The Online Appendix for “Quality, Variable Markups,
and Welfare: A Quantitative General Equilibrium
Analysis of Export Prices”

A Derivation of Demand Function

The utility of a consumer in country j takes the following form:

o

o—1

Z/ (i (w)at;(w) +7) dw] (A1)

subject to the following budget constraint:

Z/ pij(w)zi;(w)dw < y; (A.2)
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So that the Lagrange function can be written as: £ = [Z waQ (Qz] w (w )+:L’) o dw]ﬁ—k
< - fweQ pij(w)xs;(w )dw) ,where X is the Lagrange multiplier, y; denotes the con-

sumer’s income. Takmg the first order condition with respect to zf;(w) yields:

=
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Following Jung, Simonovska and Weinberger (2019), we define P}, = {Zl /., ca. Dij ((,u)l_(7 dw} ,
and Pj =), fwenij Pij (w) dw, where p;; (w) = pij (w) /gij (w) is the quality adjusted price. The

first order condition (A.3) can be rewritten as:
¢ij (W) (w) +T = U; (Api; (w)) ™7 (A.4)
Plugging equation (A.4) into equation (A.1), we have:

A=
P,

Then substituting the above equation into equation (A.4) yield the solution for zf;(w):

wrrylo) = [P g (A5)



Plugging the previous equation (A.5) into the budget constraint, we have:
Yi = Z/ 0 Pij(w)qij(w)rs;(w)dw
i well;;
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Hence, we have:
P
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U, = (A.6)

Combing the previous equation (A.6) with equation (A.5) implies:

y; + ZP; <p¢j (M)U B 3-3] (A7)
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B Log Utility Function

The representative consumer in country j’s demand satisfies:

) = (Ve — T [ i
) =5t = 25 [t = .

where p;;s (w) = p” and ;= yﬁz .. The aggregate prices satisfies P; = >, [ ca., Dij (w) dw.
ij

Now, sales and proﬁt for a given Varlety exported from ¢ to j are as follows,

) = 7Ly () | = 1] (B.2)
o) = oy [y ) = & ] |5 1] (B.3)
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where ¢ (w) = @ is the quality-adjusted marginal cost. Given the quality adjusted marginal
ij

cost, firms maximize their profits. This implies that the optimal price of the good satisfies:
Pij (W) = £/ ¥5¢i; (w)

We assume that the marginal cost of producing a variety of final good with quality ¢;; by

a firm with productivity ¢ is given by:

W;Tiq
cij(p,€) = (Tz‘jwi + - ](J?j> €

where 7;; is ad valorem trade cost and 7j; is a specific transportation cost from country ¢ to

country j. Maximizing the profit is equivalent to minimizing the quality-adjusted cost é&; (w)



by the envelop theorem. Choosing the quality to minimize the quality-adjusted marginal cost

implies that the optimal level of quality for a firm with productivity ¢ is:
T 1
ijP "
w9 = (25— (B.4)
! (n—1) 7
and hence the quality adjusted marginal cost of production now is:
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At the productivity cutoff ¢7; (¢), we have p;; (¢, ) = &; (¢, €) = 95, which implies that the

productivity cutoff ¢j; (¢) takes the following form:

n' -1
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In the log utility function, price could be written as:

vi; () = i = Tijw; ()" e,
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Different from the CES utility function, now the markup function could be expressed explicitly
1

e |
as [%(6)} )

C Derivation for P;, Pj,, X;; and m;

To derive the aggregate variables, we define t;; = p;; (w) /pj. Following the insight of Arkolakis
et al. (2019) and Jung, Simonovska and Weinberger (2019), this will make the integration not

country specific. From equations (9) and (11), we have:
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Gij (9,€) _ Gj(pe) _ ( 2 >_” (C.1)
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Combining the above equation with equation (6) we have:

1
¥ K o+1
ol — =t + (0 —1)t; (C.2)
(%‘j (e) > ! ’
which implies that ¢;; is a monotonically decreasing function of ¢. Note that ¢;; will lies between
(0,1] since ¢ € [¢}; (¢) ,00). Totally differentiating both sides gives us:
(c+1)tf+ (0 —1)

dp = —no'y;. (e dt;; (C.3)
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First, we derive Pj,. By definition, we have:

1

P, = {ZNij /0°° /OO( )ﬁij (%075)1_0/%]' (gp,g)f(&:) dgﬁdé?} _
=7 {Z Ni; /000 [/00 £ g (@, €) dgp] f(e) de} _ (C.4)
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Plugging in the expression of conditional density s;; (¢,¢) into equation (C.4) and then we

transform the integration variable from ¢ to ¢;; by using the relationship between ¢ and ¢;;,

the inner integration with respect to productivity can be written as:

