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1 Introduction

This web-based technical appendix contains the full derivations of the expressions in the paper and additional
supplementary derivations. Sections 2-6 of the appendix correspond to Sections 2-6 of the paper. Section 7
of the appendix contains additional supplementary derivations. Subsection 7.1 derives the production tech-
nology from human capital complementarities or a managerial time constraint. Subsection 7.2 examines
the relationship between the screening ability threshold and the marginal product of labor. Subsection 7.3
contains the derivation of the Stole-Zwiebel solution to the bargaining game. Subsection 7.4 contains the
derivation of the search cost (b) from a constant returns to scale matching technology and a cost of posting

vacancies.

2 Sectoral Equilibrium
2.1 Model Setup

The real consumption index for the sector (Q) is:

Q= [/qu(j)ﬁdj} 1/57 0<pB<1, (1)

*This web-based technical appendix combines and extends results previously reported separately in Helpman, Itskhoki and
Redding (2008a, 2008b).



where j indexes varieties; J is the set of varieties within the sector; and ¢ (j) denotes output of variety j.
The price index dual to @Q is denoted by P:

B . -5
P = [/ p(J) 1—f*d.1] ,
jeJ

where p (j) denotes the price of variety j. As is well known, given this specification of sectoral demand, the

inverse CES demand curve for a firm is:
. — N—(1—
p(j) =B Plq ()" 7.
where E = P(@) denotes sectoral expenditure. Substituting for price in firm revenue we obtain:

r(j) = p()a(j) = Aq(5)”, (2)
A=E'PpP =Q'Pp

Output of each variety (y) depends on the productivity of the firm (@), the measure of workers hired (h),

and the average ability of these workers (a):
y=0h7a, 0<vy<1, (3)

where firm productivity is drawn from a Pareto distribution, Gg (6) = 1 — (01in/0)".

2.2 Problem of the Firm

Given a Pareto distribution of worker ability, Gq (a) = 1 — (amin/a)”, a firm that chooses a screening
threshold a. hires a measure h = n (amin/ a.)® of workers with average ability @ = ka, /(k —1). Therefore
the production technology (3) can be written as:
v, 1=k _ k ~k
Yy = KyfnTa; ", Ky = ——ap: (4)
k—1

Since in equilibrium all firms with the same productivity behave symmetrically, we index firms by 6 from
now onwards. Exporters choose output to supply to the domestic market (yq (6)) and the export market

(yx (0)) to equate marginal revenues in the two markets, which from (2) implies:

[ya (6) /yz ()] =777 (A" /A). (5)
Total firm output is:
Yy (0) =ya(0) + vz (6) . (6)
Together (5) and (6) imply:
ya (0) =y (0) /Y (0),  ya (0) =y (0)[Y(0)—1] /T (), (7)

where:



and I, (f) is an indicator variable that equals one if the firm exports and zero otherwise. Note that for
non-exporters we have yq(6) = y(0) and T(0) = 1, which implies that the allocation rule in (7) also holds

for non-exporters. Total firm revenue is:
r(0) =ra(0) 72 (0). (9)
Together (2), (5) and (9) imply:
ra(0) =7 (0)/Y(0), 7o (0) =7(0)[Y(0)—1]/T (),
where again this allocation rule also holds for non-exporters. Additionally, (2), (5) and (7) imply:
r(0) =ra(6) + 7. (0) =T (0) " Ay ()", (10)

Therefore the firm’s problem can be written as:

1 1-8
1 8 [A*\ 1R 8 c
= 1 =5 Yal= " — b — Zdd — F, —
m(6) znza(i( {1+/6’7 + 77T (A) A(mygn a, ) bn 5% fa—ILofs 0y
ey

where 1/(1 + 37) is the equilibrium share of revenue received by the firm as the outcome of the bargaining
game with workers, which is modelled as in Stole and Zweibel (1996a,b). We discuss the bargaining game

and derive its solution in Subsection 7.3 below.

2.3 Producer Equilibrium

The firm’s first-order conditions for the measure of workers sampled (n) and the screening ability threshold

(a.) are:
By _
T ﬂ'yr(e) = bn(0), (11)
BL—ak) &
WT(G) = Cac(a)é. (12)

Combining the two first-order conditions (11) and (12) we obtain the following relationship between n(6)
and a.(0):
(1 — vk)bn(0) = vea.(0)°.

