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A.1 Introduction

This Online Appendix contains additional theoretical derivations and supplementary empirical results for
the main paper. In Section A.2, we report additional derivations for our theoretical framework from Section
2 of the paper. In Section A.3, we provide further detail on our structural estimation approach from Section
3 of the paper. In Section A.4, we report further information on the data sources and definitions for our
U.S. and Chilean data from Section 4 of the paper.

In Section A.5, we report additional empirical results using our U.S. data that supplement those from
Section 5 of the paper. In Section A.6, we replicate all of our empirical results from Section 5 of the paper,
but using Chilean data instead of U.S. data. In Section A.7, we show that our theoretical approach allows

for unobserved differences in product composition within observed product categories.
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confidential data are revealed.



A.2 Theoretical Framework Derivations

This section of the Online Appendix reports additional derivations for Section 2 of the paper. Each sub-

section has the same name as the corresponding subsection in Section 2 of the paper.

A.2.1 Demand

No further derivations required for Section 2.1 of the paper.

A.2.2 Non-traded Sectors

No further derivations required for Section 2.2 of the paper.

A.2.3 Domestic Versus Foreign Varieties Within Tradable Sectors

No further derivations required for Section 2.3 of the paper.

A.2.4 Exporter Price Indexes

No further derivations required for Section 2.4 of the paper.

A.2.5 Expenditure Shares

This section of the Online Appendix reports additional derivations for Section 2.5 of the paper. Corre-
sponding to the firm expenditure share (S, in equation (12) in the paper), we can define the share of an

individual foreign firm in expenditure on foreign imports within a sector (S}:t) as:
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where we use “blackboard” font S}:t for the firm expenditure share to emphasize that this variable is defined

E _
igt =
(A.2.1)). Similarly, we can define the share of an individual tradable sector in all expenditure on tradable

as a share of expenditure on foreign firms (since () {Q}gt i FE] } in the denominator of equation
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where we use the blackboard font ngt and superscript T for the sector expenditure share to signal that
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this variable is defined across tradable sectors (since QT C Q in the denominator of equation (A.2.2)).



A.2.6 Model Inversion

In this section of the Online Appendix, we report additional derivations for Section 2.6 of the paper. In

particular, given the observed data on prices and expenditures for each product {PY Xf;lt and the substi-

uts
tution parameters {(Tgu , (T(gl,D , 00}, the model is invertible, such that unique values of appeal can be recovered
from the observed data (up to a normalization or choice of units). We start with the solution for product

appeal in equation (13) in the paper, reproduced below:
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where we choose units in which to measure product appeal such that its geometric mean across common

products within each firm is equal to one:
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Having solved for product appeal (¢{}) using equations (A.2.3) and (A.2.4), we use equation (3) in the paper

to compute the firm price index, as reproduced below:
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Using this solution for the firm price index (Pﬁ) from equation (A.2.5), we divide the share of a foreign
firm in sectoral imports in equation (A.2.1) by its geometric mean across common foreign firms within
that sector to obtain the following solution for appeal for each foreign firm:
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where we choose units in which to measure firm appeal such that its geometric mean across common

foreign firms within each sector is equal to one:
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Having solved for firm appeal ((p}:t) for each foreign firm using equations (A.2.6) and (A.2.7), we use equa-
tions (7) and (9) in the paper to compute the sector price index, as reproduced below:
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where recall that V]('(;gt is the observed share of expenditure on foreign varieties within each sector.

Using this solution for the sector price index (P]gt)

individual tradable sector in all expenditure on tradable sectors in equation (A.2.2) by its geometric mean

from equation (A.2.8), we divide the share of an

across these tradable sectors to obtain the following solution for sector appeal for each tradable sector:
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where we choose units in which to measure sector appeal such that its geometric mean across tradable

sectors is equal to one:
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Recall that there is no asterisk in the superscript of the geometric mean operator across tradable sectors,
because the set of tradable sectors is constant over time. Having solved for sector appeal (qofgt) for each
tradable sector using equations (A.2.9) and (A.2.10), we use equations (4) and (6) in the paper to compute

the aggregate price index, as reproduced below:
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where recall that y}; the observed share of aggregate expenditure on tradable sectors. This completes our

inversion of the model to recover the structural residuals for product, firm and sector appeal {(pLL[It, ‘PJFft ,
G

Pigt-

A.2.7 Log-Linear CES Price Index

No further derivations required for Section 2.7 of the paper.

A.2.8 Entry, Exit and the Unified Price Index

In this section of the Online Appendix, we report additional derivations for Section 2.8 of the paper. In
particular, we derive the expression for the change in the unified price index over time, taking into account
entry and exit. Using the shares of expenditure on common goods in equation (19) in the paper, the change

in the firm price index between periods t — 1 and ¢ (Pth / Pf‘:t—l) can be re-written as:

1
1 1—cd —ou 1
P ( A, ) Yueay, , (Pit/ou) ™ | 7% ( AY ) Pl

F |\ yu 1o u Fx ’
Pria Afi ZueQ}ﬁH (P4 /9l 1) " Aft-1 Pria

(A.2.12)



where the superscript asterisk indicates that a variable is defined for the common set of varieties. We
can also define the share of expenditure on an individual common product in expenditure on all common

products within the firm as:
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Rearranging this common product expenditure share (A.2.13), taking logarithms, and taking means of both

sides of the equation, we obtain the following expression for the log of the common goods firm price index

(PEY):
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where ]Ejl;lt* [ln Pu] = 71\’};?71 Y. el | In (P ( ut) the superscript U™ indicates that the mean is taken across

common products; and the subscripts f and t indicate that this mean varies across firms and over time.
Taking logarithms in equation (A.2.12), and using the expression for the common goods firm price index

in equation (A.2.14), we obtain equation (20) in the paper.

A.2.9 Exporter Price Movements

In this section of the Online Appendix, we report additional derivations for Section 2.9 of the paper. In

particular, we derive the log linear decompositions of the exporter price index (IP:: ) for a given exporter

]lgt)
and sector in equations (21) and (22) in the paper. We first use the CES expression for the share an individual

foreign firm f in country j’s imports from a foreign exporting country i # j within a sector g:
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where the superscript EF is a mnemonic for exporter and firm, and indicates that this firm expenditure

share is computed as a share of imports from a single foreign exporting country.

Re-arranging equation

jigt’
and taking means across foreign firms from that exporter and sector, we obtain the following expression

for the log of the exporter price index:
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where EL is the mean for importer j across firms from exporter 7 within sector g at time ¢, such that
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Substituting the firm price index (lef:t) from equation (18) in the paper into equation (A.2.16) above, we

obtain our exact log linear decomposition of the exporter price index in equation (21) in the paper, which

is reproduced below:
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where EfY. [.] is the mean for importer j across firms and products from exporter i within sector g at time

jigt
FU up — _1 1 u
t, such that ]Ejigt [ln Put] =5 ZfGQﬁgf N ZueQ% InP,.

We next incorporate the entry and exit of varieties. The log change in the exact CES price index for an

importer j sourcing goods in sector ¢ from an exporter i between periods t — 1 and ¢ is:
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where the entry and exit of firms over time implies that QF, , £ QF We define the share of expenditure
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Using these definitions from equation (A.2.19), the change in the exporter price index in equation (A.2.18)

can be re-written in the following form:
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where the first term ( (/\ﬁ-g v )‘sz‘gtq) % ") corrects for the entry and exit of firms; the second term (]P]’?;;t
is the change in the exporter price index for common firms; and we again use the superscript asterisk to
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denote a variable for common varieties. Using this notation, we can also define the share of expenditure

on an individual common firm in overall expenditure on common firms for an exporter and sector:
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Rearranging equation (A.2.21) so that the exporter price index for common firms (H’ﬁ;t) is on the left-hand

side, taking logarithms, and taking means across the set of common firms within an exporter and sector,

we obtain:
1

InPF;, = Efy, [InPf] —Ef:, [Ingf] + @Eﬁ; nsf], (A2.22)
IEﬁZ,t [-] is the mean across the common set of firms (superscript F*) for a given importer (subscript j),
exporter (subscript i), sector (subscript ¢) and time (subscript t) such that:
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Taking differences over time in equation (A.2.22), we obtain the following expression for the log change
in the common goods exporter price index:
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We now take logarithms in equation (A.2.20) and use equation (A.2.24) to substitute for IP]EZ-; / Pfi;tfl and
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arrive at the following expression for the log change in the overall exporter price index:
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Substituting the expression the change in the firm price index from equation (20) in the paper into equation

1 Fx
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(A.2.25), we obtain equation (22) in the paper, which is reproduced below:
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where A is the difference operator such that AInlPY , = In <1PE / ll’ﬁgt_l) . EEU* [-] is a mean, first

porter (subscript j), exporter (subscript i), sector (subscript g) and time period (subscript t) such that:
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Recall that our normalization of product appeal in equation (A.2.4) implies ]E]Flgt* [A In GD»LH = 0. Therefore

the log change in the exporter price index in equation (A.2.26) simplifies to:
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A.2.10 Patterns of Trade Across Sectors and Countries
A.2.10.1 Revealed Comparative Advantage
In this section of the Online Appendix, we report the derivation of the results in Section 2.10.1 of the paper.

In particular, we derive the decompositions of revealed comparative advantage (RCA) in equations (26) and

(27) in the paper. From equation (25) in the paper, log RCA is given by:
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where recall that Q]Egt = { I S ]} is the set of foreign exporters that supply importer j within
sector ¢ at time f; N] ot = ‘Q]gt) is the number of elements in this set; Q]-Tz-t is the set of tradable sectors

is the number of elements in this set.

) in equation (A.2.29),

that importer j sources from exporter i at time t; and N
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Using equation (21) in the paper to substitute for the log exporter price index (IP£
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we obtain the following exact log-linear decomposition of RCA:
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The first term in equation (A.2.30) captures average product prices:
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where ]Eﬁut [] denotes an average, first across products within firms (superscript U), and next across firms

(superscript F) supplying importer j from exporter i within sector ¢ at time ¢ such that:
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The second term in equation (A.2.30) incorporates average firm and product appeal:
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where ]E]Z of [-] denotes an average across firms (superscript F) supplying importer j from exporter i within
sector ¢ at time f such that:
1
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The third term in equation (A.2.30) reflects the dispersion of firm and product appeal-adjusted prices, as

reflected in the dispersion of firm and product expenditure shares:
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where S is defined in equation (12) in the paper and SkF fi 1 defined in equation (A.2.15) of this Online
Appendix.

The fourth and final term in equation (A.2.30) comprises firm and product variety:
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where N E igt 18 the number of firms that supply importer j from exporting country i within sector g at
time ¢; N it is the number of exporting countries that supply importer j within sector g at time ¢; N it 1s
the number of tradable sectors in which exporting country i supplies importer j at time ¢; and Njg is the
number of products supplied by firm f at time ¢.

Taking logarithms and differencing over time in the definition of RCA in equation (25) in the paper, and
using the expression for the change in the log exporter price index from equation (A.2.26) of this Online

Appendix, the log change in revealed comparative advantage (RCA) over time can be written as:
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where we compute these log changes for all common exporter-sector pairs with positive trade in both
periods, as indicated by the asterisks in the superscripts. The first term in equation (A.2.37) captures

average log changes in common product prices:

F FU u 1 FUu u
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where Qﬁgt ;1 is the set of common foreign exporters that supply importer j within sector ¢ in both

periods t — 1 and ; Nfgt,tq = ’()ﬁ_wi1 is the number of elements in this set; QjTit/Fl is the set of
tradable sectors that importer j sources from exporter 7 in both periods ¢t — 1 and t; Nﬁt = ‘Q]Tlt is the
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and next across common firms (superscript FU*), supplying importer j from exporter i within sector g

number of elements in this set; [E;.~* [-] denotes an average, first across common products within firms

at time ¢ (as defined in equation (A.2.27)). The second term in equation (A.2.37) incorporates average log

changes in common firm and product appeal:
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where ]Ejigt,t—l [] denotes an average across common firms (superscript F*) supplying importer j from

exporter i within sector ¢ at time t (as defined in equation (A.2.23)). Recall that our normalization of
product appeal in equation (A.2.4) implies that IE%* [A In qogt] = 0, which in turn implies that this second

term simplifies to:
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where, in general, ]E]Fi;t,t—l [A In (p}:t} # ]E;;;f,t—l [A In (p}:t} = 0 for an individual exporter i # j. The
third term in equation (A.2.37) encapsulates the dispersion in appeal-adjusted prices across common prod-

ucts and firms:
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where Sgt* is defined in equation (A.2.13) and Sj};f * is defined in equation (A.2.21). The fourth and final
term in equation (A.2.37) corresponds to the entry and exit of products and firms:
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where Agt is defined in equation (19) in the paper and /\;t is defined in equation (A.2.19) of this Online
Appendix.

A.2.10.2 Aggregate Trade

In this section of the Online Appendix, we report additional derivations for Section 2.10.2 of the paper. In
particular, we derive the decomposition of countries’ shares of aggregate imports in equation (28) in the
paper. We begin by rewriting the share of an individual exporter in aggregate imports in terms of a share
of common imports (supplied in both periods f and t — 1) and entry and exit terms. We have the following

accounting identity for the share of an individual exporter in aggregate imports:

E T E E

E _ int . X]t* int X]l;k
Sjit — xI T XTI xErXTH (A.2.43)

jt it it Nt

where Xﬁt is country j’s imports from exporter i # j at time £; X]?; is country j’s total imports from all
foreign exporters at time #; Xﬁ;" is country j’s imports in common sectors pairs (supplied in both periods
t — 1 and t) from foreign exporter i # j; XjTt* is country j’s imports in common exporter-sector pairs
(supplied in both periods t — 1 and #) from all foreign exporters.

We now define two terms that capture entry and exit of exporter-sector pairs over time. First, we define

/\E

jit tO be the share of imports in common sectors from an individual foreign exporter i # j:

Ex E

Y X Ygeor,,  Niigt

jit E E ’
int deQjTﬁ xjigt

(A.2.44)

where Qsz‘t is the set of traded sectors in which country j imports from exporter 7 at time ¢ and Q]-Tit j_q s
the subset of these sectors that are common (supplied in both periods t and ¢ — 1). Second, we define )\jTt

to be the share of imports from common exporter-sector pairs in imports from all foreign exporters:

Tx .

AT . X]t . deﬂ};,t—l Zleﬂﬁzt,ffl

F=oXT T o XE 7
X]t deOjTt Zzeﬂfgt jigt

E
Xﬁgf

(A.2.45)

where Q}Egt is the set of foreign exporters i # j from which country j imports in sector g at time ¢ and
Q

fgt ;1 is the subset of these foreign exporters that are common (supplied in both periods ¢ and t — 1);
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Q]?; is the set of sectors in which country j imports from foreign exporters at time ¢; and Q]-Tt,tfl is the

subset of these sectors that are common (supplied in both periods f and ¢ — 1). Third, we define Sﬁf to be

the share of an individual exporter i # j in imports from common exporter-sector pairs:

Ex XE
GE* — X ZgGQﬁt,tfl jigt

jit = XT* -
Jt deﬂ};,t—l ZmeQEgt,tq

. (A.2.46)
E

Xjimgt
Using equations (A.2.44), (A.2.45) and (A.2.46), we can rewrite the share of an individual foreign exporter

i # jin country j imports from equation (A.2.43) in terms of its share of common imports (Sﬁt ), an entry

and exit term for that exporter (/\]Eit) and an entry and exit term for imports from all foreign exporters (/\]Tt)

A
Sh = /\—éSfi;‘. (A.2.47)

jit

Using equation (A.2.46) to substitute for Sfl;‘ in equation (A.2.47), we obtain:

T E
SE o /\jt ZgEQ;I;t,t—l x]lgt (A.2.48)
AR Y o or Yoo XE -
jit =€y, o FmeQypy, | 7 jmgt
which using CES demand can be further re-written as:
1-of of-1
T ) XG (PS,) "
e M EgGOﬁ,H (H)ngt) Xigt Pt

(A.2.49)

cE-1’

jit — \E 1-0of
jit E 8 xG G ¢
1 ZgEQT Z:meQE (P]’mgt> ngt <]Pjgt>

=1 jgtt—1

where P}Eigt is country j’s price index for exporter i # j in sector g at time t; in,t is country j’s total
expenditure on imports from foreign countries in sector g at time #; and IP].C; is country j’s import price
index for sector ¢ at time .

