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Abstract

We extend the analysis of Arkolakis, Costinot and Rodriguez-Clare (AER, 2012) to allow
for differences in domestic trade costs in addition to foreign trade costs. The domestic trade costs
are measured by local transportation charges and wholesaling and retailing margins. By allowing
for differences in domestic trade costs, as well as in country size, productivity and in fixed costs,
we are able to model both the welfare change between two equilibria and the welfare difference
between two countries. We find that the extended ACR formula depends on: (a) the share of
expenditure on domestic goods (reflecting in part foreign trade costs); (b) domestic trade costs;
(c) the extent of product variety available to consumers. We measure the extent to which
differences in the cost of living between countries are explained by these terms. We find that
domestic trade costs are of comparable importance to foreign trade costs and that differences in
product variety are notably more important than both of these.
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1. Introduction

Since at least McCallum (1995), it has been known that the extent of international trade is
surprisingly small as compared to intra-national trade.* That observation has led researchers
to incorporate the costs of international trade in modern models, such as the time spent
clearing customs, transport costs, language differences, the difficulty of making contracts
across countries, etc. Such foreign trade costs play a key role, for example, in the various
models described by Arkolakis, Costinot and Rodriguez-Clare (ACR, 2012), which lead to a
gravity equation for international trade.

Less examined are the consequences of the domestic costs of doing trade, by which
we mean local transportation charges, and wholesaling and retailing margins. While there are
a number of notable studies examining such domestic costs,? they have not been incorporated
into the theoretical foundation of trade theory. It is significant that ACR treated the domestic
costs of doing trade as fixed in their analysis of the gains from trade, meaning that within- or
between-country differences in these costs are not examined. Literature on the determinants
of real GDP, however, finds that the cross-country differences in productivity of the
wholesale and retail sectors are of primary importance.? In this paper, we extend the analysis
of ACR to allow for differences in the domestic costs of trade, as well as in country size,
productivity and fixed costs, within and between countries. Our goal is to determine the
extent to which domestic trade costs, in addition to foreign trade costs, can explain the

differences in the cost of living between countries.

! McCallum (1995) found that in 1988 trade between two Canadian provinces was 22 times greater than trade
between a province and a US state, after correcting for GDP and distance.

2 For example, Atkin and Donaldson (2015) show how internal costs of transport prevent consumers in Ethiopia and
Nigeria from benefiting from falling international trade barriers. There are many recent studies of how internal trade
costs affects the geographic location of production, with a review by Redding and Rossi-Hansberg (2017).

¥ See Timmer, Inklaar, 0’Mahony, and van Ark (2010).



We begin in section 2 by re-examining the theory behind ACR while allowing the
domestic costs of trade to vary as well as foreign costs, For simplicity, we focus on only one
model underlying the ACR framework — that of Melitz (2003) and Chaney (2008) — though
we would expect that similar results would hold in other models, too. We re-derive the
expression for the welfare change when domestic costs change, and we find that the share of
spending on domestic goods is no longer a sufficient statistic for the welfare change. Instead,
the welfare change between two equilibria depends on: (a) the share of expenditure on
domestic goods (reflecting in part foreign trade costs); (b) domestic trade costs; (c) the extent
of product variety available to consumers. Applying this result across countries, we cannot
look only to their openness to inform us about their cost of living or welfare, but we must
also consider their domestic trade costs and the extent of product variety.

The implications of our model for the gravity equation in trade are examined in
section 3. In section 4, we describe the data that we shall use to determine the foreign and
domestic trade costs along with product variety. Following Eaton and Kortum (2002) and
Simonovska and Waugh (2014a,b), we use cross-country price data from the International
Comparisons Project (ICP). For domestically-produced variety, we use the count of firms
across countries from the ORBIS global dataset, adjusted to incorporate a Pareto distribution
of firm size (as in Naldi, 2003). The count of firms (even adjusted for a Pareto distribution of
firm size) is a crude measure of product variety, so we supplement it with newly collected
data from the Billion Price Project (BPP, see Cavallo, et al., 2018) that provides a count of
barcodes across countries in the food and the electronics sectors in major retailers.

Using ICP prices, the country of origin for these products is unknown, so Eaton and

Kortum (2002) used the (second) largest price difference across countries to infer trade costs,



which are used to estimate the gravity equation. Simonovska and Waugh (2014a,b) extend that
analysis to make use of the entire distribution of price differences across countries to infer trade
costs and estimate the gravity equation. We rely on much the same technique as Simonovska and
Waugh, though extending it to multiple sectors.* The country of origin is also unknown for the
barcode data from BPP, so in ongoing work we are collected such information from the product
packages in a sample of countries, and we use that information to infer domestically-produced
variety. That technique will provide an alternative measure of domestic variety as compared to
the count of firms. In our results in section 5, we find that domestic trade costs are of comparable
importance to foreign trade costs in determining the cost of living across countries, but that
differences in product variety are notably more important than both of these. Further conclusions

are given in section 6, and the proofs of Propositions are in the Appendix.

2. Modeling Domestic Trade Costs

We introduce domestic costs of trade into the model of Melitz (2003) and Chaney (2008).
These are modeled as iceberg costs, meaning that z4 =1 units must be sent from the domestic
firms in order for one unit to reach the consumer. Like the foreign trade costs in Melitz and
Chaney, these iceberg costs use up resources. That is a plausible description of resources used in
domestic transportation and in the wholesale and retail sectors, which we rely on to measure zg.
We consider two equilibria that can experience a domestic shock, by which we mean a change
domestic iceberg costs 74, or a change in domestic fixed costs or in the population. In addition,

the two equilibria can experience a foreign shock, defined as changes in iceberg costs of

international trade and in the foreign values of local iceberg costs, fixed costs and population.

* Giri, Yi and Yilmazkudayz (2016) also estimate a sectoral gravity equation following Simonovska and Waugh
(2014a,b).



This definition of the foreign shock follows ACR, but the domestic shock is new. By introducing
it here, we are able to compare equilibria within or between countries with differing values of
these shock variables.

The rest of the model is familiar from Melitz and Chaney, so our exposition will be brief.
We assume a CES utility function with elasticity of substitution o> 1. With trade, the CES price

index for the home consumer is defined over domestic and foreign goods as:
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where the first integral reflects the consumer prices of the mass My of domestic firms with
productivity ¢ = ¢, and the second integral reflects the import prices p; (p) of the mass
M; of foreign firms with productivity ¢ > go:. The density of home and foreign productivities is

Pareto distributed with G(p) =1—(p/ A)™ for ¢ > A, and @ > (o —1) >1. Note that the mean

productivity is J':) og(p)de = (%) A. It follows that the lower-bound for productivity, A, is also

proportional to the mean productivity.
To obtain the share of expenditure on domestic goods, which we denote by A4, we take

the ratio of the first term on the right of (1) to the whole term in brackets,

A4 =| My T pa(@)" 39 g, | [pt-o). )
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This expression can be simplified by solving for domestic prices. The marginal costs of

production at home are w/ ¢, so that with the usual CES markup the consumer price is