Using the expression for () in (10), we can solve explicitly for

BA—~k) b ﬂ’yljrl“

n(0) = ¢y 03w TO)T Q
1-By 1-8

a,(0) = 0L PSSR (0) T Q- g,

where I' =1 — v — 3/ - (1 — vk) and we have introduced two constants:

1
BT 1
_ | By (kayi, _ (1=9k )3T
¢1 = |:1+g’y (ﬁ and ¢2 = T’Y




and, as in the text of the paper, T(8) = Yq = 1 for 6 € [04,60,) and Y(§) = T, = 147-8/0-5) (Q*/Q)f(ﬁ{)/(lfﬁ)
for 6 > 6,. Also we solve for

By —yk) —BO=ak) By 18 p-c,8
T 5,7 () = nl0) = g Ve TR (0) T QTR (13)
L =L

1+ ﬁvr(g) By

k
min _ (b -8, 1- A=pA=k/8)  (B=OA-— -
h(0) = n(0) (;l (9)) _ aﬁﬁn gl k/6)¢2 (k B)Ck51"ﬁb 1g/é,r ) 1-6)d 0 (=00 k/é)eau _/5)

— 1— —
7(0) + fa+ L(6)f. = Al gt

Ty E T ()T QT e F (14)

)

so that k, = ¢1¢§(1—vk)' Finally, we solve for the wage rate:

By w0 n0)  (ad®)\"
w(9>‘1+mh<9>‘bh<9>‘b< )

kL k)8 (1=By)k Q=B 1=8y=8/s A=—P)k  (B=Ok Bk
= a1 @y e T b Y (6) QT gt

Gmin

Note that we have the following relationship, which proves useful in further derivations:

w(O)h(6) = bn(6) = 1 f”mrw).

2.4 Firm-specific Variables

Now, using the zero-profit cutoff condition,

r r

m(0aq) = mr(‘g) = 577

1—~k) —BA=—vk) _ By B=¢
¢1 g( ’Y)C 5T h T

8
Q7 r ngfd:(),

we can express all firm-level variables solely as the following functions of 6/64, b and Y() reported in the
paper:

B
r(G):T(G)% rd.(%)r, rd—%f,
B
n() = (0)'F na- (£)" ng =182,
- * 1/8
ac(0) = TO) -aq- ()", aq = [HER L] (16)
- BU—k/5) B ks
h(6) = T () T2 A=k/9) . p, (9% T hg=%ls [6(1ka) fa } 7
k(1—B) 0 5 B—vk) f. 1*/?
w(®) = T(0)" 5 - wy - (7) , wd;b[ o ] ,

2.5 Sectoral Variables
2.5.1 Labor Market Tightness and Hiring Costs

Search costs (b) depend on the tightness of the labor market (z) as follows:

b= apx™, ap > 1, ar > 0. (17)

We show in Section 7.4 below that this specification of search costs can be derived from a constant returns

to scale matching technology and a cost of posting vacancies following Blanchard and Gali (2008).



Expected income in the differentiated sector is:
w = xb. (18)
Together (17) and (18) imply:

1

1 oy w TFo;

b=a, ™ wier and x = <) , (19)
Qo

and we consider parameter values for which oy > w so that 0 < z < 1.

2.5.2 Productivity Cutoffs and Demand

From (14), the zero-profit productivity is determined by:

I ) {c* BU—k) b’mAGS

1T
1—&—5'7"€7 ]

= fa. (20)
Similarly, from (14), the exporting productivity cutoff is determined by:

g [ an] " oo 1 = . =

These two conditions imply the following relationship between the productivity cutoffs:
0 B/T f
Tgﬁvr_1}<r> iy 22
[ b4 fa (22)

B
where in a symmetric equilibrium, A = A* and hence Y, = 1 4+ 77-8. Therefore the ratio of the two
productivity cutoffs in a symmetric equilibrium is pinned down by (22) alone.

The free entry condition that equates the expected value of entry to the sunk entry cost is:

/mwwmawy:ﬂ.

04

where from (14) and (20)-(21), we have:

B/T
m(0) = mq(0) + 74(0) = f4 l(;d) -1

L LG l(;;)ﬁ/r - 1] ,

where I,(0) =1 for > 6, and I,(0) = 0 for 6 < 6,. Using these relationships we can rewrite the free entry

fi /:o [(é)m - 11 aCo + fo /:o l(i)m - 1] aGy = f.. (23)

x

condition as:



2.5.3 Expenditure, Mass of Firms and the Labor Force

Given the demand shifter for sector i (A;), the price index for that sector (P;) can be determined from

consumer optimization given prices in all other sectors (P_;) and aggregate income (2):

A=A (P, P_;,Q), (24)

where the functional form of this relationship depends on the way in which the model is closed in general
equilibrium, as shown in Section 6 below.
Given the demand shifter (A4;) and price index (F;) for sector ¢, the real consumption index (Q;) also

follows from consumer optimization, which from (2) implies:
1
Qi = (Ai/P;)™7 (25)

which yields total expenditure within the sector E = PQ. The mass of firms within the sector (M) is
determined by:

Bt [ ra(0)dGe (0) + M / T (0)dGo (). (26)
04 0%

Using the expressions for equilibrium revenue from domestic sales and exports derived above (see (10) and

(13)), we can rewrite (26) as:

L1=8
S S /°°
ST S

E

(3) s

The sectoral labor force (L) can be determined from the equality between the total sectoral wage bill and

B
1 o 1— O\T
_ 1o Mfd/ 10) 7 (L) aco) + s,

F 04 ed T; ;

workers’ share of total sectoral revenue:

_ > _ By [T
wL =M 5 w () h (0) dGy(6) fMHm /o 7(0)dGe(0), (27)

Using the expressions for equilibrium revenue from domestic sales and exports derived above, we can also

Y, lfd /9 d (:d) AGo(0) + f. /9 m (99) dGy(6)

where we have evaluated the integrals in the square brackets using the Pareto distribution and applied the

rewrite (27) as:

= Z’YfeMv

free entry condition (23). This condition implies that L/M is constant in any equilibrium and L and M are
equivalent measures of the size of the differentiated sector. Finally, observe that in a symmetric case the
expression for E above can be considerably simplified and becomes identical to the expression for L above
up to a factor of Bv/(1+ B7).

2.6 Symmetric Countries Closed Form Solutions

In this section, we characterize sectoral equilibrium for the case of symmetric countries, where a number

of the expressions above simplify further. Evaluating the integrals in the free entry condition (23) using a



Pareto productivity distribution, we obtain:

ﬂ Omin : fx B4 : _
() (i) L (@) )=

Using (22), we can rewrite this as

ﬁ Qmin ?
<ZF—ﬁ> fd( b )

Note that these two expressions do not themselves rely on symmetry. Under the assumption of a symmetric

=L 2T/
()T [ ] - @9

equilibrium, A = A*, and hence we have T, = 1 4+ 7-8/(0=8)_ Therefore, in a symmetric equilibrium, (28)
defines 64, and after solving for 64, 6, can be obtained from (22).

Using (22) and (28), we can now derive the conditions on the parameters that ensure 6, > 604 > 6
in a symmetric equilibrium. Note that the square bracket in (28) is always greater than 1. Therefore, it is
enough to require that

r-p

fd > erT

to ensure that 85 > 0, in any symmetric equilibrium. Therefore a high enough f; ensures 8; > 6,;n in
a symmetric equilibrium. Next note from (22) that since [T(zl_ﬁ 1| < 1, it is enough to require that
fz > fa to ensure 6, > 0, in any symmetric equilibrium. Therefore a high enough f, ensures 6, > 6, in
a symmetric equilibrium. Note that the same condition applies in Melitz (2003). Numerical simulations
suggest that a much weaker condition is generally sufficient in this model.

Once we have established the equilibrium value of 64, we can determine the equilibrium demand shifter
A from the domestic productivity cutoff condition (20):

Ao (1 + By fd>r POA=1R)/5pPrg—B, (29)
Kl
Note that b and ¢ do not affect 8, in the symmetric equilibrium. However, these parameters do affect the
demand shifter A. In contrast, trade costs do not alter the relationship between A and 84 in (29), but higher
trade costs do reduce 64 and hence increase A (see (28)).

Finally, knowing A and following the steps outlined in Section 2.5.3, we can solve for sectoral price index
P, real consumption index ) and expenditure ¥ = P(). Then the mass of firm entrants M and the measure

of workers searching for a job in the differentiated sector L should satisfy:

By
1+ By

E=L=zyf.M.

This completes the solutions for the case of symmetric countries.



3 Sectoral Wage Inequality

3.1 Wage Distribution among Workers in Exporting and Non-exporting Firms

The share of workers employed by firms that serve only the domestic market is from (16) and the Pareto
productivity distribution:
57 1 (6) 4Gy (0 1 - ot

Sha=1- "2 = Pv— ) (30)
f(’d h(9)dGy (6) 14 po- BO—k/5) [T(ﬁﬂrk/a) B 1}

x

where p = 04/0,.. To compute the distribution of wages across workers employed by non-exporting firms,
note that the fraction of workers receiving a particular wage w(f) € [wd,wd/ pPk/ 5F] is proportional to
h(0)dGe(6). In other words, we have:

M faew,m) h(O)AGe(0) S0y P(O)AG(0) .
Cualw) ==y J2 h(0)dGy (0) - J2= h(0)dGy (0) for we [wwa/o™ "]

where 6., q(-) is the inverse of w(-) and equal to 8, q(w) = 04 (w/wd)ar/(ﬁk). Finally, for w < wq, Gy a(w) =
0, and for w > wq/p*/°" G\, 4(w) = 1. Using the Pareto productivity distribution, the distribution of

wages across workers employed by domestic firms is the following truncated Pareto distribution:

_B(A=Kk/3)

1- (9 i )z F 1 — (wa)lti/e
w, (w) w
Guy,a(w) = : T = ( ) for we [wd,wd/p

B(1—K/3) ?
1_(@)Z*f 1—p*~7 1
0

where p = Bk/[6(2T — B)].
The distribution of wages across workers employed by exporters can be computed in the same way:

Bk /ST
b

- Mfeew,z(w)h( )dGe(a) B f;j,m(w) h(@)dGo(Q) 5k/6T
Coal) = N T =hmacee) o heaGae) S {wdr i °O>’

)6F/(ﬁk)T’“<§;m
xr

where 0, x( ) is the inverse of w(-) and equal to 8, ,(w) = 64 (w/wd /pPk/9  Finally, for

w < wdT / pPk/oT Gu.»(w) = 0. Using the Pareto productivity distribution, the distribution of wages

across workers employed by exporters is the following untruncated Pareto distribution:

Gualw)=1- (ewefw)z

Combining Sp g, Gu,d(-) and Gy, (-) together we obtain the unconditional wage distribution among

B(A—k/&)
T k(1-p)

_ 1+1/p
=1- (IZJdTI T péﬂ;> , for we |wgYs T /pﬁk/‘;F oo> .

workers employed in the differentiated sector, G,,(w), as defined in the paper:

Bk
Sh,dGuw,a (W) for wa<w < wy/pT,
Ie _ B8k k(1—8) Bk 31
w (W) = Sh.d for wg/pT <w <w, Y, T /peT (31)
k(l [i)
Sha+ (1= Shq)Gue (W) for w>wyY, /p3T,



3.2 Proof of Proposition 1

Consider the closed economy wage distribution:

for w > wy.

)

wg\ 1H+1/k
Giw =1- ()
It is a Pareto distribution with a shape parameter (14 1/u) > 2 and lower bound wy defined in (16). We
now show that with a Pareto distribution a large class of inequality measures depends only on the shape
parameter and not on the lower bound of the distribution.

(i) With this distribution, the mean and variance of wages are given by:
1
0 = (14 p)wq and V(w) = #uzwﬁ.
—H

Recall that we require g € (0,1) so that the variance of the wage distribution is finite. Therefore, the

coefficient of variation is given by:
Ve (w
cya = YV w __ »
we 1— /’L2

Clearly, p is a sufficient statistic for the coefficient variation.

(ii) We now characterize the Lorenz Curve for the sectoral wage distribution. In order to do so, we
compute the share in sectoral employment and the share in the sectoral wage bill of firms with productivity
below 6’

_ Mfei h(0)dGy(0) B 9, PA-k/O)/T
0= M [, h(0)dGy(6) 1= (9’) :

_ Mfee(; w(0)h(0)dGe(0) 9,\* 8/
)= M [° w(0)h(0)dGe(0) 1= <9) ;

where we have used the solution for firm-level variables (16) and the Pareto productivity distribution. From

these expressions we can solve for the wage share s,, as a function of the employment share sj:

_ Bk

sw = L) = 1= (1=a) VO, =

ShySw € [0, 1]. (32)
This relationship represents the Lorenz Curve, because workers’ wages are increasing in firm productivity
and hence this procedure ranks workers by their wages. Note that u is the only parameter which determines
the position of the Lorenz Curve. A higher y makes the Lorenz Curve more convex which implies greater
wage inequality.

(iii) The Gini Coefficient is determined uniquely by the shape of the Lorenz Curve and, therefore, y is
also a sufficient statistic for the Gini Coefficient. Specifically, the Gini Coefficient is defined as:

1
m
ga,ElfQ/ L%(sp)dsp, = —.
b ; (sh) 5

(iv) The Theil Index of wage inequality is defined as:

- [ () aciw)

a
wy W w



where the properties of the Theil Index are discussed in Bourguignon (1979). Using the autarky wage

distribution, we can compute this integral to obtain:
Ty = p—In(1+ p).

Note that p is a sufficient statistic for the Theil Index, which is decreasing in p and equals to zero when
n=0.
Note that all discussed measures of inequality depend on the parameters of the model only through their

effect on p; all measures of inequality are increasing in p. This completes the proof of Proposition 1.

3.3 Proof of Proposition 2

From Proposition 1 we know that p is a sufficient statistic for sectoral wage inequality in the closed economy.

Recall that
__ Bk
= SGer—a)

r=1-3 _ga_ym.

Evidently, 0u/0z < 0. The effect of k is more subtle as it increases both the numerator and denominator in

the expression for u. Taking the derivative with respect to k& and rearranging we obtain:
. ol _ . o -1 -1 -1
signq = 0 = slgn{l — z’yu} = mgn{ﬂ —y—46 -z }
This finishes the proof of Proposition 2.

