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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. We find the largest
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also employ the Melitz model to mimic changes in Non tariff
Barriers (NTBs) with a fixed cost-character by analysing the effect
of changes in fixed trade costs. While we work here with a model
calibrated to the GTAP database, the methods developed can also be
applied to CGE models based on the WIOD database.
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Calibrating a CGE model with NTBs that Incorporates
Standard Models of Modern Trade Theory

ABSTRACT: We propose a way to incorporate NTBs for the four workhorse models of the
modern trade literature in computable general equilibrium models (CGEs). CGE models feature
intermediate linkages and thus allow us to study global value chains (GVCs). 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. We find the largest welfare effects from trade cost reductions in the Melitz model.
We also employ the Melitz model to mimic changes in Non tariff Barriers (NTBs) with a fixed
cost-character by analysing the effect of changes in fixed trade costs. While we work here with
a model calibrated to the GTAP database, the methods developed can also be applied to CGE
models based on the WIOD database.
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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.

We implement the parsimonious representation of the different models in the multisector,
multicountry, multifactor CGE model GTAP featuring intermediate linkages on non-homothetic
preferences based on a detailed consistent dataset on output, trade flows, tariffs and transport

services. Following Head and Mayer (2013) we decompose changes in trade flows in response to



policy shocks into an intensive margin, an extensive margin and a compositional margin. It is
shown with simulations that the destination-specific component of the extensive margin relative
to the compositional margin rises when the firm size distribution becomes less granular In line
with this finding we show that the welfare gains from reductions in trade costs are largest in
the Melitz model and rise when the firm size distribution moves away from granularity.

We also examine the effect of a reduction in fixed trade costs at varying degrees of granularity.
Since many non tariff barriers (NTBs) have a fixed trade cost character, we can use these results
to interpret the effect of reductions in NTBs. So NTBs are paid once by firms to get access
to a foreign market and can thus be mimicked by reductions in fixed trade costs in the Melitz
model. Since the Armington and Ethier-Krugman model do not feature destination-specific fixed
costs, the ability to analyse the effect of fixed cost-type NTBs is an important contribution of
incorporating the Melitz firm heterogeneity model into the GTAP model. We find that the
effect of reductions in fixed trade costs is larger with a lower degree of granularity of the firm
size distribution with small firms being relatively more important in the distribution of firms.

Costinot and Rodriguez-Clare (2013) compare the welfare effects of trade and trade liberal-
ization 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. Third, they use exact

hat algebra to derive their results on the welfare effects of trade liberalization.

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 g and firms f. The group of agents ag
in country j has demand ¢j? with CES preferences over quantities of domestic and imported

representative goods qj’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]“r’ with s = d, m:
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e? 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
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 qj’ag can be written as:
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ta7" is a group-importer specific import tariff, expressed in power terms. P} 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 qg, but for imported

goods, demand ¢ consists of demand for goods from different sources i, g;;:
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Solving for demand from source 4, g;;, gives:
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!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).




pij is the price of the representative good traded from 7 to j. The different prices are defined

as follows:
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The price of the representative good, p;j, 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 pg divided

tr
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by a transport services technology shifter a;7, multiplied by generalized marginal costs in the
exporting country, c;, generalized iceberg trade costs t;; and bilateral ad valorem tariffs, ta;;,
both expressed in power terms. Firms spend a fixed quantity share of sales on transport services.
Technically, the cif-quantity traded of;f is a Leontief function of the quanity in fob-terms ogj‘)b
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;;b;pz,. 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 ei 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 ¢;, #;5, ej. and provide the intuition of these expressions. In the appendix

we give formal proofs that with the choices for ¢;, t;5, e? 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, pi = 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 ¢;, t;; and ej.:

¢ =1 (10)
tij = Tij (11)
el =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 € Q;; shipped from all exporters i:

o
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The corresponding price index is defined over the prices of physical quantities of the varieties,

p° (w):

1
J

P = Z / P9 (W) 7 dw (14)

izlweﬂij
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 IV;

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:?

1

AN
Ci = ek <w> (15)

ek is a function of the substitution elasticity o:

Vet = ——0 17 (16)

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
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 x; can be transformed into ¢;; accounting for the iceberg trade costs

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

tij = Tij (18)

ej- =1 (19)

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

defined in equations (15)-(19).

2Derivations in Appendix A
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.



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;:

P

Gilp)=1-5 (20)

A higher 6 reduces the dispersion of the productivity distribution and a higher k; raises all
initial productivity draws proportionally. We impose 6 > o — 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.

Firms produce with an increasing returns to scale technology with marginal cost equal
to é. 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. We would
need this assumption of we would reformulate the model such that transport services would
work as ad valorem instead of per unit trade costs. As explained in Section 2.1 this would be
the case of input bundles used in transport services were identical to regular input bundles.
Firms pay fixed costs fj; 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 p 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
.9~ 1—0o 0—o+1
K Z; Ko

C; :'Ym< : 2) pzz.( Y (21)

den;

The expression for Z is identical to the expression in the Ethier-Krugman model and is given
in equation (17). 7, is a function of o and # and an additional conversion parameter v for later

use set equal to 1:
_0—0o+1

—(6+1) -
o o o1
Vm—¢<0_1> 0—o+1 (22)

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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ij

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

1Profits 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.



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;:

a o—1 a 07_0+%

P9 E\ (=D

s | ag={sp.f} \ 7 ’

ej = pl_u (24)
Z.

J

E7Y 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 Eaton and Kortum

In the Eaton and Kortum economy preferences are CES over a continuum of varieties w of mass

1:

1 721
a o—1
0 = /oj (@)% dw (25)
0

All countries can potentially produce all goods o; in country j with a productivity x. There is
perfect competition in the product market and to ship goods from i to j export taxes, iceberg

trade costs and transport services have to be paid. The price of goods shipped from country

sa o
s.ag taj’ gtaij (tei]’pzi-i-azi)
. .. . ag o _ i
i to j is thus given by ta;""pf; (w) )

= . As in the Melitz model we assume
that productivity operates both on production and transport services.
Productivity x is drawn in each country from a country-specific Frechet distribution function

with T; (Z;) a measure of absolute advantage of country ¢ and p a (inverse) measure of the

10



strength comparative advantage:

(26)

Gi(x) =1 —exp (T <ZZ'))

XP

Consumers buy each good w from the country with the lowest price, inclusive of trade costs.
This implies a distribution of prices for each country j, from which an expression for the price
index follows. The probability that country 7 delivers a good to country j for group ag is equal

to:

pETf -p
T; (Z:) (f%' (tez’jpzi + atjr))
ij

J tr -P
Z Tk (Zk) takj tekjpzk + p%
k=1 i

T35 = (27)
It can be shown that the price distribution of goods bought from country 7 in country j is equal
to the general distribution of prices in country j, G; (¢). This implies that average expenditure
in country j does not vary by source as pointed out by Eaton and Kortum. This implication
thus also holds for quantity and thus the quantity sold from ¢ to j is equal to the share of goods

bought from ¢ in equation (27):
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qij =

Finally, the price index follows from calculating the expected price and substituting the result

into the expression for the price index corresponding to utility in equation (25):
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Following Ramondo (2014) we can assume that technology 7; increases proportionally with
the number of input bundles:

T, = ¢iZ; (30)

¢; is a measure of innovation intensity. As pointed out by Ramondo (2014) the specification in

equation (30) follows from a setting where productivity of a technology is drawn from a Frechet

11



distribution with dispersion parameter p and location (absolute advantage) parameter ¢; as in
the baseline model. On top each good can be produced with more than one technology with the
number of technologies per good equal to the number of input bundles Z;. The best technology
of a good is then Frechet distributed with absolute advantage parameter ¢;Z;.