Py (@) =[c/(oc— D] (rgw/ @), where 74 >1 are the domestic iceberg costs. Substituting these



prices into the numerator of (2), we obtain:
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Combining the above results, the share of expenditure on domestic goods is:

o o i Wz i M d
7 = Wrg | Mg @)
0-c+1)\o-1 @4 P

Now consider two equilibria, with the second equilibrium denoted by a prime. The ratio

of CES price indexes is denoted by P’/ P, and it measures the change in the cost of living
between the two equilibria, i.e. the inverse of the change in welfare. Then the ratio P'/ P is

readily obtained by re-arranging (4) as:

1 1
PI (M 4 )1—0‘ W'T’ /¢’ /1’ o-1

1
i VPN

This expression can be interpreted as an exact price index according to Proposition 1 of Feenstra

(1994). Specifically, we treat the domestic goods as the “common” goods over the two
equilibria, and we treat all imported products as new or disappearing, with 44 and Ay denoting
the share of expenditure on domestic goods in the two equilibria. The first bracketed term on the

right of (5) is the ratio of the CES price index of domestic goods,” where the variety term

1
Mj~ (and likewise in the prime equilibrium) is the welfare effect of any change in the mass of

domestic varieties, while Wz, / ¢4 is proportional to the average price of these domestic

varieties (using equation (3)). The second term on the right of (5) is the ratio of the share

® Proposition 1 of Feenstra (1994) measures the price index of the “common” good using a Sato-Vartia price index.
It is equivalent to use the ratio of the CES price index of domestic goods, where this CES domestic price index is
defined as expression (3) raised to the power 1/(1 - o).



of spending on domestic goods, or one minus the share of spending on new imported varieties.
This term reflects that potential gain due to new import varieties, which would result in A3 < A4
and lower the price index in (5), or the welfare loss from disappearing import varieties, which
would result in A3 > A4 and raise the price index.

With CES demand using the consumer price py (@) =[o/(c— 1)] (wry /@), and total

home expenditure of X, the home demand for a firm with productivity ¢ is:

X Wryo -
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Multiplying by price minus variable cost, py(@)—(Wry /@) =[1/(c— 1] (Wry / @), profitsin

the home market are,
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where f; are the fixed costs in the domestic market. It follows that the zero-cutoff-profit (ZCP)

condition in the domestic market is,

o-1
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We do not describe the rest of the equilibrium conditions here, but they are outlined in
the Appendix. An analogous ZCP condition holds for home exporters, too, as well as for
domestic sales in the foreign country and for export sales from abroad. We also describe the full
employment condition at home, but we do not insist on trade balance, so the model in this

section can be thought of as a single sector in a larger economy.®

® In specifying the full employment condition, we assume that the fixed costs of entry, domestic production and
exporting are all paid using home labor.



We consider two equilibria that can experience both a domestic and a foreign shock,
meaning different values of the iceberg costs, fixed costs, and population in both countries. In
this way, we can examine the impact on one country from a change in the foreign variables
(following ACR), or we can compare the equilibria between two countries that have differing
values for the home and foreign shock variables. The equilibrium conditions that we have
described above are enough to obtain results on the sources of welfare differences between the
two equilibria. We take the ratio of the ZCP productivity in (7) between the two equilibria, and

substitute that into (4) to obtain,

1 1
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The expression on the right of (8) is the inverse of the domestic variety and share terms

appearing in (5). Expression (8) therefore measures the welfare gain between the two equilibria
due to any expansion of import varieties, resulting in A3 < A4, relative to the welfare loss due to
any reduction in domestic varieties, so that M <M . Comparing two equilibria with the same
values of expenditure X relative to fixed costs wfy, then there will be no welfare difference due
to variety: equation (8) shows that M / Aj =My / A4y when X'/ w'fj =X /wfy, which means

that there is no difference due to variety in the relative price indexes in (5). That is the case in the
one-sector Melitz-Chaney model in ACR (2012), for example, where trade balance ensures that

expenditure equals labor income, X = wL, and changes in L and f4 are ruled out, so that
X' Iwfy=wL/wWfy =L/ fy =X /wfy. It follows from (8) that My / Aj =My / 44 so there is

no welfare difference due to variety. By allowing for domestic shocks, however, we are thus

permitting welfare gains from variety across equilibria, either within or between countries.



Expression (8) shows us how to interpret the variety terms appearing in (5), but we still

need to solve for ZCP productivity levels appearing there. As mentioned, we assume a Pareto

distribution for firm productivity given by G(¢)=1—(¢/ A)™?, ¢ > A. The mass of operating

domestic firms equals My =M [1-G(¢4)] =M, (¢, / A)~? where M, is the mass of entering

firms. Then using this in (8), we obtain,
o (xwig Y (M) gyl A 9_(x'/w'uj‘1 £ £ oy 1A o
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where the final equality uses the fact that the mass of entering firms is inversely proportional to

the effective population size, M, oc L/ f,, as shown in the Appendix, where f, are the sunk

costs of obtaining a productivity draw. The ratio of fixed to sunk costs that appears in (9) is
difficult to identify from the data, so we simplify our model by assuming that it is the same

across countries. We state this assumption formally by adding a country superscripti =1,...,C:

Assumption 1:

The fixed and sunk costs of producing for the home market are proportional, fy/ f,= f4/f =

f(j / fei for all countriesi =1,...,C.

Assumption 1 ensures that the ratio (fq / fo)/(fy/ f,) vanishes in (9). We will also consider the
following stronger version, which implies Assumption 1:

Assumption 1':
The fixed and sunk costs of producing for the home market are proportional to the labor force,

fq /L= fﬁj/L':fO}/Li and fo/L= fe'/L':fei/I_i for all countriesi=1,...,C.
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This stronger version is has been used by Simonovska and Waugh (2014b), for example, in their
analysis of the Melitz-Chaney model. It can be viewed as the most extreme case of the fixed
market penetration costs discussed by Arkolakis (2010), which he models as L, 0 <« <1, and

we are using the a=1 case. With the above assumptions, we obtain:

Proposition 1:

(a) Under Assumption 1, the ratio of the real wages between two equilibria is:

_1 — 1
WP’ _(ﬁj AN “‘1(X'/W'L’)_fl) )
w/P A\ A4 74 My / A4 X/wL )

(b) Under Assumption 1', this expression is simplified as:

_1 - 11
WP _(A’j AT AR )
w/P A ﬂ’d 74 Md/ﬂ“d .

The first term on the right of (10) is the ratio of overall productivity levels. The second

term on the right of (10) is the ratio of the share of expenditure on domestic goods, with a
negative exponent: as that share falls, indicating that more varieties are available from abroad,
then the gains from trade are higher. This is the “sufficient statistic” identified by ACR for a
foreign shock. The third term is the inverse ratio of domestic trade costs, so that a country with
higher domestic trade costs will have correspondingly lower welfare. It is surprising that the
domestic trade costs do not involve an exponent reflecting the share of expenditure on domestic

goods. To explain this, consider two countries where the only difference between them is that
one has higher domestic trade costs, 7y > z4. That country will have higher domestic prices and
therefore lower real wages and welfare, depending on its consumption of the domestic good. But

that country will also have lower expenditure on its domestic goods, Aj < A4, due to the higher
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prices. So, from (10), the higher domestic trade costs are offset by the lower domestic share,
meaning that country welfare does not fall in direct proportion to the higher domestic trade costs.
There is one parameterization, however, where the welfare will fall in direct proportion to
the domestic trade costs, and that is where the domestic costs of transport and wholesale and
retail trade, apply equally well to domestic and imported goods. In this case, the iceberg costs

faced by foreign exporters would be p, to ship the good abroad, and then z, to deliveritto a
home consumer, or z4 p, in total. Therefore, a higher value of 74 would equally impact both

domestic and import prices. It follows that the domestic share A4 would not be affected, and so

in that case it is not surprising that welfare is inversely proportional to domestic trade costs in
(10). We will continue with this particular parameterization in the next section.

