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A Theoretical Framework

This section contains details of the model and of derivations that were omitted in the main text. The
presentation is not necessarily self-contained but rather complementary with Section 2 of the paper.
The demand structure, introduced in subsection A.l, is common to all the market structures
considered in the paper. Subsections A.2 to A.9 focus on the case of monopolistic competition with
free entry and heterogeneous firms (MC-FE-HET). Sections A.10 and A.11 consider the special cases of
homogeneous firms (MC-FE-HOM) and restricted entry (MC-RE-HET), respectively. Finally, Section
A.12 analyzes a perfectly competitive multi-industry Armington model with frictional labor markets

(PC).

A.1 Demand

The preferences of the normative representative consumer in location n are described by a time-
separable and stationary two-tier utility function

t I

0o 1 " I

=1

where the consumption of good i in period ¢ is a CES aggregate

Ti—1
Yint = |:/ Qint (W) 7i dw:| , 0y > 1
wWEQint

@int(w) denotes the consumption of variety w of good ¢ and €2;,,; is the set of varieties available to the
consumer. The latter is endogenous under MC-FE-HET and MC-FE-HOM, and exogenous under PC
and MC-RE. The price index dual to Yj,; is

T-0;

P = [/ pint(w)l_aidw] ,
UJEQint

where p;n¢(w) denotes the price of variety w.

In each location, there is a sequence of markets in one-period-ahead claims to consumption of each
good i. We assume that these assets are not tradable across locations. Let a;,:11 denote the claims to
time ¢ + 1 consumption of good 7 and @Q;,; denote the price of 1 unit of this asset at time ¢. Note that
both quantity and price of this asset are state-independent in the absence of aggregate uncertainty, a
property that holds in equilibrium. The consumer then faces a sequence of budget constraints

Z PintY;nt + aint+1Qint S Z aintpint + Wntv t 2 ]-,

7 2

where W,,; denotes aggregate income (labor income and aggregate profits, if any) in location n. We
rule out Ponzi schemes by implicitly imposing a natural debt limit.

The first-order conditions with respect to Yt for good m € {1, ..., I'}, and the Langrange multiplier
Nnt for the time ¢ budget constraint, can be expressed as

1 \tL ‘ )
Am | 7 Y;n & Ymn = Tn Pmn y A2
(55) L0 o)™ = P (A2)
Z Pint}/int + aint+1Qint = Z aintpint + Wnt- (A3)



In a stationary equilibruim, a;,;+1 = 0 for all ¢ and ¢, and W,; = W, for all £. Imposing these
conditions in (A.3) and using (A.2) yields

EEcMI(lip)tI<mmr”0m»-%:wa. (A4)

m=1 i=1

Let V,,; = Hle(Ym)o‘i. Under stationarity, Vi = V,, and Yyns = Yinp for all t. Equation (A.4) then

becomes
1\ w
_— = — n nt- A. 5
(155) = F2m (A.5)

Plugging (A.5) into (A.2) with Y;,,,: = Y, for all t, we obtain

e W
= e i e (A6)
In turn, plugging (A.6) into (A.1) yields V,, the indirect utility function in the stationary equilibrium,
-1 d o Wy
Vi = (p) g(ai) Hfil(Pm)al (A7)

A.2 The Firm’s Problem

Throughout this section, we consider a firm with poductivity ¢ in industry ¢ located in city c.

A.2.1 The (Conditional) Revenue Function

Suppose that the firm is employing [ production workers and serving a given set of markets at some
point in time. Let I;., () denote an export decision indicator for an arbitrary destination n. In
this section, we take [ and I;.,(¢) as given and characterize the optimal allocation of workers across
destinations served by the firm. This will allow us to derive the firm’s revenue function conditional on
land I;cn ().

Let l;en(¢) denote the mass of production workers allocated by the firm to serve market n. Then
I =3, Liecn(@)lien(¢). At a given point in time, the firm’s revenue, output and demand in any
destination n can be written, respectively, as

ricn(@) = picn((p)qwn(@)a (AS)

(picn (@) ) 7

B (A.10)

Qicn (90) = in

where ;e () is the mass of production workers hired by the firm to serve market n.! Moreover, due
to transportation costs,

Gien(9) = Yien(9) (Tien) - (A.11)

INote that these expressions apply at any given point in time ¢, not just in stationary equilibrium. Because in this
section we focus on a static problem, however, we simplify notation by omitting the time index.




Using (A.9), (A.10) and (A.11)

Gien(p) = licn(‘ﬂ)‘ﬁ(Ticn)_la (A.12)

Tianin

Pien() = (”“”)*0) , (A.13)

where
Ain - X’L’I’L (P’L )Uiil 5 (A14)

is the industry-specific demand shifter in destination n.
Equations (A.12) and (A.13), imply that revenue from sales in n can be written as a function of

Lien (),

rin(i) = ()% (220202 - (A.15)

Ticn

Using (A.13), we can then express the marginal revenue of allocating an additional production worker

to serve market n as
Oien(p) ( © ) (Ui — 1)
alicn(‘ﬁ) B pwn(s&) Ticn (o .

An efficient allocation of workers requires equating marginal revenue across all destinations. This
implies

pion(@) = Tic’ericc(<)O)7 (A16)
for all n. Using (A.13) and (A.16), relative employment across any two destinations n and n’ served
by the firm can be written as
lzcn(@) _ Aicn (Ticn )10%;

licn/ (90) Aicn' Ticn!

For n = ¢, Tice = 1 implies
—0; Azn
Lien (@) = lice() (Ticn)l ‘ <A) . (A.17)

USng [l = Zn Iicn((p)licn((p)a
- Aic
Zn/ Iicn/ (@)Azn/ (Ticn/)liai

Moreover, substituting (A.18) into (A.17) yields

o (Ticn)ligi Ain I
Zn’ Iicn/ (@)Am’ (Ticn’)liai

The firm’s total revenue conditional on [ is ric(l; ) = >, Tien(¢)Licn(¢). Using (A.15) and (A.19),
we can express it as

1

s
T -
oi—1

Piel;9) = | Lien () Ain (Tien) ™7 | (L) 7 (A.20)

n




A.2.2 Optimal Vacancy Posting

We now study the dynamic behavior of the firm, taking all export decisions as given and constant over
time. In a stationary equilibrium, the firm faces a time-invariant revenue function given by (A.20).
The firm determines its optimal employment of production workers by posting vacancies, denoted v,
with the goal of maximizing the present value of expected profits. We show that a firm that starts
with no production workers reaches its optimal long-run level in the following period.

Suppose that the firm is currently employing [ production workers. Then it solves

1
Hic(l; 90) = mgx 1+p {Tic(l; 90) wu‘ — Pic Z Izcn szn pX:U + (1 - 50) Hic(l/; QD)} ;
st. U'=1+me(0:)v,

where [’ is the level of employment next period.
The first order condition for vacancy posting can be written as:

anic(l/; 90) _ pi‘z

(=) = = 70

(A.21)

Note that optimal employment size is independent of current employment [ and constant over time as
long as the firm is not forced to exit the market. Hence the firm converges to its optimal employment
size in one period. From this point on, [ =1 . Using this condition and the envelope theorem yields

olic(lip) 1 Iric(l; )
ol E ol

ﬂ%m@—&ﬁywﬁ (A.22)

Combining (A.21) and (A.22) with [ = I', we can obtain the implicit optimal pricing rule of the firm,

Oric(l; ) Owic(l; 0)
o

v
. . pic P + 56
l + wlc(l? 80) + mc(ec) (1 _ 6c> * (A'23)

A.2.3 Bargaining

This section follows the analysis in Stole & Zwiebel (1996) and Felbermayr et al. (2011).2 We assume
that the bargaining outcome over the division of the total surplus from a match satisfies the following
surplus-splitting rule:

OlL;.(L; )
(1*61)[ w( )*Uc]zﬂiTa

where U, is the worker’s outside option (i.e. the value of unemployment) and E;.(l;¢) is the value
of employment in a firm with productivity ¢ and [ production workers. The Bellman equation for
workers can be written as:

(A.24)

wv’,c(l; 90) —te — pUe

Eic l; — Uc = A.25
;) o (A.25)
Inserting (A.22) and (A.25) into (A.24) yields

wielli9) = (1= 80) (1 + pU;) + . 2BE) g Oielid), (A.26)

ol

2Wage agreements can be renegotiated any time before production begins. A firm may fire an employee or the latter
may quit, in which case the worker immediately returns to the unemployment pool. During the bargaining process,
the firm cannot recruit additional workers. Once production begins, wage agreements become binding. In equilibrium,
wages are immune to intra-firm pairwise renegotiations.