Comparing the expressions for quantity demanded and the price index in the Eaton and
Kortum model in equations (28)-(29) and in the general setup-model in equations (A.1)-(A.2)
implies the following expressions for ¢;, t;; and €7, together with o = p in the demand equations

and o = p+ 1 in the price index equations:

Ci = Yeako (T (Zi))_; (31)
tij = Tij (32)
e; =1 (33)

So the Eaton and Kortum model is equivalent to the Armington model with two differences.
First, productivity 7; can be assumed to be a function of the number of input bundles Z; and
second, the estimated tariff elasticity implies a different trade elasticity in the two models, as
will be discussed in Section 4 on parameter estimation. If productivity 7; rises proportionally

with Z;, the scale effect works as in the Ethier-Krugman and Melitz model.

2.6 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.

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:

o—1

¢:< o >O_U+20061(9_g+1) (34)

¢ = o — 1 implies that the demand externality e} is 1. Tt 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

12



into Armington by setting the marginal cost parameter ¢; equal to 1 and thus dropping the
variety scaling.

The intuition for why § = 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 6 along the extensive margin. It falls
along the compositional margin with an elasticity ¢ — 1. So, if § = ¢ — 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 # = ¢ — 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.

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:

o0

1 _
1(1(@0;3)%4 Tij (¢) 9 (¢) dp (35)

Log differentiating equation (35) on the RHS and LHS wrt to the endogenous variables gives:

Vij = NijTi; = Nij

dln V;'j =dln Nij + Nij /dln?“ij ((,0) TU Ef;g ((,0) dp
L-¢ (Qp:j) 2 K
1z
Lo (1-6(41)) amngr, [ 2\7) (+) 1 (36)
m N Y;; — =
dlnpy; T\ T (@)

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

—

tr
— o~ l=p__ 1 — Dij 1 —
o= bt b+ <1 + H) toij T+ teigpz Lt o i
1 pa;" —5 | mag g
o1 Z > i <(U — D) P + B — ota ) (37)
ag={sp,f} 74
ag'={sp,f}

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;i in equation (37):
EM = dln Nyj = —0¢, + NE; (38)

We can elaborate on the intensive margin, IM, employing the expression for 77 (¢) and pj ()

in equations (B.3)-(B.4) and summing over the three income groups:

— 1
o d-otl
0
o pt; l1-0o
tasyr (teiz, + 2 ) .
. . o Qi Tij \ V€ijPZ; + aﬁj Z (taqg> o (qu78)a 1 799 g (QD)
o—1 © J J N ¥
¢ ag={s,p.f} - (‘Pij
. /\pt"' p‘?qs,’ag — — —
= (1—o) |7 +tay + (teypz +—2 | | + 3 o <(0 ~1) P 4 B — ota
ij >, pig;
K ag={sp,f} . J1j

g'={s,p,f}
(39)

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 7;; (¢) in equation (B.3):

—~ (0—0+1 —
or =07, ("5 1) -5 (10)
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Adding up the three margins, we can express the overall margin thus as follows:

dinVij =TM = EM + IM + CM

0—oc—1 __ 0—oc—1__ — 0—0c—1\ — -
Z—J_lupzi—(l—u)Hij+NEi_<9+ o1 >m”_0ﬂj
- tr s . S,ag
Di; 0—0c—1—~ 0 D;4; 549 | 1949
_9<tei]‘pzi+a$§>— o1 fij+o__1 Z > p$q§7ag/ ((U—l)Pj +Ej

ag/:{'s?phf}

(41)

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 ¢ to country j in cif-terms,
vi;, follows from equation (5). Since p;; is the price inclusive of bilateral tariffs ta;;, we have to

divide p;jq;; by ta;; to get the value of trade in cif-terms:

l-0o tr l1-0o

pA ,q. . p. . _ _ p .

vig = o = 2= () T = ta? | e | teybipz, + 5 ()" af (42)
taij taij aij

Since we have observable values for tariffs ta;;, we employ estimates of the tariff elasticity in
the different models to identify the parameters.® Equation (42) shows that o is equal to the
tariff elasticity in the Armington and Ethier-Krugman model, where ¢;; is equal to 1. In the
Melitz model instead t;; 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 (42) gives:

—0

— (6414 =241 pL" g -

=i (te“bip“ai% ' fy T e (o) 4 (43)
ij

5Some papers in the recent quantitative trade models literature concentrate estimation of the trade elasticity,
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 the trade elasticity. The trade elasticity is equal
too — 1,0 — 1, § and p in respectively the Armington, Ethier-Krugman, Melitz and Eaton-Kortum model.
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The tariff elasticity is determined by both ¢ 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 6 + 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;‘7%) 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 + 9;%#. First, we can try to find observable trade costs that
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. Therefore, we rewrite equation (43) as

follows:

—(6+1+ 0=kt _ . _o _g I
vij = taij( = (teijbipz,) o (1 +itmg;) 097_ij0 i =0 ¢, (p’j")aq}"

With itm;; the international transport margin defined as the value of payments to international

transport services vits;; divided by the fob-value of trade, vl

ir
i itmyy = — 2. The

teijbipz,al;

coefficient on one plus the international transport margin thus enables us to identify 0 Jand with
the tariff elasticity we can then obtain 0. We can use data on the international transport margin
from the GTAP dataset. Third, we can use the fact that a productivity distribution with shape
parameter # implies a firm size distribution with a shape parameter equal to 6/ (o —1). So
we can estimate 6/ (0 — 1) from log-firm-size-log-rank regressions (Axtell (2001), di Giovanni
and Levchenko (2012)). We can estimate the firm-size shape parameter at the sectoral level

using American firm level data provided by BEA. As an alternative we can follow Helpman,

et al. (2004) and calculate the standard deviation of log firm sales from the US Census of
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Manufacturing, which is equal to § — (o — 1) and thus also gives us estimates of o for given 6.

As equation (43) 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.

In the Eaton and Kortum model the value of trade is given by the same expression as the
quantity of trade, except for the fact that the quantity demanded is replaced by the value

demanded:

_ tr P
taz‘j(erl)Ti (Z:) (taz’ﬂij <t6ijpzi + p”-))

tr
a’ij

ag

tr -P J
Z Ty (Zk) (taijkj <t€kijk + ?iﬂ)) age{p,9.f}
k=1 J

i =

Equation (44) shows that the tariff elasticity employing the cif-value of trade in the gravity

equation is equal to p + 1 in the Eaton and Kortum model.

