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A Supplementary Theory Appendix: Extensions

This appendix presents five extensions of our baseline framework. In Section A.1, we extend our model
to include heterogeneous firms in multiple sectors whose production function uses multiple factors and
sector-specific inputs. In Section A.2, we relax the assumption of full support in the distribution of entry
potentials to allow for zero trade flows between countries. In Section A.3, we incorporate import tariffs into
trade costs and government revenue. Section A.4 extends our baseline framework to allow firms to produce
multiple products. Finally, Section A.5 relaxes the CES assumption in our framework by allowing for a

general class of demand functions with a single aggregator.

A.1 Multi-Sector, Multi-Factor Heterogeneous Firm Model with
Input-Output Links

In this section, we extend our baseline framework to allow for firm heterogeneity in a model with multiple
sectors, multiple factors of production, and input-output linkages. Our specification of the model can be seen

as a generalziation of the formulation in Costinot and Rodriguez-Clare (2013).

A.1.1 Environment

The world economy is constituted of countries with multiple sectors indexed by s. Each country has a

representative household that inelastically supplies L; y units of multiple factors of production indexed by f.

Preferences. The representative household in country j has CES preferences over the composite good of

multiple sectors, s = 1,...5:

Aj—1

Aj—1 Aj

Y@ ]

Given the price of the sectoral composite goods, the share of spending on sector s is

s S (P]§>1_Aj (A 1)
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where the consumption price index is

1
T—x;

S (Pjﬁ)lA]} . (A.2)
k
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Sectoral final composite good. In each sector s of country j, there is a perfectly competitive market for

a non-tradable final good whose production uses different varieties of the tradable input good in sector s:

v (Z [ G @)= d“)

where o7 > 1 and ij is the set of sector s’s varieties of intermediate goods produced in country i available

in country j.
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The demand of country j by variety w of sector s in country i is

_ 2 (w - E3
i (w) = (bfjbfj(w)) <pljj(§ )> Pijs

where E7 is the total spending of country j in sector s.

Because the market for the composite sectoral good is competitive, the price is the CES price index of

intermediate inputs:

TR ) b ) (A3

Sectoral intermediate good. In sector s of country i, there is a representative competitive firm that
produces a non-traded sectoral intermediate good using different factors and the non-traded composite final

good of different sectors. The production function is

pi—1 Bi—17 wi—1
g = [ LT +(1—af) (M) } ,

where
nf

nd—1 ng—1

Soaed (1) T and  M; = [Z ot (Q?)ifll K
f k

Zero profit implies that the price of the sectoral intermediate good is

1

P = [ (W) 4 (1= ag) (V) 7] T (A4)

where

_1
3
T=n;

= (2 (v N e ve= e (Pf)l‘“f] (A.5)
k

The share of total production cost in sector s spent on factor f and input k are given by

f 17775 WS 1_#: Pk, 17/{? VS 1—#’?
1 = pod (;"/) al <p) and  mp® = ok <V) (1—a) <p) . (A.6)

Production of traded intermediate varieties w. Assume that sector s has a continuum of monopolistic

firms that produce output using only a non-tradable input ¢7. In order to sell ¢ in market j, variety w of

country ¢ faces a cost function given by

_s 7,] (w) 7__57’

Cij(w, q) = P} () a4+ o (w)

where p? is the price of the non-tradable input ¢; in country i.
o']S- ‘rfj (w) ‘Ffj -
os—1 af(w) ai i

Given this production technology, the optimal price is pj; (w) = and the associated

revenue is

l1-0o
S S =S ﬁf S
R (w) =1 (W) 75 <P5> E; (A7)
J
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where

. o (TN T (e T\
75 (w) = bjj(w) <a;(w)) and  7;; = by < Z) . (A.8)

S __ &
o®—1a;

Firm w of country 7 chooses to enter a foreign market j if, and only if, 7, (w) = (1/05)R};(w) —
s fj ”( w) > 0. This condition determines the set of firms from country ¢ that operate in sector s of country

]3

w e N ¢>e‘?-(w)>orsE <@8> ﬁ (A.9)
J J = *Z_Sj PjS EJS
where ()
i (w
el (w) = L —=. (A.10)
“ f’j(w)

Entry of traded intermediate varieties w. Firms in sector s of country i can create a new variety

by spending F? units of the non-tradable sectoral input g{. In this case, they take a draw of the variety
characteristics from an arbitrary distribution:

7,] s lig

= {0} (@) b3 ()., 75 (). f5()}, ~ Giv). (A11)

In equilibrium, free entry implies that N} firms pay the fixed cost of entry in exchange for an ex-ante

expected profit of zero,

> B [max {rj(w); 0}] = piFy. (A.12)

Market clearing. We follow Dekle et al. (2008) by allowing for a set of exogenous transfers. Thus, the

spending on goods of sector s by country i is
k

The market clearing conditions for factor f in country i is

w/ LI =31 (5a;) - (A.14)

S

Since all the revenue of the sectoral intermediate good comes from sales to the firms producing the

varieties w, we have that

pig; 1 : ps F?
N :Z(l_as) Prlw € QB[R (w)|w € QF] Z p;f5Priw € Q5 E[f5(w)|w € Q5]+ i F;
’ J fixed cost of entry

final good production fixed-cost of entering markets

The free entry condition in (A.12) implies that

:ZE[max{wfj(w) ZP’I"LJEQS (;E[Rfj(w)wle] DI ELf (w)lw € ])
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Thus, pjg; = >_; N7 Prlw € Q}]E[R};(w)|w € QF}] and, therefore,

(A.15)

. 1—0°
_ _ p;
pial =) 7 (;) E;
j J

Equilibrium. Given the distribution in (A.11), the equilibrium is P;, {Q; };.s, {P7, N7, pi, Wi, V2,0 q;, B, ¢ } s,

{msF e s, {lf’f}fys and {wlf}f for all 7 that satisfy equations (A.2), (A.9). (A.3),, (A.12), (A.4), (A.5), (A.6),
(A.13), (A1), (A.15), (A.14).

A.1.2 Extensive and Intensive margin of Firm-level Export

We now turn to the characterization of the bilateral levels of entry and sales in each sector. As before, we

consider the marginal distribution of (rfj (w), es (w)) implied by G, which can be decomposed without loss

(Y]
of generality as

r(@) ~ HE (), and efi(w) ~ HE(e), (A.16)

)

where H;;* has full support in R.

Extensive margin of firm-level exports. The share of firms in sector s of country ¢ serving market j is
ng; = Pr [we ij] We define €;(n) = (Hfj’s)_1 (1 —n) such that
1

Ine;(ng;) = In (o° 5 /75,) + I (55)° —WES (PF)7 ~

(A.17)
Thus, we obtain a sector-specific version of the relationship between the function of the share of firms
from ¢ selling in j and the linear combination of exogenous bilateral trade shifters and endogenous outcomes

in the origin and destination markets.

