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This paper estimates the impact of globalization on markups, and the
effect of changing markups on US welfare, in a monopolistic compe-
tition model. We work with symmetric translog preferences, which al-
low for endogenous markups and firm entry and exit, thereby chang-
ing product variety. We find that between 1992 and 2005, US import
shares rose and US firms exited, leading to an implied fall in markups,
while varietywentupbecauseof imports.USwelfare rosebynearly 1per-
cent as a result of these changes, with product variety contributing one-
half of that total and declining markups the other half.
I. Introduction
A promise of the monopolistic competition model in trade was that it
offered additional sources of the gains from trade, beyond those from
comparative advantage (e.g., Krugman [1979] and, more recently, Melitz
[2003]). These additional sources include consumer gains due to the
expansion of import varieties, efficiency gains due to increasing returns
to scale or improved productivity, and welfare gains due to reduced
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markups.1 While the first two sources of gains have received recent em-
pirical attention, the promise of the third source—reduced markups—
has not yet been realized.2

To be sure, there are estimates of reduced markups due to trade liber-
alization for a number of countries.3 But these cases rely on dramatic lib-
eralizations to identify the change in markups and are not tied in theory
to themonopolistic competitionmodel. The reason that this model is not
used to estimate the change inmarkups is the prominence of the constant
elasticity of demand (CES) system, with its implied constant markups. To
avoid that case, the above authors do not specify the functional form for
demand and instead rely on a natural experiment to identify the change
in markups.
Beyond these case studies, we have very little evidence about how the

broad process of globalization affects markups (see Yilmazkuday 2013;
DeBlas andRuss 2015;Edmond,Midrigan, andXu2015)andnoevidence
on the impact of such markup reductions on US welfare in particular.
This paper structurally estimates the impact of globalization onmarkups,
and the effect of changing markups on US welfare, in a monopolistic
competitionmodel. We work with a class of preferences that are relatively
new to that literature: translog preferences, with symmetry in substitution
imposed across products.4 These preferences have good properties for
empirical work (Diewert 1976): they can give a second-order approxima-
tion to an arbitrary expenditure function and correspond to the Törn-
qvist price index, which is very close to price index formulas that are used
in practice. Furthermore, these preferences prove to be highly tractable
even as the range of varieties changes; and because they are homothetic,
we prefer them to the quadratic preferences of Melitz and Ottaviano
(2008) to obtain endogenous markups in a general equilibrium setting.5
1 These sources are not mutually exclusive. In Krugman (1979), e.g., the welfare gains
due to reduced markups are identical to the gains from increasing returns to scale: as
the scale of firms expands because of trade, the ratio of average to marginal cost and
the ratio of price to marginal cost are both reduced.

2 The consumer gains due to import variety have been estimated for the United States by
Broda andWeinstein (2006). Gains due to the self-selection of efficient firms into exporting
(as inMelitz 2003) have been demonstrated for Canada by Trefler (2004) and for a broader
sample of countries by Badinger (2007b, 2008). See also Head and Ries (1999, 2001) for
Canada and Tybout, de Melo, and Corbo (1991) and Tybout and Westbrook (1995) for
Chile and Mexico.

3 See Levinsohn (1993) for Turkey, Harrison (1994) for the Ivory Coast, Krishna and
Mitra (1998) for India, Kim (2000) for Korea, Bottasso and Sembenelli (2001) for Italy,
Konings, Van Cayseele, and Warzynski (2005) for Bulgaria and Romania, and Badinger
(2007a) for European countries. Most recently, De Loecker et al. (2016) have found that
markups in India increased following liberalization of trade in intermediate inputs.

4 These preferences have been used previously in trade by Bergin and Feenstra (2009)
and Rodriguez-Lopez (2011).

5 The quadratic preferences used by Melitz and Ottaviano (2008) lead to linear demand
curves with zero income elasticity, though country population can act as a demand shift pa-
rameter. Demand curves of this type and the associatedmarkups are estimated in the indus-
trial organization literature: see Bresnahan (1989) and the recent trade application by
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In the translog case the elasticity of demand is inversely related to a
product’smarket share, somarkups fall asmore firms enter, which we call
the pro-competitive effect. On the other hand, domestic firms may exit as
foreign competition intensifies, offsetting some of this gain to consumers.
Incorporating these two effects into the analysis allows us to estimate the
impact of globalization on markups. Translog preferences also allow us
to address three potential criticisms of the study by Broda and Weinstein
(2006), who estimated welfare gains from US imports using CES prefer-
ences: first, those preferences may overstate the gains from import variety
because reservation prices are infinite;6 second, those preferences do not
measure the potential crowding of the product space resulting in dimin-
ishing returns fromnew varieties; and third, the CESmodelmay overstate
the gains because thewelfare calculations typically assume that foreign en-
try results in no exit of domestic firms.
We shall address all these concerns using translog preferences. Surpris-

ingly, we obtain estimates of the gains from trade for the United States
that are similar to those under CES, but with different sources. Our point
estimate for the cumulative welfare gains to the United States from new
varieties anddecreasedmarkups inour preferred specification is 0.85per-
cent over the period 1992–2005. While much of the previous literature
has focused on the gains from varieties, our analysis suggests that variety
gains account for only one-half of the aggregate gains. That effect incor-
porates the loss in variety due to the exit of domestic US firms. The re-
mainder of the welfare gain is due to the impact of new competitors on
markups. Interestingly, our combined gains for the United States due
to import variety and the pro-competitive effect are of the same magni-
tude as Broda and Weinstein’s CES estimates in our preferred specifica-
tion. This finding resonates well with the recent paper of Arkolakis et al.
(2015), who argue that with a broad class of preferences including trans-
log, the formula for the gains from trade is much the same as that ob-
tained in the CES case analyzed by Arkolakis, Costinot, and Rodriguez-
Clare (2012). But despite this apparent similarity between our results and
theirs, the reasons for our findings are quite different.
6 While the CES system has an infinite reservation price, the area under the demand
curve is still bounded above (provided that the elasticity of substitution exceeds unity).
But it can be expected that the gains from new product varieties in the CES case might ex-
ceed the gains from other functional forms such as translog; see n. 26.

Blonigen, Liebman, and Wilson (2007). Estimates from gravity equations, however, show
that when population is used as one shift parameter, country income or income per capita
is also needed (e.g., Bergstrand 1989). So the zero income elasticity assumed in Melitz and
Ottaviano (2008) is not sufficient for general equilibrium analysis, where it is often desir-
able to work with homothetic preferences; e.g., Bilbiie, Ghironi, and Melitz (2012) adopt
the translog preferences when analyzing markups in a dynamic model. For these reasons,
we find that the translog is a very attractive functional form to model variable markups. For
other nonhomothetic preferences that allow for variable markups, see Behrens and Mu-
rata (2007), Behrens et al. (2008), and Simonovska (2015).
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Specifically, Arkolakis et al. (2015) focus on the second reason men-
tioned in the opening paragraph for gains from trade: the efficiency gains
due to improved productivity, as the most efficient firms self-select into
exporting. Under their assumptions that the distribution of firm produc-
tivity is Pareto with a support that is unbounded above and the only pa-
rameter changing between equilibria is trade costs, they find that the ef-
ficiency gains are identical in the translog and CES cases. By construction
in theirmodel, the first and third reasons for gains from tradementioned
above do not operate when preferences are homothetic: trade brings
about changes neither in product variety nor in the distribution of mark-
ups, both of which remain fixed as the costs of trade change. As shown in
Feenstra (2014), if the distribution of firm productivity is instead Pareto
with a bounded support, then the product variety and pro-competitive ef-
fects reappear. In this paper we focus on product variety and firm mark-
ups and ignore the gain in productivity through the self-selection of firms
into exporting. Efficiency gains due to improved productivity will certainly
apply in our model, but we do not attempt to measure these.
In the next section, we present some features of the data that are used