Using the revenue function (A.20), one can verify by direct substitution that

a; — B ol
solves (A.26). Differentiating this equation with respect to I, we obtain:

wiclbp), (B Iric(l, )
ol B oi — B a

ww<z;¢>=<1—/3¢><tc+pm>+( il )3’"“““")&, (A.27)

Substituting this expression in (A.23) yields

oo o o \Orielby)  pl. [(p+de
WC(Z’@(ai—ﬁi> 3 mc(Gc)(1—60>' (A.28)

From (A.27) and (A.28), it follows that the equilibrium wage does not vary across firms within city-
industry cells. We can then express the Wage Curve as a function of 6:

o ﬁz p+ 60 p'}é
Wie = tc + pUC + (1 _ /81) 1 _ 60 Me (06) ° (A29)

Finally, for future purposes, we express industry-city wages w;. as a function of the city’s employ-
ment rate, denoted e, = ), L;c/ L., and aggregate expenditure, denoted X.. To do this, we first write
the Bellman equation for unemployed workers, imposing wage equalization within industry-city cells:

Ocme (00)
¢ = V¢ ic ic — le — c)» A.
pUe = b, + P % Nic (Wie — te — pUe) (A.30)

where 7;c = Lic/ Y, Lic denotes the employment share of industry 4 and L;. is the measure of workers
employed in i. Next, we rewrite the city’s expected gross wage for employed workers as

Z NicWic = Z Licwic/ech - Xc/echa

where the second equality follows from the trade balance condition (A.55) in city ¢ -see section section
A.6. Finally, we impose fiscal balance, i.e. (1 —e.)b. = ect., and make use of the Beveridge curve
equation (1 — e.)0.m.(0.) = dce.. Using these results together with (A.30) to solve out the outside
option U, and tax t. from (A.29) yields

Wie

o (;c =+ Qcmc(ac) (p —+ éc)bc Xc /B’L P —+ 6(1 p’}é
a P + 50 + ecmc(ec):| |: ecmc(ec) * Lc:| + (1 - 61) <1 - (Sc) me (95) (A31)

A.2.4 Recruitment and Marketing Services

We now characterize the equilibrium prices of recruitment and marketing services in industry 4 of city
c in terms of the equilibrium wage w;. and tightness 6. in the local labor market.

Recruitment. In any period along a stationary equilibrium path, a worker matched to industry i
that self-selects into recruitment produces y;. vacancies and sells them at a price p).. The worker
remains in this occupation with probability 1 — . in subsequent periods. Under perfect competition
and constant returns, a static zero-profit condition prevails in every period, hence

Wi

vV _
pic - ’
Xic




where w;. is the equilibrium wage common to all three possible occupational choices.
In the welfare analysis, we impose additional structure on the recruitment worker’s productivity,
setting
Xi_cl = kicmc (90) ) (A32)

where k;. > 0 is a parameter. The assumption yields a recruitment cost per worker proportional to
the industry-city wage; that is,
Pl
me (0.)

Marketing. An agency supplying marketing services to industry i can recruit a worker to produce
one unit of the entry or fixed costs of firms in the industry. Letting Hﬁ‘f’f denote the value of a filled
vacancy in a stationary equilibrium,

1

M, M,

M = T P —wie + (1= 5T | (A.34)
Under perfect competition and constant returns, the value of recruiting a marketing worker is equal to
the recruitment cost. Since workers are hired one period before production takes place, the zero-profit
condition for marketing services is

1%
_ M.f _ Dic
(1 —d,)II;, e (02) (A.35)

Solving for Hf\f’f from (A.34) and substituting in (A.35) yields the equilibrium price of marketing

services in cell ic,
M p+d.\ pl
M _ e : A.36
i = (550) B (4.36)

A.2.5 Firm-level Outcomes

Upon entry, the firm starts with zero production workers but immediately recruits to achieve its
optimal size, denoted l;.(), in the following period. Given a set of export decisions I;., () for all n,
the expected profits of the firm upon entry can be written as:

_ 1 [_ P
L+p me(0.)

e (05 ) um%+u—&maw] (A.37)
where
1

Mic(p) = 1+p

(A.38)

Tz‘c(@) - wiclic(w) - p% Z Iicn(‘zp)ficn + (1 - 65)1_12’5(%0)

is the value function of the vacancy posting problem evaluated at the firm’s (constant) optimal employ-
ment size. That is, IL;c(¢) = Iic(lic(9); ¢) and 75.(¢) = ric(lLic(@); @), after a slight abuse of notation.
Note that no recruitment costs are paid after the entry period since there are no match-specific separa-
tion shocks. Worker-firm matches survive until the firm is forced to exit (with per-period probability

Oc)-
We can now define the cost of labor in industry 4 of city ¢, denoted p;., as
P+ dc i
ic = w; e, A.
Hic wzc+<1_6c> mc(ec) ( 39)

lic can be interpreted as the per-period cost of hiring (recruitment plus employment wage) an addi-
tional production worker or marketing worker in industry 4 of city ¢. To see this, we use (A.36), (A.38)
and (A.39) to rewrite (A.37) and obtain

Mo(0s ) = 11— %) e, (A.40)

(14 p)(p + e



where 7;.(¢) is the stationary per-period profit of the firm (gross of the entry cost), defined by
7Tic((;o) = ric(@) - ,uiclic((p) — Mic Z Izcn((p)fzcn (A41)
n

Note that (A.39), (A.28) and the revenue equation (A.20) imply

e = ( il ) rie($) (A.42)

oi = Bi) lic(¢)
Substituting this into (A.41), we can rewrite the per-period profit function as in the main text,
1—Bi
7‘—1'0(90) = o — B, TiC(SD) — Mic Zlicn(sa)ficw (A'43)

Equations (A.20) and (A.42) allow us to compute the firm’s optimal employment of production
workers in terms of ;.

T e R N O S~
lw(@) - (Ui . 61) (Mic)a"’ lecn(SD)Azn( zcn) . (A44)

n

Using (A.42) and (A.44), yields the firm’s per-period revenue

o =1\ ( % )Ui_l —
Tic = — Iicn, Ain (Tien t. A.45
W=(7=5) (Z) Tr@nt (A.15)

Next, use (A.8) and (A.12) to obtain

Ticn(‘ﬂ) Ticn
Lien(@) @

Dicn (SO) =

Combining this with (A.42) yields the profit maximizing price in terms of ;.
0; — Pi ic

Productivity Cutoffs and Export Decisions. The per-period profit function (A.43) and the
revenue function (A.45) determine the productivity cutoffs, denoted ¢, such that a firm with pro-
ductivity ¢ enters market n if and only if ¢ > ¢},,,. That is,

A?Ain (Ticn)l_m (‘P;'kcn)m_l (ﬂiC)_m = ficn, (A.47)

where AY = (1 — 8;) (6: — 1)7 " / (05 — ;)" . The export decisions can then be written as

_ 13 if 2 Z Sozcn’
Tien(e0) = { 0, otherwise. (A.48)

A.3 Entry
A.3.1 The Cost of Entry

In order to discover and maintain its productivity over time, the firm commits to an investment of
© units of marketing services first incurred when the firm starts production (i.e. the period that

immediately follows entry) and in each subsequent period in which the firm is active. This setting



ensures that the per-period cost of entry is equal to the per-period cost of hiring production workers,
a standard property in frictionless trade models.
The present value of the entry cost can be written as

1=0.\ e (1=6\" 1-6.\°
ic ic+ ic 7,€c+ ic zec+ """
<1+p>p <1+p) P 11p) "

Equations (A.36) and (A.39) imply pM = p;., hence the present value of the entry cost can be written
as a function of the local cost of labor, pu;.,

(1 - 56)
(1+p)(p+dc)

1
1+p

e
iclbic-

A.3.2 The Free Entry Condition

Under free entry, the expected profits are equal to the present value of the entry cost. Using (A.40)
and (A.41), the free entry condition can be written as

(1-6) [ -
(1+p)(p+60)/0 TQC((P)dGic(QO) -

(1 75C) e
(L+p)(p+00) et

where m;.(¢) is per-period profit. Substituting the revenue function (A.45) into the per-period profit
function (A.43) and imposing I;cn(p) = 1 if ¢ > @f.,, the free entry condition becomes

e 57,) 1enMic Lo oi— 1_57,
e Z / [( R ) Ain (1) l(ai_ Bi)—fmmc] dGic(9).

icn

Using the cutoff condition in destination n (equation (A.47) in the main text), we obtain

s [ |(2)

icn

dGic(@)'

Assume that Gi.(¢) is a Pareto distribution, with shape parameter ; and lower bound @ ic. If
ki > 0;— 1, then the integral has a closed-form solution. In this case, the free entry condition simplifies

to )
Pmin,ic ’

iec = fwn ( ¥ > . A49

o) 2o (T (A19)

ncn

A.4 Labor Demand and Supply

The stationary demand for production workers in industry 7 of city ¢ can be computed as the sum of
destination-specific labor demands for producers serving destination n:

o0

1-— Gz‘c(@ﬂf ) / dGiC(SO)
Mo ———F"21¢ lien(@) ———F—— 1, A.50
; 1- GiC(SOZFcc) [ Pien (SD) 1 - Gic((p?cn) ( )

where the demand for workers producing output for n in firm ¢, l;.,(¢), is obtained from (A.44) by
setting I;en () = 1 and Iiey() = 0 for v # n. M. is the mass of producers in cell ic. The term in
brackets in (A.50) is then the average destination-specific demand for production workers across firms
serving n.

Under Pareto productivity, we can evaluate the integral in (A.50) and obtain

i—1\"
Mic (U) K
o — Bi

Z in (Ticn)l_ai (80* )K,L' (Lp;'kcn)o-i_ni_l
P (o) T Rt




Using the export cutoff conditions yields a simplified expression for the demand for production workers

. (gi - 1)‘%7 @;(cc " )
Mw(fﬁ —o; +1)(1-5)) Zn: (%’?m) fien

In turn, the industry’s stationary labor demand due to fixed and entry marketing costs is:3

Mic e - IC( )
1—Gilph,)" " +ZMW{ - (</> )}f"m

The final component of the aggregate demand for labor in cell ic is driven by recruitment services.
Due to exogenous job destruction, a fraction d. of the stationary workforce employed as production
and marketing workers needs to be replaced. Each replacement requires posting é./m.(6.) vacancies
in the local labor market. Producing a vacancy in turn requires the employment of Xi_cl recruitment
workers. Under assumption (A.32), the industry’s demand for recruitment workers is equal to a
constant proportion d.k;. of its demand for production and marketing workers.