5 Evaluating the Effect of Trade Cost Measures

6 Simulation Results

We implemented the changes to the GTAP model as described in Appendix D. We present

simulation results of a model with 10 countries/regions and 10 sectors. We explored the ef-
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Figure 1: Effect of one percent reduction in iceberg trade costs on regional utility in percentage
changes

fects of a reduction in iceberg trade costs by 1% in all sectors in the Armington model, the
Ethier-Krugman model and the Melitz model, varying the degree of granularity of the firm
size distribution in the latter. Figures (1)-(3) shows the effects on regional utility, world trade
volumes, and world prices. The figures convey three clear messages. First, the positive welfare
effects rise in the degree of granularity and the effects are larger in the Melitz model than in
the Armington and Ethier-Krugman models. Second, changes in trade volumes do not vary
much across the models. This can be explained from the fact that the supply-side and demand-
side externalities also operate on domestic sales and thus do not lead to an extra incentive
to trade internationally in the Ethier-Krugman and Melitz model in comparison to the Arm-
ington model. Third, the differences between the Armington and Ethier-Krugman model are
small. The likely reason for this is that Ethier-Krugman scale effects operate in all sectors.
So economies cannot benefit much from scale effects, since increasing resources in one industry
imply reduced resources in other industries.

We also examined the effect of a reduction in fixed trade costs at varying degrees of gran-
ularity. Figures (4)-(6) display the effect of a 10% reduction in fixed trade costs on regional
utility, world trade volumes, and world prices. The figures show that the welfare, trade volume

and price effects are all stronger with a less granular firm size distribution where small firms are
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Figure 2: Effect of one percent reduction in iceberg trade costs on world trade volumes in
percentage changes
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Figure 3: Effect of one percent reduction in iceberg trade costs on world trade prices in per-
centage changes
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relatively more important. This reflects that the extensive margin relative to the compositional
margin becomes more important as the firm size distribution becomes less granular. With a
bigger role for small firms, fixed trade costs matter more. In contrast to reductions in iceberg
trade costs, trade volumes also rise more with a less granular firm size distribution. The effects
of iceberg trade cost reductions do not rise with a reduction in granularity. This is clear from

the decomposition in Section 3, showing that the overall effect of reductions in 7 is a function

solely of 8, whereas the coefficient on fixed trade costs is 9;{{1 and thus falls in the degree of
granularity.
10 RestofWorld F—Ir
9 SSA ﬁ
8 MENA
7 LatinAmer | mG 0.6
ran=0.
6 SouthAsia F— |
= Gran=0.7
5 SEAsia
— ® Gran=0.8
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1 NAFTA
0 0,2 0,4 0,6 0,8 1 1,2 1,4

Figure 4: Effect of ten percent reduction in fixed trade costs on regional utility in percentage
changes

7 Concluding Remarks

We have shown that both the Ethier-Krugman monopolistic competition model and the Melitz
firm heterogeneity model can be defined as an Armington representative agent model. This
representation of these two models also makes clear that the Melitz model generates the same

equilibrium outcome as the Ethier-Krugman model when the firm size distribution is granular.
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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;;:

ijf — min <Ofob atT-tT’Z‘j> (A5)

i 0 g

Profits are therefore given by:

ag_o ag o tal-j -1 pg
Tij = ta;"pi;oi — (ta;” — 1) pioi; — “a PO — Tij | teijPz; + g | Oij
ij ij

tr
_ Pijoij Dij
= taij — Tij (tel-jpzi + ag> 0ij (A6)

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:

ag, o ag 0 tai; —1 , p Z Oij
mij = ta; pioi — (ta;” — 1) pjjoi — tay, Pu®d =T teipz, + >
)

ir
p% Oij Pi; 0;j
= — Tiipz; | tei; + — B.1
ta;; b |\ T Pz af; ® (B-1)

We assume that productivity ¢ operates both on the costs of production and on the transport
sector.® Each firm produces a unique variety, so we can identify demand for variety w by the
productivity ¢ of the firm producing this variety. Demand o0;; (¢) and revenues 74 () of a firm

with productivity ¢ producing in ¢ and selling in j are equal to:

o)=Y (@) " (B) B (B.2)
ag={s,p.f}

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

Maximizing profits implies the following markup pricing rule:

i
o taiTij (tez‘jpzi + Z?r)
pij(9) = ——3 . ! (B.4)

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

market j are equal to:

®In line with the GTAP model we define p{; as the price before group specific import tariffs ta}? are paid.
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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 G; (¢) 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 ¢;
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can just make zero profit from sales in country i:

l1—0o o—1
ag ag ag
ity )~ (29 £ g B
Z ta®ta - _Ufszzp ( .6)
ag={p.g,f} g

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:

*
Pij =

1
taz]'/_zj (tez]pZ + pzy) P;.lg o—1 qug 1-o
vJ
2. t

1 5,09 0> (B.7)
(Ufijpléiplz;“taij> 7 \ag={pa.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
Yij = /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

Di ta _ :

'l] / Z]p;t]g, [oa 9i (QO) - ng (B15)
el 1-G (gpij )

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

a function of average productivities:

1
s,ag tr 1—0o l1—0o
ngta o 7 pir o
S = | Ny <taijta§ 9. (tez‘iji + aiﬁ)) &7 (B.16)
J i

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;:

J o Fii (B
N Z; — leijL_l f; ij p;thEL?tJa)ij
o—-12%; o-1 = 7,0l
NE; = — = L 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

ir\\ 1—0\ T—o
pijtaj,flg o o—1 H?ZZ (taijtaj’agTij (teiiji + Z%)) -
es _0'—1 O’(Q—O‘—I—l)éeni . 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 14 9(c—1) N 0(c—1) s,ag
pljtajyag "Ym:‘ﬁz Z’L (tez]le + a:;) le ta?,j TZ_] i ta]
e;f den;
_O—0o+1
3 <P‘,‘gv°’>"_1 o (0-1)2
J J
ag={p,g,f J J
' e 1n (B.20)
Pz.

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

i P\ o 0=o4
tijtaij teijpzi + W = teijpzi + W (taijnj)v*l (taijfij) (e—1) (B.22)
i ij

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
Z <qu,e > o—1 E%9 (0—1)2
J J
ta’*9 ta Y
ag={p,g,f J J
o8 = | w=teeld (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 9 of—o+1 9 \ 1-o 0—o+1
;s £ —2 [ YmK Z; _ STV
oS — . J o—1 (o—1) mivg < o 1=\ (o-1)
qij€; = (tezgpzi + CLtT> Tij taij < Sen (fszZiij )
iJ 1
1 0'97o'+21
P o= £ (o—1)
Y : : (B.25)
s,ag s,ag .
ta; ta;
ag€{p.9,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 B.6 Checking the Code in GAMS

As a check on the correctness of the expressions, we show in GAMS that a solution of the
model in a setting with 10 countries generates the same solution using the initial equilibrium
conditions of the Melitz firm heterogeneity model as using the single equilibrium condition. We
work with a version of the model without intermediate linkages. The input bundle Z; and its
price pz, will be equal to respectively factor input bundles L; and its price w;. Imposing the
general equilibrium condition that output w;L; is equal to the value of exports to all destination

countries j, leads to:
g

J 7 (tijeiw;) '~
Z ijj (B32)

7
=y a (tkjckwk) -
=1

We have used in equation (B.32) that the absence of tariffs and trade imbalances implies that
demand Ej; is equal to w;L;.
Substituting the expressions for ¢;; and ¢; in the Melitz economy in equations (23)-(21) and

abstracting from transport services and export taxes gives:

_(9+M0—g+1) (Uchl) _6—0+1

0
J K; . o—1 - —0 (c—1)
5e:ziLlwi Qi Ty fij
I w0 —(o+ptsel) iy gy -~
=1 k o—1 — o—1
I=E Y serLiwy, o T i

With J equations (B.33) the model can be solved for J unknown w;. We use population for
the number of workers and fitted trade costs from the gravity regressions on distance for the
biggest 10 countries in terms of population from the sample, the countries Bangladesh, Brazil,
China, Indonesia, India, Nigeria, Pakistan, Russia and USA.