3.4 Proof of Proposition 3

We first prove the second part of the proposition. The two limiting cases for the open economy wage
distribution (31) are (1) autarky (as p = 04/6, — 0 and no firms export) and (2) when all firms export
(p — 1). In the first case, the wage distribution G¢% (w) is an untruncated Pareto with shape parameter
(14 1/p) and lower bound wy. In the second case, the wage distribution is again an untruncated Pareto

with shape parameter (1 + 1/u), but now with a higher lower bound given by waYEA=A/(D)

However,
from Proposition 1, a broad class of inequality measures depend only on the shape parameter of the Pareto
distribution and do not depend on its lower bound. Therefore, wage inequality is the same in autarky and
when all firms export.

Now consider the first part of the proposition. Define the following notation:

A=B)(A=k/5) 1-8
T

n="s -1, Ny ="T," —1,
_ B(A=k/9)
F b

Iy

Y =z Vo =2—F.
Using this notation, the lowest wage paid by exporters and the highest wage paid by domestic firms can be

written as:
1+ b

1+m

2—U1

w(ty) = w(o;) and  w(0;) = wap”

10



Similarly, using this notation, the actual wage distribution (31) can be written as:

W [1— (wq/w) /1], wg < w < w(b),
Gu(w) = q (1 =p") /(L +np"), w(by) < w < w(by), (33)
1-p"1 14n,)p"t 1+1/p
e G [1 = (we)/w) T, w > wed)
and the mean of this distribution can be written as
_ 1+ 190"
w=(1+pwg——""—.
(1+n) d1 7 1o
The counterfactual wage distribution is defined as:
G (w) =1 — (wy/w)' T w > W, (34)

where, in order for the mean of the counterfactual distribution to equal w, its lower limit must satisfy:

ws = 1 + 772,0192 wy
SR
Therefore we can establish the following result:
: 1 V2
wyg > wq since Lﬂ)ﬁ>l for 0<p<1,
L+np™

as0<n <ny<landl<z/2<¥ < <z Similarly, we can establish:

1 U2 1 1 02
wi<w®) since AP LN g (LEm)e"
Ltmp®14m (L+m,)p"
with the inequality being satisfied since:

17p192
Lmyp?  (L4ma)p” +(1—=p")  (L4n)p” 1@y  (1+n,)p"

Lbmp (Lbm)p? + (1 =p7)  (Ln)p™ 14 et (L m)p™

as p”t < p”2 < 1 and (14 1n,) > (1 +n,). Note that in general we can have either w§ > w () or
wy < w (9; ), but the same arguments apply in each case.

We can also show that the slope of the counterfactual wage distribution is smaller than the slope of the
actual wage distribution at w (6}): gu (w(6))) > g5 (w(6])). Since the truncations of G, (w) and GS (w)
at w(f)) are both Pareto with shape parameter (1 + 1/u), we can show that g, (w(6})) > g¢ (w(67)) by
establishing that 1 — Gy, (w(6})) > 1 — GS, (w(6;)). From (33) and (34), this implies:

o 1-pn ( w§ )HW - (1+771)p191><1+772p1921+m>“§11’? 9
L4 np? w(0)) L+np" L+m0%0 1+,

0 9
o ¢(p)5(1ﬂ71p191>2_<1—|—772p’92)1>0
L+m L+, .

11



To show that ¢ (p) > 0 for all p € [0,1), note that:

B 1\ 1\
00= () ~(i50) >°

as 1, < 1y and Y1 > ¥2. Note also that ¢(1) =1 — 1 = 0. Consider now the derivative of ¢(p) for p € (0, 1]:

/ _ M2
¢'(p) = P

192 791
14 7,p"t mp”t (14 mep” 120"
L+m 1+np" 1+, 1+ n,p

Note that
192 191

2P > P
L+mgp”> = L+ myp7”

since 17, < 1y and p”t < p”2. As a result, whenever ¢(p) < 0, we also necessarily have ¢'(p) < 0. Therefore,
if there exists p’ such that ¢(p’) = 0, then ¢(p) < 0 for all p > p’. But since ¢(1) = 0, this implies that
@(p) > 0 for all p € (0,1).

We now establish that G, (w) second-order stochastically dominates G, (w) for p € (0,1). Using the
fact that the truncations of Gy, (w) and G (w) at w(@;) are both Pareto with shape parameter (1 4 1/pu),
and the result above that g,, (w(6})) > g5 (w(07)), we know that this inequality holds for all w > w(6}).
We have two cases:

Low(8;) <ws < w@):
>0, wg <w<w(b),
=0, w(d,)<w<ws,
<0, wS<w<w(d),
>0, w>w(l).

guw(w) — g5, (w) =

2. wh <w(by):
>0, wg<w<wg,
. <0, wi<w<w,),
gulw) — go(w) =4 =0 Vi = b
<0, w(,)<w<w)),

>0, w>wdl).

