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Abstact

We extend the analysis of Arkolakis, Costinot and Rodriguez-Clare (ACR, 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, wholesaling and retailing margins, and taxes on
goods, which are modeled simply as iceberg costs. 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, and we find that domestic trade costs are of comparable

importance to foreign trade costs.



1. Introduction

Since at least McCallum (1995), it has been know 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, wholesaling and retailing margins, and taxes on goods.
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 international trade across the Canada-U.S. border was about 6 percent of cross-state
trade in the U.S., even when correcting for 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).

3 See Timmer, Inklaar, O’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-drive the
expression for the welfare change when domestic parameters 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; (¢) 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 described in
section 3. In section 4, we describe the data that we shall use to determine the foreign and
domestic trade costs. Following Eaton and Kortum (2002) and Simonovska and Waugh
(2014a,b), we use cross-country price data from the International Comparisons Project (ICP).
In addition, we use newly collected data from the Billion Price Project (BPP) that provides
cross-country online prices on a sample of products from the food, electronics and energy
sectors (see Cavallo, et al., 2018). The BPP is an alternative source of cross-country prices
from the ICP, and importantly, it allows us to infer product variety across countries. Whether
using the BPP or 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 and allowing
for differences in fixed costs across countries.*

TO BE COMPLETED

2. Trade Model with 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 T4 =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, both of which we rely on to

measure Tq. We also include local taxes on goods within these domestic trade costs, but we do

not account for the redistribution of tax revenue, so we are assuming that the taxes are spent on

some public goods that we do keep track of in welfare. We consider two equilibria that can

experience a domestic shock, by which we mean a change domestic iceberg costs T, , or a change

in domestic fixed costs or in the population. In addition, the two equilibria can experiences a
foreign shock, defined as changes in the foreign values foreign iceberg costs, fixed costs, or
population. 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 (but with the same values of all other model parameters).

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

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



index for the home consumer is defined over domestic and foreign goods as:

1/(1-o)
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where the first integral reflects the consumer prices p,(¢) of the mass M4 of domestic firms

with productivity ¢ = @4, and the second integral reflects the import prices p: () of the mass
Mi of foreign firms with productivity @ > @, . The density of home and foreign productivities is
Pareto distributed with G(p) =1- (p_e for p>1, and 0> (c—-1)>1.

To obtain the share of expenditure on domestic goods, which we denote by A4, we take

the exponent (1—-o) of (1) and then the ratio of the first term on the right to the price index,
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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

pa(@) =[c/(c— D] (tqw/ @), where T4 =1 are the domestic iceberg costs. Substituting these

prices into the above expression, it is convenient to define @4 as average domestic productivity,
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The second equality makes use of a convenient property of the Pareto distribution, namely, that
the integral shown above is a constant multiple of the lower bound of integration. Combining the

above results, the share of expenditure on domestic goods is:
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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 (2) as:
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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 A4 and A denoting

the share of expenditure on domestic goods in the two equilibria. The first term appearing on the

right of (3) is just the ratio of the CES price index of domestic goods, where the variety term

1
M/ and likewise in the prime equilibrium is the welfare effect of any change in the mass of

domestic varieties,” while wty / @4 represents the average price of these varieties (recalling that

the cutoff productivity is proportional to the average productivity). The second term on the right
is the ratio of the share 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 Aj < A4 and lower the price index in (3), or the welfare loss from disappearing

import varieties, which would result in A3 > A4.

5 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, as we do in (3), where this CES domestic
price index is defined as the first term on the right of (1) raised to the power 1/(1 — G).



With CES demand using the consumer price py(¢) =[c/(c— 1)] (w4 /@), and total

home expenditure of X, the demand from a firm with productivity ¢ is:
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Multiplying by price minus variable cost, p4(®) —(wty /@) =[1/(c— 1)] (Wty4 /@), profits in

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,
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We do not describe the rest of the equilibrium conditions here, but they are outlined in
the Appendix. A ZCP condition analogous to (5) 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 as we make explicit in the next
section.® As explained above, 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

parameters (following ACR), or we can compare the equilibria across two countries that have