00 1
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which is a constant, and we denote it as (3,. Thus,
1 1
Pj — 01'70 p*;k lefo
Second, we derive P;. By definition, we have

Py = ;Nij /Ooo /:o Pij (@, €) pj (@, €) f (€) dpde
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In the last equality, we use the same variable transformation method as before where 5 is a

constant, defined by:

no [ o 01 -
B = 07,9/0 tij [tz‘jﬂ +(0—1) tij}n [(‘7 +1) ti; + (0 — 1)] dt;;
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To derive the equations (C.5) and (C.6), we plug in p; = (wﬁxpj) " into P;, and P;, we
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have:
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which provide us with 2 equations to solve for Pj, and P;. Solving the system yields:

L BET e
J}PJ = mN] w] (C6)

Next, we derive bilateral trade flow X;;, which is given by:
Xij = Nz‘j/ [/ o (. €) i (,€) d@] f(e)de
0 goi*j €

= Ny; (zp;L;) / [/ tij (t;7 — 1) pij (o, €) d@] f(e)de
0 ij(e)
_ Nij
= (8, — B) 2p;LiNij = X; Né
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where X; = . Xj; is total absorption.

Finally, we derive firm’s expected average profit m;, which satisfies:
1 o0 o0
m==> Ny i (0, €) wij (@) f (€) dipde
Ji j 0 e;;(e)
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D Proof of Propositions

D.1 Proof of Proposition 1

The percentage change of U; satisfies:

nlU;=—— (dlnw; — dlnp: 1
U, = —— (dnw; - dlnp;) (D.1)

Based on equations (11), (13) and (21), we can rewrite N;; as:

KB U -0
Ly | —— T (57) " (D.2)
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where Sx = B, — [0 is a constant. This implies that
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Ajj = (D.3)

Consider the foreign shocks: (b;, L;, T;;, 7;;) is changed to (b}, L}, T}, 7/;) for i # j such that

i i z]

b = b;, L; = L;, T} T] i Tig = 7’ .. Totally differentiating the previous equation implies:

dinX;; =Y N [0 (dInw; — dInw;) — dIn &) (D.4)

where d1In§;; reflects any foreign shock, which satisfies:

The expression of p}, together with equation (C.5) and (C.6), imply that:
dl ~*——1d1 —I—L_ldl P, =dl E Ai;jdIn N, (D.5)
np; = nw; nP,=dnw; — ;id1n Ny .
Pj == j o J j i j j

Totally differentiating the expression of N;; and substituting the percentage change of N;; into

the previous equation, we have:
dinp; = dlnw; — Y NjdIn Ny
=dlnw;+ Y N [y (dInw; — dInp}) — dIn ;]

1 1
= mdln w; + m ; /\z‘j [Qﬁd In w; — dln &]] (DG)

Hence, the percentage change in welfare satisfies:

U, = —— (dnw; - dln ;)
p—

o 1

o
= 7d1 Njj D.
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Integrating the previous expression between the initial equilibrium (before the shock) and the

new equilibrium (after the shock), we finally get

__o _1
U= () 7" (D.8)
It shows that the changes in welfare at country j can be inferred from changes in the share of
domestic expenditure, \;;, using the parameter, _ﬁﬁlna'



D.2 Proof of Proposition 2

We consider an arbitrary change in trade costs from 7;; to 7;; and Tj; to Tj;. The share of

expenditure on domestic goods in the initial and new equilibrium, respectlvely, are given by:

1 —0
N — ij _ bjL (T77 T W ;7) (D.9)
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Combing the previous two equations, we obtain:
~ ()"
Ajj = ~ nj_l 0 ; (D.11)
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Labor market clearing condition implies that:
bl [T 7)™
U)ZL% = Z )\ijijj = Z J ) Oijj (D12)
j 7 2oy buLi [Tznj R j] w;"

After 7;; becomes 7/. and T;; becomes T7,, the previous equation becomes:

ij ij)

U
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We can rearrange the previous expression as:

wyw; L; = — "y .
X n—1~ ~ =1
iy Avj {Tw Tz"j] (i)

which implies the equation (27).

