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A Ricardian Trade Structure in CGE:
Modeling Eaton-Kortum Based Trade
with GTAP
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We develop an Eaton-Kortum based calibrated computational model, incorporating
the basic structure of the GTAP version 7 Model. The underlying trade and associ-
ated gravity equations in GTAP are modified from a standard Armington structure
with love-of-variety by country of origin to Eaton-Kortum structure with compar-
ative advantage differences within sectors. We describe the theory and model code
changes necessary for implementation, and the underlying theory of the appropriate
estimating equations for gravity estimation of the trade parameters. We then com-
pare the simulation results derived from GTAP models with Armington and Eaton-
Kortum specifications. The impact of trade policy experiments on real income is
very similar with marginal differences being driven by the transportation sector. The
terms of trade impact of tariff changes is not uniformly larger in Eaton-Kortum rel-
ative to the Armington specification. Finally, the impact of trade cost changes on
trade volumes are smaller in the Eaton-Kortum specification than in the Arming-
ton specification due to the identical price-by-source-country property in the former
model.
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1. Introduction

Computable general equilibrium (CGE) models have been used since the 1980s
for ex-ante analyses of trade policies (Shoven and Whalley, 1984). Since the publi-
cation of seminal works by Eaton and Kortum (2002) and Anderson and van Win-
coop (2003), trade economists have developed additional tools to analyse the im-
pact of counterfactual trade policy experiments. Anderson and van Wincoop (2003)
develop a structural gravity approach with an Armington structure to model inter-
national trade. In terms of counterfactual experiments, they deviate from existing
CGE models by calibrating the baseline to fitted values from the gravity estimation
instead of actual values as in CGE models.

The Eaton and Kortum (2002) model international trade is based on compara-
tive advantage differences between countries. They extend the existing model of
comparative advantage with a continuum of varieties and two countries by Dorn-
busch et al. (1977) to a model of comparative advantage with multiple countries
and a continuum of varieties based on a stochastic specification for productivity.
Employing an Eaton Kortum trade structure, Dekle et al. (2008) introduce the so-
called exact hat algebra (EHA) to solve for the ratio of new to old values of endoge-
nous variables in response to a counterfactual experiment.

Structural gravity models and models in the spirit of Eaton and Kortum (2002)
and Dekle et al. (2008) have been called new quantitative trade (NQT) models in the
literature. Some scholars employing these models have criticized CGE models. For
example Caliendo and Parro (2015) state: “These models have been criticized for
their complexity, lack of transparency and analytical foundations, and the arbitrary
choice of the value of key parameters.”

This raises the question how do the NQT models differ from CGE models? Five
differences can be identified (see also Bekkers (2019a)). First, the baseline cali-
bration is different. Structural gravity models calibrate the baseline to predicted
values, whereas both CGE models and NQT models applying EHA calibrate the
baseline to actual, observed values. Second, NQT models place more emphasis on
the importance of structural estimation, which can be defined as an approach in
which one model and one data set are used to both estimate the parameters of the
model and conduct counterfactual experiments. Scholars employing CGE models
are more flexible in employing estimated parameters from the literature, and tend
to attach more importance on the validity of employed parameters. ! Third, the so-

! A risk of the former approach is that overly restrictive Cobb Douglas nests are employed
(for example for consumer demand between different sectors) since no explicit parameter
is visible (the substitution elasticity between sectors is 1 in this case) and thus the claim of
structural estimation can be maintained. An example is the comparison of Costinot et al.
(2016) and Gouel and Laborde (2021). While the former emphasizes the importance of
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lution methods differ. CGE models in levels (typically coded in the GAMS software
(Bussieck and Meeraus, 2004)) and structural gravity models solve for the baseline
and counterfactual equilibrium in levels. CGE models in relative changes ((Dixon
et al., 1982; Hertel, 1997) coded in the GEMPACK software (Harrison and Pearson,
1996)) log linearize the model equations and calculate percentage changes in en-
dogenous variables.? Models employing EHA solve the equilibrium equations for
ratios of new to old values of endogenous variables. Fourth, CGE models tend to
employ a “big data science” build-on-prior-research approach, whereas NQT mod-
els oftentimes develop a new model and collect data in a new or different way than
beforehand.® The former approach involves the risk that established models are
applied in an inappropriate way to new questions. The latter comes with the risk
of errors in data collection and counterfactual characteristics of models which only
appear after studies have been published and policy advice communicated to pol-
icy makers. Fifth and finally, the structures of the models tend to be different. CGE
models and databases tend to be more extensive, including detailed information
on intermediate and value added demand by industries, as do detailed household,
government and investment demands, transfers between agents, link between sav-
ings and investment, trade and transport margins, and a host of domestic and in-
ternational tax/subsidy wedges. NQT models put more emphasis on parsimony
by using compact models emphasizing the importance of explaining the empirical
regularities under study with the most compact model possible. Oftentimes, NQT
models omit investment , including it instead as part of consumption demand (see
for example Costinot and Rodriguez-Clare (2014)).

Against this background, we incorporate the Eaton-Kortum trade structure in
the GTAP CGE model and compare the results with GTAP’s default Armington
specification. For a fair comparison of the two types of models, we compare the
non-nested version of the Armington model with the Eaton-Kortum model and
calibrate both model specifications to the same trade elasticity: the elasticity of the
value of trade with respect to iceberg trade costs. Arkolakis et al. (2012) have shown
that under certain conditions the welfare gains from trade in the Eaton-Kortum
model are identical to an Armington model. However, there may be differences
between the two modeling specifications if implemented in a more elaborate gen-
eral equilibrium model.

We contribute to the literature by developing an Eaton-Kortum calibrated com-

structural estimation, the latter emphasize the validity of parameters in light of available
evidence in the literature. These different approaches led the two author teams to reach
rather different conclusions regarding the role of international trade in climate change
adaptation.

2 Hertel et al. (1992) confirm that the same CGE model solved in levels and relative changes
produce the same results.

3 We have benefited from conversations with David Hummels and Tom Hertel in develop-
ing this point.
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putational model, starting with the basic structure of version 7 of the GTAP Model
(Corong et al., 2017). GTAP is a widely-used, calibrated computational model (aka
computable general equilibrium or CGE model) allowing for analysis of detailed
trade policies (e.g. domestic and export taxes, import tariffs and transport mar-
gins). It includes expressions for both trade volumes and values, in contrast to
new quantitative trade (NQT) models that employ exact hat algebra expressions
only for the value of trade. The recursive dynamic version of GTAP also facilitates
long run projections and includes capital accumulation, differences in sectoral pro-
ductivity growth and cost-neutral preference shifters. In this paper, we describe in
detail how the static GTAP model with non-homothetic private household prefer-
ences is modified from Armington to Eaton-Kortum Ricardian trade structure. We
also conduct trade policy experiments to identify differences in results between
Armington and Eaton-Kortum specifications in the GTAP model.

The import demand and importer price equations are similar in the Armington
and Eaton-Kortum specification in that they follow a constant elasticity of sub-
stitution (CES) structure. This similarity implies that the macroeconomic effects
(e.g., real income) of trade policy shocks will be similar in both models when cal-
ibrated to the same empirically-estimated trade elasticity, or even identical under
a set of restrictions as shown by Arkolakis et al. (2012). However, the landed price
paid by importers is different. In the Armington specification, the import price is
source-specific—i.e., source-specific exporter price plus the various trade taxes (ex-
port tax and import tariff) and mode-specific international transport margins for
each commodity and bilateral country pair. In the Eaton-Kortum model, a com-
modity’s import price is equal to the average price from all sources. This is because
the import price is an average of the prices over a continuum of varieties within
a sector. Moreover, the set of imported commodities from a source region adjusts
to changes in costs (extensive margin adjustment) in such a way that the average
price from each country of origin is identical. For example, an exporting country
with high trade costs compared to another country with moderate trade costs will
export varieties. Since the high cost varieties are not exported, the average sectoral
price paid by importers will be the same regardless of origin.

This property of identical import prices from different sources has implications
for changes in traded quantities and prices in the Armington and Eaton-Kortum
model. In particular, the terms of trade effects associated with trade policies are dif-
ferent. In general, an import tariff imposed by a large country drives down the pre-
tariff price thus generating terms of trade gains. In the Eaton-Kortum model this
effect is more prominent, because of the extensive margin adjustment. Higher com-
modity tariffs imposed on a source country imply that more expensive varieties
will no longer be exported by that source country. As a result the tariff-inclusive
import price will not increase as much as in the Armington model. Hence, the ex-
pectation is that the terms of trade gains from introducing import tariffs should be
larger. However, in a general equilibrium setting this feature of the Eaton-Kortum
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model does not necessarily imply that importers incur larger terms of trade gains
from imposing tariffs in this model compared to the Armington model. Changes
in the terms of trade are also determined by changes in export prices and these also
change less in the Eaton-Kortum model.

For purposes of illustration, we run four trade policy experiments to compare
the Armington and Eaton-Kortum specifications as implemented in the GTAP frame-
work: (i) global tariff liberalization; (ii) global elimination of export taxes; (iii)
global reduction in iceberg trade costs; and (iv) increase in tariffs by a single coun-
try vis-a-vis its trading partners. The fourth experiment is included to evaluate
differences in terms of trade effects between the two models. In this context, the
Armington model has been criticized for its large terms of trade effects from trade
policy experiments, due to the love-of-variety by country of origin feature. For ex-
ample, Brown (1987) argues that the Armington specification displays strong terms
of trade effects due to “monopoly power implicit in national product differentia-
tion” which implies a strong incentive to introduce tariffs to exploit terms of trade
gains.*

In the comparison, we calibrate the parameter determining responses of trade
to trade policy shocks to the same empirically observable trade elasticity: the elas-
ticity of the value of trade to changes in iceberg trade costs. Hence, the Armington
elasticity of substitution between domestic and imported varieties and between im-
ported varieties are equalized (“non-nested or collapsed Armington elasticities”)
and set equal to one plus the dispersion parameter of the Frechet productivity dis-
tribution in the Eaton-Kortum model.?

The simulations generate three main insights. First, the impact of trade policy
experiments on real income is very similar between the two models, in line with
theory (Arkolakis et al. (2012)). The marginal differences between the two mod-
els are driven by the presence of the transportation sector. Second, the impact of
trade cost changes on the volume of trade is smaller in the Eaton-Kortum model
than in the Armington model. This result is driven by the fact that the elasticity of
trade volumes to trade cost changes in Eaton-Kortum is the same as the elasticity
of trade values due to the identical-price-by-source-country property of the model,
and thus smaller than in the Armington model. Third, the terms of trade gains
from increasing tariffs are not uniformly larger in the Eaton-Kortum model. Re-
ductions in import prices are larger, thus generating larger terms of trade gains on
the import side. However, increases in export prices are also smaller in the Eaton-

4 See also Shoven and Whalley (1984); Shiells and Reinert (1993); Lloyd and Zhang (2006).
5 Technically, trade elasticities are usually estimated from trade value data combined with
tariff data. However, the tariff elasticity and the iceberg elasticity vary by one in both the
CES-based Armington and Eaton-Kortum based versions of the gravity equation. Their
role is different though, as the value and volume elasticities are identical in the Eaton-
Kortum framework, whereas they are different in the Armington model. This is discussed
formally below.
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Kortum model. Simulations show that the projected changes in terms of trade are
larger under Eaton-Kortum in some countries/regions and larger under Arming-
ton in others. Hence, our comparison shows that the Eaton-Kortum model does
not uniformly generate larger or smaller terms of trade effects, because terms of
trade changes are determined by changes in both import and export prices.

This paper has three main contributions. First, we introduce an Eaton-Kortum
specification in the GTAP version 7 model (Corong et al., 2017) calibrated to the
standard GTAP Data Base (Aguiar et al., 2023). This should enable CGE-modellers
in general and GTAP researchers in particular to use the Eaton-Kortum specifica-
tion for GTAP-based applications. It also provides a bridge between CGE mod-
els and the NQT literature, which tends to employ the Eaton-Kortum structure of
trade. Second, we develop an Eaton-Kortum specification in quantities, making
it useful for applications requiring explicit quantity terms such as the modelling
of greenhouse gas emissions. Third, our paper provides a detailed comparison of
results between the Eaton-Kortum and Armington specification, exploring differ-
ences in the impact on prices, quantities and terms of trade.

The fact that CGE models are usually defined in terms of values, quantities
and prices instead of just values and prices as in NQT models requires signifi-
cant changes to the GTAP model code in order to implement the EK model in this
context. First, the market equilibrium is redefined in terms of values. Second, the
expressions for traded prices used in the equations for tariff and export tax rev-
enues have to be reformulated starting from landed average prices. Third, update
statements for values of imports by source, total imports, and and domestic sales
values by end user all have to be reformulated. Fourth, as shown in the Annex
section, expressions for aggregate trade values, prices, and quantities, used in the
calculation of the terms of trade and GDP, have necessarily been modified as well.

This paper builds on Bekkers et al. (2018), who incorporate an Eaton-Kortum
structure in a recursive dynamic CGE model to study the global trade impacts of
opening the Northern Sea Route. Bekkers et al. (2018) use the Eaton-Kortum grav-
ity equations to structurally estimate the parameters for their model. As such, their
model provides an example of a structurally estimated, calibrated computational
model fully incorporating the GTAP database structure. In this paper, we pro-
vide more extensive detail on the actual implementation of the Eaton-Kortum trade
structure in the GEMPACK-based GTAP model code. We also provide a compari-
son of Eaton-Kortum and Armington trade structures and their associated results.
As in Bekkers et al. (2018) we also derive the underlying gravity estimating equa-
tion for the Eaton-Kortum model, though we go further in the comparison to the
standard Armington framework.

The paper is organized as follows. The next section describes the changes from
Armington to the Eaton-Kortum specification. Section 3 presents and explains the
results of several trade policy experiments, while Section 4 concludes. Appendix
Section 5 maps out the modifications to the GTAP model code which uses an Arm-
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ington trade structure.

