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A Online Appendix: Proofs and Additional Results

A.1 Proofs for Section 3

A.1.1 Proof of Equation (14)

The definitions of γij in (14) and Di(w|τ ) in (12) immediately imply that

γij=Ii=j(ϕ−(ϕ−1)ni)−(ϕ−1)(1−ni)ω0
j−

1

R0
i

∂Ri(w
0|τ 0)

∂lnwj

where

1

R0
i

∂Ri(w
0|τ 0)

∂lnwj
=
∑
s

∑
d

ℓ0i,sr
0
id,s

[
Id=j(ϕ−(ϕ−1)nd)−(ϕ−1)(1−nd)ω0

j−(σ−1)(1−ψϕ)
(
Ii=j−x0jd,s

)]
.

Thus, using the definitions of κ≡ (σ−1)(1−ψϕ), ϕ0i ≡ϕ−(ϕ−1)ni and r
0
ij≡

∑
sℓ

0
i,sr

0
ij,s, we can re-write

this expression as

γij = Ii=jϕ0i+
(
1−ϕ0i

)
ω0
j−
∑

s

∑
dℓ

0
i,sr

0
id,s

[
Id=jϕ0d+

(
1−ϕ0d

)
ω0
j−κ

(
Ii=j−x0jd,s

)]
= Ii=j

(
ϕ0i+κ

)
−
∑

sℓ
0
i,sr

0
ij,sϕ

0
j−κ

∑
s

∑
dℓ

0
i,sr

0
id,sx

0
jd,s−ω0

j

(
ϕ0i−

∑
s

∑
dℓ

0
i,sr

0
id,sϕ

0
d

)
= Ii=j

(
ϕ0i+κ

)
−r0ijϕ0j−κ

∑
s

∑
dℓ

0
i,sr

0
id,sx

0
jd,s−ω0

j

(
ϕ0i−

∑
dr

0
idϕ

0
d

)
which is equivalent to (19) since

∑
dr

0
id=1.

A.1.2 Proof of Theorem 1

We re-define the system in (15) to set the change in the wage of market m to zero. Consider the matrix M̄
obtained by deleting the m-th row from the identity matrix with dimension equal to the number of markets. If
M̄γ̄M̄

′
is non-singular, then we can write

M̄ŵ=
(
M̄γ̄M̄

′
)−1

M̄η̂,

which yields the representation in (21) when we define β̄≡M̄ ′
(M̄γ̄M̄

′
)−1M̄ .

In the rest of the proof, we first show that M̄γ̄M̄
′
is non-singular and then establish that β̄ admits the

series representation in (21). To simplify exposition, we abuse notation by defining

γ̄≡M̄γ̄M̄
′
, ŵ≡M̄ŵ and η̂≡M̄η̂.

This modified system does not include the row associated with the market clearing condition of market
m and imposes that ŵm=0. To obtain a characterization for the solution of this system, let λ̄ be the diagonal
matrix defined by the vector of λ0i ≡κ+ϕi, and γ̃ be the matrix with entries γ̃ij≡ρij/(κ+ϕi), so that

γ̄= λ̄
(
Ī− ¯̃γ

)
.

Consider the vector {hi}i̸=m≫0 that guarantees the diagonal dominance of γ̄ in the initial equilibrium. Let
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h̄ be the diagonal matrix such that hi is the diagonal entry in row i. Thus, the system in (15) is equivalent to

λ̄
(
Ī− ¯̃γ

)(
h̄h̄

−1
)
ŵ = η̂

λ̄
(
h̄− ¯̃γh̄

)
h̄
−1
ŵ = η̂(

λ̄h̄
)(
Ī−
(
h̄
−1 ¯̃γh̄

))
h̄
−1
ŵ = η̂

which implies that

ŵ= h̄
(
Ī− ¯̃̃γ

)−1(
λ̄h̄
)−1
η̂, ¯̃̃γ≡ h̄−1 ¯̃γh̄. (1)

Notice that, for all i, ˜̃γij= γ̃ijhj/hi=ρijhj/(κ+ϕi)hi.

First, we show that (Ī− ¯̃̃γ) is non-singular, so that we can write the expression in (1). We proceed by

contradiction. Suppose that (Ī− ¯̃̃γ) is singular, so µ=0 is an eigenvalue of (Ī− ¯̃̃γ). Take the eigenvector x

associated with the zero eigenvalue and normalize it such that xi=1 and |xj |≤1. Notice that (Ī− ¯̃̃γ)x=0,
so that the i-row of this system is

1−
∑
j ̸=m

˜̃γijxj=0 =⇒ 1− ρii
κ+ϕi

−
∑
j ̸=i,m

ρij
κ+ϕi

hj
hi
xj=0

Thus, because |xj |≤1 for all j, we can write

(κ+ϕi−ρii)hi=
∑
j ̸=i,m

ρijhjxj≤
∑
j ̸=i,m

|ρij ||hj ||xj |≤
∑
j ̸=i,m

|ρij ||hj |,

which contradicts the second part of condition (20).

Second, we show that (Ī− ¯̃̃γ)−1 admits the series representation in (21). This is true whenever the largest

eigenvalue of ¯̃̃γ is below one. To show this, we proceed by contradiction. Assume that the largest eigenvalue
µ is weakly greater than one. Take the eigenvector x associated with the largest eigenvalue and normalize
it such that xi=1 and |xj |≤1. Notice that µx= ¯̃̃γx so that the i-row of this system is

1≤µ=
∑
j ̸=m

ρij
κ+ϕi

hj
hi
xj .

Since κ+ϕi and hi are positive by (20), the same steps used above imply that

(κ+ϕi−ρii)hi≤
∑
j ̸=i,m

|ρij |hj ,

which contradicts the assumption of diagonal dominance. Thus, the largest eigenvalue of ¯̃̃γ is below one,
allowing us to write (Ī− ¯̃̃γ)−1=

∑∞
d=0(

¯̃̃γ)d. Substituting this series expansion into (1) yields

ŵ=

∞∑
d=0

(
h̄
(
¯̃̃γ
)d
h̄
−1
)
λ̄
−1
η̂.

Finally, to establish the result, we now show that h̄(¯̃̃γ)dh̄
−1

=(¯̃γ)d. We proceed by induction. For d=1,
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it is trivial to see that h̄(¯̃̃γ)h̄
−1

=¯̃γ. Assume that it holds for d, we now show that it also holds for d+1:

h̄
(
¯̃̃γ
)d+1

h̄
−1

= h̄
(
¯̃̃γ
)d ¯̃̃γh̄−1

= h̄
(
¯̃̃γ
)d(

h̄
−1 ¯̃γh̄

)
h̄
−1

=

(
h̄
(
¯̃̃γ
)d
h̄
−1
)
¯̃γ=(¯̃γ)d+1.

Thus,

ŵ=
∞∑
d=0

(¯̃γ)
d
λ̄
−1
η̂,

which immediately implies the result.

A.1.3 Proof of Corollary 1

The series expansion representation of βij indicates that βij>0 if γ̃ij>0 for all i and j. We now show that γ̃ij>0
whenever maxo,d|no−nd| is low enough. Since

∑
dr

0
id(ϕ

0
i−ϕ0d)=(ϕ−1)

∑
dr

0
id(n

0
d−n0i )>−(ϕ−1)maxo,d|no−nd|,

γ̃ij>
r0ijϕ

0
j+κ

∑
s

∑
dℓ

0
i,sr

0
id,sx

0
jd,s−ωj(ϕ−1)maxo,d|no−nd|
ϕ0i+κ

and, thus,

max
o,d

|no−nd|<
r0ijϕ

0
j+κ

∑
s

∑
dℓ

0
i,sr

0
id,sx

0
jd,s

ωj(ϕ−1)
⇒ γ̃ij>0.

Since the numerator is positive in our model, there exists maxo,d|no−nd|≥0 such that the condition above
holds for all i and j.

A.1.4 Proof of Corollary 2

Recall that the special case of a foreign shock in (18) implies that η̂i=−
∑

sℓ
0
i,sζ̂F,s. For each region i, we consider

the covariance between the direct effect,DEi≡βiiη̂i=−βii
∑

sℓ
0
i,sζ̂F,s, and the indirect effect, IEi≡

∑
j ̸=iβij η̂j=

−
∑

s(
∑

j ̸=iβijℓ
0
j,s)ζ̂F,s, across realizations of the shock ζ̂F. Conditional on all initial conditions inW 0,

Ci = Cov(DEi,IEi|W 0)
= E[βii(η̂i−E[η̂i|W 0])

∑
j ̸=iβij η̂j |W

0]

= E[
∑

s(βiiℓ
0
i,s)ζ̂F,s

∑
k(
∑

j ̸=iβijℓ
0
j,k)ζ̂F,k|W

0]

=
∑

s

∑
k(βiiℓ

0
i,s)(

∑
j ̸=iβijℓ

0
j,k)E[ζ̂F,sζ̂F,k|W 0]

=
∑

s

∑
kΓi,skΣsk

A.1.5 Proof of Corollary 3

We establish this result in two steps.
Step 1. First we show that, if γ̄≡λ0

(
Ī−1ρ′

)
where 1 is a column vector of ones and ρ≡{ρj}j ̸=m is column

vector, then γ̄−1=(λ0)−1
(
Ī+ρ−1

m 1ρ′
)
.

γ̄−1γ̄ = Ī+ρ−1
m 1ρ′−1ρ′−ρ−1

m 1ρ′1ρ′

= Ī+ρ−1
m 1ρ′−1ρ′−

(
ρ−1
m

∑
j ̸=mρj

)
1ρ′

= Ī+
(
ρ−1
m (1−

∑
j ̸=mρj)−1

)
1ρ′

= Ī

where the second equality follows from ρ′1=
∑

j ̸=mρj , and the fourth from
∑

jρj=1 (since
∑

jγij=0 for all i).
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Step 2. We now establish conditions that allow us to write γij =λ
0(Ii=j−ρj). Assume that n0i =n

0, so
ϕ0i =ϕ+(1−ϕ)n0 and we can define λ0≡κ+ϕ0. We now use the fact that xij,s=xi,s and ξj,s=ξs so that

r0ij=

∑
sx

0
ij,sξj,sE

0
j∑

j

∑
sx

0
ij,sξj,sE

0
j

=

∑
sx

0
i,sξsE

0
j∑

j

∑
sx

0
i,sξsE

0
j

=
E0
j∑
jE

0
j

=e0Wj .

In addition,

κ
∑
s

∑
d

ℓ0i,sr
0
id,sx

0
jd,s=κ

∑
s

∑
d

x0i,sξsE
0
d∑

j

∑
sx

0
i,sξsE

0
j

x0j,s=κ

∑
sξsx

0
i,sx

0
j,s∑

sξsx
0
i,s

=κχj

Since n0i =n
0, then

∑
dr

0
id(ϕ

0
i −ϕ0d)=0. This implies that ρ0ij= e

0
Wjϕ

0+κχj , which we can use to define

ρj≡(e0Wjϕ
0
j+κχj)/(κ+ϕ

0) and βj≡Ij ̸=mρj/ρm.

A.1.6 Proof of alternative version of Corollary 3

We consider an alternative version of Corollary 3. Specifically, we assume that markets have the same labor
supply elasticity (ϕ0j=ϕ

0) and spending shares (ξj,s=ξs). We further restrict markets to have the same size

E0
j =E, but we allow for a richer structure of trade costs. We assume that there are SNT non-tradable sectors

s∈SNT with xii,s=1 and xij,s=0 for i ̸=j and ST tradable sectors s∈ST with home bias and symmetric trade

costs, such that xij,s=gI[i=j]+xi,s(1−g) with
∑
sξsx

0
i,sx

0
j,s∑

sξsx
0
i,s

=χj . In this setting, we establish the following result.

Corollary 1. Assume that E0
j =E, ϕ0j=ϕ

0, ξj,s=ξs and
∑
sξsx

0
i,sx

0
j,s∑

sξsx
0
i,s

=χj for all i and j. Further assume that

xij,s=gI[i=j]+xi,s(1−g) for s∈ST , and xij,s=I[i=j] for s∈SNT . Then,

ŵi = 1
λ0
η̂i(τ̂ )+η̄ such that η̄≡

∑
j
βj
λ0
η̂j(τ̂ ) , (2)

with λ0=ϕ0+κ−
(
ϕ0(ξNT+g(1−ξNT ))+κ(ξNT+ST g2)

)
.

Proof. Following the same argument as in Corollary 3, we only need to establish that we can write γij =
λ0 (Ii=j−ρj). We start by establishing three relationships that hold in equilibrium. First, note that the
assumption of E0

j =E implies that

E0
i =
∑
s

∑
j

x0ij,sξj,sE
0
j =⇒

∑
s

∑
j

x0ij,sξs=1 ∀i. (3)

Second, we plug the spending shares into this expression to obtain:

ξNT+
∑
s∈ST

∑
j

(
gI[i=j]+xi,s(1−g)

)
ξs=1 =⇒

∑
s∈ST

xi,sξs=(1−ξNT ) (4)

with ξNT ≡
∑

s∈SNT ξs.
Finally, the assumption of ϕ0j=ϕ

0 implies that

γ0ij=
(
ϕ0+κ

)
I[i=j]−ρ0ij

with
ρ0ij=ϕ

0r0ij+κ
∑
s,d

ℓ0i,sr
0
id,sx

0
jd,s. (5)
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We now derive an expression for ρ0ij using the relationships above:

= ϕ0
∑
sx

0
ij,sξj,sE

0
j∑

s

∑
dx

0
id,sξd,sE

0
d
+κ
∑

s,d

x0id,sξd,sE
0
d∑

o

∑
sx

0
io,sξo,sE

0
o
x0jd,s

= ϕ0
∑

sx
0
ij,sξs+κ

∑
s,dx

0
id,sx

0
jd,sξs

= ϕ0
(
ξNT I[i=j]+

∑
s∈ST

(
gI[i=j]+xi,s(1−g)

)
ξs
)

+ κ
(
ξNT I[i=j]+

∑
s∈ST

∑
d

(
gI[i=d]+xi,s(1−g)

)(
gI[j=d]+xj,s(1−g)

)
ξs
)

= ϕ0
(
(ξNT+g(1−ξNT ))I[i=j]+(1−g)(1−ξNT )

)
+ κ

(
ξNT I[i=j]+

(
ST g2I[i=j]+2(1−ξNT )(1−g)g+N(1−g)2

∑
s∈ST xi,sxj,sξs

))
= ϕ0

(
(ξNT+g(1−ξNT ))I[i=j]+(1−g)(1−ξNT )

)
+ κ

(
(ξNT+S

T g2)I[i=j]+(1−ξNT )
(
2(1−g)g+N(1−g)2χj

))
where the first equality uses the definition of r0ij and ℓ0i,s, the second equality uses E0

j = E and (3), the
third equality uses the trade share assumption, the fourth equality uses (4), and the fifth equality uses∑

s∈ST xi,sxj,sξs=
∑

sxi,sxj,sξs=χj
∑

sξsx
0
i,s=χj(1−ξNT ). Thus,

ρ0ij=
(
ϕ0(ξNT+g(1−ξNT ))+κ(ξNT+ST g2)

)
I[i=j]+(1−g)(1−ξNT )

(
ϕ0+κ(2g+N(1−g)χj)

)
.

Together with (5), we can then write

γ0ij=λ
0
(
I[i=j]−ρj

)
where

λ0=ϕ0+κ−
(
ϕ0(ξNT+g(1−ξNT ))+κ(ξNT+ST g2)

)
ρj≡(1−g)(1−ξNT )

(
ϕ0+κ(2g+N(1−g)χj)

)
/λ0.

A.1.7 Proof of Corollary 4

By Shepard’s lemma, the price index expression in (7) implies that

P̂i=
∑
s,o

ξi,sx
0
oi,s(τ̂oi,s+p̂o)= η̂

C
i (τ̂ )+

∑
o

x0oip̂o

where x0oi≡
∑

sξi,sx
0
oi,s is the share of o in the total spending of i. Thus,

P̂i = η̂Ci (τ̂ )+
∑

ox
0
oi

(
(1−ψϕ)ŵo+ψϕΩ̂

)
= η̂Ci (τ̂ )+

∑
o

(
x0oi(1−ψϕ)+ψϕω0

o

)
ŵo,

= η̂Ci (τ̂ )+
∑

o

(
x0oi

κ
σ−1+

(
1− κ

σ−1

)
ω0
o

)
ŵo

where the first expression follows from p̂o in (10), the second from b̂i = Ω̂ =
∑

oω
0
oŵo, and the last from

the definition of κ= (σ−1)(1−ψϕ). The combination of this expression and the expression for ŵo in (21)
immediately implies (23).