For the model with the full set of equations we use the following conditions: the 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
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for the number of varieties and the demand equation. This gives the following set of equations.

J
. 0 w10
(Pi)l = ZNj‘mpﬁ (Soji)l (B.34)
j=1
"o 12z
Kj g — i
Nij = (%) o0, den; (B.35)
! 0
Pz, 2 = ZNijmrij (@fj) (B-36)
j=1
rij (25) = piy (93)" 7 (P B (B.37)
* 0  TijPZ;
ij \Pij) = — B.38
pis (5) = =7 (B.38)
rij (1) = o fipz, vy, (B.39)

GAMS code available upon request shows that both representations of the model generate
exactly identical outcomes for the price of input bundles when identical parameters and data for
population and trade costs are used. As parameter values we used 0 = 3.8, 0 = 3.4 and u = 0.5.
The single equation code solves the baseline in 13 iterations in GAMS, whereas the code with
all equations requires 398 iterations. With 10 countries this is still a relatively fast process, but

with more than 100 countries it is likely to encounter problems in solving the model.

Appendix C Eaton and Kortum Economy

The main structure of the Eaton and Kortum economy is described in the main text. Given the
Frechet distribution of productivities ¢ in equation (Frechet) the price p of a good sold from

country ¢ to j is als Frechet distributed:

T
Gij (p) =1 —exp <((1 + taij) Tiiji)ppp> e

The realised price of variety w in country j is the minimum price of all potential suppliers:

pj (w) = min {p1; (w),..,ps; (W)} (C.2)
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Therefore, the distribution of prices in country j is given by:”

J
Gi(p)=1-[](1-Gij (p) =1 —exp (—2;p") (C.3)

=1
With ®; defined as:
J p,?r —p
K]
(I)j = Z;TZ (taggtaijnj <t€iiji + CL%)) (04)
1=

The probability that country ¢ delivers a good to country j for group ag is equal to:

ag P\ ”
T; (Z;) (taj ta;;Ti (teijpzi + aTJT))
789 — Y — (C.5)

v J tr p

p .

Z Th (Zk) (ta?gtaijkj <t€kijk + at’;ﬂ>>
k=1 J

Since ta?g is both in numerator and denominator, equation (C.5) is equivalent to the expression
for m;; in the main text in equation (27).

To show equivalence of the Eaton and Kortum quantity and price index equations (28)-(29)
and the general representation equations (A.1)-(A.3) with ¢;, ¢;; and €] as in equations (31)-
(33), we substitute the expressions for ¢;, t;; and e; into the general representation equations,
imposing ¢ = p in the quantity expression and ¢ = p + 1 in the price index expression. We
start with the expression for the price index in equation (A.3), in turn replacing o — 1 by p,

substituting the expression for p;; and the expressions for c;, t;; and e

_1

J s,ag l1—0o 1—0c
pijta-
ag _ j
Pj o Z( es )
=1 J
J tr -P
_ -1 Pij \ , sag
= [ D { taijvearo (Ti (2)) "7 75 teijbivz, + 5 | ta;
i=1

v
_1
J pt"‘ P [
= Yeako (Z T; (Zz) (taijTij <t€ijbipZ¢ + ag) taj’ag> )
i—1 ij
ag

The expression for quantity in equation can be written as follows by using E;-lg = P;Lg 4, 0=p

o=

and ei- =1:

P\’
- J
w=p; D (W) %’

age{p.g,f} J

"The probability that a price in country j is smaller than p is equal to 1 minus the probability that none of
the suppliers has a price smaller than p.
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Substituting the expression for P;" just derived and the definition of p;; employing the ex-
pressions for ¢; and t;; in equations (31)-(32) leads to the expression for ¢;; in the Eaton and

Kortum model in equation (28) in the main text:

pt.T.' -r
Gij = | taijtijei | teijbipz, + —
alf

J 1 ptr. —-p _% g

5 (tangreans (10 (200)7 (et + 57 ) 105
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age{p,9,f} J
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T; (Zi) (taisz’j (teijbipzi + Z%))
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2. 4

N J tr P
Z Ty, (Zk) <takj7'kj <t€kjbkka + s’gﬂ)) ag€{p.g,f}
k=1 ]

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. = 1.

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):

C; = —0 — 1Ni (D.l)
6= -‘rzy=-1z (D.2)
C;, = —— ; o = — ; .
(] IO 1 K3 p K2
A 1 = 0—-0+1__

= — N ) D.3
i o1 i T (O’—l)zpzz ( )

36



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,r) (D.4)
1
oscaleeako(i,r) = eakoscale(i,r) — — * qo(i,) (D.5)
o
oscalem(i,r) = mscale(i,r) — [1/(c — 1)] * nne(i,r)

0—0o+1

W  [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,7) + 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:

VOM (i,r)

nneh(i,r) = qo (i,71)

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

XJ: =LY X MD (i,r, 5)

: (peif (i,r,s) + qus (i,7,5)
s=1L VOM (i,r) — 2L S (VXMD (i,r,t) — VIWS (i, 7,1))
t=1

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

LVIWS (i,r, s)

3

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

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

the theoretical expression for the externality in equation (24) gives:

( P )" ! B
—~ tds-m‘g tas-’ag — —_— — — —_— —_—
; _ Z J l Uj_l / <0 g ‘::_ 1 (f)]ag _ taj,ag> + 0 g +21 (Ejag _ taj,(lg))
ag={s.,p,f} > <Pﬂw> B - (0 —1)
R B
ag'={sp,f} \ J
(D.9)

l1—0o
Multiplying the numerator and denominator of the coefficient by (p‘;) , We can rewrite equa-

tion (D.9) as follows:

s,ag
o Z P3d; 9_U+1<F\flg—t§m>+9_a+l<ﬁ—t@)
J s s,ag’ oc—1 J J (O’ o 1)2 J J
a—tops) | 2 P4
ag'={s,p,f}
(D.10)

s S,ag

To find the equivalent expression in GTAP notation, we observe that pjq;"" represents the

expenditures of group ag = f,p, g on source s =d,m, V, S, AG, M. So, equation (D.10) can be
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written in GEMPACK notation as follows with s = m,d:

dscalels (i,1) = h;—fl (priceDs (i,r) — pfactwld) + 9(_01_21 (valueDs (i,r) — pfactwld)
o— o —
— 1
- U(G—U—z)tarifst (,7) (D.11)
(0—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,r)) * [pf(i,7,7)]) (D.12)
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)) x [pf(i,7,7) + 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,r)) «tfm(i, j,r)) (D.14)

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

qp, qg, and qf the quantity equivalents. SHRIPM (i,r) is defined as:

, VIPM (i,r
SHRIPM (i,r) = VIM i) (E 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-
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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:

tas,ag s,ag
j Y
J

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

(3) gives:
q;/@:a< PROE— 55%) 4 0 — & (D.18)
B = a4 (D.19)
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
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gives:

—~ f-o+1 Py < 9—a+1>A
ti: = te"pZ¢+7+ 1+ oy
K c—1 K a%f o—1 “J
c@—c+1)— O—0c+1—~
—( ) ; 5 fij (D.23)

G0 o)

In the GTAP model (with all variables expressed in relative change terms) bilateral ad-valorem
tariffs Ezi\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
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((al;)(tm(z’, s) +tms(i,r, s)) + (1 + JT) itc(i,r, s)
o — g —
0 — 1 0 — 1
+ %f@x (i,r,8) + chif (i,1,8) — genitem (i, 7, s) (D.25)
(c—1) o—1

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

Appendix D.4 Parameterization

We need values for the parameters o 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 € and the degree of granularity g. By varying the parameters
etil and gran, based on the estimated € and g, we switch between the parameterizations of the
different models.

Starting with the Melitz model, we have:

|
sogy14 ot (D.27)
o—1
c—1

9="3 (D.28)

We can thus express 6 and o as a function of the estimated € and g as follow:

o=g*e (D.29)

(D.30)

Granularity g approaching 1 means that the model is approaching so-called ”full granularity”
with 0 =0 — 1.

In the Armington and Ethier-Krugman model we only need a value for o, which is equal to
e. 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 ¢ = 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 = € —1 and adjust
the parameter values accordingly.® To work with esubd set equal to € — 1, we introduce the
parameter etil in the parameter file based on the estimated tariff elasticity and set it at € — 1
in the Eaton-Kortum model.

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

8In the quantity equations for qpd, gpm, qgd, qgm, qfd, qfm, and qzs, 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 € € € e—1

gran 1 1 ¥ 1

esubd € e vy x€ e—1

theta — — €— % —

Table 1: Parameterization of the four models

for the trade elasticity € 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 e, thus requiring gran = 1
and etil = €. Second, in the Melitz model we have the expressions (D.29)-(D.30) for esubd = o
and theta = 0, thus requiring etil = € and gran = g. Third, by setting gran at 1 and etil at e—1,
we get the Eaton-Kortum parameterization with esubd = rho = € — 1. The parameterization is
summarized in Table 1. 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.

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 1. 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 (37)-(41) 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.
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Supplementary Appendices of Derivations
Equation (34)

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

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

for :

1
oo ) TN o1 o
o—1 0—o+1 s 7

N T
oc—1 0—c+1 o o

Equation (56)

Differentiating equation (35) on the RHS and LHS wrt to the endogenous variables gives:

dVij = dNy;T3j + Nijl—G<90§‘j>w/ drij () g (¢) dp — Nijl_GWTij (¢5;) 9 (©5;) dei;
i
1 by A 9 (@:]) .
+NU1 " (cpj}) ij (©) g () 901 . <%> o
= dNyTij + Nz’jl_Gl(%) [drij (¢) g (p) dp — Nij 1—C¥1<Lpfj->rij () 9 (i) dei
ij
Y 1 —g g(ig;;) i



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 (41)

Adding up the three margins in equations (38)-(40), we get:



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



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 (37)
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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 (43)

Substituting equation (23) into equation (42) 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)



Substituting equations (6)-(8) into equations (2)-(5) gives for g;;:

—o —o
o pij o pij m,ag
Gij = <pm> 4" = <pm> > 4
J J age{p,9.f}
_ [Py o—1 [ ta;77D; ag
= <m> > (e (p{lg 4

age{p.g.f} J
P \°
— o—1 J ag
= pz-jU (ezn) Z (tam,ag> q]
age{p.g.f} J
Substituting equation (9) and rearranging gives:
b ptf' —-g 1
tastes (1erz, + %) Nt
m igligCi ij0iPZ; + azl;j Pj Ej
gijej’ = o > g ]
J age{p,g.f} J J

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

-0 ag o—1 ag
dgd _ [ bipz Z b Ej
q] J eql ¢ d,ag tad,ag

J age{p,9,f} J j

(S.1)

(S.2)

(S.3)

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

Equation (D.8)



Log differentiating equation (A.11) gives:

—

Zi

AW

N;

J 1
§ o—

pl% ) pz;tai;

j=1 pZita'ij (teu—i- tr
Zz i
o—1 N’ijTZ]
J 7 tesy+ 7
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— J ~ lai;
J= Zi— o—1 NijTij NijTij
? . o ptr Dz, lai;
7=1 pzitaij tew-l- t'r
Pz; %5
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pziteij o~ — i /t\’r’
- Dz; +teij) — —— o p,’j)
Dzteij + — Dzteij + azjr
1] )
J o—1 Nijru —_—
i Z o pzlag; Nijrij
1 J taij
=g S el Nzﬂw NijTij
? . o ptr pz;lai;
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Pz, Zi &
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J
. o—1 szrzg _ Nijru
pZi Z’L Z o ptr taij
7j=1 ta;; te”—l- tr
[ U
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i=1 tai; ( teij+—Lr-
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pEy
Pziteij —~ i)
- ’7})” Dz, + teij - 71717@])
Pzteij + a% Dzteij + a”
ij ij
J o—1 NijTij =T
+ Z o taij; Nijrij
j=1 J o—1 NijTij NijTij g
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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
0=(1-o0)

ag:{s7p7f}
ta?gtaijteij
tr
P —(o+1) o—1
g ag={s.p,f}
1 pit 1
0=(1-0)——— +o0mj | teijcipz, + 2= | —a5—
ta?gtaijteij K ( K CLZ t(l?gpij

o i
%)
Pij = 70_ — 1taijteij7'ij teijcipzi + aT;

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}




FEquation (A.11)

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

J 0 0
o —1 D;;0ij o—1 p;;0ij 1
2 Pjta * pjta g L) Ta | Ni=2Z
— o pgla o pzlag e ij
j=1 i i tel]bz + PZZ-“Z
J o
o—1 pP;;0ij 1
N;oa; + E N; th P 1| =2
: 0  Pzl0ij ij
—1 f te;ib; 4+ ——_
J ij% + pZiaE;
J o
_o— - P04 1
ZZ o Z szz.taij tr 1
— @ 1]
J=1 teijbi+pz "
N; = i (S.4)
oa;
o1 . L] —
Zi o Z tpz;taij i 1
= i b ij
Jj=1 teijbit—
_ i S5
pny (S.5)

Equation (B.5)

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

ta%9p2.0;; i\ o
= J gt g g i i o 1-p
5 = Z <taq‘qtaij — 7 | teijpz, + aigr ? — fszZz‘ij
ag={sp.f} J J
- agy ag, .~ | — JiiPz,Pz,
ag:{s,p,f} taj tafz] g tCL] tazj J
9,0 ..
- ¥ ta;pij0i Fopht pt
Utaqgtaij Wz Z;
ag={s,p,f} J
a l1-0o o o—1 a
5 (tajgpé’j (90)) (Pjg> By -
agy — JijPyz Py
ag—{op.f} taj ta;;o J