2. Model

We modify the trade structure of the standard GTAP version 7 model (Corong
etal., 2017) from Armington to Eaton-Kortum specification. GTAP is a widely-used
CGE model of the global economy with multiple countries, activities, commodi-
ties, factors, intermediate linkages, non-homothetic preferences and agent-specific
(firms, government, household and investment) demands.® Savings are a fixed
share of income and are used to finance investments through a global bank which
then allocates investment across countries. A technical description of the Eaton-
Kortum model structure which this paper incorporates into the GTAP framework
is provided in Bekkers et al. (2018).

An important feature of the Eaton-Kortum model is that the landed bilateral
import price does not vary by source country, because of the extensive margin
adjustment: from a region with higher costs less of the most expensive varieties
are imported such that the average sector price is identical to the price from other
source countries. This also implies that the cif, fob and export prices are determined
based on the landed price. This structure is opposite to the Armington model in
which the export price determines the cif, fob and landed import price.

2.1 Setup

We follow the structure of Eaton and Kortum (2002) to model international trade
within each commodity”. Our goal is to derive expressions for import and domestic
prices and quantity demand for each commodity c. Commodities c destined for
country d are demanded by four groups of agents ag: firms fi, private households
pr, government go and investors in. We assume an identical constant elasticity of
substitution (CES) utility function across the continuum of goods for each of these
four groups:

oc—1

5 = | [ et (@)% deo (1)
0

To sell commodity ¢ with variety w from source s to destination d, firms charge
the following cif-inclusive (cost of insurance and freight) price:

® GTAP can also be operated in recursive dynamic mode, see for example (GTAP-RD
(Aguiar et al., 2019b), WTO Global Trade Model (Aguiar et al., 2019a) and GDyn (lan-
chovichina and McDougall, 2000)). These models allow for capital accumulation and facil-
itate economic projections.

7 We use commodity, goods and sector interchangeably throughout the paper.
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where: ¢ is the total cost of inputs associated with producing commodity ¢ in
d
tts’

Cest

(2)

exporting country s, is the production tax or subsidy on production of com-
modity c in exporting country s, and ti:ﬁ is the destination-specific export tax. The
price of transport services is represented by p’, and 7.4 which is the share of
international transport margin services in the cif-value of imports. All taxes are
expressed in power of the tax format, i.e. as one plus the ad-valorem tax rate.

Productivity zs (w) follows the Frechet distribution with technology parameter
A¢s and dispersion parameter 0. as:

Fi (2) = exp (— (f) QC> 3)

where: A is a technology parameter and determines the country- and sector-
specific location of productivity, while 6, is a sector-specific dispersion parameter.
A smaller 6. corresponds to a more dispersed productivity distribution within each
sector.

2.2 Price distribution and import share probability

To get to the group-specific landed price pi%, (w) of variety w, we multiply the
cif-price pZ;J; (w) by one plus the import tariff £, 7, general iceberg trade costs T s,
group- and source-specific iceberg trade costs ng’”g and taxes tig’”g . We also identify
commodity sources as domestic and imported (so = dom, imp), and agents such as
government, private households, firms and investors (ag = go, pr, fi,in):

prod exp ¢ imp 50,48 ;50,48
(t‘fs Ccstcsd + 'YCSdpcssd) tcsd Tesd Teg tcd

4)

Pcsa (wc) = Zon (w)

As the price p.s; is a function of productivity z, a Frechet distribution for produc-
tivity z implies a Frechet distribution of import prices p for commodity ¢ traded
from s to d (derivation in 5.6):
. -6,
(tf:)smdccstexp + %sdPZd) tlmpTcschsslagtig’ug

csd csd

Gea (P) =1—exp{ = . ARG

Next we derive the price distribution of commodity ¢ in the importing country 4 in
G:3 (p), using the result that the probability that a price in importer d is lower than
p is equal to one minus the probability that none of the exporters s delivers a price
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lower than p. So we have:
R

Gei (P) =1 =TT (1= Geaa (p)) (6)
r=
Combining equations (5)-(6) leads to the following price distribution:
GEf (p) =1~ %" )
With
prod exp ts imp 50,8 ,50,08 —0e
R (tcs Ccstcsd + ,)/CSdpcsd) tcsd Tesd Teg tcd

O =) ®)

r=1

)\CS

where: @ determines the average price of commodity ¢ in country d and is a
function of unit costs and the level of technology in all its trading partners, c.s and
Acs, and the trade costs for importing from its trading partners.

The probability 7.5, that goods ¢ in country d by group ag are imported from
trading partner s is equal to the probability that the price in country s is lower than
the price in all the other trading partners:

”Zfd =P (pcsd S miﬂ{pcud;u 5& S}) = bfuly—é[s (1 - Gflgld (p)) dGZfd (p) (9)

Substituting equation (5) and elaborating leads to:

. —0c
prod  exp ts ), imp 50,48 150,48
(fcs Cest g +'chdpcsd> besd TesdTeg “teg
ag

Ty = 7z (10)
CS (Dcd

2.3 Quantity imported

We derive the commodity sold from s to d based on the quantity share sourced
from s in d. The quantity share is equal to the probability that goods are bought
from source country s, with price and times the average quantity bought from s,
q..4 divided by the total quantity ¢ bought from all other trading partners:

ag ag —ag

qcsd — ncsdqcsd (1 1)
ag R

deq ag —ag
: ugl 7Tcudqcud

We use the property that the distribution of prices of goods sourced from coun-
try s and imported by country d is given by the same distribution as the general
distribution of prices in country d, G5 (p). This is Property b on page 1748 of
Eaton and Kortum (2002) and is also derived in the Appendix.® The implication is

8 As Eaton and Kortum (2002) point out, this follows from calculating the distribution of
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that the average quantity purchased is the same for each source country s.%:
7%= [ ()" q5dGaa () = a8 (12
0

Substituting equation (12) into equation (11) and using the fact that the sourcing
probabilities add up to 1 gives rise to the result that the quantity share sourced
from country s is equal to the probability that goods are sourced from country s,

ag
TS
csd

— ec
prod exp £ 50,08 ;50,08
(tcd Ced tcsd +Yesd pcid) tacsa Tesd Toq tcd
Acs
a ag

ag _ _ag ag
Desd = Tesabed = q)ag ded (13)
cd

We then derive total imports of each commodity c from source s, q.¢4, as the sum
over imports of the four agents in country d:
— ag - _ ag ag
Jesd = Z Desa = Z Tesd9cd (14)
age{pr,go,fiin} age{pr,go,fiin}
The probability of country d importing from country s, 7.5, can be written as the
probability of country d importing in s, 77.5""" times the probability of importing
from source s conditional upon importing, 7T s;:

ag _ _imp,ag ~
ncfd = Tl Tlesd (15)

Substituting (15) into (14) leads to:
Qesd = ﬁcsdq?;p (16)
With qi’gp being the sum of import demands by the four groups of agents:

imp imp,ag ag imp,ag
Tad = L Td = Y. A (17)
age{pr,go,fiin} age{pr,go,fiin}
The probability of importing from source s conditional upon importing, 7.,

prices of goods sourced from s in country d given that goods are actually sourced from
country s.

? Eaton and Kortum (2002) use this property to argue that average expenditure does not
vary by source. The reasoning is identical for average quantity and average expenditure.
Both are determined by prices. With a price distribution not varying by source average
quantity and average expenditure do not vary by source.

10
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can be calculated as follows:

. i -0,
X im c
< (Ccs tis,f +Yesd pz;d ) tcsdp Tesd >

ag ag A
~ _ ﬂcsd _ ncsd °
Tlesd = imp,ag Zn_ag - imp (18)
ﬂcd " usi q)cd

Hence the expression for the conditional probability, 77.s; in equation (18) in-
dicates that the group index ag does not play a role. Therefore, we can first sum
import demand for the four groups of agents and then allocate total import de-
mand across different sourcing countries. Substituting equation (18) into equation
(16) thus leads to an expression for imports from country s, q.q4:

) -6
prod ex, t 1 ‘
(tfs Ces tCS:+’chdPC§d) tcsdeCSd
imp

Acs
ch (19)

Gesd = im
P
chd

With @?gp being a function of the cost of production from different sources:
prod _ exp tr imp —bc

q)imp (tcs Ccstcsd + ')’Csdpcsd) tcsd Tesd 20

w =L I (20)

r

Note that q?gp is defined in equation (17) and q?;w’”g can further be elaborated as

follows:

Tcd cd

ag
imp,ag imp,ag —fe imp tdgm’”gccd b e
y y .
(Tcd Fea ) P T T

Similar to import demand, we can define demand for domestic goods as:

dom,
@@= r a (22)
age{pr,go,fiin}

imp,agtimp,ag —0 cI)imp
imp,ag cd

deq (21)

With qfsm’ag equal to:

tdom,ug gf
cd c
( /\Ed >
dom,ag _ ndom,ag ag ag (23)

Ged cd cd ] ] _9 ] dom,ag —6, Ded
imp,ag ,imp,ag ¢ ximp tg  °Cod
(Tcd tcd ) q)cd + ( ‘ Acd

11
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2.4 Price index

To obtain the import price index for each commodity ¢, we integrate over the
price distribution for each of the four groups of agents, ag = pr, go, fi, in:

0 dom,agc —bc Oc
ag imp,ag_imp,ag\ ¢ ximp cd cd
P = Ac (tcd Ted ) CDcd + < Aed > (24)

With A, = (r (9—90+1)>11

The fact that preferences are homothetic and the expression for ng in equation
24) is a proper price index, we can write expenditure x"8 as price times quantit ,
proper p P cd ASP q Y

which will prove useful below:
Xt = Pedled (25)
We do change the expressions for import shares used in the definitions of import
price indices. As mentioned above, sectoral prices for imports do not vary by origin
in the Eaton-Kortum model. Therefore we have to use quantity shares instead of
value shares. This also follows from hat differentiating equation (24). The share

coefficients then correspond with quantity import and domestic shares respectively
in equations (21) and (23). The same logic holds for the expression for the aggregate

import price, CDZ;" , in equation (20).
2.5 Goods market equilibrium

In the standard GTAP model based on the Armington specification, the goods
market equilibrium is formulated based on quantities with identical goods sold to
different destinations. This implies that the pre-export tax prices are identical for
all destinations, whereas the post-export tax prices vary depending on destination-
specific export taxes. In the Eaton-Kortum model, the landed prices are identical
for all sources—i.e., prices in destination markets are source-independent. From
the perspective of an exporting country, the price of goods sold to different destina-
tions is different. Therefore, we have to reformulate the goods market equilibrium
in the GTAP model using values instead of quantities.

In particular, we equalize the value of gross output xP! °d \with the value of im-
port demand from the different trading partners. Since we need the value of import
demand net of export and import taxes and payments to the transport sector, we
divide the import value by the power of the different taxes and subtract payments
to the transport sector. The import value for the different groups of agents ag is
equal to the total value of demand in destination country d, xfg , times the probabil-
ity that goods are imported from country s, 7r2%,. In sectors producing goods used

csd’
for global transport services, we also add the value of transport services exported,

12
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cestss. Therefore, we have the following equilibrium condition:

dom, ag ,.ag
xpmd . 2 7tcsom agxg§P0Pr + E TCesqXcd POPs _ p?;d ts 4 Cocts™
s dom,ag imp,ag imp exp  4Xp csd s =cs
age{prgofiiny  fes tea “lesatesa  esd
(26)
To rewrite equation (26) we substitute equations (15), (18) and (25) and the fact
that xfsmd = ccstfsmdqfsmd and qi;’”g = ni;’angg pops. The first equation expresses

that the value of gross output is equal to the price of gross output c.s times the

quantity of gross output qfsmd, taking into account the production tax tfsmd. The
second equation follows from equation (23). After some steps we get the following
equilibrium condition:

y y puquom,ag
prod prod csYcs
Ccstcs Qes = Z 7d0m,ﬂg +CC5tSTS

agelpgf}  tes

, i —6
exp t imp c
(CCS tcsd +755dpc;d) tcsd Tesd >

s ag _imp,ag tr
_|_Z < Pedca - pcsdts
imp jimp jexp imp 1exp csd
d Dcs besd tesd age{prgo.fiin}  tesg csd
(27)

2.6 Tax revenues

To calculate import and export tax revenues, we have to take into account that
the distribution of prices is independent of the country of origin. This implies that
the sectoral landed price for agent group ag in destination d is independent of the
source country s. In other words, the expression for p?ﬁ in (24) gives the landed
price at the sectoral level for goods from any origin country. This implies that we
start from the value of trade and prices inclusive of all taxes and divide by the
various taxes to get to the appropriate base value on which the tax is applied. We
start with revenues from the group ag = pr, go, fi,in and source so = dom,imp

specific import tariffs, defined as trig’”g :

50,08 s0,ag _ag s0,ag ag so0,ag
trso,ag _ (tcd _ 1) T[cd XaPOPd _ (tcd B 1) cdlcd (28)
cd T tSO,ag - tso,ag
cd cd

Tariff revenues on purchases by group ag on goods sourced from origin so, tr..;,

are equal to the tariff rate (£77"® — 1) times total expenditures by group ag times the

probability that goods are bought from source so. We divide by the power of the

tariff rate t7;°¢ to get the value traded net of tariffs. In the second equality we use
so,ag _ _so,ag Aag

equation (25) and ¢/, ol GoqPopa-

To calculate tariff revenues tr.; on imports from country s, we multiply the
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value of trade in cif-terms by the tariff rate (tiy:dp — 1) and sum over the three
groups of agents:

imp ag . s0,ag
(t 1) Tesd™ed

csd

=y /_ (29)
d
T wetraofiny by b
Applying equations (15), (18) and (25) leads to the following expression for import

tariff revenues:

exp tr ) imp —6c
(tiﬂw . 1) ( (CCS tesa +%;‘fpcsd)tcsd Tesd > ag _imp,ag
4imp csd - Pl (30)
csd imp imp #gimp
¢ CDCd age{pr,go,fiin}y fog

It is not possible to further elaborate equation (30) into an expression based on q?;p .
The reason is that we cannot split up the terms p'5q.,""® in the summation. This
impossibility also implies that we cannot derive a price index corresponding to
imp

Dea - ox

Finally, we discuss calculation of export tax revenues, 7 5 . To get the base value
for the export tax we need the fob-value of trade which follows from substracting
the transport value from the cif-value as defined in equation (30). Multiplying by

the export tax rate divided by the power of the export tax, we get for tr¢.7:

i —0,
(Ccs ti;’]] TYesd Péﬁd ) tlcz;p Tesd ‘
exp_q

. Nes ag _imp,ag
t}’exp __ “csd Pedfed _ts fs
csd T fexp cI)im]a N timptag,imp PesatSesd
csd cd age{pr,go,fijin} tesg teg
31)

3. Simulations: Comparing GTAP model with Armington and Eaton-Kortum

To explore the differences between the Eaton-Kortum model and Armington
model, we conduct a series of experiments, calibrating both models to the same
baseline data and behavioral parameters. The GTAP Data Base, Version 10, is ag-
gregated to 10 regions, 10 sectors, and 5 factors of production. To make the two
models comparable we set the substitution elasticity between imports and dometic
goods equal to the substitution elasticity between imports from different source
countries in the GTAP model with the Armington specification. Furthermore, we
calibrate the model to the same trade elasticity in the estimated gravity model,
implying that 6, = {. — 1 with (. the substitution elasticity between goods from
different source countries. We conduct four sets of experiments:

1) Global tariff liberalization: Eliminate tariffs in all regions (i.e., set tariffs to
Zero).