Intensive margin of firm-level exports. The average revenue of firms from country ¢ in country j is
T, =F [Rfj (W) |w e ij] Define the average revenue potential of exporters when n7;% of i's firms in sector

s export to j as pj; (nfj) =1

= B

fonjj pi;(n) dn where p7;(n) = Er|e = €f;(n)] is the average revenue potential
in quantile n of the entry potential distribution. Using the transformation n =1—H fj’s(e) such that e = €};(n)
and dHZ-ej’s(e) = —dn, we can follow the same steps as in the baseline model to show that

o®—1

_ _ _s\1—0°
Inz; —Inpf;(n5;) = In (75;) + In(57) 7 +InE; (P) (A.18)
Thus, we obtain a sector-specific version of the relationship between the composition-adjusted per-firm
sales and a linear combination of exogenous bilateral trade shifters and endogenous outcomes in the origin

and destination markets.

A.1.3 General Equilibrium

We now write the equilibrium conditions in terms of pj;(n) and €j;(n). We start by writing the price

index P} in (A3) in terms of pj;(n). Using the expression for pf; (w) and (A.3), we have that (Pjs)k"S =

T (ﬁf)lfa Jos 75 (w) dw. Since Jos 75 (W) dw = N7 Prlw € Q%] E[r|w € Q] = Nfng,p3;(ni;), we can
% 3
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write Pj'5 as

=N )T pg(nd)ng Ny (A.19)

We then turn to the free entry condition in (A.12). Following the same steps as in Appendix A.1, it is
straight forward to show that

E[max {771' O}] nezl — pt S/ ij ,Oij(n) dn,
0

Mot TP )
which implies that the free entry condition in (A.12) is equivalent to

L oy [T P5(n)
o’piFf = Zn” T} Z(Uspf fj)/o Esj(n) dn.

J v

Notice that the summation of (A.17) and (A.18) implies that In (agpfffj) Inz$; —In pj;(ng;) +In€; (ng;).
Thus, following again the same steps as in Appendix A.1, it is straight forward to show that

- fo ij pu( 3 dn
g p’LF an] ’Lj W . (A20)
b gty

Finally, we established above that pig; = >, N7 Pr(w € Qj;|E[R?;(w)|w € QF;]. Since nf; = Priw € Q]

and zj; = E[R};(w)|w € Q7;], then
P =y Ning;. (A.21)
J

This implies that, given {{Lf}f,{Ff,af,yf,nf,uf,mf}s,{ffj, ’.5.}]-,5,{ﬂ?’f}f,s,{ask}ks,&}i, an equi-
librium vector {PZ, (N3, 25 500 A8 N2 B3 W VEDEas, B3, 65 o A bio, {57 Y 1, {wf}f} satisfies the
following conditions.

1. The extensive and intensive margins of firm-level sales, nj; and 7}, satisfy (A.17) and (A.18) for all s,
i and j.

2. The price of the final sectoral good P} is given by (A.19). The final consumption good price P; is
given by (A.2).

3. The number of entrants in sector s of country ¢ N7 satisfies the free entry condition in (A.20).

4. The price of the the intermediate sector good pf is given by (A.4) where W7 and V° are given by
(A.5).

5. The total revenue of the intermediate sectoral good pigs is given by (A.21).

6. Spending on the final sectoral good E? is (A.13) with final consumption spending share ¢ given by
(A.1) and the intermediate consumption spending share m3* given by (A.6).

7. Factor price w{ implies that the factor market clearing in (A.14) holds with lZf given by (A.6).

A.1.4 Nonparametric Counterfactual Predictions

We now use the equilibrium characterization above to compute counterfactual changes in aggregate outcomes
using the functions €;;(n) and p;(n). As in our baseline model, this implies that we do not need any
parametric restrictions in the distribution of firm heterogeneity G;. The implications of firm heterogeneity

for the model’s aggregate counterfactual predictions are summarized by €;;(n) and pj;(n).
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The extensive and intensive margins of firm-level sales in (A.17) and (A.18) imply that

Ef(n’fﬁf) rs /2s 25\ 0° s ( Ds o1
In T = I (f5/75) +In ()7 —mE; (P7)" .
ig\'Yij

s

y s ~ ~ o’—1
PLRG) (Fy) +mn (57 + s (Pr)

pij( ij)
The price of the final sectoral good P? in (A.19) implies that

Inz x” In

~ s xL n? NS 1—0® pz ( n; ﬁf )
(P,S)l_g — J lz ,,,1 pS J J g ’ﬁ‘z zS .
’ 21: Ej 5 (7) pyniy) Y

Let z§; = z};nf; N} /B2 = X7,/ >, ij) be the spending share of country j on country i. Thus,

ij 7.]
ZI 1 o’ pz]( fjﬁfj)ﬁ VN
& ” pij( ij) A
The final consumption good price P; in (A.2) implies that
1—X,
ey Sk i
P =3 (Pj> :
k

The free entry condition in (A.20) implies that

ng; Pi ns.ns f n
i 583 o 0 24 0
Di an Lij T ng pm an 1] m ZJ 1- ng ng; ﬁu( n) d
0o« (mJ) dn Jo e (g A

The price of the the intermediate sector good p; in (A.4) implies that

. AN S 21 RS EYTS R
7= |as () " aman () ]

where &; is the share of labor in total cost of sector s in country i.
From (A.5), W and V;* are given by

K2

1
—ns 1
T—n3

S () v
f

The total revenue of the intermediate sectoral good pf¢f in (A.21) implies
ﬁfqz Zajz]NSAfjifj
Let ¢; = w;L;/(w;L; + T;). Spending on the final sectoral good E? in (A.13) implies that

rs Wil + T
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where M}* is the value of intermediate sales of sector k to s in country i.

The final consumption spending share ¢f in (A.1) implies that

AS 1—)\j
o= =2 . A.29
] () (220

The intermediate consumption spending share mfk in (A.6) implies that

. 1—kS A 1—ps
PF ‘ s ‘
R ‘f— . (A.30)
vy p;

The labor spending share I in (A.6).

. S\ W L
lf"f _ (7{]2 ) < - ) ) (A.31)
W [

The factor market clearing in (A.14) implies that

o =3 i (e (A.32)

S

where Cif *® is the share of factor f income coming from sector s in country i.

Thus, the system (A.22)—(A.31) determines the counterfactual predictions in the model.

A.2 Allowing for zero bilateral trade

In this section, we extend our baseline framework to allow zero trade flows between two countries.

A.2.1 Environment

Consider the same environment described in Section 2.1.

A.2.2 Extensive and Intensive Margin of Firm Export

As in our baseline, we consider the distribution of (r;;(w), e;;(w)) implied by G;(.):

i (W) ~ H; (rle), and eij(w) ~ Hfj(e) (A.33)

To allow for zero trade flows, we follow Helpman et al. (2008) by allows the support of the entry potential
distribution to be bounded. Specifically, assume that H;;(e) has full support over [0, &;].

