) s (8)
0 —0 0 [ele}
Ki o—1—0+1 Iy %0 o—1—0—
:/G(w?) o e = [0t
7
i ’ ©ij
) 9]
= 03/ / p7 "2 dp = g / P72y
®i #5;
4 x*—0 o—0—1 |oco 4 %0 xo—0—1
=1 ¢ e T o g 1Pu%i
f—o+170

Equation (B.16)

Substituting equations (B.4) and (B.9) into equation (B.15) gives:

20



ir 1—0o 1—0o
ag, s,ag oo taita> 9T (bt e %)
pz] ta] _ /Nlj . Ajj CZJ Tij il€ijPZ; + afj gi (SO) d(p
€; a 0 — ¥ 1-G; (go?})
Pij
1
tr l—o =
p .
= 1 Nij | taita; ™y | biteijpz, + - /waqu(@)d(p
g — azj * 1-— G, (go;kj)
ij
o—1 T

*
ij

ptT l—o o0 ( )

o LT 3 ,

= 1 Nij taijtaj’agn-j biteiiji + % / QDU 19 dtp
- %ij 1-G; (w;‘j)

D l1—0o 1—0o
taUta Tl] (b teijpz, + ”)

J

N. -
Equation (B.18)
Equation (B.18) can be derived from labor market equilibrium. First, we write the ex-

. . . . . Tiq
pression for g;; (¢) as a function of revenues, using the rewritten markup equation % =

o—1 271C2)

— I This gives:
P
(te”—&-p )ta”pz
i l]
Tijoij () o —1 p; () o 21 Tij (#)
- o ptT 1] o t'r
()0 (b teZ] m) ta/z]pZ (bztew + Pz Zaz] ) pZ tazg
1 —teijpz, + v
_ 0 —1745(p) I () ubZi T G (S.8)
o pzta o pzta biteij pz]t
Pz;0;;

Input bundle demand consists of demand for labor bundles in production, fixed costs and sunk

entry costs. This gives the following equilibrium condition:

o0

J nwo 1—p
. uplypy " — 1) Pz, Pz
Z; = NEzenz+Z Nij / L (90) J (80) d +Z NZ]f’L] Z Nszkz =
j=1 o ¥ 1-G (@Z]> Zi Dz
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L o-1
Substituting equation (S.8) and elaborating the expression using % = (%) gives:
ij

J o0 _
— 175
Zi= NEien; + 3 Ny / o-1mile) 9 4,
= A VAL e (%)
Pij
tr
1-— biteij + 7“”

o—17;(p pz;aj; gy
+ZNZJ/ J() zfj () >d(p

ta;; p;
g pzltaw bthJ i
lpZ] p ’LaZ]

I—p
sz pz — ) ply Pz,
Z fzg ZNklfkl E

bz,
17(6) J o—1 1 biteij—i_l% ?(@)
Z; =NE; enl—l—ZNw %—FZNM ptrl ij Ut g;]
] 1 g az] ]:1 o bztezj + pZ.z;tr pZL a/j azj
1 1]
I—p
vy — W) Py, Py,
+ZN1]fZJ ZNszkz k
j=1 Pz,
tr
4 -1 0 T'ij (‘p;’kj> J o—1 [ 1 biteij + 2% ri; (3i;)
Z; = Z\fEem—i—Z]\fZ _|_ZNZ.. @i ij (Pij
7o 0—o0+1pgtalta g 5 tata
j=1 bz U= biteij + o= bz;ta;taij
i1

1—p
uply,py " — 1) Py, Dz,
+ ZNz]fzg ZNszkz Dy .
Jj=1 ¢

Substituting equation (B.12) for the ratio of productivities and the ZCP in equation (B.6) gives:

J J 1— bite;; + — ~
oc—1 0 prZ o—1 R pgalt | ori (@i
Z; = NE;en; + ZNij o 0_ot 1afu + ZNij pu T : - (:Z,],)
j=1 pz; j=1 bitei; + - I Pzt
11]
1—p
W’Z pZ — ) ply Pz,
ZNZ]f’Lj ZNszkz L
Pz;
7j=1
tr
I 9 (o —1) pAZL_pIZ—_u J o—1 [ 1 bite; + pijigz_r_ Tii (Bis)
= NEen; + 3 5 Nijfiy— ==+ 3_ Ny | oo
-7 "¢ bzi 5o o biteij + | P2
v t)
1—p
uply,py " — 1) Py, py,
+ZNZ]f’Lj ZNszkz .
=1 bz,
tr
J popln g 1— biteg; + —2 \ .~
f(c—1 0 — 1 Pz Py, —1 (V] al” T (D55
— NEZ‘BTLZ' + Ni' (U )"‘N( o+ )fz Zi P 7 4 Ni‘a Pz 0 i (%])
J 0—o+1 J 7o i ta;;
j=1 bz j=1 biteij + o v Pzt
i g
J (1— woo 1—p
1) 'z, Pz,
+ ) Niifri .
k=1 bz;
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Next, equation (B.17) is used to express N;; as a function of NE; and ¢j;

J 0 b l—p
NE; ; 0(c—1 0 — 1 Py Dy
7 = NEien; Py [ (0-D+pl@—o+ )fz'j z:Pz,
5 j=1 SDZJ 01 —o+ 1 pZi

J 1— tey; + D J (1= ) gl pb”
oc—1 T pgalt | T (@i —K)Pz Pz,
+ >N | (By) + ) Niifi .
o te.. 4+ —Pii_ pzitaij = Pz
Y pzaf

The next step is to substitute the FE from equation (B.13)
10;(c—1)+pu;—o+1)

ol py 1
Kj 77 g —
Zi = NEen; + NE; S | =~ =5 -
‘ eni Z;( Z}) pz; f”9i*0+15 oc—1
1 b pt.T.‘ 1
J —biteg; + L \ = (= J _ B 1—p
o — 1 7 1] D ia;?'rj T .. (1 M)prZ
+Y Ny p: o (t(p”) + ) Niifri =
N = vz,
7, iJ
J uwol—p
(0 —1)+u@—0c+1 (1 — ) py py
= NE;en; + NE;en; ( It ) + ZNkisz’ e 2
o—1 bz,
1—p
0+1)(c—1)+pu@—0c+1) — ) ply vy
_ NEien,-( ) ( U)_ 1#( ZNMJCM o ' Zs

(S.9)

pt.r
1—-bite;; + —L\ = /~
i g0l | Ty (Pig)

oc—1
+ >N :
o . .. Pij leta
blte’L] + pZZ(]J,:;‘ ]

To rewrite the second term on the RHS of equation (S.9) we substitute the relation between

Cri Land Opl ! from equation (B.12) into the expression for the price index implied by equation

(B.16) :
p” l1—0o
ZNm < [ LakiThi <t€kzbkka + afﬁ)) G
ki
tr 1—-0o
pk)’L *o—1 9
= N, t ter;b — S
Z m( akz77m<ekz kPZ, T Z)) P o1

P; is the group-uniform price index before the group-specific tariff is imposed. Substituting the
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rewritten ZCP from equation (B.7) gives:

o ptT l-0 o ptr o—1
ki ki
— {0k <t€kibkka + a“f >> <J — tOkiTki <t€kibkka + a“f >>

J
Pz‘l_g = Z(Nkz (U

k=1 ki ki
1—
af kitakip’}kpzi . ) 0
Cw>wlw99—a+1
tald tald
ag:{83p7f} al al
1— _
J o fritarip'y, py " 0 pi-e of kztakzpzkpzi oo
:ZNM B g —o+1 ZN]“ EY f—0c+1
k=1 Z PZ a7 k=1 Z {19
ag={sp.f} ! ag:{s,%f}

This expression can be written as:

J J
> Niifrowhw; "+ Nifri (tagi — 1) ply py ' =

EY9—0+1
Yo mp—  (S10)
k=1 k=1 ag={sp.f} *
Next, tariff revenues can be written as:
tag; — 1. _ tag, —1 .
#kaiTki (Pri) = #Nkirkzi (ki)
7 7
-1
tak;z Nk Thi (SO ) 61] ’
L ki *
tak; B N7
ta]ﬂ 0
Tmeszkztampzkpz 9 —ot1
Oo
1—
= (tag; — 1) Nkifkip/}kpzi#m
Substituting this into equation (S.10) gives:
tag; —1 . O—0c+1 EY9—-0c+1
ZNszmpZ et liNkirki Bri) —f—— = Y
WP tag; Oo ta; Oo
k=1 ag={s;p,f} "
J ag
_ E, tak- -1 _ ~ 0—o +1
> Nuifwitly py " = > 1™ ——— NyiTri (Phi) e
_ _ a,; taki o
k=1 ag={s,p.f}
ag
Using pz, Z; + Z m’“ Nkzrm (Pri) = > %Ig therefore leads to:
ag:{s7p7f} ¢
J wo 1—p
bz, Pz, 0—o+1
Z Nii fei—" =2 0o (S.11)
k=1 bz,
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Substituting (S.11) into (S.9) then gives:

(0—1—1)(0—1)4—u(9—0+1)+ . 0—0o+1

Zz:NElGTLZ o1 (1* )Zz 90_
J 1 — bite; i
-1 - Zj pz.att 7 (D
+3 Ny~ ptfla” e (fzf) (S.12)
j=1 7 biteij + 4 bz;taij
Z )

Rearranging then leads to:

Z <90_(1_M)(9_U+1)> :NEZ‘GTLi(a—'_l)(O-_1)+M(0_0-+1)

Oo o—1
ir
J — bt LT i~
+Y N T 1 i pzij | Tig (%ij)
=1 7 biteij + pLi i pz;tai
And solving for NE;:
o—1 Oo—-—(1—-p)(@—-0+1) Z
NE; =
o 0+1)(c—1)+p@—oc+1)en;
tr
1— bteupz —I— ” o~
Z N; =1 ptr” T”t(ﬁ”)
o — 1] biteijpzi‘f‘?‘;
en; O+1)(c—-1)+pl—-0c+1)
o0—100—-0+0c—1+u(@—-o+1) Z
o o —0+0c—1+pu@—oc+1)en;
J 1-b; teUJr—Zp” Fos()
o1 i | i@
; NZ] 7 bitej;+—9— 7 7 p;im;
0 — 1J & Ziaz]T
en; O@+1)(c—1)+p@—-—0+1)
= “ezﬁ% Sy
5 ot | S
o—1 Zz O'—lJ bte”—i_pz.ar '
= — (A
Oo en; en; O+1)(c—1)+pul@—-0c+1)
Imposing p = 1 gives:
tr
o—11 o1 ! teij+pzpz“ Tij (Pij)
NE; = — | Zi — ZNij T o (S.13)
o en; st o teij + ppiétr Dz tag;

Equation (B.19)
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Substituting equations (B.12) and (B.17) into equation (B.16) gives:

1

pir l—o\ =5
pgjgta;vag o i 0 NE, taijtajvagnj (teijbipzi + air)
o o-t{\e) 9 o N
0—0o+1 Pij
s.a p’?’f 1-0o ﬁ
o QK?I- NE; (taijtaj’ gnj (teijbipzi + a%))
Co-1(6-0+1 ¢ NGaE
Pij
Substituting next equation (B.18) leads to:
s,a9 iy 1o i
pigtas® , 08 o1 7 (taijtaj’ Tij (teijbipzi T ag))
ej o—1|0-0c+1 of den, NEZ
Pij
s,a, pir 1-0o ﬁ
o o—1 &?Z (taijtajv I7ij (teijbipzi + a%))

o—1|o(@—0c+1)den; (@ﬁ,)e_aﬂ
ij

Equation (B.20)
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p

Substituting equation (B.7) into equation (B.19) gives:

?jgta;’ag o o—1 R?Z e
e; o—1\o(@—o0+1)den;

l1—0o
(tawta TZ] (tew iDz; + ot ))
* pt"? 1 6_0—+1
P (teijbipzi-&-ﬁ)miﬂij Pag e
= - ag e
Uf’Lij pZ tazy) - ag= {5717 f} %
0—oc+1
o o1 (@—o+ 1)1
\o— oc—1 Gel”jldl (5671Z
1_0_ p l—-0—040—1 0ol
l1—0o
* ta ta”n] teijbipzi + W (prz pZ ta,]) (taz‘jTi]‘)
()
1 79*0’«%%
ag,e o— ag (o—1)
. ( PJ ) E;
ag ag ag
T, ta;
ag={s,p, f} J J

—_

o+0—0+1 1 ~ —
B o =1 (0 —o+1)77 [(K0Z;\°
-~ \o- ot T\ deny

—0
04+o—1 tr o—1 P ) B
70_7# p o— M
Py, 1 (tembzpz + ol ) <<taag ]ag) 0 (ta”ﬁ])fe( ) (taij)f’(ﬂl))
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oc+0—0oc+1

a1
o T (-0t 1)7T (KZ\ T
T \o—1 [ErES den;

g l-0 o—1

—0

tr 0+o—1 6—o+1 -0 —

pij T o1 M 0(c—1 9-otl ag_a l=o

(teiiji Tt | Pz VU taigmig £ (faig) 7D (tangj g)
1j

*

page \ 71 pag T (o-1)?
(= () 2
ta®91

ag={s,p.f} J

0 p“‘ —0 _9+o‘—1M 1-0c
Lr =
YmK; Zi (teijpzi + TQJT.) Pz, 7 14 0=+l 0—ot1\ —0 l—o
ij <ta oo-1) 0<a—l>> (mqg {zg)

- den; i 3 J4j i T
_0—0o+1
P]qg,e o—1 E;zg (a‘—l)2
A 2 ||
ag={s,p,f} J J
With ~,,, defined as:
_ _b—o+t1
(e (0+1) 2522
Ym = o—1 0—oc+1

Equations (D.29)-(D.530)

From equation (D.27) we can write 6 as:

[SHN

We can rewrite the expression for € in equation (D.27) as follows:

(0+1)(a—1)+9—0+1

g:

oc—1 oc—1
_boto—-0-1+0-0+1
- oc—1
B o
o —1
Therefore we can write o as:
. o
€= —
d
oc=de

Equation (B.25)
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Substituting the expressions for ¢;;, ¢; and € into equation (A.1) gives:

o(6— U+1)

ptr o—1 771 (a 1)2 fo' U;;%
ta;j (te”blpz + ”) Tij" f Tij

0—oc+1

-0 W 2
by ( Y (tez]blpZ +

ij
S —
qij€; = 0—o+1
Pee o-1 E99 (0—1)2
> 67ag T25a9
ag={sp,f} J
ij

ag o—1 ag
C Y ) W
Rl T

J

age{p,g,f}
ptr % 9 gf— 0+21 60— 0+% ~ HBZ ﬁ 9_0_‘_% -7
_ teiibipz, + —2 - lt (a 1 f(a 1 mhky 4 (fijp%.plz_.u> (e-1)
U den; iy
1 0'0704»21
ag o— ag (o—1)
b Ej
* Z T osag L s.ag
ta ta’
ag€{p.g.f} J
Equation (B.30)
Elaborating on equation (B.6) gives:
t ag,. o * 1= Pag o=t E‘lg
o AR J I gl gl
taqgtaij = 0JijPz, Pz,
ag={sp.f} J
tr tv‘ —0
ta;“]o 1taZ]TZ] (t@ijbzpz + FL;) ta;}gﬁtaijﬂlj (tezjblpz + f;) ag o—1 ag
27 ®ij (PJ ) E;
_ e LT’
Z taqgtaij o Ufl]pZiij
ag={s,p,f} J
Rearranging:
t'r —0
tataT teijbipz, + it I=p
g i K m ag o-1 ag fij * pZiij
Z o—1 k. <P] ) Ej =(0—-1) piT Pij »
ag={s,p,f} (p” Tij (biteij + pi;t]zﬁ;) Zs
wo l—p
fii Pz.Pz.
0;j (‘P;}) =(0c—1) . T ‘70;}' ’
Tij <b¢teij + piz;; Z') bz,