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



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 (5) between the two equilibria, and substitute that into (2) to obtain,
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The expression on the right of (6) measures the welfare gain between the two equilibria due to

any expansion of import varieties, resulting in Ay <4, relative to the welfare loss due to any

reduction in domestic varieties, My <M, . Comparing two countries with the same market size,

defined by expenditure X relative to fixed costs wfq, then there will be no welfare difference due
to variety: equation (6) shows that My /A5 =M, / Ay when X'/ w'fj = X/ wfy, which means
that there is no welfare difference due to variety even if foreign or domestic trade costs differ
between the countries. That is the case in the one-sector Melitz-Chaney model in ACR (2012),
for example, because with trade balance expenditure will equal labor income, X=wL, and

domestic shocks are ruled out, so that X'/ w'ty =w'L/w'fy =L/fy = X/ wfy. By allowing for

domestic shocks, in contrast, we are therefore permitting welfare gains from variety across
equilibria, either within or between countries.

Expression (6) shows us how to interpret the variety terms appearing in (3), but we still
need to solve for ZCP productivity level appearing there. To do so, we assume a Pareto

distribution for firm productivity given by:

G =1-(p/A)°, @A, (7)



where A is the lower bound of the productivity of each firm. The mass of operating domestic
firms equals My =M_[1-G(@,)]=M_ (¢, / A)"? where M, is the mass of entering firms.

Then using this in (6), we obtain,
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The final equality above 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 (8) 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 superscript i=1,...,C:

Assumption 1:
The fixed and sunk costs of producing for the home market are proportional, f(i1 oc fei, for all

countries i=1,...,C and for i =".

Assumption 1 ensures that 3/ f, = f;/f4 so that the ratio of these terms vanishes in (8). We
will also consider a stronger version of Assumption 1:

Assumption 1":

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

fé oc fei oc LI, for all countries i=1,...,C and for i =",

This stronger version is has been used by Simonovska and Waugh (2014b), for example, in their

discussions of the Melitz-Cheney. It can be viewed as the most extreme case of the market
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penetration costs discussed by Arkolakis (2010), which he models as L*, 0 < o <1, where we are

using the a=1 case. With these assumptions, we use (3), (6) and (8) to obtain:

Proposition 1:

Under Assumption 1 the ratio of the real wages, or welfare, between the two equilibria is:

_1 _ 1
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Under Assumption 1', this expression is simplified as:
_1 -1 1
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The first term on the right of (9) is the ratio of overall productivity levels. The second

D=

term on the right of (9) 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, Ty > 1. That country will have higher domestic prices and therefore

lower welfare, depending on its consumption of the domestic good. But that country will also

have lower expenditure on its domestic goods, Ay <Ay, due to the higher prices. So from (9), the

higher domestic trade costs are offset by the lower domestic share, meaning that country welfare

does not actually fall in direct proportion to the higher domestic trade costs.



11

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, wholesale and retail

trade, and taxes on goods, apply equally well to domestic and imported goods. In this case, the
iceberg costs faced by foreign exports would be rdri , so that a higher value of T4 would equally

impact both domestic and import prices. In that case, the domestic share A4 would not be

affected, and so it is not surprising that welfare is inversely proportional to domestic trade costs
in (9). We will continue with this parameterization in the next section.

The fourth term appearing on the right of (9) measures the welfare gain from domestic
and import varieties available to consumers, as discussed just after (6), and the final term is an
adjustment for trade imbalance. To see why this final term is needed, consider possible sources

of consumer gains from variety. In the first case, suppose that an economy has lower domestic

fixed costs, fj<fy, with balanced trade and no change in expenditure or wages. Then variety

gains will be higher from (6), and those are added to welfare in (9). Instead, suppose the wages,
labor and domestic fixed costs do not change between equilibria, but expenditure rises, X' > X.
Then variety gains will still rise in (6), but in this case the welfare gain are offset by the rising
expenditure so that the welfare gain are as in (10). The final term in (10) has a positive exponent

since 0 > (o —1), but it is smaller than the exponent in (9) when trade is balanced. So the source

of the variety gains will influence their welfare impact.