Extensive margin of firm-level exports. Recall that n;; = Priw € ;;] where ;; is given by (5). It implies

that
e * : * = r g
ngs — 1— H(ej;) ?f €5 < ?ij where ¢, = a& [(W) PJ} ]
0 if el > e rij I\NP;i/) Ej

Let us now define the extensive margin function as
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-1

. HS) (1—-n) if n>0

€ij(nij) = { ( J) - £ meo
1] -

Using this definition and the expression for n;; above, we get that
€Z—j(nij) = min {6;}, éij} .
We then define ¢;;(n) = &;(ni;)/&; and fi; = fi;/&;. Then,

In €ij (n”) = min {h’l (Uﬁj’ﬁ'j) +In (wf) —1In (EjPJ?il) 7O} . (A34)

Intensive margin of firm-level exports. Conditional on n;; > 0, we now compute the average revenue in j:

ws l1-0o
- E.
(P i ) ’
We consider the transformation n =1 — H{;(e) such that e = ¢;;(n) and dH;;(e) = —dn. By defining
pij(n) = Erle = €;;(n)] and p;;(0) =0,

1 Cij
— E|rle] dHfj(e).

Lij =Tij .
1] e’;J

In i‘ij —1In pij(nij) =1In (’Fij) + In (wil—a) + In (EjPJ‘,T_l) . (A35)

A.2.3 General Equilibrium

We now write the equilibrium conditions in terms of p;;(.) and €;;(.). Since z;; = Z;;n;; N;/E; and ), z;; = 1,

the expression above immediately implies that

P77 = > 7wy (wi) 7 pag(nag) (nagNy) (A.36)

iZ’I’Li]' >0

We then turn to the free entry condition in (7). Following the same steps as in Appendix A.1, it is

straight forward to show that

owiF; =) nijZi; = ) (owifi;) / v o) g,
j 0

- , €ij(n)

For n;; > 0, the ratio of (A.34) and (A.35) implies that o f;jw; = Z;j€;;(ni;)/pij(nij). Thus,

i Jo 2atiy dn
JMij >0 0 6”(””)
Following the same steps as in Appendix A.1, it is straight forward to show that

Jjini; >0

Thus, given {I_/i, F, {7, fij }J} , an equilibrium vector {{ni;, Zi;};, P;, Ny, E;, w; }, satisfies the following

%
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conditions.

1. The extensive and intensive margins of firm-level sales, n,;; and Z;;, satisfy (A.34) and (A.35) for all 4
and j.

2. For all 4, the price index is given by (A.36).

3. For all 4, free entry is given by (A.37).

4. For all 4, total spending, E;, satisfies (8).

5. For all 4, the labor market clearing is given by (A.38).

A.2.4 Nonparametric Counterfactual Predictions

We now use the equilibrium characterization above to compute counterfactual changes in aggregate outcomes
using the functions ¢€;;(n) and p;;(n). We further assume that, in bilateral pairs for which initially n;; =0,
we still have that nj; = 0. Thus, (A.34) implies that

€ (1 T4g) = inj @ i for n;; >0 (A.39)
€ij(nij) Tyj P; ] E; !
ny; =0 for n;=0. (A.40)
The intensive margin equation remains the same:
( R ) R l1—0o
2 a PijTijNi Wi r
Tii = Tjj————" ~ E; for n;; > 0. A.41
J J pij (n”) (PJ> J J ( )
The price index equation in (A.36) implies that
! pij(niz)
1M >0
The spending equation in (8) implies that
The labor market clearing condition in (A.38) implies
Jini; >0
The free entry condition in (A.37) implies that
f”z‘j i) g f"uﬁu pii () g
N _ 0 €ij(n) NP 0 €;j(n)
w; Z nijTij | 1 — W = Z nijTi (RijTig) | 1 — —m ) o (A.45)
Jni; >0 0 m n Jimi; >0 0 m n

Thus, the system (A.39)—(A.45) determines the counterfactual predictions in the model.
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A.3 Model with Import Tariffs

In this section, we follow Costinot and Rodriguez-Clare (2013) to extend our baseline framework to allow for

import tariffs.

A.3.1 Environment

We assume that country j charges an ad-valorem tariff of ¢;; such that the total trade costs between country ¢
and j is 7;;(1+¢;;). We consider a monopolistic competitive environment in which firms maximize profits given

the demand in (1). For firm w of country 4, the optimal price in market j is p;; (w) = %5 W ;’Z((:))

ws l1—0o
_t E.
<Pj) !

rij (W) = by () (Tij(”))l_a and rijzbij( d T”(”t”)) - (A47)

a;(w) o—1 a;

with an associated revenue of

Rij (w) = Tijrij (w) ; (A.46)

where

The firm’s entry decision depends on the profit generated by the revenue in (A.46), o= (14 t;;) "' Rij(w),
and the fixed-cost of entry, w; fi; fij(w). Specifically, firm w of i enters j if, and only if, m;; (w) = o1 (1 +
tii) " Rij(w) — w;fij fij(w) > 0. This yields the set of firms from 4 selling in j:

7, [ 7 P;
wey; Seyw )>0(1+t”)£j KIU%) Eﬂ (A.48)
where @)
() = LW '
eij (w) Tol@) (A.49)

The aggregate trade flows (including tariff) is still given by
wEN;;
As before, free entry implies that N; satisfies

Z E [max {m;;(w); 0}] = w;F;. (A.51)

Market clearing. As shown by Costinot and Rodriguez-Clare (2013), the country’s spending now also includes

the tariff revenue:

E; =w;L; + T, + Z Xij. (A.52)

1 +th

Now a fraction t;;/(1 + ¢;;) of total revenue goes to the government of country j. So, labor in country 4

only receive a fraction 1/(1 + t;;) of the sales revenue. Thus, w;L; = (1 + ;)" [ e, w) dw and, by

(A7),
_ 1-0o
- 7 w
Li=—2 E; i . A.
Wit 1+ tz] (P) ! [/wGSZi_j " (W) dw] ( 53)
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A.3.2 Extensive and Intensive Margin of Firm Export

Using the same definitions of the baseline model, expression (A.48) yields
ln eij(nij) = ln (O’(l + tij)fij/Fij) =+ 111 (’UJ;’) — hl (Ejp;f_l) . (A54)

Again, following the same steps of the baseline model, equation (A.46) implies the same intensive margin

equation:
_ _ 1—0o o—1
Inz;; —Inp;;(n;;) =In(F;;) +1n (wi ) + In (Eij ) . (A.55)

A.3.3 General Equilibrium

Part 1. To derive the labor market clearing condition notice that there are three sources of demand for

labor: production of goods, fixed-cost of entering a market and fixed-cost of creating a variety. Thus,