A.1.8 Proof of Equation (25)

The labor supply equation in (8) with b̂i=
∑

dω
0
dŵd implies that n̂i=ϕ(1−n0i )(ŵi−

∑
dω

0
dŵd). Using (21), we

get that
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n̂i=ϕ(1−n0i )
∑
j

(
βij−

∑
d

ω0
dβdj

)
η̂j , (6)

which immediately implies the second expression in (25).
The combination of (9), (21), and (6) implies that

∆lnwi=
∑
j

βij η̂j−(1−n0i )
∑
j

(
βij−

∑
d

ω0
dβdj

)
η̂j ,

and, thus,

∆lnwi=
∑
j

[
n0iβij+(1−n0i )

∑
d

ω0
dβdj

]
η̂j .

This immediately implies the first expression in (25).

A.1.9 Proof of Equation (28)

To establish condition (28) first notice that, by definition,

νwi =(1−σ)
∑

jβ
w
ij(θ|W0)

∑
sℓ

0
j,s

(∑
dr

0
jd,sτ̂

unbs
jd,s −

∑
o

∑
dr

0
jd,sx

0
od,sτ̂

unbs
od,s

)
−αw

=
∑

s,d,o

[∑
j(1−σ)βwij(θ|W

0)ℓ0j,sr
0
jd,s

(
Io=j−x0od,s

)]
τ̂unbsod,s −αw.

Using the definition Zj≡
∑

sℓ
0
j,sζ̂

obs
j,s , we have that

Zj =(1−σ)
∑

sℓ
0
j,s

(∑
dr

0
jd,sζ̂id,sI(i,d,s)∈T obs−

∑
o

∑
dr

0
jd,sx

0
od,sζ̂od,sI(o,d,s)∈T obs

)
=

∑
(s,d,o)∈T obs

[
(1−σ)ℓ0j,sr0jd,s

(
Io=j−x0od,s

)]
ζ̂od,s.

For arbitrary i and j, the two expressions above and Assumption 1 imply that

E
[
νwi Zj |W

0,V0,τ̂unbs
]

= E
[(∑

(s,d,o)

[∑
hβ

w
ih(θ|W

0)ℓ0h,sr
0
hd,s

(
Io=h−x0od,s

)]
τ̂unbsod,s −αw

)(∑
(s′,d′,o′)∈T obsℓ0j,s′r

0
jd′,s′

(
Io′=j−x0o′d′,s′

)
ζ̂o′d′,s′

)
|W0,V0,τ̂unbs

]
=

(∑
(s,d,o)

[∑
hβ

w
ih(θ|W

0)ℓ0h,sr
0
hd,s

(
Io=h−x0od,s

)]
τ̂unbsod,s −αw

)(∑
(s′,d′,o′)∈T obsℓ0j,s′r

0
jd′,s′

(
Io′=j−x0o′d′,s′

)
E
[
ζ̂o′d′,s′ |W0,V0,τ̂unbs

])
=

(∑
(s,d,o)

[∑
hβ

w
ih(θ|W

0)ℓ0h,sr
0
hd,s

(
Io=h−x0od,s

)]
τ̂unbsod,s −αw

)(∑
(s′,d′,o′)∈T obsℓ0j,s′r

0
jd′,s′

(
Io′=j−x0o′d′,s′

))
0

= 0

Thus, E [νwi Zj ] = E
[
E
[
νwi Zj |W0,V0,τ̂ unbs

]]
= 0 for any i and j. This immediately establishes that,

for any real matrix hwij , E
[
νwi
∑

jh
w
ijZj

]
=
∑

jh
w
ijE [νwi Zj ] = 0. We can follow the same steps to show that

E
[
νni
∑

jh
n
ijZj

]
=0.

A.1.10 Model-Implied Optimal Moment Condition

To simplify exposition without loss of generality, we assume that all variables are demeaned, so that (25) and
(28) can be written in the following vector form:

vi(θ)=Yi−(βi(θ|W ))′Z such that E

vi(θ)∑
j

hijZj

=0. (7)
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DefineH i=
[(
hkiZ

)′]dim(θ)

k=1
where hkiZ has dimension dim(vi)×1. Thus, for any hki , the condition above

is equivalent to
E[H ivi(θ)]=0,

which yields the following class of GMM estimators of θ,

θ̂H≡argminθ∈Θ

[∑
i

H ivi(θ)

]′[∑
i

H ivi(θ)

]
.

Optimal Moment Conditions with Independent Residuals. We follow Chamberlain (1987) to derive the
optimal moment conditions. We start with the assumption that vi are independent across (clusters of) markets.
We show below how the formula changes when we instead assume that the observed shocks are independent,
while allowing residuals to have an arbitrary correlation.

When vi is independent across markets and independent from initial conditions inW , the usual optimal
IV formula in Chamberlain (1987) holds, so that the optimal moment condition is

H∗
i ≡
(
E
[
vi(θ)vi(θ)

′|Z
])−1∇θvi(θ)

where, given (7),
∇θvi(θ)=−∇θβi(θ|W )Z.

The term (E[vi(θ)vi(θ)
′|Z])−1 adjusts the weight of each observation to the inverse of the variance of its

residuals. It is the usual adjustment that arises in generalized least squares under heteroskedasticity. This term
is irrelevant under homoskedasticity. For each observation, ∇θvi(θ) attributes a higher weight to the exposure
of the markets whose bilateral reduced-form elasticities are more sensitive to changes in each parameter.

Intuition for Efficiency Gains. We now illustrate the source of the efficiency gains from the use of the optimal
moment conditions in the context of our model. To fix ideas, we assume that the goal is to estimate ϕ when
the labor demand elasticity κ is already known. In this case, the efficiency gains arise from the fact that
the reduced-form expression for wage changes in (25) is the model-consistent first-stage specification for the
estimation of ϕ.

To see this, notice that the labor supply structure in (8)–(9) implies that

n0i
1−n0i

∆lnni=Ω̂+ϕ∆lnwi+v
n
i (8)

where vni ≡−∆lnb̄i and Ω̂ is the change in the numeraire of transfers.
Given that κ is assumed to be known, the reduced-form expression for wage changes in (25) yields the

model-consistent first-stage expression:

∆lnwi=α
w+
∑
j

βwij(ϕ)η̂j+v
w
i . (9)

Notice that if we substitute (9) into (8), then we recover the reduced-form expression for employment in (25).
Thus, equations (8)-(9) imply the same relationship between market-level shock exposure (as measured by η̂j)
and employment and wage changes across markets.

Using the general equilibrium predictions of the model in (8)-(9), the optimal moment condition for the
estimation of ϕ is

7



(
E
[
vi(ϕ)vi(ϕ)

′|Z
])−1∇ϕvi(ϕ)=

[
σ2n σwn
σwn σ2w

]−1∑
j

[
βwij(ϕ)+ϕ∇ϕβ

w
ij(ϕ)

∇ϕβ
w
ij(ϕ)

]
η̂j , (10)

where σ2n and σ2w denote the variance of vni and vwi respectively and σwn denotes the covariance between vwi and
vni .

We now compare the optimal moment condition implied by the general equilibrium predictions of the
model to the optimal moment condition that a researcher would obtain if she estimates ϕ with the equilibrium
relationship in (8) but imposes an arbitrary first-stage relationship between the average log-wage in market i
(i.e., the endogenous variable) and that market’s exogenous shock exposure (i.e., the instrumental variable):

∆lnwi=α+βη̂i+ui. (11)

This approach yields a consistent estimator of ϕ under the same orthogonality conditions introduced in
Section 3.3. However, it yields a less efficient estimator. To see this, we now apply the optimal moment
condition to (8) and (11) (which is equivalent to the 2SLS estimator of ϕ when η̂i is the IV):

(
E
[
vi(ϕ)vi(ϕ)

′|Z
])−1∇ϕvi(ϕ)=

[
σ2n 0
0 σ2u

]−1[
βη̂i
0

]
=

[
β
σ2
n
η̂i

0

]
∝
[
η̂i
0

]
, (12)

where we assume that the researcher also imposed that the covariance between ui and vi is zero – as typically
done in practice.

Under the assumption that the general equilibrium model is well specified, the fact that (10) and (12) are
different indicates that the arbitrary first-stage assumption leads to a less efficient estimator. The difference is
that the derivation of (12) does not take into account the general equilibrium structure of the model, and, thus,
ignores two channels through which shocks affect endogenous outcomes in general equilibrium: it ignores (i)
information on shocks in other regions that may affect wages and employment in i (i.e., the arbitrary first-stage
ignores spatial indirect effects), and (ii) the impact that the parameter ϕ has on wage responses (i.e., the
arbitrary first-stage ignores that wage responses depend on ϕ).

Optimal Moment Conditions with Correlated Residuals. We now also derive the optimal moment conditions
using the results in Borusyak and Hull (2023) that allow for arbitrary cross-market correlation in vi but assume
that the observed shocks are independent from each other. In this case, they show that

H∗≡
(
E
[
v(θ)v(θ)′|W

])−1∇θv(θ).

We then apply this formula to our reduced-form representation of the predictions of general equilibrium
spatial models: using (7),

∇θvi(θ)=−∇θβi(θ|W )Z.

This formula is similar to the one above. The term ∇θvi(θ) is identical in the two formulas. The only differ-
ence is the first term, which now accounts for the potential covariance between the residuals of different markets.
In our model, such a correlation may arise if markets are exposed to similar unobserved shocks in economic
fundamentals – a point recently raised by Adão et al. (2019b) in the context of shift-share specifications. To see
this, assume that τ̂unbsod,s are independently drawn from an arbitrary distribution with mean zero and variance of

σ2τ . As shown in Appendix A.1.9, the residual can be written in a general form, vi(θ)=
∑

s,d,oβ
v
i,ods(θ|W )τ̂unbsod,s

where βvi,ods=
∑

j [β
w
ij(θ|W),βnij(θ|W)]′ℓj,syjd,s(Io=j−xod,s). Thus,

E
[
vi(θ)vj(θ)

′|W
]
=σ2τ

∑
s,d,o

(
βvi,ods(θ|W )

)(
βvj,ods(θ|W )

)′
.

8



This expression shows that the correlation between the residuals of markets i and j is higher if they have higher
exposure to the same shocks. This is the case if the two markets are similar in terms of employment shares
across sectors and/or within-sector revenue shares across destinations.

Implementation Comments. We conclude with three comments on the implementation of our methodology.
First, estimation can be implemented within the compact set of parameters that are feasible in the theory.
Second, it is hard to compute the variance adjustment term in the optimal moment conditions, since it requires
knowledge of the unobserved residuals. Third, to simplify the estimator’s implementation, one can adopt
an asymptotically equivalent two-step GMM estimator of θ where, in the first-stage, we obtain a consistent
estimator θ̂1 using∇θvi(θ0) computed with an arbitrary guess θ0 and, in the second-stage, we estimate θ̂2 using
∇θvi(θ̂1) computed with the first-stage estimate θ̂1. In our application, we rely on a consistent estimator of θ
that imposes parameter restrictions that align with the theory, but ignores the other issues due to computational
costs.

A.1.11 Reduced-form Responses in Sectoral Employment Outcomes

To derive the change in sectoral employment, recall that, in our model, the share of employment in sector s is
equal to the share of revenue in that sector, so that ℓ̂i,s=R̂i,s−

∑
kℓ

0
i,kR̂i,k. The definitions Ri,s≡

∑
jxij,sξj,sEj ,

rij,s≡xij,sξj,sEj/Ri,s and µi,s(τ̂ )≡
∑

jr
0
ij,s(τ̂ij,s−

∑
ox

0
oj,sτ̂oj,s) imply

R̂i,s=(1−σ)µi,s(τ̂ )+(1−σ)p̂i+(σ−1)
∑
o

∑
j

r0ij,sx
0
oj,s

p̂o+∑
j

r0ij,sÊj .

Thus, since η̂i(τ̂ )≡(1−σ)
∑

kℓi,kµi,k(τ̂ ),

ℓ̂i,s=(1−σ)µi,s(τ̂ )−η̂i(τ̂ )+(σ−1)
∑
o

∑
j

r0ij,sx
0
oj,s−

∑
k

ℓ0i,k
∑
j

r0ij,kx
0
oj,k

p̂o+∑
j

(
r0ij,s−r0ij

)
Êj .

Using the fact that p̂o≡(1−ψϕ)ŵo+ψϕΩ̂, this expression is equivalent to

ℓ̂i,s=(1−σ)µi,s(τ̂ )−η̂i(τ̂ )+κ
∑
o

∑
j

r0ij,sx
0
oj,s−

∑
k

ℓ0i,k
∑
j

r0ij,kx
0
oj,k

ŵo+∑
j

(
r0ij,s−r0ij

)
Êj

and, therefore,

ℓ̂i,s=(1−σ)µi,s(τ̂ )−η̂i(τ̂ )+κ
∑
o

(
χ0
io,s−χ0

io

)
ŵo+

∑
j

(
r0ij,s−r0ij

)
Êj

where χ0
io,s≡

∑
dr

0
id,sx

0
od,s and χ

0
io≡

∑
sℓ

0
i,sχ

0
io,s.

Recall that Ej=Wj=wi(ni)
ϕ−1
ϕ Niϱ and Êj=ϕ

0
j ŵj+(1−ϕ0j )Ω̂. Thus,

ℓ̂i,s=(1−σ)µi,s(τ̂ )−η̂i(τ̂ )+
∑
j

[(
χ0
ij,s−χ0

ij

)
κ+
(
r0ij,s−r0ij

)
ϕ0j
]
ŵj+ρ

0
i,sΩ̂

where ρ0i,s≡−
∑

d(r
0
id,s−r0id)ϕ0d. Since Ω̂=

∑
jω

0
j ŵj , this expression becomes

ℓ̂i,s=(1−σ)µi,s(τ̂ )−η̂i(τ̂ )+
∑
j

π0ij,sŵj (13)
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where π0ij,s ≡
(
χ0
ij,s−χ0

ij

)
κ+

(
r0ij,s−r0ij

)
ϕ0j + ρ0i,sω

0
j . Notice that, up to a first-order approximation, the

change in the share of employment in sector s is ∆ℓi,s=ℓ
0
i,sℓ̂i,s and share of population employed in sector s is

∆ni,s=ℓ
0
i,sn

0
i (ℓ̂i,s+n̂i).

A.2 Proofs for Section 4

The equilibrium requires the gross revenue {Ri,s}i,s to solve

Ri,s=
∑
j

(τij,spi,s)
1−σ∑

o(τoj,spo,s)
1−σ

(
ξj,sEj+

∑
k

ξMj,ska
M
j,kRj,k

)
for all (i,s), (14)

where Ei=Wi=ϱw
ϕ
i (w

ϕ
i +b

ϕ
i )

1−ϕ
ϕ Ni.

The equilibrium can be expressed as a wage vector in terms of an excess labor demand system:
Di(w|τ )=0 for all i, such that

Di(w|τ )≡
∑
s

aLi,sRi,s(w|τ )−Wi(w|τ ). (15)

A.2.1 Proof of Excess Labor Demand in (15)

Step 1. We now implicitly characterize Pj,s(w) from the combination of Pj,s in (7), pi,s in (31), ni in (8), Ni

in (30) with bi= b̄i(Pi)
λ(Ω(w))1−λ. Thus, any {Pj,s}j,s∈{Pj,s(w)}j,s solves

(Pj,s)
1−σ=

∑
i

(τij,s)
1−σ

(
wi

b̄i
(
Πk(Pi,k)

ξi,k
)λ
(Ω(w))1−λ

)ϕψ(σ−1)[
(wi)

aLi,s
(
Πk(Pi,k)

ξMi,ks
)aMi,s]1−σ

.

Step 2. For anyw, take {Pj,s}j,s∈{Pj,s(w)}j,s to computePi(w|τ )=Πk(Pi,k)
ξi,k , andPMi,s (w|τ )=Πk(Pi,k)

ξMi,ks .
We then obtain pi,s(w|τ ) from (31), ni(w|τ ) from (8), Ni(w|τ ) from (30), and

Ej(w|τ )=Wj(w|τ )=wϕi

(
wϕi +

(
b̄i

(
Πk(Pi,k)

ξi,k
)λ

(Ω(w))1−λ
)ϕ) 1−ϕ

ϕ

Ni(w|τ )ϱ.