The fourth term appearing on the right of (10) measures the welfare gain from domestic
and import varieties available to consumers, as discussed just after (8), and the final term is an
adjustment for trade imbalance. To see why this final term is needed, consider the sources of
consumer gains from variety. In the first case, suppose that trade is balanced (so the final term in

(10) is unity) and that the labor force of the home and foreign country both double. This will lead
to a doubling in the mass of entering firms M, oc L/ f in both countries, but it turns out that

there is no change in the ZCP productivities at home or abroad. Along with the doubling in the
mass of entering firms there is also a doubling in the mass of available products My and M; at
home, which lowers the price index in (1) by 2Y3=) <1 1t follows that real wages increase due
to the rise in variety, as evaluated by the fourth term on the right of (10) with (Mg / My )” (D) =
2V > 1and A4 =44 So applying that exponent 1/ (o—1) to Mg / My in (10) is appropriate

when the new variety is due to firm entry.
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In contrast, suppose that expenditure at home doubles but there is no change in the labor

force. Then the mass of entering firms M, oc L/ f, is constant, and it is also constant if L and

f. change in direct proportion as under Assumption 1'. The doubling of expenditure X in (7) can
be expected to reduce the ZCP productivity ¢,, which would lead to an increase in the available
domestic products My =M_[1-G(gp,)]. But that extra variety will be from lower-productivity
domestic goods. In expression (11), the increase in home variety, M} / M, >1, is therefore

evaluated with a reduced exponent 0<[1/ (o -1)]-(1/68) <1/ (c-1).

The upshot of this discussion is that (11) is a more conservative way to evaluate an
increase in variety, within or between countries, because it uses the reduced exponent. Equation
(10) would give more weight to variety differences across countries, but it could lead to unusual
empirical values because of the trade balance term appearing there (which would be highly
unbalanced for certain sectors). For these reasons, we shall proceed by using expression (11)

from Proposition 1(b) in our empirical work.

3. Sectoral Gravity Equation

In order to implement Proposition 1, we need an estimate of the Pareto parameter & from
a gravity equation, as well as the elasticity of substitution o. Following Eaton and Kortum (EK,
2002) and Simonovska and Waugh (2014a,b), we obtain & from a gravity equation that is
estimated using cross-country price data from the ICP. While Eaton and Kortum derive and
estimate the gravity equation in the context of their EK model, Simonovska and Waugh (2014b)
are the first to estimate the Melitz-Chaney model using ICP data. To show their results, we again

distinguish countries with the superscript i, and assume:
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Assumption 2:
The fixed costs of domestic production in country, foi , equals the fixed costs of exporting to

country i from any other source country j, fori, j=1,...,C.

This assumption is most natural in the case where the fixed costs are viewed as marketing costs
paid in the destination country, which we are assuming are equal for all domestic and foreign
firms selling there. With this assumption, we obtain a gravity equation that is somewhat simpler

than derived in Chaney (2008) because it does not involve any fixed cost terms:

Proposition 2:
(@) Under Assumptions 1 and 2, the value of exports X 1 from country i to j relative to total
expenditure X1 in country j is,
i Xi;: _ Ti(WiTij)—a-
X ! ZE::LTK(WKTKJ)—H

(12)

. . .16
where T' = M(l’(w')1 o1,
(b) Under Assumptions 1" and 2, and with the fixed costs of exporting paid in the destination
country, then (12) holds with T = Mé and its denominator is proportional to the price index

raised to the power -6,

(PY 0wy MEwH 7). (13)

Simonovska and Waugh (2014b) use conditions equivalent to Assumptions 1' and 2, so
part (b) just reproduces their result; nevertheless, we provide a proof of both parts (a) and (b) in
the Appendix. Part (a) shows that the same gravity equation in (12) holds under the weaker

Assumption 1 along with Assumption 2. The difference between parts (a) and (b) is in the

definition of the parameter T', and importantly, in the interpretation of the denominator of (12).
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Using the interpretation as the price index shown in (13), Simonovska and Waugh (2014a,b)
follow Eaton and Kortum in measuring the denominator by an country average price from ICP
data. We will follow their approach, but we use more disaggregate data from the ICP than what
was available to them, which is explained as follows.

The ICP provides prices at the “basic heading” level, which we denote by h; for example,
“rice” is a basic heading. There are 62 basic headings for traded products included in the ICP
2005 that Simonovska and Waugh (2014a,b) used, so they took the simple geometric mean of
these prices to form the country price index in (13). For the ICP 2011 round we have more
detailed data available, which are the “items” denoted by n within each basic heading: for

example, “basmati rice” is an item. We denote the prices for items n, consumed in country i, by
pﬁ] and we distinguished the items n € 2(s) belonging to each broad sector s. The average log

price for each country and sector is defined by:

D! = N Dneog P, (14)
where Ny is the number of elements in «2(s) . Based on the results of Proposition 2(b), we can
use exp D; as an estimate of the sectoral price index PSi , S0 that according to (13) in log terms,
—eD; can be used to replace the denominator of (12) when needed.

Let use turn now to the estimation of the gravity equation. Taking the log ratio Al / Al

from (12), for items n e €2(s) in sector s, and using —6 D; to replace the log of the denominator

of (12), we obtain the canonical form of the gravity equation:

|n[%} =—0,(Inzd —Inz{ + D} -DJ), (15)

S
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where r;j denotes the iceberg costs to ship items n in sector s from country i to j. A limitation of

the ICP price data is that the country of origin is not known, however, so trade costs cannot be
inferred by the distance between countries or any similar variable. Instead, Eaton and Kortum
and Simonovska and Waugh used the largest (or second largest) price difference across countries

to infer trade costs. They estimate this cost by,

~ij _ max i [
Inzg = neQ(S){In Py —In pn}. (16)

The idea behind this approach is that only items that are produced in country i and sold in j
would be expected to have {In pd —In p'}> 0. Since we do not know the country of origin, we
take the maximum over those log differences (which may be positive or negative depending on
the direction of trade) to estimate the trade costs.

Equation (16) is intended to measure the foreign costs of trade, since these are used in the
gravity equation (15). As it stands, however, the estimate in (16) also includes domestic trade
costs if these are applied to imported goods. That will be the case in our country data, and so we

state it formally as:

Assumption 3:

In sector s, the trade costs of selling from country i to j are ) = plizJ), with pJ >1 and pil =1.

In this assumption, we use p;j to measure the pure foreign trade costs of shipping from country i
to j, while rsjj denotes the domestic trade cost of selling either imported or home-produced
goods in country j.