Importantly, g, (w) — g, (w) takes either only positive or only negative values in the range [wfi, w(Q;)),
since for this range
guw(w) — gy, (w) = (C = C°) w_(2+1/u)7

where C and C° are positive constants.

Note that in both cases the above characterization of g, (w) — g¢ (w) implies that this difference of density
functions is positive for low values of w, negative for intermediate values of w, and again positive for larger
values of w. This immediately implies that the cumulative distribution functions intersect only once in the
range where the difference of density functions is negative (see Figure 2 in the text), which is a sufficient
condition to establish that indeed G¢ (w) second-order stochastically dominates G, (w) (see, for example,
Mas-Colell, Whinston and Green 1995, p.195).

Therefore, for all measures of inequality that respect second-order stochastic dominance, wage inequality

in the open economy when some but not all firms export is strictly greater than in the closed economy. This

12



finishes the proof of Proposition 3.

4 Sectoral Unemployment

The sectoral unemployment rate is given by

L—-H HN
= =1—-—=—=1-o0z,

L N L

u

where 0 = H/N is the hiring rate and = N/L is labor market tightness. From (19), labor market tightness
is given by = = (w/ao) L/QFen),

We now derive the expression for the sectoral hiring rate:

B(A—k/S) B—k/3)

oo ‘9‘1: r o0 T
M [ h(0)dGy(0)  ha Jo, (% dGo (0) + ha [, (gi) dGo (9)
g = =
M [7° n(0)dGy(6 0, B/T o B/T ’
Jo, n(0)dG(6) nafyr (&) dGo (@) +na [;7 (&) dGo (0)
(A-p)(A=k/&) B(1—k/s) 1-8 B8 )
where h, =Y, T (0:/00) T hg,ng =TzT (0:/04)T ng and we have used the solution for firm-

specific variables (16). Evaluating the integrals using the Pareto productivity distribution yields

o=0"- (P(pv TI)7

where
1 r ca®. 1"°
o_a = min
1+M[ﬁ(1—’7k) Ja }
is the autarky hiring rate and
14 (=2 p#—B(1=k/8)/T
’ 1+ myp"
(p,Te) = =
<p ) x (lfﬁ) 1 + n2p192 )

1+ {Tw T _ 1} p?—B/T

where the last equality uses the notation introduced in Section 3.4 of this appendix. Note that ¢(0,Y,) =1
and ¢(p,T;) < 1for 0 < p <1 since n; < 1, and ¥; > J. Therefore, the hiring rate is lower in any open
economy equilibrium than in autarky.

Opening up to trade does not affect sectoral labor market tightness x directly, but does affect it indirectly
through w. In case when w is invariant to trade, sectoral unemployment is affected by trade only through
hiring rate. As a result, in this case sectoral unemployment is strictly higher in any open economy equilibrium
than in autarky. This constitutes a proof of Proposition 5.

Finally, we look at the determinants of the hiring rate and sectoral unemployment in the autarky equi-
librium. From the expression for u, x and ¢¢, it is evident that holding w constant ¢, z and k affect the
unemployment rate only through their effects on the hiring rate o, while aq affects the unemployment rate
only through its effect on labor market tightness x. Specifically, oy decreases = and increases u; z and c
increase 0® and decrease u; the effect of k£ on o and hence u is ambiguous. This constitutes a proof of

Proposition 4.
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5 Sectoral Income Inequality

First, consider the Lorenz Curve for the sectoral income distribution. When the Lorenz Curve for the wage
distribution is given by s, = L (sr) and the unemployment rate is u, the Lorenz Curve for the income

distribution can be written as:

Oa OSSESU7
£, (422), w<s<t

s, =L,(s¢) = {

and from (32) L, (s) = 1 — (1 — s)/0+#) We can now compute the Gini Coefficient of sectoral income

inequality:

1 1
QL:1—2/ EL(Sg)d54:u+(1—u)gw:u—l—(l—u){1_12 /[,w(sé_;)dsg].
0 u

—Uu

Substitution of variables sj, = (s, —u)/(1 — u) results in
G =u+(1—u)Gy,

where G, is the Gini Coefficient of sectoral wage inequality as stated in the text of the paper. This is the
expression we state in the text. Therefore, sectoral income inequality as measured by the Gini coefficient is
increasing in the sectoral unemployment rate and sectoral wage inequality.