Equation (B.7)

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

ir
p. .
o taijnj (teijpzi + a%;)

J

o —
pzj(g0>_0__1 SO



l1—o o—1
W) (P) B

Z (taj

1—
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: ag o ( ) l1-0o pag o—1 99
45 Pij \P j i b 1-n
Z tata, = O-fiijiij
tr l1-o -1
o tai’taijTi; (teiiji + %) < Pjag,e>g £
) : = o fiplypz,"
— * agya .. i 4
aotonsy \7 7ii et J

-1
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S (- o ) )
o1 aj Q5 Tij 6iiji+atr — _(@ij)

agy . g B 1—p
ota; tazjfz]pzipzj

ag:{Sypaf} ’L]
9 .. | te:: Pﬁ;' e e ! i
ﬁTU el]pzi + a%o . agt - 1—0 (P] ) E] o x\1—0
o 1n Z a; taij ta®ta;; - ((pij)
O-fszzlpzj ag={S,P7f} ! v
ag.e o—1
PN 0 i i
(5237 (teiipz, + af)) > (t%gjmm 5 (0)°
wo, 1—p “tai IR
O-fiijiij ag={s.p,f} gt

_o

tr 1
o—1Tij (tez’jpzi + %) peoee N\t pe '
¥ij = I Z ( ; > ;
(afz'jp‘}iplzzu) U7 \ag={sp.f}
p pt"f 1
ot (tez’iji + ﬁ) P ot E e
= X

1 = ta?? ag
(Ufijpéipzzumia ’ ag={s,p,f}

gy o gy . .
taj ta;;Tij taj ta;;

j ta;

Equation (B.10)

(S.6)

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

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

rij(p1) _ (1 ot
Tij‘(SDQ) = <¢2> gives:

i (@%) N
~ ] LY Pij 1—
i (Pig) = E P ( Zf) = fiiplz,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:
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ir

l1—0o
o0 509 .. Zig
ngm;j,ag B /N“ o tamtaj Tij (teupzi + a%) i () p
o J i | o= LA

€; o
J cp;‘j ¥ 1-— Gz ((pi])
1
tr l1—oc o0 ( ) 1—0o
g pi ~ .
= Nij <taijtaj’“97-¢j (teijpzi + g)) /900 ILng
o a;; o 1-G; (@2}.)
ij
o1\ 15
1—0o [e%e) o—1
- Py gi ()
= oo | Vi | taita; g { teipz, + / 7T Ty
o Q;; a 1-G; (Sp;kj)
ij
ptr -0\ 1—%
. J taz]t(l T’L] (telij + )
= Nij J
o-1\iI Pij

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)

— T This gives:
(te”—&-p )ta”pz
i Z]
Tijoij () o —1 pi; (#) N Tij ()
o P * o Pi;
¥ (teij + W) ta;jpz, (teij + . zaf;) Pz ta;
tr
_ _ 1 —tepy 4+ =4
_o=1Tle) o 1Tii(9) Cubzi (S.8)
o pzta o pzta teij + P”tr

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

o uplypy " — 1) Pz, Pz

Z; = NEzenz+Z Nij / L (90) J (80) d +Z NZ]f’L] Z Nszkz =
j=1 . ¥ 1-G (cp ) Zi Dz;

Pij ij
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- o—1
Substituting equation (S.8) and elaborating the expression using 7:?223 = (%) gives:
ij
ST LRI
o—17
Z; = NE;en; + ZNij / Z]t(p“ 9% dp
=1 | g Pzlaij 1 — G <<10>ij)
pt'r.
- 1—te;; + —L&
—17; 1] al”
+ Z Ny / 0 — 17 (¢) Pz, 9 () do
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i “ pziaig K
I—p
wly,py," — W),z
Z f” Z Nk‘lfkl k
Pz;
tr
~ J 1 —te;; + —Lu o
-1 -1 ij i Ny
Z; = NFE;en; + Z NZ] Tij (Pij) + Z N;; o er,azg (&7] (Sgpzj)
taij — o to 4 P pztadta;;
j=1 j=1 €ij + Pz al” J
1 1]
I—p
vy — W) Py, Py,
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j=1 Pz,
/ -1 0 Tij (90;'3) J o—1 1 teij‘ﬂ% rii (%)
Z; = NFE;en; + Z Nw 7 T + Z N;j ptrz ij ut ‘5;]
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Wy — W) Pz, Py
+ZNZwa ZNszkz o .
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Substituting equation (B.12) for the ratio of productivities and the ZCP in equation (B.6) gives:

J —no 1 e, 4+ P ~
-1 0 P p i T At A
Z; = NE;en; + ZNijU o fij 272, Z ’;z“u rij ($ij)
st 0—oc+1 = tei; + Pij pz,taij
pZiai;“
1—p
1y, — 1) Py, Pz,
ZNZ]-]CU ZNszkz i
Pz;
j=1
1 1 pt';'
J pol-p g —tey; 4+ D _
0(c—1 Pz, Pz, 1 ij o | T (B
= NEle’I’Lz —|— Z lejf”ZLZ] + Z NZ] o pifzazj [ (201])
jZ]. — 0 + pZz ]:1 g tel] + pZZZLt",‘« le aw
i1]
1—p
'z, Pz — 1) Py, Py,
+ZNUf’U ZNszkz .
j=1 bz;
ir
3 MPDMMwH>%ﬁ“J o—1 (1t | 7 ()
= NE,en; + N fii J N; i
J 0—oc+1 T pg 7o Py Pz tai;
=t A teij + 5 am oY
J (1— wool—p
N) Pz, Pz,
+ ) Niifi .

k=1

bz

13



Next, equation (B.17) is used to express N;; as a function of NE; and ¢j;:

J 0 o 1—p
NE; ki\ 0(c—=1)4+pl@—oc+1), PzPz
Z; = NE;en; + — "
S Z(s&) Gmor
J 1~ tey; + LU J (1= ) gl pb”
o—1 7 "7 pgall | Tij (Pi — )Pz Py,
+D N pn ST . (talé,) + ) Niifwi .
j=1 teij + o bzt = bz
vt

The next step is to substitute the FE from equation (B.13):

J
Zz’ = NEieni+NEiZ

Oi p 1—p
ki | PzPz, 1 c—1 160;(c—-1)+pu(;—c+1)
= o pz, 70i—o+16 oc—1
ir
—to. . 5 . 1—
J o—1 1 tel] + pziaz? T4j (goij) J (1 - :U’> p%kpZi .
e P 1) S,
= tei; + u bz;ta;; el bz,

pz;al;
1—
(1—p) Py py "
bz

0(c—1 0 — 1
= NE;en; + NFE;en; (o )+ il o+1)

J
+ Z Ni fri

oc—1

1—p
0+1)(c—1 + 1 —O-|—1 MPMP.
= NE;en; ( ) ( ) ( 5 Nkz} kz ) D2

c—1 Dz
J 1 1- teij + p”tr = (..
+ Z N”cr — rz;af; | Tij ($i) (S.9)
- K o PZ pz.taij
7=1 te” + pz.al” H
Z; ij

To rewrite the second term on the RHS of equation (S.9) we substitute the relation between
@kl and 7" ! from equation (B.12) into the expression for the price index implied by equation