E Global Measure of Welfare Gains

E.1 Derivation of Equation (25) in Proposition 1

The welfare measure can be written as follows:

Z/ (1 )y )+ )7 | = LD (1)
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which together with the expression of TP; = B‘%Bwj and TP, = g"_ﬁ le’” w;, implies that
U, = :iﬁngj”j, (E.2)

By definition, N; = ). N;;, we thus have the following relationship
Ny =" ANy, (E.3)

and combining the equation (E.2), we have

The equation (17) implies that \;; = % = ZN]X[ , SO
J 7 ¥
. . N
Ny = ANy = 5\??7 (E.5)
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substituting into the last Uj equation, we have

We thus have

R —0 W —6n ~ —0n N —6n ~ %ZU
N = (¢5;) = </:’f> = (Nj) = <5\“> = (%’j) (E.7)
p; JJ

where the first equality stems from the equation (13), the second equality stems from the

equation (12), the third equality stems from the equation (17), the fourth equality stems from
the equation (E.5). The previous equation (E.6), together with the equation (E.7), implies
that:

E.2 Equivalent Variation as (Global Measure of Welfare

Formally, the exact welfare change in country j is computed as e (pj,U J') Jw;—1, where p; and
w; are the set of good prices and the wage in the initial equilibrium, respectively, and U] is the

utility level in the counterfactual equilibrium. The expenditure function in country j takes the



following form:
e; = E / . pij(w)xfj(w)dw (E.8)
i welli;

subject to the following budget constraint:

o
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[Z / (i (@)l (w) +7) 7 dw] > U, (E.9)
Taking the first order condition with respect to zf;(w) yields:

pis () = AUF (g3 ()25, (w) +7) 7 iy (w), (E.10)

where A is the Lagrange multiplier. The previous equation can be rewritten as:

Gij(w)z; ( ) +7=Uj; (Pij (w ) /N7 (E.11)

where p;; (w) = pij (W) /qi; (w) is the quality adjusted price. Plugging equation (E.11) into
equation (E.9), we have:

A= P, =

E; /Q (715 (@) dw] =

Then substituting the above equation into equation (E.11) yields the solution for xf;(w):

wwew) = (22 T g, (©12)
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Plugging the previous equation (E.12) into the object function, we have:
o=3 / ol
pz . _ -
i weQi]‘

— ]D]'UU]' - i’Pj,

Hence, the exact welfare change in country j is computed as

P, Uj — 2P — (PjUj — TFy)
P,U, — zP,
P,U, U —U,
P,U, — 2P, U,

e (p],U],) /U)j -1 =

where P;,U; = and TP; = R ﬁwj in equilibrium. Hence, the exact welfare change in
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country j satisfies
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F  Multi Sector Extension

F.1 Derivation of Multi Sector Model

Household utility in country j can be written as:
U =[Jcs. (F.1)

with

gs

) SN EEAREE e dw] (F2)

ijs

Cjs =

The representative consumer in country j’s demand satisfies:

2 (W) = —2 { [ﬁ ige (w)] o 1} (F.3)

B Qijs(w) 13;5

1

where p;js (w) = ) and pj; = [W] ", The aggregate prices satisfy Pj, =
NE] Ts jos
_1
> fwenijs Pijs (w) dw and Pjo, = {Zz fwemjs Pijs (W) 77 dw}lw. Now, quantity, sales, and

profit for a given variety exported from ¢ to j in sector s are as follows,

Tiss(w) = zsL; [(ﬁz‘js (W)>US N 1] (F.4)

 gigs(w) Pis

rije(W) = Ty LPijs (W) [(W) T 1] (F.5)

*
pjs

i () = 8oLy [Pgs () — i ()] [(p(“’) = 1] (F.6)

*
pjs

Cijs(w)
Qijs (W)
marginal cost, firms maximize their profits. This implies that the optimal price of the good

where ;5 (w) = is the quality-adjusted marginal cost. Given the quality adjusted

satisfies:

s (w) _ (ﬁz’js (w)>g+1 o 1) Pijs () (F.7)

pj;s p;s p;s
We assume that the marginal cost of producing a variety of final good with quality g¢;;s by a

firm with productivity ¢ is given by:

ns
W;iT;js;5s
cijs(p,€) = <Tijswi + ”) 5
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where 755 is ad valorem trade cost and Tj;; is a specific transportation cost from country 7 to
country j in sector s. Productivity ¢ follows the Pareto distribution with c.d.f. G;(¢) =1 —
bisp % and e follows the log-normally distribution with the variance o, in sector s. Maximizing
the profit is equivalent to minimizing the quality-adjusted cost ¢;;5 (w) by the envelop theorem.
Choosing the quality to minimize the quality-adjusted marginal cost implies that the optimal

level of quality for a firm with productivity ¢ is:

1

E s s
e = () (F.5)
’ (775 - ]-) Tijs
and hence the quality adjusted marginal cost of production now is:
ns=1 1

~ s s © s
(o e) = | ——Tw; F.9
Cijs (5 €) (ns_l Jw> (nswmj) € (F.9)

sk
ijs

At the productivity cutoff oj;, (¢), we have pj;, (¢, €) = ¢jj, (9, €) = pj,, which implies that the

productivity cutoff oj;; (¢) takes the following form:

s 77773 s—1 s o s s
Sprjs (5) = (p;{jsgn = (?7_781)7];71712?5 Tijsw? (p;ks) " 6n
s

)

Based on the similar derivation in the one-sector model in Section 3, we know that the

exporting firm mass N;;,, the aggregate price Pj, and Pj,s, the trade flow X;;,, the expected

YER
average profit m;s and the potential firm mass J;s in sector s satisfy:

Nijs = KsJishis (@;'kjs)_gs (F.IO)
ZsPjs = Bspjs Nis (F.11)
£uPjos = B NI (F.12)
Xijs = BxsTsPNijs Lj (F.13)
Tis = Prs Z Tehsbis ((p;js) - DjsLj (F.14)

J
e 15

where K, Bs, Bos, Oxs and Oxs are constant. Now, the expression of choke price pj, together

11



with the equation (F.11) and (F.12), implies®

T Pjs = Ysw, (F.16)
jstas = gs 501'5 78 ]\[1 Ub ‘ (F]_?)
~% fyS wj
Dis = BN ]s (F.18)

where 7, are determined by fsas (D, Vs + 1) = Bos@I*s.

F.2 Proof of Proposition 3

The percentage change of U; satisfies:

Og —

dinU; =" 0‘8‘781 (dnw; — dln ) (F.19)

Based on equations (11), (13) and (21), we can rewrite N;; as:

-6
/{5775 ngé s ~x \ s :
Niis = G g, bk ((77 — et el (75 ) (:20)
which implies that
1 —6
Moo — Xijs _ Nigs sk (T35 3s57) (F.21)
jis = .
2 Xigs 2 Nis S0 by L (T rgsw?)

Consider the foreign shocks: (b;s, Li, Tijs, Tijs) is changed to (b, Li, T}, 7;,) for i # j such that
b =0 Lj = L;-,T’jjs T Tjjs =

is? i) Totally differentiating the previous equation implies:

JJS

dIn N =Y Nijs [0 (dInw; — dInw;) — dIn &) (F.22)

39We can get them by first conjecturing TsPjs = ysw;, where 7, is sector level constant. Then ) Z,Pjs =
(2_4 7s) wj, which implies the price cut-off pj; can be written as:

7 - et D e (S kh) ()

Js l1—0og - —0s
T, P; Ba’s$ ’Y

jos

Hence, we have

Bsos E 75 +1)

L
TsPjs = fs (05,937775)}5;31\7]'5 = |: — } wj = YsW;
ﬂos-r 'Ys

Hence, 75 is determined by

Bsas (Z Vs + 1) = BosTI* s

Hence, we have equations (F.16), (F.17) and (F.18).
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where d1In§;;, reflects any foreign shock, which satisfies:
dln&js == —95 (775 - 1) dln Ejs - QSdlnTijs + dln bis + dln Li

The expression of p}, together with equation (C.5) and (C.6), imply that:

1
dlnpi, = —dInw;
o

s

jos = dInw; — > AjedIn Nyjq (F.23)

Totally differentiating the expression of N;; and substituting the percentage change of NV;; into

the previous equation, we have:
dInp;, = dlnw; — Y AijedIn Ny,

=dlnw; + Y Nijs [0 (dnw; — dIn ) — dIn ;]

1 1
=17 nsesdln Wt T Z Aijs [Ms0sdInw; — dIn ;) (F.24)

Hence, the percentage change in welfare satisfies:

dnl; = Y~ (dlnw; — dInp},)

AT g
— _Zas_ 11+n59 Z)\”S ns0s (dInw; — dlinw;) — dIn &)
(60l
=— — In\jjs F.2
Zag—u+ng sdnA“ (F.25)

Integrating the previous expression between the initial equilibrium (before the shock) and the

new equilibrium (after the shock), we finally get

Qs0s

- N os— m
0 =11 () =" (F.26)

S

It shows that the changes in welfare at country j can be inferred from changes in the share of