14
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2) Global iceberg trade cost reduction: 5% decrease in iceberg trade costs in
all regions.

3) Global export tax liberalization: Eliminate export taxes and subsidies (i.e.,
set them to zero).

4) Unilateral tariff increases: Ten experiments with each region increasing
(the power of) tariffs by 10% vis-a-vis other regions.

We conduct policy experiments and focus on three different trade policy instru-
ments (tariffs, export taxes, and iceberg trade costs) to compare results between
the GTAP model with Eaton-Kortum and Armington specifications. We also ex-
amine the impact on real income, trade volumes and trade values, real GDDP, the
components of real GDP, and terms of trade. The fourth experiment is included
to explore how terms of trade effects of tariffs differ between the two models and
to test the hypothesis that the terms of trade gains of raising tariffs are larger in
the Eaton-Kortum specification, because pre-tariff prices can be driven down more
since the tariff-inclusive price changes less and exporters thus pay a larger part of
tariff increases.

Before exploring the simulation results, we first discuss the numerical solution
of the model. Since the Eaton-Kortum code is highly non-linear a large number of
steps is required in GEMPACK to get an accurate solution and make Walraslack
marginal in the model. More specifically, we solve the model with Euler 100-300-
500 steps. However, we also show that solutions are virtually identical with a
smaller number of steps in the experiments conducted. This implies that in exper-
iments with a larger number of countries and/or sectors the model can be solved
with a smaller number of steps, for example Euler 9-11-13 steps.

Figure 1 displays the percentage change in real income (the variable u corre-
sponding to the percentage change in utility of the regional household) in the 10
regions for the four experiments. The figure makes clear that the difference in real
income effects is very small, as expected from the theory.

Figure 2 displays changes in export volumes by region. We see that changes
in trade volumes are smaller in the Eaton-Kortum model than in the Armington
model. The reason is straightforward: the elasticity of trade volumes with respect
to trade costs is smaller in the Eaton-Kortum model, 6. = ¢, — 1, compared to .
in the Armington model. This difference is based on the way we compare the two
models and a feature of the Eaton-Kortum model. First, the trade elasticity, defined
as the elasticity of the value of trade with respect to iceberg trade costs, is calibrated
to be identical in the two models since this is what is empirically identifiable based
on gravity estimation. Second, in the Eaton-Kortum model the elasticity of the
volume and value of trade with respect to iceberg trade costs are identical, as dis-
cussed in the theoretical section, because the price of imports is identical across all
sourcing regions. These two facts imply that trade volumes are less responsive to
changes in trade costs in the Eaton-Kortum model.

Figure 3 shows the percentage change in real GDP (the variable qgdp) in the two
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Figure 1. Projected per cent changes in real income under four scenarios

Notes: The figure displays the per cent change in the variable u in response to the four experiments:
(i) global elimination of tariffs; (ii) global elimination of export taxes/subsidies; (iii) global reduction
in iceberg trade costs by 5%; (iv) unilateral increase in the power of tariffs by 10% in one country
vis-a-vis all its trading partners. The variable 1 measures real incomw. The per cent change in real
income can also be interpreted as the per cent change in equivalent variation.

Source: Simulations with GTAPV7 and GTAPV7-EK
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Figure 2. Projected per cent changes in real exports under four scenarios

Notes: The figure displays the per cent change in the variable gxwreg in response to the four
experiments: (i) global elimination of tariffs; (ii) global elimination of export taxes/subsidies; (iii)
global reduction in iceberg trade costs by 5%; (iv) unilateral increase in the power of tariffs by 10%
in one country vis-a-vis all its trading partners. The variable gxwreg is a measure for regional real
exports, calculated as the trade value weighted average of bilateral exports by sector.

Source: Simulations with GTAPV7 and GTAPV7-EK
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Figure 3. Projected per cent changes in real GDP under four scenarios

Notes: The figure displays the per cent change in the variable ggdp in response to the four
experiments: (i) global elimination of tariffs; (ii) global elimination of export taxes/subsidies; (iii)
global reduction in iceberg trade costs by 5%; (iv) unilateral increase in the power of tariffs by 10%
in one country vis-a-vis all its trading partners. The variable ggdp is a measure for real GDP, defined
as the sum of the nominal value consumption plus investment, plus government expenditures plus
exports minus imports, divided by a GDP price index, which is a value weighted average of the
prices of each of the components of GDP.

Source: Simulations with GTAPV7 and GTAPV7-EK
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Figure 4. Projected per cent changes in the terms of trade, aggregate import prices, and
aggregate export prices under unilateral tariff liberalization

Notes: The figure displays the per cent change in the variables tot, pdw, and psw respectively in the
three panels from top to bottom in response to the fourth experiment: unilateral increase in the
power of tariffs by 10% in one country vis-a-vis all its trading partners.

Source: Simulations with GTAPV7 and GTAPV7EK
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models. The change in GDP differs more between the two models across the dif-
ferent regions, because the change in real exports and real imports differs between
the two models.

Finally, we evaluate the changes in the terms of trade in the fourth scenario, test-
ing the hypothesis that the terms of trade gains of raising tariffs are larger in the
Eaton-Kortum than in the Armington model. In the Eaton-Kortum model landed
prices are identical regardless of the country of origin. Because of this feature,
an increase in tariffs on imports will not increase landed (tariff-inclusive) prices as
much as in the Armington model and so most of the adjustment will happen on the
exporting side. Basically, higher tariffs imply that a share of firms will stop import-
ing. This extensive margin adjustment will imply that the highest cost varieties
will drop out thus reducing the pre-tariff import price. Because of the extensive
margin adjustment the pre-tariff price will fall more in the Eaton-Kortum model
than in the Armington model.

However, this does not necessarily mean that raising tariffs generates larger
terms of trade gains in a general equilibrium model in Eaton-Kortum than in the
Armington specification, because the imposition of tariffs also implies that the price
level in the importing country increases leading to higher export prices. However,
the increase in export prices is also smaller in the Eaton-Kortum than in the Arm-
ington specification because landed prices are identical for all sourcing countries.
Therefore, the projected change in the terms of trade can be either smaller or larger
in Eaton-Kortum compared to the Armington specification depending on whether
the difference in the changes in import or export prices is bigger.

We illustrate the above by evaluating the changes in terms of trade for the fourth
experiment, i.e. 10 experiments increasing the power of tariffs in each of the regions
by 10 per cent vis-a-vis all other regions. Figure 4 shows that in some regions the
terms of trade improvement in the Armington model is larger, such as in SouthA-
sia, NAmerica, and LatinAmer, whereas in other regions the terms of trade im-
provement is larger in the Eaton-Kortum model, such as Oceania, EastAsia, and
SeaAsia. However, we observe that the reduction in (pre-tariff) import prices is
larger in Eaton-Kortum than in the Armington specification, while at the same time
the increase in export prices is smaller in the Eaton-Kortum specification. In regions
where the terms of trade improvement is larger in the Eaton-Kortum specification,
such as Oceania, the larger import price reduction dominates the smaller export
price increase.

4. Concluding remarks

In this paper we have modified the trade structure of the GTAP model, changing
it from one with an Armington structure with love of variety by country of origin
to one with an Eaton-Kortum structure with comparative advantage differences
within sectors based on a stochastic distribution of productivities.

An important feature of the Eaton-Kortum specification is that prices from each
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origin country within a sector are identical, implying that both the value and vol-
ume share of trade from a source country are equal to the probability that a country
sources goods from the source country. This probability, equal to the import share,
has the same shape as in the Armington framework.

Because of the property that import prices are identical for each source country,
incorporating the Eaton-Kortum framework in the GTAP-model is a complicated
undertaking. A distinction has to be made between bilateral costs and bilateral
prices with the former determined by the costs of production and tariffs and the
latter determined by average price levels. Hence, the code is structured such that
tirst the price index is determined based on costs and then tariffs, transportation
margins, and export taxes are subtracted to calculate bilateral prices.

The simulations generate three main insights. First, the real income effects
are virtually identical in the Eaton-Kortum and Armington versions of the GTAP
model. Second, changes in the volume of trade are smaller in response to trade
cost changes in the Eaton-Kortum than in the Armington specification, whereas
changes in the value of trade are (virtually) identical. Third, the terms of trade
gains of imposing tariffs differ with with pre-tariff import prices driven down more
in the Eaton-Kortum specification with export prices also rising less. This implies
that terms of trade effects are larger under Eaton-Kortum for some countries and
smaller for other countries, when compared to the terms of trade effects in the
Armington specification.

The work in this paper can be extended in at least three directions. First, pro-
jections of the impact of counterfactual experiments on volumes of trade and trade
prices can be compared with empirical estimates of this response in the data. This
might give insight into the question as to whether the Armington structure might
be a better description of actual patterns of trade than the Eaton-Kortum structure
in some sectors whereas it could be opposite in other sectors. Also other models
such as the Ethier-Krugman and the Melitz model could be included in the compar-
ison exercise. (See for example Bekkers and Francois (2018) for Ethier-Krugman-
Melitz variations within the GTAP framework.) Second and more specifically, a
test of the validity of the Eaton-Kortum model can be conducted based on its pre-
diction that tariff-inclusive bilateral import prices are identical across all source
countries. This prediction can be tested using estimates on the response of bilat-
eral trade prices to changes in trade costs.!® Third, the Eaton-Kortum model can
be employed in recursive-dynamic applications to evaluate whether long-run pro-
jections are different in the Armington and Eaton-Kortum frameworks. Because
of the structural interpretation of the technology parameter in the Eaton-Kortum
model, the framework can be extended with endogenous changes in technology, as

10 Depending on the outcome of such specification tests, one could imagine implementing
nested versions of Armington, Eaton-Kortum, and Ethier-Krugman-Melitz, with different
specifications deemed appropriate for different sectors.
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is done in the work by Gées and Bekkers (2023) on decoupling.
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5. Appendix: Implementation in GEMPACK

To convert the GTAP model code based on nested Armington preferences to
Eaton-Kortum, we have to make five sets of changes. All these changes are related
to the fact that sectoral prices do not vary by origin in the Eaton-Kortum model.
That is, the average price for a destination country at the sector level is the same for
goods from any country of origin. The reason is that a country of origin displaying
higher trade costs will export fewer varieties to a specific country of destination.
As a result, the increase in the average bilateral sector price due to higher costs
if offset by the reduction in the average bilateral sector price because the country
would export fewer varieties for which it has a low productivity.

The five sets of changes are mapped out in the next five subsections. We start
with the change in trade elasticities, followed by the change in the expressions
for import demand and price indices. Then we describe changes in the expres-
sions for tax revenues. Next we point out changes in the goods market equilibrium
condition. Other changes in the model code (calculating the terms of trade, trade
components of GDP, and trade indices) are presented in 5.6. In the model code, we
continue to use variables like pcif and pfob, but these variables cannot be inter-
preted as prices in the model. Instead they are a measure of costs, used to deter-
mine the quantity imported and the cost in an importing country. We use the usual
conventions for notation in the GEMPACK code, i.e. subscripts c and a are used to
indicate commodities and activities (or generally, sectors) and s and d to indicate
source and destination countries. Variable x (¢, a, s, d) indicates flows from sector ¢
to a from country s to d.

5.1 Values and update statements

We first discuss the various update statements before turning to the expressions
for import demand, tax revenues and goods market equilibrium in the model code.
Given the same pattern of GTAP model code for various agents, we only discuss
in this paper the changes made to household import and domestic flows at basic
and purchaser’s prices and their associated equations.!! Both VMPP and VMPB
tflows are still used to calculate tax revenues and are updated based on values—i.e.,
V=P*Q—as in the Armington specification.

Listing 1. Value of household expenditure and update statements

Variable (all,c,COMM) (all, r,REG)
2 ppal(c,r) # private consumption price for con
3 Variable (all,c,COMM) (all, r,REG)

11 1 the GTAP model code, P denotes private household, G for government, I for Invest-
ment, and F for firms, with sources identified as D for domestic and M for imported. For
example, the value flows for government domestic and imported expenditures at basic
prices are VDGB, V MGB with corresponding price variables pgd, pgm and quantity vari-
ables ggd and qgm.
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4 gpm(c,r) # private household demand for imported co. ity r #;

5 Variable (all,c,COMM) (all,r,REG)

6 tpd(c,r) # power of tax on domestic c purchased by private h

7 Variable (all,c,COMM) (all,r,REG)

8 tpm(c,r) # power of tax on imported c purchased by private hhld in r #;

10 !< gtapv7-ek: define domestic and import price var >!

11 Variable (orig_level=1.0) (all,c,COMM) (all, r,REG)

12 ppdek (c,r) # price of domestic c¢ purchased by household in r, net of tax #;

13 Variable (orig_level=1.0) (all,c,COMM) (all, r,REG)

14 ppmek (¢, r) # price of imported c purchased by household in r, net of tax #;

16 Coefficient (ge 0) (all,c,COMM) (all, r,REG)

17 VMPP (c,r) # private hhld expenditure on imp. ¢ in r at producer prices #;

18 Read

19 VMPP from file GTAPDATA header "VMPP";

20 I< gtapv7-ek: Modify update statement by changing price from ppm to ppa >!

21 Update (all,c,COMM) (all, r,REG)

22 VMPP (c,r) = ppal(c,r) x gpm(c,r);

23 Coefficient (ge 0) (all,c,COMM) (all, r,REG)

24 VMPB (c,r) # private household expendit imp. ¢ in r at basic prices #;

25 Read

26 VMPB from file GTAPDATA header "VMPB";

27 !< gtapv7-ek: Modify update statement from pms to ppmek >!