to infer product variety andmarkups. In Section III, we describe the trans-
log expenditure function and solve for the cost-of-living index in the pres-
ence of new and disappearing goods. Firms are introduced in Section IV,
where we solve for the pro-competitive effect of imports and welfare gains
in an open economy. To measure the change in markups, we follow the
general approach of the industrial organization literature (Bresnahan
1989; Berry 1994): markups are not observed directly because marginal
costs are unknown, so we rely on estimates of the elasticity of demand to
identify the markups. Those estimates can be obtained at the firm level
forparticular industries; for example,Atkin, Faber, andGonzalez-Navarro
(2015) use a translog structure to estimate markups from microdata for
supermarkets in Mexico. It is difficult or impossible to obtain such firm-
level data for all industries, however, so another approach must be taken
to estimate the effect of trade on the entire economy. A contribution of
this paper is to show how the translog demand and implied markups can
be consistently aggregated to the industry level, in which case estimation
relies on industry-level variables such as the Herfindahl indexes of firm
concentration for each country selling to the United States. In Section V,
we discuss the procedure for estimation, and results are presented in Sec-
tion VI. Section VII presents conclusions, and several proofs are gathered
in the Appendix.
II. Data Preview
One of the dramatic changes that globalization has wrought on the US
economy is the declining share of US demand supplied by plants located
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in the United States. To see this outcome, we define US domestic supply
as aggregate US sales less exports for agricultural, mining, and manufac-
turing goods (see online app. A for detailed definitions of all of our var-
iables). We define US apparent consumption as domestic supply plus
imports. Similarly, we define the US suppliers’ share of the US market
as US domestic supply divided by apparent consumption. Finally, we de-
fine each country’s US import share as the exports from that country to
the United States divided by apparent consumption.
From table 1we see that the shareofUSapparent consumption sourced

domestically fell by 6 percentage points between 1992 and 1997 and by
9 percentage points between 1998 and 2005. This decline corresponds
to an average annual decline in the US share of 1.2 percentage points
per year in the early period and 1.4 percentage points per year in the later
period. The flip side of this decline was a 50 percent increase in the im-
port share, from 0.2 to 0.3. Interestingly, the growth of imports was not
uniform across countries: depending on the time period, between one-
half and two-thirds of the increase was due to increases in import shares
from Canada, China, and Mexico—countries that were either growing
rapidly or involved in free-trade agreements.7

Onepossible explanation for thefindings in table 1 is that the rise in im-
port penetration was confined to a few important sectors. We can exam-
ine whether that was the case by looking at more disaggregated data. In
figure 1, we plot the US suppliers’ share in 1997 against its level in 1992,
and likewise in figure 2 for 2005 compared to 1998, for eachHarmonized
System (HS) four-digit category. It can be easily seen that the vastmajority
of sectors lie below the 45-degree line, meaning that the domestic share
declined quite broadly in both periods. This pattern establishes that the
rise in import penetration, though quite pronounced in some sectors,
was a general phenomenon that was common across many merchandise
sectors.
To examine what has apparently happened to firm shares, it is conve-

nient to work with Herfindahl indexes of market concentration, defined
for each country selling to the United States. We let c denote countries, i
denote firms (each selling one product), g denote sectors, and t denote
time. Let scgit denote firm i’s exports from country c to the United States
in sector g as a share of country c’s total exports to the United States in
that sector. Then the Herfindahl for country c is
7 The switch in US classification of output data from the Standard Industrial Classifica-
tion (SIC) system to the North American Industry Classification System (NAICS) in 1998
makes it difficult to compare sectoral output levels between 1997 and 1998. We therefore
break our sample into two periods (1992–97 and 1998–2005) to maintain consistent series.
For the initial tables, we will present the raw data drawn from two subsamples, but we will
present results for both subperiods and the full sample in the results section.
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ct 5 o

i

scgitð Þ2: (1)

The inverse of a Herfindahl can be thought of as the effective number of
equally sized exporters, or US firms, in an industry. Thus, a Herfindahl
of one implies that there is one firm in the industry and an index of 0.5
would arise if there were two equally sized firms. If we multiply the Her-
findahl by the share of country c within US sector g sales, sct

g , we obtain
Hg

ct sct
g , which is interpreted as the share of a typical country c firm within

the US market. This statistic will be very useful because in many demand
TABLE 1
Country Shares of US Total Absorption

Country
1992
Share

1997
Share Difference Country

1998
Share

2005
Share Difference

United States .801 .745 2.056 United States .781 .692 2.089
Total imports .199 .255 .056 Total imports .219 .308 .089
Including: Including:
Canada .038 .052 .014 Canada .043 .056 .013
Japan .036 .035 .000 Japan .030 .025 2.004
Mexico .012 .024 .012 Mexico .022 .031 .009
Germany .010 .012 .002 China .017 .041 .024
China .010 .017 .007 Germany .012 .015 .004
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systems, the markup of a firm is monotonically increasing in its market
share, and this feature will also hold in our translog system.
We were able to obtain the Herfindahl indexes for most countries sell-

ing to the United States, by land or by sea, in 1992 and 2005 (see online
app. A). In table 2, we present average Herfindahls at the HS four-digit
level for the United States and for the five major exporters to the United
States.8 As one can see from the table, the average US Herfindahl rose
slightly over both subperiods, indicating that increased foreign compe-
tition was likely associated with some exit of US firms from the market.
In contrast, the Herfindahl for China fell in both subperiods, so that it
moves from being one of the most concentrated exporters to being the
least concentrated of the top five. We report the weighted average of
the per-firm market shares Hg

ct sct
g in the last column of table 2, where

the weights are based on the importance of each sector in total US con-
sumption. Table 2 reveals that the share in the US market of a typical US
firm fell slightly in the first period and by about 7 percent (from 0.139 to
0.129) in the second period. By contrast, exporters to the United States
appear to have gained market share in both periods. In other words,
thoseUS firms that survived ended up with smallermarket shares individ-
FIG. 2.—Share of domestic supply in total absorption, 1998 and 2005
8 For the United States, we have adjusted the NAICS six-digit Herfindahls from the Bu-
reau of Economic Analysis data so that they match the HS four-digit categories and detail
that procedure in online app. A.
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ually while some foreign firms gained market share. But the overall aver-
age of firm shares, shown by the final weighted averages in the last col-
umn of table 2, declined in both periods.
This data preview suggests that prior work on the impact of new vari-

eties (e.g., Broda andWeinstein 2006) is likely to suffer from a number of
biases. First, as foreign firms have entered the USmarket, there has been
exit by US firms, which serves to offset some of the gains of new varieties.
Second, while the US Herfindahl rose, the Herfindahl of one of our larg-
est suppliers, China, fell substantially. The fall in this Herfindahl suggests
that there may have been substantial variety growth that is not captured
in industry-level analyses. Finally, because the market shares of both US
firms and the average firm fell over this time period, the rise in foreign
entry is likely to have depressed markups overall and therefore lowered
prices.9 Thus, estimates of the gains from new varieties obtained from
TABLE 2
Herfindahl indexes by Country

Herfindahl Index Weighted Average Hg
ct s

g
ct

Country 1992 1997 Difference 1992 1997 Difference

United States .147 .155 .008 .111 .111 2.001
Canada .245 .252 .007 .011 .013 .003
Japan .310 .313 .003 .009 .010 .001
Mexico .393 .407 .014 .004 .009 .005
Germany .358 .357 2.002 .003 .004 .001
China .366 .293 2.073 .001 .002 .001
Weighted average .160 .170 .010 .078 .069 2.009

Country 1998 2005 Difference 1998 2005 Difference

United States .183 .189 .006 .139 .129 2.010
Canada .249 .242 2.008 .011 .015 .003
Japan .318 .331 .013 .008 .008 2.001
Mexico .419 .403 2.016 .008 .010 .002
China .280 .188 2.092 .002 .003 .001
Germany .332 .335 .002 .003 .005 .001
Weighted average .190 .191 .001 .090 .071 2.019
9 While we infer the chan
market shares and Herfind
support the idea that trade
to the work cited in n. 3, sev
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the share of each HS four-digit sector g in US apparent consumption. The country share
sct
g is defined to be the country’s share of US apparent consumption in sector g. Then the
reported values of Hg

ct sct
g are the weighted average over sectors of the Herfindahl index in

sector g in year t multiplied by that country’s share of US apparent consumption and are
interpreted as the market share of a typical firm from that country selling to the United
States The last row reports a weighted average across sectors and also across all countries,
using each country’s share of US apparent consumption as weights.
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industry-level data using CES aggregators could either be too large if do-
mestic exit is an important source of variety loss or too small if foreign
firm entry andmarket power losses are important unmeasured gains. We
turn to quantifying these gains and losses in the rest of the paper.
III. Consumer Gains with a Translog Expenditure Function

We begin by considering a translog expenditure function defined over
products denoted by i and then will later introduce notation that allows
us to consider countries, firms, and industries.10 The translog function is
defined over the universe of products, whose maximum number is de-
noted by the fixed number N. The expenditure needed to obtain a fixed
level of utility in period t, or the cost of living, is

lnet 5 a0 1o
N

i51

ai ln  pit 1
1

2o
N

i51
o
N

j51

gij ln  pit ln  pjt , with gij 5 gji : (2)

Note that the restriction that gij 5 gji is made without loss of generality.11

We add the further restrictions that the gii and gij coefficients are “homo-
geneous” across goods, by which we mean

gii 5 2g
N 2 1

N

� �
< 0, gij 5

g

N
> 0, (3)

for i ≠ j, with i, j 5 1, . . . , N. These symmetry restrictions have not been
used in past work dealing with estimating the translog function but are
essential in our monopolistic competition model.
The share of each good in expenditure can be computed by differen-

tiating (2) with respect to ln pit and using (3) to obtain
10 The translog direct and indirect utility functions were introduced by Christensen,
Jorgenson, and Lau (1975), and the expenditure function was proposed by Diewert (1976,
122).