(B.16) :

ptr 1-o
takZTkl <t€kszk + af:)) 952271

SRAE.

ki
J tr l—0o
P *o—1 0
ta T | te + = I S
kz ( ki Thi < kiDZy, ZZ )) Phi 0—o+1

P; is the group-uniform price index before the group-specific tariff is imposed. Substituting the

14



rewritten ZCP from equation (B.7) gives:

o ptr -0 o ptr o—1
1takﬂ ki <t€kika + fﬁ)) < LT <t€kika + ’fﬁ))
- Qg o—1 Ay

J
Pil_g = Z(Nkz <a

k=1
1_
of kitam’p%kp Z, a ) 0
Piag o—1 Efg 9 — 0+ 1

{ f} ta?g ta;-lg

ag: S7p7
1— _
_ EJ:N ' Ufkitakip%kpz a 0 1 UZN Usztakzpzkpziﬂ 0
ki sSSP —1E9 9—0—1—1 — ki D Efz 0—oc+1
(A ta. a
ag={s.p.f} o’ ag={s.p.f}

This expression can be written as:

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

EY9—0+1
P CR )
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,

15



Substituting (S.11) into (S.9) then gives:

0+1)(c—1)+pu@—oc+1
c—1
24
+ ZJ:N.‘U —1 (ot e ) 7y ()
: Yg N 2 pz.ta;
j=1 tezj + pz.al” i
1 1]

Rearranging then leads to:

Z (00—(1—u)(0—0+1)> :NEieni(0+1)(U_1)+'u(0_0+1)

Oo oc—1
tr
J _ .. ij _ ~
+3 N7 L[t e | Ty ()
ij o »
j=1 g teij + p;z]i.r pz;taij
And solving for NE;:
o—1 Oo—-—(1—-p)(@—-0+1) Z
NE; = Z
o 0+1)(c—1)+p@—oc+1)en;
t'r
) 1—teijpz; -‘r 7is(F)
Z NZ] go' pt,l“] ”tazlj
o—1 Jj= teijpzi"'jjr
eni (O+1)(c—1)+pu@—0c+1)
o—100—-0+0c—1+u(@—o+1) Z
o o—0+o—-1+u@—o+1)en
pt'r
1-teij+ o ot Za" 715 (Fis)
Z Nij %5~ . p"l ! p;itajj
_o-1 7= A Z
en; (@+1)(c—1)4+pu@—-—oc+1)
ir
J 1 1— tezj+ szi”‘ 7 (5 )
; NZ] o res P ptr . p;itajj
_o-1%Z o1’ W
-~ fo en; eni  (O+1)(c—1)+pu@—0+1)
Imposing p = 1 gives:
J 1 — tey + 2
-1 1 -1 1] “atr > . (..
NE; = "0 — |z -3 N2 pach | Ti (;Pw)
7 = teij + o ) DA
7 1]

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

ij
i

9 s,ag tr l1—0o 1—0
a s,a . ta> . .
ijgtaj g o < g ) NE; tazjtaj Tij (te”pzz + aﬂ)

p —
e; oc—1 oy ) 0 \ooT
(970+1) Pij
s,a, Py 1= ﬁ
o 0x%  NE; (mijt%" '7ij (teijpzi + af))
Co—-1l0—-0+1 § L0t
(%‘j)

Substituting next equation (B.18) leads to:

1

tr l1—-0o —

s,ag 0 ~ ta:ita> 9T teiipg, + Dij e
pijta; o 0! o—1 Z; ity T\l T gk

Co—-1|0—0+1 o6 den; L \0ott
(#4)

€j
1

=~ (ta..ta>7:: (te;. pi;" moy T

o oc—1 wdz; "ty " Tig \*eiiPz: + alf
Co—1| o —0+1)den; .
G

)9—0'+1

Equation (B.20)
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Substituting equation (B.7) into equation (B.19) gives:

agta57a9

bijta; o oc—1 R?ZZ =
e o—1\c(@—0o+1)den

pt'r 1—0
(tamta 97ij (tewpz + an«))
* X

pt” 1y 0o+l
p—— 1 (tewpz + E;)taijnj P;g’e o—1 E?g 1—0o
= Z ta$9r89 ta%d
UfzJpZ pZ taz]) - ag:{s,p,f} 7 /
0—o+1 1 ~ -
o o1 (0 —o+1)71 [(KVZ; 7
o — o—1 G%ﬁ den;
6—o+1

l—-0—0+0—1
1_‘7 Pij 1— —o — (60—
( ta ta”n] <t€ijpzi+azé> (fijp%iijutaij> 1 (taijTij) (0—o+1)
1]

0—oc+1

Pag,e )U—l qu T (o-1)2

J

ag_a
97_9

ag= {S,p f} J

<r+8 o'+1 1 ~ —_—
o O—c+1)7T (KZ;\'°
o— o it o den;

—0 _0
_oxo—1y, iy e ey 9ot —(1-p) 2L
( tewpz + p ) ((taag jag> (taiTij) fe( 1) (taij)eufl)) Pz,

ij
0—oc+1

Page )U_l EY T (o-1)2

J
a9+

J
ag
ta ]
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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)

19



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

6—o+1 _ oc(0—o+1) OH—0c+1 - 1 0—o+1
tr = 0—o+1 0 -0 W tr
- - P\ ot o—1 (e-1)2  p(o—1)2 [ ymKZ; (0—1)2 e Pij
tag; ((tez]pZ' + ﬂ) Tij taz‘j fij Tij 5@7;;- V27 tengsz' + a;%;f
s _
ql] ‘7 o ag,e \ o—1 ag 070#»%
pPa9 ol _
(mﬂw) ta,sj’ag (U 1)
ag={s,p,f} \ 7J J
T—
ij,u
o—1
P EY
E J J
* ta>" ta>"
age{p,g,f} J J
¢ _0 PR —-a
L o—1 0 cb—o+1 0—o+1 0 . 1—0o 0—o+1
= teijpz, + il A Rl AL Fm® %% Zi (f Dy pl_“> (=0
= i ) ° N S i D,
JE 25 G’Z ij iJ 1] 667% I Z 87
1 0'0704»21
ag o— ag (e—1)
b Ej
ag€{p.g,f} J J
Equation (B.30)
Elaborating on equation (B.6) gives:
ag l1—0o ag o—1 ag
o *
s L) () e
tata;; = 0fijPzPz,
ag={s,p.f} g
ta® -2 _ta. 1| te; s pf; ta®9 - _taq 1 te;. pf; -7
a;” S gtaijTij eupzﬁ'ﬁ a;” S —ylaijTij eljpzi—i-ﬁ o—1
1] ] Pag Eag
®5; ©5; J J
N T
2. ta"ta;; = 0 iz,
Rearranging:
ir —0
a9t ... .. iy 1—
* : (Pg g> Ejg =(0c-1) T~ Pij :
o—1 ¥ij 7 (tes + Pij Pz,
ag={s,p,f} 1) 1] pZ-aﬁg
3
wo l—p
. Py Dy
Y\ fzy x © Lt 2
0ij (%’j) =(oc—1) i ij vz
i )
T (teij ] ) Z

Equation (B.31)

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

U Ly _o
o _ NTT (o 1)tV EP, 6\
A AN i o 0—oc+1
Tij (pZitez‘j + a%)
ij
o1 )