. . . : Q505 1
domestic expenditure, \;js, using the parameter, poic  wwr

G Fixed Quality Case without Tj;

We prove the welfare implication of our model without ¢;; and 7;;. From the demand system,

we have the representative consumer in country j’s demand given by:

y; +TP;

rij(w) = Lj Pl -

=i b (W) — (G.1)
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T .
where P; = 3", fwg% pij(w)dw and Pj, = {Zz fweQi]. pij(w)lf"dw} . Now, quantity, sales,
and profit for a given variety exported from 7 to j are as follows,

wij(w) = TL; [(W) T 1] (G.2)

J
- pij W)\ 7
’I“ij(w) = ijpij (w) [( J E )> - 1] (GS)
Pj
_ pij (@) 7
mij(w) = TL; [pij (W) — ¢ (W)] [( ]p* > - 1] (G4)
J
where p; = lg;f,ij is the choke price. Given the quality adjusted marginal cost, firms
jo

maximize their profits. This implies that the optimal price of the good satisfies:

) (w) _ <pij (w))gH F(o—1) pij (W) (G.5)

p; pj p;

For the production, we assume that the marginal cost of production is

U}ﬂ'z‘j
Cij = —&
12

where ¢ follows the Pareto distribution with c.d.f. G;(¢) = 1 — b~ and ¢ is drawn from a
log normal distribution. At the productivity cutoff ¢j; to sell goods from country i to country
j, we have pj; (») = ¢j; (p) = pj, which implies:

_ WiTy

o5 = 3 (G.6)

1) S
p,
J

the
aggregate price P; and Pj,, the trade flow X;;, the expected average profit m; and the potential

Based on the similar derivation in Section 3, we know that the exporting firm mass V;;,

firm mass J; satisfy:

0

Ni; = K J;b; (SOZ')_ (G.7)
xP; = B'pjN; (G.8)
TP, = BLpiNT? (G.9)
Xy = BapiNy L (G.10)
mo= B 7k () P (G.11)

J
= g;Lf (G.12)

where x', 3, B;, B and 3] are constant. The expression of choke price pj, together with the
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equation (G.8) and (G.9), implies

TP = 7 _Ble (G.13)
o BT e
TPje = 7= 2 T w; (G.14)
1 w;
= G.15
BT RGN, (G4
Now, the welfare still satisfy:
w; -1
Uj=Bul—
Pj
where 3, = P ( ﬁ,ﬁé ﬁ,> °is a constant. The percentage change of U; satisfies:
AU, = —— (dnw; - dlnp;) (G.16)
o —
Now, A;; satisfies:
-0
\jj Njj bk (7jw;) (G.17)

a Zi Nij a ZZ b;L; (Tijwz’)_a
Consider the foreign shocks: (b;, Ly, 7;) is changed to (b}, Li, 7;;) for i # j such that b; =

i1 = 7. Totally differentiating the previous equation implies:

dln);; = Z Xij [0 (dInw; — dInw;) — dIn ;] (G.18)
where dIn§;; reflects any foreign shock, which satisfies:
dlné;; = —0dInT;; +dInb; + dIn L;
The expression of p; imply that:

dInp; = dlnw; — Y AjdIn N (G.19)

Totally differentiating the expression of N;; and substituting the percentage change of N;; into

the previous equation, we have:
dlnp; =dlnw; + Z/\ij [0 (dlnwi - dlnp;f) - dlnfi]}

1 1
= 1wt Z Aij [0dInw; — dIn &) (G.20)
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Hence, the percentage change in welfare satisfies:

dlnU; = ? . (dlnw; — dInp})
o —
o 1
= oo i1g gt

Integrating the previous expression between the initial equilibrium (before the shock) and the

new equilibrium (after the shock), we finally get

__a 1
Uj - <)\jj> i (G21)
It shows that the changes in welfare at country j can be inferred from changes in the share of
domestic expenditure, \;;, using the parameter, —ﬁﬁlg

H No Variable Markup Case with £ =0

We prove the welfare implication of our model with a constant markup. From the demand

system, we have the representative consumer in country j’s demand given by:

() = — i (Pia’(w)>_a (H.1)

g (w) P \gij (W)

_1
where Pj, = {ZZ Joeq,, Dij (w)l_"dw} 7. To make our derivation compact, we define f; (w) =
ij

pij (W) /¢ij (w). We thus can write quantity, sales, and profit for a given variety exported from