To re-write this expression for an exporter’s share of imports in a log-linear form, we now define two
terms for the importance of imports in a given sector from a given exporter, one as a share of common
imports across all sectors from that exporter, and the other as a share of common imports across all sectors
from all foreign exporters. First, we define importer j’s expenditure on exporter i 7 j in sector g at time ¢

as a share of expenditure on that exporter across all common sectors as:

1-of oF—1
E E ¢ X6 (]PG ) 8
Ex — Xjigt _ (H)ﬂgf> jgt \™ jst

ZE = (A.2.50)
gt =y XE 1-of of -1’
keQl, ji E kF xG G \*
Eie1 ikt Zkeoﬁ,H (]Pjikt> Xt (ijt)
which can be re-arranged to express the denominator from the right-hand side as follows:
1—of oF—1
E 8 G G 8
1—of oF—1 (IP" ) X¢ Pt
E F xG G\ _ gt 8t \" gt
3 (P]’ikt> Xkt <1ijt> = 7 Ex : (A.2.51)

- E
k€Qips 4 jigt
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Taking geometric means across common sectors § € Qﬁt i1, this becomes:

£ (eh) g gy (R ) ] (v | 5)" )
jikt - |

jkt jkt T Ex
keQf,, M [Zjigt]

(A.2.52)

1/Njis
where IM};;‘ [Pﬁgt] = (HgGQszf,t—l ]P]l?; gt) " and N ﬁt,t—l is the number of common sectors that ex-

porter i supplies to importer j between periods t — 1 and t. Second, we define importer j’s expenditure on

exporter I # j in sector g at time t as a share of expenditure on common sectors from all foreign exporters

as:
1-of of -1
E 8 xG G 8
YE* = Xﬁgt _ (Pﬁgf) Xat (P/8f> A
jigt — Zk ar Y OF xXE i - E 1—(715 G G 0{71, (A.2:53)
B e ZkEQjT;/tfl Z"TeﬂiEkt,t—l (Pf"’kt) X/kt (]Pfkt)
which can be re-arranged to express the denominator from the right-hand side as follows:
1—of |
E $ G G 8
1oF o1 (]p.. ) X6, (P
E kG G \ % . Jigt igt it
Y. X <]ijkt> Xkt (]ijt> = YE* : (A.2.54)

T E i
kEth,t—l mEngt,Fl jigt

Taking geometric means across common exporters within each sector and across common sectors, this

becomes:
o (o () ) g e ] (g [(vg)" 7))

Z Z (H)]Emkf)lia[ Xijt (]Pijt) f o= ] ,

TEx Ex
keg;rt,f—l mEQngf,t—l th [ingt
(A.2.55)
E
where MLE* [PE | = (T] I'L PE Mg and NE . is the number of common exporter-
jt jist| = \Igeol, | Hieok,, | Fiigt jtt—1 P

sectors for importer j between periods t — 1 and t.
Using these two measures of the importance of country imports from an individual exporter in a given
sector from equations (A.2.52) and (A.2.55), we can re-write the country import share in equation (A.2.49)

in the following log-linear form:

on (R "] ne D] (o5 ()" |) o 2
Sit = 3F . (A2.56)

jit MjTtE* [(Pﬁgt>1”§] M]?;E* [th] <]M]1;E* [(ch(gt>“spl]) /MjTtE* [Y]‘Eigt]

Taking logarithms, differencing, and re-arranging terms, we obtain the following log-linear decomposition

of a country’s share of aggregate imports:

AT
E jt T F E TE F E T T
AlnSE, = Aln (AE) +EL [(1-of) [amPE || —EIE [(1-0f) [AmPE, || + AKE, + AInJE,  (a257)
jit
TEx [pE | = _1 ' E : T
where IE;, []Pjigt} =5 deQ};/t71 Zleo]irt,t—l IPjies- The penultimate term (Aln lK]zt) captures changes

in exporter-sector scale, as measured by the change in the extent to which country j sources imports from
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exporter 7 in large sectors (sectors with high sectoral import expenditures inrt and low sectoral import

G

price indexes IP b gt)

relative to its overall imports from all exporters:

i i) (v [(v5)" 7))
M};E* [ch;t} <M]TtE* [(ijc;t)‘ig—lb

The final term (A In J ) captures changes in the sectoral concentration of imports, as measured by changes

AlnIK]-TZ-t =Aln

(A.2.58)

jit
in the importance of country j’s imports from exporter i in sector g as a share of common imports from
exporter i (Z]b;;t) relative to its share of aggregate common imports (Y]Ei;t):
TEx Ex
™R
AlnJ;; =Aln | ———————— (A.2.59)
: M (z5|
Jit jigt

This final term corresponds to an exact Jensen’s Inequality correction term that allows us to preserve log

linearity in our decompositions of both sectoral and aggregate trade. Using equation (A.2.26) to substitute
E

jigt
changes in country import shares in equation (28) in the paper, as reproduced below:

for the exporter price index (IP* .) in equation (A.2.57), we obtain the exact log-linear decomposition of

Alnshy = —{EJFU [(of —1) A Pl] — EFFFU [ (of —1) AP} (A.2.60)

(i) Average log prices

{E [(of 1) el 5 [(of 1) amol]}
(ii) Average log product appeal

+ B [(of - 1) Angf] ~E (o 1) aimgf]}
(iii) Average log firm appeal

F F
o, —1 o, —1

TFUx* 8 Usx TEFUx* 8 U TFx EF+ TEF* EFx*
_{15. {@Mnsm] ~E} [@Alnsm}}—{]E [AnSEF| — EJEF [ams]}

jit jit

(v) Disperion firm appeal-adjusted prices
(iv) Dispersion product appeal-adjusted prces ) Disp ppeatadustetp

F F
gy — 1 gy — 1

TF 8 u TEF* 8 u T F TE F E T

- {IEI,,* [Uy — 1Aln/\ﬂ] ~E} [Ug _1A1n)\ft} } —{EL [amaLy | —EIE [amaf ]} - am(aE/a)

— 2
(+3) Erodnct Varicty (vii) Firm Variety (viif) Country-Sector Variety
+ AWK + AlnJT,
N N
(ix) Country-sector Scale  (x) Country-sector Concentration
where we have the following definitions:
EFU [Almpd] = 1 Yy L Y 1 Y AP} (A.2.61)
jit Ny = T NE u n Lyt e
jitt—1 geQ};’t,t—l jigtt—1 fleigt,t—l frt—1 ueQJI;It,Fl
TEFU ul - _ 1 1 1 u
jht—1 geﬂﬁhl iEQngt,H jigtt—1 fe()ﬁwi1 fti=1 “GQ%,H
ETF [alnsEF] = 1 Y ! Y AlnSH* A.2.63)
it [AnST| = r— NE_ o e
jit,t—1 gEQjTit/t—l jigt,t—1 feo}‘:igt,t—l
1 1
TEF* EFx| _— EFx
Efff [amsif=—— ¥ ¥ — L AlSE (A.2.64)
jti=1geQl, i€Qf,, | " jigtt=1 feQg,,,
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1
T F — F
Ejj; {A ln)\jigt} =T Y, Alndjy, (A.2.65)
jht=1 geﬂﬁ,t—l
1
TEx F — F
E}E [Anafy | = P Y ¥ Al (A.2.66)

_ T  i-OE
jtt=1 8, 4 ZEngt,t—l

A.2.11 Aggregate Prices

In this section of the Online Appendix, we report additional derivations for Section 2.11 of the paper. In
particular, we derive the decompositions of the aggregate price index (Pj;) and aggregate import price

indexes (IE]Tt [A InIP¢

jgt} ) in equations (29) and (30) of the paper respectively.

Aggregate Price Index From equation (4) in the paper, the log aggregate price index (Pj;) can be written

in terms of the share of expenditure on tradable sectors (‘ujTt) and the tradables sector price index (]Pﬁ):

1 T T
Now note that the share of individual tradable sector in expenditure on all tradable sectors is given by:
1—-0€ 1-0C
G G G G
gT (Pigt/(”jgf) _ (P]‘gt/q)fgf> (A.2.68)
jgt G G 1—0G T 1—0G . L.
Lkeq? (ijt/ﬁ’)jkt) (R‘t)

Rearranging equation (A.2.68), and taking geometric means across tradable sectors, we obtain the following
expression for the tradables sector price index (]P]];)

M} [ PS| i

t t

=L (]MTt {ST t] ) 1 (A.2.69)

M7 {(PG } ] 18

JEL T8t

where ]M]Tt [-] is the geometric mean across tradable sectors (superscript T) for a given importer (subscript

j) and time period (subscript t) such that:

1
NT

} = Pjgt . (A.2.70)

T G
M;, [P '
geqT

it
Substituting this expression for the tradable sector price index from equation (A.2.69) into the aggregate

price index in equation (A.2.67), we obtain:

_ 1 T T G T G 1 T T
InPj; = ﬁlnﬂjt + Ej; [lnpjgt] —Ej; [ln (Pjgt} + oG — 1IE]'t [lnsl‘gt} ’

(A.2.71)
where ]E]Tt [-] is the mean across tradable sectors (superscript T) for a given importer (subscript j) and time

period (subscript ¢) such that:

1
Ej, {P]git} = o7 Y InPg,. (A.2.72)
geqT
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Now using the expression for the sectoral price index from equation (7) in the paper, the aggregate price

index in equation (A.2.71) can be written in the following form:

_ 1 T, uoT G T T G 1 T T
InPj = —— Inuf, + B} InPf, | + E] ~ B} [Ingf | + o) [Ins]y

1
I yji,t } , (A2.73)
g

where ]Pj?gt is the sectoral import price index and .“j?gt is the share of expenditure on foreign varieties within

each sector. Taking differences over time, noting that the set of tradable sectors is constant over time, we

obtain:
_ 1 T | 1 G T c r|_ 1 T T G
APy = ———Alnu +E] | Ay, | +E} {A In (pjgt} +  Ej|z—<alS], + E} {A lnIP]-gt] ,
S—— \ , 8 ——— S————
;ggr;gzte Non-Tradable Domestic Average Dispersion appeal- Aggregate Import
rice Index Competitiveness Competitiveness Appeal adjusted prices across sectors Price Indexes

(A.2.74)

which corresponds to equation (29) in the paper.

Aggregate Import Price Indexes We next derive the decomposition of the final term in equation
(A.2.74) for the average change in sectoral import price indexes (IE}; [A In ]chét} ) that is reported in equa-
tion (30) in the paper. From equation (10) in the paper, the change in the import price index over time can

be written as:

1
1—of 1—of
G ) E 8 8
]Pjgt ZlGQ]-ng (H)]zgt)
:[I)G - 1_0.13 7 (A275)
igt—1 E g
/8 Lieqk, | <1Pjigt—1>
where the entry and exit of exporters over time implies that Q]i,t # Qfgt_l. We define the share of

E

expenditure on common foreign exporters i € () it i

; that supply importer j within sector ¢ in both
periods t — 1 and ¢ as:

1—of 1—of
. IPE ) § . (]PE ) 8
)\E o Zzeﬂﬁzt,Fl ( jigt )\E . Zleﬂﬁzt,t—l jigt—1
jst = ¢

1-of jgt—=1 = 1—of ’
E 8 E 8
Zieﬂi, <1Pjigt> Zz’eﬂng (Pjigt—l)

(A.2.76)

where Qfgt,t—l is the set of common foreign exporters for importer j within sector g and Njivt,t—l =

‘Q]]fgt t—l‘ is the number of elements within this set. Using this definition from equation (A.2.76), the

change in the import price index in equation (A.2.75) can be re-written in the following form:

1
T

_F

PG AE N | Tiear (IPE- )1 A AE N\ PG

gt jgt | # 1€\ 18t _ gt | ® jgt (A2.77)
= 1_0-F — /\ IPG* 7 /N

P¢ AE T E
jgt—1 . (113'.5. ) jgt=1 jgt=1
ZZEQﬁgt,Fl jigt—1

jgt—1
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jgt—1

(IP]?; / Il’fg’;_l) is the change in the import price index for common exporters; and we again use the super-

script asterisk to denote a variable for common varieties. We can also define the share of expenditure on

1
o
where the first term ((A]b:g ./ AE >0g ') corrects for the entry and exit of exporters; the second term

an individual common exporter in overall expenditure on common exporters as:

PE 1-0f PE 10§
Ex jigt jigt
Sor = = . (A.2.78)

1—cf 1—cf
m) " ()
Zheﬂfi’ht—l ( jhgt jgt

Rearranging equation (A.2.78) so that the import price index for common exporters (]P]-C;) is on the left-

hand side, dividing by the same expression for period t — 1, and taking geometric means across the set of

common exporters, we have:

1
G* E E* cF-1
IV Bt N N EVETR B D (A.2.79)
PG+ . T8t | pE J8t | gEx* / e
jgt—1 jigt—1 jigt—1
where MJEg*t [-] is the geometric mean across the common set of foreign exporters (superscript E*) for a

given importer (subscript j), sector (subscript ) and time period (subscript t) such that:

NE
jgtt—1
E E E
ieQJEgM4

Combining equations (A.2.77) and (A.2.79), the overall change in the import price index can be written as:

1 1
G E -5 E Ex T
Pt [ Mgt \ 7 ME* Pjigt ME* Siigt e (A.2.81)
PG~ \ AE ist | pE jgt | gEx ' -
jgt—1 jgt—1 jigt—1 jigt—1
Taking logarithms in equation (A.2.81), we obtain:
1 1
G E E E E E

where IE]Eg”; [-] is the geometric mean across common exporters (superscript E*) for an importer j within
sector g at time ¢ such that:

E:

1
GlamPh | = —— Y AmPf (A.2.83)

jigt:
oL =
jgtt—1 1€y 4

We now derive an expression for the average log change in exporter price indexes (]Eg‘t [A In IPﬁ gt}) on
the right-hand side of equation (A.2.82). Taking the mean across common exporters in equation (A.2.26),

we obtain:
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EE

I {A In PE } — EEEUx [A lnPﬂ} - {EEP* {A In q)ﬂ + EEFU [Aln (p,ljt” (A.2.84)

jigt jgt jgt gt

1 EFU* Us 1 EFx EF
+ {Ug —Ef [Alnsut ] = -Ef [Alnsﬂ}

L Eps u T ks F

where IEfgI;u* [-] is the mean, first across common products within firms, next across common firms within

each exporter-sector, and then across common exporting countries (superscript EFU*), for a given im-

porter (subscript j), sector (subscript ¢) and time period (subscript t), such that:

1 1 1
EU [amPl| = - — ¥ o ¥ g L AP (A.2.:85)
jgtt—1 iEQ/’Egt/t—l jigt,t—1 fenfigt/t—l ftt—1 yeQlY

frt—1

recall that ]Eg;* [-] is the mean, first across common firms (superscript F*), and next across common ex-
porters (superscript E) for a given importer (subscript j), sector (subscript g) and time period (subscript £),
as defined in equation (A.2.27). Substituting equation (A.2.84) into equation (A.2.26), we obtain the follow-

ing expression for the change in the sectoral import price index (A In IP]‘ngt) in equation (A.2.82) above:

AnPG, = B [amPY] — {BEE [angf | + EEFU" [amelh] } (A.2:86)
+ {agl_ 1]E]TEgI;U* [A In sg;] + (gl_lmg* [A 1ns]§f] + o-jfl— 11Efg*t [A lnSﬁgt] }

1 Ers u 1 s F 1 E
+ {Uy —Ef [AmAY] + . -Ef; [amAL, ] + L AIAL

Taking averages across tradable sectors in equation (A.2.86), we obtain equation (30) in the paper:

Ej [amPG| = EFFFU (APl - EJF [Alngf| - EFEFU [ngl] (A.2.87)
Import (i) Average log prices (ii) Average log (iii) Average log
Price Indexes firm appeal product appeal
1 1
TEx* E TEF« EF TEFU* u
+ E; {UglAlnS]-igt +Ej ,7&5,1A1“Sff +Ej; {UglAIHSW}
(iv) Dispersion country-sector (v) Dispersion firm (vi) Dispersion product
appeal-adjusted prices appeal-adjusted prices appeal-adjusted prices
1 1
T E TEx F TEF+ u
+ Ej @Alnijgt +E; ggF_lAlnAﬁS‘ +Ej |:ag1AlnAft:|'
(vii) Country - Sector (viii) Firm (ix) Product
Variety Variety Variety

where the means ]EJY; [-]. IEjTtEFu* [-]. IEjTtEP* [-] and IEjTtE* [-] are defined in equations (A.2.65), (A.2.62),
(A.2.64), (A.2.66) of this Online Appendix.