Equation (B.31)

Substituting equation (B.30) and also the expressions for N;; and NE; in equations (B.17)
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(B.18) into equation (B.29) leads to:

ag s

_o_ fz‘jpléiplz_.” 0 71
a5 =N 0= D ] ) (9 )

ir _
Tij <bipzit€ij + B o+l

tr
a;;

Pi; — 1
Tij (bipZiteij + o+

tr
a’ij

ki \ o—1 Z 0_1( e fz-jp‘}iplzz“ 0 )J’l
oy o den; 7 Pij > 0

~ 1—
: ) 71 1 iz 7"
. fo—o+1 pﬁ’f

ij

Equivalence Equation (B.25)
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Substituting the expression for ¢}; in equation (B.7) into equation (B.31) gives:

c—1

wo l—p
fijpzipzj

s o—1 1 I{?Zl
%€ = <a(9—0+1)) (0 -1) den;

90 o+1

* —1
J

p;
DZ;Tij (bsz te;; + ])
@ij

1 \ou1 K07,
(U(Oa—a—i-l)) (U - 1) <6eni

1 fz]pz p
lU
Tij sz tezg+ at»,«

SZ7taijTijpz, (t61J+

1—
(Ufijp%ipzjutazy

(ag {p.9, f}

P“g

1 o—1

l1—0o

ag
E%;g
taj

1790'70#»21
- =Y N L (c-1) Voo
(0—0+1) (o —1) (przz-pzj ) o
%-FL‘HH 9(,_(,4_21 5677,, DT 1_,'_0070{%1 ij
(70__1> o (e=1) (TU (bszltew + ﬁ))
1 0o — 0'+1
o— o—
P EY (e-1)2
* E : J J
ta?? ta%?
ag={p,g,f} J J
0'27204»17(90'70«&»1)
fed (o—1)2
O —0c+1) o1 (fszzp . 9(‘;7351
- a. .
9:_—4—11 0o 0'45,»2171 5enz i % ]
a (o—1) g (b, te"—i—i
o—1 o—1 Tij \ ViDZz;l€ij T Lr
ij
1 bo— U+21
g o—
P EFYW\ -1
* J J
2 @ | 349
ag={p,9,f} J J
0'270'730
— I—p) (o-1)
R R YA 0 B =
= Q..
g+o oc—o+1—(02—-20 . _bo_
. oojl 0 +1 (1 : 20+1) 5enz pf; Lo 1)
p— o (e-1) Tij pZiteij + ot
ij
Oo—o+1
paoe\ oL pag\ @-b?
* e o5
ta; ta.
ag={p.g.f} J J
1
P —(9+1) 0—oc+1 -0 0
—_— o o—1 0~ tr o—1 0—o+1 bo—oc+1
. (Uﬁ ) K”l ZZ . b te: s + pj f no o 1—p ((7:71)2 t (0'71)2
N 0—0o+1 den; T \ PPZE T WPzPz, i
ij
1 00‘—0‘4—21
o— o
page F9\ (-1
* E J J
ta%? ta%?
ag={p,g,f} J J

Using the definition for =, in equation (22) this expression is identical to the expression in
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equation (B.25):

%) 1 —0
tr\ o—1 gb—o+1 0~ \ 1-0o 0—o+1
Pij 25, emn? [ ImAiZi 1o\ 555
oS — te::bipy + —L 77 a0 ) ( . .“‘ .,u> (o
4ij€; ( ij0iPZ; a%) ij ij den; f”LJpZszJ
1 0'9704»21
ag g ag (o—1)
| 2 (dw) wtw
ta%ag taSﬂg
age{p.g,f} J J
With:
N e =
7m_w<a—1> 0—o0+1

Equation (C.15)

Substituting equation (C.14) into equation (C.13), we can solve for f,/fs as follows:

1
)\ - e 021 f _9*0«1»1
14—€f‘<7g) 7.
_ 1
1+ ef%
fa:)
AMl+ef— ) =1
< ffd
Ja
def—=1—-2A
7
Jo  1—2A
fa  Xef
Equation (C.18)
Solving equation (C.17) for 7 leads to:
Tl—o
es =
14 7l-e

_ es
In7'7% =1In
1—es
ln €S
InT = ———¢
oc—1

Equality of total trade flows in GEMPACK from model and from margin decomposition
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We can check the correctness of the margin decomposition expressions by comparing the
total margin T'M in equation (D.34) with the change in trade flows following from the main
model. We do that employing GEMPACK notation. The change in the quantity of trade in the

main model is given by:

qxs(i,r,s) = —ams(i,r, s) + qim(i, s) — o[pms(i,r,s) — ams(i,r,s) — pim(i, s)]

In value terms the change in trade flows is given by:

pms(i,r, s) + qxs(i,r, s) = qim(i, s) + pim (i, s)
— (0 — 1) [pms(i,r, s) — ams(i,r, s) — pim(i, 5)]
= qim(i, s) + pim (i,s) — (0 — 1) pms(i,, s)
+ (0 — 1) ams (i, 8) + (0 — 1) pim(i, )
= qim(i, s) + pim (3, s)
— (o — 1) (tm(i, 8) + tms(i,r, 8)) — (o — 1) peif (i, 7, 5)
+ (o — 1) seat (i,7)
c@—o+1)

1 (tm (i, s) +tms (i,7,s)) — Oitc (i, r, s)
o —

_ “#fex (i,r,s) — (0 — o+ 1) pcif (i,r,s)
o—

+ (o0 — 1) pim(i, s)

Rearranging gives:

pms(i,r,s) + qrs(i,r,s) = qgim(i,s) + pim (i,s) + (¢ — 1) pim(i, s)

— | (o — 0(9_—04_1) m(t, s ms (i,7r,8)) — Opcif (¢,7, s
(0= 104 ZET5 ) (o) s i) = By (i)
+ (o0 — 1) sext (i,7) — Gitc (i,r,s) — %f@x (i,7,5)
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And further rearranging we get:

pms(i,r, s) + qrs(i,r, s) = qim(i, s) + pim (i, s) + (o — 1) pim(i, s)

0c2—-204+14+00—0%2+0
(c—1)

) (tm (i,s) +tms (i,7,s)) — Opcif (i,7,s)

0—oc+1

o—1

+ (o — 1) sext (i,r) — Oitc (i,7,s) —

= qgim(i, s) + pim (i,8) + (o — 1) pim(i, s)

B o —0+0+1—0
(0 —1)

) (tm (i,s) +tms (i,7,s)) — Opcif (i,7,s)

0—oc+1

+ (o0 — 1) sext (i,7) — Oite (i,r,s) — 0
o —

fex (i,r,s)
= qgim(i, $) + pim (i, 8) + (o — 1) pim(i, s)

_ <9 + T) (tm (i, 8) + tms (i,7,5)) — Opcif (i,r,s)
0—oc+1

+ (0 — 1) sext (i,r) — Oitc (i,7,s) — 1
o —

fex (i,r,s)

We have employed both the expression for ams:

ams (i,r,s) = sext (i,1) — 0((6—_01;—21) (tm (i,s) + tms (i,7,5))
_ <1 + 9;0_4_11> ite (i,7,8) — erx (i,7,5)
- Hiﬂpcif (i,7,9) (S.14)

o—1

And for pms:

pms(i,r,s) = tm(i, s) + tms(i, r, s) + peif (i, r, )
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Next, we elaborate on qim(i,r) + pim (i,r) + (0 — 1) pim(i,r) = opim (i,7) + gim(i,r):