1 to j as follows,

—0

w;L; pij (W)

xij(w) = i (w) pl-o (HZ)
’I“ij(W) = ’LUijﬁij]Sf_)Ua (HS)
ros(@) = w0, [y () — & () L (1.4)

l—0o
P,

where ¢;; (w) = ¢;j (w) /q;; (w) is the quality adjusted marginal cost, where ¢;;(w) is the marginal
cost of production. Given the quality adjusted marginal cost, firms maximize their profits. This

implies that the optimal price of the good satisfies:

o—1

bij (w) = —— (w) (H.5)

In a similar spirit as in Feenstra and Romalis (2014), the marginal cost of producing a

16



variety of final good with quality ¢;; by a firm with productivity ¢ is:

"
W;iTi54;5
cij(p,€) = <Tz‘jwi + ”) €

where ¢ follows the Pareto distribution with c.d.f. G;(¢) = 1 — b~ and ¢ is drawn from

a log normal distribution with zero mean and variance o2.

From the first-order condition
associated with the previous marginal cost equation, the optimal level of quality for a firm
with productivity ¢ is:
1
T, ) n
aij(p,€) = {]} (H.6)
! (n—1) 7
and hence the quality adjusted marginal cost of production, the quality adjusted marginal cost

and the export profit could be rewritten as:

i cij (,¢) " T e \ "

17 1) — - 7—‘1 1 H7
i (cp 8) qij (%5) <77 -1 A > (nwﬂ—ij) c ( )

n—1 1

. o—1 n n © )
i () = — Ty, HS
by () = = <77 - ]w) (nwmj) . (1.8)

1 ()

sz(w) = *wJ'Ljijpl_g (Hg)

There is also an export fixed cost f;;w;, which need to pay before the exporting. As a result,

only a fraction of firms will export and export produtivity cutoff satisfies:

n—1 1 an
* og—1 n o 1 Uwifiijlt;” o=t
Vi = |, (77 - 1Tz'jwi> (nwiTij) " e (zU]L] (H.10)

With these definitions in mind, the aggregate price statistics, Pj,, can be rewritten as:

_ 1
—0n on

n—1 —6n o—1
nok oc—1 n n ow;ifi;\ °°
L - Tyw,
’ nf —(o—1) 4 < o <?7—1 w) WUTJ)) (ijj

3=

(H.11)
where k is a constant. The bilateral trade flow, X;;, would satisfy:

Xij = Nij/ / rij (0, €) pij (@, €) f () dipde (H.12)

0 ‘P;“j
n—1 797] f o—1—0n
o— n 1 ow; [ij o—1
LI (al (7w “7’“”“)") (%) s
= = (o 1)k P (H.13)
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Firm’s profits equals to the total fixed cost paid, which yields the free entry condition:

11 1w L;
J

O'Ji o Jl

where the last equality stems from that total income equals to total expenditure. Hence, the

potential firm mass is

gLl
2 Of
Now, the percentage change of U; satisfies:
dInU; =dlnw; — dIn Pj, (H.15)
Now, A;; satisfies:
n—1 % —0n o—1—60n
\, = X, bil ((Tjj 7ji) ’wj) (w; fi) == (16

o—1—0n

- X B 1 —6n
2 Xy > i biLi ((TZZ ) wi) (wifiz) =T

Consider the foreign shocks: 7;;, T};, fi; are changed to 7/, T7., fi. for i # j, respectively, such

g g Jig
that 7;; = 7, Tj; = Tj; and fj; = f};. Totally differentiating the previous equation implies:

oc—1

dlnh; =S\ K - 1) (dInw; — dInw,) — dlnfi]} (H.17)
where dIn§;; reflects any foreign shock, which satisfies:

1 1 1 1
din&; = —6n (ndlnm n "lenﬂj n (0_1 - Gn) dln fij) (H.18)

The expression of P}, implies that:

1 1 1
dln P, = Z)\ij [dlnwi + (G —7 977) (dlnw; —dlnw;) — %dlnﬁi]} (H.19)

Hence, the percentage change in welfare satisfies:

1 1
dnU; = -3\, [<<70;1 - 977) (dInw; — dInw;) — %dln&]}
1

Qnd hl )‘jj

Integrating the previous expression between the initial equilibrium (before the shock) and the
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new equilibrium (after the shock), we finally get

1

ﬁj = (ij>7% (H.20)

It shows that the changes in welfare at country j can be inferred from changes in the share of

. . . 1
domestic expenditure, \;;, using the parameter, — o

I Derivation for Welfare Comparison

I.1  Quality Case with T;;

The representative consumer has preferences of:

o—1

Y; +7zP; /Ba- W;