Interpretation Together equations (A.2.74) and (A.2.87) (which correspond to equations (29) and (30)

in the paper) provide an exact log-linear decomposition of the change in the aggregate cost of living.
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Each term in these equations has an intuitive interpretation. In the paper, we discuss the interpretation of
each term in equation (A.2.74). In this section of the Online Appendix, we now provide a more detailed
discussion of the interpretation of each term in equation (A.2.87).

The first term (i), “Average Prices,” captures changes in the average price of common imported prod-
ucts that are supplied in both periods ¢ and t — 1. Other things equal, a fall in these average prices
(]EﬁEF L [A In P&ﬂ < 0) reduces average import price indexes and hence the cost of living. The sec-
ond and third terms ((ii) and (iii)) incorporate changes in average firm appeal ((p}lit) across common firms
and average product appeal ((pblllt) across common products. Our choice of units for product appeal in equa-
tion (A.2.4) implies that the second term for the average log change in appeal across common products
within each firm is zero: lE].TtEP U* [In %] = 0. Our choice of units for firm appeal in equation (A.2.7)
implies that the unweighted average log change in appeal across common foreign firms within each sector
is zero: IEjTtF * [A In (p}:t} = 0. However, the average of firm appeal in the third term (IEjTtEF * [A In (Plf:t])
involves first averaging across firms within a given foreign exporter, and then averaging across foreign
exporters, which corresponds to a weighted average across firms. Although in principle the weighted and
unweighted averages across firms could differ from one another, we find that in practice they take similar
values, which implies that the third term is close to zero.

The fourth to sixth terms ((iv)-(vi)) summarize the impact of the dispersion in appeal-adjusted prices
across common exporter-sector pairs, common firms and common products, respectively. “Country-sector
appeal-adjusted prices” reflects the fact that consumers are made better off if exporters improve perfor-
mance in their most successful sectors. For example, consumers are better off if Japanese car makers and
Saudi oil drillers become more relatively more productive (raising dispersion in appeal-adjusted prices)
than if Saudi car makers and Japanese oil drillers are the relative winners (lowering dispersion in appeal-
adjusted prices). Similarly at the firm-level, consumers benefit more from relative cost reductions or qual-
ity improvements for firms with low appeal-adjusted prices (high expenditure shares), which increases
the dispersion of appeal-adjusted prices. Since varieties are substitutes ((Tgu > 1and Uél,: > 1), increases in
the dispersion of these appeal-adjusted prices reduce the cost of living, as consumers can substitute away
from high-appeal-adjusted-price varieties to low-appeal-adjusted-price varieties.

The seventh to eighth terms ((vii)-(viii)) summarize the effect of the entry/exit of exporter-sector pairs,
firms and products respectively. “Firm Variety” accounts for the entry and exit of foreign firms when at
least one foreign firm from an exporter and sector exports in both time periods. “Country-Sector Variety”
is an extreme form of foreign firm entry and exit that arises when the number of firms from a foreign
exporter rises from zero to a positive value or falls to zero. Finally, the last term (ix), “Product Variety,”
accounts for changes in the set of products within continuing foreign firms. For all three terms, the lower
the shares of expenditure on common varieties at time ¢ relative to those at time ¢t — 1 (the smaller values
of Aln )\]Egt, Aln )\ﬁ. o and Aln )\%), the more attractive are entering varieties relative to exiting varieties,
and the greater the reduction in the cost of living between the two time periods.
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A.3 Structural Estimation

In this section of the Online Appendix, we provide further details on our structural estimation of the
elasticities of substitution from Section 3 of the paper. We outline a reverse-weighting (RW) estimator of

F 0C), which uses the equality between alternative expressions for

these elasticities of substitution (¢!, o,
the CES unit expenditure function, as developed in Redding and Weinstein (2023).

In Subsection A.3.1, we introduce the RW estimator for the simplest case of a single CES nest with
entry and exit. The remaining subsections apply our RW estimator to our nested CES demand structure.
In Subsection A.3.2, we begin by estimating the elasticity of substitution across products ((Tgu) for each
sector ¢. In Subsection A.3.3, we next estimate the elasticity of substitution across firms ((TglD ) for each
sector ¢. In Subsection A.3.4, we next estimate the elasticity of substitution across sectors (@©).

In robustness tests, we also report results using alternative estimates for these elasticities of substitu-

u F G)

tion (ch O, 0

of a Monte Carlo simulation, in which we examine the performance of the RW estimator and compare it

, as discussed in Sections 5.1 and 5.3 of the paper. In Subsection A.3.5, we report the results

to ordinary least squares (OLS). Finally, in Subsection A.3.6, we develop an equivalent representation of

the reverse-weighting estimator, which imposes more of the nesting structure of the model.

A.3.1 RW Estimator with Entry and Exit

Consider a single CES nest where the set of goods available in time t ();) differs from the set of goods

available in time ¢t — 1 ((};_1). The change in the unit expenditure function between periods t — 1 and ¢

1
l1—0| 1=
Dy
Pt _ |:2u€0r (ﬁ) :|

Ptfl 1-0 llzr ’
Z Putfl
€ Pur—1

Followng Feenstra (1994), we define the common set as goods as those that are supplied in both time

is:

(A3.1)

periods t — 1 and ¢: sy 1 = ) N (4. Using this definition, we can re-write the change in the unit

expenditure between time periods f — 1 and ¢ in equation (A.3.1) as follows:

Py

Pur 1-0o ﬁ
P < At )all Zueﬂm,l (@)

A , (A.3.2)
)\t—l Pyi—1 1= 17%
[):ueﬂul (m> ]

where A; and A;_1 are the shares of common goods in total expenditure in periods ¢ and t — 1 respectively:

1_
Z Put d
ueQpia \ pu
1— Vi
Tueo, (B4)
ue) Put

(A.3.3)

=
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The CES demand system implies the following expressions for the share of an individual good in all ex-

)\t—l = (A34)

penditure on common goods at times f and ¢ — 1:

(h) 1-0 (@) 1—0
* Put - Put
Skt - P, 1-0c (P*)].—U / (A'S'S)
2kt
ZkEQU_l ( Pkt ) t
(L) e (L) e
* Pur—1 Pur—1
Skt—l = -0 . \1-0’ (A36)
Y Da-1 (Py)
k€Qti—1 \ pr 4
1
P 1-0| 1-¢
where we use an asterisk to denote the value of a variable for common goods; P} = [Zue Qs (ﬁ) ]

is the unit expenditure function for common goods; and P;* ; is defined analogously.
Dividing S;, in equation (A.3.5) by its geometric mean across common goods, and dividing S;, ; in

equation (A.3.6) by its geometric mean across common goods, we also have the following relationships:

M [Put] 1
Pr = LM (MF[SE])TT , A3.7
t M;k [q)ut] ( t [ llt]) ( )
M [Put—1] 1
) S S o )T , A.3.8
1T M [%til]( i1 [Sut—1]) ( )

C e . 1/Np—q
where IM; [Sut] = (HHGQt,t—l S’”)

Nit—1 = |Q4 1| is the number of goods in the common set.

is the geometric mean operator across common goods and

Using equations (A.3.5)-(A.3.8), we can re-write the change in the unit expenditure function between

t — 1 and t in equation (A.3.2) in the following three equivalent ways:

1 1-0 c—1 1Ea
P A o1 P
5= ( T ) Y Si (P u ) <(P”’" ) , (A3.9)
t—1 t—1 UEQs 1 ut—1 Put—1

1 1

Pt < /\t ) T % < Put ) _(1_0) < q’ut ) _(U_l) e
— = — S, — , A3.10
P At Legzt“ ‘ Py Put—1 ( )

1

P ( A > M [Put] /M [put] M;[Sul 7 (A3.11)
Aio1 M?A [Put—l] /M? [%t—l] ]Mf—l [SZt—l}

Py
Together these three expressions for the change in the CES unit expenditure function imply the following
two equalities:

1 o—1 ﬁ
M [Put] M; syl \7 ( Put )17” Put/ MY [@ui]
In + [Lu t ut —In S* t , (A3.12)
{ M?—l [Pm,ﬂ (M;‘l [S;t—l} “EQEt,t—l ut=1 Pui—1 (Put—l/M;F_l [(Put—ﬂ
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1
where the terms in the common goods expenditure shares ((At/A¢_1)7 ) have cancelled from these two

equalities.

Taking the limit as appeal shocks become small for all goods (%,% — 1 for all u), we obtain
ut— t—1 1 Put—

the following moment conditions:

=t 1

My [Put} M; [Sut] ! ( Py )1(7 T—
n t ) —In u-1(p— =0, A3.14
{ M?,l [Putfl} Mffl [S”t,ﬂ uGQZ[,F] ut—1 Putfl ( )

= _ 1

My [Put] M¥ [Sut] ol ( Py )(1(7) T—o
S v ) - Su =0, A3.15
n{ ;11 [Putfl] (Mrl [Sutfl] " uegiq : Py ( )

which depend only on observed data and parameters.

The RW estimator chooses the value of ¢ to minimize the sum of squared deviations of the moment

conditions in equations (A.3.14) and (A.3.15) from zero. As appeal shocks become small for all goods

( Quut/]l\/[;F [Qout}
Put—1 /M;F_l [q)utfl]

shown in Redding and Weinstein (2023). In Section A.3.5 of this Online Appendix, we provide Monte Carlo

— 1 for all u), the RW estimator consistently estimates the elasticity of substitution, as

evidence on the finite sample performance of the RW estimator and compare it to the OLS estimator.

A.3.2 Elasticity of Substitution Across Products (Uél )

We now apply the RW estimator to our nested CES demand structure in three steps for each tier of utility.
In our first step, we estimate the elasticity of substitution across products within firms (O'g )- Equating
the three equivalent expressions for the change in the CES unit expenditure function for each firm from
ot /MY [l
(PL[;Itfl/Mfuttl [99%71

Subsection A.3.1 above, and taking the limit as appeal shocks becomes small ( ] — 1 for

all u), we obtain the following two moment conditions:

1
1*Uu 1o 1
pu g £ pu g o
In sux ut —1In{ MUY+ uut MU* | Jut s
Zueo}ﬂ/H ut=1 \ pU_ fto| U ft|sUs
()] T F 1
—\1=0g 1-0, U
pu f3 3 pu U= o1
In St —In{ MY | | (MU | e )8
{{Zof “\ B B SR

We stack these moment conditions for each foreign firm with two or more products and for all time periods

within a given sector. We estimate the elasticity of substitution across products within firms ((Tgu

mg (‘Tgu) = = ( 8 ) (A.3.16)

) using

the generalized method of moments (GMM):

!/
o8 = argmin {f (o) x Tt (o) ], (A3.17)

where I is the identity matrix.
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A.3.3 Elasticity of Substitution Across Firms ((Téf )

Using our estimate of the elasticity of substitution across products ((Tél ) from the first step, we can recover

the appeal shifter for each product (¢!}) and compute the firm price index (Pﬁ) for all foreign firms:

P = i ( Sut )agul (A.3.18)
_1
Pf; = M7 [Pbﬂ (Mjl?lt [SﬁD”g’l , (A.3.19)

where we have used our choice of units for product appeal such that M}ft* [(p}ft] =1

In our second step, we estimate the elasticity of substitution across firms within sectors ((7; )- Equating
the three equivalent expressions for the change in the CES unit expenditure function for each sector from
EME: [ oF
quft jgt quft

Subsection A.3.1 above, and taking the limit as appeal shocks becomes small (— T
Pr1/ Mg 4 [(Pjt—l

] — 1 for

all f), we obtain the following two moment conditions:
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We stack these moment conditions for all time periods for a given sector. We estimate the elasticity of

substitution across firms ((TgF

) using the generalized method of moments (GMM):

/
of = argmin {n (of)' x T (oF) |, (A3.21)
where I is the identity matrix.

A.3.4 Elasticity of Substitution Across Sectors (c°)

Using our estimate of the elasticity of substitution across firms ((7(5 ) from the second step, we can recover
the appeal shifter for each foreign firm ((p}:t) and compute the sector import price index (]Pfgt). Combining

this solution for the sector import price index (]P]%t) with the share of expenditure within each sector on

foreign varieties (y]%t), we can also compute the overall sector price index (Pj(;t).

In our third step, we estimate the elasticity of substitution across sectors (cC). Equating the three
equivalent expressions for the change in the CES unit expenditure function across tradable sectors from

(Pj?gt/ ]M]Tt [(Pj?gt}

Subsection A.3.1 above, and taking the limit as appeal shocks becomes small (— T e
Pig—1/ M4 {qajgt—l

} — 1 for

all g), we obtain the following two moment conditions:
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We stack these moment conditions for all time periods and estimate the elasticity of substitution across

sectors (0C) using the generalized method of moments (GMM):
!/
&C = argmin {mT (aG) T x mT (aG) } , (A3.23)

where I is the identity matrix.

A.3.5 Monte Carlo

We now provide Monte Carlo evidence on the finite-sample performance of the reverse-weighting esti-
mator. Recall that the reverse-weighting estimator uses only the subset of common goods, because the
variety correction term cancels from equivalent expressions for the change in the unit expenditure func-
tion. Therefore, we focus on this subset of common goods, and are not required to make assumptions about
entering and exiting goods. We assume 10,000 common varieties. We assume an elasticity of substitution
of ¢ = 4. We begin by drawing initial values for appeal (¢,;_1) and prices (P;—_1) in period t — 1 from a

joint log log normal distribution:

(R )~ ([6] Lo 7] oo
pAPp P

Since initial appeal (¢,;—1) and initial prices (P,;_1) are expressed relative to their geometric means (¢;_1

and D, 1, respectively), they are mean zero in logs by construction. We set the standard deviation for

initial prices to one (x, = 1); we consider three different values for the correlation between initial prices

and appeal (0 € {—0.5,0,0.5}); and we examine five different values for the standard deviation for initial

appeal (x, € {0.001,0.01,0.1,0.5,1}). We use these initial realizations for appeal (¢,;—1) and prices

(Pyt—1) to solve for initial equilibrium expenditure shares (S};;) in period t — 1:

. P _ / 1—0c
i1 = (Pu=1/ Q) — (A.3.25)
Yrea (Pu—1/@e—1)
We next draw appeal shocks (%) and price shocks (%) from period t — 1 to period ¢ from
the same joint log log normal distribution:
In (G475 0 X XX
Put—1/ Pr—1 ~ (Y PAp
In (477 N <[ 0 ] / [ PXoXp X} } ) ’ (4529
Pyt /P P
where appeal shocks (%) and price shocks (%) are expressed relative to their geometric

means (¢;/ @P;—1 and D;/ B;_4, respectively) and are hence mean zero in logs by construction. We use

these realizations for appeal and price shocks to solve for prices (P,;) and expenditure shares (S,¢) in

P,/P
Py = <”t/f> x Pyi_1, (A.3.27)
Pyt—1/Pi—q

period ¢:
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Given the prices and expenditure shares for periods t — 1 and ¢ (Py;—1, Put, S,

(A.3.28)

S;;), we implement

our reverse-weighting estimator (K") of the elasticity of substitution (¢) using the following moment
conditions:

1
g N R L K R
of st () el o)

We stack these moment conditions and estimate the elasticity of substitution (¢) using the generalized

method of moments (GMM):

m (o) = 8 ) . (A.3.29)

"W = argmin {m (¢)' x I x m (0)}, (A.3.30)

where [ is the identity matrix.
To provide a point of comparison, we also estimate the elasticity of substitution (¢) using the OLS
estimator (°L5). From the CES expenditure shares in periods ¢ — 1 and , we have the following log linear

demand system relationship:

u /S* Put/pt @ut/ﬁbt >
1 44L4f —(1-0In [ —#“ "t O [P/ N
n( S 1/5 > ( o)ln <Put—1/Pt_1> + (o )In <(Put1/§7)t1 (A.3.31)

Absorbing appeal shocks into the error term (In ( Ei;’il ) ), we estimate the following OLS regression:

In ——li— —ﬁh(mM%>+m<em), (A.3.32)
ut 1/S Put—l/Pt—l €ut—1

where we recover the implied elasticity of substitution using 7°° = —EOLS + 1.