We can now show that M, the mass of entrants, is proportional to L;., the mass of workers that

are matched to the industry. Given our derivations in this section, equating L;. to the aggregate labor
demand in industry 7 of city c yields

€

i oi — D)#i ic
Lic = (1 + 5ckic)Mic [Z(%)Klfwn ((/fi —(O'i n 1))8 — 51) + 1) + M] '

y *
n wen Pice

Imposing the free entry condition (A.49) and the aggregate stability condition

60Mic = [1 - Gic(@jcC)]Miec; (A51)
we obtain: .
) 1 1 L
M = c L A.52
o = [Tt ooke) L—ﬁi " } il (4.52)

A.5 Price Index
The price index in industry ¢ of city ¢ can be expressed as follows:

P = o [ GG | [ ettt e

*
ivn

Substituting optimal firm prices (A.46) and imposing Pareto productivity yields:

1—
o K o; — B o .
})zln 7= : ( Z l) Z Ml'u Spwv prn)ol it (/’L’iUTiU’ﬂ>l 7

Iii70'1'+1 O'Z‘*l

Using the export cutoff condition, the price index becomes

— Ky 1— i
. Ki o; — Bi ‘ wioT —ri [ Miv fion 7i—1
P "= Mw wTion ’ .
i maﬁl(ml) (1@) Z Pron)™ (HivTivn) (Xm )

31t is straightforward to verify that, under the entry protocol described in section A.3.1, the industry’s demand for
entry workers is equal to M, f£ /dc in the stationary equilibrium.

10



A.6 Closing the Model

In this section, we show how to close the MC-FE-HET model and compute all equilibrium variables.
We exploit the block recursive structure of the model.

Step 1: Given labor market tightness 6. and aggregate expenditure X, in any ¢, we use (A.31) and
(A.39) to solve for the wage w;. and cost of labor p;. in every industry-city cell, each as a function of
(6, X¢). This requires using the city-specific Beveridge curve,

(1 —ec) ecmc(9c> = dcee, (A.54)

to eliminate e, from (A.31). Equation (A.54) is a stability condition that requires identical flows into
and out of unemployment in a stationary equilibrium.

Step 2: Substituting solutions from step 1 into the cutoff (A.47) and free entry (A.49) conditions,
we solve for all productivity cutoffs ¢}, and demand shifters A;,,, each as a function of tightness and
expenditure in all cities, i.e. {(6e, XC)}cC:l.

Step 3: Substituting solutions from steps 1-2 into (A.43)-(A.46) and (A.48), we solve for all firm-
level outcomes: employment l;.(p), revenue r;.(v), profit m.(¢), price p;.(¢) and export decisions
Iicn (), each as a function of {(HC,XC)}Szl.

Step 4: Substituting solutions from steps 1-3 into (A.51)-(A.53) and (A.14), we solve for the price
index P;. and measures of producers M;., entrants M, and employment L;. in all industry-city cells,
each as a function of {(f., XC)}Szl. This step requires imposing the Cobb-Douglas expenditure shares
Xie = a; X in (A.14) and (A.53).

Step 5: Substituting L;. from step 4 and e, from (A.54) into e.L. = }_, L;. (definition of em-
ployment rate), we solve for tightness 6. in every city as a function of {Xc}fzr Using the latter, we
solve out 6. from all variables computed thus far in steps 1-4, expressing them solely as functions of
xXJ<,

Step 6: Finally, substituting for wages and employment from step 5 into city-specific trade balance
conditions,

Xc = ZLicwic~ (A55)
7

we solve for aggregate expenditure in all cities, {Xc}le. The right-hand side of (A.55) follows from
fiscal balance (unemployment benefits and labor taxes sum to zero), hence aggregate income is equal
to aggregate gross wages in ¢. Substituting (A.55) back into steps 1-5 yields the equilibrium values for
all the endogenous variables of the model.

A.7 Gravity

Bilateral exports from city c¢ to destination n in industry ¢ can be decomposed into the mass of exporting
firms times average firm exports:

1— Gic(er )) /°° <0i 1 )”"'1 ( o >‘”1 X, o, dGic(9)
Xicn = 7? Mic — 5 1—o. \Ticn ‘ 2T
@—GA%@ v \oi— 5 o) By T TGl

icn

using (A.45) to compute export revenue in n.
Under Pareto productivity, we obtain

Ki 1-o;
o5, o= Bi . ¢ Ki o o ki1
Xicn = ic tee icnMic min,ic i icn TiTRiTE
(i) (5meme) i ( ) (i (7

Pmin,ic o; —1 ki —o;+1

We can further simplify this expression using the export cutoff condition (A.47) and the aggre-
gate stability condition (A.51). This yields the standard decomposition of bilateral exports into the
extensive and intensive margins of trade,

Mg (Ominic " i — Bi K
Xicn = e : icJicn . A.56
dc ( Pien ) Hac <1ﬂi>('f¢0i+1) (4.56)
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For estimation purposes, it is convenient to work with the share of exports in sectoral revenue,
Xicr/Ric, where

Me oi — Bi K Ominic )
Ric = Xicv = i ic : : : nene icv-
5w = o (T4 ) (s 2 :

*
Spicv

Therefore,
o
Pmin,ic ¢ f
Xicn Pien ren
R i Pmin,ic i ’
e Zv 25 ficv

Using free entry condition (A.49), the export share simplifies to

Xicn _ ( g; — 1 ) ficn (QOmin,ic)Ki

R Ki—0;+1 iec @?cn .
Finally, imposing the export cutoff condition (A.47), we obtain the local gravity equation (17) in the
main text,

Xiew _ (_oi=1 ) (1=p\"" VIS e g e
= min,ic i icn 7iT by Azn i~ (Tien, i ic) TiTh .
(2 ) (2227 (o) i) 75 7207 (i) 5 ) )

A.8 Trade Share

From (A.56), the share of total income of location n spent on goods from city ¢ in industry i can be
expressed as:

Aigy — Xicn _ 6 ' M ficnttic (%)m _
>0 Xivn 3, S M, Frumptin (%> :
Using (A.52),
o ) () me (i)™ (onini)”

>0 (W) (ff") tiv (o) " (Pmin,iv)™

Using export cutoff conditions, city ¢’s trade share in location n’s expenditure on good ¢ can be written
as:

. _ 1— i 1— Li%e i —Ki
(60(15_311%0)) ( fc) ! (flcn) 7imt (,uic) 7i=t (‘)O’min,ic)K (Ticn) "

; _ 11— 1—- 2% Ki —kKi
Zv (dv(lig;kiu)) ( iev) ! (fivn) 7T (/J,w) ¢ ((pmin,iv) (Tivn)

)\icn =

A.9 Welfare

From (A.7), the welfare of the normative representative consumer in any location n can be written as

I I
— . Z‘zl L’anl’ﬂ

Vo = (p) 7' ] () =2,
Z—I;[l [Ty (Pin)e

since W,, = 2521 Linw;, because aggregate profits are zero (net of entry costs) and net transfers

between employed and unemployed workers sum to zero (within cities).
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Next, we rewrite the price index (A.53) using (i) the stability condition (A.51) and (A.52) to express
the mass of firms as a function of the labor allocation,* and (ii) X;, = a;W,,, an implication of the
Cobb-Douglas assumption under trade balance:

oi=B\ " (o8 17% Li, e\—1 AN —ki g N1—2EZE L 1—
pri gi—1 1—8; Zv 5o (1+6ukiv) (fw) (@mzn,vz) (Tivn) (tiv) i1 (fivn) ’
n _ ki
(i — i+ 1) [ + 25| (W) =75

In turn, the domestic trade share of industry ¢ in location n can be expressed as:

) _ 1— i 1— £i%i i
(dn(lig;km)) (fzen) ! (fznn) it (/’Ll’ﬂ) 7t (gpﬂfbin,in)k€

g

2 KW) (o)™ (fiom)' 7 (i)' "7t (Pminio)"™ (Tivn)ini:| :

We can now express the price index as a function of Ajpy:

>\inn =

Ainn (aiWn)l_”:il (ki — o3 +1) [% + U%} " NFE TR (g B,
P, = 1-Bi i—1 (Mzn) (Ul 5{) ) (A57)
g; —

Ky

=) (s () (Prinn)
(%) (m) (f5) 7 (finn) ~ 77 min,in

Counterfactual changes in Trade Costs. Consider the effects of an arbitrary shock to the vector
of variable trade costs, {7, } for any industry ¢ and any two different locations n and v, on the welfare
of city ¢. For any endogenous variable z, let & denote the ratio of x after the shock to x before the
shock; i.e. the proportional change in the stationary equilibrium value of x.