To illustrate the usefulness of this assumption, suppose that good n with productivity ¢,

is exported from country k(n) , SO that using our notation from the previous section, the prices in
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i and j of that good are p! =[o /(o - 1)] (W*zX /¢, )and pl =[o /(o= 1)] (W*z¥ /¢,). Then
using Assumption 3, the inferred iceberg cost becomes:

max

Inzl =
5 ne(s)

i _Inoil= i i max Ki 1 ki
{Inpn Inpn} (Inzg InTS)J’_k(n),neQ(S){Inps Inps} an

<(nzd —Inzly+1n pl.
The second line of (17) follows from arbitrage, since the costs of shipping from k to j, p;(j , must
’

be less than the costs of shipping from k to i and then from i to j, which is ps',o;j . It follows that

Inp <Inpf +1npl < Inpf —1n p! <In pl, so the inequality in (17) is obtained.

Notice that the fixed effects D; and D; in (15) will absorb the domestic costs In rsjj and
In rsjj that appear in (15) and (17), so that the remaining variation in In f;j reflects the foreign
trade costs In p;j and no modification of the standard gravity equation is needed.” Even with
these domestic trade costs absorbed under Assumption 3, however, (17) tells us that In f;j does

not exactly reflect the foreign trade costs In p;j because of the inequality that appears there. This
is the starting point for Simonovska and Waugh (2014a), who show that the method used by EK
to estimate the gravity equation results in a consistent but upward biased estimate of &. They
propose a simulated method of moment estimator that yields unbiased (and smaller & estimates).
Simonovska and Waugh (2014b) extend that analysis to the Melitz-Chaney model. Proposition 2
above tells us that the structure of gravity equation in our model — even with domestic shocks —
is much that same as in their analysis. Accordingly, we will follow their method to obtain

estimates of 6, for the various sectors s that we consider.®

" This point was recognized by Eaton and Kortum (2002, note 26) and Simonovska and Waugh (2014a).

8 In this version of the paper we have used the method that Simonovska and Waugh (2014a) apply to the EK model
to recover &, but in ongoing work we are extending our analysis to use the method that Simonovska and Waugh
(2014b) apply to the Melitz-Chaney model.
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4. Estimates of the Gravity Equation

To estimate @, for the different sectors based on sectoral gravity equations (15) requires,
first, data on trade flows by sector and, in particular, trade flows of consumption goods as
assumed in our model. Trade data are taken from the World Input-Output Database (WIOD,
Timmer et al. 2015, 2016), which provides trade flows not only by product but also by type-of-
use, so that we can distinguish trade flows of consumption goods. Traded products are
categorized by industry and we allocate these products to the corresponding consumption
sectors. The 2016 release of WIOD covers 43 countries, including all 28 countries in the
European Union and 15 other major countries around the world, including the United States,
China, India and Indonesia.

The second piece of information consists of the prices needed to implement the trade cost
estimator in equation (16). The 2011 round of the International Comparison Program (ICP) is
based on detailed surveys of prices of consumption and investment products, both traded and
non-traded (World Bank, 2014). We restrict ourselves to the list of (potentially) traded goods for
household consumption, of which there are 490. These products span seven sectors of
consumption, defined at the two-digit level of the classification of individual consumption by
purpose (COICOP), with the number of products varying between 23 (other goods, COICOP 12)
and 205 (food, beverages and tobacco, COICOP 01 and 02). In these sectors, the share of
expenditure on traded products varies between 25 percent (other goods) and 100 percent (food,
beverages and tobacco); see Table 1, below. Four sectors of consumption are omitted because the
products in those sectors are either all non-traded (education, hotels and restaurants) or contain
so few traded products that the gravity equation estimation is not feasible (housing and utilities,

communication). In ICP, not every product is priced in every country, as some products may be
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atypical of that country’s consumption bundle. Of the maximum of 490 consumption products,
coverage varies between 213 and 326 products.

Table 1 shows the consumption sectors we include in our analysis. Consumption of
traded products represents half of overall household consumption, on average for our set of 43
countries. As discussed above, the share of traded products varies by sector, as does the
(maximum) number of products covered in the ICP data. The subsequent column shows the
estimates of &, based on the method of Simonovska and Waugh (2014a) and the corresponding

90 percent confidence interval.

Table 1, Consumption sectors, estimated trade elasticity 8¢ and elasticity of substitution o

Traded
Sector Code share (%) # Products O, 90% C.1. gy
Total traded consumption 47 490 3.56 [3.49-3.61]
Food, beverages & tobacco 01-02 100 205 433 [4.21-4.45] 4.2
Clothing & footwear 03 97 47 4.89 [4.71-5.11] 3.5
Furnishing, household equipment 05 88 69 430 [4.19-4.47] 25
Health 06 46 52 424 [4.19-4.60] 2.5
Transport 07 59 31 7.65 [7.18-8.01] 4.4
Recreation and culture 09 51 59 4.68 [4.53-4.87] 2.2
Other goods 12 25 23 519 [4.93-5.50] 2.5

Notes: Code is the COICOP code for the sector, traded share is the share of total sectoral expenditure on traded
products, averaged over the 43 countries, # Products is the total number of products in each sector, 6, is the
estimates of the trade elasticity from equation (15), estimated using the Simulated Method of Moments estimator of
Simonovska and Waugh (2014a); the 90-percent confidence interval (90% C.1.) is based on a bootstrap, see
Simonovska and Waugh (2014a). The final column, gy, is the median elasticity of substitution with each sector.
These are based on the estimates by Broda and Weinstein (2006) at the HS10 level of detail using the concordance
from HS10 to End Use from Feenstra and Jensen (2012). The transport o, is based on SITC 5-digit data as the
median based on HS10 data is influenced by various large estimates, leading to a o, based on HS10 data of 7.8.

Simonovska and Waugh (2014a), using their preferred estimation method and dataset,
found #=4.16 for manufacturing. One important difference with their setup is that our price data
are for individual product items, while Simonovska and Waugh (2014a) use relative price

estimates for “basic heading” product categories, which span multiple individual product items.
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If we estimate a single &, pooled over all consumption sectors, based on basic heading price data
rather than product items, we find #=4.58. As Table 1 shows, moving to pooled estimation over
individual product items leads to a lower value of 3.56. This lower estimate reflects the greater
variability in prices of individual items compared to more aggregate basic heading categories,
corresponding to higher implied trade costs and thus, for given trade flows, a lower elasticity.

Turning to the sectoral results, we find higher estimates of & in every sector than for
consumption as a whole. This reflects lower variation in prices at the sectoral level than for
consumption as a whole, and the fact that every sector has a higher & implies that there are
systematic price differences between sectors. This observation fits with the Balassa-Samuelson
hypothesis, in which differential productivity improvements across sectors lead to differential
prices. For most sectors, & is between 4 and 5, a similar magnitude as found in Simonovska and
Waugh (2014a,b). The most notable exception is the transport sector, which covers transport
equipment and fuel, with &, =7.65.

The final column shows the elasticity of substitution o, which is the other key parameter
in equation (10). These elasticities are based on Broda and Weinstein (2006), who estimate o for
traded products at the HS-10 level of product detail. We use a concordance from HS-10 to
BEA’s End Use classification (Feenstra and Jensen, 2012) to allocate the trade-based o to each
consumption sector and the median within each sector is taken as the oz shown in the table.

Comparing the & and oz columns shows that the condition & > o;— 1 holds for all sectors.