Now consider the Theil Index of sectoral income inequality. The general definition of the Theil index is
T, = /?m TG (w),
w w

where w is a measure of income distributed according to the cumulative distribution function G (w) and
@ is the mean of this measure. Note that wlnw = 0 at @ = 0. Then for the sectoral income distribution
we have G,(¢) = u for ¢ € [0,wq) and G,(t) = u+ (1 —u)G,,(¢) for ¢ > wy, where G, (w) is the sectoral wage
distribution. The mean of the sectoral income distribution is 7 = (1 —w)w +u -0 = (1 — u)w, where @ is the

mean of the sectoral wage distribution. We can now compute the Theil Index of sectoral income inequality:

Touwot-u) [ Lnac,w) = L0 [T L] acy(w)

U

SIS

Wq L

Since 7/w = (1 — u), we can rewrite this as:
7, =Ty — In(1 — u),

where 7, is the Theil Index of sectoral wage inequality as stated in the text of the paper. The same expres-
sion can be derived using the decomposition of the Theil Index into within and between-group components,
as studied in Bourguignon (1979) and applied to this setting in Helpman, Itskhoki and Redding (2008a,b).
Finally, note that sectoral income inequality as measured by Theil Index is increasing in the sectoral un-
employment rate and sectoral wage inequality, consistent with the results for the Gini Coefficient above.

Combining these results with the Propositions in Sections 3 and 4 we arrive at Propositions 6 and 7.
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6 General Equilibrium

6.1 Outside Sector and Risk Neutrality

As noted in the paper, the Harris-Todaro condition that equates ex ante expected indirect utility in the two

sectors takes the following form:

\% = > =7 or n=0, (35)

1 (g)lfn:Eiw 1

which, given the probability of matching 2 and the expected wage conditional on matching of w(0)h(0)/n(8) =
b, implies:

zb=w=1.

From this expression, a sufficient condition for ap > w, and hence 0 < x < 1 in (19), is o > 1.
Ez post indirect utility depends on the aggregate price index (P) and ez post wages, which depend on a

worker’s sector and firm of employment:

1/P if employed in the outside sector
V=< w(d)/P if employed by a 6-firm in the differentiated sector (36)
0 if unemployed

where P is the dual of the aggregate consumption index (C):

_1=¢
3

P = [19+(1—19)P%} , (37)

and depends on the differentiated sector price index (P), which can be determined from the expression for
the demand-shifter (A) with CES preferences:

L (-9 PTG

AT = — (38)
9+ (1—9) Pr<

where we have used Q = L. From the solutions for firm-specific variables (16), ex post wages in the

differentiated sector in the closed and open economies are:

8k

or
w*(0) = wq (i) for 8 > 09,
04
ok
0 \°r t pt
)4 (%) ) for 0 € [0, 0%) |

EA=8) 5T
T wa(ge)" foro >0
d

where the superscripts a and ¢ denote closed and open economy variables respectively.

To characterize the impact of the opening of trade on ex post wages at domestic and exporting firms,
note that w(0) < w®(#) for 6 € [0%,6%) because 8%, > 0%. Note also that w'(6) > w*(#) for 6 > 0", whenever
TP > (92 / GZ)ﬁ. To show that this inequality must be satisfied, note that the free entry conditions in the
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closed and open economy (28) together imply:

93 z_ fd zrﬁ_ﬁ ¥ zI'/3
@) =) " [

We can rewrite this condition as:

ot ? 1-8 = fa -1 ﬂ%
(#) == () <[]
d T

where the above inequality holds because T, > 1, zI' > § and f;/f, < 1. This immediately implies
(03/05)" < 1377

Proposition 8 can be proved as follows. The Harris-Todaro condition under risk neutrality implies b =

w = 1, which together with the search technology (17) implies that search costs and labor market tightness

V(4an) 4 g — g /e

are invariant to trade: b = « . From the free entry condition (28), 64 is higher
in the open economy than in the closed economy. From the zero-profit productivity cutoff condition (20),
a higher value of 6; and an unchanged value of b implies a lower value of A in the open economy than in
the closed economy. From (38) above, a lower value of A implies a lower value of P in the open economy
than in the closed economy. From (37), this reduction in P in turn implies a lower value of P and higher
ex ante expected welfare (35) in the open economy than in the closed economy, which establishes part (i) of
the proposition. Parts (ii)-(iii) of the proposition follow immediately from the lower value of P in the open
economy than in the closed economy, the changes in ex post wages and welfare (established in (36 ) above),
and the analysis of unemployment in Section 4 (noting that in this general equilibrium environment w is

invariant to trade).

6.2 Single Differentiated Sector and Risk Neutrality

The conditions for sectoral equilibrium remain the same as in (17)-(27). With a single differentiated sector,

the expression for the demand shifter in (24) becomes:
A=Q"PP=qQ"", (39)

where we have used the choice of numeraire: P = 1. Therefore, total revenues are £ = Q.