= 1 1 _ _
w; L; = ZNZ'P’I“[W S Qij] (1 — U) I tij E [Rij (w) ‘OJ S QZ]]+Z NiP’I“[OJ S Qij]wifijE [flj (w) |w S Qij]—FNiwiFi
J J

From the free entry condition, we know that

1 1
O'].+tij

wiFi = Y B s 0} = 3 Prlw € 2]

E[Rij (w)|lw € Qij] —wi fi; B [fij (W) |w € Qz‘j]) ;
J J

which implies that
1

w; L; = ZNZP’I’[L{J S QZJ]E [R” (w) |w c Q”] m

J

Thus, since Z;; = E [R;; (w) |w € Q5] and n;j = Priw € ], this immediately implies that

s o
Part 2. Since p;; (w) = -2; 4% ?((5))’ the expression for P} ™7 in (2) implies that

wmw(wwwlgm

- u a;(w)

T ey

Using the definitions in (4), we can write this expression as

leig = Zfij (’U.)ilio) A Tij ((.J) dw
i i

Notice that [, 7j(w) dw = N;Prw € Qi;]E[r|w € Qi;] = Ninijpij(ni;). This immediately yields

Pl = 7ijw! " pij(nig)ni; Ni. (A.57)
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Part 3. We start by writing

E [max {m;;(w); 0} = Prlw € Q4] E [mij (w) |w € Q5] + Priw ¢ ;)0
= Prive ) (A rir 7 W () € 0] — B 1fy ) o € Q)
== nij (3, Tty 15 wzfzg [Tij(w)/ew |w € Qz]])

where the second equality follows from the expression for 7;;(w) = %ﬁRw (w) —w; fi; fij (w), and the third
equality follows from the definitions of z;; = F [R;; (w) |w € Q;;] and e;;(w) = ri;(w)/ fij (w).

r ag
By defining ef; = o(1 + t”)gﬂ [(%) %}, we can write
1] J J

Bhru)esl el = [ 1| [7 i oo 50

er. €
5
Consider the transformation n = 1 — H;j(e) such that e = &;(n). In this case, dH;;(e) = —dn and
nij = 1 — H;j(ej;), which implies that
L )
T e w € Qs :—/ 25 dn.
Bl el e 9] = o [ 20

Thus,

1 1 _ = [T pii(n)
E ij(w); 0] = —————n4;Tij — w; fij =L dn.
[max {m;;(w); 0}] ol—l—tijnjxj w,fj/o ei;(n) n
Thus, the free entry condition is

ow; F; = E nijlij E (awiﬁj)/ “ pi(n) dn. (A.58)
- - 0 i
j j

1+

Notice that the summation of (A.54) and (A.55) implies that
In (U(]. + t”)wlf”) =In i'ij —In Pij (TL”) + In €ij (’I’L”)
which yields

NijTij nijTij €ij(Nij) / " pij(n)
agw; F — e —— —_— dn
o Z 1+t XJ: L+t pij(nij) Jo  €ij(n)

Using the market clearing condition in (OA.1), we have that

1 F; niTi;  €ij(ni) / " pij(n)
— =0= + = dn. (A.59)
Ni L zj: (L4 tij)wils pij(niz) Jo  €ii(n)
which immediately yields equation (OA.7).
Part 4. Equation (A.52) implies that
= . tji _
Ez = ’IUZLZ' + E + J (Njnjiacji). (AGO)
T+t

J

Thus, given {L,E, {tij,ﬂj,ﬁj}j}i, an equilibrium vector {{n;,Z;};, P;, Ni, E;,w;}, satisfies the fol-
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lowing conditions.

1. The extensive and intensive margins of firm-level sales, n,;; and Z;;, satisfy (A.54) and (A.55) for all 4
and j.

2. For all 4, the price index is given by (A.57).

3. For all 4, free entry is given by (A.59).

4. For all i, total spending, E;, satisfies (A.60).

5. For all 4, the labor market clearing is given by (A.56).

A.3.4 Nonparametric Counterfactual Predictions
We now use the equilibrium characterization above to compute counterfactual changes in aggregate outcomes

using the functions €;;(n) and p;;(n).
From (A.54) and (A.55),

Il (A.61)

. i) . B P7T
by = LoNt)y S0y (462
pij(nij) i

From (A.57),

S A~ pz NG5G ;
pl-o E x”n]wl UMn”N

; z S (A.63)

From (A.59),

N;N; =

nijfij pij(n) dn

2 : NijTij NijTij fO €ij(n)
J

bﬂ‘ el
b‘“‘ ﬁj|>

p——

1 + tz] szZ (1 + t'Lj 'lUZL fn”n” p” (ni) dn

€ij(nijnij)

i

Using (A.59) to substitute for 0%,

nijfij pij(n) dn

i xz fO €ij(n)
+ ) Y= - : (A.64)
i ; J 1+t1j wZL f ijThij Pw(”) dn

€ij(nijiz)

€ij(n

Nij ng d
n
f() €ij (1iz)

‘:ﬂb

Nz’ = Zyzj

fnlJ pz}(( ; dn
(n)

Y

where y;; = (lﬁ-tiiﬁ is the share of income in ¢ from sales to j.
From (A.60),
. - - £ X - .
Z<1+t]2 1+tji)> E’L( VAR ]) ( )

where 1; =Y;/E; and ¥; =
Thus, the system (A.61

T;/E;
)~

A. 65) determines the counterfactual predictions in the model.

A.4 Multi-product Firms

In this section, we extend our framework to incorporate multi-product firms.
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A.4.1 Environment

Demand. We maintain the assumption that each country j has a representative household that inelastically

supplies L; units of labor. The demand for variety w from country i is

4ij (w) = by (pi}(f) > - ?sj (A.66)

where, in market j, E; is the total spending, p;;(w) is the price of variety w of country ¢, and P; is the CES

price index,

— T 1—
P =3 [ by @) e (A.67)
% ij
and 27 is the set of varieties produced in country ¢ that are sold in country j.

Production. We consider a monopolistic competitive environment. Each firm 7 can choose how many

varieties to sell in each market. In order to operate in market j, the firm must pay a fixed entry cost

}/a N't1/a  For every

w; ﬂ-j fij(n). Conditional on entry, selling N varieties entails a labor cost of w;
Tij (n) 77—17]

ai(n) a; -
For each variety w of firm 1 from country 4, the optimal price in market j is p;; (w) = —o_ Tigwi iy (m)

o—1 a; ai(n)
w; l-0o
i E.
(Pj> !