11 We also require that oN
i51ai 5 1 and oN

i51gij 5 0 for the expenditure function to be ho-
mogeneous of degree one.

due to imports are associated with lower domesticmarkups. For example, Badinger (2007b)
shows that when looking within the samemanufacturing sectors, OECD countries that have
higher import shares tend to have lower markups in their domestic industries. This result
remains robust even whenhe instruments for import penetration exogenous factors related
to openness such as distance and other gravity factors. Similarly, Konings et al. (2005) find
evidence that markups are positively related to Herfindahl indexes and that markups in
concentrated sectors fall significantly when trade liberalization leads to higher levels of im-
port penetration. This study provides additional evidence for a negative relationship be-
tween domestic market share and markups. Finally, Konings and Vandenbussche (2005)
find that antidumping protection not only raises the markups of European firms but does
so even more when importers have high market shares. The fact that protection raises do-
mestic markups more when domestic market shares are low provides additional support for
the notion that firms with low market shares are likely to have relatively low markups.
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sit 5 ai 1o
N

j51

gij ln pjt 5 ai 2 g½ln pit 2 lnp tð Þ�,

 with   lnp tð Þ ; o
N

j51

1

N
ln  pjt :

(4)

Notice that the term lnpðtÞ refers to the average over the prices of all
goods in period t. But that average will include goods that are not avail-
able to the consumer, in which case the appropriate price to use in the ex-
penditure function is the reservation price, where demand equals zero.12

So we want to solve for the reservation prices for goods not available and
then substitute these into the expenditure function and share equations
to simplify these expressions. We can solve for the reservation price of
the goods not available by setting the share equation in (4) equal to zero.
Moregenerally,wecaninvert theshareequationtosolve for thepricesofall
goods in terms of their shares:

ln  pit 5
ai 2 sit

g
1 lnp tð Þ,

which equals the reservation price of good i when sit 5 0. It is convenient
to substitute this solution for price back into the expenditure function
(2) to obtain an expression for the cost of living in terms of shares. After
some simplification, we obtain (see the Appendix)

lnet 5 a0 1
1

2go
N

i51

aið Þ2 1 lnp tð Þ 2 1

2go
N

i51

sitð Þ2: (5)

While this expression is close to what we shall use to evaluate the cost
of living, we still need to eliminate the reservation prices within the over-
all average ln  pðtÞ. That is done by expanding this average as

lnp tð Þ ; o
N

i51

1

N
ln  pit 5

1

N o
i∈It

ln  pit 1o
i∉It

ai

g
1 lnp tð Þ

� �( )
,

where It ⊆f1,… ,N g denotes the set of goods available each period,
with number Nt ≤ N , and the reservation prices for goods i ∉ It are ob-
12 It is worth pointing out how the demand equation given in (4) differs from that of the
CES functional form. The CES demand system has almost the same functional form as the
tranlog except that sit is replaced by ln sit, while lnpðtÞ is replaced by a CES price index, and
the parameter g instead appears as the elasticity of substitution minus one. For our pur-
poses, however, the critical difference is the fact that the left-hand side of eq. (4) is ex-
pressed in levels in the translog case and not logs as in the CES case. This difference means
that while a sufficiently high price can result in a good having no sales (i.e., a share of zero)
in the translog case, the reservation price is infinite in the CES case.
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tained from (4) with sit 5 0. Since the number of goods available is Nt 5
N 2 oi∉It

1, we can solve for lnpðtÞ from the above equation as

lnp tð Þ 5 1

Nt

�
o
i∈It

ln  pit 1o
i∉It

ai

g

�
5 ln  pt 1

�at

g
,

where

ln  pt ;
1

Nt
o
i∈It

ln pit

and13

�at ;
1

Nt

�
o
i∉It

ai

�
5

1

Nt

�
1 2o

i∈It

ai

�
:

Notice that lnpt (as distinct from lnpðtÞ) is the average of log prices
over the goods actually available, while �at is inversely related to the range
of goods available: as the set It expands, the summation oi∈It

ai rises andNt

also rises, so �at falls. We can substitute these two terms back into the
share equation (4) and into the expenditure function (5) to obtain

sit 5 ai 1 �at 2 g lnpit 2 lnpt
� �

,

lnet 5 a0 1
1

2go
N

i51

aið Þ2 1 lnpt 1
�at

g
2

1

2go
N

i51

sitð Þ2:
(6)

Taking the change in the expenditure function, the first two terms van-
ish and we obtain

Dln et 5 Dlnpt 1
D�at

g
2

1

2g
D o

N

i51

s2it

� �
: (7)

Equation (7) is a useful expression for the change in the cost of living
and consists of three terms. The first term is the change in the average of
log prices for available products. The second term is a shift parameter
D�at=g, where, as noted above, the entry of new products results in D�at <
0 so that the cost of living falls. The third term is the change in the Her-
findahl index of product shares. Let us interpret the second and third
terms while also comparing equation (7) to its analogue in the CES case.
Denote the set of products available both periods by �I ; It \ It21, with

�N >  0 elements. For simplicity, suppose that the prices of all such prod-
ucts i ∈ �I are unchanging. Then Dsit 5 D�at for i ∈ �I from (6). So aver-
aging over the �N products, we obtain
13 The final equality uses oN
i51ai 5 1, as in n. 11.
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D�at 5
1
�N o

i∈�I

Dsit

5
1
�N

1 2o
i∉�I

sit

� �
2 1 2o

i∉�I

sit21

� �� �

5 2
1
�N o

i∉�I

sit 2o
i∉�I

sit21

� �
,

whereweuse the fact that the shares sumtounity eachperiod.Thus, 2D�at

is directly related to the share of expenditure on new goods minus the
shareofexpenditureondisappearinggoods,which is the last termappear-
ing in parentheses above.
Feenstra (1994) shows that these same shares, in conjunction with the

elasticity of substitution, also determine the gains from variety in the CES
case. Specifically, from Feenstra (1994), we can express the CES price in-
dex as

Dlnet 5 o
i∈�I

witD ln  pit 1
1

j 2 1
lno

i∉�I

sit 2 lno
i∉�I

sit21

� �
, (8)

where the weights wit appearing in (8) sum to unity over i ∈ �I .14 The first
expression on the right of (8) is a change of the weighted average of the
log price changes, similar in spirit to the unweighted average appearing
as the first term on the right of (7). The second expression on the right of
(8) is the welfare gain from new and disappearing goods in the CES case,
which equals the net change in expenditure on new and disappearing
goods divided by the elasticity of substitution minus unity (j 2 1). That
expression is very similar to the second term D�at=g on the right of (7),
which likewise involves dividing the net change in expenditure on new
and disappearing goods by the translog parameter g. The expenditures
on new and disappearing goods are measured in logs and levels, respec-
tively, in theCES and translog cases, and the substitution parameters (j2 1)
and g correspondingly differ; but otherwise there is a high degree of sim-
ilarity between (7) and (8). The key difference is that in the translog case
we have an additional term in (7), which is the change in the Herfindahl
index of product shares and has no analogue in the CES case. Notice that
a fall in the Herfindahl index raises the cost-of-living index in (7), which
is surprising because a fall in the Herfindahl indicates less concentration
of shares, due tomore new products, for example. So why does the cost of
living go up in that case? This effect is due to “crowding” in product space,
as we now argue.
14 The weights wit appearing in (8) are the Sato-Vartia weights defined in Feenstra (1994,
158–59).
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Consider replacing one good having a high share parameter a1 in pe-
riod t21 with two other goods having lower values of a2 and a3 in period
t (while goods 4, . . . , N are unchanged). We choose these parameters so
that the total share of spending on goods 1 and 21 3 are identical, s1t21 5
s2t 1 s3t (with s4t , … , sNt unchanged). Then because there are two goods
instead of one, the Herfindahl index is lower:

s21t21 1o
N

i54

s2it21 > s22t 1 s23t 1o
N

i54

s2it ,

provided that s2t, s3t > 0. That raises the cost of living in (7) because prod-
uct space is more “crowded,” so that goods are more substitutable.15 In
other words, as the number of varieties increases, we care less about each
new variety. This result explains why the Herfindahl index of product
shares enters the cost-of-living index in a counterintuitive way. In the ex-
ample we have constructed, there are no variety gains because the shares
of new and disappearing goods are the same, s1t21 5 s2t 1 s3t , so that only
the crowding effect remains, which lowers utility. In contrast, when there
are only new goods, then itmust be the case that the gains from variety are
greater than the negative crowding effect, so that the consumer benefits.
Finally, note that this crowding effect does not occur in the CES case, be-
cause replacing one good with two new goods that have the same total ex-
penditure would cancel out in the last term of (8) and therefore have no
impact on consumer utility.
IV. Welfare Gains in an Open Economy
To develop an expression for welfare in an open economy, suppose that
firms selling to the United States each produce a single product and act
as Bertrand competitors. The profitmaximization problem for a firm sell-
ing product i in period t is

max
pit>0

pitxi pt , Etð Þ 2 wi xi pt , Etð Þ½ �,

where xi(pt, Et) denotes the demand arising from the translog system, with
the price vector pt and expenditure Et, and wi[xi(pt, Et)] is the cost of pro-
duction. We denote the elasticity of demand by hit ; 2∂ lnxiðpt , EtÞ=
∂ ln  pit , which from (6) is

hit 5 1 2
∂ lnsit
∂ ln pit

� �
5 1 1

g Nt 2 1ð Þ
sitNt

: (9)
15 This claim can be confirmed from the elasticity of demand in (9), which rises as the
share falls or as the number of goods Nt increases. The Herfindahl index also enters the
AIDS welfare formula of Fajgelbaum and Khandelwal (2016) and the quadratic mean of
order r formula analyzed by Feenstra (2014), again reflecting crowding.
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Then the optimal price can be written as the familiar markup over mar-
ginal costs:

ln pit 5 lnw0
it 1 ln

hit

hit 2 1

� �
5 lnw0

it 1 ln 1 1
sitNt

g Nt 2 1ð Þ
� �

, (10)

where w0
it ; w0

i½xiðpt , EtÞ� denotes marginal cost.
Suppose that labor is the only factor of production, with wage wt. We

make the key assumption that profits of firms are zero under monopo-
listic competition, so that welfare of the representative consumer isWt 5
wt=et , or the real wage. The proportional change in welfare is D ⁢lnWt 5
D lnwt 2 D lnet . We evaluate the cost-of-living index from (7) using the
prices in (10), which gives

DlnW 5 Dlnwt 2 Dlnet

5 D lnwt 2 D
1

Nt
o
i∈It

lnw0
it

 !" #

2D
1

Nt
o
i∈It

ln 1 1
sitNt

g Nt 2 1ð Þ
� �( )

2
D�at

g
2

1

2g
D o

i∈It

s2it

 !" #
:

(11)

The first term in brackets on the right in (11) is the change in wages
relative to an average of marginal costs, for both domestic and foreign-
produced goods. Its role in welfare is similar to the real earnings of home
factors in term of imported goods—or the “single factoral terms of trade”
introduced by Viner (1937)—except that in (11) we have stripped out
firmmarkups. Viner introduced this concept because it is highly relevant
to the welfare gains from trade, and we agree. For example, this term cap-
tures the positive effect of import competition on firm selection and wel-
fare, through forcing the exit of less efficient firms and lowering average
costs. That effect is the focus of Arkolakis et al. (2012, 2015), but we do
not attempt to measure it here. The second term on the right of (11) is
the change in average firmmarkups, with a reduction inmarkups indicat-
ing a rise in welfare.16 The third term is the gains from consumer variety
that we solved for in the previous section and includes the negative effect
of crowding in product space as captured by the change in the Herfin-
dahl index.
Our focuswillbeonmeasuringthefinal twoterms—thepro-competitive

and product variety effects. In order to implement formula (11), wemust
16 As mentioned in n. 1, the reduction in markups is more than just redistribution from
firms to consumers because—with zero profits—a reduced ratio of price to marginal cost
corresponds to a reduced ratio of average cost to marginal cost, so the firm is taking greater
advantage of economies of scale.
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recognize that we do not have data at the level of individual products or
individual firms, but instead observeHerfindahl indexes by country of or-
igin for exporters and domestic firms selling to the United States, as well
as other industry aggregates. We therefore need to reexpress this formula
in terms of weighted averages rather than simple averages, so that larger
countries and industries receive more weight. The typical weights used
for a translog expenditure function are the average of expenditure shares
over periods t21 and t. In the remainder of this section we show how to
reexpress the welfare formula (11) using Herfindahl indexes and these
average expenditure shares, and in the next section we show how to esti-
mate the parameter g for each sector.
Let Ict denote the set of products exported fromcountry c to theUnited

States each period, and let c ∈ Ct denote the set of supplying countries
(including theUnited States itself).We assume that each firm from coun-
try c sells one product i ∈ Ict in a given sector, with its share denoted by sict,
so that i also indexes firms. The total import share from country c is sct ;
oi∈Ict

sict , and we let scit ; sict=sct denote firms’ shares within the total sales of
country c. Then the Herfindahl index of firms exporting to the United
States from country c is Hct ; oi∈Ict

ðscitÞ2. The total Herfindahl index over
all firms, which appears as the last term in (11), is measured by

o
c∈Ct

o
i∈Ict

s2ict 5 o
c∈Ct

o
i∈Ict

ðscitÞ2s2ct 5 o
c∈Ct

Hct s
2
ct :

In other words, by summing the country Herfindahl indexes times the
square of country shares, we obtain the overall Herfindahl index.
The Herfindahl indexes can be used to reexpress the share equation.

Using our new notation for countries c and products i, the share equa-
tion in (6) becomes

sict 5 aic 1 �at 2 gðlnpict 2 lnptÞ, (12)

where

�at ;
1

Nt

1 2o
c,i

aic

 !

is the shift parameter already discussed and

lnpt ;
1

Nt
o
c,i

lnpict

is the average log price of all available goods in period t.17 Multiplying
the above equation by the firms’ shares within the total sales of a country,
17 We use the summation ∑c,i as shorthand for ∑c∈Ct
 ∑i∈Ict

, i.e., to sum over all available
products and countries in each period.
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scit ; sict=sct , and summing over firms from country c (with oi∈Ict
scit 5 1), we

obtain

Hctsct 5 act 1 �at 2 g ln  pct 2 ln  pt
� �

,

where act 5 oi∈Ict
scitaic and lnpct ; oi∈Ict

scit lnpict are weighted averages over
country products of the taste parameters and log prices, respectively.
It is natural to model act as a country fixed effect plus an error term:

act 5 ac 1 εct :

Substituting this equation above, we obtain the share equation

Hctsct 5 ac 1 �at 2 gðlnpct 2 lnptÞ 1 εct : (13)

Notice that the dependent variable of (12), the share of product i from
country c, has been replaced in (13) by the country c Herfindahl index
times the country c share. Interpreting the country c Herfindahl as the
inverse of the number of firms, then its product with the country c share
becomes an estimate of the expenditure share on the output of a typical
firm (as discussed in Sec. II). Using this Hctsct term as the dependent var-
iable in (13) allows the share equation to be estimated without firm-level
data. In addition, it will give us a method to identify the change in shift
parameter �at , which appears in the welfare expression (11). Differenc-
ing (13), multiplying by½ð�sct21 1 �sctÞ=g and summing over c ∈ �C , we ob-
tain

D lnpt 1
�at

g

� �
5 o

c∈�C

1

2
�sct21 1 �sctð Þ Dlnpct 1

1

g
D Hctsctð Þ 2 Dεct

g

� �
:

Substituting this expression into (7) yields

Dlnet 5 o
c∈�C

1

2
�sct21 1 �sctð Þ Dlnpct 1

1

g
D Hctsctð Þ 2 Dεct

g

� �

2
1

2g
D

�
o
c∈Ct

Hcts
2
ct

�
,

(14)

as we shall use below.
The same technique of relying on the Herfindahl indexes can be used

to estimate the markups, up to a first-order approximation. The pricing
equation (10) is modified by adding the subscript c so that prices, mar-
ginal costs, and shares become pict, w