Step 3. To define the revenue function, we solve for

Ri,s−
∑
k

∑
j

(τij,spi,s(w|τ ))1−σ∑
o(τoj,spo,s(w|τ ))1−σ

ξMj,ska
M
j,kRj,k=

∑
j

(τij,spi,s(w|τ ))1−σ∑
o(τoj,spo,s(w|τ ))1−σ

ξj,sEj(w|τ )

This system has a unique solution because, for every (j,k),

∑
s

∑
i

(τij,spi,s(w|τ ))1−σ∑
o(τoj,spo,s(w|τ ))1−σ

ξMj,ska
M
j,k=

∑
s

ξMj,ska
M
j,k=a

M
j,k<1,

so that

[Ri,s(w|τ )]i,s=
∞∑
d=0

(
Ā(w|τ )

)d∑
j

(τij,spi,s(w|τ ))1−σ∑
o(τoj,spo,s(w|τ ))1−σ ξj,sEj(w|τ )


i,s

10



where

Ā(w|τ )≡

[
(τij,spi,s(w|τ ))1−σ∑
o(τoj,spo,s(w|τ ))1−σ ξ

M
j,ska

M
j,k

]
is,jk

.

A.2.2 Proof of Equation (32)

In all the remaining proofs of this section, we simplify notation by omitting the superscript 0. The system in
(14) implicitly defines {Ri,s}i,s as a function of τ for any given {pi,s}i,s. We can then use the implicit function
theorem to write

∂lnRi,k
∂lnτod,s

=Is=k
Xid,s

Ri,s
(1−σ)(Ii=o−xod,s)+

∑
k′

∑
j

xij,sξ
M
j,sk′a

M
j,k′Rj,k′

Ri,k

∂lnRj,k′

∂lnτod,s

which implies that [
∂lnRi,k
∂lnτod,s

]
ik

=(1−σ)
(
Ī+b̄

U
)[

Is=k
Xid,s

Ri,s
(Ii=o−xod,s)

]
ik

where we have used the definition b̄
U ≡

∑∞
d=1

(
r̄U
)d
, where r̄U ≡ [rUis,jk]is,jk with r

U
is,jk≡XM

ij,sk/Ri,s.
Thus, [∑

s,o,d
∂lnRi,k
∂lnτod,s

τ̂od,s

]
ik

=(1−σ)
(
Ī+b̄

U
)[∑

o,d
Xid,k
Ri,k

(Ii=o−xod,k)τ̂od,k
]
ik

=(1−σ)
(
Ī+b̄

U
)
[µi,k(τ̂ )]ik

=(1−σ)
[
µi,k(τ̂ )+

∑
j,k′b

U
ik,jk′µj,k′(τ̂ )

]
ik

=(1−σ)
[
µi,k(τ̂ )+µ

U
i,k(τ̂ )

]
ik

This immediately implies (32) because η̂Ri (τ̂ )≡
∑

s,o,d
∂lnRi
∂lnτod,s

τ̂od,s=
∑

kℓi,k
∑

s,o,d
∂lnRi,k
∂lnτod,s

τ̂od,s.

A.2.3 Proof of Equation (33)

Equations (7) and (31) define {PMi,s }i,s as a function of τ for any given {wi,Li}i from the solution of

PMi,s =Πk

(∑
o

(τoi,k)
1−σ
(
wo
bo

)ϕψ(σ−1)

w
(1−σ)aLo,s
o

(
PMo,k

)(1−σ)aMo,s) ξMi,ks
1−σ

.

Using the implicit function theorem, we have that

∂lnPMi,s
∂lnτod,k

=Ii=dξMi,ksxoi,k+
∑
k′

∑
j

ξMi,k′sxji,k′a
M
j,k′

∂lnPMj,k′

∂lnτod,k

which, by defining ḡD≡(Ī+b̄
D
) implies that[

∂lnPMi,s
∂lnτod,k

]
is

= ḡD
[
Ii=dξMi,ksxoi,k

]
is
.

Thus, [η̂Mi,s(τ̂ )]i,s= ḡ
D[µMi,s(τ̂ )]is=µ

M
i,s(τ̂ )+

∑
j,kb

D
is,jkµ

M
j,k(τ̂ ).

11



A.2.4 Proof of Equations (34)–(35)

There are four parts to the derivation of equations (34)–(35). The first part is to characterize the matrix of
spatial links, γ̄, and the vector of shifts in excess labor demand, η̂ (as in Sections 3.2.1 and 3.2.2). The second
part is to characterize the reduced-form response of wages to shifts in excess labor demand (as in Section
3.2.3). The third is the derivation of the reduced-form responses in labor market outcomes to shocks in bilateral
productivity. The last part is the derivation of (34) for observed and unobserved shocks, and the associated
moment conditions in (35) (as in Section 3.3).

Part A: Derivation of the matrix of spatial links, γ̄, and the vector of shifts in excess labor demand, η̂. We
first establish that, by totally differentiating the equilibrium conditions, we can write them as

γ̄ŵ= η̂. (16)

Step 1. We first derive changes in labor market outcomes as a function of ŵ and P̂ . Expression (8) with
bi= b̄iP

λ
i (Ω(w))1−λ implies that n̂i=ϕ(1−ni)(ŵi−λP̂i−(1−λ)

∑
jωjŵj). So,

n̂=ϕϕ̄
n,w
ŵ+ϕλϕ̄

n,P
P̂ (17)

such that ϕn,wij ≡(1−ni)(Ii=j−(1−λ)ωj) and ϕn,pij ≡−(1−ni)Ii=j .
Expression (30) with bi= b̄iP

λ
i (Ω(w))1−λ implies

N̂i = ϑ
∑

j

(
Ii=j− Nj

Nc(i)
Ic(i)=c(j)

)(
ŵj−P̂j+(ϕ−1)(1−nj)

(
ŵj−λP̂j

))
+ (ϕ−1)(1−λ)

(
ni−

∑
j∈c(i)

Nj
Nc(j)

nj

)∑
dωdŵd.

Thus,
N̂=ϑϕ̄

N,w
ŵ+ϑϕ̄

N,P
P̂ , (18)

where Ñ≡
[
Ii=j−Ic(i)=c(j)Nj/Nc(j)

]
i,j
, n̄≡ [niIi=j ]i,j ,

ϕ̄
N,w≡Ñ

(
Ī+(ϕ−1)

(
Ī−n̄

))
+(ϕ−1)(1−λ)Ñnω′, and ϕ̄

N,P ≡−Ñ
(
Ī+λ(ϕ−1)

(
Ī−n̄

))
.

Expressions (17) and (18) imply that Ŵi= ŵi+n̂i(ϕ−1)/ϕ+N̂i is given by

Ê=Ŵ = ϕ̄
W,w

ŵ+
(
(ϕ−1)λϕ̄

n,P
+ϑϕ̄

N,P
)
P̂ , (19)

where ϕ̄
W,w≡ Ī+(ϕ−1)ϕ̄

n,w
+ϑϕ̄

N,w
.

Step 2. We now derive expressions for changes in price indices as a function of wages, and exogenous
shocks. From (31),

P̂Mi,s−
∑
j,k

ξMi,ksxji,ka
M
j,kP̂

M
j,k=µ

M
i,s(τ̂ )+

∑
j,k

ξMi,ksxji,k

(
aLj,kŵj−

ψ

1−nj
n̂j

)

which, by defining x̄DNS×NS ≡ [aMj,kξ
M
i,ksxji,k]is,jk, x̄

M
NS×NS ≡ [ξMi,ksxji,k]is,jk, ā

L
NS×N ≡ [aLi,kIi=j ]ik,j , v̄nNS×N =

[Ii=j(1−ni)−1]ik,j , implies (
Ī−x̄D

)
P̂
M
=µM (τ̂ )+x̄M

(
āLŵ−ψv̄nn̂

)
12



and, therefore,

P̂
M
= η̂M (τ̂ )+ḡDx̄M

(
āLŵ−ψv̄nn̂

)
. (20)

From Shepard’s lemma, P̂i=
∑

sξi,s
∑

jxji,s(τ̂ji,s+p̂j,s), which implies that

P̂i=
∑
s

ξi,s
∑
j

xji,s

(
τ̂ji,s+a

L
j,sŵj+a

M
j,sP̂

M
j,s−

ψ

1−nj
n̂j

)

which, by defining x̄CN×NS≡ [ξi,sxji,s]i,js, ā
M
NS×NS≡ [aMj,kIis=jk]is,jk,

P̂ = η̂C(τ̂ )+x̄C
(
āLŵ−ψv̄nn̂

)
+x̄C āM P̂

M
.

Substituting (20) into this expression,

P̂ =
(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
+x̄C c̄M

(
āLŵ−ψv̄nn̂

)
,

where c̄M ≡ Ī+āM ḡDx̄M .
By plugging (17) into this expression,

P̂ =
(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
+x̄C c̄M āLŵ

− ψx̄C c̄M v̄n
(
ϕϕ̄

n,w
ŵ+ϕλϕ̄

n,P
P̂
)

and, therefore,

P̂ =ᾱP,wŵ+ρP
(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
, (21)

with ᾱP,w≡ρP x̄C c̄M
(
āL−ϕψv̄nϕ̄n,w

)
and ρP ≡

(
Ī+ϕψλx̄C c̄M v̄nϕ̄

n,P
)−1

.

Substituting P̂ in (21) into (17), we have that

n̂=ϕᾱn,wŵ+ϕλᾱn,P
(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
(22)

with ᾱn,w≡ ϕ̄n,w+λϕ̄n,P ᾱP,w and ᾱn,P ≡ ϕ̄n,PρP .
Substituting P̂ in (21) into (18), we have that

N̂=ϑᾱN,wŵ+ϑᾱN,P
(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
(23)

with ᾱN,w≡ ϕ̄N,w+ϕ̄N,P ᾱP,w and ᾱN,P ≡ ϕ̄N,PρP .
Substituting P̂ in (21) into (19), we have that

Ŵ =ᾱW,wŵ+
(
λᾱW,Pλ +ϑᾱW,Pϑ

)(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
(24)

with ᾱW,w≡ ϕ̄W,w+
(
(ϕ−1)λϕ̄

n,P
+ϑϕ̄

N,P
)
ᾱP,w, ᾱW,Pλ ≡(ϕ−1)ϕ̄

n,P
ρP , and ᾱW,Pϑ ≡ ϕ̄N,PρP .

Finally, we can solve for the change in the input price index using (20):

P̂
M
=ᾱM,wŵ+η̂M (τ̂ )−ψϕλᾱM,P

λ

(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
(25)

where ᾱM,w≡ ḡDx̄M
(
āL−ϕψv̄nᾱn,w

)
, and ᾱM,P

λ ≡ ḡDx̄M v̄nᾱn,P .
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Step 3. We now solve for the change in revenue of sector-market pairs. From (14), by defining
r̄CNS×N ≡ [xij,sξj,sEj/Ri,s]is,j , (

Ī−r̄U
)
R̂=

[∑
d

rid,sx̂id,s

]
is

+r̄CŴ ,

where, from (6),∑
d

rid,sx̂id,s=(1−σ)µi,s(τ̂ )+(1−σ)
∑
d

rid,s(Ii=j−xjd,s)
(
aLj,sŵj+a

M
j,sP̂

M
j,s−

ψ

1−nj
n̂j

)
.

By defining χ̄NS×NS≡ [Is=k
∑

drid,s(Ii=j−xoj,s)]is,jk and ḡU ≡ Ī+b̄U , we can then write

R̂ = (1−σ)ḡUµ(τ̂ )+(1−σ)ḡU χ̄
(
āLŵ−ψv̄nn̂+āM P̂M

)
+ḡU r̄CŴ . (26)

Step 4. We now characterize the system in (16). The equilibrium definition in (15) implies that
Ŵi=

∑
sℓi,sR̂i,s, which, by defining ℓ̄N×NS≡ [ℓj,sI[i=j]]i,js, and v̄NS×N =[Ii=j ]ik,j , can be written as

Ŵ = ℓ̄R̂.

Plugging (26) into this expression, we have that(
Ī−ℓ̄ḡU r̄C

)
Ŵ = (1−σ)ℓ̄ḡUµ(τ̂ )+(1−σ)ℓ̄ḡU χ̄

(
āLŵ−ψv̄nn̂+āM P̂M

)
.

Using (22)–(24),

γ̄wŵ=(1−σ)ℓ̄ḡUµ(τ̂ )+(1−σ)ᾱMσ P̂
M
+
(
λγ̄Pλ +ϑγ̄

P
ϑ

)(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
,

where
γ̄w ≡

(
Ī−ℓ̄ḡU ȳC

)
ᾱW,w−(1−σ)ℓ̄ḡU χ̄

(
āL−ψϕv̄nᾱn,w

)
,

γ̄Pλ ≡−
(
Ī−ℓ̄ḡU ȳC

)
ᾱW,Pλ −(1−σ)ψϕℓ̄ḡU χ̄v̄nᾱn,P ,

γ̄Pϑ ≡−
(
Ī−ℓ̄ḡU ȳC

)
ᾱW,Pϑ ,

ᾱMσ ≡ ℓ̄ḡU χ̄āM .

Substituting P̂
M

with (25),

γ̄ŵ= η̂R(τ̂ )+(1−σ)ᾱMσ η̂M (τ̂ )+
(
λᾱPλ +ϑᾱ

P
ϑ

)(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
where

γ̄≡ γ̄w−(1−σ)ᾱMσ ᾱM,w (27)

η̂R(τ̂ )≡(1−σ)ℓ̄ḡUµ(τ̂ ),, ᾱPλ ≡ γ̄Pλ −(1−σ)ψϕᾱMσ ᾱ
M,P
λ , ᾱPϑ ≡ γ̄Pϑ .

Thus,
γ̄ŵ= η̂(τ̂ )

with
η̂(τ̂ )≡ η̂R(τ̂ )+

(
λᾱPλ +ϑᾱ

P
ϑ

)
η̂C(τ̂ )+

(
(1−σ)ᾱMσ +λᾱMλ +ϑᾱMϑ

)
η̂M (τ̂ ) (28)

ᾱMλ ≡ᾱPλ x̄C āM , and ᾱMϑ ≡ᾱPϑ x̄C āM .
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Part B: Derivation of the reduced-form response of wages to shifts in excess labor demand. We now establish
that the system above, γ̄ŵ=η(τ̂ ), yields a reduced-form representation for wage changes, ŵ= β̄η(τ̂ ), where β̄
has a series expansion representation. We impose the same diagonal dominance condition: In any equilibrium,
there is a vector {hi}i̸=m≫0 such that, for all i ̸=m,

hiγii>
∑
j ̸=i,m

|γij |hj . (29)

The proof now proceeds in the same way as the proof in Section A.1.2. We start by redefining the system to
set the change in the wage of marketm to zero. Using the same matrix M̄ defined in Section A.1.2, we show
that, if M̄γ̄M̄

′
is non-singular, then ŵ= β̄η(τ̂ ) for β̄≡M̄ ′

(M̄γ̄M̄
′
)−1M̄ . In the rest of the proof, we first

show that β̄ exists and then that it admits a series representation. To simplify exposition, we again abuse
notation by defining

γ̄≡M̄γ̄M̄
′
, ŵ≡M̄ŵ and η̂≡M̄η̂(τ̂ ).

This modified system does not include the row associated with the market clearing condition of marketm and
imposes that ŵm=0. To obtain a characterization for the solution of this system, let λ̄ be the diagonal matrix
with the diagonal elements of γ̄: λ̄ s.t. λii=γii and λij=0 for i ̸=j. Thus, we can write the system as

γ̄= λ̄
(
Ī− ¯̃γ

)
st ¯̃γ≡ Ī−λ̄−1

γ̄,

which implies that γ̃ii=0 and γ̃ij=−γij/γii. Let h̄ be the diagonal matrix such that hi is the diagonal entry in
row i. Thus, γ̄ŵ=η(τ̂ ) is equivalent to

λ̄
(
Ī− ¯̃γ

)(
h̄h̄

−1
)
ŵ = η̂

λ̄
(
h̄− ¯̃γh̄

)
h̄
−1
ŵ = η̂(

λ̄h̄
)(
Ī−
(
h̄
−1 ¯̃γh̄

))
h̄
−1
ŵ = η̂,

which implies that

ŵ= h̄
(
Ī− ¯̃̃γ

)−1(
λ̄h̄
)−1
η̂, ¯̃̃γ≡ h̄−1 ¯̃γh̄. (30)

Notice that, for all i, ˜̃γii=0 and ˜̃γij=−γijhj/γiihi.
First, we show that (Ī− ¯̃̃γ) is non-singular, so that we can write the expression in (30). We proceed by

contradiction. Suppose that (Ī− ¯̃̃γ) is singular, so µ=0 is an eigenvalue of (Ī− ¯̃̃γ). Take the eigenvector x

associated with the zero eigenvalue and normalize it such that xi=1 and |xj |≤1. Notice that (Ī− ¯̃̃γ)x=0,
so that the i-row of this system is

1+
∑
j ̸=i,m

−˜̃γijxj=0 =⇒ 1+
∑
j ̸=i,m

γij
γii

hj
hi
xj=0.