5. The Cost of Living
We shall use Proposition 1(b) to compare the cost of living across countries. To achieve

that, we invert (10) to obtain the cost of living between countries i and j:
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We can compare this theoretical cost-of-living index across countries to the price level of

consumption, which we denote by PL‘C in country i. The price level of consumption is measured

in the Penn World Table (PWT) as reflecting the observed prices of consumption goods in each

country, converted to US$ using the nominal exchange rate and measured relative to the US

prices of the same goods. By construction, then, PLiC in country i in measured relative to the

United State as country j (i.e. PL‘(fS =1). Many countries in the world have PL‘C <1, reflecting
low prices, but a handful of European countries (especially the Scandinavian countries) have
PLiC >1, indicating that they have higher US$ prices that the United States.

Several adjustments to (20) are needed to bridge the gap between our stylized model and

the data we shall apply to it. First, while our model has only labor, there are many factors of
production in reality. This feature is readily incorporated by consideration of the terms w'/ Al
and likewise for country j (i.e. the United States). Let w denote a weighted average of factor

prices used in production. The term Al is the lower bound to productivity in (7), and as such it
also reflects the mean productivity in country i (as discussed just below equation (1)). Suppose

we measure country productivity using a dual approach, which would equal the ratio of the
weighted average of factor prices to the aggregate output price. Then the ratio w'/ A" would

equal the output price level, which we denote by PL' , which is again taken from PWT.?

® In contrast to the price level of consumption, the price level of output price level of output reflects the prices of
produced goods in each country, relative to the US In particular, export prices are included in the price level of
output, whereas import prices are included in the price level of consumption.
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Second, we shall apply formula (20) at the sectoral level, and within each sector we want
to distinguish potentially traded goods T from those that are non-traded, denoted with N. The
transportation sector, for example, includes taxi rides which are a non-traded service. Such
services typically do not have domestic trade costs, so that (20) applies only to the potentially

traded portion of each sector, which we can measure in practice by the manufacturing portion.
The domestic shares AL, in particular are measured for manufactured goods in each sector s.
Denoting the traded (non-traded) good expenditure in each sector by XST b (X SN‘ ), We suppose
that there are CES preferences over these portions of expenditure and across sectors. We let WSTi
equal the Sato-Vartia weight of traded goods in sector s relative to the US.* Then (20) is re-
written as the cost of living in sector s and country i, Col’ , relative to the US as country j:

Ti Ti wli wTi

Ws s s
st T (4T (63T Tt o
s \ Ag % Mg /A
where the first term on the right of (21) is the price level of output in each country, obtained from
PWT, and it is weighted by the overall share of traded goods in the economy, wh = Z;Ws“.
In the second term we have replaced the share of expenditure on home goods /1(‘1 used in (20)

with the sectoral notation A!'; in the third term we have likewise replaced the domestic trade

costs 7, from (20) with the notation 7!, consistent with Assumption 3; and in the fourth term

M ! / 211 still denotes the number of home-produced varieties relative to the home expenditure

share in country i and sector s. Those three variables and their sector-specific exponents are

19" See the Appendix for the definition of these Sato-Vartia weights for the general nested CES case.
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the terms identified in Proposition 1 as determined the relative price of traded goods, and they

are weighted by the traded share in expenditure WsTi relative to the United States. The final term
in (21) reflects the price level of non-traded consumption goods for each sector, PLCNSi , Which are

aggregated across sectors using the non-traded shares, WSNi . By construction, the cost of living

in (21) applies to the entire basket of consumption in each country (i.e. traded and non-traded
products), so it can be used to deflate consumption expenditures in each country to obtain a

measure of consumer welfare.

It is instructive to compare the cost of living that we construct in (21), Col , to the price
level of consumption from PWT, PL‘C , Which measures the difference in consumption prices
across countries. That PWT price level makes no adjustments for the factors entering our

extended-ACR formula, i.e. PLiC does not adjust for productivity or variety differences across

countries or domestic trade costs. So we should view Col’ as a more accurate measure of the
“true” cost of living for consumers. To the extent that it differs systematically from PLiC , then

that would indicate that the simple price level from PWT is an inadequate measure of the cost of
living, so that the implied real consumption from PWT would be an inadequate measure of the

standard of living.

We implement equation (21) as follows. The output price level PL‘y is drawn from PWT
9.0 and the nontraded consumption prices PL'Q'Si and the expenditure data needed to compute the
Sato-Vartia weights are from ICP2011. The share of consumption expenditure on domestic
products, is" , Is computed based on WIOD, as are the trade flows for the gravity equation

estimation. The domestic trade costs for most countries are based on data in the input-output
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tables underlying WIOD, and r;i is measured as consumption expenditure in sector s (excluding
taxes on products, such as sales, excise or value-added taxes) divided by the basic-prices value of
those expenditures, so r;‘ incorporates margins paid to wholesale and retail trade firms as well

as domestic transportation. For a smaller group of countries™ we use data from surveys of

wholesale and retail trade to approximate the same concept.

Our main measure of the number of domestic varieties M is based on an estimate of

the number of domestic firms active in each sector, N(i,S. In the Melitz-Chaney, the sales of firms
follows a Pareto distribution and the inverse of the shape parameter equals 7, = (o5 —-1)/ 6, <1

(see di Giovanni, Levchenko, Ranciere, 2011, equation (2)). It follows that the number of firms
is not directly comparable across countries as, for instance, larger markets support a larger

number of very large firms. Naldi (2003) shows how to transform a firm count with a specific
Pareto parameter into the corresponding Herfindahl index, HI(i,S . Taking the inverse of that

index we obtain the number of representative, equally-sized firms, as in our theory:

i _ 1 é/(N(ijs’ZUs)
Mgs = i i : (22)
‘ Higs é/(Nds’Us)Z

where £is the truncated zeta function, given by:
N -
SN =i (23)
i=1

Tus, our measure of equally-size domestic firms M/ varies according to the number of

firms in country i and sector s, N(ijs , and the inverse of the Pareto parameter of firm sales in that

1 China, Croatia, Japan, Korea, Mexico, Norway, Switzerland and the United States.



24

sector, 7. This measure still assumes that the number of products is proportional to the number

of representative firms and that, across countries, the same fraction of firms in a given sector
supply to consumers rather than to other firms or to the government.

The source for these data is Bureau van Dijk’s ORBIS global dataset, which, in turn, is
based on business registers in different countries. We eliminate duplicate names and drop firms
with zero employees to eliminate shell companies. As a verification exercise, we also collected
data on the number of firms from national enterprise statistics, primarily from the OECD
Structural Business Statistics and Eurostat Enterprise Statistics, supplemented by national
reports. For most countries, the correspondence between the two sources is close; the correlation
of the log number of firms between both sources is 0.75, rising to 0.90 when excluding India and
Indonesia. Both of those countries have very large numbers of informal firms, which would skew
upwards their variety count.