1-0o = 1—0o
T,{}-f (n) = <7—1j (77)) and Fg = l_)z'j < g Tl]> . (A69)

ai(n) c—1a

The firm then decides how many varieties to sell by solving the following problem:

T+
variety, the firm then has a unit production cost of w;

with an associated revenue of

N _ =N, N
Rij (n) = Ti5T45 (n)

(A.68)

)

where

—_

141/

bl

LN
max ;Rij (n) N — wim

which implies that

Ny(o) = (iW) . (A.70

Thus, firm sales are

]. _ 14+«
Rij(n) = Nig(m R (n) = —— (7jriy (n))

To simplify the notation, conditional on entering market j, the sales of firm 7 can be written as

_ — oo o—1\1+«a
Rij(n) = 7igreg (n)w}~ T (B, P71 (A.71)
14+« _ 1 _ 14+«
rij (n) = (r3) (1)) and 755 = — (Fy) (A.72)
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Conditional on entering market j, the firm’s profit in that market is
mii(n) = Nij(n) 2R (n) — wigrizg Nig(m) "/ —w, fij fi5(n)

R\
(; ) SR () — witrizg (}, 2 ) — wi fij fi;(n)
il -
(1+a)a U“w (RN( )) a_wifijfij(n)

and, therefore,

1 _ 1-(1+a)o o—1\ 1+« =
mig ) = o age o (w0 (BT T - wifi i ) (A.73)
Ry H
The cost of variety creation is C} () = w; 1-&/(1 <; 71)(17)> , which can be written as
&% 1—(14a)o o—1)\1ta
cY(n) = R () w; 7 (B P (A.74)

Firm 7 of 7 sells in j if, and only if profits are positive, m;;(n) > 0. This yields the set of firms of country

1 operating in j:

fz w(lJra)a'
nEQy wei(n)=A+a)est—— (A.75)
Tij (E;Py)
where )
Ti5 77
eij (n) = =12, (A.76)
! fiz(n)
Entry. An entrant firm pays a fixed labor cost Fj; to draw its type from an arbitrary distribution:
vi(n) = {ai (n) ,7i5(n), fis(n)}; ~ Gi (v), (A.77)

In equilibrium, N; firms pay the fixed cost of entry in exchange for an ex-ante expected profit of zero.

The free entry implies that

Z E [max {m;;(n); 0}] = w;F}. (A.78)

Market clearing. We follow Dekle et al. (2008) by introducing exogenous international transfers, so that
spending is

Since labor is the only factor of production, labor income in i equals the total revenue of firms from i:
wiL; =3, [ Rij(n)dn. Given the expression in (A.71),

wili =Y w7 (Ejp;’—l)”“/ ri; (n) dn. (A.80)

j neN;;

Equilibrium. Given the arbitrary distribution in (A.77), the equilibrium is defined as the vector { P;, {€2;;};, Ny, Es, wi},
satisfying equations (A.67), (A.75), (A.78), (A.79), (A.80) for all i.
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A.4.2 Extensive and Intensive Margin of Firm Exports

The extensive and intensive margin of firm exports follows the single-product case. We now use the definitions
of entry and revenue potentials to characterize firm-level entry and sales in different markets in general

equilibrium. We consider the CDF of (r;;(n), e;;(n)) implied by G,;. We assume that

rij(n) ~ Hj; (rle),  and  e;;(n) ~ Hij(e). (A.81)

Extensive margin of firm-level exports. The share of firms of country ¢ serving market j is n;; =
Pr[n € Q4]. Defining €;;(n) = (H;)_1 (1 —n), equation (A.75) yields

. %

Tij

Ine;j(ni;) = In <(1 + Oé)Uﬁj> +Inw{ "7 —In (B P77 (A.82)

Intensive margin of firm-level exports. The average revenue of firms from country ¢ in country j is

Z;; = E[R;; (n) |n € Q5] where R;;(n) is given by (A.71). Define the average revenue potential of exporters
1 Uz
’ni]‘ 0

when n;;% of 's firms in sector s export to j as p;;(n;;) = pii(n) dn where pit(n) = Elrle = €;;(n)]
is the average revenue potential in quantile n of the entry potential distribution. Using the transformation
n =1— Hf;(e) such that e = ¢;;(n) and dH{;(e) = —dn, we can follow the same steps as in the baseline
model to show that

i

In jij —1In Pij (nij) =1In 771']' + In w17(1+a)a + In (EijU_l)lJra . (A83)

Extensive margin of products per firm. The average number of products per firm of ¢ operating in
market j is N = E [Ny; () [n € Qi;]. The expression for Ny;(n) in (A.70) implies that

1 Q@ —ao o—1\¢ «a
Ny = — (7)) wi o (B 7" B[ () )" In € ]

(,N)1+a

and, since 7;; = L T

o )

Ny = o~ T w o (B Py E (i () 7 | € 93]

To obtain the gravity equation, we consider a similar transformation as the one above. Define pfj(nij) =
L[ pi;(n) dn where 5 (n) = E[rTa e = €;;(n)]. Using the transformation n = 1 — H{;(e) such that

e = €ij(n) and dH{;(e) = —dn, we can follow the same steps as in the baseline model to show that

o e
In N —1Inpj(ni;) = Ino™ T+ + - In7;; +Inw;*° +In (EjPJ-”_l)a . (A.84)

The elasticity of the average number of varieties per firm with respect to changes in bilateral revenue
shifters is /(1 + «), conditional on the composition control function, py;(n;;), and the origin and destination
fixed-effects. Thus, this semiparametric gravity equation can be used to estimate the parameter a. We show

below that this parameter is necessary for counterfactual analysis.

A.4.3 General Equilibrium

Part 1. The extensive and intensive margins of firm-level sales, n;; and Z;;, satisfy (A.82) and (A.83) for all

i and j. Together with INV;, they determine bilateral trade flows, X;; = N;n;;Z;;.
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Part 2. For all ¢, total spending, E;, satisfies (A.79).

Part 3. To derive the labor market clearing condition notice that there are four sources of demand for
labor: production of goods, cost of producing new varieties, fixed-cost of entering a market, and fixed-cost of

creating a firm. Thus,

w;i L

> NiPrn € Q] (1 - 3) E[Ri; (n) In € Q)
2 NiPrln € Qi|E [CF (m)In € Q]
> NiPrn € Qjlwi fi; E [fi5 (n) [n € Qi)

+ o+

From the free entry condition, we know that w;F; = >; E [max {m;;(w); 0}]. Thus,

_ 1 .
wiF; =Y Prin € Q) (UE [Rij () In € Qi) = E [CH(n)n € Qu;] — wifi; E [fij (n) In € Qz‘j]) ;
j
which implies that
wiLi =Y NiPr[n € Q] E[Ri; (n) |n € Q).
i

Thus, since Z;; = E [R;; () |n € Q5] and n;; = Prn € Q;;], this immediately implies

wils = Z Nini;Zij. (A.85)
J

Part 4. Since p;; () = P ﬂéwl %(nn))

that

for every variety of firm 7, the expression for lefo in (A.67) implies

P77 = Zgij /Q Nij(n) (pig ()"~ dn.