0
ict , and sict, respectively. We aggregate

this expression by taking a weighted average using the firm shares scit ;
sict=sct within the total exports of country c. Then the geometric average of
prices from country c is
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ln  pct ; o
i∈Ict

scit ln pict 5 lnw0
ct 1 mct ,

mct ; o
i∈Ict

scit ln 1 1
scit sctNt

g Nt 2 1ð Þ
� �

,

(15)

where lnw0
ct ; oi s

c
it lnw

0
ict is the average of marginal costs and the final

term in (15) is the average markup, denoted by mct. We are not able to
measure the average markup directly in the absence of firm-level infor-
mation, but data on the Herfindahl indexes for each country will allow
us to measure a first-order approximation to it around the point at which
the firm shares are equal. In that case the shares would be measured by
theHerfindahl index, scit 5 Hct , and the average markup is approximated
as18

lnmct ≈ o
i∈Ict

scit ln 1 1
HctsctNt

g Nt 2 1ð Þ
� �

1

scit sctNt

g Nt 2 1ð Þ 2
HctsctNt

g Nt 2 1ð Þ
1 1

sctHctNt

g Nt 2 1ð Þ

2
664

3
775

8>><
>>:

9>>=
>>;

5 ln 1 1
HctsctNt

g Nt 2 1ð Þ
� �

:

(16)

The right-hand side of this expression is the log markup for a firm with
the average share sict 5 Hctsct . Inother words, we are ignoring the variation
in firm sizes within countries when we compute the first-order approxi-
mation in (16).19 This approach shows how we can estimate the pricing
equation even in the absence of having firm-level data for all countries
18 The first-order approximation to the log function is lnð1 1 xÞ ≈ lnð1 1 aÞ 1 ½ðx 2 aÞ=
ð1 1 aÞ� around x 5 a, so we apply this formula to the average markup around scit 5 Hct in
(16), using Hct ; oi∈Ict

ðscitÞ2 and oi∈Ict
scit 5 1 to obtain the second line.

19 In order to assess the accuracy of this first-order approximation, we simulated firm-
level data to compare the true markup mct with the approximation in (16). We begin by as-
suming that g 5 0.19 (which is our median estimate) and that the underlying firm sales
distribution follows Zipf ’s law; i.e. we used a Pareto distribution with a shape parameter
of one and a minimum value of 10. Then we assumed that there were 500 firms in each
sector and that every firm in each sector except the first firm had a sales share drawn from
this Pareto distribution. If we impose that the sector must have the actual Herfindahl index
in the data, and the sales of all but the first firm are drawn from the Pareto distribution,
then the Herfindahl index implicitly defines the sales of the first firm. We then used the
simulated firm-level data to construct the true markup equation, mct. We then calculated
the percentage difference of the approximation, the last term on the right of (16), from
the actual simulated values as diff 5 ½ðactual 2 approxÞ=ðactual valueÞ�, where Jensen’s in-
equality guarantees that diff ≤ 0. When we applied this method using the Herfindahl in-
dexes for each sector and country selling to the United States, we found that the median
difference was20.005 percent and the mean difference was20.28 percent, indicating that
the first-order approximation holds quite closely.

This content downloaded from 132.239.001.231 on June 26, 2017 01:54:28 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



000 journal of political economy

All
selling to the United States, using the industry-by-country Herfindahl in-
dexes instead.20

We now combine the previous results to obtain an expression for wel-
fare that we can implement with available data. Recall that the error term
in the share equation (13) is the weighted change in the taste parame-
ters for each country, Dεct 5 Dact ; Doi∈Ict

scitaic . It is challenging to mea-
sure exact price indexes when all taste parameters are changing, and
to overcome this problem in the CES case, Feenstra (1994) assumed that
there was a subset of countries for which there were no changes in taste
parameters. In our framework, the taste parameters might change as a re-
sult of a differing set of goods being exported by a country. Analogous to
the CES case, we assume that there is a subset of countries c ∈ �C ⊆ Ct \
Ct21 for which the set of goods exported by each and their taste parame-
ters aic do not change, so that Dεct 5 0. We define the expenditure shares
over these countries as

�sct ; sct 1
1

j�C j 1 2o
c∈�C

sct

� �
  for  c ∈ �C , (17)

where j�C j is the number of countries in �C , so that �sct sums to unity over
them.
Then substituting (15) and (16) back into (14), and using Dεct 5 0 for

c ∈ �C , we compute the change in welfare DlnWt 5 Dlnwt 2 Dlnet as

DlnW ≈ Dlnwt 2o
c∈�C

1

2
�sct21 1 �sctð ÞDlnw0

ct

� �
1 Pt 1 Vt , (18)

where

Pt ; 2o
c∈�C

1

2
�sct 1 �sct21ð ÞDln 1 1

HctsctNt

g Nt 2 1ð Þ
� �

, (19)

and

Vt ; 2o
c∈�C

1

2g
�sct21 1 �sctð ÞD Hctsctð Þ 1 1

2g
D

�
o
c∈Ct

Hcts
2
ct

�
: (20)
20 It is possible that (15) overstates the average markup if the Herfindahl index of ex-
porters is computed by bundling products within a single shipment, making firms appear
bigger than they really are. We used the PIERS data, described in online app. A, to check
for the prevalence of trading companies, i.e., those whose names include “trading,”
“wholesale,” “import” or “export,” “group,” or abbreviations of these terms. There were
about 8,000 such firms, and they accounted for 5 percent of exports to the United States
in 1992 and 7.5 percent in 2005.

This content downloaded from 132.239.001.231 on June 26, 2017 01:54:28 AM
 use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



globalization, markups, and us welfare 000
The approximation in (18) follows directly from the first-order ap-
proximation tomarkups. The first bracketed term on the right of (18) in-
cludes a share-weighted average of the change inmarginal costs for coun-
tries in the set �C . That expression has much the same interpretation as
the change in the simple average of costs in (11); that is, it reflects the
self-selection of more efficient firms, and we do not attempt to measure
it. Our focus is on the next two terms.
The pro-competitive effect Pt in (19) depends on the change in Hctsct,

which is the change in the expenditure share on the output of a typical
firm from country c. From table 1, we see that the typical market share
was falling, on average, over both sample periods. This decline provides
the intuition for why we should expect to see a welfare gain from reduced
markups as measured by Pt. Turning to the product variety effect Vt in
(20), it can be compared to the final bracketed term appearing in (11).
The theoretical shift parameter Dat appearing there has been replaced
in (20) by the weighted average of the drop in typical firm shares D(Hctsct)
for countries within the set �C . The final term appearing in (20) is the
change in the overall Herfindahl index, which reflects crowding and is
unchanged from (11).
Both of the terms appearing in the variety effect (20) depend on the

change in the country Herfindahl indexes Hct. To understand how these
termsmight sumup, considera simplifiedcase inwhich there isnochange
in the set of countries selling to the United States, so that we can choose
�C 5 Ct21 5 Ct . In the CES case considered by Feenstra (1994) and Broda
and Weinstein (2006), there would then be no gains from import variety
because there are no new countries selling to the United States. For the
translog case, however, we show in the Appendix that if Dact 5 0 for
c ∈ �C 5 Ct21 5 Ct , then there are still potential variety gains of

Vt 5 2
1

2goc∈�Csct21sctDHct : (21)

In this case, the changes in the Herfindahl indexes for each country are
used to infer entry or exit of firms and products: falling Herfindahls due
to entry will contribute toward gains with Vt > 0, whereas exit will contrib-
ute toward losses with Vt < 0.
The remaining question is how the set of countries �C ⊆ Ct21 \ Ct , for

which the set of goods exported by each and their taste parameters aic do
not change, will be chosen. Broda and Weinstein (2006) conservatively
chose the set �C as the intersection of countries supplying in the first and
last years of the sample. So for each sector, only those countries that were
not exporting at all to the United States in the first or last year of the sam-
ple were excluded from the set �C and were therefore used tomeasure the
change in the product variety of exports to the United States. We can im-
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prove on this assumption by using information on the Herfindahl in-
dexes for exporters and domestic firms selling to the United States in
each sector. We shall interpret any country Herfindahl indexes that are
changing bymore than a specified tolerance as evidence to exclude those
countries from the set �C , as will be discussed inmore detail in Section VI.
Expressions (18)–(20) are the formulas we implement for the change

in welfare for each sector. Of course, we need to sum the welfare gains
across all of the manufacturing sectors in our sample. We do this by add-
ing a sector superscript g to Pt and Vt, then multiplying the welfare gain
in each industry by the appropriate translog weight, and summing across
all sectors,