The proportional change in welfare (real expenditure) in city c is

. W,
Voo — e (A.58)
I (Pe)
The numerator of (A.58) is given by
_ I
Wc = éc Z sicnécwicy (A59)
i=1

where s;c = wicLic /W, is industry 4’s share of income in city ¢. The denominator follows from (A.57),
using L;e = 0);cée, )

: Niee \ ™ (o \ R mET L o1
Pic=<ﬁic> (Wc> (Wie)oi 1 =i . (A.60)

To simplify (A.59) and (A.60), we use the following key implication of the stationary equilibrium
in our model: in every city ¢, proportional changes in wages and costs of labor are equalized across
industries. More formally, for all 7 and ¢,

Hic = Wi = gca (A61)

where g. denotes an endogenous city-specific proportional change in u;. and w;. across industries. For
the first equality of (A.61), note that (A.32) implies that the recruitment cost per worker is proportional
to the equilibrium wage. Together with (A.39), this implies

K -1
Az — Pmingiv ) i Ly [ 1 1 ]
w ( 25 (I+0vkiy)ri f5, [1-B: + o;—1 :
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from which p;. = w;. immediately follows. The second equality of (A.61) follows from imposing (A.32)
on (A.31) and solving for w;.. This yields

Je
Bi +dc ’
- () (85) e
where g, is a function of city-specific endogenous variables. Hence. w;. = g, for all industries in city c.

Our welfare formula follows from using (A.61) to rewrite (A.59) and (A.60) and then substituting
the resulting expressions in (A.58). We thus obtain,

Wie =

e (sh-) 5o\
V. = (e (z 77) 0 (n) ,
-1 ic

Letting ¢; = ; and defining Y¢ and Y as in table 1 of the main text, we obtain the welfare formula
(23) for the case MC-FE-HET.

Extension: Trade Liberalization and Labor Endowments. Next, consider the welfare implica-
tions of arbitrary changes to the vectors of variable trade costs, {7;,, }, and labor endowments, {L,,}.
The latter capture exogeneous patterns of migration or population growth across locations.

We now focus on the equivalent variation per-capita to measure welfare changes in city ¢, denoted
VP =y, ./ L.. Proportional changes in per-capita income are still expressed by the right-hand side of
(A.59). The change in the local endowment of labor L., however, has an identical impact on domestic
expenditure -and, hence, on domestic price indexes- as a change in the employment rate. We thus
obtain

Nic

. 1451 Y =1 T e A _%
V'CPC — (ec) +2 0o @i XS (L ) Zszcnw H ﬂ . (A63)
i=1

This extension of our welfare formula enables the analysis of episodes of economic integration that
trigger regional and/or international migration, in addition to changes in trade costs.

A.10 Special Case: Monopolistic Competition, Free Entry and Homoge-
nous Firms (MC-FE-HOM)

In this section, we impose a degenerate productivity distribution. In particular, we assume that the
labor productivity of all firms in any industry ¢ of any location n is equal to ¢;,,. Moreover, we assume
fivn = 0= ff,. Instead, there is a fixed startup cost f;;,, that depends on the industry and location of
the producer. Note that, in this setting, all firms in any given cell in export to every destination.

A.10.1 Firm Level Outcomes and Zero-Profit Condition

From (A.46), the profit maximizing price that firms in industry 4 of city ¢ set in destination n is

DPivn = <Ul_ﬁl> Hiv Tivn- (A64)

o; —1 iv

From (A.45), destination-specific firm revenue can be written as:

o — 1 o;—1 ) o;—1 o
Tien = < _Z ) (iw> Ain (Ticn)l ‘. (A65)
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Let 75c = ), Tien denote total firm revenue. From (A.40) and (A.42), expected profits upon entry can

be expressed as:
(1—20c) { ( 1B ) }
ILie(0; ic) = w7~ |Tic = Miclic| -
O = 5 o+ a0 [\ p) ~1ed

Due to free entry in any industry i of city ¢, the zero-profit condition thus requires:

1—p5;
Tic (02_ — éz) = Micfi(r (A66)
A.10.2 Gravity
Computing bilateral exports X;.,, = M;.Ticn, and sectoral revenue R;., we obtain the export share:

Xicn o Aln (Ticn)liai
Ric S, Ain (Tien) ™7

Using the zero-profit condition to rewrite the denominator yields

Xicn _ Ticn e 1- ﬂz 0; — 1 il —0; -1

Note that o; — 1 is the trade elasticity.

A.10.3 Labor Demand and Supply

The demand for production workers in cell ic is M;.l;., where firm employment follows from (A.44).
Labor demand from fixed costs is simply M;.fi.. Again, under (A.32), the industry’s demand for
recruitment workers is equal to a constant proportion d.k;. of its demand for production and marketing
workers. Hence we obtain:

o1 ) (pic) " n68)

Lic =1+ 6ckic Mic ( oz A’L’I’L Ticn 1 + fic
( ) [ oi — Bi (1ie)™" ; (Fien)

Using the zero-profit condition (A.66), yields a proportional link between the mass of producers and
the mass of workers in the industry:

= (A.69)

Lic == (1 + 5CkiC)MiniC |:O—i — 61:| .

A.10.4 Price Index

The price index is:
(Hn)lioi - Z Miv (pivn)lioi .

Using (A.64), the price index can be expressed as

170'1'

1—0;
(P )laiz<“> > M, (:;:}) (Tiwn) 7" (A.70)
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A.10.5 Trade Share

The trade share is
Kien - Micricn

Xin B ZU Xivn .

From revenue (A.65), the domestic trade share can be expressed as

M (22)"

Hin

M. [ i 7i—1 ) 1—01:.
Zv w \ g, (Tzvn)

)\icn =

(A.71)

>\inn =

A.10.6 Welfare

Using (A.69) and (A.71), the price index (A.70) in industry ¢ of city ¢ can be written as a function of
the domestic trade share:

1 —1
— — Lic 1= 1-— Bl o, —1 oi—l \oi—1 ‘
P 0™ (i) (G2 (255) e me am

To compute the counterfactual proportional change in the price index, we impose (A.61) and
substitute L;. = 7;.¢. in (A.72). This yields

1
. Nee \ 770
Pic = (wC) (6(:) =i ge.
Nic

The proportional change in aggregate income is still given by (A.59) subject to property (A.61).
Substituting the resulting expressions in (A.58) yields

"/C - (éc)1+2{:1 "?11 i SicTic ﬁ @ _?il .
ﬁic

=1 =1

Letting ¢; = 0; — 1 and defining Y¢ and T as in table 1 of the main text, we obtain the welfare
formula (23) for the case MC-FE-HOM.

A.11 Special Case: Monopolistic Competition and Restricted Entry (MC-
RE)

In the context of the model of the previous section, here we abandon the free entry condition. In
particular, we follow the setup in Arkolakis et al. (2012), where the mass of producers, M;,, is fixed
and f;; = 0 for all ¢ and n. A distinct feature of this market structure is that aggregate profits
are positive and thus need to be accounted for in the welfare analysis. We assume that profits are
distributed back to the representative consumer. Although we focus on the case of homogeneous firms,
the derivations below also hold for heterogenous firms with only minor changes.

Aggregate income in city ¢ can be written as:

I
WC = Z [Licwic + MicHic<Oa (ch)] ) (A73)

i=1

o (1=d) (1-5
We0.00) = T3+ o0y e (@ - &) ’

where,
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and ;. is defined as in section A.10.1. From (A.68), since now we have f;. = 0 for all ¢ and c,

Lic = (1 + (;ckic)Mic Z licny (A74)

where,
)0'7;71

g —1\” 1-0; (Pic
lien = Azn Ticn ‘ 2
<0'i - ﬁi) (Ficn) (tic)

From (A.65), revenue can be written as a function of l;.,:

(Ji - @‘)
Tien = Miclicnn

0'1'—1

Since 7. = Y, Tien, We can use (A.74) to write aggregate profits as a function of the mass of workers
enmployed in cell ic:

(1—6)(1—Bi)
(1 + p)(p + 50)(‘71' - 1)(1 + 6ckic

Substituting this equation into aggregate income (A.73) yields

I
=5 [ (L-0)0-4) N
W, = ; |:ch ic T (]— + P)(P + 5c)(0'7; — 1)(]_ + 5ckic) /chch

MicHic(O; szc) -

lfficLio
)

Under (A.62), the wage wj;. is proportional to the cost of labor p;.. This implies that profits are
proportional to labor income in each industry. It is straightforward to verify that proportional changes
in the city’s aggregate income, W,, can still be written as in (A.59), where income shares s;. now
account for both rebated profits and labor income.

From (A.70) and (A.71), the price index can be expressed as:

s B 1 o;—1 ©i o;—1
P, 1—0o; = (\: 1M‘ < ag; ) ( zc) ]
( % ) ( zcc) ic o — ﬁz LLic

Since M;. is fixed, we have

1
P = ()\) T e (A.75)
Substituting (A.75) and (A.59) in (A.58) and imposing property (A.61) yields
I I o
: . . : o1
Ve =¢. (Z Sicnic> H </\2('('>
i=1 i=1

Letting &; = 0; — 1 (we show this next) and defining T¢ and Y7 as in table 1 of the main text, we
obtain the welfare formula (23) for the case MC-RE.

A.11.1 Gravity with Restricted Entry

As in the previous section,

Xicn o Ain (Ticn)l_ai
Ric En’ Ain’ (Ticn/ )I_Ui .
From (A.74),
—1
—0o; o — 1\ M. oi— —0o;
Z Azn (Ticn)l = <0-, _ ﬁ) L (LPZC) ' (MM) .

Hence we obtain:




A.12 Perfect Competition (PC)
A.12.1 An Armington Model with Multiple Sectors and Search Frictions

In this section, we assume that goods are differentiated by country of origin. In particular, each country
produces a unique variety of every good ¢ under constant returns to labor. Labor productivity, denoted
ic, varies arbitrarily across industries and cities. Markets for goods are now perfectly competitive but
the structure of local labor markets remains unchanged, as described in the main text. Firms incur no
marketing expenses because entry and fixed costs are assumed to be zero. Consumer preferences are
still given by (A.1), although here we interpret the integral sign as a Lebesgue integral to allow for a
finite set of varieties in each industry.