In Figure A.3.1, we display the mean estimated elasticities of substitution across 1,000 replications
for the reverse-weighting estimator (0X") and the OLS estimator (G°L°). We also report the 5th and
95th percentiles of the distribution of estimated reverse-weighting elasticities (GX") across these 1,000
replications. In each panel, the vertical axis displays the elasticity of substitution (¢), and the horizontal
axis shows the standard deviation of appeal shocks () using a log scale. The top panel reports results for
anegative correlation of price and appeal shocks (0 = —0.5); the middle panel gives results for orthogonal
price and appeal shocks (0 = 0); and the bottom panel presents results for a positive correlation between
price and appeal shocks (o = 0.5).

Across all three panels, we find that the mean reverse-weighting estimate (GR") converges to the true
elasticity of substitution () as appeal shocks become small (x, — 0). We find this pattern regardless of

whether we consider negatively correlated, orthogonal or positively correlated price and appeal shocks.
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Additionally, we find that the mean OLS estimate (¢°°) converges to the true elasticity of substitution (¢)
as appeal shocks become small (x, — 0), because the conventional omitted variables bias becomes small.

Nevertheless, the two estimates in general differ from one another. When price and appeal shocks
are negatively correlated in the top panel, the mean OLS estimate lies above the true parameter value. In
contrast, when price and appeal shocks are positively correlated, the mean OLS estimate lies below the true
parameter value. Again, this pattern of results is line with conventional omitted variable bias, since appeal
shocks in the regression residual have a positive impact on expenditure shares. In the case of positively
correlated price and appeal shocks in the bottom panel, we find that the mean RW estimator performs
somewhat better than the OLS estimator. This case of positively correlated price and appeal shocks is
likely to be the empirically relevant one, if supplying products with higher appeal incurs higher marginal

costs, and hence raises prices.

A.3.6 Robustness

As a robustness check, we now show that there is an alternative representation of the reverse-weighting
estimator for tiers of utility above the lower tier (i.e. for the firm and sector tiers above the product tier).
For brevity, we derive this alternative representation for the elasticity of substitution across firms (UgF ), but

the same derivation goes through for the elasticity of substitution across sectors (0°). We begin with the

expressions for expenditure on each product (Xllllt) and expenditure on each firm (X]F(t) from CES demand:
u
Pu 1—0’g U1
x4 = (g) x5, (Pﬁ) o (A3.33)
Put
F
PF 1—0’g o1
N B i G (pG )8
Xk, = ((f) X¢, (Pjgt> , (A3.34)
ft

where ngt is importer j’s total expenditure on foreign varieties from exporters i # j in sector ¢ at time
t, and IP].(;t is importer j’s sectoral import price index for sector ¢ at time t. Combining equations (A.3.33)

and (A.3.34), we obtain:

_Lu ya 1—0f
Pu 1 Ug P 8 (TF—l Uu—]
u_ ut ft G G \% £\ %
Xt = (M) (90th ngt <]Pjgt) <Pft) , (A.3.35)
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R u 8 <
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Rearranging equation (A.3.36), we get:
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Figure A.3.1: Mean Estimated Elasticities of Substitution for Alternative Correlations Between Price and
Appeal Shocks (p) and Standard Deviations of Appeal Shocks (x)
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Note: 1,000 Monte Carlo simulations; 10,000 varieties; joint log normal distribution of price and appeal shocks; we set the standard
deviation for initial prices to one (x, = 1); we consider three different values for the correlation between initial prices and appeal

(o € {—05,0,0.5}).
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Taking geometric means across common products within the firm in equation (A.3.38), we obtain:

u_ F_ F_
3 1 0y —1 o 1

P]ft = (M}It* [X%/th] > ”5511*‘75 (M]lzlt* [Pblﬂ ) Fof ((plf: )‘75'5‘75 (]P].ngt> TE , (A.3.39)

)

where we have used our normalization that ]Mijt* [(pbl;lt] = 1. Now taking geometric means across common

foreign firms within a sector in equation (A.3.39), we have:

u_ F_
o5 —1 oz 1

ME [PE] = (M [x/xG,] ) FF (it [pY))#F (pS,) A, (A3.40

Fx
jst
for IMgt* [Pft} , we obtain another equivalent expression for our unified price index that exploits more of

where we have used our choice of units that M [(pjl';t} = 1. Finally, using equation (A.3.40) to substitute

the nesting structure of the model:

1 g s 1
G u__F F F 5
Pl (M \F (yru pu \\AE (PG N\ dE ([ Sh T\
c = My, ME . (A3.41)
P AE f pu pG 8t | gF
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Using equation (A.3.41), we can construct two moment conditions analogous to those in equation

1
X"Uf/xftz;%f }) ¥k <MPU*

u G t
Xutfl /ngtfl s

(A.3.20) that can be used to estimate the elasticity of substitution across firms ((TglD ). Following the same
line of reasoning, we can also construct two moment conditions analogous to those in equation (A.3.22)
that can be used to estimate the elasticity of substitution across sectors (c°).

We use these alternative representations of the moment conditions as a robustness check for our esti-
mates of the firm and sector elasticities of substitution (UgF , ) from equations (A.3.20) and (A.3.22). As
appeal shocks become small (go}:t/ qojlitf1 — 1 for all f and q)fgt/ on?gt—l — 1 for all g), these alternative
representations of the moment conditions yield the same estimated elasticities of substitution ((Tg ,0%). In
our empirical results for the U.S. and Chile, we use our baseline specifications in equations (A.3.16) and
(A.3.20) for the firm and product elasticities of substitution. We use the robustness specification based
on equation (A.3.41) for our sector elasticity of substitution in order to use more of the model’s nesting
structure where we have a relatively small number of observations on sectors.

As another robustness check, we use the property of CES that the reverse-weighting estimator can be
implemented for any subset of common goods. We now illustrate this property for the firm price index,
but it also holds for each of our other tiers of utility. We start by noting that the change in the firm price
index for common products (ijt* / Pﬁ*_l) can be written in terms of the change in the firm price index for
a subset of common products (ijf / Pﬁ‘:l) and the change in the expenditure share of this subset in total

expenditure on common products ()le;It# / )\Jgil) :

1

_1 1—of 1—oF 1
P _(Aﬁ#ygl Tocay, | (P) g_(@#)@ P

Pfttl /\11#—1 (Pﬁfil)l_ag )‘Jgil

(A.3.42)
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where the superscript # indicates that a variable is defined for this subset of common goods; we denote this
subset of common goods by Q}It#tfl - Q}It ;1> and the shares of expenditure on this subset of common

goods in periods t — 1 and ¢ are:

pu\1-0¢ P 1o
u# 7,4:) L ( i )
U# — Z”E%r—l (%Lff us ZMGQﬂH Pu-1
Af = T Afg = EEETE (A.3.43)
Tueay,, (o) Lueay, , (#7)
ue =1 \ Put MEQﬂ,t_l gozl;lt—l

Using this property of CES, we obtain the following three equivalent expressions for the change in the
firm price index for common products (Pﬁ* Pﬁil), which are analogous to those for the change in the

overall firm price index (Pft / Pft—l)‘
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where SL%#_l is the share of an individual product in total expenditure on this subset of common goods:
1-oY
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st = (Put/ Put) 7, ueQih g (A.3.47)
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IMJ%# [-] is the geometric mean across this subset of common goods such that:
1
N}ﬁ_l
MY {Puﬂ = [I P —1, (A3.48)
ueQ%’f‘Fl
where Nfbﬁfl = ‘ijflt#t—l is the number of elements in this subset of common goods; and we now choose

units in which to measure product appeal (q)fft) such that its geometric mean across this subset of common
goods is equal to one:
1
N}Ii‘Ll
us [ U] — u
uGQ%’fF]

Using the three equivalent expressions for the change in each firm’s price index in equations (A.3.44)-

(A.3.46), and re-arranging terms, we obtain the following two equalities:
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where the terms in the share of expenditure on this subset of common products ((Ajlzlt# / A%ﬁ&
U#+-

have cancelled; © FLi-1 is a forward aggregate demand shifter and @lelft__l is a backward aggregate demand

shifter such that: 1
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Using the identifying assumption that the appeal shocks cancel out across this subset of common products

(A.3.52)

(A.3.53)

-1
(®jbflftt1 = (@}13;1) = 1), equations (A.3.52) and (A.3.53) can be used to construct moment conditions
to estimate the elasticity of substitution across products (crgu ) that are analogous to those in equation
(A.3.16) above. In estimating the elasticities of substitution for the U.S. and Chile, we focus on the subset
of common goods for each tier of utility K that have relative changes in prices (Plg / P]g_l) and expenditures
(X,ﬁ / X,Ift_l) in between the 10th and 90th percentiles, which enables us to abstract from implausibly large
annual changes in prices and expenditures for outlying observations. Given these estimated elasticities of
substitution ((Tgu , (751,: , (TG), we solve for the appeal shifters (gobl;lt, qojl";t, qofgt) that rationalize the observed data

on prices (Pﬁ) and expenditures (Xklt) for all observations.

A.4 Data Description

In this section of the Online Appendix, we report further details on the data sources and definitions for

the U.S. trade transactions data and Chilean trade transactions data used in the paper.

A.4.1 U.S.Data

The U.S. trade transactions data comes from the U.S. Census Bureau’s Longitudinal Firm Trade Transac-
tions Database (LFT'TD). This database covers the universe of U.S.-based firms that import merchandise
from abroad. For each import shipment, we observe the freight value of the shipment in U.S. dollars, the
quantity shipped, the date of the transaction, the product classification (according to 10-digit Harmonized
System (HS) codes), and the Manufacturing ID (MID). The MID is a field that importing firms must record
in CBP Form 7501 in order to complete the importation of goods into the United States.

We use the MID to identify the manufacturer of the merchandise. The first two characters of the MID

are the two-digit ISO country code for the country of origin. The next three characters are the start of
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the first word of the exporter’s name. The next three characters are the start of the second word of that
name. The next four characters are the start of the largest number that appears in the street address of the
exporter. The last three characters are the start of the exporter’s city.

Kamal, Krizan and Monarch (2015) documents the characteristics of the MID and its ability to identify
a foreign supplier. The authors show that simple cleaning procedures, such as removing the city portion of
the MID or removing the address-number portion of the MID, result in a close match between the number
of exporting firms to the U.S. from each exporting country reported in the LFT'TD and that reported in
exporting country data.

Guided by these results, we define foreign exporting firms using the MID, after having removed both
the address-number and the city, and the NAICS 4-digit code. This procedure enables us to merge together
multi-plant firms that operate in different cities. After implementing this procedure, we compared the
number of firms per country exporting to the U.S. in the LFTTD and foreign country sources and found
that they matched closely. In addition to removing the address from the MID, we also implement the

following additional cleaning procedures:

1. Standardize the units in which quantities are reported (e.g., we convert dozens to counts and grams

to kilograms).
2. Drop an observation if the unit of quantity does not exist.

3. Drop observations that are indicated to have a high likelihood of input error (as indicated by a

“blooper” variable in the data).
4. Drop an observation if the MID is missing.
5. Drop an observation if the ISO code (the first two digits of the MID) is invalid.
6. Drop an observation if the MID does not contain the firm-name portion.
7. Drop an observation if the quantity or value is invalid (negative or missing).

8. If the exporter is from Canada, the first two letters in the MID denotes the Canadian province rather

than the ISO code of Canada. We therefore collapse provinces into one Canada.
9. The ISO codes in the MID often separate China and Hong Kong, which we collapse into China.

10. Our transaction data includes imports from U.S. territories and also imports from domestic origin
returned to the United States with no change in condition or after having been processed and/or
assembled in other countries. We drop these observations, so that we only consider transactions

with a foreign country of origin.
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A.4.2 Chilean Data

The Chilean trade transactions data come from Datamyne and take a similar form as our U.S. trade trans-
actions data. For each import customs shipment, we observe the cost-inclusive-of-freight value of the
shipment in U.S. dollars (converted using market exchange rates), the quantity shipped, the date of the
transaction, the product classification (according to 8-digit Harmonized System (HS) codes), the country
of origin, and the brand of the exporter (e.g. Nestlé, Toyota).

Using this information on import shipments, we construct a dataset for importer j (Chile) with many
exporters i (countries of origin), sectors g (2-digit HS codes), firms f (foreign brands within exporter within
sector), and products u (8-digit HS codes within foreign brands within sectors) and time ¢ (year). We drop
the small number of HS8 codes that do not use consistent units over time (e.g. we drop any HS8 code
that switches from counts to kilograms). We also drop any observations for which countries of origin or
brands are missing as well as those where the brand is a major trading company.! After several additional
cleaning rules, which will be outlined in the next section, we collapse the import shipments data to the
annual level by exporting firm and product, weighting by trade value, which yields a total of 6.5 million

observations on Chilean imports by exporter-firm-product-year spanning the years 2007-2014.

A.4.3 Data Cleaning Methodology for Chilean Data

In this section, we explain the method used to clean and cluster the firm names in the Chilean import data.

A.4.3.1 Initial Cleaning of Raw Firm Names

We begin by implementing the following basic cleaning procedures to deal with obvious and easily fixable

problems with the firm names.

1. Drop trading company names such as “MITSUBISHI CORPORATION”, “MITSUBISHI CORP”, and
“SUMITOMO CORP”.

2. Trim company names to have a maximum string length of 50 (this impacted two firm names).
3. Remove substrings such as “-F”, “- F”, “S.A”.

4. Remove most punctuations and symbols. We remove all of the following: ,.;:)[1{}! %#?/\@"*

5. Drop firm names that consist of only one alphabetical letter (e.g. if the brand name is “A”).

6. Add a space in front of common words. We implement this, because we observe many conjoined

words (e.g. APPLEINCORPORATED).

IThese were taken from the Forbes list of the top 10 trading companies.
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7. Remove extra spaces between words (when there is more than one space between words) and re-
move spaces that come before or after the firm name (e.g. “ APPLE INCORPORATED ”
becomes “APPLE INCORPORATED”).

8. Delete companies that are identified only by a Chinese city name (e.g. firm name is simply “BEI-
JING”).

9. After applying these steps, remove firm names that are blank.

A.4.3.2 Standardizing Firm Names

We then use stnd_compname, a user-written Stata package by Wasi and Flaaen primarily to:
1. Remove entity names (e.g. LLC, LTD, INC)

2. Shorten commonly used words (e.g. ELECTRONICS, TECHNOLOGY) that have less distinguishing

power, so that they will have less weighting during the string-similarity clustering.

The stnd_compname package comes with 43 standardizations for approximately 104 commonly used words
(such as ENTERPRISE, INTERNATIONAL, MANAGEMENT, etc). We add approximately 100 standardiza-
tions and 180 words to this list for a total of 150 standardizations and around 300 words based on which
words were the most common in the data. In addition to standardizing words, we also implement two

more cleaning steps to complement the standardization:

1. Search through and remove a word if the first letter of the word is a numeral and the word is not the

first word of the firm name. (MAZDA 4X 7TR turns into MAZDA)

2. If there is numeral within a word that is not the first word in a name, we remove the numeral and

the rest of the letters following the numeral in the word. (FUJI F342FDIF turns into FUJI F)

A.4.3.3 Clustering

We then run string-similarity clustering (using strgroup, a user-written Stata package by Julian Reif) on the
standardized firm names using a number of different thresholds and groups. These thresholds determine
two strings’ edit distance below which the two strings (i.e. firm names) will be grouped together. Varying
this threshold is useful, because we observe that firm names are more likely to refer to the same firm
if they share the same HS category. For example, we would be more comfortable assuming that “Sony
Corp” and “Pony Corp” refer to the same company if we were only looking at makers of DVD players
than doing cross-sector comparisons (because such cross-sector comparisons could involve assuming that
an exporter of DVDs is also an exporter of farm animals). We take advantage of this by implementing
clustering multiple times within multiple HS levels (2,4,6 and 8) and choosing stricter clustering thresholds

for broader HS levels (i.e. as we cluster within more disaggregated HS-levels, the criterion for grouping
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firm names are made less strict). Specifically, we set our thresholds at 15 percent, 20 percent, 22 percent,
and 30 percent for clustering within 2-digit HS codes, 4-digit HS codes, 6-digit HS codes, and 8-digit HS
codes, respectively. After creating 4 different firm identifiers for the various HS levels (HS2, HS4, HS6, and
HS8), the groupings are then merged together. If firm name A is matched with firm name B, and firm name
B is matched with firm name C, then firm name A is matched with firm name C, and so on.