Thus,

γiihi=−
∑
j ̸=i,m

γijhjxj≤|
∑
j ̸=i,m

γijhjxj |≤
∑
j ̸=i,m

|γij ||hj ||xj |≤
∑
j ̸=i,m

|γij |hj

where the last inequality holds because |xj |≤1 and hj>0. Thus, γiihi≤
∑

j ̸=i,m|γij |hj , which contradicts (29).

Second, we show that (Ī− ¯̃̃γ)−1 admits a series representation. This is true whenever the largest eigenvalue

of ¯̃̃γ is below one. To show this, we proceed by contradiction. Assume that the largest eigenvalue µ is weakly
greater than one. Take the eigenvector x associated with the largest eigenvalue and normalize it such that
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xi=1 and |xj |≤1. Notice that µx= ¯̃̃γx so that the i-row of this system is

1≤µ=
∑
j ̸=i,m

−γij
γii

hj
hi
xj

Since γii and hi are positive,

γiihi≤−
∑
j ̸=i,m

γijhjxj≤|
∑
j ̸=i,m

γijhjxj |≤
∑
j ̸=i,m

|γij ||hj ||xj |

Since |xj |≤1 and hj>0,
∑

j ̸=i,m|γij ||hj ||xj |≤
∑

j ̸=i,m|γij |hj . Thus, γiihi≤
∑

j ̸=i,m|γij |hj , which contradicts

(29). Thus, the largest eigenvalue of ¯̃̃γ is below one, allowing us to write (Ī− ¯̃̃γ)−1=
∑∞

d=0(
¯̃̃γ)d. Substituting

this series expansion into (30) yields

ŵ=
∞∑
d=0

(
h̄
(
¯̃̃γ
)d
h̄
−1
)
λ̄
−1
η̂.

Finally, to establish the result, we can follow the same steps in Appendix A.1.2 to show that h̄(¯̃̃γ)dh̄
−1

=(¯̃γ)d.
Thus,

ŵ= β̄η̂=
∞∑
d=0

(¯̃γ)
d
λ̄
−1
η̂,

which immediately implies that

ŵi=
∑
j

βij η̂j(τ̂ ) where βij=
1

γii

(
I[i=j]−

γij
γjj

I[i̸=j]
)
+

∞∑
d=2

γ̃
(d)
ij

γjj
(31)

with γ̃
(d)
ij denoting the i-j entry of (¯̃γ)

d
defined as γ̃ij≡−γij

γii
I[i̸=j; i,j ̸=m].

Part C: Reduced-form representation for changes in labor market outcomes. We start by writing the
reduced-form response in wages:

ŵ= β̄
R
η̂R(τ̂ )+β̄

C
η̂C(τ̂ )+β̄

M
η̂M (τ̂ ) (32)

with
β̄
R
= β̄, β̄

C≡ β̄
(
λᾱPλ +ϑᾱ

P
ϑ

)
, βM ≡β

(
(1−σ)ᾱMσ +λᾱMλ +ϑᾱMϑ

)
.

The combination of (32) and (22)–(23) implies

n̂= β̄
n,R
η̂R(τ̂ )+β̄

n,C
η̂C(τ̂ )+β̄

n,M
η̂M (τ̂ ) (33)

N̂= β̄
n,R
η̂R(τ̂ )+β̄

n,C
η̂C(τ̂ )+β̄

n,M
η̂M (τ̂ ) (34)

where
β̄
n,R≡ϕᾱn,wβ̄R, β̄

n,C≡ϕ
(
ᾱn,wβ̄

C
+λᾱn,P

)
, β̄

n,M ≡ϕ
(
ᾱn,wβ̄

M
+λᾱn,P x̄C āM

)
β̄
N,R≡ϑᾱN,wβ̄R, β̄

n,C≡ϑ
(
ᾱN,wβ̄

C
+ᾱN,P

)
, β̄

N,M ≡ϑ
(
ᾱN,wβ̄

M
+ᾱN,P x̄C āM

)

16



Finally, from the expression for ∆lnwi in (9), ∆lnw=ŵ−(1/ϕ)n̂. By substituting (31) and (33),

∆lnw= β̄
w,R
η̂R(τ̂ )+β̄

w,C
η̂C(τ̂ )+β̄

w,M
η̂M (τ̂ ) (35)

where

β̄
w,R≡ β̄R−(1/ϕ)β̄

n,R
, β̄

w,C≡ β̄C−(1/ϕ)β̄
n,C

, β̄
w,M ≡ β̄M−(1/ϕ)β̄

n,M
.

Part D: Empirical specification in (34)–(35). For outcomes ∆lnYi∈{∆lnni,∆lnNi,∆lnw}, equations (33)–(35)
imply that, up to a first-order approximation,

∆lnY = β̄
Y,R
η̂R(τ̂ )+β̄

Y,C
η̂C(τ̂ )+β̄

Y,M
η̂M (τ̂ ).

By definition, η̂R(τ̂ ), η̂C(τ̂ ) and η̂M (τ̂ ) are linear combinations of τ̂ij,s. Thus, τ̂ = τ̂
obs+τ̂ unbs implies that

∆lnY =αY +β̄
Y,R
η̂R(τ̂ obs)+β̄

Y,C
η̂C(τ̂ obs)+β̄

Y,M
η̂M (τ̂ obs)+νY

where ν≡ β̄Y,Rη̂R(τ̂ unbs)+β̄
Y,C
η̂C(τ̂ unbs)+β̄

Y,M
η̂M (τ̂ unbs), αY ≡I−1

∑
iE[νi|W0], and νYi ≡νi−αY .

We now establish thatE[νYi η̂
E
j (ζ̂)]=0 for E∈{R,C,M}. The proof is analogous to that in Appendix A.1.9.

First notice that the definitions of β̄
Y,E

and η̂E(.) imply that we can write

νYi =
∑
s,d,o

βY,τi,sdo(θ|W
0)τ̂unbsod,s −αY , and η̂Ej (ζ̂)=

∑
s,d,o

HE,τ
j,sdo(W

0)ζ̂od,s.

Thus,

E
[
νYi η̂

E
j (ζ̂)|W0

]
=

∑
s,d,o

∑
s′,d′,o′β

Y,τ
i,sdo(θ|W

0)Hτ
j,s′d′o′(W

0)E
[
τ̂unbsod,s ζ̂o′d′,s′ |W

0
]

− αY
∑

s,d,oH
τ
j,sdo(W

0)E
[
ζ̂o′d′,s′ |W0

]
Assumption 1 implies thatE

[
ζ̂o′d′,s′ |W0

]
=E

[
τ̂unbsod,s ζ̂o′d′,s′ |W

0
]
=0and thusE[νYi η̂

E
j (ζ̂)]=E[E[νYi η̂

E
j (ζ̂)|W0]]=

0 for any i and j. This immediately implies that (35) holds for any real matrix hEij .

A.2.5 Extension of Reduced-Form Response in (22) for a Symmetric Economy with Intermediate
Inputs in Production

There are no trade costs, τij,s=τi,s for all j, the input spending shares are the same in all sectors and markets,
aMi,s=a

M and ξMi,ks=ξ
M
k . We consider the same labor supply structure in Section 3 where λ=ϑ=0. Thus,

PMi,s =P
M =Πk

[∑
o

(τo,kpo)
1−σ

] ξk
1−σ

,

pi=(wi)
1−ψϕ−aM (PM)aM b̄ψϕi (Ω(w))ψϕ.

By defining κ≡(σ−1)(1−ψϕ−aM ), these expressions imply that

xij,s=xi,s =
(τi,spi)

1−σ∑
o(τo,spo)

1−σ =
τ1−σi,s w−κ

i b̄
ψϕ(1−σ)
i∑

oτ
1−σ
o,s w−κ

o b̄
ψϕ(1−σ)
o

.
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In this case, labor market clearing requires that

Wi = (1−aM )
∑

s

∑
jxi,s

(
ξsWj+

∑
kξ
M
s a

MRj,k
)

Wi =
∑

s

∑
jxi,s

(
(1−aM )ξsWj+a

MξMs
∑

kWj,k

)
Wi =

∑
s

∑
jxi,s

(
(1−aM )ξs+a

MξMs
)
Wj

Wi =
∑

s

∑
jxi,sesWj

where es≡(1−aM )ξs+a
MξMs is the share of gross spending on sector s (common to all markets i).

Finally, the supply of labor efficiency units is

Wj=w
ϕ
j

(
wϕj +b̄

ϕ
j (Ω(w))ϕ

) 1−ϕ
ϕ
N̄jϱ.

The combination of the equilibrium conditions above implies that the equilibrium wage vector solves
Di(w|τ )=0 for all i such that

Di(w|τ )≡
∑
s

∑
j

[
τ1−σi,s w−κ

i b̄
ψϕ(1−σ)
i∑

oτ
1−σ
o,s w−κ

o b̄
(1−σ)ψϕ
o

es−Ii=j

]
wϕj

(
wϕj +b̄

ϕ
j (Ω(w))ϕ

) 1−ϕ
ϕ
N̄jϱ.

Given the alternative definition of the labor demand parameter κ, this excess labor demand system is
isomorphic to that in (12) for the model of Section 3 in the special case of τij,s=τi,s and ξj,s=es for all j. This
implies that Corollary 3 holds for this economy, and wage responses are given by (22).

A.2.6 Adding Endogenous Transfers to the Model

We now extend our model to allow for endogenous transfers across markets to finance the non-employment
benefits. We maintain the same assumptions of Section 4 for production and labor supply. In this case, it is
useful to write the location choice in terms of per-capita spending in each market, so that

Ni

Nj
=
P−ϑ
i (Ei/Ni)

ϑ

P−ϑ
j (Ej/Nj)

ϑ

and, therefore,

Ni=
(Ei/Pi)

ϑ
1+ϑ∑

j∈Ic(i)(Ej/Pj)
ϑ

1+ϑ

. (36)

We further assume that a fraction ϖ of non-employment benefits is financed with local taxes and that the
remaining balance is financed with a common national income tax. Hence,

Ei=Wi+Bi−vi(Wi+Bi)−vc(Wi+Bi)

such that, in equilibrium,

vi(Wi+Bi)=ϖBi, and vc
∑
i∈Ic

(Wi+Bi)=(1−ϖ)
∑
i∈Ic

Bi.

Using the fact that Wi
Bi

= ni
1−ni , this expression is equivalent to

Ei=Wi+(1−ϖ)

[
1−ni−

∑
j∈Ic(i)(1−nj)(Wj/nj)∑

j∈Ic(i)(Wj/nj)

]
Wi

ni
. (37)
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Notice that, as in our baseline specification, Ei=Wi if ϖ=1. For any ϖ∈ [0,1], equations (8), (36), and (37)
constitute a system of equations that can be locally solved as a function of w and P . Conditional on these
expressions, we can follow exactly the same steps in Appendix A.2.4 to characterize the reduced-form responses
in the model.

A.3 Proofs of General Version of the Model in Section 4

A.3.1 Environment

Suppose that each country c is populated by a continuum of individuals divided into multiple groups indexed
by g=1,...,G. Workers of group g in market i receive a wage of wgi for each efficiency unit supplied. As in the
baseline, each market has a competitive representative firm that produces a differentiated tradable intermediate
good in each sector s, whose endogenous production cost is pi,s and iceberg trade cost of selling in j is τij,s.

1

There is a representative firm that produces a single non-tradable final consumption good in each market, and
sells it at price of Pi.

We now present the three central parts of the model that, up to a first-order approximation, yield log-
linear equilibrium relationships that are sufficient to derive the reduced-form representation for the model’s
predictions.

Labor Supply. Assume that worker preferences and efficiency implicitly define all labor outcomes as a (local)
function of the wage rate and the price of the consumption good across markets. That is, for any group g
in market i, we have the following local representation for one outcome Ygi out of the employment rate ngi,
population Ngi, employment Lgi, spending Egi, wage billWgi, or log average wage ∆lnwgi:

Ygi=ΦYgi({wfj}fj ,{Pj}j).

Notice that the models in Sections 3 and 4 satisfy this general restriction. It allows for (endogenous or
exogenous) transfers across markets (for example, as in Appendix A.2.6). The general representation also covers
a generalized Roy model with arbitrary individual heterogeneity in market-specific efficiency and preferences
(for example, as in Adão (2016)). In addition, it allows for a rich structure of preferences for leisure and
home production (as specified in Appendix B of the old version of our paper, Adao et al. (2019a)), as well as
competitive search environments (such as the one described in Appendix A.4).

The first-order approximation for changes in any outcome Ygi is

Ŷgi=
∑
f,j

ϕY,wgi,fjŵfj+
∑
j

ϕY,Pgi,j P̂j , (38)

where ϕY,wgi,fj ≡
∂lnΦYgi(w,P )

∂lnwfj
and ϕY,Pgi,j ≡

∂lnΦYgi(w,P )

∂lnPj
are the labor supply elasticities with respect to wages and

prices, respectively.

Final Consumption Good. Assume that the production function for the final good combines the differentiated
good fromall origins: Cj=F

C
j ({cij,s}i,s) where cij,s is the quantity of the differentiated good of sector s from i used

to produce the final good in market j. Assume that FCj is continuous, twice differentiable, increasing in all argu-
ments, strictly quasi-concave, and homogeneous of degree one. Thus, costminimization and zero profit imply that

Pj({τoj,kpo,k}o,k)≡ min
{cij,s}i,s

∑
o,k

τoj,kpo,k such that FCj ({cij,s}i,s)=1.

1It is straightforward to define markets as groups of sectors by assuming that, for a subset of sectors, τij,s=∞ for
all j (including i).
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The first-order approximation for changes in the final good price and final spending shares are given by

P̂j=
∑
i,s

xCij,s(τ̂ij,s+p̂i,s), and x̂Cij,s=
∑
o,k

χCij,s,ok(τ̂oj,k+p̂o,k), (39)

where xCij,s ≡
∂lnPj({τoj,kpo,k}o,k)

∂ln(τij,spi,s)
is the share of good s from i in final spending of market j, and χCij,s,ok ≡

∂2lnPj({τoj,kpo,k}o,k)
∂ln(τij,spi,s)∂ln(τoj,kpi,k)

is the elasticity of xCij,s to changes in the cost of good k from o. This final good production

structure allows for arbitrary final spending shares and cross-price elasticities in the initial equilibrium. It is
equivalent to allowing individuals to have arbitrary homothetic preferences for the differentiated products of
different sectors and origins.

Differentiated Good. Assume that the production function for the differentiated good of sector s from market i
is subject to external economies of scale and combines labor of different groups and inputs from different sectors

and origins. That is, Qi,s=Ψi,s({ngj ,Ngj}g,j)Fi,s
(
{Lgi,s}g,FMi,s ({Moi,ks}o,k)

)
, where Lgi,s is the number of

efficiency units employed in sector s of market i,Moi,ks is the quantity of the differentiated good of sector k from
o used to produce good s in market i, and Ψi,s({ngj ,Ngj}g,j) is the endogenous productivity term (but external
to the firm) in sector s of market i that depends on employment outcomes across groups and markets. Assume
that Fi,s and F

M
i,s are continuous, twice differentiable, increasing in all arguments, strictly quasi-concave, and

homogeneous of degree one. This production function allows us to solve the firm’s cost minimization problem
in two stages.