DlnW PV
t 5 o

g

1

2
sgt21 1 sgtð Þ Pg

t 1 V g
tð Þ, (22)

where sgt is the share of sector g in US absorption in period t.21 Since the
consumption of merchandise accounts for only about 19 percent of US
absorption, a drop in the price of manufactured goods translates into
about a one-fifth as large gain in aggregate welfare. That is, wemultiplied
all our welfare calculations from (22) by 0.19 to present themas relative to
the entire US economy. We omit the sector g notation in the next section,
though our estimation is done separately over each four-digit HS sector.
V. Estimation
Our next task is to address how to estimate the translog parameter g,
which appears in the share equation (13). In practice, the prices pct in
(13) are measured by the unit value of imports from each source country
and sector, or by the price index for each sector in the United States. We
further specify that the marginal costs from each exporting country, or
from the United States, take on the log-linear form with elasticity q ≥ 0:

lnw0
ct 5 qc0 1 q ln

sctEt

pct

� �
1 dct , (23)

where sctEt=pct is the total quantity sold by country c, Et is US expenditure,
and dct is an error. Combining the above equation with (15) and (16), we
obtain a modified pricing equation:
21 While we had the appropriate shares of each sector within manufacturing for 1992
and 2005, we used data from the benchmark input-output tables to obtain the aggregate
share of merchandise apparent consumption in total US final demand. We computed this
by using the 2002 use table from the benchmark input-output table before redefinitions.
We set apparent consumption of merchandise equal to agricultural, mining, and manufac-
turing value added less exports plus imports. Total US absorption was set equal to US final
goods demand.
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1 1 qð Þ ln  pct 5 qc0 1 q lnsct 1 q lnEt 1 ln 1 1
HctsctNt

g Nt 2 1ð Þ
� �

1 dct : (24)

Prices are jointly determined by (24) and the share equation (13), re-
peated here:

Hctsct 5 ac 1 �at 2 gðln  pct 2 ln  ptÞ 1 εct :

Notice that the per-firm share Hctsct appearing as the dependent variable
in this share equation determines the markup in the pricing equation
(24). This means that any shock to the share through the error term εct
will influence the markups and therefore the price, so that the price ap-
pearing in the share equation is correlated with that error εct. Adding to
this endogeneity problem, if marginal costs depend on quantity so that
q > 0, then the share also appears directly within the pricing equation.
To control for this endogeneity, we will estimate these equations simulta-
neously using a generalizedmethod ofmoments approach similar to that
proposed in the CES case by Feenstra (1994) and extended by Broda and
Weinstein (2006).
The first step in our estimation is to difference (13) and (24) with re-

spect to country k and with respect to time, thereby eliminating the terms
ac 1 �at along with the average prices lnpt and expenditure ln Et ap-
pearing in these equations. We also divide the share equation by g and
the pricing equation by 1 1 q and then express each equation in terms
of its error term:

Dεct 2 Dεkt
g

5
D Hctsctð Þ 2 D Hktsktð Þ

g
1 Dlnpct 2 Dlnpktð Þ,

Ddct 2 Ddkt
1 1 q

5 Dln  pct 2 Dln pktð Þ 2 q D lnsct 2 D lnsktð Þ
1 1 q

2
1

1 1 q
Dln 1 1

HctsctNt

g Nt 2 1ð Þ
� �

2 Dln 1 1
HktsktNt

g Nt 2 1ð Þ
� �� 	

:

Wemultiply these two equations together and average the resulting equa-
tion over time, to obtain the estimating equation

�Yc 5
q

1 1 q
�X1c 1

q

g 1 1 qð Þ
�X2c 2

1

g

� �
�X3c 1

1

1 1 q
�Z1c gð Þ

1
1

g 1 1 qð Þ
�Z2c gð Þ 1 �uc ,

(25)

where the overbar indicates that we are averaging that variable over time,
and
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Yct ; Dln pct 2 Dln pktð Þ2,
X 1ct ; Dlnsct 2 Dlnsktð Þ Dln pct 2 Dln  pktð Þ,
X 2ct ; Dlnsct 2 Dlnsktð Þ D Hctsctð Þ 2 D Hktsktð Þ½ �,
X3ct ; Dln pct 2 Dln pktð Þ D Hctsctð Þ 2 D Hktsktð Þ½ �,
Z1ct gð Þ

; Dln 1 1
HctsctNt

g Nt 2 1ð Þ
� �

2 Dln 11
HktsktNt

g Nt 2 1ð Þ
� �� 	

Dln pct 2 Dln pktð Þ,

Z 2ct gð Þ

; Dln 11
HctsctNt

g Nt 2 1ð Þ
� �

2 Dln 11
HktsktNt

g Nt 2 1ð Þ
� �� 	

D Hctsctð Þ2D Hktsktð Þ½ �,

and

uct ;
Dεct 2 Dεktð Þ Ddct 2 Ddktð Þ

g 1 1 qð Þ for  c ∈ �C ⊆ Ct21 \ Ct , c ≠ k:

Weassume that the error terms indemandand thepricing equation are
uncorrelated, which means that the error term in (25) becomes small,
�uc → 0 in probability limits as T →∞. That error term is therefore uncor-
related with any of the right-hand-side variables as T →∞, and we can ex-
ploit those moment conditions by simply running ordinary least squares
on (25). Feenstra (1994) shows that that procedure will give us consistent
estimates of g and q in a simpler CES system, provided that the right-
hand-side variables in (25) are not perfectly collinear as T →∞.22 That
condition is assured in the CES case of Feenstra (1994) if there is some
heteroskedasticity in the error terms across countries c, so that the right-
hand-side variables in (25) are not perfectly collinear. More efficient esti-
mates can be obtained by running weighted least squares on (25).
Before proceeding with the estimation, we need to address a number of

data problems. First, while in principle we could estimate g at the 10-digit
HS level, our estimates would not be precise because often there are few
countries exporting in a given 10-digit HS product. In order to make sure
that we have enough data to obtain precise estimates, we assume that the
g’s at the 10-digit level within an HS four-digit sector are the same and
therefore pool the HS 10-digit goods within each four-digit sector.23
22 Identification of the model parameters from this moment condition depended on
having heteroskedasticity in second moments of the data, so this is an example of “identi-
fication through heteroskedasticity,” as discussed more generally by Rigobon (2003).

23 This approach means that a sector typically had 94 varieties—defined as a distinct
(country, 10-digit good) pair—when we estimate g for an HS four-digit sector.
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A second complication arises because wehaveUS shipments data at the
NAICS six-digit level, but we need to compute shares at the HS 10-digit
level. Thus, we must allocate NAICS six-digit production data to each
HS 10-digit sector. This allocation is achieved by assuming that the share
of US production in each HS 10-digit sector is the same as that of the
United States in the NAICS six-digit sector that contains it, as discussed
in online appendix A.
A third complication arises because we use unit values of import prices

from each source country rather than the geometric mean price, which
introduces measurement error, especially for import flows that are very
small. Broda and Weinstein (2006) propose a weighting scheme based
on the quantity of imports at the HS 10-digit level. Unfortunately, we can-
not implement precisely that scheme because the US quantity indexes
were defined at the NAICS six-digit level and not at the HS 10-digit level.
We therefore implement the Broda and Weinstein weighting scheme us-
ing the value of shipments insteadof the quantity of shipments, since ship-
ment values are likely to be highly correlated with shipment quantities
across countries.
A fourth issue arises in the measurement of the number of available

products Nt, which appears in the pro-competitive effect (19) and in the
estimating equations. We shall consider two methods of measuring Nt.
One approach is to measure Nt by the inverse of the overall Herfindahl,
which would equal the number of synthetic, equally sized firms in each in-
dustry. That approach is a lower bound to the number of products, how-
ever, since firms might not be equally sized and theymight sell more than
one product each. A second approach is to treat the term Nt=ðNt 2 1Þ as
close enough to unity to be ignored. This approach follows from a stan-
dard assumption in monopolistic competition models that firms ignore
the impact of their prices on the overall price index. In (12), the average
log prices lnpt acts like a simple price index for the sector. If the firm
does not consider the impact of its own price on this price index, then
the elasticity of demand is

hict 5 12
∂ lnsict
∂ ln pict






ln pt

5 1 1
g

sict

� �
:

Comparing this result with (9), we see that the two elasticities are the
same if and only if Nt is sufficiently large so that Nt=ðNt 2 1Þ ≈ 1. We will
experiment with both approaches when measuring Nt in order to obtain
the pro-competitive effect.
Finally, as in Broda andWeinstein (2006), we also face the problem that

only 86 percent of our estimates of g had the right sign if we estimate
themwithout constraints. If g is less than zero, thenmarkups are negative
and there is no equilibrium. To avoid that outcome and becauseVt in (20)
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is very sensitive to small values of g, we impose g ≥ 0.05. To satisfy that con-
straint, we use a grid search procedure over g and q to minimize the sum
of squared errors in (25). In this procedure we set an initial value for g of
0.05 and increased it by 5 percent over the range [0.05, 110].24 Similarly,
we set an initial q of 25 and increased it by 0.1 over the range [25, 15].
VI. Estimation Results