In parallel with the string-similarity clustering on the standardized firm names, we also implement
the string similarity clustering on the firm names prior to standardization. We do this in case the stan-
dardization was ineffective (e.g. we missed certain words to be standardized). We run this clustering on a
much stricter threshold than in the earlier step, so that we remain conservative about grouping firm names
together. If the clustering results are too large (i.e. the threshold is not strict enough), we restrict the size
of a cluster to 5 unique firm names (so that a firm name can be spelled in up to 5 different ways while still
be identified as the same firm).

After clustering on the two sets of firm names (the firm names prior to standardization and those after
standardization) we merge the clusters together. If firm A is matched with firm B in the first step and firm
B is matched with firm C in the second step, then these groupings are merged, so that firm A is matched

with C as well, implying that firms A, B, and C are all allocated to the same group.

A.4.3.4 Additional Cleaning Steps

After standardizing and clustering, we apply additional cleaning rules:

1. Now that standardization and clustering is complete, we drop the remaining observations with trad-
ing companies, blank firm names, and firm names that are only identified by a single alphabetical

letter.

2. We observe many firm names in the data of the form “A & W” or “T & W” where the firm names
consist of two letters with an “&” in between. The clustering method often clusters these firm names
together (depending on the HS level) even if only one of these letters are the same (e.g. “A & W”
and “T & W), because the difference between the two firm names are 1/5 or 20 percent, which is
within the threshold in many cases. To address this, we apply a rule such that these firm names are

separated into different groups unless there is an exact match.

3. We again restrict the size of a cluster to 5 unique firm names. If a cluster is larger than 5 unique firm

names, we cluster again on an ever-stricter threshold until the size of the cluster is five or less.

4. We sometimes encounter observations where the entire firm name is contained exactly at the start
of another (e.g. “SONY” and “SONY ELECTRONICS” or “HEWLETT PACKARD” and “HEWLETT
PACKARD ENTERPRISE”). Even after standardizing common words, these firm names often fail to

be clustered together because their edit distances are too large. We combat this by creating a rule
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such that if one firm name appears at the beginning of another, the two firm names are grouped

together.

A.4.3.5 Validation

After implementing the above steps, we then checked how well our procedure worked by manually check-
ing the results of this algorithm for the 1,249 raw firm names in the Japanese steel sector (which we had not
looked at when developing the procedure). We manually checked the accuracy using two steps. First, we
sorted the firm list alphabetically and counted the number of firm names that should have been grouped
together (based on our manual inspection) but were not grouped together by our clustering algorithm.
Second, we sorted the firm names by our groups and counted the number of firm names that should not
have been grouped together (based on our manual inspection) but were grouped together by our clus-
tering algorithm. Summing these type I and type II errors, we found that our cleaning algorithm and
manual checking grouped firms in the same way for 99.9 percent of observations. As a final check on the
sensitivity of our results to this cleaning algorithm, we replicated our main results of the Chilean import
transactions data using the firm names prior to these cleaning steps. Again we find that most of the vari-
ation in revealed comparative advantage (RCA) across countries and sectors is explained by variety and
appeal. Therefore, while our clustering algorithm improves the allocation of import transactions to firms,

our main qualitative and quantitative conclusions hold regardless of whether or not we use this algorithm.

A.5 U.S. Empirical Results

In this section of the Online Appendix, we report additional empirical results using our U.S. data for Section

5 of the paper.

A.5.1 RW Elasticities of Substitution

F’ a.G)
across sectors, sorted based on the ranking of the estimated firm elasticity of substitution (ﬁg ). We also

show 95% confidence intervals for the estimated product and firm elasticities of substitution ((Afél , (AT;: )

based on bootstrapped standard errors. As can be seen in the figure, we find a natural ordering where

In Figure A.5.1, we plot our estimated product, firm and sector elasticities of substitution (&gLI , 0,

(ATgl;I > ﬁgF > ¢C. We also find that the confidence intervals are narrow enough such that the product
elasticity is significantly larger than the firm elasticity (&g > ﬁ; ) at the 5 percent level of significance for
all sectors, and the firm elasticity is also significantly larger than the sector elasticity ((Af(g > ¢C) at this

significance level for all sectors.
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Figure A.5.1: Estimated Elasticities of Substitution, Within Firms ((Aféy ), Across Firms (6? ) and Across Sec-
tors (0°C), sorted based on the ranking of &g (U.S. Data)

Estimated Elasticities of Substitution

6 8 ¥I0 12
| |

Eitimated Elasticit
1

2
1

NAICS-4 Sector (Ranked by Firm Elasticity)

RW Product m— RW Firm = RW Sector

— — — — RW Product Confidence Interval — — — — RW Firm Confidence Interval

Note: Estimated elasticities of substitution across products (Ug shown by the solid blue line) and firms (0? shown by the solid red
line) for each NAICS-4 sector; sectors ranked by the elasticity of substitution across firms ((Tg ); estimated elasticity of substitution

across sectors (0C) shown by the horizontal green line; dashed lines denote 95 percent bootstrapped confidence intervals.

A.5.2 Variance Decomposition

In this subsection of the Online Appendix, we discuss our regression-based variance decomposition of
revealed comparative advantage (RCA) into its components. We also report the results of a robustness test

using an alternative variance decomposition suggested by Gromping (2007).

A.5.2.1 Regression-based Variance Decomposition

Our regression-based variance decomposition is relatively common in the macroeconomics and interna-
tional trade literatures, including, for example, Klenow and Rodriguez-Clare (1997) (see the equation on
page 80 of that paper); Eaton, Kortum and Kramarz (2004) (see the equation at the top of page 153 of that
paper); Bernard, Jensen, Redding and Schott (2009) (see the discussion on page 488 and the results in Table
1 of that paper); and Bernard, Redding and Schott (2011) (see the equation at the top of page 1305 and the
results in Table II of that paper). We now show that this regression-based variance decomposition allocates

the covariance terms equally across the components of the decomposition.
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Consider the following accounting decomposition, in which the variable y is the sum of the variables

x and z:

y=x+z (A.5.1)

Our regression-based variance decomposition estimates an OLS regression of each of the individual com-

ponents x and z on the overall value of y:
X =ay +byy + €y, (A5.2)

z=a;+by+e,. (A.5.3)

By the properties of OLS:

b cov(x,y) cov(x,x+z) var(x)-+cov(x,z) ny

T ovar(y)  var(y) var (y) ’ (A.5.4)
_cov(z,y) cov(z,x+z) var(z)+cov(x,z)

b: = var(y)  var(y) var (y) ’ (A.5.5)

which shows that the covariance terms are allocated equally across the two coefficients (by, b,) and hence
allocated equally across the two components of the variance decomposition. Summing these two coeffi-

cients, we have:
var (x) 4 var (z) 4 2cov (x, z)

var (y)

which shows that the two coefficients sum to one. Therefore, each coefficient (by, b,) provides a measure

by + b, = =1, (A.5.6)

of the relative importance of each term to the variance decomposition, where the covariance terms are
allocated equally across the two components of the variance decomposition. In general, the estimated by
and/or b, coefficients in equations (A.5.4) and (A.5.5) can be negative if the covariance terms are negative

and large in absolute magnitude relative to the variance terms.

A.5.2.2 Alternative Variance Decomposition

An alternative variance decomposition is proposed in Gromping (2007) based on hierarchical partitioning,
which has the desirable property that the contribution of any variable to the explained variance must be
positive. Consider again the following accounting decomposition, in which the variable y is the sum of

the variables x and z:

y=x+z (A.5.7)

Estimate the following three regressions:
Y =ay+bxx +ey, (A.5.8)
y=a,+bz+e, (A.5.9)
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Table A.1: Variance Decomposition U.S. RCA (Grémping 2007)

Log Level RCA 2011 Log Change RCA 1998-2011
Firm-Level Product-Level Firm-Level Product-Level
Decomposition Decomposition | Decomposition Decomposition
Firm Price Index 0.129 - 0.178 -
Firm Appeal 0.155 0.110 0.325 0.297
Firm Variety 0.338 0.311 0.394 0.400
Firm Dispersion 0.378 0.351 0.103 0.103
Product Prices - 0.087 - 0.153
Product Variety - 0.055 - 0.038
Product Dispersion - 0.086 - 0.009

Note: Relative importance decomposition for the log level of RCA in 2011 and the log change in RCA from 1998-2011 (from
Groémping 2007); dispersion corresponds to the dispersion of appeal-adjusted prices.

y — axy “I‘ bxyx “I‘ bxzz + exy- (ASlO)

The contribution of x to the variance of y is defined as the average of (i) the R-squared from regression
(A.5.8) when only x is included and (ii) the increase in the R-squared when both x and z are included in
regression (A.5.10). Similarly, the contribution of of z to the variance of y is defined as the average of (i)
the R-squared from regression (A.5.9) when only z is included and (ii) the increase in the R-squared when
both x and z are included in regression (A.5.10).

Generalizing this approach to J > 2 components, the contribution of each component to the variance
of the total is the increase in the R-squared from adding this component to a regression where it is absent,
averaged over all possible regressions formed from different permutations of the J — 1 other components.

In Table A.1, we implement the variance decomposition from Table 3 in the paper for U.S. RCA using
this alternative procedure. The results are quite similar. For example, the importance of prices, appeal,
variety, and dispersion in the decomposition for RCA levels presented in Table 3 are 0.09, 0.22, 0.32, and
0.36 respectively, whereas the Gromping (2007) decomposition gives us 0.13, 0.16, 0.34, and 0.38. Similarly,
the importance of prices, appeal, and variety in the decomposition for RCA changes presented in Table 3
are -0.01, 0.42, 0.50, and 0.08 respectively, whereas the Gromping (2007) decomposition gives us 0.18, 0.33,
0.39, 0.10. Thus, while the Gromping (2007) approach does have the benefit of eliminating the small neg-
ative contribution of price movements to RCA, the difference in methodologies mostly affects the second
significant digit of the estimates. As we discuss in Section A.6.3 below, our results are also robust across

different methodologies for the RCA decomposition using Chilean data.

A.5.3 Exporter Price Indexes Across Sectors and Countries

No further results required.
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A.5.4 Trade Patterns

As discussed in Sections 5.1 and 5.3 of the paper, we undertake a robustness check, in which we carry out
a grid search over the range of plausible values for elasticities of substitution across firms and products.
In particular, we consider values of (Tgl,D from 2 to 8 (in 0.5 increments) and values of (Tgu from ((TgF + 0.5)
to 20 in 0.5 increments, while holding oC constant at our estimated value, which respects our estimated
ranking that Ug > (TgF > oC.

We begin by showing that the percentage contributions from firm variety and firm dispersion are
invariant across this parameter grid, because the elasticities of substitution cancel from these expressions.
From equation (A.2.42) in Section A.2.10.1 of this Online Appendix, the overall contribution from both firm
and product variety to the level of log RCA is,
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{ gt N/‘it,t—l Zheo/’gt,ffl ihgt
1 F 1 F
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of -1
Zkgﬂ;m—l V,]{I—l
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where the component of this contribution that captures firm variety is,

AlnAL  — 21— r AlnAL }
jigt — NE IS O jhgt
In (RCA?@) =_ { Jgti-1 sgti=1 , (A5.12)
‘ -1l AlnAL, — 1 — Aln AL
NT o ZkteTmil { jikt ~ NE ):henlﬁd/til jhkt

which depends solely on observed moments in the data and is invariant to the assumed elasticities of
substitution for finite values of these elasticities ((Tgu < oo and (T; < 00). Taking differences over time in
equation (A.5.12), this invariance result also holds for changes in log RCA.

Similarly, from equation (A.2.41) in Section A.2.10.1 of this Online Appendix, the overall contribution

from the dispersion of appeal-adjusted prices across common products and firms for the level of log RCA

is,
Fx EF«| _ 1 Fx EFx
[]Ejigt,t—l {A InSg ] N,y Tty Ejngrion [A]nsft H
1 F EF 1 F EFs
N7 ZkeQTi,H By [Alnsft *] ~NE ZhenEktH B ik 11 {Alngﬂ H
In (RCAfizt) =— ot s Tkt H , (A5.13)
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where the component of this contribution that captures firm dispersion is,
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which depends solely on observed moments in the data and is invariant to the assumed elasticities of
substitution for finite values of these elasticities ((Tgu < o0 and (TéD < o0). Taking differences over time in
equation (A.5.14), this invariance result also again holds for changes in log RCA.

In Figure A.5.2, we show histograms across the parameter grid for the contribution from each of the
remaining terms from our decomposition of the level of RCA in equation (34) in the paper. The contri-
butions from product prices, product variety and product dispersion in the final three panels sum to the
contribution from firm prices in the first panel. Additionally, the firm price and firm appeal contributions
in the first two panels plus the unreported contributions from firm variety and firm dispersion sum to one.
In Figure A.5.3, we display analogous results for our decomposition of changes in RCA over time, where
the five panels of the figure have the same relationship with one another as in Figure A.5.2.

In both figures, a higher value for (TgF raises the contribution from average prices and reduces the
contribution from average appeal. Nonetheless, across the entire grid of parameter values, average prices
account for less than 30 percent of the level of the RCA and less than 10 percent of the changes in RCA. In
contrast, for all parameter values on the grid, average appeal’s contribution to the level of RCA is around as
large as that from average prices (from less than 5 percent to over 25 percent in Figure A.5.2). Furthermore,
its contribution to changes in RCA is substantially larger than that from average prices (from just over 35
percent to just under 60 percent in Figure A.5.3).

In summary, our findings that most of the variation in patterns of RCA is explained by factors other
than average prices is robust to the consideration of alternative elasticities of substitution. In particular,
the contributions from firm variety and firm dispersion are invariant to these elasticities of substitution.
Furthermore, across the range of plausible values for these elasticities of substitution, the contribution

from average appeal remains large relative to that from average prices.
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Figure A.5.2: Contributions to the Level of U.S. RCA in 2011 Across the Parameter Grid for the Firm and

Product Elasticities of Substitution
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Note: Contributions to the level of revealed comparative advantage (RCA) in equation (34) in the paper; the contributions from
product prices, product variety and product dispersion in the final three panels sum to the contribution from firm prices in the
first panel; the firm price and firm appeal contributions in the first two panels plus the unreported contributions from firm variety

and firm dispersion sum to one.
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Figure A.5.3: Contributions to the Change in U.S. RCA in from 1998-2011 Across the Parameter Grid for
the Firm and Product Elasticities of Substitution

Log Change RCA Contributions
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Note: Contributions to changes in revealed comparative advantage (RCA) in equation (34) in the paper; the contributions from
product prices, product variety and product dispersion in the final three panels sum to the contribution from firm prices in the
first panel; the firm price and firm appeal contributions in the first two panels plus the unreported contributions from firm variety

and firm dispersion sum to one.

A.5.5 Additional Theoretical Restrictions

In Section 5.4 of the paper, we compare the observed data for firm sales and our model solutions for the firm
price index and firm appeal (In Vth € {ln le:t, In ij . In (pjlit }) with their theoretical predictions under the
assumptions of a Pareto distribution or a log normal distribution. In this section of the Online Appendix,

we derive these theoretical predictions, as summarized in equations (35) and (36) in the paper.