Consider first the cost minimization problem of selecting intermediate inputs:

PMi,s ({τoi,kpo,k}o,k)≡ min
{Moi,ks}o,k

∑
o,k

τoi,kpo,kMoi,ks s.t. FMi,s ({Moi,ks}o,k)=1,

which implies that

P̂Mi,s =
∑
j,k

xMji,ks(τ̂ji,k+p̂j,k), and x̂Mji,ks=
∑
o,h

χMji,ks,oh(τ̂oi,h+p̂o,h), (40)

where xMji,ks=
∂lnPMi,s({τoi,kpo,k}o,k)

∂ln(τji,kpj,k)
is the share of spending on sector k from j in the total input spending of sector

s in market i, and χMji,ks,oh≡
∂2lnPMi,s({τoi,kpo,k}o,k)
∂ln(τji,kpj,k)∂ln(τoi,hpo,h)

is the elasticity of xMji,ks to changes in the cost of the good

from sector h of market o.
We then solve the firm’s optimal spending on labor and inputs:

ci,s
(
{wgi}g,PMi,s

)
= min

{Lgi,s}g ,Mi,s

∑
g

wgiLgi,s+P
M
i,sMi,s s.t. Fi,s({Lgi,s}g,Mi,s)=1,

which implies that

ĉi,s=
∑
g

aLgi,sŵgi+a
M
i,sP̂

M
i,s , âLgi,s=

∑
g′

ϵLgi,s,g′ŵg′i+ϵ
LM
gi,s P̂

M
i,s , and âMi,s=

∑
g

ϵLMgi,s ŵgi+ϵ
M
i,sP̂

M
i,s (41)

where aLgi,s≡
∂lnci,s({wgi}g ,PMi,s)

∂lnwgi
and aMi,s=

∂lnci,s({wgi}g ,PMi,s)
∂lnPMi,s

are the shares of labor and inputs on the total cost

of sector s from i, and ϵLgi,s,g′ ≡
∂2lnci,s({wgi}g ,PMi,s)

∂lnwgi∂lnwg′i
, ϵLMgi,s ≡

∂2lnci,s({wgi}g ,PMi,s)
∂lnwgi∂lnPMi,s

and ϵMi,s≡
∂lnci,s({wgi}g ,PMi,s)

∂lnPMi,s∂lnP
M
i,s

are the

elasticities of labor and input cost shares with respect to changes in wages and input prices.
Expressions in (40)–(41) allow for a flexible structure of production. In the initial equilibrium, each
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sector-market pair can have arbitrary spending shares on labor of different groups and intermediate goods
from different sectors and origins. In addition, we flexibly allow for a nested elasticity structure in the labor
and input demand functions. We do not impose parametric restrictions on the cross-price elasticity matrix
for intermediate spending, allowing for different substitution patterns across goods from different sectors and
markets. This structure also yields an arbitrary demand substitution pattern for labor of different groups.
Importantly, while changes in the unit input cost can differentially affect demand for different labor groups,
the nested production function imposes that the cost of inputs of distinct sectors and origins only affect factor
demand through a single unit input cost index.

Finally, production cost of s in i is pi,s=ci,s({wgi}g,PMi,s )/Ψi,s({ngj ,Ngj}g,j), which implies that

p̂i,s=
∑
g

aLgi,sŵgi+a
M
i,sP̂

M
i,s−

∑
g,j

ψnis,gjn̂gj−
∑
g,j

ψNis,gjN̂gj , (42)

where ψnis,gj≡
∂lnΨi,s({ngj ,Ngj}g,j)

∂lnngj
and ψNis,gj≡

∂lnΨi,s({ngj ,Ngj}g,j)
∂lnNgj

. This general agglomeration elasticity matrix

allows for technology diffusion between regions, as in ? and ?, and differences across sectors in economies of
scale – e.g., ?, ?, Kucheryavyy et al. (2023). In addition, the cross-market elasticity of labor productivity may
also incorporate congestion forces implied by the re-allocation of other factors of production, like land and
capital (see Appendix B of the old version of our paper, Adao et al. (2019a)).

Equilibrium. The equilibrium requires both goods and labor markets to clear. For every sector s and market
i, the vector of gross revenues {Ri,s}i,s must solve

Ri,s=
∑
j

xCij,sEj+
∑
j

xMij,ska
M
j,kRj,k. (43)

For every group g and market i, the vector of wages must guarantee that

Wgi=
∑
s

aLgi,sRi,s. (44)

A.3.2 Reduced-form Representation

The following proposition characterizes the reduced-form representation of the wage change for each group and
market as a function of measures of market-level shock exposure.

Proposition 1. For an arbitrary τ̂ ≡ {τ̂ij,s}ijs, the vector of wage change, ŵ≡ {ŵgi}gi, solves γ̄ŵ= η(τ̂ ).
Under the diagonal dominance condition in (29), ŵ has a representation of the form:

ŵ= β̄η̂(τ̂ ) such that η̂(τ̂ )= η̂R(τ̂ )+ᾱC η̂C(τ̂ )+ᾱM η̂M (τ̂ ), (45)

where

ηRgi(τ̂ )=
∑
s

ℓ0gi,s(µi,s(τ̂ )+
∑
j,k

bUis,jkµj,k(τ̂ )), ηCi (τ̂ )=
∑
s,o

xCoi,sτ̂oi,s, ηMi,s(τ̂ )=µ
M
i,s(τ̂ )+

∑
j,k

bDis,jkµ
M
j,k(τ̂ ) (46)

such that
µi,s(τ̂ )≡

∑
o,h

∑
j

(rCij,sχ
C
ij,s,oh+

∑
k

rUij,skχ
M
ij,sk,oh)τ̂oj,h and µMi,s(τ̂ )≡

∑
j,k

xMji,ksτ̂ji,k, (47)

b̄
U ≡

∞∑
d=1

(
r̄U
)d

and b̄
D≡

∞∑
d=1

(
x̄D
)d
, (48)
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with r̄UNS×NS ≡ [xMij,ska
M
j,kRj,k/Ri,s]is,jk, x̄

D
NS×NS ≡ [xMji,ksa

M
j,k]is,jk, W

0 ≡ {{xCij,s}j ,{xMij,sk}j,k,{aLgi,s}g}j and
θ≡{χMji,ks,oh,χCji,s,oh,ψnis,gj ,ψNis,gj ,ϕ

Y,w
gi,fj ,ϕ

Y,P
gi,j }.

Appendix A.3.3 contains the proof of this proposition. It generalizes the reduced-form representation in
Section 4 for the model with the non-parametric links in production and labor supply described in Appendix
A.3.1. It maps wage changes to measures of shock exposure that depend on the initial bilateral trade shares for
both final and intermediate consumption, the initial factor spending shares in production, and the elasticity
matrices governing cross-market links in labor supply (ϕY,wgi,fj and ϕ

Y,P
gi,j ), productivity (ψnis,gj and ψ

N
is,gj) and

trade demand (χMji,ks,oh and χCji,s,oh). The definitions of consumption and input exposure are identical to

those in Section 4 for arbitrary bilateral (final and intermediate) spending shares, xMji,ks and x
C
ji,s. However,

the definition of revenue exposure needs to be extended to account for the more general demand for goods:
the shock’s impact on the sales of s in i, µi,s(τ̂ ), is now a function of the cross-price demand elasticities,
χCij,s,oh and χMij,sk,oh. With the nested CES demand in Section 4, these elasticities take the simple form of

χCij,s,oh=χ
M
ij,sk,oh=(1−σ)(Ii=o−xoj,s)Is=k.

In Appendix A.3.3, we also characterize the reduced-form representation for labormarket and price outcomes.

For any Ŷi∈{{ŵgi,n̂gi,N̂gi,Êgi,
ˆlnwgi}g,P̂i,{P̂Mi,s }s}, we show that Ŷi can be written as

Ŷi=
∑
g,j

βY,Rigj (θ|W
0)η̂Rgj(τ̂ |θ)+

∑
j

βY,Cij (θ|W0)η̂Cj (τ̂ )+
∑
j,s

βY,Mij,s (θ|W0)η̂Mj,s(τ̂ ). (49)

The steps in Appendix A.2.4 imply that, under Assumption 1,

∆lnYi=α
Y +
∑
g,j

βY,Rij (θ|W0)η̂Rgj(τ̂
obs)+

∑
j

βY,Cij (θ|W0)η̂Cj (τ̂
obs)+

∑
j,s

βY,Mij,s (θ|W0)η̂Mj,s(τ̂
obs)+νYi (50)

such that
E
[
νYi η̂

R
gj(ζ̂|θ)

]
=E

[
νYi η̂

C
j (ζ̂)

]
=E

[
νYi η̂

M
j,s(ζ̂)

]
=0 for any i,j,g,s. (51)

A.3.3 Proof of Proposition 1

Step 1. We first derive expressions for changes in price indices as a function of wages, and exogenous shocks.
From (40) and (42),

P̂Mi,s =
∑
j,k

xMji,ks

(
τ̂ji,k+

∑
g

aLgj,kŵgj+a
M
j,kP̂

M
j,k−

∑
g,o

ψnjk,gon̂go−
∑
g,o

ψNjk,goN̂go

)

which, by defining x̄DNS×NS ≡ [xMji,ksa
M
j,k]is,jk, x̄

M
NS×NS ≡ [xMji,ks]is,jk, ā

L
NS×NG ≡ [aLgj,kIi=j ]ik,gj , ψ̄

n
NS×NG =

[ψnis,gj ]is,gj , ψ̄
N
NS×NG=[ψNis,gj ]is,gj and µ

M
NS×1≡ [µ̂i,s(τ̂ )]i,s with µ̂i,s(τ̂ )≡

∑
j,kx

M
ji,ksτ̂ji,k, implies

(
Ī−x̄D

)
P̂
M
=µM (τ̂ )+x̄M

(
āLŵ−ψ̄nn̂−ψ̄NN̂

)
and, therefore,

P̂
M
= η̂M (τ̂ )+ḡDx̄M

(
āLŵ−ψ̄nn̂−ψ̄NN̂

)
(52)

for ḡD≡
(
Ī−x̄D

)−1
= Ī+

∑∞
d=1(x̄

D)d and ηM (τ̂ ) in (46).
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From (39),

P̂i=
∑
j,s

xCji,s

(
τ̂ji,s+

∑
g

aLgj,sŵgj+a
M
j,sP̂

M
j,s−

∑
g,o

ψnjk,gon̂go−
∑
g,o

ψNjk,goN̂go

)

which, by defining x̄CN×NS≡ [xCji,s]i,js and ā
M
NS×NS≡ [aMj,kIis=jk]is,jk,

P̂ = η̂C(τ̂ )+x̄C
(
āLŵ−ψ̄nn̂−ψ̄NN̂

)
+x̄C āM P̂

M

with ηC(τ̂ ) in (46).
Substituting (52) into this expression,

P̂ =
(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
+x̄C c̄M

(
āLŵ−ψ̄nn̂−ψ̄NN̂

)
, (53)

where c̄M ≡ Ī+āM ḡDx̄M .
Using (38) for outcome Y ,

Ŷ = ϕ̄
Y,w
ŵ+ϕ̄

Y,P
P̂

where we define ϕ̄
Y,w
GN×GN ≡ [ϕY,wgi,fj ]gi,fj and ϕ̄

Y,P
GN×N ≡ [ϕY,Pgi,j ]gi,j .

To obtain an expression for the price index, we now combine this expression with (53) to derive

P̂ = ρ̄P
(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
+ᾱP,wŵ (54)

where ρ̄P ≡
[
Ī+x̄C c̄M

(
ψ̄
n
ϕ̄
n,P

+ψ̄
N
ϕ̄
N,P
)]−1

and ᾱP,w≡ ρ̄P x̄C c̄M
(
āL−ψ̄nϕ̄n,w−ψ̄N ϕ̄N,w

)
.

Using (38) for outcome Y ,

Ŷ =ᾱY,wŵ+ᾱY,C
(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
(55)

where ᾱY,w≡ ϕ̄Y,w+ϕ̄Y,P ᾱP,w and ᾱY,C≡ ϕ̄Y,P ρ̄P .
Together with (52) and (53), equation (55) implies

P̂
M
= η̂M (τ̂ )−ᾱM,C

(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
+ᾱM,wŵ, (56)

where ᾱM,C≡ ḡDx̄M
(
ψ̄
n
ᾱn,C+ψ̄

N
ᾱN,C

)
and ᾱM,w≡ ḡDx̄M

(
āL−ψ̄nᾱn,w−ψ̄N ᾱN,w

)
.

Step 2. We now solve for the change in revenue of sector-market pairs. From (43), by defining r̄CNS×N ≡
[xCij,sEj/Ri,s]is,j and r̄

U
NS×NS≡ [xMij,ska

M
j,kRj,k/Ri,s]is,jk,

(
Ī−r̄U

)
R̂=

∑
j

rCij,sx̂
C
ij,s+

∑
j,k

rUij,skx̂
M
ij,sk


is

+r̄U âM+r̄CÊ.

Using (39) and (40), this expression becomes(
Ī−r̄U

)
R̂=µ(τ̂ )+χ̄p̂+r̄U âM+r̄CÊ.

where χ̄NS×NS≡ [
∑

j(r
C
ij,sχ

C
ij,s,oh+

∑
kr
U
ij,skχ

M
ji,ks,oh)]is,oh and µ(τ̂ ) defined in (47).
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From (41) and (42), we have that

p̂= āLŵ+āM P̂
M−ψ̄nn̂−ψ̄NN̂

âM = ϵ̄LMŵ+ϵ̄M P̂
M

where ϵ̄LMNS×NG≡ [ϵLMgi,s Ii=j ]is,gj and ϵ̄M ≡ [ϵMi,sIis=jk]is,jk.
By defining ḡU ≡ Ī+b̄U , the expressions above imply that

R̂= ḡUµ(τ̂ )+ḡU χ̄
(
āLŵ+āM P̂

M−ψ̄nn̂−ψ̄NN̂
)
+ḡU r̄U

(
ϵ̄LMŵ+ϵ̄M P̂

M
)
+ḡU r̄CÊ.

Using the expressions for n̂ and N̂ in (55) and Ê in (55),

R̂= ḡUµ(τ̂ )+ᾱR,wŵ+ᾱR,M P̂
M
+ᾱR,C

(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
(57)

where
ᾱR,w≡ ḡU

(
χ̄āL+r̄U ϵ̄LM−χ̄(ψ̄nᾱn,w+ψ̄N ᾱN,w)+r̄CᾱE,w

)
ᾱR,M ≡ ḡU

(
χ̄āM+r̄U ϵ̄M

)
ᾱR,C≡ ḡU

(
r̄CᾱE,C−χ̄(ψ̄nᾱn,C+ψ̄N ᾱN,C)

)
Step 3. The final step is characterizing the system in (16). From the labor market clearing condition in (44),
Ŵgi=

∑
sℓgi,s(â

L
gi,s+R̂i,s). When combined with (41), we get that

Ŵgi=
∑
s

ℓgi,s

∑
g′

ϵLgi,s,g′ŵg′i+ϵ
LM
gi,s P̂

M
i,s+R̂i,s


which, in matrix notation, yields

Ŵ =ᾱϵ,Lŵ+ᾱϵ,M P̂
M
+ℓ̄R̂,

where ᾱϵ,LNG×NG≡{Ii=j
∑

sℓgi,sϵ
L
gi,s,g′ ]gi,g′j is the matrix of cross-group elasticities of labor demand with respect

to wages, ᾱϵ,MNG×NS≡{Ii=jℓgi,sϵLMgi,s ]gi,js is the matrix of group elasticities of labor demand with respect to input

cost, and ℓ̄GN×NS≡ [ℓgi,sI[i=j]]gi,js is the matrix of the share of sector s in employment of group g in market i.
By applying (55) and (57) into the expression above, we get(

ᾱW,w−ᾱϵ,L−ℓ̄ᾱR,w
)
ŵ= η̂R+

(
ᾱϵ,M+ℓ̄ᾱR,M

)
P̂
M
+
(
ℓ̄ᾱR,C−ᾱW,C

)(
η̂C(τ̂ )+x̄C āM η̂M (τ̂ )

)
,

where, by definition, η̂R≡ ℓ̄ḡUµ(τ̂ ).
By applying (56) into this expression, we get that

γ̄ŵ= η̂R(τ̂ )+ᾱC η̂C(τ̂ )+ᾱM η̂M (τ̂ ), (58)

where
γ̄≡ᾱW,w−ᾱϵ,L−ℓ̄ᾱR,w−

(
ᾱϵ,M+ℓ̄ᾱR,M

)
ᾱM,w,

ᾱC≡ ℓ̄ᾱR,C−ᾱW,C−
(
ᾱϵ,M+ℓ̄ᾱR,M

)
ᾱM,C ,

ᾱM ≡ᾱϵ,M+ℓ̄ᾱR,M+ᾱCx̄C āM .
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The representation in (45) follows from the same steps in Part B of Appendix A.2.4 under the diagonal dominance
condition in (29).

Step 4. We derive reduced-form expressions for all labor market outcomes Ŷgi∈{n̂gi,N̂gi,Êgi,
ˆlnwgi} using (55):

Ŷ = β̄
Y,R
η̂R(τ̂ )+β̄

Y,C
η̂C(τ̂ )+β̄

Y,M
η̂M (τ̂ ) (59)

where
β̄
Y,R≡ᾱY,wβ̄, β̄

Y,C≡ᾱY,wβ̄ᾱC+ᾱY,C , β̄
Y,M ≡ᾱY,wβ̄ᾱM+ᾱY,Cx̄C āM .

Using (54),

P̂ = β̄
C,R
η̂R(τ̂ )+β̄

C,C
η̂C(τ̂ )+β̄

C,M
η̂M (τ̂ ), (60)

where
β̄
C,R≡ᾱP,wβ̄, β̄

C,C≡ᾱP,wβ̄ᾱC+ρ̄P , β̄
C,M ≡ᾱP,wβ̄ᾱM+ρ̄P x̄C āM .

A.4 Adding Frictional Unemployment to Model of Section 3

We now outline an extension of the model in Section 3 featuring frictional unemployment. It yields an expression
for the change in the employment rate in terms of changes in wi/bi with an elasticity that combines the
parameters controlling responses in both the labor force participation and the unemployment rate.