0 ~ 1—
<Hi> o1 Z (- 1)t fispz 7" ( 0 )m
= o . 7= 1) ¥ij i _
©ij ol den; Tij <pZit6ij I ZZTJT) 0—oc+1
ij

o —~ g 1—
< = >Ul< 1) (“gZiyl = fuPz.pz,"
=\ T _ 1 o= S fo—o+1 tr
o(f—o+1) oen; (w*) ot Tyy (pziteij + %)
() i

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

oc—1 K?Z

g _
o—1

wool—p
fijpzipzj

wi= () oo

1 \oo1 K07,
(T(ea—aﬂ)) (0—1) <5en

den;

O0oc—o+1

(# )“

fz]pz p

1
tr
. te; s PZ]
Tij le- e”+a,t.r

)

p;
Pz, Tij (pZ te;; + 7)
%ij

SZ7taijTijpz, (t61J+

(ag {p.9, f}

(Ufszz pZ Mtazy

ag

E$9

o—1
L
taj

l1—0o

Ooc—o+1
o—1

1790'70'4»21
__o_ ey e (e—1) fo—o
ot T (o) : (przz-pzj ) | —atezeiy
y \ oo t¥EA te=en1 6em ptr\y O
(U—l) o (=1 (Tij (pzit%j + a%))
ij
1 0o — 0'+1
o— o—
P B9\
* E J J
ta?? ta??
ag={p,9.f} J J
0'27204»17(90'70«&»1)
fed (o—1)2
O —0+1) 71 (fszzp , —olr=ail
= a. -
9:_'"11 fo—otl 4 5enz r % Y
a (0—1)2 g T te“—i-&
o—1 o—1 ij \PZ;1€45 aﬁ'r_‘
1 Oo— U+21
o o—
Py EFY9\ (D
* J J
E : ag ta®
ag={p,g,f} J J
o 70'730
__o_ P I—p) (e-1) 0o—o
eemewE (an T ()T e
= e e | oo 2
o o= o— ij
() T (s + )
Oo—o+1
qu,e o—1 Eag (0'71)2
* T T
ta, ta
ag={p,g,f} J J
1
( o )—(9+1) 0—o+1 T—o P
g _ o o—1 0~ tr o—1 0—oc+1
o— kY- LT B 1
— 1~ ) o 1—p\ (c—1)
= Tij | pz;tei; + = (fz"p Dy ) ta
0—oc+1 den; J J Z 2525
1 00‘—0‘4—21
o— o
pege EY (1)
* E J J
ta?? ta??
ag={p,9.f} J J

foc—o+1
(o-1)2
ij

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

6 1 —0o
tr\ o—1 g0—o+1 0~ 3 0—o+1
Dij T 2 [ Ymk. Z;i 1— 743
el = . - o—Tyg (0-D7 [ Ml 7 TN AT
ij€; (tewpzi + a§§> gy ta” Sen (fzgpzipzj )
1 0970'+21
Pjag g Ej{lg (o—1)
* Z tas?ag tasyag
age{p,g,f} J J
With: o
_ _0—0o+
_d) g (0+1) g o—1
Tm = oc—1 0—0+1

Equality of total trade flows in GEMPACK from model and from margin decomposition

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:

qes(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) + qus(i, v, s) = qim(i, s) + pim (i, 5)
— (0 — 1) [pms(i,r, s) — ams(i,r, s) — pim(i, 5)]
= qim(i, s) + pim (i, s) — (o — 1) pms(i, r, 5)
+ (0 — 1) ams (i,7,5) + (0 — 1) pim(i, s)
= qim(i, s) + pim (i, s)
— (0 — 1) (tm(i, s) + tms(i,r, 5)) — (o — 1) peif (i,r, )
+ (0 — 1) sext (i, 7)
o(0—0c+1)

-1 (tm (i,8) + tms (i,r,s)) — Qitc(i,r,s)
o —

60— 1
—701— fex (i,r;s) — (0 —o + 1) pcif (i,7,s)
o —

+ (o0 — 1) pim(i, s)
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Rearranging gives:

pms(i, 1, s) + qxs(i,r, s) = qim(i, s) + pim (i, 8) + (o — 1) pim(i, s)

— | (o0 — M m (i, s ms(t,r,s8)) —Opcif (i,7,s
(o104 ZETE ) (o) s i) = By i)
+ (0 — 1) sext (i,7) — Oitc (i,7,s) — %fe:c (i,7,9)

And further rearranging we get:

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

02—-204+14+00—0%2+0
(c—1)

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

0—oc+1

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

fex (i,r,s)

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

B o —0+0+1—0
(0 —1)

) (tm (i, ) + tms (i,7,5)) — Opcif (i,r,s)

0—0c+1

+ (o0 — 1) sext (i,1) — bitc (i,r,s) — .
o —

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

0 0—o+1 b (i ; ) Oncif (i
_< _|_U_1>(m(z,s)+ ms (i,7,8)) — Opcif (i,r,s)

0—oc+1

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

fex (i,r,s)

We have employed both the expression for ams:

ams (Z.,T, S) = sext (2'7,,«) _ 0—((0_0—1;;1) (tm (Z, 3) + tms (Za r, S))
o —
0—o+1\ . f—o+1 :
_ (1 T ail) itc (i,7,8) — (Ujl)Qfex (4,7,5)
_ Hiﬂpcflf (17 T, 3) (814)

o—1

And for pms:

pms(i,r,s) = tm(i, s) + tms(i, 7, s) + peif (i, 7, )
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Next, we elaborate on qim(i, s) + pim (i,s) + (o — 1) pim(i, s). For gim + pim we have:

opim (i,7) + qgim(i,r) = pim (i,7) + gim(i,r) + (o — 1) pim (i,7)
= pim (i,r) + sum(j, PROD_COMM, SHRIF M (i, j, ) * ¢ fm(i, j, 7))
+ SHRIPM (i, r) * qpm(i,r) + SHRIGM (i, ) % qgm(i, ) + (o — 1) pim (i, )
= pim (i, 1)
+ sum(j, PROD_.COMM, SHRIFM (i, j,r) (qf (i, j,r) — o % [pfm(i, j,r) — pf(i, 5,r)]))
+ SHRIPM(i,r) (qp(i,r) — 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) + (0 — 1) Dextm(i,r) + (o — 1) pim (i,7)
+ sum(j, PROD_COMM,SHRIFM i, j,v)(qf (i, ,r) + pf(i, j, 7)
—otfm(i,j,r) + (o = ) pf(i, j,7)]))
+ SHRIPM (i,r) (gp(i,7) + pp(i,r) — otpm(i,r) + (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) + gim(i,r) = (o — 1) Dextm/(i,r)
+ sum(j, PROD_COMM,SHRIFM (i, j,v)(qf (i, j,7) + pf(i, j,7)
—atfm(i,j,r) + (0 = 1) pf(i, j,7)]))
+ SHRIPM(i,r) (gp(i,7) + pp(i,r) — otpm(i,7) + (o — 1) pp(i, 7)])
+ SHRIGM (i,r) (q9(i,7) + pg(i,r) — atgm(i,7) + (o — 1) pg(i, r)])

= (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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