In Figure 1, we compare our new measure of the cost of living from equation (21) to the
price level of consumption. The left-hand side plots the log of both variables with a 45-degree
line, the right-hand side plots the log difference between the two measures. Note that the
measures of the cost of living and the consumption price level compare each country to the
United States, so the United States is at point (0,0) in both panels. The figure shows that
differences between the two measures can be substantial, peaking at over 40 percent higher cost
of living in Malta (MLT) and Luxembourg (LUX) and showing more than 20 percent higher cost
of living in a further six countries; see the Appendix Table Al for the list of countries (with ISO
codes) and detailed results. On the other end, we find that cost of living is lower than implied by
the consumption price level for 10 countries, with China showing a cost of living 19 percent

below the level implied by the consumption price level.
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Figure 1. The relative cost of living versus the consumption price level in 2011

log of cost of living

Ve
7

7
C}\N’D
7450

e

OoLTU

OMEX
/68ZE
_ okdh

_STUR

OPORDLUN
ol

e
]
/&DN CHN

ocyp _
OCRG agpeAN

R
0SVNO 5%5;%8&
oprT PWNLD

s
OEST OBHSA
V7

OMLT

log(Cost of Living/Consumption price level)

OMLT OLUX

OCYP
oLTu
OGRC

OSVN OFIN

OSWE

OESTOPRT
OME$ HRY
WA

©1Rb PN
OAUT
OESP
oA
OGBRAN
) OBRA ODEU
QBGR— o 1yR- — — — —OUsA

oPOL .
oRGAE
ORUS
OHUN

ONOR
OAUS

o DNKO CHE
OTWNOROU

OCHN

-1

-5
log of consumption price level

0

T T T
-5 0
log of consumption price level

Notes: The left-hand figure plots log CoL! versus log PLL for the 43 countries in our analysis, with log CoL' as
defined in equation (21) and log PL. from PWT 9.0 (Feenstra et al., 2015), normalized to USA=1. The right-hand
figure plots log CoL!/PLL versus log PLL.

To further examine the relationship between Col' and PL‘C , We perform a decomposition

analysis similar to Eaton, Kortum and Kramarz (2004). We initially run the regression:

INCol' =y + Sy INPLL+&),i=1,..,C.

(24)

This corresponds to a line of best fit for the left-hand side of Figure 1. Next, we define Zf( for

k=1,...,5, as the five terms on the right of (21), so that in logs:

Inz{ =W InPL, , (25)
. Ti .. ..

InZy =3 (a1 A0 (26)

nzy=%"> WiinGl /2y 27)
; - M/l

InZh =3 W' & - iy [in] St (28)

s=1 s (os-D) MJ /A

[ S Ni Ni

Inzi =30 W in(PLY). (29)
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Then we also run:

InZ} =y + A INPLL+&f, k=1,...,5. (30)

Because In CoLiC = Zizlln Z|i< , it will follow that the OLS estimates satisfy:

ag = ZEﬂOfk and f = Zizlﬂk : 31)
The individual £, parameters will show how the various factors used to calculated the cost of
living in each country, Col’ , are related to the consumption price level PLic used in PWT. The
results are shown in Table 2.

The top line in Table 2 shows that £, =1.12, indicating that the “true” cost of living
increases more rapidly than the consumption price level. Much of this is due to differences in
observed prices — of the output price level for traded products and for non-traded prices. Of the
three remaining terms, the impact of foreign trade costs decreases significantly with the

consumption price level, the impact of domestic trade costs significantly increases, while there is

no significant relationship between the impact of variety and the consumption price level.

Table 2. Cost-of-living components regressed on the consumption price level

Coefficient (s.e.) on the
consumption price level

Cost of living 1.12 (0.04)
Output price level 0.42 (0.02)
Foreign trade costs -0.06 (0.02)

Domestic trade costs 0.04 (0.01)
Variety -0.02 (0.04)
Non-traded prices 0.74 (0.03)

Note: The first line shows S, from equation (24) and the corresponding robust standard error in parentheses. The
subsequent lines show B, from equations (25)-(29).
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Figure 2. The impact of foreign and domestic trade costs and variety on the cost of living
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Notes: The figure shows In Z; , In Z; and In Zfl from equations (26)-(28) for foreign trade costs, domestic trade

. . . . i
costs and variety, plotted against the consumption price level In PL.

Figure 2 plots the terms for foreign trade costs in (26) (measured by the domestic
expenditure share), domestic trade costs in (27), and variety in (28) measured against the log of
the consumption price level. The first panel, for foreign trade costs, shows that the small open
economies of the Netherlands (NLD), Denmark (DMK) and Luxembourg (LUX) have a notably
lower cost of living due to low foreign trade costs, with all other countries showing effects
between -10 percent and +5 percent. Except for Japan and Italy, all countries with higher
consumption price levels than the United States at (0,0) have lower cost of living than the US
due to foreign trade costs. Moreover, in the second panel all countries except for Japan have
lower cost of living due to smaller domestic trade costs, with the largest impact in countries with
the lowest consumption price levels. The impact of differences in variety shows no systematic
relationship with the consumption price level, in the third panel. But the absolute effect on the

cost of living tends to be large and variety differences increase the cost of living, indicating
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lower variety relative to the United States in all countries. This increase is most pronounced in
Malta (MLT), Lithuania (LTU), Cyprus (CYP) and Luxembourg (LTU), at over +40 percent.
As a second method to measure the contribution of the components of the cost of living,

we take the difference between the “true” cost of living in (21) and the price of consumption

from PWT, ACoL' =Col' —In PL.. Further, define the term:

AP' =InZ{ +Inzl -InPL,

e _ . (32)
=W inPLy + 30 WM In(PLY )~ InPL,

which is the difference between the components of equation (21) due to weighted PWT output

and nontraded prices as compared to the price level of consumption. Likewise, we define

Aln Z|i( =1In Z|i( —In PLiC, k =2,3,4, and we run the regressions:
AP' = 5, + y,ACoL (33)
AInZ! =5, +p.ACol' | k=234 (34)

These regressions are the counterparts to those shown in equation (30), but here the aim is to
account for the cross-country variation in the difference between the relative cost of living and

the consumption price level. Table 3 presents the results.

Table 3. Difference between the cost of living and the consumption price level

Coefficient on difference
ACoL'= Col' - InPL,

Price differences 0.29 (0.12)
Foreign trade costs -0.09 (0.06)
Domestic trade costs 0.03 (0.03)
Variety 0.76 (0.11)

Note: Each line in the table corresponds to a y; from equation (33) and (34), with k = 1, ...,4. Robust standard
errors are in parentheses.
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By construction, the regression coefficients shown in Table 3 sum to unity, so we can

interpret them as the portion of the variation in the cost-of-living difference with respect to the
consumption price index, ACoL' =Col' —In PL., that is explained by the dependent variable in

each regression. The weighted prices of output and nontradables, differenced with respect to the
consumption prices index as in (32), has a positive and significant regression coefficient of 0.29

as shown in the first row of Table 3. In other words, about 30% of the cost-of living difference is

explained by those prices differences AP'. The foreign and domestic trade cost terms defined in
(26) and (27) account for much smaller (and insignificant) amounts of the cost-of-living
difference, as shown in the second and third rows. The dominant explanation for the cost-of-
living difference is the variety term, with a regression coefficient of 0.76 in the final row of
Table 3. So variety differences across countries explain about 75% of the *“true” cost-of-living
index as compared to the consumption price index.

Another way to see the importance of variety is to compare the second panel of Figure 1,

where we graph ACol' =Col' —In PLic, with the third panel of Figure 2, where we graph the

variety term In Zj1 as defined in (28). There is a strong visual connection between the cost-of-
living difference with respect to the consumption price index and the variety index, with
countries like Lithuania (LTU), Malta (MLT), Luxembourg (LUX) and Cyprus (CYP) having at
least a 30 percent higher cost of living in Figure 1, second panel, and also having lower variety

that increases the cost of living by at least 40 percent in Figure 2, third panel.