Using the expression for N;;(n) in (A.70) and the definitions in (A.72), this expression can be written as

1—0o @
Ww; Ej
(&) 2] [

ij
Notice that [, 7i;(n) dn= N;Pr[n e Qy|E[r|n € Qi) = Ninijpij(n;). This immediately yields
w)' 7 B
Pj w;

le—a' = Zfijwil_(l-i_a)a (Ejpjg_l)a p” (TL”)TL»LJNZ (A86)

K2

1l—0c __ 1—0o fij
Pj —E w; s

i 2

pij(nij)ni; Ni,

l—0 _ = ,,l—0
P = g Tijw;
i

and, therefore,

Part 5. From (A.71) and (A.73),

E [max {m;;(w); 0}] = Prlne QylE [mRij(n) —w;ifi;fij(n)|n € Qij}
nij (m@j —wifi; E[riz(n)/ei;(n)ln € Qu]) :
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(1+a)a

By defining e}; = (1 + a)ol o W, we can write
E

Bl et e @)= [~ 1| [ ram; 010 T

« e
ij

Consider the transformation n = 1 — H;;(e) such that e = &,(n). In this case, dH;;(e) = —dn and
nij = 1 — H;j(ej;), which implies that

[7‘1]( )/611( )‘W S Qij] = 77,1*/0%] e (n)dn

ij €ij (n)

Thus,

E [max {m;;(w); 0}] = ﬁnijfij —wiﬁj/o P dn.

Thus, the free entry condition is

(1 + a)ow; F; = Znijfz‘j - Z (1 + a)ow f;) /nj M dn.

; . o €ij(n)
Notice that the summation of (A.82) and (A.83) implies that
hl ((1 + a)awiﬁj) = ln :Eij — 1n pij (n”) —+ 111 Eij (nij),

which yields

Nij oM (n
(1 + o leFz an_]xz_] lej ;U / pz]( ) dn.
J z] 0

€ij(n)

By substituting the definition of p;;(n), we can write the free entry condition as

€ij(n)

eij(n i piy(n)
1+a) ow; F; = Zn”mw ZnU‘TUW/ . dn.
0

Using the market clearing condition in (A.80), we have that

1 F; niTi  €(nig) i pi(n)

— (1—1—040——1— L nlj . / ? dn,
N; Z f J p” Ydn Jo  €ij(n)
which immediately yields

F _ Tij PZY;(”) d
% NijTi5 Jo €ij(n)
N, = [(1 == 7t )
Lty +§j: wils o 20

€ij(nij)

(A.87)

Part 6. The equilibrium vector {n;;, Z;;, E;, w;, P;, N;}; ; is determined by equations (A.82), (A.83), (A.79),
(A.85), (A.86), and (A.87).
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A.4.4 Nonparametric Counterfactual Predictions

We now use the equilibrium characterization above to compute counterfactual changes in aggregate outcomes
using the functions €;;(n) and p;;(n), as well as o and «a.

1. The extensive and intensive margins of firm-level sales, n;; and Z;;, in (A.82) and (A.83) imply

N r3 1+a)o
ij(nijhig) _ fiy o (A.88)
() Fos 3 T+a” '
€ij(ni5) Tij (E P )
f - ;M |:uA)1(1+a)a (E,Pa—l>l+a:| (A.89)
ij = Tig— i VAN : :
pij(nij)

2. Let v; = wiLi/E; = (3, Xia) / (32, Xoi) be the output-spending ratio in country i in the initial equilibrium.
The spending equation in (A.79) implies

B =, <wi) +(1— )T, (A.90)

3. Let yi; = (Niny;ZTij) / (wiL;) = Xi5/ ( Xij ) be the share of i’s revenue from sales to j. The labor
ies

market clearing condition in (A.85) implies

WiLi = Zyij (Niﬁijfij) . (A.91)
J
4. The price index (A.86) implies
_ 1—(14a)o o—1\ .
~ 7"1’(1) E;P; 1anLZNZ R - M _ Qo ~
pro 5T (E; f_a) pij (nij)nis (Tijpzy_(ﬁzjﬁzj)wj (1+a) (E o 1) nUN>.
p P; pig(niz)

Since f” = p”(n”)ﬂ]wl (1+a)a (E I‘—](7 1) and ZEU = XU/E = I'”TL»L]N /Ej,

—o Zijni i Ny (2 pij(nigng) ~1—(1+a)o o_ ~
Pl = ¥, (Tijppi(n”))wi (1+a) (EP 1) an)

J E;

S i (g et =040 (B pr=1) " )

Rearranging this expression, we get that

B0 = 5 (5, Pllia) g g ). (A92)
Z ’ pig(niz) Y

5. The free entry condition in (A.87) implies

N L(n) dn -1
N’LN’L = (1 —+ 04)0'55 + nlszj nljxlj 0 G:i(n)
L; L; - lLi ’U)lL fnun” () in

€ij(nijnij)
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Using (A.87) to substitute for (14 o)o

P'\:W

nmnm pij(n) dn -1

fnm Pw(n) dn

\ €ij(n) F Tl” ;L'” €ij(n)
N, = 1-— E Yij——a— | =+ g Yi : (A.93)
? ¢ i pM(n) = ij N P (n)
fonj e”J(nu) Li sz f Y 6z‘j(7iz‘jﬁz‘j) dn

Thus, the system (A.88)—(A.93) determines the counterfactual predictions in the model. Notice that the
system only requires: (i) the elasticity functions {p;;(n), €;;(n)}:;, (i) the elasticities o and «, and (iii) the

data in the initial equilibrium for trade flows and exporter firm shares, {X;;,ni;}i ;-

A.5 Non-CES Preferences

A.5.1 Environment

Demand. In country j with income y;, we assume that the Marshallian demand function for product w

can be written as
4 (p(w);pj,u5) = q(p(W); Py (Rjrv5),95) (A.94)

where P; (pj7 yj) is a price aggregator and p, is the vector of all prices in market j. This class of demand
functions includes a number of homothetic and non-homothetic examples, as discussed in Arkolakis et al.
(2019a) and Matsuyama and Ushchev (2017).

We make two assumptions following Arkolakis et al. (2019a). First, we assume that the demand function
features a choke price or, in other words, for each P; (p,y) there exists a € R such that g; (x;pj, yj) =0 for
all x > a. This way we can abstract from the fixed cost of entry — that is, we assume that f;; = 0 for all ¢ and
j. Second, we assume that the demand elasticity ¢; (p (w); P,y) = —0lng(p(w); P,y) /0lnp is decreasing in

p (w). For exposition, we suppress the dependence of the demand function and its elasticity on on P and y.