A.12.2 Production

Under constant returns to labor, the value functions of firms in any given industry-city cell are inde-
pendent of the number of production workers employed. Without loss of generality, we can therefore
assume that all firms are single-worker firms (or jobs).

In a stationary equilibrium, the expected profit of a firm in industry ¢ of city ¢ upon entry are
described by special cases of (A.37) and (A.38); in particular,

Me(Oie) = o [P (1 0 Tl
1 7SDZC - 1 + p mc(ec) c 1C SolC b
where 1
Hic(@ic) = m [picSOic — Wie + (1 - 5C) Hzc(@lc)] (A76)

and p;. denotes the competitive factory gate price.
Imposing the zero-profit condition, IT;.(0, ¢;.) = 0 and manipulating the value functions yields

PicPic = Hic (A77)

where the cost of labor p;. is defined as in (A.39).

A.12.3 Wage Bargaining

As anticipated, the structure of the labor market is unchanged. Under perfect competition in the
goods market, however, the surplus-splitting rule is now written as

(1 = Bi) [Eic — Ue] = Billic(pic)s (A.78)

where IL;.(p;c) is obtained from equation (A.76). Substituting the value functions (A.25) and (A.30),
and imposing fiscal and trade balance as in section A.10.1 yields equation (A.31).

Assuming a constant recruitment cost per worker, (A.32), we obtain (A.61), the key property that
ensures tractability in the counterfactual welfare analysis. Combining the latter with (A.77), we have

A.12.4 Gravity

Trade is subject to iceberg variable trade costs only. Due to the structure of preferences, this implies
that each location exports to all destinations in any given industry. The value of sales of goods from
city ¢ to location n in industry i is X;e, = DicTicn@icn- Using the CES demand and p;cp;c = pic yields
the gravity equation in terms of the cost of labor; that is,

. _ 1-0; 1—0; o;—1 ) o;—1
Xwn_Ticn Hic Pic X”L‘P'm ’
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where X, denotes location n’s expenditure on industry ¢. Therefore, the trade and cost-of-labor
elasticities are both equal to o; — 1. Note, however, that the export share is independent of the cost
of labor p;. conditional on the demand shifter in the destination.

To derive our welfare formula below, we work with the domestic trade share expressed in terms of
the factory gate price. Again, using the CES functional form yields

Xicc PicTice ta
)‘icc = = —_— . A.80
( Py ) ( )

A.12.5 Welfare

Again, we consider an arbitrary shock to the vector of trade costs that leaves domestic trade costs
unchanged; i.e. 7;j.c = 1 for all c.

The welfare function is still given by (A.58), where the numerator satisfies (A.59). For the denom-
inator, we solve for the change in the price index from (A.80). Imposing property (A.79) yields

I I o
Vc = e (Z Sicn'ic> H ()\zcc) T .
i=1 i=1

Letting ¢; = 0; — 1 and defining Y¢ and Y as in table 1 of the main text, we obtain the welfare
formula (23) for the case PC.

B Worker Mobility

In the model presented in the text, we have assumed that workers are not mobile across cities. This
assumption, however, is not essential for the result that local industrial composition matters for wages
— which is the basis for our identification strategy — and allows us to greatly simplify the exposition
of the main elements of our framework. However, since worker mobility across local labor markets
seems like a natural margin of adjustment to local shocks, we briefly discuss how this margin could
be incorporated into our model. First, suppose that unemployed workers were occasionally offered the
option to move to a different local labor market and, once given this option, could choose the local
labor market ¢’ that maximized their indirect utility. This extension would add an additional term
to the equation for the value of unemployed search, U., capturing the value of this mobility option:
m - max{(Uy — 07, — U.),0}, where m is the probability that a worker is offered the mobility option
and 07, is the location-specific cost of moving to ¢’.

If the option to move occurs frequently enough (m is sufficiently high), a steady state spatial
equilibrium will imply that the value of moving is driven to zero. When incorporating mobility, as
in standard spatial equilibrium models, it is appropriate to include housing (or land) costs as an
equilibrating mechanism. These costs do not influence wage bargaining, because they have to be
incurred whether or not a worker is employed (and wages depend on the difference [E;.(I; ¢) — Ue]).
However, housing prices will have to adjust to equate expected utility across locations. Assuming that
housing is not perfectly elastically supplied, an improvement of industrial composition in ¢ will make
¢ more attractive and there will be an inflow of workers from other locations. This will simultaneously
increase the cost of housing in ¢ and this process will continue until m - max{(U. — 67" — U.),0} is
driven to zero but before wages are equalized. Thus, as long as the mobility friction is small enough,
the option to move is directed: unemployed workers decide to search locally or move to ¢ and search.®
A spatial equilibrium implies that workers must be indifferent between these options. However, if
mobility frictions are large, it will prevent the spatial indifference. In this scenario, mobility frictions,

5Random search across cities has no impact on our framework because the outside option in random search doesn’t
depend on ¢, and thus can be captured by an intercept in an empirical specification.
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importantly, will still imply that local industrial composition is a determinant of local wages, but wages
will also be influenced by an additional outside option to move.’

In order to simplify the exposition of our model, we assume that mobility frictions are sufficiently
low in order for a spatial equilibrium to hold, and thus we ignore the mobility option. We will, however,
examine the relevance of mobility as an adjustment mechanism in section 6 of our paper where we
examine the impact of trade shocks on local labor market outcomes. To preview those results, we find
no evidence that the observed trade shocks over the period that we study had any effect on population
sizes of local labor markets. This result is consistent with Autor et al. (2013) for the U.S. and Dauth
et al. (2014) for Germany, who also find minimal population adjustments to trade shocks.

C Empirical Gravity and Domestic Revenue Equations

In this section we derive the empirical gravity and domestic revenue equations, and provide explicit
details on the structure of the error term and its implications for the estimation of ¢¢ and ¢*.

Gravity Equation. Substituting equations (11) and (12) into equation (17) in the main text, we
obtain:

Xicr 1/ pE 1 1——= ( Pminsic e p+0c TE e
il NL(FE) T (fier) T (e ) (40055 (1 Fie S (R
P ALY ) (P} gy (14000 wy, )

where we let 0; = ¢ and ¢; = ¢, as described in the main text. Taking logs and adding the time
subscript, equation (C.1) rewrites as:

Xic s
In ZeFt A}, + I Aips — 7 In Wit + ugt, (C.2)
ict oc—1 c—1
where
N € eo + 6,
ad, =—Infl + (1 I 1) In ficre + €N @uminict — €I Tiers — ] In (1 + f_ 5 kict) (C.3)

The first two terms of equation (C.2) are industry-year specific and depend on the parameter A}, the
foreign demand shifter (A;r;) and the elasticities o and €. The last term, ﬂit, varies across industries,
cities and years. As can been seen from equation (C.3), it is function of the fixed costs (fZ, and ficp),
the iceberg cost (Ticrt), the lower-bound of the productivity distribution (@min,ict), the recruitment
cost shifter (as captured by k;.t) and the elasticities o and e.

In order to move to the empirical gravity equation, it is useful to decompose @$, into an industry-
year component and a residual industry-city-year component; i.e. @, = u§; + u$,, where u§ is the
mean of 4, across cities and the residual component uS, captures the deviation of 4§, from the mean.

In particular, note that this residual component is given by:

SMoreover, the forces we emphasize in our model also have implications for worker mobility and housing costs. See
for example, Beaudry et al. (2012, 2014); Green et al. (2017) who examine worker mobility in a setting of frictional local
labor markets.
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e dc
— e(InTicps — InTicpy) — % lln (1 + Hkict) —In (1 + p—i—kictﬂ

. € - -
Ugt = - (ln Z-}ft —1In gt) + <1 — 0_1> (ln fith —In fith) +e (11’1 Pmin,ict — In SDmin,ict)

1—6, 1 -4
_ - . . Y
= —InfE +(1- = )m ficrt + €M Omin ict — EM Ticpr — 7 (1 42 + “Kict |,
oc—1 ’ oc—1 1-6,

(C.4)

where for any model parameter x, T denotes the mean of x across cities, and Z denotes the deviation
of x from the mean. Thus, this residual term is a collection of deviations of log model parameters from
their industry-specific mean. Each deviation can be thought of as capturing an industry-city-specific
cost comparative advantage.

Using the decomposition of ﬂgt and first-differencing over time, equation (C.2) further rewrites as:

Xith

ict

Aln

= AlnAL+ lenAiFt + Aug - ilmnwm + Al (C.5)
g — g —

1ctr

where A denotes a difference. The first three terms can be entirely controlled for using industry-year
fixed effects. Hence, we arrive at equation (24) in the main text:

Xicri

ict

Aln = AdS + ¢ Alnwiy + Aul (C.6)

ict?

where Ad§; = Aln A}, + =55 Aln A;py + Auf; and ¢¢ = — =%, Finally, the error term Au, is given by
the first difference of equation (C.4) and captures changes in industry-city unobservable comparative
advantages.