Z/ (4ij(w)zf;(w) +7) = dw] =75, : =5, 7P, (1.1)

l
where Pj, = {Z Ji [S° f ) Dij (p, € ' 7 () f (e )d,gode} . Totally differentiating the pre-
vious equation, we have:

dinU; = dlnw; —dlnP;,

1 o0 poo .

where

1 R B o
1dln [Ji / / Dij (p:6) 7 gi () f () dsodel
o— 0 Jexe

o Sy B (e e) " dnpi; (p.€) gi (¢) f (¢) dpde
Jo f(p (e)pU (0,6) 77 gi () f () dipde

1
ldani

L) e @) e @ @d
0= L[5 o B (0.) 7 gi () () dipde Y

_I_

where the first term is the effects of changes in the prices of existing varieties calculated in
ACDR,; the second term is the effects of a change in potential firm entrants; the third term
is the impact on welfare associated with the change in cutoff. Same as ACDR, the effects of
changes in potential firm entrants, dInJ; = 0. However, the third term, the impact from a
change in cutoff, is not infinitesimal, which should be larger than the gap between GTBG"Ch

and GT;°" ™ The welfare change in our benchmark model are given by — )\] ; and the

1 1+0
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welfare change under the model without markup is given by —9%;. Hence, their gap equals to

o L5 Ry
o—11+6n"" On
on—(c—1) 1

- - dln )\
Onlo—1] 1+no 9

In the following, we will prove that the third term is larger than this gap, — gzn[ff 11 I +77ed InAjj.
Hence, if we only focus on the first term by ignoring the extensive margin, the gain from trade
in our benchmark model, GT;’G"Ch, is less than GT;°" ™k However, if including extensive, the

gain from trade in our benchmark model, GT}***", should be larger than GT;*" mhp

Proof: The third term could be rewritten as:
-1 fw (o Pij (poe )1_ gi («p) fle)dpde 77
1 fo gi (%‘j (e )) %‘j (e) f(e)

de
= e dln g,
o =18 J; [1=Gi (¢35 ()] fe)de T
1 0
= 0—156“11(’0”

- l—0o ~
where = f - @) [pi'iéif’e)} lfGZi((si;j (s))dtp is constant. Consider that “ ”g]f’g) > C“g; €
_1
(%(E)) ", we know that 3 could satisfy
ij

l—0o

L:<E> [(so;f(e))ﬂ (e @)

o _977*(‘7*1)_1
- L&) Ge)ee
o)\ () wie))  On—(o—-1)

The expression of Ny; = J; [;° [1 — Gy (goz‘j (€))] f (¢) de implies that:

=
A

1dh’l Nl]

dlngpz‘j =7

which implies that the impact of cutoff on welfare satisfies:

Z Ji ( ])I‘ng (¢, ©) ey () f @) .

‘7_1 I E)Pw (0,€ )Hgi () f(e)dode T
1 * 0_1) *
On — (0 — 977—(0—1) 1
= —————= % N\;dlnN;; = dln A
Onlo — 1] Z ! J Onlo—1] 1+n0 H A
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This implies that the impact on welfare associated with the change in cutoff should be larger

On—(oc—1)
than — Bnfo 1] 1+n9dln Ajj-

I.2 Fixed Quality Case without T;;

The representative consumer has preferences of:

Z/ +x) = dw] = ﬁﬁiﬁgj (1.2)

1

where Pj, = {Zl J; f:o pi; (©) 77 gi (¢) d(p} . Totally differentiating the previous equation,

we have:

dinU; = dlnw; —dlnPj,

1
i o

o0

ij

pii (9)' 77 gi (9) ds@] )

where

o —

1 o .
~dln [Ji / i (©)' 77 gi () ds@]
"

xJ

f pl] dlnp”( ) gi (p) dp
f%jpw )7 gi () dp

1
p— 1dln J;
~ 1—0o % %
1 (7) " g (v1) w5
o—1 f;j pij ()7 gi (@) dy

_l’_

dIn pj;

where the first term is the effects of changes in the prices of existing varieties calculated in
ACDR; the second term is the effects of a change in potential firm entrants; the third term
is the impact on welfare associated with the change in cutoff. Same as ACDR, the effects
of changes in potential firm entrants, dln.J; = 0. However, the third term, the impact from
a change in cutoff, is not infinitesimal, which should be larger than the gap between GTj"O !
and GTj" % " ™ The welfare Changes under variable markups but no Washington Apples

mechanism are given by GT}* ¢ = )\] ; and the welfare change under the model without

o
T o1 1+9
con mkp

both endogenous quality and variable markup is given by GT}* * —7. Hence, their
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gap equals to