A. Parameter Estimates and Markups
In order to obtain our welfare estimates, we first need to estimate the gg

parameters for the expenditure function. The coefficients gg for each
four-digit HS sector g are obtained by estimating equation (25). Because
we ultimately estimate over 1,000 gg’s, it is not possible to display all of
them here. We display the sample statistics for gg and 1=gg in table 3. The
median gg is 0.19 and the average is 12. The large average gg is driven by
the fact that their distribution is not symmetric and gg can take on very
large values if goods are relatively homogeneous.25

While we do not have strong priors for what a reasonable value of gg

should be, themarkup these parameter estimates imply is consistent with
prior studies. To see this fact, we compute the markup for each industry
by using equation (15). On the basis of this calculation, the median esti-
matedmarkup in our data is 0.30 (i.e., a 30 percentmarkup overmarginal
costs) in 2005. By comparison, Domowitz, Hubbard, and Petersen (1988)
estimatemarkupsacrossUSmanufacturingandobtainanaveragemarkup
of 0.37, which is a bit higher than ours but not dramatically different es-
pecially given the large differences in data and estimating procedures.
The markups in each sector depend on the value of the firm’s market

share as well. We can get some sense of the reasonableness of our esti-
mates by looking at the most important sectors in US absorption. In ta-
ble 4, we report the share of US absorption from the 10 largest sectors
(with names not beginning with “other”), where we define the share
to be the average share of absorption in 1992 and 2005. In the first col-
umn we report our estimate of the gg’s. On the basis of this measure, we
find that the three sectors in which the products aremost heterogeneous
and firms are likely to have the most market power are plastics, aircraft,
24 In order to speed up the grid searches, in most specifications we increased the interval
by 5 percent until 7.8 and then jumped to 109.9. We did this because we almost never
found g’s between 7.8 and 109.9. Moreover, making this change did not qualitatively affect
the results because all high g’s imply very small markups and variety effects.

25 We allow for marginal costs that depend on quantity in our estimation, with the elas-
ticity qg. We have found that this formulation results in fewer outlying estimates of the de-
mand parameter. If we constrain q

g to be zero, then themedian estimate of gg across sectors
is reduced only slightly (from 0.19 to 0.18), but the mean estimate of gg increases because
of some large, positive outliers.
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cell phones, and passenger motor vehicles. In contrast, the most homo-
geneous sectors in which firms are likely to have the least market power
are crude petroleum, natural gas, and cigarettes and cigars. This pattern
seems broadly sensible.
B. Welfare Estimates
We compute the variety and pro-competitive effects for each sector and
aggregate these across sectors as in (22). The key decision that must be
made in measuring both these effects is the set of countries c ∈ �C , which
we interpret as having small changes in the set of products and their taste
parameters for each country (literally, in [18]–[21] we assumed that the
set of products and taste parameters for countries c ∈ �C do not change at
all). As mentioned earlier, in the CES case, Broda and Weinstein (2006)
used the set of countries supplying to theUnited States at both the begin-
ning and end of the sample to compute the change in product variety be-
tween these dates. We can do better here because we also have informa-
tion on the Herfindahl indexes, by country of origin, for exporters and
domestic firms selling to the United States. We will suppose that if the
T
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TABLE 3
Parameter Estimates

Statistic Value Standard Deviation

Distribution of g Estimates
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Median 5.27 .34
his content downlo
University of Chic
aded from 132.23
ago Press Terms an
TABLE 4
Gamma Values from Sectors with High Shares of US Domestic Absorption

HS4 g
Average Share of
Total Absorption

Passenger motor vehicles .14 .07
Parts and accessories for nonpassenger motor vehicles .39 .05
Crude petroleum .76 .04
Automatic data processing machines .18 .03
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Cell phones .07 .01
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Natural gas 1.11 .01
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Herfindahl index changes by more than some tolerance, that is evidence
that the set of products has changed sufficiently to exclude that country
from the set �C . For convenience, we refer to this set as “common” coun-
tries, which are supplying in the first and last periods and are judged to
have little change in their exportingfirms. Inourbaseline results reported
in table 5, we choose ±30 percent as the tolerance for the change in the
Herfindahl index for each sector and country and then will indicate how
our results change for other tolerances.
Table 5 reports our welfare estimates. Because we had to drop the

change between 1997 and 1998 because of the transition from SIC to
NAICS codes in the United States, we computed the aggregate welfare
change between 1992 and 2005 as the sum of the gains from 1992–97, the
gain from 1998–2005, and the geometric average annual gain over the
two periods. Using the full sample, for our baseline Herfindahl cutoff of
±30 percent we find that the aggregate welfare gain over the time period
was 0.85 percent.
The magnitude of this number is perhaps easiest to understand rela-

tive to Broda andWeinstein’s (2006) estimates for the period 1990–2001.
Those authors used a CES aggregator and obtained a gain to consumers
of 0.8 percent over the 1990–2001 period. This result is almost exactly the
same as what we obtain in the translog. However, they estimated the gain
over a different and shorter sample period (11 years vs. 13). If wemultiply
our estimates by 11/13, we find that the implied aggregate gain due to
varieties over the 11-year period in the translog case is 0.73. These results
suggest that the translog functional formyieldsgains similar to, but slightly
smaller than, those of the CES.
One major advantage of the translog setup is that it allows us to exam-

ine the sources of these welfare gains. In particular, the translog specifi-
cation indicates that markup declines, Pt, account for about half of the
welfare gains: of the 0.85 percent welfare gain, one-half or 0.42 percent
is due to markup declines. The fact that the gain due to new varieties in
the translog setup is approximately one-half of the gain obtained by us-
ing a CES formula is theoretically well justified when there is only one
newgood,26 andwe are finding that the result applies here evenwithmany
new varieties.
We can go further toward understanding the difference between the

CES and translog by using equation (20) to decompose the total variety
gains,Vt, into two components: the first term in the formula,V1t, measures
the impact of new varieties on welfare irrespective of crowding, and the
second term, V2t, provides the impact of crowding, that is, the fact that
26 Feenstra and Shiells (1997, corollary 2) argue that with a single new good and with the
translog demand elasticity equal to the CES elasticity, the translog gain would be one-half
as much as the CES gain.
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consumers care less about varieties asmore become available. The results
in table 5 indicate that crowding of the product space is an important off-
set of the variety gains: without it, the welfare gain due to import varieties
would have been as large as what we obtain for the total welfare gains, in-
cluding from reductions in markups. In other words, it is the crowding
effect that makes the translog gain from variety less than the CES gains.
But the reduced gains from variety are fully compensated by the extra
gains due to reduced markups.
C. Sensitivity
We should check that the pro-competitive effect does not depend on our
measurement of the total number of goods in each sector, Nt in (19). So
far we have used the inverse of the overall Herfindahl index in each sec-
tor to infer Nt. An alternative approach is to treat Nt as infinity so that
Nt=ðNt 2  1Þ 5 1. We refer to this second case byWinf and Pinf in the final
columns of table 5 and find that it reduces the pro-competitive effect Pt

only slightly.
We can think of four other possible issues with the reliability of our es-

timates.27 First, we should compute standard errors because of impreci-
sion in the estimation of gg. Second, our results might be sensitive to our
choice of Herfindahl cutoff. Third, our estimates might be heavily influ-
enced by outliers of particular sectors. Finally, since the automobile sec-
tor is the largest sector and had some idiosyncratic factors, discussed be-
low, we decided to also rerun our estimates without this sector. We deal
with each of these concerns in turn.
In order to deal with the imprecision of our gg estimates, we boot-

strapped each of the over 1,000 gg’s and qg’s and then used these boot-
strapped parameter values to compute the distribution of Pg

t , V
g
t , and to-

tal welfare D lnW PV
t . This procedure is computationally intensive, but

ultimately we were able to compute 100 estimates of each gg and generate
5th–95th percentile confidence bands. The narrowness of these bands,
reported in table 5, indicates that our point estimates for the markup and
variety effects are estimated with reasonable precision.
Second, we experimented with other cutoffs for the change in theHer-