Consistent estimation of ¢@ requires that E[AInw;AuS,] = 0. Given the structure of the error
term and the fact that the elasticities o and e are constant (independent of the city), the expectation

can be written as:

EAnwaAu,] = —E [A In wmAhng] n (1 __c 1) E [A In wictmn/fic\ﬂ} +¢E [A In wictmnﬁli\wt}
p—
. s
~ ¢E [A In w;e Aln nm} —— B [AlnwigAln (1 n % kt) (C.7)
- - Uc

Therefore, the structure of the error term makes it clear that a sufficient condition for E[A In wq;ctAuiCét} =
0 is that variation in industry-city log wages are uncorrelated to shocks to each of the cost compar-
ative advantages; i.e. to shocks to the deviation from the mean of the log fixed costs (i.e., formally,

&Y. Alnw;uAln fE, -7 E [A In w;e: Aln ft} =0 as C' — ), iceberg cost, productivity threshold,
and the log function of the recruitment cost shifter k;.;.

As discussed in the main text, this condition cannot hold since, under search-and-bargaining fric-
tions, wages necessarily depend on shifts in the recruitment cost shifter. Therefore, ordinary least
squares would yield inconsistent estimates of & and this is why we turn to an instrumental variable

strategy.

Domestic Revenue Equation. Substituting equations (11) and (12) into equation (13) in the main
text, and setting ;e (¢) = 1 for n # F and zero otherwise, we obtain:
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oc—1 o—1 B o + 56 l1-0o .
Tic(p) = (a — ﬁ") A ! (1 + T_ 3 kic) w7, (C.8)

where, as before, we let 0; = 0 and ¢; = &, and where A = EniF Aie(Tien)' 7. Taking logs and
adding the time subscript, equation (C.1) rewrites as:

-1 -
Inriet(p) =(0c—1)In ( 7 ) + (1 — o) Inwier +1n Ajey + (0 — 1) Ingp + @l (C.9)
g — [
where
dc
i, =(1—0)ln (1 + 'i—i_ 3 kic) (C.10)
- Ye
Decomposing 4%, into a mean component u!f and a residual component uf,, as we did for @f,, and
first-differencing over time we obtain:
Alnrig(p) = Aull + (1 — 0)Alnwie + (0 — 1)Alng, + Aln Ajep + Auf,, (C.11)
where Auf, = (1 —0)Aln (1 + ’ffgz kic) is the error term. Unlike Au§,, the error term only depends

on the recruitment cost shifter and the elasticity. The first term term of equation (C.11) can be
captured by a set of industry-year FE and the third term is controlled for by firm FE. Substituting in
these FE, we arrive at equation (25) in the main text:

Alnriq(p) = Adﬁ + ¢RA Inw;et + T(p) + Aln Ajer + Aufzt(go), (C.12)

where ¢t = 1 — o, Adl} denotes industry-year FE and T () firm FE.

Consistent estimation of ¢ requires that E[A Inw;Aulf,] = 0. Given the structure of the error
term and the fact that the elasticities o and ¢ are constant (independent of the city), a sufficient con-
dition for E[A Inw;.tAuf,] = 0 is that variation in industry-city log wages are uncorrelated to shocks to

+6C
=5 kiC) —P

the log function of the recruitment cost shifter k;.;; specifically, that é > Alnw;Aln (1 +

—

E [A In w;e: Aln (1 + ’{fg“ kw)] = 0as C — oo. As for the gravity equation, this condition is necessar-

ily violated since the wage equation depends on the recruitment cost shifter as well. For this reason,
we also use instruments when estimating the domestic revenue equation.

D Derivation of the Wage Equation

The goal of the linear approximation is to link the industry-city wage to the industrial composition
of the local labor market. To simplify the exposition, we impose constant exit rates and bargaining
power, i.e. d. = d and 5; = [. Substituting equation (A.29) in (A.30), using equation (A.33) and
solving for the industry-city wage yields:

Wie = ];ic : [(1 - ﬁQc)(tc + bc) + ”?QC,ZDC] 9 (D]-)
where @, = Y, NicWic, Yoc = [#ﬁf&gec)}, and the parameter 5. is dependent on the tightness of

(1-8)(1-9)
(1=-B)(1=0)—B(p+0)kic

the labor market. The parameter ,Z;'ic = [
shifter k;..

} is a function of the recruitment cost
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To further simplify equation (D.1), we rewrite the labor tax as a function of the unemployment
benefits. Using the fiscal balance condition (1 — e.)b. = e.t. together with the Beveridge curve
(1 —e.)0me(6:) = de., the labor tax is given by:

)
te = —b.. D.2
Oonc(00) (b2
Substituting (D.2) into equation (D.1) we obtain:
- ];;ic . ('?lcbc + :7201170) 3 (D3)

where F1. = (1 — 2) [%]. Solving for w,, we obtain:

?r'zl

Y1cbe
W, = # (D.4)
kzc’YZc

where Z‘Z—C => mcl;ic, and substituting back into equation (D.3), the reduced-form wage equation can

be written as:
~ 1
Wie = kic"chbc <> 5 (D5)
1

- zjicﬁ?c

In order to take the linear approximation of w;., it is useful to decompose l;:ic, without loss of
generality, as follows:

kic = ki + ke + Eic,

where k; represents a common (across cities) industry component, k. represents city-specific compo-
nent, and &;. is an idiosyncratic component that sums to zero across industries, within cities (i.e.

Ei gic = 0)

Using this decomposition of k;. , one can rewrite the wage equation as:

1
1-— ’N}/QC(KC + ];c + Zi 772('510)

Wie = (];z + ]::c + gic)s/lcbc

where K, => mckr captures the weighted city-average of the national-level component of Eic.

Let w;e = wic(be, K, o kz, k:c, {&c}i, ec) describe the reduced-form equation. We take a linear approx-
imation of the wage equation around the point where recruitment cost shifters are constant and the
employment rate is the same across cities, i.e. around zg = (b, = by, K. = =k k= k' k. = k° {gw}z =
0,e. = eg). Around that point, cities have an identical industrial Composmon (i.e. nw = 1/[). The

log-linear approximation is given by:

Inw;e =~ 70 +71be +72 Z Nicki + v3ki + Yake + v5€c + V3€ic, (D.6)
i

l

ke = %’ & = ==, and using the property

where, using w as an arbitrary constant, writing k; =

g

Ri
w’
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that >, &ie = 0, we have:

Inw;. ~ Inw + w,
w

Yo = Inw + M
w

1 .
m=—=-"T-(K+E)%,
w

2 = 2 (K + k%) 9192bo,

v3 =W - 1bo,
Y4 = Y2 + s,
1 a:)/lc ~ /74 7 8’720 i 7
=—.U k' + k)T (k" E9) - b
Y5 o de. + 1 (k" + k%) de, (k' 4+ k°) - bo,

g T}

8’710
Oe,

. S D
Yo =—V(k" + kzc)bo{% +eo + (k" +£)¥ 872 }

€c

xq xq

and where 71 and 7, are constant parameters corresponding to 1. and 7s,., evaluated at xg, respectively.

Importantly, equation (D.6) shows that, at the national level, inter-industry wage differentials are
given by 7sk;, which expresses the average wage in industry ¢ relative to an omitted group. Letting
v; = v3k; denote the national industry wage premium, we finally express log industry-city wages as a
function of industrial composition:

In wie = vo + 1bc + %Kc + v3ki + Yake + ys5€c + €et, (D.7)
3

where K. = ) . mcv; is an index that captures industrial composition at the city level, and €;c; =
Y3€ic + €;ct Where €. is an error from the approximation.

E Details of Instrument Construction

In order to construct our instruments, IV} and V.2 we need (1) estimates of the national industrial
premia (since vy are unobserved) and (2) to predict local industrial employment shares (since 7;.; are
potentially correlated with the error terms in (24) and (25)). We discuss these steps below.

Estimating National Wage Premia. Equation (27) shows that wages vary because of an industry-
specific component (v;;), a city-specific component (vo + 10t + %Kct + Yaket + V5€ct) and an idiosyn-
cratic term (y3&;c¢). An implication is that the inclusion of a set of city fixed effects in a wage regression
at the industry-city level would allow us to recover national industrial wage premia from the estimated
coefficients on industry fixed effects, without directly observing K.;, and the local component of the
vacancy posting cost, ke;.

However, in order to take the model’s wage equation to the data, we must confront the fact that
workers are heterogeneous in our data but not in the model. Our approach is to treat individuals
as representing different bundles of efficiency units of labor, and assume these bundles are perfect
substitutes in production. We interpret w;.; in (27) as the cost per effective labor unit and index
worker characteristics by Hp,. Let effective labor units be exp(H|, % + ay), where Hj, and aj, capture
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observable and unobservable skills of worker h, respectively. Adding industry, city and time subscripts,
workers log wages, In Wh;., are given by:

In Whiet = Hp, By + Inwier + anice.- (E.8)

We estimate (E.8) separately by year, while capturing In w;.; with a complete set of industry-city
dummies. We interpret the estimated vector coefficients on tlﬁﬁy—industry fixed-effects as regression-
adjusted city-industry average wages, which we denote by Inw;,. In practice, Hj, includes age, the
square of age, a gender dummy, a nationality dummy, a categorical variable for education and a full
set of education-gender, education-nationality and education-age interactions.

Pooling across years, we then estimate an empirical version of (27), regressing lm on a set
of city-year and industry-year fixed effects. The inclusion of the city-year fixed effects absorbs local
economic conditions given by o + Y1bet + 72 K ot + Yaker + Y5eqt in equation (27) and the coefficients
on the industry-year fixed-effects estimate the national-level industrial wage differentials, ;.