Environment. We consider the same preferences as in our baseline model, with l(ι) and u(ι) denoting ι’s
efficiency units and non-employment income. As in the baseline, individuals draw (l(ι),u(ι)) independently
from a Frechet distribution with shape parameter ϕ>1 and scale 1. Given the uncertainty in the job search
process, we assume that individuals are risk neutral.

As in our baseline, each sector s of market i has a representative firm that produces a differentiated good
subject to iceberg trade costs. We now assume that production depends on a CES aggregator of the continuum
of non-traded inputs available in the market, ν∈Vi:

Qi,s=

[∫
ν∈Vi

(qi,s(ν))
µ−1
µ dν

] µ
µ−1

, (61)

where µ>1 is the elasticity of substitution between non-traded varieties.
We assume that the economy has a fixed pool of potential producers of the non-traded inputs that operate in

monopolistic competition. In order to produce, firms need to get matched with a worker. If the owner of the firm
does not post a vacancy, she gets an outside option payoff of ν̄i. We consider a competitive search environment in
which firm ν posts a wage offer wi(ν). We analyze a symmetric equilibrium in which all firms post the same wage
(i.e., wi(ν)=wi), and then are randomly matched with a worker in the economy. Conditional on being matched
to individual ι, intermediate producers have a linear production function such that yi(ν)= l(ι). The matching
technology is such that, if Vi vacancies are posted and Np

i workers search for a job, the number of matches is

Mi=(Vi)
α(Np

i )
1−α

. (62)

Labor Force Participation. We first solve for the share of individuals in market i that look for a job given an
offered wage rate of wi. Consider the case in which individual ι searches for a job. With probabilityMi/N

p
i , she

finds a job and has a payoff of (1−vi)wil(ι)/Pi; with probability 1−M/Np
i , she does not find a job and has a

payoff of (1−vi)biu(ι)/Pi. If the same individual ι does not search for a job, she gets a payoff of (1−vi)biu(ι)/Pi.
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Thus, the maximization of expected utility implies that the market’s labor force participation is

npi =Pr

[
Mi

Np
i

wil(ι)+

(
1−Mi

Np
i

)
biu(ι)>biu(ι)

]
=Pr[wil(ι)>biu(ι)] ⇒ npi =

wϕi

wϕi +b
ϕ
i

. (63)

As in our baseline, the mean efficiency of those searching for jobs is li=ϱ(n
p
i )

− 1
ϕ .

Unemployment Rate. Given the cost minimization problem of the representative firm in market i, the demand
for the output of the intermediate producer ν is

qi(ν)=
(pi(ν))

−µ∫
ν̃∈Vi(pi(ν̃))

1−µdν̃
Ri.

Thus, the profit maximization problem of firm ν yields the typical constant markup expression for the price
of the intermediate good:

p̃i(ν)=
µ

µ−1
wi ∀ν∈Vi.

This implies that the production cost of firms in market i is pi,s≡
[∫
ν∈Vi(p̃i(ν))

1−µdν
] 1

1−µ
= µ
µ−1wi(Mi)

1
1−µ .

In equilibrium, the number of successful matches must be equal to the number of employed individuals (Mi=Li),
so

pi,s=
µ

µ−1
wi(Li)

−ψ such that ψ≡ 1

µ−1
. (64)

Finally, the free entry condition implies that the expected profit of posting a vacancy must be equal to the
outside option of not posting it. Given that the probability of filling a vacancy isMi/Vi and that the expected
efficiency of a match is li, we have that

ν̄i=(p̃i(v)−wi)li
Mi

Vi
=

1

µ−1
wili

(
Np
i

Vi

)1−α
⇒

Np
i

Vi
=

(
(µ−1)ν̄i

wili

) 1
1−α

This expression determines the share of individuals searching for a job that get matched to a producer:

nmi =
Mi

Np
i

=

(
Vi
Np
i

)α
=

(
wili

(µ−1)ν̄i

) α
1−α

=

(
wiϱ(n

p
i )

− 1
ϕ

(µ−1)ν̄i

) α
1−α

.

Assuming that the outside option of producers is proportional to the non-employment transfer (ν̄i=νibi),
we derive our main expression for the share of individuals in market i that are employed:

ni=n
m
i n

p
i =

(
ϱ

(µ−1)νi

wi
bi

) α
1−α
(

(wi/bi)
ϕ

1+(wi/bi)ϕ

)(
1− α

1−α
1
ϕ

)
. (65)

Up to a first order approximation, this expression implies that

n̂i= n̂
m
i +n̂pi =

(
α

1−α
npi+ϕ(1−n

p
i )

)
(ŵi−b̂i).

The elasticity of the employment rate to the wage rate has two components. As before, it entails the elasticity of
the labor force participation margin, ϕ(1−npi ). But now it also encompasses the elasticity of the matching rate,
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α
1−αn

p
i , which depends on the matching technology parameter α. Whenever α=0, all individuals searching for

a job get a match and this term disappears.

A.5 Model Integration

A.5.1 Algorithm

The reduced-form representation in (49) is a first-order approximation for changes in the market-level outcomes:

Ŷi∈{{ŵgi,n̂gi,N̂gi,Êgi,
ˆlnwgi}g,P̂i,{P̂Mi,s }s}. It can be integrated to compute exact (non-linear) changes in these

outcomes using the following algorithm.

1. Consider r=1,...,R repetitions. Let the initial conditions be W0≡{{xCij,s}j ,{xMij,sk}s,j,k,{aLgi,s}g}j , and
the initial elasticities be θ0≡{χMji,ks,oh,χCji,s,oh,ψnis,gj ,ψNis,gj ,ϕ

Y,w
gi,fj ,ϕ

Y,P
gi,j }.

2. Given θr−1 and Wr−1, for τ̂ r= τ̂/R:

(a) Compute Y r
i =Y

r−1
i exp(Ŷ r

i ) where Ŷ
r
i is given by (49);

(b) Compute pri,s=p
r−1
i,s exp(p̂ri,s) where p̂

r
i,s is given by (42);

(c) Compute Wr≡{{xC,r−1
ij,s exp(x̂C,rij,s)}j ,{x

M,r−1
ij,sk exp(x̂M,r

ij,sk)}j,k,{a
L
gi,sexp(â

L,r
gi,s)}g}j where x̂

C,r
ij,s, x̂

M,r
ij,sk,

and âL,ri,s are respectively given by (39), (40) and (41);

(d) Compute θr≡{χM,r
ji,ks,oh,χ

C,r
ji,s,oh,ψ

n,r
is,gj ,ψ

N,r
is,gj ,ϕ

Y,w,r
gi,fj ,ϕ

Y,P,r
gi,j } using the definitions above and outcomes

in iteration r.

3. Repeat step 2 for each r. The overall change in any outcome is Y ′
i /Y

0
i =Y R

i /Y
0
i .

A.5.2 Illustration

To illustrate the integration algorithm, we compare the impact of shocks obtained with the linear approximation
and the integration algorithm. We consider the predictions implied by the calibration of the model in Appendix
A.6 and one draw of the i.i.d. sector-level shocks ζ̂s.

Let us define the integral of our reduced-form formulas with R partitions of the shock as

ŶM
i (ζ̂|θ,W0,R)≡

R∑
r=1

∑
j

βYij (θ|Wr−1)
∑
s

ℓr−1
j,s

(
ζ̂s/R

)
,

whereWr=H(ζ̂/R|θ,Wr−1) defines the law of motion for the endogenous variables inW0 following the shifts
in sectoral demand caused by a trade shock, ζ̂s/R. When R is large enough, this algorithm converges to the
exact solution for the model’s predicted impact of the shock, as we show below.

Figure A.1 reports the predicted changes in the employment rate that we obtain with different partitions
R. The top left panel shows that the first-order approximation yields predictions that are similar to the ones
implied by the integration algorithm with R=5. The correlation between them is close to one. The remaining
panels show that there is very little gain in accuracy from using more than five partitions of the shock. For this
reason, our simulations use five partitions when we compute the non-linear solution of the model.
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Figure A.1: Impact of a Trade Shock on the Employment Rate, Integral of First-Order Approximation

Notes: Each dot is the predicted change in the employment rate of each of the 722 CZs that we compute using the integration algorithm in

Appendix A.5.1 for R partitions of the simulated shift in sectoral demand. Predictions computed using the model calibration of Appendix A.6.

A.6 Monte Carlo Simulations

We present Monte Carlo simulations to illustrate the properties of our empirical strategy in the context
of the impact of the China shock on U.S. CZs, as in Section 2. Specifically, we consider ς=1,...,3000
simulated economies subject to random observed and unobserved shocks. For each simulation, the
reduced-form expressions in (25) yield changes in wages and employment for each U.S. CZ, ∆lnwi(ς) and
∆lnni(ς). Motivated by the strategy in Section 2, we consider a foreign shock with an identical impact on
the sectoral demand of all U.S. CZs such thatZi(ς)=

∑
sℓ

0
j,sẑ

obs
F,s (ς) where ẑ

obs
F,s (ς) is i.i.d. across sectors and

normally distributed with a mean of zero and a standard deviation of σζ . We further assume that νni (ς)
and νwi (ς) are i.i.d. across i and normally distributed with a mean of zero and a standard deviation of σν .

We use the estimates in Section 2 to calibrate our simulations. First, we consider the stacked sample
with 722 CZs in two periods, 1990-2000 and 2000-2007. To specify the variables in W0, we use a
sector-level trade matrix between U.S. CZs and foreign countries.2 For illustrative purposes, we calibrate
the parameters of the model such that the trade elasticity is five (σ=6), agglomeration or congestion
forces are zero (ψ=0), and the labor supply elasticity matches the ratio of employment-to-wage response
in Table 1 (ϕ=2.5).3 Finally, we set σζ and σν to match the standard deviation of outcomes and shock
exposure across regions and periods, as reported in Table B.1.

For each ς, we consider a researcher who uses the reduced-form specification in (25) to estimate the
aggregate and differential effects of the observed sectoral shocks {ẑobsF,s (ς)}s. To simplify our analysis, we
assume that the researcher only estimates the labor supply elasticity ϕ, and considers two sets of moment
conditions based on different specifications of {hnij,hwij} in (28): the efficient moments, computed with
the procedure in Appendix A.1.10 (Optimal IV), and the region’s own shock exposure, computed with
hnij=h

w
ij=I[i=j] (Direct IV).

2Section 5.2 andAppendix C provide a detailed description of the data construction and the specification of spatial links.
3In our model, it can be shown that the impact of a trade cost shock on employment divided by its impact on wages

is given by ϕ(1−n0i )/n0i . We obtain ϕ=2.5 by taking the ratio of estimates in columns (3) and (1) of Table 1 and setting
n0i =0.7 (the median across U.S. CZs).
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Panel A of Table A.1 presents moments of the labor supply elasticity estimates, ϕ̂(ς), across 3,000
simulated economies. Columns (1) and (2) show that both sets of moments yield estimates that are
centered at the true value of 2.5. Note that the standard deviation of estimates obtained from theOptimal
IV is 10% lower than that of estimates from the Direct IV. ı̈¿œ ı̈¿œ ı̈¿œı̈¿œ ı̈¿œ ı̈¿œ ı̈¿œ ı̈¿œ ı̈¿œ ı̈¿œ ı̈¿œ

Table A.1: Monte Carlo Simulations

Data simulated from: Linear Model Non-linear Model
Estimation moment: Optimal IV Direct IV Optimal IV Direct IV

(1) (2) (3) (4)

Panel A: Estimates of ϕ(ς)

Median 2.51 2.52 2.25 2.19
St. Dev. 0.71 0.78 0.71 0.77

Panel B: Regression of ∆truelnni(ς) on ∆predlnni(ς)

Median Constant 0.00 0.00 0.00 0.00
Median Slope 1.00 0.99 0.96 0.98
Median R2 1.00 1.00 0.97 0.97

Notes: Panel A reports moments of the estimates of ϕ̂(ς) obtained from the ς=1,...,3000 simulated economies. Panel B reports moments
across simulated economies of the regression of the true impact of the shock, ∆truelnni(ς), on the researcher’s predicted impact of the shock,
∆predlnni(ς), in the pooled sample of 1,444 CZs. Simulated data generated according to the linear specification in (25) in columns (1)-(2)
and the non-linear integral specification in Appendix A.5 in columns (3)-(4). Moment conditions built using the Optimal IV in columns
(1) and (3) and the Direct IV in columns (2) and (4).

We also compare the researcher’s estimated impact with the true impact of the shock on the
employment rate of U.S. CZs. Specifically, for each ς, we compute the ‘‘true’’ impact of the shock,
∆true lnni(ς)≡

∑
jβ

n
ij(ϕ|W0)Zi(ς) with ϕ= 2.5, and the researcher’s estimated impact of the shock,

∆predlnni(ς)≡
∑

jβ
n
ij(ϕ̂(ς)|W0)Zi(ς) with ϕ̂(ς) obtained from (25) and (28). We then run a regression

of ∆truelnni(ς) on ∆predlnni(ς) in the pooled sample of 1,444 CZs in 1990-2000 and 2000-2007. Across
our simulated economies, Panel B shows that this regression yields a median constant of zero, a median
slope of one, and a median R2 of one. In line with the discussion above, these results confirm that
the reduced-form specification in (25) provides consistent estimates of both the differential and the
aggregate impact of trade shocks across regions.

The last two columns of Table A.1 implement simulations to evaluate the performance of our linear
specification when the impact of the shock is non-linear. To this end, we repeat the simulation described
above, but we assume instead that ∆lnni(ς) = ∆true lnni(ς)+ νni , with ∆true lnni(ς) implied by the
integration algorithm in Appendix A.5. We define ∆lnwi(ς) and ∆truelnwi(ς) analogously.

4

The estimates of the labor supply elasticity are centered at around 2.2, which is 12% lower than the
true parameter value. However, Panel B shows that the moments of the regression of the true impact
on the researcher’s predicted impact in columns (3)-(4) are similar to those in columns (1)-(2). This
indicates that non-linearities do not introduce a large bias in the researcher’s prediction for the shock’s
impact on U.S. CZs. Intuitively, our strategy adjusts the estimate of the labor supply elasticity in order
to better capture the impact of the shock on regional outcomes. Although this is not a general result,

4For large shocks, our specification follows ? who provide a general decomposition of quantitative spatial and trade
models into two additive components, one related to the impact of the shock of interest (i.e., ∆truelnni(ς)) and another
related to the impact of other shocks (i.e., νni ), without loss of generality.
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these simulations suggest that, in our application, the linear approximation performs very well.

A.7 Proofs and Additional Results for Section 5

A.7.1 Additional derivations for Section 5.1

Proof of Expression (36). The gravity trade demand Xij,s in (6) implies that

∆lnXt
ij,s=(1−σ)τ̂ tij,s−κp̂i,s+Êtj−

̂(∑
o

τ1−σoj,s w
−κ
o b̄κ−σ+1

o

)
︸ ︷︷ ︸

≡Λtj,s

. (66)

Up to a first order approximation, the definition of ∆M t
China,s≡

∑
j

∆Xt
Chinaj,s

L
t0
US,s

is equal to

∆M t
China,s =

∑
j

X
t0
Chinaj,s

L
t0
US,s

∆lnXt
Chinaj,s

=
∑

j

X
t0
Chinaj,s

L
t0
US,s

(
(1−σ)τ̂ tChinaj,s−κp̂tChina,s+Λtj,s

)
.

We set the Chinese wage as the numeraire (ŵtChina=0) without loss of generality. Together with (10), the
expression above implies that

∆M t
China,s=

∑
j

Et0j,s

Lt0US,s

(
(1−σ)xt0Chinaj,sτ̂

t
Chinaj,s

)
+

∑
jX

t0
Chinaj,sΛ

t
j,s

Lt0US,s

.

The decomposition (1−σ)xt0Chinaj,sτ̂
t
Chinaj,s= τ̂

obs,t
China,s+ε̂

t
Chinaj,s implies that

∆M t
China,s=

(∑
jE

t0
j,s

Lt0US,s

)τ̂obs,tChina,s+
∑
j

Et0j,s∑
j′E

t0
j′,s

ε̂tChinaj,s

+

∑
jX

t0
Chinaj,sΛ

t
j,s

Lt0US,s

.