findahl indexes. The choice of what threshold to use in the definition of
the “common” countries c ∈ �C involves a trade-off between two opposing
forces. Classifying even the small movements in the Herfindahl index as
evidence of firm entry and exit will reduce the number of countries in-
27 A fifth issue is whether the number of years in our sample (13) is enough to avoid the
small-sample bias in our estimator noted by Soderbery (2010, 2015) in the CES case. That
issue is taken up in online app. B, where from aMonte Carlo analysis we find that 13 years is
( just) enough to avoid significant bias.
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cluded in the common set �C , thereby eliminating some sectors, which
makes our welfare calculations very sensitive to Herfindahl and share
movements in fewer remaining countries and sectors.On the otherhand,
choosing a very wide band of allowableHerfindahlmovementmeans that
our estimates of welfare gains will be based on more countries and sec-
tors, but we run the risk of erroneously missing some of the variety gains.
As noted in equation (21), even if there is no change in the set of coun-
tries, we can still use changing Herfindahls to infer gains or losses from
variety; but that assumes that there is no change in the average taste pa-
rameters for countries. By leaving countries out of the common set �C , we
do not need that assumption and are more accurately imputing welfare
gains/losses due to the entry/exit of firms and products from those coun-
tries. We therefore considered a number of cutoff values for the Her-
findahl indexes: movements of ±20, 30 (as already reported), and 40 per-
cent.
We obtain very similar welfare gains if we use a ±40 percent cutoff, but

the welfare gain is much smaller with the ±20 percent cutoff, because that
estimate is excluding many more countries from the common set.28 As a
final robustness check for understanding the role played by the Herfin-
dahl cutoff, we decided to examine the impact of completely shutting
down this channel. In order to do this calculation, we set all the Herfin-
dahl ratios equal to their 1992 values and consider only the welfare im-
pacts coming from the entry and exit of countries selling to the United
States. The results from this calculation are presented in the “constant
HI” row of table 5. Overall we obtain a welfare gain of 0.79 percent of
GDP, which is quite similar to our baseline results, but focusing on this
number misses some important differences. In particular, by assuming
that there is no US exit in response to new imported varieties, we obtain
a very large pure variety effect as measured by V1t, but the absence of exit
also implies an offsetting crowding of the product space as measured by
V2t. Thus, on net, there is almost no variety gain, and virtually all of the
welfare gain comes from the decline in market power arising from the
drop in the demand elasticities.
28 To get some intuition for whether these cutoff values are sensible, we can consider
how much of the data we move from the common set of countries �C to the excluded coun-
tries c ∉ �C . We will split our estimation into two subperiods (1992–97 and 1998–2005) be-
cause of the change in industry definitions. If we follow the prior CES literature and as-
sume that variety change is measured only when country import flows start or end, we
find that, on average, 95 percent of the value of varieties—defined as a country/HS 10-digit
good pair—available in the starting year is available in the last year in each period. If we
reclassify countries in which the Herfindahl moved by more than ±40 percent as no longer
common, we find that, on average, only 77 percent of varieties available in the first time
period were available in the second period. Similarly, the share of commonly available va-
rieties falls to 71 percent, 52 percent, and 30 percent as we move to 30 percent, 20 percent,
and 10 percent cutoffs, respectively.
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A third concern arises from thepossible roleplayedbyoutliers. Inorder
to ensure that our results were robust to outliers, we dropped the sectors
in the top 5th percentile of welfare gains and those in the lowest 5th per-
centile. In order to prevent the welfare gains from falling simply because
we were summing across fewer sectors, we reweighted each sector’s share
in (22) so that the shares continued to sum to one. Overall, dropping the
top and bottom 5th percentiles slightly lowered our aggregate welfare
gain: taking the change in welfare from 0.85 percent of GDP to 0.63 per-
cent. This finding indicates that outliers are not driving our results.
A fourth concern relates to the importance of the automobile sector.

Automobiles is the largest sector in manufacturing, and although the
point estimate for gg in this sector was not an outlier, the sector does exert
a particularly large impact on the overall welfare gains. Between 1992 and
2005, there was enormous entry into this sector as Japanese carmakers
set up new plants (see Blonigen and Soderbery 2010). This entry had
two important impacts. First, the US Herfindahl index declined sharply
from 0.35 to 0.21, reflecting the large increase in the number of makers
operating in the United States. Second, the transplant of Japanese car-
makers to the United States was associated with a very large increase in
USautomobileproduction: real outputof autosmade in theUnitedStates
grew by 41 percent between 1992 and 1998, which contributed to a sub-
stantial increase in the share of US consumptionmade domestically. That
increase in the share and falling Herfindahl contribute to a large welfare
gain from variety, V g

t , from (20).
There are reasons to believe, however, that our welfare formula can-

not accurately deal with the transplant of Japanese varieties to theUnited
States: we have ignoredmultiproduct firms, for example, and in the same
way have assumed that the gg estimate for autos applies equally well to
products across firms as to products within firms. That assumption clearly
contradicts the theoretical literature onmultiproduct firms, whichmakes
a strong distinction between consumer substitution of products within
and between firms (see Allanson andMontagna 2005; Bernard, Redding,
and Schott 2011). For this reason we also computed the welfare gains af-
ter dropping the passenger vehicle sector, giving the result shown in the
excluding auto sector row of table 5, where we assume that the gains from
variety in the automobile sector were the same as in all other sectors. The
welfare estimate of 0.49 is somewhat smaller than our baseline estimate
but not significantly different.
Finally, in the last two rows of the table, we can see the welfare gains in

each of our subperiods. Most of total welfare gain Wt appears to have ac-
crued in the first subperiod, between 1992 and 1997. The reason for this
finding is that in the second subperiod, from 1998 to 2005, there is sub-
stantial crowding in product space: the component V2t subtracts a full
0.71 percent from any welfare gains, thereby canceling out the contribu-
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tions of V1t and the pro-competitive effect Pt in that period. Thus, while
the markup gains were quite similar in both periods, the gains from va-
riety collapse in the later period because of crowding in product space.
This finding suggests that the gains from varieties may be declining as
globalization progresses.
VII. Conclusions
Using general additively separable preferences, Krugman (1979) demon-
strated the reduction in markups that accompanies trade liberalization
under monopolistic competition. That reduction in markups is not just
a consumer gain but also a social gain: the reduction in markups in a
zero-profit equilibrium indicates that the wedge between a firm’s mar-
ginal and average cost is reduced, so that output is expanding and there
are greater economies of scale. The competition between firms from dif-
ferent countries is an important channel by which international trade
leads to social gains.
Despite this insight, such a channel has received only limited attention

in the empirical trade literature. We have argued that the reason for this
gap in the literature is the commonassumptionofCESpreferences,which
leads to constant markups. Here we have adopted translog preferences,
which relax this restrictiononmarkups.Wehavederivedquitegeneral for-
mulas for the variety gains from new products with these preferences and
also the pro-competitive effect of new entry on reducing markups.
The estimated declines inmarket share of incumbent firms in the wake

of the tremendous amount of entry of foreign countries into USmarkets,
as well asmore exporters within those countries, drive ourmeasure of the
welfare gains. This entry has been offset to some degree by crowding of
the product space as measured by declining Herfindahl indexes. Never-
theless, we find that the exit from the US market has been less than the
new entry, in the sense that the demand for the typical incumbent firm’s
output fell. That feature of the data drives our estimates of the fall in
markups, which is the pro-competitive effect of globalization. In our
benchmark results, we find that the variety gain from globalization for
the United States in the translog case is one-half of that found by Broda
andWeinstein (2006) in the CES case but that the total welfare gain is the
same size.Our estimates donot incorporate the efficiency gains due to the
self-selection ofmore efficient firms into exporting, as we have explained,
and quantifying that effect is an important area for further research.
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Appendix

Proof of (5)
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2go
N

i51

sitð Þ2:

Proof of (21)

Assuming �C 5 Ct21 5 Ct , the shares �sct become sct, so we can rewrite Vt in (20) as

Vt 5 2o
c∈�C

1

2g
sct21 1 sctð ÞD Hctsctð Þ 1 1

2g
D

�
o
c∈�C

Hct s
2
ct

�
:

Note that a difference D(xtyt) can be expressed as

DðxtytÞ 5
1

2
ðxt21 1 xtÞDyt 1

1

2
ðyt21 1 ytÞDxt :

Using this result, we can simplify Vt as

Vt 5 2
1

2goc∈�C
sct21 1 sctð Þ 1

2
Hct21 1 Hctð ÞDsct 1

1

2
sct21 1 sctð ÞDHct

� �

1
1

2goc∈�C
1

2
Hct21 1 Hctð ÞDs2ct 1

1

2
s2ct21 1 s2ctð ÞDHct

� �

5 2
1

2goc∈�C
sct21sctDHct :
29 We thank Sam Kortum for this derivation.
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