3. Sectoral Gravity Equation
In order to implement Proposition 1, we need an estimate of the Pareto parameter 6 from

a gravity equation.” Following Eaton and Kortum (EK, 2002) and Simonovska and Waugh

7 We will also need as estimate of the elasticity of substitution o, though we defer that discussion to section 4.
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(2014a,b), we obtain that estimate from a gravity equation that is estimated using cross-country
data from the International Comparisons Project (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 now

distinguish countries with the superscript i, and make the assumption:

Assumption 2:

The fixed costs of domestic production in country i, f(ii , equals the fixed costs of exporting to

country i from any source, f; = f(ii fori=l1,...,C and for i=".
With this simplifying assumption, we obtain the gravity equation:

Proposition 2:
(a) Under Assumptions 1 and 2, the value of exports XY from country i to j relative to total
expenditure X! in country j is,
N :X_” _ Ti (wigil) 0
X ZEZI T* (whek)

(11)

where T =M., (wi)l_ﬁ.

(b) Under Assumptions 1' and 2, and with the fixed costs of exporting paid in the destination
country, then (11) holds with T! = ML and the denominator of (11) is proportional to the
price index,

(P o 3T MEwH )0, (12)

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 (11) holds under the much weaker
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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 (11).
Using the interpretation as the price index shown in (12), 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 what is called the “basic heading” level, which we denote by
h; for example, “rice” is a basic heading. There are ??? basic headings 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 (12). 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 ph and
we distinguished the items n € Q(s) belonging to each broad sector s. The average log price for

each country and sector is defined by:

Dy =R 2 ey 0P - (13)
where N is the number of elements in Q(s) . Based on the results of Proposition 2(b), we can
use exp DiS as an estimate of the sectoral price index PSi , so that according to (12) in log terms,
—BDiS can be used to replace the denominator of (11) when needed.

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

8 In addition, we have prices at the barcode level that we obtain from Billion Price Project (BPP), which we view as
comparable in the level of disaggregation to the ICP item-level prices.
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from (11), for items n € Q)(s) in sector s, and using —E)Dis to replace the log of the denominator

of (11), we obtain the canonical form of the gravity equation:

ij 4 : 3
ln(%j=9Dls—6Dg—elnrg , (14)

ns
where risj 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,

max

Int) =
neQ(s)

{lnpf'l—lnpil}. (15)

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 pﬂl —In pil} > 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 (15) is intended to measure the foreign costs of trade, since these are used in the
gravity equation (14). As it stands, however, the estimate in (15) 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 risj = pisjrgj , with pisj >1 and pisi =1.
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In this assumption, we use pisj to measure the pure foreign trade costs of shipping from country i

to j, while rgj denotes the domestic trade cost of selling either imported or home-produced goods

in country j.

To illustrate the impact of this assumption, suppose that good n is exported from the set

of countries k € K(n) , so that using our notation from the previous section, the prices in country

i and country j of that good are pil =[c/(c— 1)] (wkrki /¢,)and pﬂl =[c/(c— 1)] (wkrkj /).

Then using Assumption 3, the inferred iceberg costs become:

=

ij _ max b | _ i il max ki ki
Intd = 1e0s) {ln p; —In pn} (Intd —Intg )+ ke () 0€X(s) {ln pe —Inpg }

(16)

< (lnrgj —lntisi)+lnpisj.
The second line of (16) follows from arbitrage, since the costs of shipping from k to i, pls(j, must
be less than the costs of shipping from k to i1 and then from i to j, which is pls(ipisj . It follows that
In plS(j <In pls(i +In pisj , so the inequality in (16) is obtained.

We see from (16) that the trade cost estimate In %isj includes the domestic trade costs in

country 1 and j. This “contamination” of the foreign trade costs does not matter for the estimation

of the gravity equation, however. To see this, suppose that we estimate this equation using the

log price means in (13) to measure DiS . Then the domestic trade costs will equally well enter

those means, which can be writing using the prices pil =[c/(c— 1)] (wkrki /¢,) as:

DiS =In tisi +NL{ Z ln(—cz(_pln )+ Z ln(wkpls(i)}.
S neQ(s) k(n),
neQ(s)
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So the domestic trade costs In risi appear explicitly in Dis , and likewise for country j, and
therefore the difference between the domestic trade costs will cancel out from the gravity
equation (14).°

Even with these domestic trade costs cancelling out or absorbed, (16) tells us that the

estimate of the trade costs In %isj does not necessarily reflect the foreign trade costs In pisj 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 6. They propose a simulated method of moment
estimator that yields unbiased (and smaller 0 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 0s for the various

sectors s that we consider. !’