Under the assumption that
∑

j

E
t0
j,s∑

j′E
t0
j′,s
ε̂tChinaj,s=0, this expression immediately yields expression (36):

∆M t
China,s=

(∑
jE

t0
j,s

Lt0US,s

)
τ̂obs,tChina,s+

∑
jX

t0
Chinaj,sΛ

t
j,s

Lt0US,s

, (67)

Measurement of τ̂ obs,tChina,s. To obtain an expression to recover τ̂obs,tChina,s, we re-write (67) as

τ̂obs,tChina,s=

(
Lt0US,s∑
jE

t0
j,s

)
∆M t

China,s−
∑

jX
t0
Chinaj,sΛ

t
j,s∑

jE
t0
j,s

. (68)

We now describe how we measure each of the terms in the right hand side of (68). As in Section 2, we follow
ADH by setting ∆M t

China,s to be the per-worker growth in Chinese imports by eight developed countries between

years t0 and t, and L
t0
US,s the U.S. employment in sector s at t0. We use the trade matrix for year t0 described

in Appendix C to measure Et0j,s=
∑

iX
t0
ij,s and X

t0
Chinaj,s for each j in the set of eight developed countries used to

compute ∆M t
China,s in ADH. Finally, we obtain estimates of Λtj,s for the set of eight developed countries in ADH
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using the gravity equation in (66). Specifically, we estimate separately for each sector s the following specification:

∆lnXt
ij,s=Ψt

i,s+Λtj,s+η
t
ij,s where ΨChina,s=0. (69)

The restriction of ΨChina,s=0 follows from the facts that, by (66), Ψi,s≡κŵti and that, without loss of generality,
we set the Chinese wage as the numeraire (ŵtChina=0). In practice, we implement the estimation of (69) without
a constant, and with fixed-effects for the eight destinations used in ADH and for all origins except China. To
obtain τ̂obs,tChina,s, we use equation (68) to recover shifts for each 4-digit SIC sector, which we then winsorize from
extreme values and average within each 3-digit sector.

A.7.2 Specification of Transfer Numeraire

The definition Ω(w)=(WUS(w))ω̄(WW(w))1−ω̄ implies that

ωt0j ≡ ∂lnΩ(wt0)

∂lnwj
= ω̄

W t0
j∑

i∈IUS
W t0
i

Ij∈IUS
+(1−ω̄)

W t0
j∑

c

∑
i∈IcW

t0
i

(70)

whereW t0
i is the GDP of market i in the initial period t0.

To compute ωt0j , we need to specify ω̄. We do so using the series of the opportunity cost of not working
in Chodorow-Reich and Karabarbounis (2016). In our model, the average change in the payoff of not working
in the U.S. is ẑtUS≡

∑
i∈IUS

Ni
NUS

(b̂i−P̂i). By defining the U.S. price index change as P̂ tUS≡
∑

i∈IUS

Ni
NUS

P̂i, the

fact that b̂ti=Ω̂t yields

ẑtUS = ω̄Ŵ t
US+(1−ω̄)Ŵ t

W−P̂ tUS

=
(
Ŵ t

US−P̂ tUS

)
−(1−ω̄)

(
Ŵ t

US−Ŵ t
W

)
=

(
Ŵ t

US−P̂ tUS

)
−(1−ω̄)

((
Ŵ t

US−P̂ tUS

)
−
(
Ŵ t

W−P̂ tW
)
+
(
P̂ tUS−P̂ tW

))
.

By defining the real income of a country as R̂W
t

c= Ŵ t
c−P̂ tc and the relative price as P̂t

c= P̂ tc−P̂ tW, this
expression is equivalent to

ẑtUS=R̂W
t

US−(1−ω̄)
(
R̂W

t

US−R̂W
t

W+P̂t
US

)
.

Thus,

Cov
(
R̂W

t

US,ẑ
t
US

)
=V ar

(
R̂W

t

US

)
−(1−ω̄)Cov

(
R̂W

t

US,R̂W
t

US−R̂W
t

W+P̂t
US

)
and, therefore,

ω̄=1−
V ar

(
R̂W

t

US

)
−Cov

(
R̂W

t

US,ẑ
t
US

)
Cov

(
R̂W

t

US,R̂W
t

US−R̂W
t

W+P̂t
US

) . (71)

We obtain ω̄=0.62 using expression (71) computed with year-to-year log-changes in every variable between
1961 and 2012. To measure ẑtUS, we use the series in Chodorow-Reich and Karabarbounis (2016) of the
opportunity cost of employment implied by their separable utility specification at the first quarter of each year
(available for 1961-2012). We measure all other variables using data from the PennWorld Tables produced with

the methodology in ?. Specifically, we measure R̂W
t

c using the annual series of the real domestic absorption at
current PPPs (CDA) divided by population (pop), and P̂ tc using the annual series of the Price level of CDA
(PPP/XR). We compute the world average of the log-change in each variable as the average log-change in that
variable across all countries, weighted by the country’s share in world GDP in the previous year.
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B Online Appendix: Additional Empirical Results

B.1 Adjustment of U.S. Regional Markets to Trade Shocks: Three Stylized Facts

This appendix presents additional empirical results that complement those in Section 2.

Figure B.1: Regional Exposure to the China Shock, 1990-2007

Quintiles:
Top
Second
Third
Fourth
Bottom

Import Competition,IC
i

Quintiles:
Top
Second
Third
Fourth
Bottom

Geography Import Competition,GC
i

Quintiles:
Top
Second
Third
Fourth
Bottom

Import Expenditure,IE
i

Notes: For each CZ, the left panel reports ICti , the right panel reports GCti , and the bottom panel reports IEti .

Table B.1: Summary Statistics of Outcomes for U.S. CZs

1990-2000 2000-2007 1990-2007 Total

Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev.

100 × Change in average weekly log-wage 12.39 4.65 3.84 5.51 16.23 6.47 10.82 7.62
100 × Change in log of employment rate 1.27 4.23 1.71 5.31 2.98 6.42 1.99 5.44
ICt

i 1.01 1.06 2.52 2.54 3.52 3.35 2.35 2.71
IEt

i 2.51 0.58 7.39 1.31 9.90 1.62 6.60 3.31
GCt

i 1.03 0.88 2.60 1.99 3.64 2.73 2.42 2.28

Notes: Sample of 722 Commuting Zones.
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Table B.2: Direct Impact of the China Shock on U.S. CZs – Additional Specifications

(1) (2) (3) (4)

Panel A: Change in average weekly log-wage

ICt
i -0.47 -0.24 -0.16 -0.26

(0.13) (0.12) (0.10) (0.13)

Panel B: Change in log of employment rate

ICt
i -0.52 -0.24 -0.26 -0.32

(0.09) (0.06) (0.06) (0.14)

Panel C: Change in log of working-age population

ICt
i 0.28 0.05 0.33 0.03

(0.18) (0.10) (0.20) (0.30)
Controls:
Baseline controls in Table 1 Y Y Y Y
Controls of col 9 in Table 2 Y Y
Sum of exposure shares × 00-07 dummy Y Y Y
Weights:
Population weights Y

Notes: Sample of 1444 Commuting Zones in 1990-2000 and 2000-2007. Controls in each specification described in tables 1 and 2.
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Table B.4: Differential Impact of the China Shock on U.S. CZs – Alternative Measures of Indirect
Spatial Exposure

(1) (2) (3) (4) (5)

Panel A: Change in average weekly log-wage

ICt
i -0.38 -0.28 -0.40 -0.37 -0.42

(0.11) (0.11) (0.12) (0.12) (0.12)
GCt

i -0.64 -6.01 -0.45 -0.92 -0.83
(0.15) (1.65) (0.11) (0.23) (0.27)

IEt
i 0.08 0.12 0.07 0.07 0.02

(0.16) (0.16) (0.17) (0.16) (0.17)

Panel B: Change in log of employment rate

ICt
i -0.37 -0.24 -0.40 -0.38 -0.42

(0.08) (0.07) (0.08) (0.09) (0.09)
GCt

i -0.64 -7.11 -0.44 -0.84 -0.72
(0.14) (0.97) (0.10) (0.17) (0.13)

IEt
i -0.16 -0.10 -0.18 -0.18 -0.22

(0.14) (0.13) (0.15) (0.15) (0.15)

Panel C: Change in log of working-age population

ICt
i 0.13 0.08 0.14 0.14 0.15

(0.15) (0.14) (0.16) (0.16) (0.16)
GCt

i 0.37 3.02 0.24 0.39 0.54
(0.22) (2.14) (0.16) (0.33) (0.38)

IEt
i 0.42 0.40 0.43 0.44 0.45

(0.30) (0.30) (0.29) (0.29) (0.29)
Spatial Indirect Effect Specification:

Definition of zij
D−5

ij∑
kD

−5
ik

D−1
ij∑

kD
−1
ik

D−8
ij∑

kD
−8
ik

L0
jD

−5
ij∑

kL
0
kD

−5
ik

1
2 (

M0
ij

L0
i
+

M0
ij

L0
j
)

Notes: Sample of 1444 Commuting Zones in 1990-2000 and 2000-2007. Spatial indirect effects given by GCti ≡
∑
j ̸=izijIC

t
i where zij is

specified in each column, Dij is the distance between CZs i and j, L0
j is the population of CZ j in 1990, andM0

ij is the bileteral migration
flow between CZs i and j. Robust standard errors in parentheses are clustered by state.
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Table B.5: Differential Impact of the China Shock on U.S. CZs – Alternative Measures of Indirect
Spatial Exposure II

(1) (2) (3) (4) (5)

Panel A: Change in average weekly log-wage

ICt
i -0.22 -0.22 -0.22 -0.20 -0.23

(0.12) (0.12) (0.12) (0.12) (0.12)
GCt

i -0.27 -2.21 -0.20 -0.56 -0.41
(0.11) (1.32) (0.08) (0.22) (0.24)

IEt
i -0.02 -0.01 -0.03 -0.03 -0.05

(0.15) (0.15) (0.15) (0.15) (0.15)

Panel B: Change in log of employment rate

ICt
i -0.16 -0.13 -0.17 -0.16 -0.17

(0.06) (0.06) (0.06) (0.06) (0.06)
GCt

i -0.24 -4.71 -0.16 -0.34 -0.28
(0.10) (1.05) (0.08) (0.17) (0.16)

IEt
i -0.37 -0.32 -0.38 -0.38 -0.39

(0.12) (0.11) (0.12) (0.12) (0.12)

Panel C: Change in log of working-age population

ICt
i -0.04 -0.05 -0.04 -0.02 -0.03

(0.12) (0.12) (0.12) (0.12) (0.12)
GCt

i 0.05 1.75 0.04 -0.24 -0.21
(0.17) (1.95) (0.13) (0.27) (0.24)

IEt
i 0.60 0.57 0.60 0.61 0.60

(0.25) (0.26) (0.25) (0.25) (0.24)
Spatial Indirect Effect Specification:

Definition of zij
D−5

ij∑
kD

−5
ik

D−1
ij∑

kD
−1
ik

D−8
ij∑

kD
−8
ik

L0
jD

−5
ij∑

kL
0
kD

−5
ik

1
2 (

M0
ij

L0
i
+

M0
ij

L0
j
)

Notes: This table is a version of Table B.4 that includes the same controls as in column 11 of Table 2.
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Table B.6: Differential Impact of the China Shock on U.S. CZs – Additional Labor Market Outcomes

Change in the share of working-age population that is

(1) (2) (3) (4) (5)
Employed Employed

in Manuf.
Employed,
Non-Manuf.

Unemployed Out of
labor force

Panel A: Baseline Specification

ICt
i -0.26 -0.16 -0.09 0.09 0.16

(0.06) (0.05) (0.04) (0.03) (0.04)
GCt

i -0.44 -0.23 -0.21 0.18 0.26
(0.10) (0.06) (0.08) (0.05) (0.07)

IEt
i -0.13 -0.10 -0.03 0.03 0.09

(0.10) (0.04) (0.09) (0.04) (0.07)

Panel B: ADH specification with geography-based indirect effect

ICt
i -0.45 -0.37 -0.08 0.13 0.32

(0.07) (0.04) (0.08) (0.03) (0.07)
GCt

i -0.35 -0.09 -0.27 0.12 0.23
(0.09) (0.06) (0.08) (0.04) (0.08)

Panel C: Controls in column 11 of Table 2

ICt
i -0.11 -0.07 -0.04 0.04 0.07

(0.04) (0.04) (0.04) (0.02) (0.03)
GCt

i -0.17 -0.09 -0.08 0.06 0.11
(0.07) (0.05) (0.06) (0.04) (0.06)

IEt
i -0.26 -0.20 -0.06 0.08 0.18

(0.08) (0.05) (0.08) (0.04) (0.07)

Notes: Sample of 1444 Commuting Zones in 1990-2000 and 2000-2007. In Panel A, all specifications include the set of baseline controls
in Table 1. In Panel B, all specifications include the set of baseline controls used in ADH and weight observations by the initial population
share for Panel B. Panel C includes the same controls as in column 11 of table 2. Robust standard errors in parentheses are clustered by state.
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Table B.7: Differential Impact of the China Shock on U.S. CZs – Additional Migration Outcomes

Change in the log of

(1) (2) (3)
Population In-migration Out-migration

Panel A: Baseline specification

ICt
i 0.13 0.30 0.21

(0.15) (0.25) (0.25)
GCt

i 0.37 0.25 0.27
(0.22) (0.35) (0.34)

IEt
i 0.42 1.11 0.96

(0.30) (0.37) (0.35)

Panel B: Specification from Borusyak et al. (2023)

DICt
i 0.04 0.14 0.03

(0.13) (0.18) (0.21)

Notes: Sample of 1,444 Commuting Zones in 1990-2000 and 2000-2007. In Panel A, we report estimates analogous to those in Table 1 for
the migration outcomes described at the top of each column. In panel B, the regressor is the difference in the exposure of the CZ and those
in its initial migration network, as defined in Borusyak et al. (2023). Robust standard errors in parentheses are clustered by state.
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Table B.8: Differential Impact of the China Shock on U.S. CZs – Additional Migration Outcomes II

Change in the log of

(1) (2) (3)
Population In-migration Out-migration

Panel A: Baseline specification

ICt
i -0.04 -0.04 -0.11

(0.12) (0.19) (0.22)
GCt

i 0.05 -0.55 -0.54
(0.17) (0.29) (0.26)

IEt
i 0.60 1.03 0.69

(0.25) (0.50) (0.47)

Panel B: Specification from BDK2023

DICt
i 0.07 -0.03 -0.16

(0.08) (0.17) (0.23)

Notes: This table is a version of Table B.7 that includes the same controls as in column 11 of Table 2.
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B.2 The General Equilibrium Effect of The China Shock

B.2.1 Measuring the China Shock

Figure B.2: Measures of the China Shock across Sectors

Notes: The graphs plot, across sectors and separately for each period, the per-worker growth in Chinese imports by the eight developed

countries used in ADH (∆Mt
China,s) against the demeaned structural shock (ζ̂obs,tChina,s). The red line is the best linear fit.

Table B.9: Sectors with the Highest and Lowest Exposure to the China Shock

Sectors most affected by the China shock Sectors least affected by the China shock

RUBBER AND PLASTIC FOOTWEAR BROAD WOVEN FABRICS, COTTON
CUT STONE AND STONE PRODUCTS FATS AND OILS
CEMENT, HYDRAULIC LOGS, PULPWOOD
CORSETS AND ALLIED GARMENTS NEWSPAPERS
OUTERWEAR, NSPF, TEXTILE FIBERS CIGARS
TOYS AND GYMNASTIC GOODS GUIDED MISSILES AND SPACE VEHICLES
LUGGAGE AND RELATED ITEMS PAVING AND ROOFING MATERIALS
SHIRTS, NIGHTWEAR PRINTING BLOCKS
WOMEN’S AND MISSES’ OUTERWEAR INTERLEAVED CARBON SETS
SUITS AND COATS, MEN’S PERIODICALS

Notes: The table reports the 3-digit SIC sectors with the highest (left column) and lowest (right column) values of the shift in demand caused

by China’s productivity growth as measured by τ̂obs,tChina,s with equation (36) between 1990 and 2007.
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B.2.2 Additional Results

Figure B.3: Log-change in Employment Rate across U.S. States, 2000-2007

Notes: The figure plots the log-change in the employment rate (multiplied by 100) of U.S. states observed in the data between 2000 and 2007 (ver-
tical axis), against the corresponding log-change predicted by the quantitative spatial model in CDP after the China shock (horizontal axis). The
red line is the 45 degree line. We obtain the predicted responses of CDP from their replication files. All variables are normalized to havemean zero.