28 Update (all,c,COMM) (all, r,REG)

29 VMPB (c,r) = ppmek(c,r) * gpm(c,r);

31 !< Expenditures at producer prices have a uniform price model >!

32 Coefficient (ge 0) (all,c,COMM) (all, r,REG)

33 VMPPEK (c,r) # private hhld expenditi on domestic ¢ in r at purchaer’s
prices, ;

34 !I< Update based on quantity shares >!

35 Formula (initial) (all,c,COMM) (all, r,REG)

36 VMPPEK (c,r) = VMPP (c,r);

37 Update (all,c,COMM) (all, r,REG)

38 VMPPEK (c,r) = gpm(c,r);

39 Coefficient (ge 0) (all,c,COMM) (all, r,REG)

40 VMPBEK (c,r) # prv hhld expenditure on imported c in r at basic prices, EK #;

41 Formula (initial) (all,c,COMM) (all, r,REG)

42 VMPBEK (c,r) = VMPB(c,r);

43 Update (all,c,COMM) (all, r,REG)

44 VMPBEK (c,r) = gpm(c,r);

46 Equation E_ppmek

47 # EK household consumption prices for imported com. c, net of tax #

48 (all,c,COMM) (all, r,REG)

49 ppmek (c,r) = ppal(c,r) - tpm(c,r);

51 Equation E_ppdek

52 # EK household cons stic con c, net of tax #

53 (all,c,COMM) (all, r,REG)

54 ppdek (¢, r) = ppal(c,r) - tpd(c,r);

For the Eaton-Kortum specification, the update statements for values at pur-
chaser’s price, VMPP and VDPP, use the composite price, ppa, for both imported
and domestic goods multiplied by their appropriate quantity variables gpm and
gpd. The update statements for values at basic prices, VMPB and VDPB, use anew
variable ppmek and ppdek which are calculated based on the household composite
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price, ppa, diminished by the power of tax (1+rate) for imported (tpm) and domes-
tic (tpd) goods. We also introduce new coefficients in the Eaton-Kortum specifi-
cation (VMPPEK, VMPBEK, VDPPEK, VDPBEK), for use in the market clearing
equation.

5.2 Trade elasticities

In this section, we dicuss changes to ESUBD (c) and ESUBM (c) parameters
which are used in the import demand equation. In the Eaton-Kortum model the
coefficient in import demand on prices is the dispersion parameter 6. (omitting the
country subscript). We henceforth change each agent’s domestic-import demand
equations from ESUBD (c) to THETA (c) and also in the import demand equation
E_gxs from ESUBM (c) to THETA (c).

To calibrate THETA we can use gravity estimates on the tariff elasticity from an
external source or the estimated elasticities in the GTAP Data Base. In the gravity
equation based on the Armington model the substitution elasticity, o, is equal to
one plus the tariff elasticity 7/, 0. = 1+ 5!, if the gravity equation is estimated
using tariff-inclusive values. In the Eaton-Kortum model the tariff elasticity (also
estimated based on tariff-inclusive values) is equal to the dispersion parameter, so

we have 6§, = 5!":12

Xesd = €Xp {dcs +dyg —0:1In ti?dpitmcsdtzg +¢cIn gravcsd} €csd (A1)
In equation (A.1), des and d.; are exporter and importer fixed effects and grav.q,
is a vector of bilateral gravity variables such as distance and common language.
We can thus calibrate the Eaton-Kortum model based on the estimated tariff elas-
ticities from the GTAP Data Base using 6. = 5/ = 0. — 1 implying THETA (¢, d) =
ESUBM (c,d) — 1. Effectively, this means that the trade elasticity parameter changes
from ESUBM into THETA = ESUBM — 1.

Listing 2. Trade elasticities

Coefficient (parameter) (all,c,COMM) (all,r,REG)
2 THETA (c, r)

i1 fie dispersion parametrer of Frechet

on

3 # region-specific dispersi paramete
4 Formula (initial) (all,c,COMM) (all, r,REG)
THETA (c,r) = ESUBM(c,r) - 1;

5.3 Import demand and price index

We also change the expressions for each agent’s import demand and price in-
dex. The original model is characterized by a two-level nested structure of import
demand—i.e., second level CES function for commodity sourcing of imports by

12 In the Eaton-Kortum model the import share in quantities and values is equal, implying
an equal coefficient on prices and tariffs in respectively the quantity and value (gravity)
equation.
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region of origin and top-level CES function for domestic and imported demand
for the four groups of end users: firms, private households, the government and
investors. Although in the new model we work with identical trade elasticities be-
tween domestic and imported and between imported goods from different sources,
we stick with the nested structure of import demand, adding up import demand
by the four groups of end users to determine total import demand. The reason is
that import demand shares vary across the groups of end users, whereas import
shares from different exporters are identical across end users.

We introduce five equations in this section: (1) bilateral import demand; (2) ag-
gregate import demand for the different end users; (3) importer cost; (4) aggregate
price index for the different end users; and (5) total domestic demand and total
import demand. Since expressions for each of the end users are identical, we only
show the model code for one of the end users: private households. We will also do
so in the remainder of the text.

The expression for bilateral import demand is given in equation (19). To turn
this equation into GEMPACK-code we first define the bilateral cost, c.;; and the
aggregate import cost, clcr;p. Substituting the expression for CIJICT;p in equation (20)
gives:

p )
(tfsm Ces ti?g + Yesd p?;d) tlctsndp
cs

= <Z (pcschsd)_9C> c (A.3)

7

&=

imp imp\
Cod = (cbcd )

Note our use of the term bilateral cost and aggregate import cost, as they de-
noted costs and not prices. As discussed earlier, import prices are not varying by
country of origin with the bilateral price equal to the aggregate price index. There-
fore, we refer to entities defined in equations (A.2)-(A.3) not as prices but as costs
in the Eaton-Kortum specification.

Equation (19) can now be written as:

_95
fesd = (Q;in;i“i) g (A.4)
cd
Writing this equation in relative changes leads to the expression for gxs which is
similar to the expression in the Armington specification except for a different trade
elasticity, THETA (c). In the code we stick to the use of the variable names of the
Armington specification, although pmds and pms should now be seen as costs (i.e.,

not prices) in the Eaton-Kortum specification.

We now turn to domestic and import demand for the different end users. We
focus on import demand since the equation for domestic private consumption de-
mand is identical. Equation (21) can be rewritten as follows, substituting equations
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(24) and (A.3):

zmp,agtzmp,ug imp —be
= (Al ) g a5)
Ped
Hat differentiating equation (A.5) results in the following expression for private
import demand, gpm as a function of aggregate private demand gpa, the price of
private consumption, ppa, and the consumption tax inclusive cost of import de-
mand, ppm = pms + tpm:

Listing 3. Aggregate Import and private household demand

Equation E_gxs
2 # regional demand for disa gte
3 (all,c, COMM)(all,s,REG)(all,d,REG)
4 axs (c,s,d)
5 = —-ams(c,s,d) + gms(c,d)
6 - THETA(c,d) * [pmds(c,s,d) - ams(c,s,d) - pms(c,d)];

s Equation E_qu
9 # private cor

10 (all c, COMM)(all r, REG)
11 gpd(c,r) = gpal(c,r) - THETA(c,r) * [ppd(c,r) - ppal(c,r)];

13 Equation E_gpm

14 # private consumptio for a imports #
15 (all,c,COMM) (all, r,REG)
16 gem(c,r) = gpa(c,r) - THETA(c,r)  [ppm(c,r) - ppal(c,r)];

Third, the importer cost level is defined in equation (A.3). Hat differentiating
this expression gives:
“imp CesdTesd) ©  j—
Clciziip _ ( csd csd) - (Ccsd+Tcsd) qcsd

% (CusiTusi)_ ‘ q:gp

(Ccsd + Tcsd) (A6)

The second step follows from equation (19). Hence, the relative change in the
importer price level is a weighted average of the relative changes in bilateral prices
with as weights quantity shares. This comes from the quantity share and value
share being identical, because the price is not varying by country of origin in the
Eaton-Kortum specification.

Equation (A.6) is written like in the Armington specification in the code. How-
ever, the calculation for import share sourced from region r, MSHRS, will have to
be modified since quantity shares are employed.

Listing 4. Import cost equations

Coefficient (parameter) (all,c,COMM) (all,s,REG) (all,d,REG)
VMSBEK(C s, d)
# initial value of imports of ¢ from s to d at domestic (basic) prices #;
Formula (1n1t1al) (all, c,COMM) (all,s,REG) (all, d, REG)
VMSBEK (¢, s,d) = VMSB(c,s,d);

g W N
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Coefficient (all,c,COMM) (all, s, REG)(all d, REG)

8 MSHRS (c,s,d) # share of imports from s in imp. bill of r at basic prices #
9 Formula (initial) (all,c,COMM) (all, s, REG)(all d, REG)

10 MSHRS (¢, s,d) = VMSBEK(c,s,d) / sum{ss,REG, VMSBEK(c,ss,d)};

11 Update (all,c,COMM) (all,s,REG) (all,d,REG)

12 MSHRS (c,s,d) = gxs(c,s,d) * ams(c,s,d) x gmsn(c,d);
13 Update (explicit) (all,c,COMM) (all,s,REG) (all,d,REG)
14 VMSB (c,s,d) = MSHRS(c,s,d) * VMB(c,d);

16 Equation E_pms
T‘jﬁ i1ce *W? —‘L C

18 (all,c,COMM)(all d REG)
19 pms (c,d) = sum{s,REG, MSHRS(c,s,d) * [pmds(c,s,d) - ams(c,s,d)]};

21  Equation E_gmsn

22 # negative of aggregate imports of ¢ in region r, basic price wei #
23 (all, c,COMM) (all, r,REG)
24 gmsn(c,r) = -1 * [gms(c,r)];

As shown in the codes above, the share MSHRS is initialized using the value
share in the data. This is consistent with the Eaton-Kortum specification, since
value shares are equal to quantity shares. The share is then updated using quantity
shares with gmsn defined as the negative of gms.

We write the expression for the aggregate price index of end user ag in equation

(24) in relative changes, substituting the expression for CDZ;” from equation (A.3):

. . —0 tdom,agc *Gc -
pimpiag Jimp) T _ = o dom,ag
~ag cd cd imp,ag im od
- gimp.ag imp
cd _QC tdam,ag _6 cd Cd 95 tdom,ug _ec /\Cd
tlmp,gg 1mp + od Ced tzmp,ag zmp + od Ced
cd Ced Acd cd Cea Acd
—_—
imp,ag — dom,ag tdonuug
— od gimpag imp 9ed od  Cod (A7)
dom,ag imp,ag cd Ced dom,ag imp,ag )\ )
GQea "~ T GQea "~ tca cd
The second line follows from the expressions for qlc i ¢ and q ¢ in equations

(21) and (23) and written in the code as in the Armington spec1f1cat10n. However,
the expression for the import share, PMSHR, should be changed since quantity
shares are used.

Listing 5. Household composite prices

Zerod1v1de default RNREG;

2 .’\ ‘\ 1T C Wipo \’
3 Coefficient (all,c,COMM) (all, r,REG)
4 PMSHR (c,r) # share of imports in private at purchaser’s prices #;
5 Formula (all,c,COMM)(all r, REG)
6 PMSHR (c,r) = VMPPEK(c,r) / VPPEK(c,r);
Equation E_ppa
# private consumption price for co te ies #

© ®

(all,c,COMM) (all, r,REG)
ppa(c,r) = [1 - PMSHR(c,r)] % ppd(c,r) + PMSHR(c,r) x ppm(c,r);
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VMPPEK is updated only with the change in the corresponding quantity as
disussed in Subsection 5.1. For the share expressions in quantities such as VMPPEK
we could have continued to use value shares, because they are based on prices
which are not source-specific, for example VMPP = PPA x QPM. We have chosen
not do so, because the quantity shares are also defined in goods market equilibrium
below.

Finally, we also discuss implementation in the code of the expression of total im-
port demand in equation (17), omitting the expression for total domestic demand
which is completely analogue. Hat differentiating equation (17) gives:

— qimp,ag —
mp__ cd mp,ag
Dea” = Z imp Dea (A-8)

age{pr.go,fijin} Yeq

imp,ag
In the Armington specification, the volume share, q”‘f,,,p , can be turned into a
q

value share by multiplying the numerator and denominator by the same sales price
of a uniform imported good. However, in the Eaton-Kortum specification, the sales
price is different because goods imported by different end users are not uniform.
Hence, the shares should be updated based on quantities and not values. Equation
(A.8) is thus implemented as follows in the code:!