Predicting Shares. We predict local employment shares by combining estimates of national-level
industrial growth with base-period local industrial composition. Since we have many industries within
each city-year, we pursue a generalized leave-one-out method that purges a common city component
from the national-level industry growth. The procedure that we use closely follows Greenstone et al.
(2020). Consider the following equation for local industry-city employment growth:

ALt =Gt + Ger + gict, (E.9)

where G.; are city-time fixed effects and G;; are industry-year effects. This equation describes local
industry employment growth as stemming from national-level factors common across cities (G;¢), city-
level factors that are common across industries (G ), and an idiosyncratic city-industry factor (g}-ct).
The inclusion of G.; is meant to absorb growth due to conditions in the local economy, such as demand
shocks.

The vector of coefficients on the G;; fixed-effects are associated with national-level forces. We use
their estimates, denoted Gy, to predict local industry size based on local base-period employment:

t
Lict = Lico H (1 + st) ;
s=1

for ¢ > 1, where L;. is a base-period level of employment in industry ¢ in the local economy ¢. We
then convert predicted employment into shares, as discussed in the main text.

Constructing Instruments. With 7);,; and 7;; at hand, we construct instruments:

w ~ ~
= Z njctflAVjta
jes

VE =Y 0 A,

JjES

where 1), are only functions of base period shares and national growth rates and S denotes the set
of non-manufacturing industries. In practice, to predict local industry size, we average industry-city
employment over the period 1992-1993, i.e. L;co = (Ljc1992 + Lic1993) /2. We then leave one year out
and first predict employment, Lict, in 1995, which restricts our sample to the period 1996-2010 since
IVE and IV}Y both use t — 1 predicted employment shares.
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F Consistency, Heterogeneity and the Over-identification Test

In this section we discuss the conditions under which our instrumental variable strategy is valid,
interpretation of our estimates under heterogeneity, and the over-identification test discussed in the
main text.

To begin, consider the sample covariance between our within-instrument and the error of the gravity
equation:

ZZ Zn](/t 1AVJt AU ZZAVJthJLt 1AU (FIO)

c ¢S \jeS 1€S jeS

where the last summation on the right-hand-side is the city-level covariance between predicted non-
manufacturing shares and the error term. Predicted shares are only a function of base-period non-
manufacturing industrial composition and national-level industrial growth rates. The error term con-
tains changes in the residual component of a number of model parameters, and can be generally
interpreted in our framework as Changes in city-industry unobservable comparative advantage. A suf-
ficient condition for consistency is that & Y, je—1Ausl, =P E[fje—1Auf,] = 0 as C — oco. In words,
if base-period non-manufacturing industrial composition does not predict future changes in compara-
tive advantage in manufacturing industries, our instrument is valid. Thus, our instruments would be
valid, for example, under a random-walk type assumption for Au¢,, as emphasized in Beaudry et al.
(2012, 2018).

Recently, Borusyak et al. (2018) have shown that even if this condition breaks down, Bartik-
style instruments may still be valid. In their paper, they emphasize the conditions under which
% Do ﬁjct_lAugt is asymptotically non-zero, but the industry shocks are uncorrelated to this covari-
ance term. They show that if the industry-level shocks are as-good-as-randomly assigned, conditional
on E[f)je—1Aug,], the condition for instrument validity is still satisfied. In our framework, this con-
dition would hold if 7);¢;—1 predicted Auwt, but the industry wage shock, Avj;, is uncorrelated with
these predictions, so that ;¢ Av;iE[f)jct— 1AuS] is zero.

The sufficient condltlons for IV consistency are therefore either an assumption that base-period
non-manufacturing industrial composition does not predict future changes in comparative advantage
or an assumption that the industry level shocks are as-good-as random with respect to E[f)je— 1Auwt]

Our instruments can be written as:

w ~ ~
= E 77jct—1AVjt;

jES

1+g; 1
Vi *Z%tﬁmct anct 1[ — It ~ ry Vit

jES njct—l(l +g]t) ZjeS MNjct—1

ict?

jES JeSs
p— - . * .
- njctflgjcl/jt
jes
1+g,t 1

where g7, = [Zjes Tt e Bl s ﬁjctq} . As stated in the text, we are interested in the cross-city

covariance between our instruments and the error term:

ZZ anct 1AV_7t AU ZZAVﬁZTb‘t 1Au

c ¢S \jeS 1€S jeSs

ZZ Zn]ct ngcV]t Au ZZVythct ngcAu

c igS \jeSs 1§ZS jeSs c
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Thus, a sufficient condition for our instruments to be valid is that % > . ﬁjct_lAuiCit —PQas C —
as stated in the text. Note that each instrument weights this condition differently; either Ap;. or
Vjc * g;c'

While we cannot test this assumption directly, we do attempt to assess its plausibility in several
ways. Goldsmith-Pinkham et al. (2020); Borusyak et al. (2018) suggest checking whether observable
baseline city-level characteristics are correlated with the instruments as an indirect exogeneity assess-
ment. The idea is that if the Bartik-style instruments are correlated with baseline local characteristics
that might be might be correlated to the structural error term in the estimating equation, then the
consistency condition might not be met. In addition, Goldsmith-Pinkham et al. (2020); Borusyak et al.
(2018) suggest controlling for base-period observable characteristics interacted with time trends when
estimating 2SLS using the Bartik instruments. Borusyak et al. (2018), in particular, recommends an
analysis at the industry level and controlling for industry level controls. Since our specification is at
the city-industry level, we control for a full set of industry-by-year fixed effects, and specifically control
for baseline or lagged manufacturing share.

Finally, we leverage the fact that we have two instruments and perform an over-identification test as
done in Beaudry et al. (2012, 2018). As they discuss, each instrument uses a different type of variation,
but are valid under the same identification assumption. In particular, each instrument can be seen
as combining an industry-level shock with a local measure of exposure. Consistency depends on the
orthogonality of the local measure of exposure (base-period non-manufacturing composition) and the
error term. Given that each instrument weights potential violations of this assumption differently, if
our orthogonality condition is not satisfied, estimates using either V" or IV 2 should diverge. Using
this insight, performing a standard over-identification test tests whether the instruments produce
statistically different estimates. Note that this test is consistent with the theoretical framework. Each
instrument should have the same impact on wages, because they both influence the outside options
of workers in the same way regardless of whether the variation stems from shifts in industrial premia,
IVW  or because of shifts in industrial composition, IV E. Likewise, what matters for firms is the
bargained wage, so that each instrument should produce the same response on the firms’ side. Thus,
we expect that each instrument should produce similar estimates of the wage response in our structural
equation. This is discussed in more detail below.

Heterogeneity Let Z. represent an instrument, and let Z. represent the residual from regressing
Z. on industry dummies and city-employment rate (as in our main specification). Our 2SLS estimate
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of the wage coefliicent in the gravity equation is given by (ignoring the ¢ subscript for simplicity):

s Cov (ZC,AlnXiCF/RiC)

Cov (ZC, Aln wic>

_ Zc Zz ZCA ln XiCF/Ric

B Yo Z.Alnw;,

_ XX Zepribnwie DYy Z.Aug,
Yo Z.A Inw, Yo Z.AInw;e

_ Z¢‘1 . e ZC~A In w;,. N > Zi ZAuG
i 27, Zc Z A In we Zi Zc Z AN wiey

_ Z(;S . Zc Zc%zc 4 Zi Zc ZCA’U/,LCi
i " ZZ Z~C$ZC ZZ ZcAlnwict
i i Lac A2 i Luc

_ Z¢1‘1 . %Zc Zc~Zc + Zz’ ZEZCAUS:
i % YidecLele  DlidicZeAnwic

1 S Z AuG
= Z Gi1 -+ + 2id <

I did. Z.AInw;y
Yoidoe ZCAug
S, ZeAnwie:

where 37, 3" Z.Au§, —P 0 as C' — oo under the assumption that & 3" fje—1Au$, =P 0 as C' — oo.
Note that ¢ = % >, ¢1i is an average of potentially heterogeneous, industry specific effects. Thus, our
Bartik-style or shift-share IV approach estimates a weighted average of unit specific treatment effects.
As the coefficient on wages only varies across industries, our approach is analogous to estimating our
gravity equation by industry and then averaging. Thus, what we estimate is an average of an industry
specific effect. Since our regressions are weighted by the number lagged number of establishments in

each city-industry cell, this is a weighted average.

= ¢+

Over-identification The over-identification test is:
AIvW aTvEB Zz Zc IVCWA%'GC Zz Zc IVCBAUg

1 - %1 -

B Yoido. fVCWAlnwict did. fVCBAlnwm B

This condition will hold under any of the three conditions:

1. The exogeneity conditions for the instruments hold as stated in the text,

2. IV = IV or are proportional. Since both instruments are based on the base-period industrial
structure, this would occur if the national-level shocks used in each instrument were the same.
This is easily rejected in our data: the correlation between our instruments is 0.32 after taking
out year-effects, as we do in all of our estimations.

3. (1) and (2) don’t hold, but the two terms just happen to balance. We view this as an unlikely
'knifes-edge’ scenario.

G Data

This study uses two different data sources: the weakly anonymous Sample of Integrated Labour Mar-
ket Biographies (SIAB) [Years 1975 - 2010] and the Linked-Employer-Employee Data (LIAB) [cross-
sectional model 2 1993-2010 (LIAB QM2 9310)] from the Institute of Employment Research (IAB).
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Data access was on-site at the Research Data Centre (FDZ) of the German Federal Employment
Agency (BA) at the University of Michigan, the Cornell Institute for Social and Economic Research
and subsequently via remote data access.”