Empirical Distributions In particular, we use the QQ estimator of Kratz and Resnick (1996), as in-
troduced into the international trade literature by Head, Mayer and Thoenig (2016). We start with the
empirical distributions. Ordering firms by the value of a given variable Vth for f € {1, ...,N ﬁgt} for a

given exporter i to importer j in sector g at time ¢, we observe the empirical quantiles:

%Qt:1n<yﬁ). (A.5.15)
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We can use these empirical quantiles to estimate the empirical cumulative distribution function:

> (vF\_  f—b _

Figt (vﬂ> SN b=03, (A5.16)
g

where the plot position of b = 0.3 can be shown to approximate the median rank of the distribution (see

Benard and Boslevenbach 1953). We next turn to the theoretical distributions, first under the assumption

of a Pareto distribution, and next under the assumption of a log normal distribution.

Pareto Distribution Under the assumption that the variable Vﬁ has a Pareto distribution, its cumulative

distribution function is given by:

v, ag
Fo (VEY =1— | =8 ) (A.5.17)
jigt t ’
( f) < v

where Fjjgs (+) is the cumulative distribution function; Z]Eig

bution for variable Vﬁ for exporter i, importer j, sector ¢ and time ¢; and a;,/ is the Pareto shape parameter

; is the lower limit of the support of the distri-

for variable Vﬁ for sector g.
Inverting this cumulative distribution function, and taking logarithms, we obtain the following pre-

dicted theoretical quantile for each variable:
1
In (Vfﬁ) —InVE, - 7 In [1 — Fiigr (v}‘;)} ) (A.5.18)

which corresponds to equation (35) in the paper.

We estimate equation (A.5.18) by OLS using the empirical quantile from equation (A.5.15) for In (Vﬁ)
on the left-hand side and the empirical estimate of the cumulative distribution function from equation
(A.5.16) for Fjig (Vﬁ) on the right-hand side. We estimate this regression for each sector across foreign
firms (allowing the slope coefficient a;,/ to vary across sectors) and including fixed effects for each exporter-
sector-year combination (allowing the intercept In Kfigt to vary across exporters, sectors and time). The
fitted values from this regression correspond to the predicted theoretical quantiles, which we compare
to the empirical quantiles observed in the data. Under the null hypothesis of a Pareto distribution, there
should be a linear relationship between the theoretical and empirical quantiles that coincides with the
45-degree line.

To assess this theoretical prediction, we estimate equation (35) in the paper for two separate subsam-
ples: firms with values below the median for each exporter-sector-year cell and firms with values above
the median for each exporter-sector-year cell. Under the null hypothesis of a Pareto distribution, the es-
timated slope coefficient 1/ ag should be the same for firms below and above the median. In the bottom
three panels of Figure A.5.4, we display the estimated slope coefficients 1/ ag for each 4-digit NAICS in-
dustry for the log firm price index (In ijt to the left), log firm exports (In X;t in the middle), and log firm
appeal (In (Pi‘:t to the right). In each panel, we sort industries by the estimated slope coefficient for the full
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sample for that variable (shown by the black straight line). The red and blue numeric industry codes show
the estimates for the subsamples of firms below and above the median respectively. For all three variables,
we strongly reject the null hypothesis of a Pareto distribution, with substantial differences in the estimated
coeflicients below and above the median, which are significant at conventional levels.

Figure A.5.4: Estimated Coefficients from Regressions of the Empirical Quantiles on the Theoretical Quan-
tiles Implied by a Pareto or Log Normal distribution (U.S. data)
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based on a log normal distribution; theoretical quantiles in the bottom three panels based on a Pareto distribution; left column
shown results for the firm price index; middle columns shows results for observed firm sales; right column shows results for firm
appeal).

Log Normal Distribution In contrast, under the assumption that the variable Vft has a log normal

distribution, its cumulative distribution function is given by:

In (Vﬁ> ~N (K}fgt' <X¥)2> / (A.5.19)
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where K]‘{gt

deviation for In Vth for sector g. It follows that the standardized value of the log of each variable is drawn

is the mean for In Vft for exporter i in importer j and sector g at time ¢ and )(}g/ is the standard

from a standard normal distribution:

In (Vﬁ) — K}fgt

, (A.5.20)
Xg

Fy _
Fiigt (vft) s
where @ (-) is the standard normal cumulative distribution function. Inverting this cumulative distribution

function, we obtain the following predictions for the theoretical quantiles of each variable:

F) —xV
ln(vf;()gkﬂgt — ! (-sz‘gt (Vﬁ» , (A.5.21)

which can be re-expressed as:

In (Vﬁ) = Kl F Xy P (]-“jigt (Vﬁ)) , (A.5.22)
which corresponds to equation (36) in the paper.

Again we estimate equation (A.5.22) by OLS using the empirical quantile from equation (A.5.15) for

In (Vﬁ) on the left-hand side and the empirical estimate of the cumulative distribution function from

equation (A.5.16) for Fjj; (Vﬁ) on the right-hand side. We estimate this regression for each sector across
foreign firms (allowing the slope coefficient )(g to vary across sectors) and including fixed effects for each
exporter-sector-year combination (allowing the intercept K}fgt
In the top three panels of Figure A.5.4, we display the estimated slope coefficients )(g for each 4-digit

to vary across exporters, sectors and time).

NAICS industry for the log firm price index (In ijt to the left), log firm exports (In X}:t in the middle),
and log firm appeal (In q)}:t to the right), using the same coloring as for the bottom three panels discussed
above.

As apparent from the figure, we find that the log normal distributional assumption provides a closer
approximation to the data than the Pareto distributional assumption. Consistent with Bas, Mayer and
Thoenig (2017), we find smaller departures from the predicted linear relationship between the theoretical
and empirical quantiles for a log normal distribution than for a Pareto distribution. Nevertheless, we reject
the null hypothesis of a log normal distribution at conventional significance levels for all three variables
for the majority of industries, with substantial differences in estimated coefficients above and below the

median for a number of industries.

A.5.6 Additional Reduced-Form Evidence

In Figures A.5.5-A.5.8 below, we show that our U.S. trade transactions data exhibit have the same reduced-

form properties as found in existing studies in the empirical trade literature (see for example Bernard,
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Jensen and Schott 2009 and Bernard, Jensen, Redding and Schott 2009 for the U.S.; Mayer, Melitz and
Ottaviano 2014 for France; and Manova and Zhang 2012 for China).

First, we find a high concentration of trade across countries and a dramatic increase in Chinese import
penetration over time. As shown in Figure A.5.5, the top 20 import source countries account for around
80 percent of U.S. imports; China’s import share more than doubles from 7 to 18 percent from 1997-2011;
in contrast, Japan’s import share more than halves from 14 to 6 percent over this period.

Second, we find high rates of product and firm turnover and evidence of selection conditional on
product and firm survival. In Figure A.5.6, we display the fraction of firm-product observations and import
value by tenure (measured in years) for 2011, where recall that firms here correspond to foreign exporting
firms. Around 50 percent of the firm-product observations in 2011 have been present for two years or less,
but the less than 5 percent of these observations that have survived for at least fifteen years account for
over 20 percent of import value.

Third, we find that international trade is dominated by multi-product firms. In Figure A.5.7, we display
the fraction of firm observations and import value in 2011 accounted for by firms exporting different
numbers of products. Although less than 40 percent of exporting firms are multi-product, they account
for more than 90 percent of import value.

Fourth, we find that the extensive margins of firm and product exporting account for most of the
cross-section variation in aggregate trade. In Figure A.5.8, we display the log of the total value of U.S.
imports from each foreign country, the log number of firm-product observations with positive trade for
that country, and the log of average imports per firm-product observation with positive trade from that
country. We display these three variables against the rank of countries in U.S. total import value, with the
largest country assigned a rank of one (China). By construction, total import value falls as we consider
countries with higher and higher ranks. Substantively, most of this decline in total imports is accounted
for by the extensive margin of the number of firm-product observations with positive trade, whereas the
intensive margin of average imports per firm-product observation with positive trade remains relatively
flat.

Therefore, across these and a range of other empirical moments, our data are representative of existing

empirical findings using international trade transactions data.
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Figure A.5.5: Country Shares of U.S. Imports over Time
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Note: Shares of exporting countries in total U.S. imports over time.

Figure A.5.6: Distribution Firm-Product Observations and Import Value by Tenure 2011 (U.S. data)
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Note: Data are for 2011. Tenure is the number of years a firm-product observation has existed since 1997.

Note: Histogram of the distribution of firm-product observations and import value by the number of years a firm-product obser-
vation has existed since 1997.
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Figure A.5.7: Distribution of Firm Observations Across Number of Products 2011 (U.S. data)
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Note: Histogram of the distribution of firm observations and import value by the number of exported products in 2011.

Figure A.5.8: Extensive and Intensive Margins of Firm-Product Imports Across Countries 2011 (U.S. data)
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A.6 Chilean Empirical Results

In this section of the Online Appendix, we replicate the empirical results from Section 5 of the paper, but
using our Chilean data instead of our U.S. data. In Section A.6.1, we report our estimates of the elasticities
of substitution ((Tgu , (Té: , UG), which we use to invert the model and recover the values of product, firm
and sector appeal (gollft, go}jt, q)]-i,t). In Section A.6.2, we use these estimates to compute the exporter price
indexes that determine the cost of sourcing goods across countries and sectors. In Section A.6.3, we report
our main results for the determinants of comparative advantage, aggregate trade and aggregate prices. In
Section A.6.4, we compare the results of our framework with special cases that impose additional theoret-
ical restrictions. Finally, in Section A.6.5, we confirm that our Chilean data exhibit the same reduced-form

properties as our U.S. data, and as found in other empirical studies using international trade transactions

data.

A.6.1 Elasticities of Substitution: RW and HRW Methods Compared

We begin by showing that we find a similar pattern of estimated elasticities of substitution using the
Chilean data as using the U.S. data in Section 5.1 of the paper. In Table A.2, we summarize our estimates

of the elasticities of substitution (cY, (TgF , ©) using the Chilean data. We report quantiles of the distribu-

tions of the estimated product and firm elasticities (crgu , (TgF

elasticity of substitution across sectors (¢©). As for the U.S., we find that the estimated product and firm

) across sectors, as well as the single estimated

elasticities are statistically significantly larger than one, and always below eleven. We obtain a median es-
timated elasticity across products ((Tg ) of 5.0, a median elasticity across firms ((fgf ) of 2.7 and an elasticity
across sectors (0C) of 1.69, which compare closely with our U.S. estimates.

Although we do not impose this restriction on the estimation, we again find a natural ordering, in
which varieties are more substitutable within firms than across firms, and firms are more substitutable
within industries than across industries: ﬁy > ffg > ¢C. We find that the product elasticity is significantly
larger than the firm elasticity at the 5 percent level of significance for 98 percent of sectors, and the firm
elasticity is significantly larger than the sector elasticity at this significance level for 88 percent of sectors.

Therefore, the Chilean data also rejects the special cases in which consumers only care about firm varieties

(U'g = (TéD = ¢%), in which varieties are perfectly substitutable within sectors ((T(g = (TgF = 00), and in
which products are equally differentiated within and across firms for a given sector ((Tgu = (5 )- Instead,

we find evidence of both firm differentiation within sectors and product differentiation within firms, as for

the U.S. in the paper.
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Table A.2: Estimated Elasticities of Substitution, Within Firms (Ugu ), Across Firms ((Tg ) and Across Sectors

(¢©) using Chilean Data

Percentile Elasticity Elasticity Elasticity = Product-Firm Firm-Sector
Across Across Across Difference Difference

Products ((Tél ) Firms ((Téf ) Sectors (¢©) ((Tgu — (7((5 ) ((Té: —0©)
Min 4.34 1.80 1.69 1.36 0.11
5th 4.44 2.09 1.69 1.63 0.40
25th 4.63 2.40 1.69 2.06 0.71
50th 5.01 2.68 1.69 2.39 0.99
75th 5.54 3.02 1.69 2.82 1.34
95th 6.88 3.40 1.69 4.33 1.71
Max 8.47 4.14 1.69 4.43 2.45

Note: Estimated elasticities of substitution from the reverse-weighting estimator discussed in Section 3 of the paper and in Section
A3 of this Online Appendix. Sectors are 2-digit Harmonized System (HS) codes; firms correspond to foreign exported brands
within each foreign country within each sector; and products u reflect 8-digit HS codes within exported brands within sectors.

Our estimated elasticities of substitution are again broadly consistent with those of other studies that
have used similar data but different methodologies and/or nesting structures. Our estimates of the product
and firm elasticities (crgF
using different data (U.S. barcodes rather than internationally-traded HS products) and a different estima-

and O'y ) are only slightly smaller than those estimated by Hottman et al. (2016)

tion methodology based on Feenstra (1994).2 When we apply this alternative methodology to our data as
a robustness check, we also obtain similar estimates, with median elasticities of 4.2 at the product level
and 1.8 at the firm level, which are close to the 5.0 and 2.7 obtained using the RW method (see Table A.3).
Thus, our estimated elasticities typically do not differ substantially from those obtained using other stan-
dard methodologies. However, the HRW method generates elasticities with more dispersion in the Chilean
data. When we estimate the elasticities using the HRW method, we get one negative elasticity (out of 86).
This irregularity does not appear when we implement the RW procedure. Moreover, the differences in
the elasticity point estimates do not produce qualitative differences in our decompositions of RCA as we

document in Section A.6.3.

20ur median estimates for the elasticities of substitution within and across firms of 5.0 and 2.7 respectively compare with
those of 6.9 and 3.9 respectively in Hottman et al. (2016).
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Table A.3: Estimated Elasticities of Substitution (Hottman et al. (2016)), Within Firms (cY) and Across
Firms (¢F) using Chilean Data

Percentile Elasticity Elasticity = Product-Firm
Across Across Difference
Products (cY)  Firms (oF) (cY —of)

Min 1.93 -9.88 0.70
5th 2.34 1.08 1.04
25th 3.67 1.47 1.70
50th 4.16 1.76 2.44
75th 5.19 2.08 3.08
95th 8.87 4.85 5.03
Max 17.22 8.34 23.38

Note: Estimated elasticities of substitution using the Hottman et al. (2016) methodology. Sectors are 2-digit Harmonized System
(HS) codes; firms correspond to foreign exported brands within each foreign country within each sector; and products u reflect
8-digit HS codes within exported brands within sectors.

As an additional robustness check, we re-estimated the product, firm and sector elasticities using 4-
digit HS categories as our definition of sectors instead of 2-digit HS categories. We find a similar pattern
of results, with a somewhat larger median product elasticity of 5.2, a median firm elasticity of 2.6, and a
sector elasticity of 1.7. As discussed in Section 5.1 of the paper and reported in further detail in Section
A.5.4 of this Online Appendix, we also demonstrate the robustness of our results to undertaking a grid
search over the range of plausible values for the elasticity of substitution across firms and products.

In Figure A.5.1, we plot our estimated product, firm and sector elasticities of substitution (&g , A; ,

6C), sorted based on the ranking of the estimated firm elasticity of substitution ((Aféf ). We also show 95%

g
confidence intervals for the estimated product and firm elasticities of substitution (&%, &gF ) based on boot-
strapped standard errors. As can be seen in the figure, we find a natural ordering where ﬁg > ﬁgF > ¢C.
We also find that the confidence intervals are narrow enough such that the product elasticity is significantly
larger than the firm elasticity ((Af(g > &; ) at the 5 percent level of significance for 98 percent of sectors, and
the firm elasticity is significantly larger than the sector elasticity ((TglD > 6C) at this significance level for

88 percent of sectors.
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Figure A.6.1: Estimated Elasticities of Substitution, Within Firms ((Aféy ), Across Firms (6’5 ) and Across Sec-
tors (0°C), sorted based on the ranking of &g (Chile Data)
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Note: Estimated elasticities of substitution across products ((Tgu shown by the solid blue line) and firms (O'gF shown by the solid
red line) for each HS2 sector; sectors ranked by the elasticity of substitution across firms ((TgF ); estimated elasticity of substitution

across sectors (0C) shown by the horizontal green line; dashed lines denote 95 percent bootstrapped confidence intervals.

A.6.2 Exporter Price Indexes Across Sectors and Countries

We next show that we find a similar pattern of results for the exporter price indexes across countries and

sectors using our Chilean data as using our U.S. data in Section 5.2 of the paper.