opim (i,r) + qim(i, ) = pim (i,r) + qim(i, ) + (o — 1) pim (i,r)
= pim (i,r) + sum(j, PROD_COMM, SHRIF M (i, j, ) * ¢ fm(i, j,7))
+ SHRIPM (i, r)  gqpm(i, ) + SHRIGM (i, 7) * qgm(i, ) + (o — 1) pim (i,7)
= pim (i, 1)
+ sum(j, PROD_.COMM, SHRIFM (i, j,7) (¢f (i, §,7) — o * [pfm(i, j,7) — pf (i, 5,7)]))
+ SHRIPM (i,r) (qp(i, ) — o[ppm(i,r) — pp(i,7)])
+ SHRIGM (i, 7) (qg(i,r) — o[pgm(i,r) — pg(i,r)]) — Dextm (i,r) + (o — 1) pim (i, 7)
= — (0 — 1) pim (i,r) + (o — 1) Deatm(i,r) + (o — 1) pim (i,r)
+ sum(j, PROD_COMM, SHRIFM (i, j,7)(qf (i, §,r) + pf (i, j,7)
—otfm(i,j,r) + (o = ) pf(i, j,7)]))
+ SHRIPM(i,r) (qp(i,7) + pp(i,r) — otpm(i,7) + (o — 1) pp(i, 7)])

+ SHRIGM (i,r) (q9(i,r) + pg(i,r) — otgm(i,r) + (o — 1) pg(i, r)])

opim (i,7) + qim(i, ) = (o — 1) Dextm(i, r)
+ sum(j, PROD_-COMM, SHRIFM (i, j,7)(qf (i, j,r) + pf (i, . 7)
—otfm(i,j,r) + (0 = 1)pf(i,j,)]))
+ SHRIPM(i,r) (qp(i, ) + pp(i,r) — otpm(i,r) + (o — 1) pp(i, )])
+ SHRIGM (i,7) (q9(i,r) + py(i,7) — otgm(i,r) + (o — 1) pg(i, 7)])

= (0 — 1) Dextm(i,r) + valueD(i, ) + (0 — 1) priceDm(i,r) — otarif fDm(i,r)

Using:

pfm (i, j,r) = tfm(i, j,r) + pim(i,r) — Dextm(i,r)
pgm (i,7) = tgm(i,r) + pim(i,r) — Dextm(i,r)

ppm (i,7) = tpm(i,r) + pim(i,r) — Dextm(i,r)
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Elaborating on Dextm (i,7) gives:

Dextm (i,7) = [g(i) * [0 — 1] /o] * [priceDm/(i,r) — pfactwld)
+ [9(2) /o] * (valueDm(i,r) — pfactwld)

+g(i) = tarif fDm(i,r)

o iceDm(i,r) — pfactuld] + 2L (vatueDm(i, ) - pfactuld)
o—1 (c—1)
L(H;l)tariffDm(i, T)
(- 1)

Substituting in gives then:

opim (i,7) + qgim(i,r) = (0 — 1) (H_L_;l [priceDm(i,r) — pfactwld]
O' —_—
Hi—i_;(valueDm(i, r) — pfactwld) + a((&—al;l)
o —

+ valueDm(i,r) + (o — 1) priceDm(i,r) — otarif f Dm(i, r)

tarif fDm(i,r))

(0 —1

0
1valueDm(i,r) — 1Jta7'z'ffDm(i,r)

= OpriceDm(i,r) +
o— o—

So, the overall effect becomes:

pms(i, 1, s) + qrs(i,r,s) = (0 — 1) sext (i,7) — <9 + W) (tm (i,s) + tms (i,7,5))
O' —_—
— 0 (itc (i,r,s) + pcif (i,7,5)) — H%llfea: (i,7,8)
of

0
+ OpriceDm(i,r) + . valueDm(i,r) — 1 tarif f Dm(i,r)
o —

And from the decomposition in equation (D.34) we had:

dnVi; =TM = EM +IM + CM

P om i)+ s i)

0—0c—1
-1

= (0 — 1) sext (i,7) — (6+
— 0 (ite (i,7r,8) + peif (i,r,8)) — fex (i,r,s)

+ OpriceD(i, s) +

0
valueD (i,s) — 7 1tam’ffD5 (i, )

c—1 o —

So, the two approaches generate identical expressions, which is confirmed by calculating the

change in trade flows in GEMPACK in the two alternative ways.
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