Listing 6. Import market clearing

I< gtapv7-ek: calculate import shares using quantity-updated coefficient !
2 Coefficient (all,c,COMM) (all,r,REG)
3 VMBEK (c,r) # value of aggregate imports of commodity in r #;
4 Formula (all,c,COMM) (all, r,REG)
5 VMBEK (¢, r) = sum{a,ACTS, VMFBEK(c,a,r)} + VMIBEK(c,r)

6 + VMPBEK(c,r) + VMGBEK(c,r);
7 Coefficient (all,c,COMM) (all,a,ACTS) (all,r,REG)

8 FMCSHREK (c,a,r) # share of import c used by in r #;
9 Formula (all,c,COMM) (all,a,ACTS) (all, r,REG)

10 FMCSHREK (c,a,r) = VMFBEK(c,a,r) / VMBEK(c,r);

11 Coefficient (all,c,COMM) (all,r,REG)

12 PMCSHREK (c,r) # share of import ¢ used by pr in r #;
13 Formula (all,c,COMM) (all, r,REG)

14 PMCSHREK (c, r) = VMPBEK(c,r) / VMBEK(c,r);

15 Coefficient (all,c,COMM) (all, r,REG)

16 GMCSHREK (c, r) # share of import c by gov’t in r #;

17 Formula (all,c,COMM) (all, r,REG)

GMCSHREK (¢, r) = VMGBEK (c,r) / VMBEK(c,r);

19 Coefficient (all,c,COMM) (all,r,REG)

20 IMCSHREK (c,r) # share of import c by investment in r #;

21  Formula (all,c,COMM) (all, r,REG)

22 IMCSHREK (c, r) = VMIBEK(c,r) / VMBEK(c,r);

13 We have only included expressions for VMPBEK and PMSHREK, the expressions for
the values and shares of the other end users are defined identically.
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24 I< gtapv7-ek: modify

25 Equation E_gms

26 # a

27 (all,c,COMM) (all, r,REG)
28 ams (c, r)

29 = sum{a,ACTS, FMCSHREK(c,a,r) x gfm(c,a,r)}
30 + PMCSHREK (c,r) % gpm(c,r)

31 + GMCSHREK (c,r) * ggm(c,r)

32 + IMCSHREK (c,r) * gim(c,r);

5.4 Tax revenues

We also change the expressions for (relative changes in) import and export tax
revenues to total income. The reason is that the import price is independent of
the origin country. This implies that we cannot for example calculate the cif-value
(used as base value for import taxes) as import quantity times cif-price as in the
code with the Armington specification. To calculate the cif-value, we have to use
the landed price per agent ag and divide by both ag-specific import taxes and nor-
mal import taxes. This proper cif-price is then multiplied by the quantity imported.

5.4.1 Tax revenues in the GTAP model

Before discussing changes made to various tax calculations, we briefly discus-
sion the tax revenue calculations in the model code which are specified based on
marginal (a.k.a. ordinary change in GEMPACK) rather than relative changes in
taxes since many taxes could be zero or negative in the case of subsidy. Relative
changes cannot be calculated for variables with initial values equal to zero (di-
vision by zero) and to prevent percentage change variables from changing signs
when for example taxes are turned to subsidies. Denoting tax revenues for tax k by
Tk, income by Y and the ratio of tax revenues to income for tax k by Ry, we have:

Ti
Ry =— A.
k=5 (A9)
Differentiating equation (A.9) gives:
ATy T dY
Reorganizing equation (A.10) leads to:
YdRy + Ty = dTx (A.11)

y is the relative change in income, y = %. We use equation (A.11) to calculate the
ratio of tax revenues to income for the different types of taxes. The tax revenue
changes are added up to calculate the relative change in household income, as
further elaborated in Corong et al. (2017). Table A1l provides an overview of the
different types of taxes in the model for which calculations have been changed.
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Change Variable Coefficient Model Description

del _taxrpc(r) DPTAX (c,r); tr?fp 7" tax on household purchases in sector c in r
MPTAX (c,r) trdom P from source so = imp,dom

del taxrgc(r) DGTAX (c,r); P8 tax on government purchases in sector cinr
MGTAX (c,r)  tr frm’g from source so = imp,dom

del _taxric(r) DITAX (c,r);  t2""  tax on investment purchases in sector ¢ in r
MITAX (c,r) triomi from source so = imp, dom

del _taxriu(r) DFTAX(c,a,r); 2" tax on purchases of intermediates by sector a

MFTAX(c,a,r) trlmpf from sector ¢ in r from source so = imp, dom
del_taxrimp(d) MTAX (c,s,d) tré’;f tax on imports (tariff) from s to d in sector ¢
del_taxrexp(s) XTAXD(c,s,d) tri) tax on exports from s to d in sector ¢

Table Al. Overview taxes in the model in model-based GEMPACK code
5.4.2 Agent-specific taxes to regional income ratio

We start with the expressions for group-specific import tax revenues as given in
levels in equation (28). Totally differentiating this equation to obtain the marginal
change in tax revenues gives:

50,08 ag so,ag (tig,ag - 1) so,ag ;@ 50,03

, , 4 cr 50,4

dtrcr = pcr qu W (tcr g _ 1) -+ tso,ﬂg qu g
cr cr

CV

s0,ag 50,0 o
__ag so0,ag (t - 1) ter 8 so a3 + Pcr + 50,08
= Percr (048 £ ] ter 150,28 Ger

ag so,g Tag
-t (e - ) (JE @) @i
tcr tcr

We implement the code changes for each agent, but only discuss the changes
made for private household tax revenues since the changes follow a similar pattern
for the other three agents. We use ppdek = ppa — tpd and ppmek = ppa — tpm
instead of pds and pms to calculate the change in the domestic and imported tax
base. The reason is that we use the composite price ppa then net out the source-
specific power of taxes for domestic and imported prices. Hence to get to the value
net of taxes we should use ppa — tpm instead of pms.

Listing 7. Tax revenue to regional income

Equatlon E _del_taxrpc

2 # cl in ratio of private

3 (all r, REG)

4 100.0 * INCOME (r) = del_taxrpc(r) + TAXRPC(r) x y(r)
5 = sum{c, COMM,
6 VDPP (c,r) * tpd(c,r) + DPTAX(c,r) =* [ppdek(c,r) + gpd(c,r)]}

+ sum{c, COMM,
VMPP (c,r) = tpm(c,r) + MPTAX(c,r) =* [ppmek(c,r) + gpm(c,r)]};

32



Journal of Global Economic Analysis, Volume 8 (2023), No. 2, pp. 1-59.

10 Equation E_del_taxrgc

io of gove

# change 1n
12 (all, r,REG)
3 100.0 % INCOME (r) = del_taxrgc(r) + TAXRGC(r) = y(r)
14 = sum{c, COMM,
5 VDGP (c,r) * tgd(c,r) + DGTAX(c,r) * [pgdek(c,r) + ggd(c,r)]}
16 + sum{c, COMM,
17 VMGP (c, r) * tgm(c,r) + MGTAX(c,r) * [pgmek(c,r) + ggm(c,r)]};

19 Equation E_del_taxric

20 # Jye in io of 5 to regional in

21 (all, r, REG)

22 100.0 % INCOME (r) = del_taxric(r) + TAXRIC(r) = y(r)

23 = sum{c, COMM,

24 VDIP (c,r) * tid(c,r) + DITAX(c,r) * [pidek(c,r) + gid(c,r)]}
25 + sum{c, COMM,

26 VMIP (c,r) * tim(c,r) + MITAX(c,r) * [pimek(c,r) + gim(c,xr)]1};

29 Equation E_del_taxriu

30 # change in ratio of tax pa

I on inte ate goods to regiona ncome #
k (all, r, REG)
32 100.0 % INCOME (r) = del_taxriu(r) + TAXRIU(r) +* y(r)
33 = sum{c,COMM, sum{a,ACTS,
34 VDFP (c,a,r) * tfd(c,a,r) + DFTAX(c,a,r) * [pfdek(c,a,r) + gfd(c,a,r)

11}

35 + sum{c,COMM, sum{a,ACTS,

36 VMFP (c,a,r) = tfm(c,a,r) + MFTAX(c,a,r) x [pfmek(c,a,r) + gfm(c,a,r)
1h}i

5.4.3 Import tariff revenues to regional income ratio

We now turn to the marginal change in import tax (tariff) revenues. Substituting
equations (A.2)-(A.3), equation (30) for import tariff revenues can be rewritten as
follows:

Cesd T, o Pugqimp'ug

imp __ ([ imp csd tesd cd Ted

trcsd - (tcsd 1) imp timptag,imp (A.13)
cd age{p.8&.f} tesd ted

Totally differentiating equation (A.13) gives:

33



Journal of Global Economic Analysis, Volume 8 (2023), No. 2, pp. 1-59.

ag _imp,ag

—6,
dtrimp _ Cesd Tesd Z pcd ch timp
csd imp - tag,imp csd
Ced age{pr.go, fiin} cd

=6 ag imp,ag
+(1=- 1 Cesd Tesd Z Pedcd
timp imp tag,imp
csd Ced age{pg,f}t  ‘ted

ag imp,ag
— pm;Zera a8 -
c | Cesd csd od ag’ imp,ag' imp imp,ag cd
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(A.14)

To write equation (A.14) into GEMPACK code we need to determine expressions
for the coefficients in the three lines of the equation. The coefficient on the relative

—_

change in import tariffs, £, in the first line of equation (A.14) is equal to the
tariff-inclusive value of imports, VMSB. Next, we observe that the coefficient in
the second line of equation (A.14), is equal to the tariff inclusive value of trade,
VMSB, minus the cif-value of imports, VCIF, also defined as the value of tariff
revenues in the code, MTAX = VMSB — VCIF. The share of the value imported
by private household pr is given by the following expression:

pr _imp,pr

cd9ed

g VMPB(c,d)

£ . = PMCSHR (¢,d) = 57— A5
Py 4 = VaB(e,a) (A1)

age{pr,go,fiin} t?:ilplag
Finally, the relative changes in the third line of equation (A.14) are easily written in
GEMPACK code as follows:

—

6. (@ + Tood — ci’?) = THETA (c) * [pmds(c,s,d) — ams(c,s,d) — pms(c,d)]

(A.16)
And:
/ppr\
o = ppmeif (c,s,d) (A17)
tcsd tcd

We write equation (A.14) in the GTAP model code as:

Listing 8. Import tariff revenue to regional income

Equation E_del_taxrimp
2 # change in ratio of import tax payments to regional income
3 (all, d,REG)
4 100.0 = INCOME (d) * del_taxrimp(d) + TAXRIMP (d) x y(d)
= sum{c,COMM, sum{s,REG, VMSB(c,s,d) * [tm(c,d) + tms(c,s,d)]

34



Journal of Global Economic Analysis, Volume 8 (2023), No. 2, pp. 1-59.

6 + MTAX(c,s,d) =
7 [-THETA(c,d) * [pmds(c,s,d) - ams(c,s,d) - pms(c,d)]
8 + GMCSHR (c,d) * [pgmcifek(c,s,d) + ggm(c,d)]

9 + PMCSHR (c,d) * [ppmcifek(c,s,d) + gpm(c,d)]

10 + IMCSHR(c,d) % [pimcifek(c,s,d) + gim(c,d)]

11 + sum{a,ACTS,FMCSHR(c,a,d) * [pfmcifek(c,a,s,d) + gfm(c,a,d)]}
12 1

We now explain the various coefficients and variables defined in the new code,
starting with the expression for the tariff-inclusive value of imports, VMSB. The
coefficient in the first line of equation (A.14) shows that the tariff inclusive value of
imports, VMSB, is equal to the bilateral import share, MSHRS, times the value of
imports, VMB:

VMSB (c,s,d) = MSHRS(c,s,d) * VMB(c,d) (A.18)

The value of imports at basic (i.e., tariff-inclusive) prices consists of the sum of
the value of imports by the four end users as in the code based on the Armington
specification. The bilateral share of imports from source s, MSHRS, is equal to the
quantity share as explained and defined in Section 5.3. VMSB is initialized using
basedata values and updated based on an explicit update statement:

Listing 9. Update statements for Imports at basic prices

Update (explicit) (all,c,COMM) (all,s,REG) (all,d,REG)
2 VMSB (c, s, d) MSHRS (¢, s,d) * VMB(c,d);

To determine the value of imports at cif-value, VCIF, we start from the value
inclusive of tariffs, VMSB, and divide by the value of import tariffs. As explained
before, the reason is that the import price is independent of the country of origin.
Hence, we start with the tariff inclusive price and subtract tariff rates to arrive at
the tariff exclusive price. This is implemented as follows with an explicit update
statement like before:

Listing 10. Update statements for Imports at cif prices

1 Coefficient (parameter) (all,c,COMM) (all,s,REG) (all,d,REG)
2 VCIFEK (c,s,d)

# initial value of imports of ¢ from s to d at CIF pric

11C1¢ u o1 orts oI cC

3 i 11 value I mg )
4 Formula (initial) (all,c,COMM) (all,s,REG) (all,d,REG)
5

[

VCIFEK(c,s,d) = VCIF(c,s,d);
Coefficient (all,c,COMM) (all,s,REG) (all,d,REG)
MTAXR(c,s,d) # tax ratio on imports of good ¢ from source to dest. d #;
¢ Formula (initial) (all,c,COMM) (all,s,REG) (all,d,REG)
9 MTAXR(c,s,d) = VMSBEK(c,s,d) / VCIFEK(c,s,d);
10 Update (all,c,COMM) (all,s,REG) (all,d, REG)
11 MTAXR(c,s,d) = tm(c,d) * tms(c,s,d);

12 Update (explicit) (all,c,COMM) (all,s,REG) (all,d,REG)
13 VCIF (c,s,d) MSHRS (¢, s,d) * VMB(c,d) / MTAXR(c,s,d);

15 Variable (all,c,COMM) (all,s,REG) (all,d,REG)
16 ppmcifek(c,s,d) # price of hhld imports in d net of import tax #;
17 Equation E_ppmcifek
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# price of

19 (all,c,COMM) (all,s,REG) (all,d,REG)
20 ppmcifek(c,s,d) = ppa(c,d) - tpm(c,d) - tm(c,d) - tms(c,s,d);

rivate household imports in d net of Import tax

The coefficient MTAX is defined as before, i.e., the difference between VMSB
and VCIF. VMSBEK is defined in Section 5.3 and VCIFEK is defined analogous
to the initial value of VCIF. Finally, ppmcifek is defined as the price of private
household goods, ppa (identical for imported and domestic goods), exclusive of
import taxes and tariffs.