4. Estimates of the Gravity Equation

TO BE COMPLETED

° This point was recognized by Eaton and Kortum (2002, note 26) and Simonovska and Waugh (2014a). This
argument is even simpler when DiS and Di are estimated as fixed effects, since then they will simply absorb the
domestic costs (Intli-Intl') from (16).

10 1n this version of the paper we have used the method that Simonovska and Waugh (2014a) apply to the EK model

to recover 0, 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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S. Results
We shall use Proposition 1(b) to compare the cost of living across countries. To achieve

that, we invert (9) to obtain the cost-of-living between countries i and j:

1 N
P [ wi/A Ay ] ol | My sy ]t (20)
Pl wizad ) (v 7ad '

We can compare this theoretical cost-of-living index across countries to the price level of

consumption, which we denote by PLic 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 U.S.

prices of the same goods. By construction, then, PLiC in country 1 in measured relative to the

United State as country j (i.e. PLléJS =1). Many countries in the world have PLiC <1, reflecting
low prices, but a handful of European countries (especially the Scandinavian countries) have

PL, > 1, indicating that they are very expensive to visit.

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
acts as a shift-parameter to productivity and therefore reflects the mean productivity in country i.

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 wi/A! simply
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equals the output price level, which we denote by PLiy , which is again taken from PWT.!!

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 7»113 , in particular are measured for manufactured goods in each sector s.
Denoting the traded (non-traded) good expenditure in each sector by XSTi (X?Ii ), We suppose

that there are CES preferences over these portions of expenditure and across sectors. We let WsT i
equal the Sato-Vartia weight of traded goods in sector s relative to the U.S.!? Then (20) is re-

written as the cost of living in sector s and country i, CoL! , relative to the U.S. as country j:
) CowTi S i ) 6 i) i/qil ) 6 og-1 ) WSNi
Col =(pLy)" ] A | E | Ml (PN} . @
wd ) (W) \miad
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, whi= Zil WST I
In the second term we have replaced the share of expenditure on home goods 7»11 used in (20)

with the sectoral notation kisi used in (21); in the third term we have likewise replaced the

domestic trade costs rid from (21) with the notation risi, consistent with Assumption 3; and in the

''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 U.S. In particular, export prices are included in the price level
output, whereas import prices are included in the price level of consumption.

12 See the Appendix for the definition of these Sato-Vartia weights for the general nested CES case.
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fourth term M. /A1 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 product are the terms identified in Proposition 1 as determined the relative price of
traded goods, and they are weighted by the traded share in expenditure WsT Irelative to the United

States. The final term reflect the price level of non-traded goods for each sector, which are
constructed from ICP data, and are aggregated across sectors using the non-traded shares. By
construction, this cost of living applies to the entire basket of consumption in each country (i.e.
traded and non-trade goods), so it used to deflate consumption expenditures in each country to

obtain a measure of consumer welfare.
As mentioned above, it is instructive to compare the cost of living CoL' to the price level
of consumption from PWT, PLiC, which measures the difference in consumption prices across

countries. That price level makes no adjustments for the factor entering our extended-ACR

formula, i.e. productivity and variety differences across countries in traded goods, and domestic
trade costs. So we should view CoL' as a more accurate measure of the “true” cost of living for
consumers, and to the extent that it differs systematically from PLiC , then that would indicate that
the price level is an inadequate measure of the cost of living.
To assess the relationship between CoL' and PLiC, we follow the approach of Eaton and
Kortum [2002? or reference needed from Rob]. We can initially run the regression:
InCoL' = oy + B, InPL, +¢l,i=1,...,C. (22)

Next, we denote the five terms on the right of (21) as 7zl , k=1,...,5, where Zil = PLiy and 212

through Zi5 are the product of the other consecutive terms. Then we also run:



20
InZi =ay +p, InPL, +&l, i=1,....C. (23)
Because In CoLiC = Zi:l In ZL , it will follow that the OLS estimates satisfy:
5 5
0o =D 0 and Bo =2, By (24)
The individual B, parameters will show how the various factors used to calculated the cost of

living in each country, CoL!, are related to the price level PL' used in PWT. The results are

shown in Table ?.