6. Conclusions

[To be completed]
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Appendix

Proof of Proposition 1:
The final equality in (9) uses M, oc L/ f,. To prove this condition and then prove
Proposition 1, we complete the description of the model.

Denoting the iceberg costs of exporting from home by 7, , export demand for the home

firm with productivity ¢ is analogous to (6),

X" | wro 7
Yy (@) = - Lp(a_l)} : (A1)

Multiplying by price minus variable cost, p, (@) —(wz, / @) =[1/ (o — 1)] (wz, / @), profits in

* l-o
_ X WTX o1
ﬂ'x(w)l:o_o-(P*(Ul)j ]¢ foa

B*

X

the export market are,

where f, are the fixed costs for exporting. It follows that the zero-cutoff-profit condition

in the export market is as follows, as we shall make use of later:

o-1
. wf,  wf o Wt
() =Bl —wf, =0 = gft=—t=—1C [ — J : (A2)
X X X7X X X BX X P (O'—l)

Total employment at home for domestic and export sales equals:

0

_ REAAG) 9(9) 7Y (®) 9(9)
L‘Mef“M"j[ 0 ”‘j}[l—e(%)]d“w[ 0 ”*}[1—6(%)]‘1"" (A9

Pd Px
Notice that we have multiplied the quantity delivered to home and foreign consumers by their
respective iceberg costs, 74 and 7, to obtain the quantity produced by the firm. Multiply the

entire expression by wages w, and then multiply and divide the production terms by o/ (o —1)
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to obtain prices py (@) =(z4/ @)lo/(c-1)] and p, (@) =(7,/ p)lc/(c-1)], so that:

Lew(Mf M. f oM. 0_—1j M. [ Pa@Ya(@)9@) 4 T P2V (2)9(0) 4
WL =w(M, f,+ M fy+ xx)+( . { d(/;[ [1-G(, )] P+ x(;[ [1-G(p.)] @

=w(M,f, + M, f, +fox)+(o-7_1]WL,

where the bracketed term on the first line is the total revenue earned by firms, and with zero

expected profits that will equal the payment to labor, wL. It follows immediately that

L=o(M,f, + Mg fy + M, f,). Then the full employment condition (A3) is simplified as

o-1 REAAQIERIC) ey, @] g9l
— ~|L=M dJd d M x ¥Yx do. Ad
( o j di{ @ }n—G@mﬂ o Xi{ 0 }n—ew&n 0. (A4

The CES demand with prices p, (@) = (74 / @)[o/ (o —1)] implies that y, (@) = (/! ¢4)° Y4(@4) -

Using the Pareto distribution for productivity, the first integral in (A4) is then:

T|:Tdyd (40)} 90) _4,,- T 74Ys (@d)(ﬂjg 90) g,
w9 JR-Gled] o o \es) [1-Glp)]
o-1
_76Ya(90) | [ﬁ} by q
Py ¢J:j P4 (@)™ Y
_ Zd¥d (@4) 0 [ KA Ja_a_l ’
Py (c-0-1){ ¢ .
B (c-16
Y O-0+1)’

where the last line uses 7, Y, (@4)/ ¢4 = (o —1) f,, as seen from (6) and (7). Likewise using (A1)

and (A2) we have 7.y, (¢,)/ ¢, =(c—1)f,, and so the second integral in (A4) is evaluated as:

T[rxyx(qo)} 99) 4, _¢ (00O
¢ |[1-G(p] “(0-0+1)

Px



32

Substituting these back into (A4) we arrive at:

1e17)

L=——(Myfg +M,f,).
((9—O'+1)( ofa M, 1)

Using L=o(M,f, + M4 fy + M, f,) we obtain M, = L(c—-1)/ o6, so that M, cc L/ f,.

Now completing the proof of Proposition 1, from (5) we have:

L -1
w’/P': Mg /A4 | 7q. A . (A5)
w/P Md /ﬂ“d T4 @4
The final ratio on the right of (A5) is solved using (9) as,
' ’ ’ -ve ' noN—16
P _Al A (X /WLJ (A6)
os Al 4 X /wL '

where fq/ fo = fq/ f, from Assumption 1. Substituting (A6) into (A5), we obtain (10).

Under Assumption 1', the final term in (10) becomes:

' n \—16 ’ 7 -ve ’ ' -1/e
(x /ij :(x /wfd] :(Md/zd] | (A7)

X [wL X [wfy Mg /A4

where the final equality is from (8). Substituting this into (A6) and (A5), we obtain (11). QED

Proof of Proposition 2:

The mass of profitable domestic firms is My = M [1-G(¢y)] and the mass of profitable
exporters is M, = M.[1-G(¢p,)]. Substituting these into the CES price index (1), we can rewrite
it by instead integrating over the unconditional distribution g(¢) and letting the mass of entrants
M. appear in front of those integrals. We use that rewritten expression as the numerator and
denominator of the domestic share in (2). We will generalize our earlier exposition to allow for

multiple countries, so that Mé are the entrants in country i and (pij is the zero-cutoff-profit
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(ZCP) value of productivity for selling to country j. We also allow the wages w' to differ across

countries. Then the value of exports X I from country i to j relative to total consumption X! in

county j is written analogously to (2) as:

i Me] Pl 7 ale)de Me [ W' 197 g(p)dp

i —cC © Wi i o NS
X D aMe @) alode 3 M [ (e 19) 7 g(p)dg

. (A8)

where the second equality follows by using the prices p" (¢) =[o /(o —1)](W'z" / ») . Notice that

the iceberg trade costs 7! can be moved outside the integrals in the above expression.
The ZCP condition for productivity for home sales is (7), which is written more generally

for country i exporting to j as,

ijiyo-1 _ Wi f jGO- WiTij o

From Assumption 2, the fixed cost of exporting to country j is the same as the fixed cost for
domestic sales, fJ=f], sowe denote them both as simply ! in (A9). We make use of the

Pareto distribution to evaluate the integral in the numerator of (A8):

oy W 107 glp)p =)0 [ o7 2 dg

ij

9
_(w'") 70 0—9—1‘“’
o—-0-1 o
— (WIT” )1_0.0 (¢Ij )6—9—1.
0-o0+1
Combining this result with (A8) and (A9) it follows that,
. N (A
i M(Ia(WITIJ)—H (WI f j) o-1
= - (A10)

X! ZleMé((Wkaj)_g(Wk f j)l_o-—l
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: . L0
Notice that f! cancels from this expression, so we obtain (12) with T' = M (w' )l o1,
When the fixed costs are paid in the destination country, then (A10) is rewritten as,

. N -
i M;(w'r'l)—'-"(wlfl) o

XD oC yyk gk Kiy-0 (i 5\ o (AL1)
D Me (W) (W‘ f J)

Now the term w) f J cancels from this expression, so we obtain (12) with T' = Mé . To solve for

the price index, we make use of the results from section 2. In (4) we showed the domestic share

of expenditure, but it is not a gravity equation because it involves the ZCP productivity ¢y .