Figure B.4: Impact of the China Shock on U.S. CZ in General Equilibrium

Notes: Themap on the left displays the response of the employment rate to theChina shock for each of the 722CZs thatwe computewith the sumof
the predicted effects for that CZ in 1990-2000 and 2000-2007 implied by the specification in (34) given the parameter estimates in Panel A of Table

3 and the observed shock τ̂obs,tChina,s in Section 5.1. The map on the right displays the analog for the predicted response of the log of the real wage.
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Figure B.5: Decomposition of the Impact of China Shock on U.S. CZs

Notes: The histogram on the left separately displays the direct effect and the indirect (domestic) effect of the China shock on the employment
rate of each of the 722 CZs. For each CZ, these predicted effects are the sum of the employment rate responses for 1990-2000 and 2000-2007

implied by the specification in (34) given the parameter estimates in Panel A of Table 3 and the observed shock τ̂obs,tChina,s in Section 5.1. The

histogram on the right displays the analog for the predicted response of the log of the real wage. For expositional purposes, we trim 9 CZs
with change in the employment rate or log of real wage lower than -0.1. Those CZs account for 0.6% of the U.S. population.
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C Online Appendix: Data Construction

This appendix describes the procedure to construct the data used in Section 5.

C.1 Bilateral Trade Matrix

C.1.1 Data Construction

Country-to-country bilateral trade matrix. We start by creating a country-to-country matrix of trade flows
at the 4-digit SIC classification. We consider the countries listed in Table C.1. We obtain international trade
flows at the product-country level from the BACI dataset, assembled by CEPII, which we aggregate at the
4-digit SIC level. Since the starting year of the BACI dataset is 1995, we use the trade flows for 1995 and
2000.5 To obtain domestic spending shares for each country, we note first that our gravity model implies
that Xt

ij,s=(τ tij,sp
t
i,s)

1−σ(P tj,s)
σ−1Et

j,s. For any sector s within an aggregate sector S, assume that, for i ̸= j,
τ tij,s= τ̃

O,t
i,S τ̃

D,t
j,S e

τ̃ tij,s . Thus,

lnXt
ij,s= τ̃

t
ij,s+α

t
i,s+φ

t
j,s, (B.1)

where αti,s≡ ln

((
τ̃O,ti,S p

t
i,s

)1−σ)
and φtj,s≡ ln

((
τ̃D,tj,S P

t
j,s

)σ−1
Etj,s

)
.

To get the domestic trade flows, notice that Xt
ii,s=(pti,s)

1−σ(P ti,s)
σ−1Et

i,s=
(
eα

t
i,seφ

t
i,s

)
/
(
τ̃O,ti,S τ̃

D,t
i,S

)
. Since

Xt
ii,S=

∑
k∈SX

t
ii,k,

Xt
ii,s=X

t
ii,S

eα
t
i,seφ

t
i,s∑

k∈Se
αti,keφ

t
i,k

(B.2)

We use (B.2) to compute Xt
ii,s. In each year t, we obtain αti,s and φ

t
j,s from the estimation of (B.1) with

bilateral trade flows by sector, and Xt
ii,S from the domestic sales in two aggregate sectors in the Eora MRIO

dataset: manufacturing and non-manufacturing.

Table C.1: Sample of Countries

Argentina Czech Republic Malaysia Singapore
Australia Denmark Mexico Slovakia
Austria Finland Netherlands South Africa
Baltic Republics France New Zealand South Korea
Belarus Germany Norway Spain
Benelux Greece Pakistan Sweden
Brazil Hungary Philippines Switzerland
Bulgaria India Poland Taiwan
Canada Indonesia Portugal Thailand
Chile Ireland Rest of World Ukraine
China Italy Romania United Kingdom
Colombia Japan Russia Uruguay
Croatia Kazakhstan Saudi Arabia Venezuela

Notes: Baltic Republics includes Estonia, Lithuania and Latvia.

5Although trade data is available for 1990 from UN Comtrade, it is quite sparse across countries and industries.
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CZ employment share. We use the same imputation procedure of ADH to compute employment in each 4-digit
SIC manufacturing industry for 1980, 1990 and 2000 using the County Business Pattern (CBP). In year t, we
use Lti,s to denote employment in CZ i and 4-digit SIC industry s and ℓti,s=L

t
i,s/L

t
i to denote the associated

employment share.

CZ gross spending shares. We construct gross spending by sector and CZ, eti,s, using

eti,s≡
Eti,s
Eti

=
ξti,s+

∑
kξ
M,t
i,ska

t
kℓ
t
i,k

1+
∑

ka
t
kℓ
t
i,k

. (B.3)

where, in year t, ξM,t
i,sk is the share of spending on intermediates of sector s by sector k (common to all CZs,

ξM,t
i,sk = ξM,t

sk ), atk is the ratio of intermediate cost to labor cost of sector k (common to all CZs), and ξti,s is

consumers’ spending share on final goods of sector s (common to all CZs, ξti,s=ξ
t
s). We compute ξtsk≡

Mt
sk∑

s′M
t
s′k

where M t
sk is the spending of industry k on industry s in the BEA 1992 U.S. Input-Output table used in

Acemoglu et al. (2016a). For manufacturing SIC-4 industries, we compute atk using total material costs divided
by payroll in the NBER manufacturing database for year t. For non-manufacturing industries, we compute
atk as average the material to payroll ratio across all U.S. non-manufacturing industries in the WIOD database
(?). Finally, we obtain ξts from the BEA 1992 U.S. Input-Output table.

CZ exports and imports. We follow three steps to create exports and imports for each CZ and industry. First,
we compute the CZ spending on sector s as Eti,s=e

t
i,sL

t
i where e

t
i,s is the sectoral spending share described above

and Lti is the total employment in the CZ. Second, for each sector s, we compute the share of CZ i in national
spending, ẽti,s=E

t
i,s/
∑

jE
t
j,s, and in national employment, ℓ̃ti,s=L

t
i,s/
∑

jL
t
j,s. Third, we use the US Census

data at the state-sector level for 1997 to compute the share of each state in the exports/imports to/from each
foreign country in a SCTG category, which is the 40-sector classification used by the US Census.6 This yields
βstate,i,s=

Xstate,i,s
XUS,i,s

, where i is any of 52 foreign importer, and βi,state,s=
Xstate,i,s
XUS,i,s

, where i is any of 52 foreign

exporters. We use the same share βstate,i,s and βstate,i,s for all SIC-4 industries within the same SCTG category.
Finally, in each year t, we take US imports Xt

i,US,s and US exports Xt
US,i,s in each sector s and foreign country

i, and split them across CZs using the following expressions:

Xt
ij,s=

ẽtj,s∑
j′∈stateẽ

t
j′,s

βi,state,sX
t
i,US,s and Xt

ji,s=
ℓ̃tj,s∑

j′∈stateℓ̃
t
j′,s

βstate,i,sX
t
US,i,s.

CZ-to-CZ bilateral trade matrix. We follow three steps to impute trade flows across CZs using the gravity
trade structure of our model. First, for each SCTG category, we use state-to-state shipment data from the
Commodity Flow Survey in 1997 to estimate

lnXij,s=δs+β1lnDij+β2lnEj,s+β3lnRi,s+β4di=j+εij,s (B.4)

where i is the origin state, j is the destination state, s is the SCTG category, Dij is the bilateral distance
between the population centroids of states i and j, Ej,s are expenditures, Ri,s are revenues, di=j is a dummy
that equals 1 when i=j.

6We construct state-sector exports and imports as follows. First, we use the U.S. Merchandise Trade Data for 1997
released by the U.S. Census to create a mapping from each of the 44 U.S. districts to the 50 U.S. states, in terms of
share of imports and exports to each foreign country. Note that this is done at the aggregate level as this information
is not available at the industry-level. We then use U.S. Census data to create district-level exports and imports at the
HS-6 level for 1997. Finally, we use the mapping previously constructed to obtain state-HS6, and then state-SIC 4 digit,
trade flows with our sample of foreign countries.

44



Second, we use the estimated coefficients to impute trade flows across CZs with the following gravity
specification:

lnXt
ij,s≡ β̂1lnDij+β̂2lnẽ

t
j,s+β̂3lnℓ̃

t
i,s+β̂4dstate(i)=state(j) (B.5)

where Dij is the distance between the population centroids of CZs i and j, and dstate(i)=state(j) is a dummy
equal 1 if i and j belong to the same state.

Lastly, we re-scale the imputed CZ-to-CZ trade flows so that the sum of the bilateral flows in each SIC
sector across all CZs is equal to the total U.S. domestic sales in each SIC sector in the country-to-country trade
matrix.

Trade balance. Finally, we impose that trade is balanced at the regional level, as in the baseline model. We
use the trade flows obtained above to compute matrix x̄t whose entries correspond to the share of spending
of each region j on another region i. Under trade balance, the vector of total revenue in the world economy,
Rt, must satisfy x̄tRt=Rt and, therefore, (Ī−x̄t)Rt=0. Notice that it is always possible to find a vector
Rt that satisfies this system since (Ī−x̄t) is singular (

∑
ix
t
ij=1 for every j). Thus, we find the vector Rt as

the eigenvector of (Ī−x̄t) associated with the eigenvalue of zero. Without loss of generality, we then normalize
it such that world GDP is one,

∑
iR

t
i=1.

C.1.2 Validation Tests

We first evaluate the correlation between the expenditure shares eti,s constructed in equation (B.3) and the
spending shares implied by the shipment data for U.S. states. To this end, for each of the 40 SCTG categories,
we compute state-level total shipment inflow in the Commodity Flow Survey (CFS) for 1997. We then construct
state-level spending shares at each SCTG category using the expenditure shares eti,s in equation (B.3) for the
CZs in the state. Specifically, we first aggregate our expenditure shares at the SCTG level using a crosswalk
between SIC-4 and SCTG categories, and then compute total spending by SCTG in each state using the total
expenditure of the CZs in that state. Table C.2 reports the result of a regression of the expenditure shares
computed from the CFS on our constructed gross spending shares in 1990 and 2000. We can see that they are
positively and significantly correlated, with an OLS coefficient close to 1 and a R2 of 0.95.

We then proceed to assess whether our constructed CZ-level trade matrix reproduces the patterns of
observed trade flows for U.S. states. We use the CFS to measure bilateral shipments between U.S. states in
each SCTG category for 1997, 2002 and 2007. To obtain comparable data, we aggregate the bilateral trade
flows for the CZs in the same state and the SIC sectors in the same SCTG category. Table C.3 reports the
results of regressing actual shipment data on the corresponding trade flow obtained from our trade matrix.
Column (1) considers domestic flows between U.S. states, column (2) considers export flows from U.S. states to
foreign countries, and column (3) considers import flows from foreign countries to U.S. states. All specifications
include sector fixed-effects. We can see that the predicted trade flows are significantly and positively related to
the actual flows, with coefficients close to 1. Notice also that our imputed data captures a large share of the
variation in bilateral trade flows. The R2 is above 0.8 for exports and imports of U.S. states, and around 0.5 for
domestic flows between U.S. states.
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Table C.2: Validation Test – Gross Expenditure Shares

Dependent variable: Observed expenditure shares, 1997
(1) (2)

Constructed expenditure shares, 1990 1.18***
(0.02)

Constructed expenditure shares, 2000 1.17***
(0.02)

Constant -0.01*** -0.01***
(0.00) (0.00)

Observations 1,392 1,392
R2 0.91 0.91

Notes: Sample of 1,392 state-SCTG pairs, where SCTG is the industry classification used in the CFS. Dependent variable is the observed
expenditure share in 1997 computed from the CFS. The regressors are the expenditure shares computed in equation (B.3), aggregated at
the state-SCTG level. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10

Table C.3: Validation Test – Bilateral Trade Flows

(1) (2) (3)

Panel A: Log of Actual Flows in 1997

Log of Predicted Flows in 1997 1.09*** 0.97*** 1.00***
(0.01) (0.00) (0.00)

Observations 64,512 69,888 69,888

R2 0.55 0.97 1

Panel B: Log of Actual Flows in 2002

Log of Predicted Flows in 2002 1.01*** 0.86*** 0.90***
(0.01) (0.00) (0.00)

Observations 64,512 69,888 69,888

R2 0.55 0.84 0.89

Panel C: Log of Actual Flows in 2007

Log of Predicted Flows in 2007 1.06*** 0.80*** 0.87***
(0.01) (0.00) (0.00)

Observations 64,512 69,888 69,888

R2 0.52 0.83 0.87

Flow type:
U.S. state to U.S. state Yes No No
U.S. state to Country No Yes No
Country to U.S. state No No Yes

Notes: The dependent variable in column (1) is the actual shipment flow reported in the CFS for state-state-SCTG triples. The dependent
variables in columns (2) and (3) are trade flows constructed from the US Census trade data for state-country-SCTG triples. The
regressors are the trade flows constructed using our methodology for the years 1997, 2002 and 2007, aggregated at the state-state-SCTG or
state-country-SCTG level. All regressions include sector fixed effects. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10
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C.2 Trade in Intermediate and Final Goods

The methodology described in the previous section yields a bilateral matrix of gross trade flows between 722
U.S. CZs and 52 countries. While this is enough to implement the model of Section 3, the estimation of the
more general model with input-output links of Section 4 requires bilateral trade flows in intermediate and
final goods. We now describe how we proceed to construct such data. Our procedure relies on the fact that,
in our model, trade flows in final goods and intermediate inputs between two markets i and j can be written
respectively as XC

ij,s=xij,sξj,sEj and X
M
ij,sk=xij,sξ

M
j,ska

M
j,kRj,k, where xij,s is the matrix of gross trade shares

within sector s. This property is the by-product of the assumption that the elasticity of substitution between
products of different origins is the same for final consumption and intermediate consumption in all sectors, as in
Caliendo and Parro (2015) and in the literature reviewed by Costinot and Rodŕıguez-Clare (2014). Therefore,
we only need to complement the bilateral matrix of trade shares described above with data on the sectoral
spending shares of final and intermediate expenditures. To reduce the computational burden, we construct the
bilateral trade flows in intermediate and final goods at the 3-digit sector level.

C.2.1 Final Spending Shares

Our main data source is the Consumer Expenditure Survey (CEX) Public-use Micro-data from the U.S. Bureau
of Labor Statistics for the years of 1996 and 2000. We first combine the individual-level information in the
interview and diary databases to generate annual average household expenditure in each U.S. state on the
different product categories in the CEX (i.e., the UCC codes). We then construct a crosswalk from the UCC
product classification used in the CEX to 3-digit SIC sectors, using the UCC description provided by the BLS.
For the states without data in the CEX, we assign the final expenditure shares of the US Census division to
which that state belongs. For all foreign countries, we set the share of final spending on each SIC sector to be
the same as that reported in the 1992 U.S. IO table from the BEA.

C.2.2 Intermediate Spending Shares

Wemeasure the sectoral intermediate spending shares in each CZ and country by assuming that aMj,k=aj
(
1−aLk

)
where aLk is the share of labor in sector k’s total cost (common to all countries). We first describe how we
calibrate ai and then how we construct each variable.

First, from the good market clearing condition,

Ri,s=
∑
j

xij,s

(
ξj,sEj+

∑
k

ξMj,skaja
M
k Rj,k

)
,

where Ej is market j’s expenditure on final goods, and ξj,s and ξ
M
j,sk are market j’s final and intermediate

spending shares. We can write this expression in matrix form and invert it:

R(a)=
∞∑
d=0

(
Ā(a)

)d
F , (B.6)

where F ≡
[∑

jxij,sξj,sEj

]
is
, Ā(a)= x̄Adiag(aj) and x̄

A≡ [xij,sξ
M
j,ska

M
k ]is,jk.

Second, from the labor market clearing condition,

Wi(a)=
∑
s

(1−aMs aj)Ri,s(a), (B.7)

where Ri,s(a) is given by (B.6).
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Figure C.1: Share of World Value Added

Notes: For each CZ and foreign country, each graph plots the share of world value added observed in the data against the corresponding
share predicted by our calibration procedure.

Finally, we calibrate a to minimize the difference between the observed value-added in market i,Wi, and
the one predicted by equation (B.7),Wi(a):

a∗=arg min
aj∈(0,1/maxk{aMk })

√∑
i

(Wi−Wi(a))
2.

To implement this calibration, we use the within-sector bilateral trade shares, xij,s, that we constructed with
the methodology described in Appendix C.1. The labor shares aLk are obtained from the NBER Manufacturing
database. For all markets, we use the 1992 BEA IO table to measure final and intermediate spending share.
We aggregate all the shares at the 3-digit sector level. For all countries, we measure value-added from the

WIOT. For the U.S., we split value-added across CZs by setting value-added in CZ i toWi=

(
WP
i∑

j∈USW
P
j

)
WUS ,

whereWP
i is the CZ’s wage bill in the CBP. Similarly, we use the WIOT to measure aggregate final expenditure

in each country, and split total final expenditure in the U.S. across CZs using the same payroll shares,

Ei=

(
WP
i∑

j∈USW
P
j

)
EUS . Figure C.1 shows that our calibration procedure almost exactly matches the observed

shares of value added across U.S. CZs and foreign countries.
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