E
jigt
components using the Chilean data, where each observation is an exporting country and sector pair. For

In the four panels of Figure A.6.2, we display the log of the exporter price index (InP* ) against its
brevity, we show results for 2014, but find the same pattern for the other years in our sample. Whereas we
show bin scatters using the U.S. data in Figure 1 in the paper, we show the observations for each exporting

country and sector using our Chilean data in Figure A.6.2. In the top left panel, we compare the log exporter

price index (In IP]Eigt) to average log product prices (]Eﬁélt [ln Pﬁﬂ )- In the special case in which firms and
products are perfect substitutes within sectors ((Tgu == 0'5 = o0) and there are no differences in appeal

(q)jit = ¢f , for all f,m and @'} = go% for all u, ¢), these two variables would be perfectly correlated. In
contrast to these predictions, we find a positive but imperfect correlation, with an estimated regression

slope of 0.24 and R? of essentially zero. In other words, average prices are weakly correlated with the true
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CES price index, which underscores the problem of using average prices as a proxy for the CES price index.

Figure A.6.2: Exporter-Sector Price Indexes and their Components Versus Average Log Product Prices,
2014 (Chilean data)
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Note: Log exporter-sector price index and its components for Chilean imports in 2014 from equation (21) in the paper; dispersion
corresponds to the dispersion of appeal-adjusted prices; Blue dots show exporter-sector observations; Red line shows the linear
regression relationship between the variables.

In the remaining panels of Figure A.6.2, we explore the three sources of differences between the ex-
porter price index and average log product prices. As shown in the top-right panel, exporter-sectors with
high average prices (horizontal axis) also have high average appeal (vertical axis), so that the impact of
higher average prices in raising sourcing costs is partially offset by higher average appeal. This positive
relationship between average appeal and prices is strong and statistically significant, with an estimated re-
gression slope of 0.59 and R? of 0.34. This finding of a tight connection between higher appeal and higher
prices is consistent with the quality interpretation of appeal stressed in Schott (2004), in which producing
higher appeal incurs higher production costs.?

In the bottom-left panel of Figure A.6.2, we show that the contribution from the number of varieties to

3This close relationship between appeal and prices is consistent the findings of a number of studies, including the analysis
of U.S. barcode data in Hottman et al. (2016) and the results for Chinese footwear producers in Roberts et al. (2018).
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the exporter-sector price index exhibits an inverse U-shape, at first increasing with average prices before
later decreasing. This contribution ranges by more than six log points, confirming the empirical relevance
of consumer love of variety. In contrast, in the bottom-right panel of Figure 1, we show that the contri-
bution from the dispersion of appeal-adjusted prices displays the opposite pattern of a U-shape, at first
decreasing with average prices before later increasing. While the extent of variation is smaller than for
the variety contribution, this term still fluctuates by more than four log points between its minimum and
maximum value. Therefore, the imperfect substitutability of firms and products implies important contri-
butions from the number of varieties and the dispersion in appeal-adjusted prices across those varieties
towards the true cost of sourcing goods across countries and sectors.

These non-conventional determinants are not only important in the cross-section but are also impor-
tant for changes in the cost of sourcing goods over time. A common empirical question in macroeconomics
and international trade is the effect of price shocks in a given sector and country on prices and real eco-
nomic variables in other countries. However, it is not uncommon to find that measured changes in prices
often appear to have relatively small effects on real economic variables, which has stimulated research on
“elasticity puzzles” and “exchange rate disconnect.” Although duality provides a precise mapping between
prices and quantities, the actual price indexes used by researchers often differ in important ways from the
formulas for price indexes from theories of consumer behavior. For example, as discussed in the paper,
our average price term is the log of the “Jevons Index,” which is used by the U.S. Bureau of Labor Statistics
(BLS) as part of its calculation of the consumer price index. Except in special cases, however, this average
price term will not equal the theoretically-correct measure of the change in the unit expenditure function.

We first demonstrate this point for aggregate import prices. In Figure A.6.3, we use equation (30) in
the paper to decompose the log change in aggregate import price indexes (IEJY; [A In H’fgt} ) for Chile from
2008-14, where the analogous results for the U.S. are reported in the third column of Table 2 in the paper.
This figure provides some important insights into why it is difficult to link import behavior to conventional
price measures. If one simply computed the change in the cost of imported goods using a conventional
Jevons Index of the prices of those goods (the first term in equation (30) in the paper), one would infer a
substantial increase in the cost of imported goods of around 9.2 percent over this time period (prices are
measured in current price U.S. dollars). However, this positive contribution from higher prices of imported
goods was offset by a substantial negative contribution from firm entry (variety). This expansion in firm
variety reduced the cost of imported goods by around 11.7 percent. By contrast, country-sector and firm
dispersion fell over this period, which raised the cost of imported goods, and offset some of the variety
effects. As aresult, the true increase in aggregate import prices from 2008-14 was only 4.4 percent, less than
half of the value implied by a conventional Jevons Index. In other words, the true measure of aggregate

import prices is strongly affected by factors other than movements in average prices.
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Figure A.6.3: Growth of Aggregate Import Prices 2008-14 (Chilean data)
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Note: Decomposition of the growth in the aggregate import price index in Chile from 2008-2014 using equation (30) in the paper;
dispersion corresponds to the dispersion of appeal-adjusted prices.

We next show that this point applies not only to aggregate import prices but also to changes in the
exporter price indexes A In IPﬁgt that summarize the cost of sourcing goods across countries and sectors.
Figure A.6.4 displays the same information as in Figure A.6.2, but for log changes from 2008-2014 rather
than for log levels in 2014 (where the corresponding results using the U.S. data are in Figures 1 and 2
respectively in the paper). Whereas we show bin scatters using the U.S. data in the paper, we again show
the observations for each exporting country and sector using our Chilean data in this Online Appendix. In
changes, the correlation between average prices and the true model-based measure of the cost of sourcing
goods is even weaker and the role for appeal is even greater. Indeed, the slope for the regression of average
log changes in appeal on average log changes in prices is almost one, indicating that most price changes
are almost completely offset by appeal changes. As in the U.S. data, this result highlights the challenge
of rationalizing the observed price and expenditure share data using price indexes such as the Sato-Vartia

price index that assume no changes in appeal.
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Figure A.6.4: Log Changes in Sector-Exporter Price Indexes and their Components Versus Average Log
Changes in Product Prices, 2008-2014 (Chilean data)
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Note: Log changes in the exporter-sector price index and its components for Chilean imports from 2008-2014 based on equation
(22) in the paper; dispersion corresponds to the dispersion of appeal-adjusted prices; Blue dots show exporter-sector observations;
Red line shows the linear regression relationship between the variables.

A.6.3 Trade Patterns

The similarity of our findings for exporter price indexes for Chile and the U.S. suggests that we should
also find similar results for patterns of trade, because revealed comparative advantage (RCA) depends on
relative price indexes. In this section of the Online Appendix, we confirm that this is indeed the case.

In Table A.4, we present the decompositions of RCA from equation (34) in Section 5.3 of the paper, but
using our Chilean data instead of our U.S. data (see Table 3 in the paper for the U.S. results). In Columns
(1)-(2), we report results for levels of RCA. In Columns (3) and (4), we present the corresponding results
for changes in RCA. While Columns (1) and (3) undertake these decompositions down to the firm level,
Columns (2) and (4) undertake them all the way down to the product-level. For brevity, we concentrate on
the results of the full decomposition in Columns (2) and (4). We find that average prices make a relatively

small contribution to explaining patterns of trade. In the cross-section, average product prices account for
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12.6 percent of the variation in RCA. In comparison, in the time-series, we find an even smaller contri-
bution of 9 percent. These results reflect the low correlations between average prices and exporter price
indexes seen in the last section. If average prices are weakly correlated with exporter price indexes, they
are unlikely to matter much for RCA, because RCA is determined by relative exporter price indexes. By
contrast, we find that average appeal is two to three times more important than average prices, with a
contribution of 23 percent for the levels of RCA and 36 percent for the changes in RCA. When we repeat

this exercise using the Gromping (2007) decomposition in Table A.5, we obtain qualitatively similar results.

Table A.4: Variance Decomposition Chilean RCA

Log Level RCA 2014 Log Change RCA 2008-14
Firm-Level Product-Level Firm-Level Product-Level
Decomposition Decomposition | Decomposition Decomposition
Firm Price Index 0.126 - 0.091 -
Firm Appeal 0.233 0.233 0.356 0.356
Firm Variety 0.344 0.344 0.464 0.464
Firm Dispersion 0.297 0.297 0.089 0.089
Product Prices - 0.107 - 0.060
Product Variety - 0.013 - 0.030
Product Dispersion - 0.010 - 0.002

Note: Variance decomposition for the log level of RCA in 2014 and the log change in RCA from 2008-14 (from equation (34) in
the paper).

Table A.5: Variance Decomposition Chilean RCA (Gromping 2007)

Log Level RCA 2014 Log Change RCA 2008-14
Firm-Level Product-Level Firm-Level Product-Level
Decomposition Decomposition | Decomposition Decomposition
Firm Price Index 0.142 - 0.170 -
Firm Appeal 0.191 0.170 0.328 0.306
Firm Variety 0.383 0.371 0.398 0.403
Firm Dispersion 0.284 0.282 0.104 0.105
Product Prices - 0.120 - 0.149
Product Variety - 0.029 - 0.034
Product Dispersion - 0.029 - 0.003

Note: Relative importance decomposition for the log level of RCA in 2011 and the log change in RCA from 1998-2011 (from
Groémping 2007).

By far the most important of the different mechanisms for trade in Table A.4 is firm variety, which
accounts for 34 and 46 percent of the level and change of RCA respectively. These findings for firm variety
are consistent with research that emphasizes the role of the extensive margin in understanding patterns of

trade, including Hummels and Klenow (2005), Chaney (2008) and Kehoe and Ruhl (2013). But we also find
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a notable contribution from the dispersion of appeal-adjusted prices across firms, which accounts for 30
percent of the variation in RCA in the cross-section and 9 percent of this variation over time. These results
are consistent with a substantial role for producer heterogeneity, as emphasized in the large literature on
heterogeneous firms following Melitz (2003), as reviewed in Bernard, Jensen, Redding and Schott (2007)
and Melitz and Redding (2014).

As with the U.S. data, we find that switching to the choice of elasticity estimation and method of
variance decomposition when using Chilean data has little qualitative impact on the results. For example,
the importance of prices, appeal, variety, and dispersion in the decomposition for RCA levels are 0.13, 0.23,
0.34, and 0.30, respectively, when using our methodology to estimate the elasticities (see the first column
of Table A.4), and 0.06, 0.30, 0.34, and 0.30 when using the HRW methodology (see the first column of Table
A.6). When we use both the HRW estimated elasticities and the Grémping (2007) variance decomposition,
we find contributions of 0.13, 0.20, 0.38, and 0.29, respectively (see the first column of Table A.7). In our
decomposition for RCA changes, we again find similar contributions of prices, appeal, and variety, whether
we use the RW or the HRW estimated elasticities, and regardless of which of the two methods of variance

decomposition we use (see the final two columns of Tables A.4, A.6 and A.7).

Table A.6: Variance Decomposition Chilean RCA, HRW Sigmas

Log Level RCA 2014 Log Change RCA 2008-14
Firm-Level Product-Level Firm-Level Product-Level
Decomposition Decomposition | Decomposition Decomposition
Firm Price Index 0.064 - 0.053 -
Firm Appeal 0.295 0.295 0.391 0.391
Firm Variety 0.344 0.344 0.467 0.467
Firm Dispersion 0.298 0.298 0.089 0.089
Product Prices - 0.051 - 0.032
Product Variety - 0.009 - 0.019
Product Dispersion - 0.007 - 0.002

Note: Variance decomposition for the log level of RCA in 2014 and the log change in RCA from 2008-14 (from equation (34) in
the paper), using the HRW elasticities.
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Table A.7: Variance Decomposition Chilean RCA, HRW Sigmas (Grémping 2007)

Log Level RCA 2014 Log Change RCA 2008-14
Firm-Level Product-Level Firm-Level Product-Level
Decomposition Decomposition | Decomposition Decomposition
Firm Price Index 0.132 - 0.201 -
Firm Appeal 0.199 0.175 0.307 0.288
Firm Variety 0.383 0.371 0.390 0.395
Firm Dispersion 0.286 0.283 0.102 0.103
Product Prices - 0.117 - 0.190
Product Variety - 0.031 - 0.021
Product Dispersion - 0.022 - 0.002

Note: Relative importance decomposition for the log level of RCA in 2011 and the log change in RCA from 1998-2011 (from
Groémping 2007), using the HRW elasticities.

We now show that the non-conventional forces of variety, average appeal and the dispersion of appeal-
adjusted prices are also important for understanding movements in aggregate Chilean imports from its
largest trade partners, consistent with our U.S. results in Section 5.3 of the paper. In Figure A.6.5, we show
the time-series decompositions of aggregate import shares from equation (28) in the paper for Chile’s
top-six trade partners. As apparent from the figure, we can account for the substantial increase in China’s
market share over the sample period by focusing mostly on increases in firm variety (orange), average firm
appeal (gray), and the dispersion of appeal-adjusted prices across firms (light blue).* In contrast, average
product prices (green) increased more rapidly for China than for the other countries in our sample, which
worked in the opposite direction to reduce China’s market share. In other words, our decomposition indi-
cates that the reason for the explosive growth of Chinese exports was not due to cheaper Chinese exports,
but rather substantial firm entry (variety), appeal upgrading, and improvements in the performance of
leading firms relative to lagging firms (the dispersion of appeal-adjusted prices). By contrast the dramatic
falls in import shares from Argentina and Brazil were driven by a confluence of factors that all pushed in
the same direction: higher average product prices, firm exit (variety), a deterioration in the performance
of leading firms relative to lagging firms (the dispersion of appeal-adjusted prices), and falls in average

appeal relative to other countries.

4Qur finding of an important role for firm entry for China is consistent with the results for export prices in Amiti, Dai,
Feenstra, and Romalis (2020). However, their price index is based on the Sato-Vartia formula, which abstracts from changes in
appeal for surviving varieties, and they focus on Chinese export prices rather than trade patterns.
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Figure A.6.5: Country Aggregate Shares of Chilean Imports

Log Change in Country Share of Chilean Imports 2008-14

Argentina Brazil China Germany USA

- Average Prices - Firm Appeal - Product Dispersion
Firm Dispersion - Product Variety - Firm Variety

Country-Sector Variety - Country-Sector Scale - Country-Sector Concentration

Note: Decomposition of exporting countries shares of total Chilean imports from equation (28) in the paper; dispersion corre-
sponds to the dispersion of appeal-adjusted prices.

A.6.4 Additional Theoretical Restrictions

We now compare our approach, which exactly rationalizes both micro and macro trade data, with special
cases of this approach that impose additional theoretical restrictions. We show that we find a similar
pattern of results using the Chilean data as using the U.S. data in Section 5.4 of the paper. As a result
of imposing additional theoretical restrictions, these special cases no longer exactly rationalize the micro
trade data, and we quantify the implications of these departures from the micro data for macro trade

patterns and prices.

No Changes in Appeal Almost all existing theoretical research with CES demand in international trade
is encompassed by the Sato-Vartia price index, which assumes no shifts in appeal for common varieties.
Duality suggests that there are two ways to assess the importance of this assumption. First, we can work
with a price index and examine how a CES price index that allows for appeal shifts (i.e., the UPI in equation
(20) in the paper) differs from a CES price index that does not allow for appeal shifts (i.e., the Sato-Vartia
index). Since the common goods component of the UPI (CG-UPI) and the Sato-Vartia indexes are identical
in the absence of appeal shifts, the difference between the two is a metric for how important appeal shifts

are empirically. Second, we can substitute each of these price indexes into our expression for revealed
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comparative advantage (RCA) in equation (25) in the paper, and examine how important the assumption of
no appeal shifts is for understanding patterns of trade. Because we know that the UPI perfectly rationalizes
the data, any deviation from the data arising by using a different price index must reflect the effect of the
restrictive assumptions used in the index’s derivation. In order to make the comparison fair, we need to also
adjust the Sato-Vartia index for variety changes, which we do by using the Feenstra (1994) index, which is
based on the same no-appeal-shifts assumption for common goods, but adds the variety correction term
given in equation (20) in the paper to incorporate entry and exit.