SIAB Data. The SIAB data is a 2% random sample of individual accounts drawn from the Inte-
grated Employment Biographies (IEB) data file assembled by the IAB. These data cover all employees
registered by the German social insurance system and subject to social security. Civil servants and
self-employed workers are not covered. The SIAB provide spell-data information on individual char-
acteristics as such as gender, year of birth, nationality or education, and document a worker’s entire
employment history, e.g. an individual’s employment status, full- or part-time status, occupational
status, occupation and daily wage. Hours of work are not included in the IEB. Earnings exceeding the
contribution assessment ceiling for social insurance are only reported up to this limit.® Administra-
tive individual data are supplemented with workplace basic information taken from the Establishment
History Panel (BHP). Establishment variables are measured on June 30 of each year and include in-
formation on location, industry, year of first and last appearance of the establishment, total number
of employees, number of full employees, number of part-time employees and median wage of the estab-
lishment. Establishment and individual data are merged using employment spells which cover June
30.

LIAB Data. The LIAB data matches the IAB Establishment Panel data with individual social
security data from the IAB on June 30 and comprises data from a representative annual establishment
survey, stratified according to establishment size, industry and federal state. The survey provides
information on establishment-level exports, employment and other performance-related measures, such
as sales. For consistency with theory, we refer to these establishments as firms in the empirical analysis.

Cities and Industries. We define cities according to Kropp & Schwengler (2011) definition of labor
markets. There are 24 cities; 19 in West Germany and 5 in East Germany.® There are 58 industries
(“Abteilungen”), of which 29 belong to the manufacturing sector, grouped according to the 1993 time-
consistent 3-digit classification of economic activities. In compliance with the FDZ guidelines, each
industry-city cell includes at least 20 workers’ observations.

Construction of the Main Variables. We use the LIAB data to construct industry-city-specific
export shares in revenues and firm-level domestic revenues. We first compute firm-level export values
using sales and the share of exports in sales, which are both available at the firm level in the LIAB
data. Firm-level domestic revenues are obtained by substracting exports from sales. The industry-city
export shares are obtained by aggregating firm revenues and exports by industry-city-year, weighting
each observation using the weights provided in the establishment survey.

The STAB data are used to construct industry-city wages, national industrial wage premia, predicted
and observed local industrial employment shares, instruments, local employment rates, demographic
controls and our proxy for local demand. These variables are then merged to the LIAB data by the
Institute of Employment research.

Adjusted wages, predicted employment shares and instruments are constructed following the pro-
cedure described in Section 3.2. To estimate log industry-city wages from the wage regression at the
worker level we first transform wages into real wages using the consumer price index, base 2005, pro-
vided by the German federal statistical office. Among the variables included in the vector of individual
characteristics, our educational variable includes the following categories: without vocational training,

7See Heining et al. (2013), Fischer et al. (2009) and Heining et al. (2014) for further data documentation.

8We drop top coded observations.

9Kropp & Schwengler (2011) correspondence table between districts, labor markets and regions can be downloaded
at http://www.iab.de/389/section.aspx/Publikation/k110222301.
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apprenticeship, high school with Abitur, high school without Abitur, polytechnic, university. The na-
tionality variable is restricted to two categories; German nationals and foreigners. In the second step
which estimates the national industrial wage premia, we weigh observations by the size of the city-
industry in the base-period so that the influence of each observation is proportional to its importance
in that year.

Finally, we proxy changes in local demand, Aln A;., in the domestic revenue equation by inter-
acting industry fixed effects with the traditional Bartik variable, constructed as a weighted sum of
national-level industrial employment growth, where the weights are past local industrial shares.

H Additional Specification Checks

In this section, we investigate additional robustness exercises to probe the validity of our Bartik-type
instruments by performing several specification checks suggested by Goldsmith-Pinkham et al. (2020).
First, we assess the correlation between our instruments and characteristics of cities in the base year.
In particular, we compute, by city, several variables aimed at capturing labor market conditions and
city-skill in the base year. We then investigate the relationship between these variables and the base-
period industrial structure. The idea is that if the instruments (through initial industry shares) are
correlated with city characteristics in the base year, then any trend or shock that is correlated to those
city characteristics could also be correlated with the instruments, therefore potentially violating the
exclusion restriction we require for our instruments to be valid.

Table H.1 contains the results of this exercise. In the first two columns, we regress the value of our
within- and between-instruments in 1996 (the first year we can calculate the instruments) on shares of
college-educated, female, and German workers and the log employment rate and size of the workforce,
average over the period 1992-1993. In these two columns, only one coefficient is statistically significant
but the variables are jointly significant.

Since our identification strategy rests on the assumption that the initial industrial structure is not
correlated with the residual in our second-stage regressions, we investigate the relationship between
the initial industrial structure and city characteristics. In column 3, we compute the first principle
component of our 58 industrial categories (i.e. the component that explains most of the variance
in industry shares) in the base year. The idea is simply to reduce the dimension of our industrial
categories into a single dimension that we can regress on our vector of city characteristics. Finally,
in columns 4 and 5 we repeat these exercises by simply splitting industries into durables and non-
durables. While the base-year characteristics are rarely individually significant, we cannot reject that
they are jointly correlated with initial industrial structure.
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Table H.1: Relationship between industry shares and city-specific characteristics

IVB. IVW, Comp. 1 Non-dur. Durables
1996 1996 1992-1993 1992-1993 1992-1993

City-specific
characteristics
in 1992-1993:

Share of college graduates 0.005 0.008 -0.194 0.771 -0.771
(0.003) (0.008) (0.134) (1.034) (1.034)
Share of females -0.004 -0.017**  -0.044 -0.347 0.347
(0.003) (0.006) (0.144) (0.784) (0.784)
Share of Germans 0.001 -0.005 -0.056 0.639 -0.639
(0.002) (0.005) (0.146) (0.643) (0.643)
Log employment rate 0.005 -0.009 0.748*** -0.571 0.571
(0.003) (0.007) (0.181) (0.889) (0.889)
Log workforce -0.0001  0.0002 -0.081 0.027 -0.027
(0.0002)  (0.0002) (0.105) (0.028) (0.028)
Observations 24 24 24 24 24
R~squared 0.618 0.519 0.909 0.450 0.450
F-stat 5.82 3.88 35.94 2.94 2.94
p-val > F-stat 0.00 0.01 0.00 0.04 0.04
Proportion 0.27

Notes: IVW,; corresponds to ), flict—1 A and IVB; to >, 04 Afjice. The term ‘Component 1’
refers to the first principal component of industry shares in 1992-1993. In column 3, the first
principal component and the city-specific characteristics are standardized to have unit standard
deviation. The term ‘Proportion’ refers to the proportion of the variance of industry shares ex-
plained by the first principal component. The term ‘Durables’ (‘Non-durables’) refers to the share
of employment in industries that produce durable (non-durable) goods in 1992-1993. Standard
errors in parentheses.
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Additional Results

Table 1.2: Trade Exposure and Other Outcomes

Population Wages
(1) (2) (3) (4) (5) (6)
EE China Both EE China Both

A Import Exposure -0.017**  -0.014**  -0.0028  -0.00091  -0.0024 -0.000060
(0.0052)  (0.0068) (0.0021) (0.0011) (0.0025) (0.00026)
A Export Exposure 0.0065**  0.0069  -0.00078 0.0012 -0.024**  0.00050
(0.0032) (0.0082) (0.0012) (0.00086) (0.0071) (0.00033)

Constant 0.14** 0.21** 0.18** 0.025** 0.20%* 0.028**
(0.046)  (0.049)  (0.047)  (0.0060)  (0.044)  (0.0049)
Observations 652 652 652 652 652 652
R? 0.413 0.390 0.446 0.951 0.442 0.952
Predicted Impact:
Mean 0.97 0.98 0.98 1.00 0.96 1.00
Med 0.98 0.98 0.98 1.00 0.97 1.00
10th pct. 0.95 0.95 0.96 1.00 0.93 1.00
90th pct. 0.99 0.99 0.99 1.01 0.98 1.01

Note: Standard errors, in parentheses, are clustered at the level of 50 larger labor markets areas.
(***), (**), and (*) denote significance at the 1%, 5% and 10% level, respectively. The Table presents
regression results of (29), estimated on different city outcome variables over 326 cities of West Ger-
many. The dependent variables are population growth (columns 1-3) and the growth of wages
(column 4-6) at the city level. A Import Exposure (IPW,;) and A Export Exposure (EPW,;)
are observed decadal changes (1988-1998 and 1998-2008) in import and export exposure, respec-

G+ East

L AMS ) . o
tively.Specifically, IPW¢, = >, %:%, where A denotes a decadal time difference, %f: is
city ¢’s share of industrial employment and E.; is city ¢ manufacturing employment. AMZ.C(’;‘J_F%‘%‘“

denotes the change in imports from the East between t and ¢ + 10. A Export Exposure (EPW,;)
is computed similarly using exports. Each specification includes a set of region-time fixed effects
and city-specific controls (the share of employment in tradable goods industries, the share of high-

skilled, foreign and female workers, as well as the percentage of routine/intensive occupations). In
E. AM_Othe'r's(—East
ic(t—10) i(

. . . _ t+10)
each column, we instrument import exposure using IVIPW. =3, Eor1o) Feti10) , where
AMS&%;"_E““ denotes changes in imports from the East to other high income countries. We

instrument export exposure in a similar way using exports. We weigh our regressions by the share
of the population in year 1978. In columns 1 and 4 (2 and 5), IPW,; and EPW,; are computed
using imports from and exports to Easter Europe (China) only. In columns 3 and 6, IPW,; and
EPW,; reflect trade exposure with both Eastern Europe and China.
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