Production. We assume that the production function is

7ij (W) Tij
ai(w) a;

Cij(qu) = w;

Notice that, relative to the baseline, we abstract from the fixed cost of entry. In this case, the extensive

margin of firm exports arises from the chock price in demand. We define the firm-specific cost shifter as

Tij (W)
a; (w)

Cij (w) =

Since the production function is constant returns to scale, the quantity for each firm w can be defined for
each pair of markets separately. Thus, given aggregates P and y, the profit maximization problem of firm w

from 7 when selling in j is

iy @) = ma{ (p @) = wiey ) 0 (o) |

p(w)

The associated first order condition is given by

(1 — wlt”c“(w)> =—1/(0lng; (pij (w)) /0lnp) = 1/e; (pi; (w)) -

Qi Pij (w)
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Thus, markups are inversely related to the elasticity of demand:

mi; () = pij (W) & (piy (W)
YU wi e (w) g (pig (W) — 1

Furthermore, our second assumption guarantees that the markup is strictly decreasing on the marginal
cost, that the price is strictly increasing on marginal cost, and that quantities and sales are strictly decreasing
on the marginal cost (see related arguments in Arkolakis et al. (2019a)). This implies that we can perform a

change of variables to express all variables in terms of the marginal cost of production:

™ <wz?% (w)) = - (wl%cw (W)> ! R <wz?% (w)) . (A.95)

i m (wz%Cu (w)) i

Since a higher marginal cost lowers markups and sales, the profit function is strictly decreasing on
wi%cij (w). Therefore, given every P and y, there exists a unique revenue potential threshold that determines

entry into a market:

we Q& wi@cij(w) < c; (Pj,y;) suchthat = (c;‘ (Pj,y;); Pj7yj) =0. (A.96)
a;

Conditional on entering, the revenues and profits are

RZ‘]‘(W) = Rij (’ZUZ’ZJC” (OJ) 3 Pjvyj) and Wij(w) =T (MZTC” (OJ) 3 Pjayj> . (A97)

(3

Entry. Let us assume that firms pay a fixed entry cost F; in domestic labor to get a draw of variety

characteristics from a distribution:
vi (W) = {ai(w), 7i; (W)} ~ Gi(v) (A.98)
In expectation, firms only pay the fixed entry cost if ex-ante profits exceed entry them:

Z E [max {m;;(w); 0}] = w; F}, (A.99)

Market clearing. We follow Dekle et al. (2008) by introducing exogenous international transfers, so that
spending is

Since labor is the only factor of production, labor income in ¢ equals the total revenue of firms from :

y;i = w;L; = / . R;; (wi?cij (w); P, y) . (A.101)
well;

(2

Equilibrium. Given the distribution in (A.98) , the equilibrium is the vector {P;, y;, {Q:;};, Ni, Ei, w; }
satisfying (A.94), (A.96), (A.99), (A.100), (A.101) for all .

i
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A.5.2 Extensive and Intensive margin of Firm-level Export
We now turn to the characterization of the semiparametric gravity equations. We consider the distribution
of firm-specific shifts of marginal costs implies by G;:

cij(w) ~ Hyj(c), (A.102)
where H;; has full support in R .

Extensive margin of firm-level exports. The share of firms of country i serving market j is n;; =
Pr [w S Qij] = Pr [Cij(w) < ek (Pj’yj)}'

— Tijw; J

Ni; = Hij ( _Z ‘C;f (Pj7yj)>

TijW;

We define €;;(n) = (Hij)f1 (n). Notice that it is now strictly increasing in n. Thus,

In eij(nij) =In (di/ﬂ‘j> - lnwi + th; (P],yj) . (A103)

This is the semiparametric gravity equation for the extensive margin of firm exports.

Intensive margin of firm-level exports. As before, the average revenue of firms from country 4 in

country j is Z;; = E'[R;j (w) |w € Q;;]. Thus,

a;

707 6 (Pioyi) 7 dH;;
@.j:/ "Ry (wiT”c;Pj,yj) (0
0 @i Hij (ﬂ;.c}f (Pj,yj))

We can then use the transformation, n = H;;(c) such that dn = dH;;(c), ¢ = €;(n), and n;; =
H;; (#cj (Pj,yj)). Thus,

1 7
Tij = n—” o Rij (wiajeij(n);Pj,yj> dn.
Using (A.103),
_ L[ €ij(n)
= — R;: * P;.y; Ji;P.’ ) dn. A.104
Lij g Jo J (Cg( 3o Y5) eij(ngg) y]) n ( )

In this case, we can derive an expression for average sales as function of ¢;;(n). So, although we do not
have a gravity equation for average firm exports, this is entirely determined by the function governing the
semiparametric gravity equation for the extensive margin of firm exports.

For this extension, we do not derive the model’s general equilibrium predictions because it requires
specifying the price index aggregator of demand, P; (pj7 yj) . Conditional on knowing the price index function,
we can follow the same steps as in our baseline model to characterize the price index in terms of the distribution
of firm firm-specific marginal cost shifters, H;;(c), and, therefore, in terms of the extensive margin elasticity
function, €;;(n) = (H; )7 (n).
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B Additional Results: Multiple Country Groups

Our baseline estimates impose that the elasticity functions are identical for all exporter-destination pairs
(G =1). In this section, we estimate alternative specifications where we allow the elasticity function to vary

across groups of countries.

B.1 Heterogeneity with respect to per capita income

We first implement our estimation procedure with country groups defined defined in terms of per capita
GDP. This type of heterogeneity in trade elasticity has been explored by Adao et al. (2017). We use a cutoff
of $9,000 of per capita GDP in 2002 to divide our sample into developed and developing nations. Column (6)
of Table OA.1 in Appendix B.1 shows the list of developed and developing countries in our sample.

Figure SM.1 reports estimates for two groups defined in terms of development of the origin country.
Panel (a) indicates that the extensive margin elasticity varies less with the exporter firm share in developing
origin countries. In addition, Panel (b) indicates that, in developing countries, selection forces are weaker for
high levels of n;;. This translates into a roughly constant trade elasticity of six for developing countries. For
developed countries, our estimates are similar to the baseline results in Figure 3. This reflects the fact that
developed origin countries constitute the majority of our sample.

We also implement our estimation procedure for four groups defined in terms of per capita income of
both the origin and destination countries. Figure SM.2 shows that the per capita income of the destination

country does not have a large impact on the estimates reported in Figure SM.1.

Figure SM.1: Semiparametric gravity estimation — Country groups defined in terms of per
capita income of origin country

0 0.4 —High Income Origin
ol T —Low Income Origin |
o 0.2 -1
s 05— - ° + Low Income Origin /
% - d <  High Income Origin L) p—
Qo R - T
3 N~——. . 3 L
° 1 T 2 = 6 —
= S — ~
S \ % -0.2
8 + Low Income Origin \ = A — v T E—
w5 + High Income Origin \\\\ o]
N Y
I - e
/
-2 -0.6 S o
0.1% 0.5%1% 5% 10% 50%400% 0.1% 0.5%1% 5% 10% 50%400% 0.1% 05% 1% 5% 10% 50% 100%
Log Exporter Firm Share Log Exporter Firm Share Log Exporter Firm Share
(a) Elasticity of € (n) (b) Elasticity of p (n) (¢) Implied 6 (n)

Note. Estimates obtained with GMM estimator in (33). Estimates obtained with a cubic spline over three intervals (K = 3) for
a two groups (G = 2). Groups defined in terms of origin country per capita income — see column (6) of Table OA.1 of Appendix
B.1. Calibration of & = 2.9. Thick lines are the point estimates and thin lines are the 95% confidence intervals computed with
robust standard errors for ¢(n) and p(n) and 1,000 bootstrap draws for 6(n).
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Figure SM.2: Semiparametric gravity estimation — Country groups defined in terms of per
capita income of origin and destination countries
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Note. Estimates obtained with GMM estimator in (33). Estimates obtained with a cubic spline over three intervals (K = 3)
for a four groups (G = 4). Groups defined in terms of per capita income of origin and destination countries — see column (6) of
Table OA.1 of Appendix B.1. Calibration of & = 2.9. Thick lines are the point estimates and thin lines are the 95% confidence
intervals computed with robust standard errors for e¢(n) and p(n) and 100 bootstrap draws for 6(n).