5.4.4 Export taxes

We derive the marginal change in export taxes by reformulating the expression
for export taxes in equation (31) as follows:
t
Pealcd o P c};d

ag imp,ag
1P (texp . 1) Cesd Tesd
csd — \'csd imp exptimptimp,ag (expP
cd

—6,
) tset | (A19)
Ced ag€{pr,go,fijin} tcsd csd csd

Totally differentiating equation (A.19) gives:

—6, ag _imp,ag -
AP — Cesd Tesd Pedtea — pfS tg X
csd imp imptimp,ug PesatSesd | tesq

c

Ced age{prgo,fiin} tesq teg

—bc ag imp,ag
1 Cesd Tesd Ped9ed
cdlcd tr
+ (1 - 5P imp Z imptim]ﬂ,ﬂg — PesatSesd *{

csd Ced age{pr.go,fijin} tcsd cd
—0c ag imp,ag
Cesd Tesd Z Peded
imp timptimp,ug
Ced age{pr,go,fiin} “csd “ed

y Py

g _imp,ag
Cesd Tesd 2 Ped9ed _ ot
Cimp . timptimp,ag pcsdQCsd
cd age{pr,go,fiin} “esd ‘cd

ag _imp,ag

cdlcd /ll\
S o to Ped “impag
J— J— Ci 7
* 90 Cesd 1 Tesd Ccd + Z B pag/qimp,ag’ texptimptimp,ag cd
age{pr,go,fiin} Z W csd “csd “ed
ag'e{pr.go,fiin} fer
tr
B e b
d
- — e | it g} (A.20)
c ﬂg Imp,ag t
CesaTesd y Pedlea — _ ptr csd
cmp - fmp gimp,ag pCquCSd
od age{pr,go,fiin} “csd “ed

Similar to import tariffs, we need to determine expressions for the coefficients
and variables in equation (A.20). The coefficient in the first line is the fob value
of trade, i.e. the cif value of trade minus the value of transport services, VFOB.
The coefficient in the second line is the value of exports inclusive of export taxes
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minus the value of exports exclusive of export taxes, equal to export tax revenues,

VFOB — VXSB = XTAXD. The coefficient in the third line is equal to the ratio of
the cif value of trade divided by the fob value of trade, %. The relative change
variables and shares in the fourth line are defined as in the expression for import
tariffs, except for the following term which is the change in the landed price by end
user net of export taxes:
I
W = pgmcifx(c,s,d) (A.21)
cd

csd “csd

The fifth line is the share of the value of transportation services divided by the fob

value of trade, ‘(,T)ffé) , multiplied by the relative change in the value of transport

services:

—_—

tr
?—jﬁtscsd = ptrans(c,s,d) + tx(c,s) + txs(c,s,d) + gtmfsda(c,s,d) (A.22)

csd

The model code changes consistent with Equation (A.20) are as follows:

Listing 11. Export tax revenue to regional income ratio

Equation E_del_taxrexp

# change 1r of export tax payments to regional income #
(all, s, REG)
4 100.0 % INCOME (s) * del_taxrexp(s) + TAXREXP(s) % y(s)
5 = sum{c,COMM, sum{d,REG, VFOB(c,s,d) * [tx(c,s) + txs(c,s,d)]
6 + XTAXD (c,s,d)
7 «* [ [VCIF(c,s,d) / VFOB(c,s,d)] =
8 [- THETA(c,d) * [pmds(c,s,d) - ams(c,s,d) - pms(c,d)]
) + GMCSHR(c,d) * [pgmcifxek(c,s,d) + ggm(c,d)]
+ PMCSHR(c,d) * [ppmcifxek(c,s,d) + gpm(c,d)]
+ sum{a,ACTS, FMCSHR(c,a,d) * [pfmcifxek(c,a,s,d) + gfm(c,a,d)
11
12 + IMCSHR(c,d) x [pimcifxek(c,s,d) + gim(c,d)]]
13 - [VTFSD(c,s,d) /VFOB(c,s,d) ]

14 * [ptrans(c,s,d) - tx(c,s) - txs(c,s,d) + gtmfsdek(c,s,d)]
5 1

The other terms in the equation defining the marginal change in export tax rev-
enue, del_taxrexp, are the agent-specific shares—e.g.,, PMCSHR—have been de-
fined in the section defining the marginal change in import tariff revenues.

In the code we define and update the different values as follows. The fob-value
of trade, VFOB, is initialized from the data and updated as the difference between
the cif-value of trade, VCIF (defined in Section 5.3), and the value of transportation
services, VTFSD (coded as in the Armington model). The export value of trade,
VXSB, is initialized from the data and updated as the difference between the cif-
value VCIF and the value of transport services VTFSD, multiplied by the power
of (inverse) export taxes, XTAXR:
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Listing 12. Update statements for export value flows

Update (explicit) (all,c,COMM) (all,s,REG) (all,d,REG)

2 VFOB(c,s,d) = VCIF(c,s,d) - VTFSD(c,s,d);

3 Update (explicit) (all,c,COMM) (all,s,REG) (all,d,REG)

4 VXSB(c,s,d) = VFOB(c,s,d) / XTAXR(c,s,d);

5 Coefficient (all,c, COMM)(all r,REG) (all, s, REG)

6 XTAXR(c,r,s) # tax ratio on exports of good c from source s to dest. d #;

7 Formula (initial) (all c, COMM) (all, s, REG) (all, d, REG)
8 XTAXR (¢, s,d) = VFOBEK(c,s,d) / VXSBEK(c,s,d);

9 Update (all,c,COMM) (all,s,REG) (all,d, REG)

0 XTAXR(c,s,d) = tx(c,s) x txs(c,s,d);

The value of export taxes, XTAXD, is defined as the difference between VCIF
and VXSB. VXSBEK and VFOBEK are the initial values of respectively VXSB and
V XSB and defined as an analogue of VMSBEK and VCIFEK. Finally, the variables
defining the landed price for private household (the code changes for other agents
are identical), net of export taxes is calculated as follows:

Listing 13. househol import prices net of export taxes

Variable (all,c,COMM) (all,s,REG) (all,d, REG)
2 ppmcifxek(c,s,d) # price of hhld imports

by s #;
Equation E_ppmc1fxek
# price of vate household imports in d net of 1
(all, c, COMM) (all s, REG) (all,d, REG)
ppmcifxek (c,s,d) = ppmcifek(c,s,d) - tx(c,s) - txs(c,s,d);

o U W

5.5 Goods market equilibrium condition

Finally, we have to change the market clearing condition. In the standard GTAP
model based on the Armington specification, the goods market equilibrium is for-
mulated with quantities. In the Eaton-Kortum specification, the goods market
equilibrium is reformulated in terms of values—i.e., prices times quantities. The
reason is that prices in destination markets are only destination specific and thus
source-independent. That implies that the price of goods sold to different destina-
tions is different. The market closure condition is given in equation (27) and can
be written more concisely as follows using the expressions for bilateral costs and

importer cost in equations (A.2)-(A.3) and writing chy = cesthy od,

i puquom,ag
ro cs Yes
Cfsqfs - Z dom,ug + CCS tSf,
age{pr,go,fiin} fes
()™
T ag _imp,ag tr
oy P.d4 p
N Gt S cdTcd _ FPesd
+ Z tlmptexp Z N tzmp §exp tScsd (A.23)
csd besd  ag€{pr.go.fiin} csd csd
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Log differentiating equation (A.23) gives:
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Cescs

To write equation (A.24) in GEMPACK code we need to define various shares not

defined in the previous subsection in taxes. First, the share of output sold domesti-
cally and as exports to destination s in the first and second line of (A.24) are equal
respectively to DSSHR = % and XSSHR = ‘(,X—CSBB. VDB and VCB are defined
as in the Armington specification and the expression for VXSB in the code is de-
rived in the previous subsection. The share of the domestic value sold to end users,
say private household p (similar for agent groups go and fi and in), PDCSHR, is
defined analogous to the import share sold to end user pr, PMCSHR, in equation
(A.15). The coefficient in the third line is equal to the ratio of the cif value of trade
divided by the fob value of trade, %, and the expressions in the code of VCIF
and VFOB have already presented in the previous subsection. The relative change
variables and the share of import demand sold to end user pr in the fourth line
have been discussed in the previous subsection. The ratio of the transport-value of
trade to the fob-value of trade in the fifth line is equal to %252 with the expression
in the code for VTFSD the same as in the Armington model, while the expres-

sion for VFOB has been presented in the previous subsection. Finally, the share of
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sales to the global transport sector total sales in the sixth and last line is equal to

_ VsT
STSHR = V2L,

The changes to goods market equilibrium in equation (A.24) are implemented
in the GTAP model code as follows:

Listing 14. Market clearing condition for domestic goods

Equatlon E_pds
2 # as res market clearing for com
3 (all c,COMM) (all, r,REG)
4 pds(c,r) + gc(c,r)

5 = DSSHR(c,r) * [GDCSHR(c,r) = [pgdek(c,r) + ggd(c,r)]

6 + PDCSHR(c,r) * [ppdek(c,r) + gpd(c,r)]

7 + sum{a,ACTS, FDCSHR(c,a,r) * [pfdek(c,a,r) + gfd(c,a,r)]}
8 + IDCSHR(c,r) * [pidek(c,r) + gid(c,r)] 1]

9 + sum{d,REG, XSSHR(c,r,d) =* [[VCIF(c,r,d) / VFOB(c,r,d)] =

0 [- THETA(c,d) % [pmds(c,r,d) - ams(c,r,d) - pms(c,d)]

11 + GMCSHR(c,d) * [pgmcifxek(c,r,d) + ggm(c,d)]

12 + PMCSHR(c,d) * [ppmcifxek(c,r,d) + gpm(c,d)]

13 + sum{a,ACTS, FMCSHR(c,a,d) * [pfmcifxek(c,a,r,d) + gfm(c,a,d)]}
14 + IMCSHR(c,d) * [pimcifxek(c,r,d) + gim(c,d)]]

15 - [VTFSD(c,r,d) / VFOB(c,r,d)]

16 * [ptrans(c,r,d) - tx(c,r) - txs(c,r,d) + gtmfsdek(c,r,d)]]}
17 IF[c in MARG, STSHR(c,r) * [pds(c,r) + gst(c,r)]]
tradslack(c, r);

‘
;
+ +

5.6 Other Changes to the model code

The GTAP model code also calculates a whole range of additional measures like
the terms of trade, GDP, trade indices and other economic variables. Since the
first three measures are based on import and export prices, we also modify their
associated equations in the GTAP model code with Eaton-Kortum specification.

5.7 Terms of Trade
The value of exports in fob-terms, x;'7, can be obtained by multiplying the sec-

ond line of the expression for goods market equilibrium, equation (A.23), by ti:tf ,
summing over sectors ¢ and export destinations d:

—0
(Ccschsd ) ¢ ag zmp,ug tr
imp
exp N & /O Pedcd _ Pesd
2 2 tzmptexp 2 . tzmp texp £Scsa (A25)
csd fesd  agelprgofiing  Lesd csd

We rewrite equation (A.25), including the fob-cif-margin as a separate term, to con-
sider changes in margins when calculating the fob-price changes:

o —6c pangmp,ag

exp csd csd cdlcd

Z Z Z N timptzmp,agtciffob (A.26)
CC” age{pr,go,fijin} tosq csd
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With tiiﬁf ob the cif-fob margin:

—0 ag’ imp,ag’

imp , { f } timptimp,ag/
ciffob cr ag'e{pr,go,fijin} ‘esd ter
tsd = o — (A.27)
Cesd Tesd ‘ p?§ q::rrnp,ag tr
N Lo pwppa  PesatSesd
cd ag'€{pr,go,fiin} tesd ter
The fob price for end user ag is given by the landed price p}3 divided by the tariffs
imp imp,ag . . ciffob .
t.,y and t ;77 the fob-cif-margin t /", and iceberg trade costs 7.;. Next we

calculate the change in the fob-price, differentiating LHS and RHS with respect to
price terms. We take into account the changes in tariffs and the fob-cif-margin in
calculating the change in the average fob-price:

- —0c ag _imp,ag
xexp exp ZZ Cesd Tesd Pedfed
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Hat differentiating the expression for tig;f * in equation (A.27), we can rewrite
equation (A.28) as follows:
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ag’ impag’ imp imp,ag qu ’
age {pr.go,fi,in} Y Paa g\ g ter

. impag!
ag'e{pr.go,fiin} ta

To write this expression in GEMPACK, we use x;/ = VXWREGION (r). Further-
more, we observe that the coefficient between brackets in the first line is equal to
the fob value of exports, VFOB; the coefficient in the second line is equal to the
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share import purchases by end user, e.g.,, PMCSHR, for private households ; the
ratio in the third line is equal to the value of transport services divided by the fob
value of exports, ‘g}%{f ; and the coefficient in the last line is again equal to the
share of import purchases by end users. Equation (A.29) is thus written in the code

as follows:14

Listing 15. Regional export price indices

Variable (orig_level=1.0) (all,r,REG)
psw(r) # index of prices received for tradeables produced in r #;
Equation E_psw

# eatimat
# estimate

[ B S T N

(all, r, REG)
VXWREGION (r) * psw(r)
= sum{c,COMM, sum{d,REG, VFOB(c,r,d) =*
8 [ [ GMCSHR(c,d) * pgmcifek(c,r,d)
PMCSHR (c,d) * ppmcifek(c,r,d)
IMCSHR (c,d) * pimcifek(c,r,d)
sum{a,ACTS, FMCSHR(c,a,d) * pfmcifek(c,a,r,d)}
ams (c, r,d)

J o

‘
;
+ + 4+ +

13 ]
14 - [VTFSD(c,r,d) / VFOB(c,r,d)] =
15 [ ptrans(c,r,d) + gtmfsda(c,r,d)

+ THETA(c,d) * [pmds(c,r,d) - ams(c,r,d) - pms(c,d)]
17 - GMCSHR(c,d) * pgmcifek(c,r,d)
18 - PMCSHR(c,d) * ppmcifek(c,r,d)
19 - IMCSHR(c,d) * pimcifek(c,r,d)
20 - sum{a,ACTS, FMCSHR(c,a,d) » pfmcifek(c,a,r,d)}
2 ]
22 ]
23 }} + sum{m,MARG, VST (m,r) * pds(m,r)};

Next we define the cif-value of trade for each importer s as follows:

T —bc pagqimp,ag

imp csd tesd cd Ted

Yo = ZZTGS‘Z imp Z imp imp,ag (A.30)
€ s Cer age{prgo.fiin} tesq teg

Hat differentiating equation (A.30) with respect to price terms on the LHS, pémp

ag
and RHS, —£< . (thus taking into account that p is inclusive of iceberg rade
Tesdlbogg ter

costs), gives:

!4 The code also accounts for the change in the price of the transport commodity. This was
omitted in the derivation to keep equation (A.29) concise.
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We can write equation (A.31) in GEMPACK code as follows, using X" = VMWREGION (r)
and the fact that the first part of the LHS is equal to VCIF and the ratio on the LHS
equal to PMCSHR:

Listing 16. Regional Import price indices

1 Variable (orlg level=1.0) (all, r, REG)

pdw (r) # dex of prices paid for tradeables usec
Equation E_pdw
# estimate change in index of prices paid for tradeable products used in r #
(all, r, REG)
VMWREGION (r) »* pdw(r)

= sum{c,COMM, sum{s,REG, VCIF(c,s,r) =*

8 [ GMCSHR(c,r) * pgmcifek(c,s,r)
+ PMCSHR(c,r) * ppmcifek(c,s,r)
+ IMCSHR(c,r) * pimcifek(c,s,r)
+ sum{a,ACTS, FMCSHR(c,a,r) x pfmcifek(c,a,s,r)}
+ ams(c,s,r)] }};

N

oy s W

5.8 Calculating GDP

The GTAP model code also calculates for the changes in GDP value, price and
quantity indices. With this, we revise the calculations for changes in fob export
revenues, x.'¥ which defines x57 ) and cif import expenditures, x;m”. The relative
change in the price component of x;'¥ was already derived in equation (A.29) to
enable the calculation of changes in the terms of trade. In the calculation of changes
to GDP, the relative change in the quantity component has to be determined as well.
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Hat differentiating equation (A.26) with respect to quantity components gives:

Cesd Tesd B pag ”Z;prag
x5 P exP Cosd Tesd Pedled
Z Z imp Z imp ,imp,ag pcsdtscsd
Cer age{pr,go,fiin} tesg Log
ag _imp,ag
P q
Tesd Cesd + Tesd od ,
* | Tesa — Oc (Ccsd + Tesd — csd > + Z P —— ch
age{pr.go,fiin} Y pcd‘qid
imp,ag’
ag'e{prgo,fijin} ‘fe
(A.32)

We observe that the change in the quantity of exports calculated using equation
(A.32) is equal to the fob value of trade weighted change in the quantity of imports,

{csd, as defined in equation (A.4). Equation (A.32) leads to the following GEMPACK
code:

Listing 17. Regional export quantity indices

Variable (orlg level=1.0) (all, r,REG)
gsw(r) # index of quantity of tradeables produced in r #
Equation E_gsw
# calculate cha
(all, r,REG)
VXWREGION (r) =% gsw(r)
= sum{c,COMM, sum{d,REG, VFOB(c,r,d) =
[ [VCIF(c,r,d) / VFOB(c,r,d)] =
[- THETA(c,d) * [pmds(c,r,d) - ams(c,r,d) — pms(c,d)]
+ GMCSHR(c,d) * qggm(c,d)
+ PMCSHR (c,d) * gpm(c,d)
+ IMCSHR(c,d) * gim(c,d)
+ sum{a,ACTS,FMCSHR(c,a,d) * gfm(c,a,d)}
] - [VIFSD(c,r,d) / VFOB(c,r,d)] = gtmfsda(c,r,d)
1}} + sum{m,MARG, VST (m,r) = gst(m,r)};

In the code, we calculate the change in the value of exports as the sum of the

change in the price and quantity. As a check on the correctness of this approach we
add up the theoretical expressions in equations (A.29) and (A.32) and calculate the
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change in value as follows:

exp (TP | EP oot ot | plaate
. ot
Xs (ps +4s ) - ZZ imp Z imp imp,ag PesatScsa | * {
¢ d Cer age{p.a.f} tesa ter
B e —
tor " Ped
N ag! impag' imp jimp,ag
age{pr,go,fiin} Yy 7Pcrm‘z;’rag, tcsd tcd
ag'e{pg.ft fo
tr —
p dtSCSd /t-\ o — — imp
= {Pcid + 1Scsq + Gc Cesd 1 Tesd — Cesd

it —6. s qimpfﬂg ¢
d Cesd d 1cd T
( S ) Z tircnptgmp,ag - pcsdtscsd
age{pr,go,fiin} “esd “ed
ag imp,ag

imp
cr

pcd_ch /;l\
Fmp.ag p 8 -
B o od imp,ag
B ag’ impag’ imp ,imp,ag cd
age{pr.go,fijin} y Paifa cdl.Z;da o tesd tea
ag'e{pg f} la

ag imp,ag
PedTed

— timp,ng -

od tmp,ag
> + . pag’qimp,ag’ cd }
age{pr,go,fiin} Y %
ag'e{pr,go,fiin} ‘tu

— im
—0c (Ccsd + Tesd — Ccdp

Merging terms gives:

— Cesd T, o Pagqimpﬂg
exp_exp M rerqer o tr
Xs " Xs = ZZ imp Z imp jimp,ag PesalSest | * t
c d Cer age{pr,go,fiin} tcsd fer
AN y Pedled
inp £P P
Cer age{pr,go,fiin} “esd ‘cd
Cesd Tesd —b paﬁqi’;plﬂg tr "
() R
Cer age{pr,go,fiin} “csd “cd
ag imp,ag
Pogleq /;zg\ —
imp,ag i
{ toa Ped tmp,ag
N ag’ imp,ag’ imp jimp,ag cd
age{pr,go,fiin} Y M tCSd th
tzmp,ug
ag'e{p.g,f} ‘e
— imp
— 6, (ccsd + Tesd — Coy > }
Pégdtscsd ofs 4 fs
B — - pagqimp,ﬂg ) (pcsd + tScsd)} (A33)
(S85) e iy e — Pt
cr

age{pr,go,fiin} “csd “ed
Equation (A.33) can be converted into GEMPACK code, using conversions also
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used above, or by simply adding up the linear price and quantity variables:

Listing 18. Regional export value indices

1 Variable (all,r,REG)

2 vsw(r) # index of value of t € prc #;

3 Equation E_vsw

4 # calculate change in index of values received for tradeables produced in r#
5 (all, r, REG)

6

vsw(r) = psw(r) + gsw(r)

Next we need to derive the relative change in the import quantity, q;mp . The
change in the price component was already calculated in equation (A.31). To cal-
culate the relative change in quantity, we hat differentiate equation (A.30) with

respect to qlmp’ag :
Cesd T, " . qlmp'ag
zmp zmp csd csd cd Ted
X 44 ZZ{ Z imp,ag’
Ccr ag'€{pr,go,fiin} tcd
ag imp,ag
cd Ted
i T m
— — . y
_TCSd - GC CCSd + TCSd - cCSd + 2 ug’ imp,ug ch }
age{pr,go,fiin} Z Ped Ted
tunpﬂg’

ag'e{pr,go,fiin} ‘ta

(A.34)

Similar to exports volume, the change in the quantity of imports is calculated us-
ing equation (A.34) which is equal to the cif value of trade weighted change in

the quantity of imports, q.s4, as defined in equation (A.4). Equation (A.34) can be
written in GEMPACK code as follows:

Listing 19. Regional import quantity indices

Variable (all, r,REG)
gdw (r) # index of quantity of tradeables used in region r #;

3 Equatlon E qdw

4 # estimat Che X of it1 f tr le prc cts us ed 1 r #
5 (all, r, REG)

6 VMWREGION (r) * gdw(r)

7 = sum{c,COMM, sum{s,REG, VCIF(c,s,r) =*

8 [ GMCSHR(c,r) * ggm(c,r)

9 + PMCSHR(c,r) % gpm(c,r)

10 + IMCSHR(c,r) * gim(c,r)

11 + sum{a,ACTS,FMCSHR(c,a,r) % gfm(c,a,r)}

12 - ams(c,s,r) — THETA(c,r) * [pmds(c,s,r) — ams(c,s,r) — pms(c,r)]

13 1Hhs

Finally we can also calculate the relative change in the import value, x;mp Hat

differentiating equation (A.30) with respect to both quantity and price terms, g, npes
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Pe
and 75"”’;5”’ s gives:
csd “ed
Cesd T, o P lqlmp'ag
zmp zmp o Cesd tesd cd Ted
ZZ{ iy ) up.ag
Cer ag'e{prgo.fiin} teg
ag imp,ag
CdimCd -
- pag -
B —_— zmp tea Ped mmp,ag
0. (Ccsd + Tesd — Cpod ) + N ag’ impag tzmptzmp,ag cd
age{pr.go, fijin} Y 7%‘1 q csd

. imp,ag’
ag'e{pr,go,fiiny ‘tu

(A.35)

Equation (A.35) can be concisely written in the GEMPACK code as the sum of the
percentage changes in the regional import price and quantity variables:

Listing 20. Regional import value indices

Variable (all, r,REG)

2 vdw (r) # index of values for tradeables used in region r #;
Equation E_vdw
4 # estimate change in index of tie £t e le prc ct ec #
5 (all, r, REG)
6 vdw (r) = pdw(r) + gdw(r);

5.9 Calculating trade indices

The equation for the fob value of exports for commodity c in country r, is de-
fined in vxwfob. Using the expression for the value of exports by country r, xsw (r),
we can derive an analogous expression by omitting the summation over sector c:

Listing 21. Commodity- and region-specific value of exports

Equatlon E_vxwfob

3 (all c, COMM) (all, r, REG)
4 VXW(c,r) * vxwfob(c,r)

5 = sum{d, REG, VFOB(c,r,d) =

6 [ [VCIF(c,r,d) / VFOB(c,r,d)] x

7 [ - THETA(c,d) % [pmds(c,r,d) - ams(c,r,d) - pms(c,d)]
8 + GMCSHR (c,d) * [pgmcifek(c,r,d) + ggm(c,d)]

9 + PMCSHR(c,d) * [ppmcifek(c,r,d) + gpm(c,d)]

10 + IMCSHR(c,d) * [pimcifek(c,r,d) + gim(c,d)]

+ sum{a,ACTS,FMCSHR(c,a,d) * [pfmcifek(c,a,r,d) + gfm(c,a,d)]}

12 ] - [VIFSD(c,r,d) / VFOB(c,r,d)] = [ptrans(c,r,d) + gtmfsda(c,r,d)]
3 1} + IF[c in MARG, VST (c,r) % [gst(c,r) + pds(c,r)]];

Similar adjustments can be made for the fob price of exports and the fob quan-
tity of exports. For the fob price of exports in industry c in country r, pxw, we use
the expression for the price of exports by country r, psw. Omitting the summation
over sector ¢ we get the following expression for pxw:
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Listing 22. Commodity- and region-specific export prices

VXW(c,r) * pxw(c,r)
= sum{d,REG, VFOB(c,r,d) =
[ [ GMCSHR(c,d) * pgmcifek(c,r,d)
+ PMCSHR(c,d) * ppmcifek(c,r,d)
+ IMCSHR (c,d) * pimcifek(c,r,d)
+ sum(a,ACTS, FMCSHR(c,a,d) * pfmcifek(c,a,r,d)) + ams(c,r,d)
] - [VIFSD(c,r,d) / VFOB(c,r,d)] x*
[ [ptrans(c,r,d) + gtmfsda(c,r,d)]
+ THETA(c,d) * [pmds(c,r,d) - ams(c,r,d) - pms(c,d)]
- GMCSHR(c,d) * pgmcifek(c,r,d)
- PMCSHR(c,d) * ppmcifek(c,r,d)
- IMCSHR(c,d) * pimcifek(c,r,d)
- sum{a,ACTS,FMCSHR(c,a,d) * pfmcifek(c,a,r,d)}
]
1} + IF[c in MARG, VST(c,r) x pds(c,r)];

The fob quantity of exports for commodity ¢ in country r, gxw, can be deter-

mined based on the expression for quantity by country r, gsw. Omitting the sum-
mation over sectors gives the following expression for gxw:

Listing 23. Commodity- and region-specific quantity of exports

Equation E_gxw
# ch ye in volume of exports of (margin an
(all, c,COMM) (all, r,REG)
VXW(c,r) % gxw(c,r)
= sum{d,REG, VFOB(c,r,d) =*
[- ams(c,r,d) - THETA(c,d) % [pmds(c,r,d) - ams(c,r,d) - pms(c,d)]
+ GMCSHR (c,d) * ggm(c,d)
+ PMCSHR(c,d) = gpm(c,d)
+ IMCSHR(c,d) * gim(c,d)
+ sum{a,ACTS,FMCSHR(c,a,d) x gfm(c,a,d)}
]} + IF[c in MARG, VST(c,r) =* gst(c,r)];

On the import side we have to calculate the cif value of imports in sector c to

country r, vmwcif. Using the expression for the value of imports by country 7,
xdw (r) above, we can derive an analogous expression as follows by not summing
over sector c:

Listing 24. Commodity- and region-specific quantity of imports

Equation E_vmwcif
# the change in CIF va
(all, c,COMM) (all,d,REG)
VMCIF (c,d) * vmwcif (c,d)
= sum{s,REG, VCIF(c,s,d) =

[ GMCSHR(c,d) x [pgmcifek(c,s,d) + ggm(c,d)]

+ PMCSHR (c,d) = [ppmcifek(c,s,d) + gpm(c,d)]

+ IMCSHR(c,d) * [pimcifek(c,s,d) + gim(c,d)]

+ sum{a,ACTS,FMCSHR(c,a,d) * [pfmcifek(c,a,s,d) + gfm(c,a,d)]}

- THETA(c,d) x [pmds(c,s,d) - ams(c,s,d) - pms(c,d)]

1}

value of imports of co
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Similar adjustments can be made for the cif price of imports and the cif quantity

of imports. For the cif price of imports in industry ¢ in country s, pmw, we use
the expression for the price of imports by country s, pdw. Omitting the summation
over sector ¢ we get the following expression for pmuw:

Listing 25. Commodity- and region-specific CIF price of imports

Equation E_pmw

# computes 1¢ n

(all,c,COMM) (all,d,REG)
VMCIF (c,d) * pmw(c,d)

= sum{s,REG, VCIF(c,s,d) =

$ change in CIF pric

Q
(0]
Q
0}
x
o

[ GMCSHR (c,d) * pgmcifek(c,s,d)

+ PMCSHR (c,d) * ppmcifek(c,s,d)

+ IMCSHR(c,d) * pimcifek(c,s,d)

+ sum{a,ACTS, FMCSHR(c,a,d) * pfmcifek(c,a,s,d)}
]

+ ams(c,s,d) };

The fob quantity of imports for commodity ¢ in country s, gmw, can be deter-

mined based on the expression for quantity by country s, gdw. Omitting the sum-
mation over commodities results in the following expression for gmw:

g W N

Listing 26. Commodity- and region-specific quantity of imports

Equation E_gmw

4t han
# Cchanc

O 1mports OIL

(all,c,COMM) (all,d,REG)
VMCIF (c,d) * gmw(c,d)
= sum{s,REG, VCIF(c,s,d) =
[ GMCSHR(c,d) =* ggm(c,d)
+ PMCSHR(c,d) * gpm(c,d)
+ IMCSHR(c,d) * gim(c,d)
+ sum{a,ACTS,FMCSHR(c,a,d) * gfm(c,a,d)}
- ams (c,s,d) - THETA(c,d) * [pmds(c,s,d) - ams(c,s,d) — pms(c,d)]
1}i

>1um
volum
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6. Additional derivation equations
6.1 Additional derivations for the theoretical model

This subsection contains additional derivations of some of the equations in the
main text and the appendix. The equations are ordered as they appear in the text.