TO BE COMPLETED
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Appendix
Proof of Proposition 1:
The final equality in (8) uses M, oc L/ f, . With this condition (8) holds, and then (9) and
(10) follow quit easily. To prove this condition, we complete the description of the model.
Denoting the iceberg costs of exporting from home by T, , analogous to (4) the goods

delivered to foreign consumers are,

X WT,0 -
yx(cp)—P*l_GLp(G_D} . (A1)

Multiplying by price minus variable cost, p, (@) —(wt, /@) =[1/(c— 1)] (Wt / @), home
profits earned in the foreign market are,

_ WLy, (9)
T (¢) T wi, .

Setting this expression equal to zero to obtain the ZCP productivity @, , it follows that

T Yx ((Px) / O = (G - l)fx . (AZ)

Total employment at home for domestic and export sales equals:

_ RERAC) () RESAO) ()
L_Mef”MdI{ 0 +f“Ll—G(cpd)]d(P+M"I[ 0 +f"Ll—G(<px)Jd‘P' (A3

Pd Px
Notice that we have multiplied the quantity delivered to home and foreign consumers by their
respective iceberg costs, T4 and T, , to obtain the quantity produced by the firm. Multiply the

entire expression by wages w, and then multiply and divide the production terms by [6/(c—1)]

to obtain prices py (@) =(t4/ P)[c/(c—1)] and p,(¢) = (1, /P)[c/(c—1)], so that:
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¢

wL = w(M,F, + M,f, +fo><)+(G—IJ[MdT Pa(@)Ya(@) (@) 4 1 T P (9) Y, (@) &(9) ,
(¢
Px

[1-G(eq)] [1-G(o,)]

Pd

= w (M, + M,f, + M f, )+ ("T_l) 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= cs(Mefe +M,f; + M, f, ) Then the full employment condition (A3) is simplified as

c-1 REBACQITIE) RES AT
— |L=M d’7d do+M x I x do. A4
( o ) df{ 0 }[I—G(cpd)] o j{ 0 }[I—G«px)] - A9

Pd
CES demand with prices p,(¢) =(t4/ ¢)[c/(c—1)] implies that y,(¢) =(¢/@4)° y4(04)- Also

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

Hrdyd(@)} g(¢) d(PzTrdyd(cpd)(g]G 29 40
Pd

ol @ J1=G(ey)] ¢ \0q) [1-Glog)]
o-1

R ACHN { 9 j 00" |

Pq 43.; Pq (@q4 )° ?
_taYa (94) 0 ( 9 jc_e_l

Py (c—-6-D\ 94

d

o (=10
- O-c+1)’

where the last line uses 14 y4(94)/ @4 = (c—Dfy, as seen from (4) and (5). Likewise using (A2),

the second integral in (A4) is evaluated as:

T[rxyx(cp)} g0 4 _p (6-DO
[

e Ji-Gen™ X0+’

Substituting these back into (A4) we arrive at:
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c0

L=——(Myf, +M,f,).
(9—(5+1)( oda+ ML)

Using L = (M_f, + Myf; + M,f, ) we obtain M, = L(c—1)/ 6f,,so that M, c L/ f,. QED

Proof of Proposition 2:

The mass of profitable domestic firms is My = M,[1—-G(¢4)] and the mass of profitable
exporters is M, = M_[1-G(, )]. So we can rewrite the CES price index (1) by integrating over
the unconditional distribution g(¢), and letting the mass of entrants M, appear in front of the
integrals. We will generalize our earlier exposition to allow for multiple countries, so that Mie
are the entrants in country 1 and (pij is the zero-cutoff-profit (ZCP) value of productivity for

selling to country j. We also allow the wages w' to differ across countries. Then the value of

exports XU from country i to j relative to total consumption X' in county j is:

xi M pt@) e(o)do M, ] (2w 0) " e(0)do "
X' _ : AS
J C © i — C ®© ; _
X Y ME @) Telo)de X ME (2w 0)' a(o)do

where the second equality follows by using the prices pij (p)=[c/(c— 1)](1ij w'/ @) . Notice that

the iceberg trade costs T can be moved outside the integrals in the above expression.
The ZCP condition for productivity for home sales is in (5), which is written more

generally for country i exporting to j as

.o L o-1
ijyo-1 _ Wlf'lGCT W1 TU A6
() =2 (Pj i (A6)