B.2 Heterogeneity with respect to bilateral attributes - Free Trade Areas

We implement our estimation procedure for two groups of exporter-importer pairs defined as country pairs
inside and outside a common Free Trade Areas (FTA) (using the CEPII bilateral gravity dataset). A large
body of literature has documented that membership in free trade areas reduces trade costs — see Head and
Mayer (2014). We investigate here if it also affects the different elasticity margins of trade flows. Figure
SM.3 indicates that there are only small differences in the estimates for countries inside and outside common

free trade areas.

Figure SM.3: Semiparametric gravity estimation — Country groups defined in terms of
membership in free trade areas
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Note. Estimates obtained with GMM estimator in (33) in the 2012 sample of 1,443 origin-destination pairs described in Table
OA.1 of Appendix B.1. Estimates obtained with a cubic spline over three intervals (K = 3) for a two groups (G = 2). Groups
defined as country pairs inside and outside a common Free Trade Areas (FTA). Calibration of 6 = 2.9. Thick lines are the
point estimates and thin lines are the 95% confidence intervals computed with robust standard errors for e(n) and p(n) and
1,000 bootstrap draws for 0(n).
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B.3 Heterogeneity with respect to bilateral attributes - Common Languages and Currency

Figures SM.4 and SM.5 investigate whether the elasticity functions differ across country pairs that share a
common language or currency. The literature has documented that these two characteristics are associated
with higher bilateral trade flows — see Head and Mayer (2014). We again find no evidence that such

characteristics affect the elasticity functions.

Figure SM.4: Semiparametric gravity estimation — Country groups based on having a common
language
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Note. Estimates obtained with GMM estimator in (33) in the 2012 sample of 1,443 origin-destination pairs described in Table
OA.1 of Appendix B.1. Estimates obtained with a cubic spline over three intervals (K = 3) for a two groups (G = 2). Country
groups defined in terms of having at least 9% of a country speak the same language. Calibration of & = 2.9. Thick lines are
the point estimates and thin lines are the 95% confidence intervals computed with robust standard errors for e(n) and p(n) and
1,000 bootstrap draws for 0(n).

Figure SM.5: Semiparametric gravity estimation — Country groups based on having a common
currency
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Note. Estimates obtained with GMM estimator in (33) in the 2012 sample of 1,443 origin-destination pairs described in Table
OA.1 of Appendix B.1. Estimates obtained with a cubic spline over three intervals (K = 3) for a two groups (G = 2). Country
groups defined in terms of sharing an official currency. Calibration of ¢ = 2.9 . Thick lines are the point estimates and thin

lines are the 95% confidence intervals computed with robust standard errors for e(n) and p(n) and 100 bootstrap draws for
o(n).
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C Computation Algorithms

C.1 Hat Algebra

We now describe an algorithm to compute the changes in aggregate outcomes that solve the system in

Appendix A.2 for an arbitrary trade cost change from {7;;}; to {7/, }4;.

1. Compute the partition of the shock with length R: dInT;; = % (ln 7. —1In ﬂj). Counsider the initial

equilibrium with 6;;(nf;) and {2, %, 9}

J
0

2. For each step r, we consider the initial conditions (&;; (nzj_l), 0i;(ni 1), 0:5(nl ")) and {gz;;j_l7 y:j—17 i

a

(c

(a)
(b)

)
(

d)

()

(f

(g

)
)

ij ij J

Compute (dIn 7", dIn7P") and dlnw" using (OA.38) (for a given numerarie with dlnw!, = 0).
Solve dIn P" using (OA.37).
Solve dInnj; and dInzj; using (OA.14) and (OA.15).

)

Solve for dln N] using (OA.24).

Compute the change in bilateral trade flows: dIn X]; = dInz7; + dlnn}; + dIn N}

Compute the initial conditions for the next step: X{j = ijfled In X5 and ngj = nffledln Mij

Compute xzrj = erg/ Zo ng, ygj = XZ:]/ Zd Xigti = (Zd Xia)/ (Zo X7;), and (Eij(”gj)a Qz‘j(n:j)v oij(”gj))-

3. Compute changes in aggregate variables as

R ) R ) R
ﬁ;linear = exp (Zdhl wr> ’ Plznear — exp (Zdhl Pr) ’ Nllnear = exp (Z dln Nr) )

r=1 r=1 r=1

4. Use {12)?"6”,}51.”"6”} as an initial guess is the solution of the hat algebra system. Set the same

numerarie as above, W, = 1.

(a) Given guess of (i, P), compute

€ij(nighij) 1 \o-1
—_— = = (T
€ij(nij) (%)

l1—0o
N A Nl—o p<nﬁ) W R
e (Tij) ZZ’z’j (:’;jl)] ( Al) o

From (OA.13),

N' B Zy 0 €ij(n) n —Q—Zym]j” 0 €ij(n)
’ — 7\ g PG — 7y, f"ia‘ﬁu P an
7 0 eij(nij) 7 0 €ij(nijniz)

(b) Compute the functions:

Pl: P\ pl-o 2 1= Pij(RijMig) 1-on o
Fj (’UJ,P) = Pj — Z.’K” <(Tij) sz TL”NZ>
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F (o, P) = i = Y iy Nty ) -
J
(¢) Find (m,P) that minimizes {|Fjp (11),15) |, |[FY (11:,15) |}

C.2 Gains from trade

We now describe an algorithm to compute the gains from trade described in Appendix A.6.

1. Define the uni-dimensional function

fﬂi:‘ P (M) 4 fomiﬁ?} PEM) an

A Lt n 1 Yii €ii(n)
() = Zy'j - Ll X ol :
Fi(n; i ni; ppy(n) A(RAY T4 niiny o ()
J fO m dn Nz (’I’L”> T fO m dn

where

 pii (i) € (nuaiy) 11
o S A

NA (D - .
€ii (i) pii (naang}) Niy i

? K22

2. For each ¢, we find ﬁﬁ such that F; (ﬁﬁ) = 0. We then compute the gains from trade using equation
(23).
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