Equation (5) Substituting equation (4) into (3) and making a change of variable
from z to p gives:

Gesa (P) = P (pesa < p)
imp ,s0,a s0,a
((Ccsti:,f + VCSdngd) tcsdptcd gTCSchd s < P)

Zcs

exp tr imp ,s0,ag s0,ag
=p ((Ccstcsd + fYCSdpcsd) tcsd tcd TCSchd <z >
- > Zes

p
exp tr imp ,s0,ag $0,ag
=P > (Ccstcsd + /)/CSdpcsd) tcsd tcd TCSchd
= Zes 2
p

exp tr imp ;s0,ag s0,ag

=1-P (ch < (Cestosq + VesaPeag) tesd ted ~ Tesd Teg
p
i —0

exp tr imp ,s0,ag s0,ag c
-1 . (ccstcsd + PYCSdpcsd) tcsd tcd Tesd Teg 0.
= exp 1 p

cs

Equation (7) Substituting equation (5) into (6) leads to:

: —0

exp tr imp ,s0,ag s0,ag c

_ ( (Ccstcsd + ,yCSdpcsd) tcsd tcd Tesd Ty p(?c
Acs

N
Gcf (p)=1- Eexp

i -0,
N exp tr imp ;s0,ag 50,48 c
-1 . (Ccstcsd + IYCSchsd) tcsd tcd Tesd Teg 0
—1-expld Y L p
cs

c

— 1 _ e_q>cdp9C

Equation (10) The probability that goods in country d are sourced from country
c is equal to the probability that the price in country s is lower than the price in all
the other trading partners:
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csd =P (pcsd < mln{Pckd,k 7& S})
= fH (1- G (p)dGE; (p)

0 k#i

. 9C
exp . zmp s0,ag 50,08 exp tr\,imp so0,ag 50,48
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Acr
—0,
zmp 50,08 50,08 LS
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/\CV
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Ccr

—0,
imp ,s0,ag 50,08 c
< (Ccr thd +Yesd pgsd ) tosd ted  TesdTog )
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Equations (A.1) We start from equation (19) formulated with values instead of
quantities:

(et traapts )
Aer .
Xesd = T X' (B.1)
cd
Defining the transport margin (in power terms) as one plus the value of transport
Yesd Pﬁdtscsd

services divided by the fob value of trade, itm.; = 1+ , We can rewrite

rod ex
tfr crtcs,flhsd
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equation (B.1) as:

d . ' —fc
tfrm Ccrti:g;ltmcsd t;’;’:jp Tesd
x - cr xlmp
csd — CI)imp cd
cd

(B.2)

rod
Writing equation (B.2) in logs, capturing (%) by an exporter fixed effect dc;, 73

and xf§ by an importer-fixed effect d.; and writing 7,55 as a function of observable
gravity regressors g7.s; and an error term e.,4 leads to the gravity equation in (A.1)

in the main text.
Equation (18) T4, can be calculated as a straightforward
as follows:

conditional probability

. ; impag i —0c
ex ts \,mp— ~ _impag imp,a
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cd
Equation (17) Summing over the import demands of the

)3
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TCea qcqaPOP;

ex, imp—  ~ imp,ag ,imp,ag
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groups of agents gives:
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Equation (24) We derive the price index as follows:

(P " = / pIedGS (p

(o]

0

*U'S

(g

— (@) r (B (8.5)

With I (r) the gamma function, I' (r) = /ootyletdt. Hence the price index is de-
fined as: ’

s = (@) * (1) - 56)

Using the expressions for qbzg and q)?gp in respectively equations (8) and (20) we
arrive at equation (24):

1

—0:\ T8
rod ex 50,ag ;50,48 c c
a8 A J (tfr CcrtC55 + ’)/CSdpcsd) CsdeCSdTCSdT gt
Pog = s
cd - A
prod exp mp— imp,ag ,imp,ag -6, o e,
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i#j Acr Aed
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—8, tdom agc —0c Bc
d
A s i e
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-0,
prod exp mp—  ~ B
¢lmp Z (tCV Ccrtcsd + ’chdpcsd> csd TCSdTCSd
@ i#j )\cr
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Equation (25) Equation (25) follows from the fact that demand is homothetic and
that p’§ is the price-index as derived in equation (24):

os—1

ed (ws) % dws

(95) = =

Equation (27) We start with equation (26) and apply xfrmd = ccrtfrmdqfrmd and
ag _ ag _ag,

Yed Peaed
dom,ag ag ag ag _ag _ag tr
prod prod TCer Perqer POPc TesqPed9ed  Pesd ) m
Corter Ger = Z B tdom,ag + Z Z - timp,agtimptexp P tSesd | + Cimtrs,
age{pr,go,fijin} cd j7#i \age{pr.go,fiin} teg csd “csd csd
(B.7)
In the next step we substitute the expression for 7%, in equation (18):
dom,ag ag ag ~ imp,ag ag _ag tr
prod prod __ Teer " Per er POPc Tlesdlq "Peaed  Pesd , m
Cerker Jeor = Z N tdom,ag + Z Z N timp'agtimPtexP texp tSesa | + Cimtrs,
age{pr.go,fiin} cd j#i \ag€{pr.go, fijin} cd csd “csd csd
(B.8)
. . s0,a 50, a .
Substituting g, § = T4 g C§ pop. gives:
ag dom,ag ~ ag _imp,ag tr
c tprod prod _ Z PerGer +Z Z ﬂcsdpcdqm o pcsd ts 4 trs™
crter Yer N tdom,ag L y timp'agtimptexp exp Focsd imtrse
age{prgo,fiin} teg j7i \age{pr.go.fiin} tog csd “csd csd

(B.9)
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Finally applying equation (18) again leads to equation (27):

y y paquom,ag
rod _pro crYer
Catlr qh =Y gy trs)

dom,ag
age{pg ft  tea

imp—_ ~ —6,
< (Cortesd +esaPlSa) e TesdTesd > ‘ ,
A ag _tmp,ag tr
4 2 i Pcaca o Pesa ts
[ (Dimp - timptexptimp,ag 5P csd
7 cd age{pr.go,fiin} tesg tesd ted csd
(B.10)
Equation (30) We can rewrite equation (29) as follows:
imp ag s0,a8
¢ imp (tcsd - 1) Tesd*cd
Yesd = B tug,imptimp
age{pr.go.fiin} cd  tesd
imp ~ imp,ag ag _ag
. (tcsd 1) Tlesd 7o Peaea
- N ag,imp ,imp
age{pr.go,fijin} tcd tcsd
imp—  ~ —6,
im (Ccr ti:;""’)/csdpgd) ti’:dp Tesd Tesd ‘ X
(t dP — 1) Aer ag imp,ag
— cs Peaca (B 11)
imp imp agimp :
tcsd q)cd age{p.g.f} tcd

In the second line we apply equations (15) and (25) and in the third line equa-
tion (18). Identical price distribution across sources The price distribution for goods
sourced from country s in country 4 is found by integrating the probability that
goods are actually sourced from country s over the price distribution of goods
sourced from country s up to price p, conditional on the probability that goods
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are actually sourced from country s:

1 F
Gcsd (P) - Tlesd Ofkl;éll (1 - Gckd (q)) dGCSd (q) dq

p
%fﬁ <6—Ts(dsncs)_9q9) de_TC(dinCC)_qu
Wg’icf) 0 57&{

—g0 P _ _
t=¢* 1 T (efTs(dsncs) ‘?t) o Te(dinee) ™t

—1—e ™
6.2 Additional derivations for the GEMPACK implementation

Here we present additional derivations of equations used in the description of
the GEMPACK implementation. Equation (A.14) Totally differentiating equation
gives:

imp o
imp __,_imp d imp imp — = im
dtr..; = tr eh_p T —tr 16 (ccsd + Tpod — Cer p)

csd imp csd csd 7€
csd
perqer m .
imp P8 Per imp,ag
+ i Y. ) o A | i inpag er (B.12)
age{pr/gorlezn} Z W csd “cr

ag'e{pr,go,fiin} ler
Reorganizing equation (B.12) leads to equation (A.14).
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Equation (A.20) Totally differentiating equation (A.19) generates:

dt exp __ ¢ exp tizt? t/eﬁ
rcsd - rcsd texp 1 csd

csd
_ —6. i
< pcﬁzcsd > pgﬁqlcrrnélﬂg
: exp imp imp,ag
exp per’ age{p,g f} leslesd e
+ trcsd . —6, ag _impag b
Pesd Tesd Perger”” _ Pesa ts
T”*I;J texptimptimp,ag 1P csd
; T d
Per age{p,g,f} “esd csd e cs
_ st —
_ p imp,ag :
N — | = _imp ter Per imp,ag
* Oc | Pesd + Tesd — Per + Z ag’ impag texptimptimp,ag + Ger
age{p.g.f} ) 717”1,2;’“?, csd “csd “CT
ag'e{pr,go,fiin}y teor
tr
q —_—
exp ?T?trcsd ptrd
cs (o]
_ rcsd - : exp qCSd (Bl3)
o c ag _imp,ag tr t
Pesd Tesd Z Pcr Ger _ M csd
% exptimptimp,ag 1P ‘hsd
Per age{pr,go,fiin} ‘esd csd ter csd

Rewriting leads to equation (A.20).
Equation (A.26) We merge the term in p'’ ts ;s with the other terms (and omitting
the revenues in the transport sector):

—0, .
— ag imp,ag tr
P Z Z{ Pesd Tesd Perger 1— PesatScsd
' imp i i timptimp,ag o 0 ag imp,ag
¢ 57&7’ pCV ﬂgG{PT,gO,fZ,m} csd ‘er Pesd Tesd Perfer”*
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—6, e i
_— g zmp,ug
— Pesd Tesd Per Ger _ ptr
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- . N imp ,imp,ag . —0, )
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With tig;f ob the cif-fob margin:
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Listing 27. Value of household expenditure and update statements

!I< gtapv7-ek: define domestic and import price variables >!
Variable (orig_level=1.0) (all,c,COMM) (all, r,REG)
ppmek (¢, r) # price of imported c purchased by household in r, net of tax #;

Coefficient (ge 0) (all,c,COMM) (all, r,REG)

VMPP (c,r) # private hhld expenditure on imp. ¢ in r at producer prices #;
Read

VMPP from file GTAPDATA header "VMPP";
!< gtapv7-ek: Modify update statement by changing price from ppm to ppa >!
Update (all,c,COMM) (all, r,REG)

VMPP (c,r) = ppal(c,r) x gpm(c,r);
Coefficient (ge 0) (all,c,COMM) (all, r,REG)

VMPB(c,r) # private household expenditure on imp. ¢ in r at basic prices #;
Read

VMPB from file GTAPDATA header "VMPB";
!< gtapv7-ek: Modify update statement from pms to ppmek >!
Update (all,c,COMM) (all, r,REG)

VMPB (c,r) = ppmek(c,r) * gpm(c,r);

!< Expenditures at producer prices have a uniform price in the EK-model >!
Coefficient (ge 0) (all,c,COMM) (all, r,REG)
VMPPEK (c,r) # private hhld expenditure on domestic ¢ in r at purchaer’s
prices, EK #;
!I< Update based on quantity shares >!
Formula (initial) (all,c,COMM) (all, r,REG)

VMPPEK (c,r) = VMPP (c,r);
Update (all,c,COMM) (all, r,REG)
VMPPEK (c,r) = gpm(c,r);

Equation E_ppmek
# EK household consumption prices for imported com. c, net of tax #
(all,c,COMM) (all, r,REG)

ppmek (¢, r) = ppal(c,r) - tpm(c,r);

Listing 28. Import cost equations

Coefficient (parameter) (all,c,COMM) (all,s,REG) (all,d,REG)
VMSBEK (c,s,d) # initial value of imports of ¢ from s to d at domestic (basic
) prices #;
Formula (initial) (all,c,COMM) (all,s,REG) (all,d, REG)
VMSBEK (c,s,d) = VMSB(c,s,d);
Coefficient (all,c,COMM) (all,s,REG) (all,d,REG)
MSHRS (¢, s,d) # share of imports from s in imp. bill of r at basic prices #;
Formula (initial) (all,c,COMM) (all,s,REG) (all,d,REG)
MSHRS (¢, s,d) = VMSBEK(c,s,d) / sum{ss,REG, VMSBEK(c,ss,d)};
Update (all,c,COMM) (all,s,REG) (all,d,REG)
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MSHRS (c,s,d) = gxs(c,s,d) * ams(c,s,d) x gmsn(c,d);
Update (explicit) (all,c,COMM) (all,s,REG) (all,d,REG)

VMSB (c,s,d) = MSHRS(c,s,d) * VMB(c,d);
Equation E_pms
# price for aggregate 1
(all,c,COMM) (all,d,REG)

pms (c,d) = sum{s,REG, MSHRS(c,s,d) * [pmds(c,s,d) - ams(c,s,d)]};
Equation E_gmsn
# negative of aggregate imports of ¢ in region r, basic price we
(all,c,COMM) (all, r,REG)

gmsn(c,r) = -1 x [gms(c,r)];
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