From Assumption 2, the fixed cost of exporting to country j is the same as the fixed cost for
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domestic sales, f}; ij , so we denote them both as simply f? in (A6). We make use of the Pareto

distribution to evaluate the integral in the numerator of (A.5):

Jor (@' @) (oo = wh 00 [ o7 dg

¢!
_(@wWH'O0 g
c—-0-1 ¢!
_("wh'"8 (oo
0-c+1 ’

Combining this result with (AS5) and (A6) it follows that,

L N -
i Mé (w1 )—6 (Wlf]) o1
Xy = 7
K,k _kix-0(  kej) o-
Zk:]MC(W ) (w fJ) :
. : . 1.0
Notice that f? cancels from this expression, so we obtain (11) with T' = M (wl)1 ol
When the fixed costs are paid in the destination country, then (A7) is rewritten as,
. i 0 (e Yo
X ML (w' 1) (waJ)
2 . (A8)

XS M o (i)
Now the term wif’ cancels from this expression, so we obtain (11) with T! = Mé . To solve for
the price index, we make use of the results from section 2. In (2) 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 (5), along withM; = M_[1-G(9,4)] = Me(pg6 for the

Pareto distribution, we obtain the domestic share:

1—-9_ -0
f o-l [ Wt
Ay oc| 4 —d | M., A9
d (Lj ( Pd J e ( )
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where the factor of proportionality depends on 6 and ¢ and so it is constant across countries.
Assumption 1' means that (f; /L) is also constant across countries, so we rewrite (A9) in the

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

.o 1 li _e . . i . .o
x“o{wpf j M = (Pl)_em(%}(wlr“)_e. (A10)

With fixed costs paid in the destination country, (A7) is rewritten as (AS8), and since wif

cancels from that expression then Al =X X is,

Ai _ M (w' )™
C —.
Zk:1 Mle((wk Tkl) 0

Substituting this into (A10), we obtain (12). QED

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 PSNi are purchase
entirely from domestic sources (e.g. taxi rides within the transportation sector), while the traded

goods price index PST lis composed over the prices of goods that can be purchased from home,

P! il and those that are purchased from abroad, PsTji, Jj#1:

. .. 1/(1-o)
pli = [ZjC:l(PSTJI)I_G:i ,o>1.
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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:

1/(1-7)

Pl = (B (BN | >1. (All)
Finally, we aggregate across sectors using a third CES function,
. . 1/(1-)
S _
pi = [ZSZI(P;)I ”} n>0. (A12)

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:

i

. ol e
P, [Pp[ pNi
T e | (A13)
p) | pJ PN

N

where the Sato-Vartia weights, ooSTi + myi =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 x!' = X' /X! denotes the

share of expenditure on traded goods relative to total expenditure XiS = (XSTi + Xgﬁ) in country i

and sector s. Then the Sato-Vartia weights used in (A13) are;

Ti _ _Tj Ti _  Tj Ni_xNi
oTi (%' =% /{ (=) BT N T (A

S (In XSTi —In XSTj) (In XSTi —In xsTj) (In Xl\ﬁ —In ij) o ;
Analogously, the overall price index in country 1 relative to that for in country j is constructed as

the Sato Vartia index defined over sectors:

. . (1)1:
p! P! )"
—=> =, (A15)
P} P}

s=1
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where the Sato-Vartia weights are defined over the expenditure shares xiS = XiS /X
, - S [
oi= 7% fly (oxy) | (A16)
(Inxi—Inx})/ |15 (nx;—-Inx))

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

Substituting (A13) into (A15), that country-level relative price is:

ol N
PTI PNI s S

—._z( TJJ ( SNJ.J . (A17)
P P,

It follows that the relevant weights that appear in (21) are W, = O)STi(ois and WSNi = (oi\]i(ois . 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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