Using the solution to that productivity from (7), along withM ; = M [1-G(¢4)] = Megogg for the

Pareto distribution, we obtain the domestic share:

£ Yo (wr, )7
A oc(—d] (ﬂ] M, (A12)

where the factor of proportionality depends on #and o and so it is constant across countries.
Assumption 1' means that (fy /L) is also constant across countries, so we rewrite (A12) in the

more general notation for countries i =1,...,C:

i i \7? i
,1“0{"”_ ] Ml = (Pi)—%(%](wir“)—f’. (A13)

With fixed costs paid in the destination country, (A10) is rewritten as (A11), and since wl f

cancels from that expression then A=y X IS,

i _ M(w' 7)™
=—c —.
Zk:lMé((Wk 7’_kl) )

Substituting this into (A13), we obtain (13). QED
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Sato-Vartia weights:

We consider the general case of a nested CES function, where the expenditure between
traded and non-traded components of expenditure in each sector are related by a CES function,
the traded goods are aggregated across countries with another CES function, and then the

expenditure over the various sectors is also aggregated using a third CES function.
At the lowest level, the non-traded services included in the price index Ps'\“ are purchase
entirely from domestic sources (e.g. taxi rides within the transportation sector), while the traded

goods price index PsTi is composed over the prices of goods that can be purchased from home,

P11, and those that are purchased from abroad, PJ/", j =i:

. . U(l-o)
(xS T oo,

This price index is comparable to what appears in (1) in our model, though in (1) we also allow

for a mass of products from each country. Above that level, the price index PSi for country i and

sector s is given by:

U(1-y)

PL=[RI 7+ (RMY T o (A1)

Finally, we aggregate across sectors using a third CES function,

Pl =| X, R TJ(H) >0, (A15)

Choose country j (i.e. the United States) as the base country. Then the sectoral prices

index in country i relative to j can be measured by the Sato-Vartia price index:

Ti

Ni
pi pri @s pNi @s
—SJ. = (LTJJ S—NJ , (A16)
PS I:)S PS
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where the Sato-Vartia weights, o] + o' =1, are defined over the expenditure shares on traded
and non-traded services. Since we have already used the variable X to denote expenditures and s

to denote sectors, we will use x to denote expenditure shares. So xI' = X'/ X! is the share of

expenditure on traded goods relative to total expenditure, X! = (XSTi + XsNi) , In country i and

sector s. Then the Sato-Vartia weights used in (A16) are;

. Ti  Tj Ti  JTj Ni  Nj . .
a)g'l = (Xs_ Xg ) /|: (Xs_ Xg ) + (Xs_ Xg ) :I, a)le :1_(0;“. (Al?)

(nx' =InxI)/ | AnxI' =InxI)  (Inx" —InxM)

Analogously, the overall price index in country i relative to that for in country j is constructed as

the Sato Vartia index defined over sectors:
pi S Psi @s
AR o

where the Sato-Vartia weights are defined over the expenditure shares x! = X!/ X

o (6o fls a-xd)
* <'nXé—lnxs")/ {zl (|nXﬁ—|nxrj)}' (A19)

Equation (21) aggregates over traded goods and non-traded services and over sectors.

Substituting (A16) into (A18), that country-level relative price is:

Ti @ o Ni '}
SN

R pM

It follows that the relevant weights that appear in (21) are WST' = a)s a)s and W Ni a)s a)s The

latter weights are applied in (21) to the price levels for non-traded services in each sector that are

constructed from ICP data.
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Country (Izige PLc CoL log(CoL/PLc) Due to:
foreign domestic

prices trade costs trade costs varieties
India IND 0.32 0.34 0.06 1.59 0.04 -0.06 0.23
Indonesia IDN 0.46 0.45 -0.01 0.94 0.01 -0.09 0.33
Taiwan TWN 0.53 0.55 0.04 0.86 0.00 -0.03 0.23
Bulgaria BGR 0.55 0.56 0.01 -0.23 -0.02 -0.09 0.34
China CHN 0.56 0.46 -0.19 0.44 0.04 -0.09 0.07
Russia RUS 0.57 0.54 -0.07 0.80 0.00 -0.05 0.15
Romania ROU 0.61 0.63 0.04 1.04 0.00 -0.08 0.28
Poland POL 0.64 0.63 -0.03 -0.36 -0.02 -0.04 0.17
Hungary HUN 0.68 0.62 -0.10 0.36 -0.07 -0.08 0.18
Turkey TUR 0.68 0.68 0.00 0.11 0.02 -0.06 0.23
Lithuania LTU 0.71 0.96 0.30 0.43 -0.03 -0.07 0.53
Mexico MEX 0.72 0.84 0.15 0.76 0.01 -0.03 0.26
Slovakia SVK 0.78 0.87 0.11 0.29 -0.05 -0.05 0.31
Korea KOR 0.79 0.75 -0.04 -0.04 0.01 -0.01 0.15
Latvia LVA 0.80 0.89 0.11 0.53 -0.07 -0.04 0.38
Croatia HRV 0.80 0.93 0.15 0.42 -0.02 -0.06 0.37
Czech Republic CZE 0.81 0.79 -0.03 0.41 -0.05 -0.06 0.15
Estonia EST 0.83 1.00 0.18 0.17 -0.08 -0.03 0.39
Malta MLT 0.88 1.46 0.50 -0.23 -0.05 -0.08 0.71
Portugal PRT 0.94 1.13 0.18 -0.45 -0.02 -0.04 0.29
Slovenia SVN 0.94 1.21 0.25 -0.99 -0.04 -0.05 0.38
Brazil BRA 0.97 1.00 0.02 -1.25 0.03 -0.05 0.16
United States USA 1.00 1.00 0.00 0.19 0.00 0.00 0.00
Cyprus CYP 1.04 1.49 0.36 0.07 -0.03 -0.03 0.48
Greece GRC 1.05 1.40 0.28 0.26 -0.01 -0.03 0.38
Spain ESP 1.07 1.20 0.11 -0.51 -0.01 -0.03 0.18
Germany DEU 1.13 1.16 0.02 -0.59 -0.03 -0.05 0.14
Italy ITA 1.14 1.24 0.08 0.42 0.00 -0.03 0.15
Austria AUT 1.18 1.35 0.14 -0.55 -0.07 -0.04 0.25
Netherlands NLD 1.20 1.13 -0.06 -0.60 -0.16 -0.02 0.10
United Kingdom  GBR 1.21 1.27 0.05 -0.40 -0.04 -0.02 0.10
France FRA 1.22 1.34 0.10 0.00 -0.04 -0.03 0.18
Belgium BEL 1.22 1.21 -0.01 0.21 -0.10 -0.03 0.10
Canada CAN 131 1.37 0.05 -0.84 -0.04 -0.06 0.17
Ireland IRL 1.32 1.56 0.16 -0.39 -0.05 -0.04 0.34



Finland
Luxmebourg
Sweden
Japan
Australia
Denmark
Norway
Switzerland

FIN

LUX
SWE
JPN

AUS
DNK
NOR
CHE

1.35
1.36
1.40
1.43
1.55
1.56
1.74
1.78

1.75
2.23
1.76
1.67
1.76
1.67
2.01
191
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0.26
0.49
0.23
0.15
0.12
0.06
0.14
0.07

-0.96
-1.04
-0.68
-0.46
-0.09
-1.02
-1.35
-0.58

-0.03
-0.17
-0.06

0.01
-0.02
-0.16
-0.04
-0.05

-0.04
-0.01
-0.04

0.01
-0.02
-0.03
-0.04
-0.04

0.32
0.43
0.31
0.18
0.15
0.27
0.36
0.20
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