A S WO 7
c—11+6"% 0

0—(c—1) 1
= - dln \j;
Olo—1 1+0° "7
In the following, we will prove that the third term is larger than this gap, — 9[; 11) 1ied In \j;

Hence, if we only focus on the first term by ignoring the extensive margin, the gain from
trade under variable markups but no Washington Apples mechanism, GT]-"O 7 is less than
GT"” " ™ However, if including extensive margin, the gain from trade under variable

markups but no Washington Apples mechanism, GT;* , should be larger than GT; * “" mkp

Proof: The third term could be rewritten as:

~ 1—0o " %
1 (3) Tailey) e dingt
o—1 f:j i ()7 gi (@) dy Y
1 6
= — 1Bdln goz]

l1-0 -1
oo | pij () i () pii(e) o @) _ (¢
where g = f% [ P ] e )dgo is constant. Consider that P > = ( ) , We

know that g could satisfy

0 —(0—(c—1))—1
LG @)
o*. Pij Pij 0—(0—1)

3

The expression of N;; = J; [1 — Gy (cp;‘j)] implies that:

1
—dlIn Nij

dln@j =7

which implies that the impact of cutoff on welfare satisfies:

) e () ey
>

dln p;;

o—1 Jor Pis ()77 gi (9) dg

1 60 . 0—(oc—1) .
0—(c—1) 1

Olo—1 1+0° "7

This implies that the impact on welfare associated with the change in cutoff should be larger

0—(c—1) 1
than — Ofo—1] Trad I Ajj.
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J Supplementary Table: Welfare Comparison for All

Countries

country Bench mnoq con mkp no g, con mkp

AUS 4131 26.684  1.747 6.077
AUT 6.391 38485  2.721 9.347
BEL  10.731 56.618  4.630 15.521
BRA 1.114  7.910 0.467 1.651
CAN 0.925 36.196  2.519 8.676
CHE 7.154 42.082  3.053 10.444
CHN 1.636 11.425  0.686 2421
DEU 3.934 25.566 1.662 5.789
DNK 0.955 36.348  2.532 8.720
ESP 3.703  24.242 1.564 5.453
FIN 3.805 24.827  1.607 5.601
FRA 3.478 22929 1.468 5.124
GBR 4706 29.857  1.993 6.912
GRC 4.294  27.595 1.816 6.313
HKG  10.800 56.864  4.661 15.618
IDN 2.565 17.403 1.080 3.788
IND 1.037  7.384 0.435 1.537
IRL 7.951 45.638  3.401 11.583
ITA 2273 15.565  0.956 3.359
JPN 1.292  9.125 0.542 1.914
KOR 2314 15820  0.973 3.418
MEX 4513 28.805 1.910 6.632
MYS 6.530 39.154  2.781 9.547
NLD 0.977  36.453  2.541 8.750
NOR  5.187 32420  2.200 7.609
POL 3.453  22.779 1.457 5.087
PRT 4.643 29.514  1.966 6.820
RUS 2.445 16.650 1.029 3.612
SAU 4.688 29.763 1.986 6.887
SGP  13.372 65.218  5.819 19.208
SWE  4.714 29.899 1.996 6.923
THA 4962 31.231 2.103 7.283
TUR 2436  16.595 1.025 3.599
TWN  5.045 31.672  2.139 7.404
USA 2.130 14.647  0.895 3.148
ZAF 2112 14.533  0.888 3.122
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K Supplementary Figure
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Figure 10:
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Figure 9: Sales and Markup Distribution
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Figure 11: TIllustration: the Changes in Prices and Sales by Low- vs. High-productivity Firms after

Trade Cost Shock
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Explanatory notes on Figure 11:
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The upper panel plots a low-productivity firm whose productivity is only 5% above the
cutoff productivity before the trade shock, i.e.,

_P
P (e)
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= 1.05. When trade cost increases by



5% (either from 7 or T'), % goes to 1. Then, this producer starts to become a marginal
exporter. The left y-axis plots the change of log(price), and the right y-axis plots the change
of log(sales). Clearly, the variation in price changes is very small whereas the change in sales
is large. Next, we turn to a initially high-productivity firm with % = 2.10 shown in the
lower panel. When it is hit by 5% increase in trade cost, the changes in log(price) is similar
comparing with the low-productivity exporter in the upper panel, but the change in log(sales)

is much smaller for this high-productivity firm.
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