In Figure A.6.6, we report the results of these comparisons using our Chilean data, which corresponds
to Figure 4 in the paper using our U.S. data. The top two panels consider exporter price indexes, while the
bottom two panels examine RCA. In the top-left panel, we compare the Sato-Vartia exporter price index (on
the vertical axis) with our common goods exporter price index (the CG-UPI on the horizontal axis), where
each observation is an exporter-sector pair. If the assumption of time-invariant appeal were satisfied in
the data, these two indexes would be perfectly correlated with one another and aligned on the 45-degree
line. Again, we find little relationship between them. The reason is immediately apparent if one recalls
the top-right panel of Figure A.6.4, which shows that price shifts are strongly positively correlated with
appeal shifts. The Sato-Vartia price index fails to take into account that higher prices are typically offset by
higher appeal. In the top-right panel, we compare the Feenstra exporter price index (on the vertical axis)
with our overall exporter price index (the UPI on the horizontal axis), where each observation is again
an exporter-sector pair. These two price indexes have exactly the same variety correction term, but use
different common goods price indexes (the CG-UPI and Sato-Vartia indexes respectively). The importance
of the variety correction term as a share of the overall exporter price index accounts for the improvement
in the fit of the relationship. However, the slope of the regression line is only around 0.5, and the regression
R? is about 0.1. Therefore, the assumption of no shifts in appeal for existing goods results in substantial

deviations between the true and measured costs of sourcing goods from an exporter and sector.
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Figure A.6.6: Sector-exporter Price Indexes with Time-Invariant Appeal (Vertical Axis) Versus Time-
Varying Appeal (Horizontal Axis) for Chile
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changes in variety; unified price index (UPI) adjusts the common goods unified price index (CG-UPI) for changes in variety.

In the bottom left panel, we compare predicted changes in RCA based on relative exporter Sato-Vartia
price indexes (on the vertical axis) with actual changes in RCA (on the horizontal axis). As the Sato-Vartia
price index has only a weak correlation with the UPI, we find that it has little predictive power for changes
in RCA, which are equal to relative changes in the UPI across exporters and sectors. Hence, observed
changes in trade patterns are almost uncorrelated with the changes predicted under the assumption of
no shifts in appeal and no entry and exit of firms and products. In the bottom right panel, we compare
predicted changes in RCA based on relative exporter Feenstra price indexes (on the vertical axis) with
actual changes in RCA (on the horizontal axis). The improvement in the fit of the relationship attests to
the importance of adjusting for entry and exit. However, again the slope of the regression line is only
around 0.5 and the regression R? is about 0.1. Therefore, even after adjusting for the shared entry and exit
term, the assumption of no appeal shifts for existing goods can generate predictions for changes in trade

patterns that diverge substantially from those observed in the data.
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Additional Functional Form Restrictions We now examine the implications of imposing additional
theoretical restrictions on these cross-sectional distributions. In particular, an important class of existing
trade theories assumes not only a constant demand-side elasticity but also a constant supply-side elasticity,
as reflected in the assumption of Fréchet or Pareto productivity distributions. As our approach uses only
demand-side assumptions, we can examine the extent to which these additional supply-side restrictions are
satisfied in the data. In particular, we compare the observed data for firm sales and our model solutions for
the firm price index and firm appeal (In Vth € {ln X}:t, In P}:t, In q)}l';t }) with their theoretical predictions
under alternative supply-side distributional assumptions.

To derive these theoretical predictions, we use the QQ estimator. The QQ estimator compares the
empirical quantiles in the data with the theoretical quantiles implied by alternative distributional assump-
tions. As shown in Section A.5.5 of this Online Appendix, under the assumption that a firm variable Vth
has a Pareto distribution, we obtain the following theoretical prediction for the quantile of the logarithm
of that variable:

In (Vfi) =InVl, — %m [1 — Fiigt (vfi)} . (A6.1)

where Fjig; (+) is the cumulative distribution function; In Kﬁgt is the lower limit of the support of the
Pareto distribution, which is a constant across firms f for a given importer j, exporter i, sector g and year
t; u}g/ is the shape parameter of this distribution, which we allow to vary across sectors g.

We estimate equation (A.6.1) by OLS using the empirical quantile for In <Vﬁ> on the left-hand side

and the empirical estimate of the cumulative distribution function for Fj;¢ (Vﬁ) on the right-hand side.
We estimate this regression for each sector across foreign firms (allowing the slope coeflicient ag to vary
across sectors) and including fixed effects for each exporter-sector-year combination (allowing the inter-
cept In K}:igt to vary across exporters, sectors and time). The fitted values from this regression correspond
to the predicted theoretical quantiles, which we compare to the empirical quantiles observed in the data.
Under the null hypothesis of a Pareto distribution, there should be a linear relationship between the the-
oretical and empirical quantiles that coincides with the 45-degree line.

In Figure A.6.7, we show the predicted theoretical quantiles (vertical axis) against the empirical quan-
tiles (horizontal axis) using our Chilean data. We display results for log firm imports (top left), log firm
price indexes (top right) and log firm appeal (bottom left). In each case, we observe sharp departures from
the linear relationship implied by a Pareto distribution, with the actual values below the predicted values
in both the lower and upper tails. Following the same approach as in Section 5.4 of the paper, we estimate
the regression in equation (A.6.1) separately for observations below and above the median, and compare
the estimated coefficients. Consistent with the U.S. results in Figure A.5.4 of this Online Appendix, we find
substantial departures from linearity using the Chilean data, which are statistically significant at conven-

tional levels.
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Figure A.6.7: Theoretical and Empirical Quantiles for Chile (Pareto Distribution)
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Note: Relationships between theoretical quantiles predicted by a Pareto distribution and empirical quantiles for log firm imports,
the log firm price index and log firm appeal.

As a point of comparison, we also examine the alternative distributional assumption of a log normal
distribution. As shown in Section A.5.5 of this Online Appendix, under this distributional assumption, we

obtain the following theoretical prediction for the quantile of the logarithm of a variable ijt:

In (Vﬁ) = Kigt +xg @ (]:ﬁgt (Vft» : (A6.2)

where @1 (+) is the inverse of the normal cumulative distribution function; K}fgt

and Xg are the mean
2

and standard deviation of the log variable, such that In (Vﬁ) ~N (K}fgt, ( Xg) ) ; we make analogous

assumptions about these parameters as for the Pareto distribution above; we allow the parameter control-

ling the mean (K}fgt) to vary across exporters i, sectors ¢ and time t for a given importer j; we allow the

parameter controlling dispersion (Xg) to vary across sectors g.

Again we estimate equation (A.6.2) by OLS using the empirical quantile for In ( Vth) on the left-hand

side and the empirical estimate of the cumulative distribution function for Fj;e (Vﬁ) on the right-hand
side. We estimate this regression for each sector across foreign firms (allowing the slope coefficient )(;/ to

vary across sectors) and including fixed effects for each exporter-sector-year combination (allowing the

1%
Kjigt
In Figure A.6.8, we show the predicted log normal theoretical quantiles (vertical axis) against the em-

intercept to vary across exporters, sectors and time).

pirical quantiles (horizontal axis) using our Chilean data. Again we display results for log firm imports (top

left), log firm price indexes (top right) and log firm appeal (bottom left). In each case, we find that the rela-
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tionship between the theoretical and empirical quantiles is closer to linearity for a log-normal distribution
than for a Pareto distribution, which is consistent with Bas, Mayer and Thoenig (2017) and Fernandes et
al. (2021). Nonetheless, we observe substantial departures from the theoretical predictions of a log-normal
distribution, and we reject the null hypothesis of normality at conventional levels of significance for the
majority of sectors using a Shapiro-Wilk test. Following the same approach as in Section 5.4 of the pa-
per, we also estimate the regression in equation (A.6.2) separately for observations below and above the
median, and compare the estimated coefficients. Consistent with the U.S. results in Figure A.5.4 of this
Online Appendix, we again find substantial departures from linearity using the Chilean data, which are

statistically significant for the majority of sectors at conventional levels.

Figure A.6.8: Theoretical and Empirical Quantiles for Chile (Log Normal Distribution)
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Note: Relationships between theoretical quantiles predicted by a log normal distribution and empirical quantiles for log firm
imports, the log firm price index and log firm appeal.

A.6.5 Additional Reduced-Form Evidence

In Figures A.6.9-A.6.12, we confirm that our Chilean trade transaction data have the same reduced-form
properties as our U.S. data and as found in other empirical studies using international trade transactions
data (see for example Bernard, Jensen and Schott 2009 and Bernard, Jensen, Redding and Schott 2009 for
the U.S.; Mayer, Melitz and Ottaviano 2014 for France; and Manova and Zhang 2012 for China).

First, Chilean imports are highly concentrated across countries and characterized by a growing role
of China over time. As shown in Figure A.6.9, Chile’s six largest import sources in 2007 were (in order of
size) China, the U.S., Brazil, Germany, Mexico, and Argentina, which together accounted for more than

60 percent of its imports. Between 2007 and 2014, China’s import share grew by over 50 percent, with all

65



other major suppliers except Germany experiencing substantial declines in their market shares.

Second, we find high rates of product and firm turnover and evidence of selection conditional on
product and firm survival. In Figure A.6.10, we display the fraction of firm-product observations and
import value by tenure (measured in years) for 2014, where recall that firms here correspond to foreign
exporting firms. Around 50 percent of the firm-product observations in 2014 have been present for one
year or less, but the just over 10 percent of these observations that have survived for at least seven years
account for over 40 percent of import value.

Third, we find that international trade is dominated by multi-product firms. In Figure A.6.11, we display
the fraction of firm observations and import value in 2014 accounted for by firms exporting different
numbers of products. Although less than 30 percent of exporting firms are multi-product, they account
for more than 70 percent of import value.

Fourth, we find that the extensive margins of firm and product exporting account for most of the
cross-section variation in aggregate trade. In Figure A.6.12, we display the log of the total value of Chilean
imports from each foreign country, the log number of firm-product observations with positive trade for
that country, and the log of average imports per firm-product observation with positive trade from that
country. We display these three variables against the rank of countries in Chile’s total import value, with
the largest country assigned a rank of one (China). By construction, total import value falls as we consider
countries with higher and higher ranks. Substantively, most of this decline in total imports is accounted
for by the extensive margin of the number of firm-product observations with positive trade, whereas the
intensive margin of average imports per firm-product observation with positive trade remains relatively
flat.

Therefore, across these and a range of other empirical moments, the Chilean data are representative

of empirical findings using international trade transactions data for a number of other countries.
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Figure A.6.9: Country Shares of Chilean Imports over Time
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Note: Shares of exporting countries in total Chilean imports over time.

Figure A.6.10: Distribution Firm-Product Observations and Import Value by Tenure 2014 (Chilean Data)
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Note: Data are for 2014. Tenure is the number of years a firm-product observation has existed since 2007.
Number of observations 947773

Note: Histogram of the distribution of firm-product observations and import value by the number of years a firm-product obser-
vation has existed since 2007.
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Figure A.6.11: Distribution of Firm Observations Across Number of Products 2014 (Chilean Data)
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Note: Histogram of the distribution of firm observations and import value by the number of exported products in 2014.

Figure A.6.12: Extensive and Intensive Margins of Firm-Product Imports Across Countries 2014 (Chilean
Data)
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in 2014; countries sorted by their rank in total Chilean imports.
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A.7 Unobserved Differences in Product Composition

In this section of the Online Appendix, we show that our approach allows for unobserved differences in
composition within observed product categories, which enter the model in the same way as unobserved
differences in appeal for each observed product category. In the paper, we assume for simplicity that
the products supplied by firms are the same as those observed in the data, which enables us to abstract
from these unobserved differences in product composition. We now generalize our results to the case in
which firms supply products at a more disaggregated level (e.g. unobserved barcodes) than the categories

observed in the data (Harmonized System (HS) categories).

A.7.1 True Data Generating Process

We suppose that the true data generating process is as follows. At the aggregate level, we have sectors (g);
below sectors we have firms (f); below firms we have products (1); and below products we have barcodes
(b). Aggregate utility and the consumption index for each sector remain unchanged. The consumption

index for each firm (Cy;) is defined over an unobserved consumption index for each product (C% :

U

Ué’lfl ayg—l
F o )
Ch=1| ¥ (olich) 4 , di>1,9% >0, (A7.1)
ueQy
ft

where (T(g is the elasticity of substitution across products within the firm; 4’1l4lt is the appeal for each product;

and Q}It is the set of products supplied by firm f at time ¢. Each product consumption index (CL) is defined

over the unobserved consumption of each barcode (CP):

eB-1] ¢B1
g g
B
ci=| T () T| . @svelso a72

beQB,

Similarly, the dual price index for each firm (P]ft) is defined over an unobserved dual price index for each

product (Pﬂ):

PU 1-0, 1*%%1
Pﬁ =) <“f> , (A.7.3)

u
MEQ]Lc’t (Put

and this unobserved dual price index for each product (Pﬁ) is defined over the unobserved price of each

barcode (Plﬁ):

PB 1705 17‘75?
Pi=1Y & . (A.7.4)
t
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A.7.2 Observed Data

Suppose that in the data we observe the total value of sales of each product (Eblllt), which corresponds to
the sum of the sales of all the unobserved barcodes (Eut ZbEQB Ebt)

EY, ch= Y E, =Y Pic. (A.7.5)
beB, beQB

ut

We also observe the total physical quantity of each product (QY), which corresponds to the sum of the
physical quantities of all barcodes (QY, = Zbeﬂft Cgt). Dividing sales by quantities for each product,
we can compute a unit value for each product (Pllft = Efft/ Qgt) Note that observed expenditure on
each product equals both (i) observed physical quantities times observed unit values and (ii) unobserved

consumption indexes times unobserved price indexes:
pu
P Mt - th - Eut/ (A76)

which implies that the ratio of observed unit values to unobserved price indexes is the inverse of the ratio

of observed physical quantities to unobserved consumption indexes:

u 1
Pu = (A.7.7)
P ut Qut/ C
A.7.3 Relationship Between Observed and Unobserved Variables
We now use these relationships to connect the observed physical quantities and unit values (Qut, u)

to the true unobserved consumption and price indexes (Cft, ijt) The firm consumption index (C ft) can
be re-written in terms of the observed physical quantities of each product (QU) and a quality-adjustment
parameter (9u) that captures the appeal of each product (gobl{t) and the discrepancy between the observed

quantity of each product (Q'}) and the unobserved product consumption index (Ct}):

C}:t - Z <9th ut) i ) ’ (A.7.8)

ueQu

where the appeal-adjustment parameter is defined as:

UC

0l = o't (A.7.9)

Combining this definition in equation (A.7.9) with the relationship between observed and unobserved
variables in equation (A.7.7), the firm price index (P}:t) also can be re-written in terms of the observed unit
values for each product (PlLft) and this same appeal-adjustment parameter (Qllft :

1

73 1717g
Ph=13, (9{?) : (A.7.10)

ueQu ut
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Note that equations (A.7.8) and (A.7.10) are identical to equations (A.7.1) and (A.7.3), except that the un-
observed consumption and price indexes (C}Dt’ Pﬁ) in equations (A.7.1) and (A.7.3) are replaced by the

observed quantities and unit values (QU, P), and the unobserved appeal parameters (') are replaced

by the appeal-adjustment parameter (94

.t)- Therefore, we can implement our entire analysis using the ob-

served quantities and unit values (QY, PU) and the appeal-adjustment parameter (6'%). We cannot break

out this appeal-adjustment parameter (6'1) into the separate contributions of true product appeal (¢p') and

u

the discrepancy between the true consumption index and observed physical quantities (CLLI{L / Quy

). But we
can use our estimation procedure to estimate the elasticity of substitution across products ((ng), recover
the appeal-adjustment parameter for each product (95), recover the true firm consumption and price in-
dexes (C;t, Pft), estimate the elasticity of substitution across firms ((TéD ), and implement the remainder of

our analysis.
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