The solutions for (64, 0,) under the assumption of country symmetry follow from (28) and (22), as
discussed above. Using symmetric countries, the equilibrium labor force (27) and labor market clearing
(L = L), we obtain:

I6; _
1 +r/y6’ny = Lw.
Using the search technology (17), expected worker income (18) and the zero-profit cutoff condition (20), we
obtain: -
0= (fd 1 +ﬂv) T SR QI g,
K. I

These equations define two upward-sloping relationships in (@), w) space that determine the equilibrium

values of  and w. One can show that a necessary and sufficient condition for the stability of the equilibrium
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is:
By
1-014+m

which is satisfied for sufficiently large oy (sufficiently convex hiring costs) and sufficiently large 8 (a suffi-

> 1, (40)

ciently high elasticity of substitution between varieties). As 0 < ay/ (1 + a1) < 1, a necessary condition for

this parameter restriction to hold is:

[l
s,
1-5
which is satisfied for values of 8 sufficiently close to but less than 1. Assuming parameter values satisfying
these inequalities, the conditions for sectoral equilibrium in (17)-(27) (where (39) replaces (24)) can be solved

to yield the following solutions for the other endogenous variables of the model:

8 B(l—~k)(14ay) —BAton) 8 (I4ay)
Q _ Q* _ 1+ /B’Ya(l_[j)A CWQ (1-8)A Lf(ljwﬁ A (41)
By P ! v
18 p—yk)(1tay _B0ten d+aq)
w = w'= ao(lfmﬁ CW% a=ma Li( +Aal) Ry 4 5
1 pl—gk)ay P o) a1
o * _ AN SOA-5 A A=-8A T —X A
b = b—aoc‘5<15>A9d LAlib,
8
(@51 soomy — 8, 1
r = =« A ci-maf T-MB[—x &
= = 0 d b
_ —Z B B(1—~k)(14a;) L BOAta1) 8 (+ay)
M = M= (ZP ﬂ) ?DE*H M A
z ap”y
where
_ (1-80+a1)—Bya
A = <0,
(1-5)
r
_ By [fa(@+By)]T7
Rp = — > O
(I4+p67) Lk T

From the above, a sufficient condition for ap > w, and hence 0 < x < 1 in (19), is:

(A4a)[(1=B)=B7] BU—yk)(14ay) —BAta) .y (+tar)
aél+a1)(1*5)*a1ﬂw > Cwed (1-pAa L*Tlnb A

Finally, under the assumption of risk neutrality, expected indirect utility is:

w

V:E(P

):w for n = 0. (42)
The proof of Proposition 9 follows immediately from the closed form solutions for (64, 0,) in (28) and (22)
and from the closed form solutions for (Q, w, b, x, M, V) in (41) and (42).

6.3 Outside Sector and Risk Aversion

We first show how the introduction of worker risk aversion affects the equilibrium share of revenue received
by workers in the bargaining game. Specifically, with CRRA-CES preferences, the solution to the bargaining
game under risk aversion takes a similar form as when there are differences in bargaining weight between
the firm and its workers. Given workers’ revenue share, we next show that the determination of sectoral

equilibrium remains unchanged except for the Harris-Todaro condition equating expected utility in the two
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sectors.

6.3.1 Stole and Zweibel Bargaining

The bargaining game takes the same form as discussed in the paper for risk neutrality, except that workers
are assumed to be risk averse (0 < 1 < 1), and instead of assuming equal bargaining weights we allow
for differences in bargaining weight between the firm and its workers. The bargaining power of workers is
denoted by A € (0,1) and their outside option of unemployment involves zero income.

We start with the case of a discrete number of workers h and then take the limit of continuous divisibility
of the workforce. Denote by R(h) the revenue function when a firm employs h workers and denote by w(h)
the equilibrium wage schedule that the firm pays to each worker when the employment level is h. Now
consider that the firm is separated with § > 0 workers (the special case is § = 1 and we will later take the
limit § — 0). This will reduce revenue to R(h — §) and the wage rate to w(h — 9).

Now consider the firm’s bargaining with the marginal § workers when employment is h. Denote by ¢ the
wage that the firm pays to these § workers, while other workers receive w(h). The utility of these marginal
workers is 177 /(1—mn). If the bargaining breaks down and they leave, the revenues will fall by R(h)—R(h—4)
and the firm will be paying the remaining h — § workers the wage rate w(h — §). Therefore, the incremental

payoff to the firm from employing these marginal § workers is:
[R(h) — R(h — 5)] — (h—9) [w(h) —w(h — 5)] — ot.

Assuming zero outside option for workers, the payoff from employment to each of the marginal workers is

equal to t'=7/(1 — n). Therefore, we can write Stole and Zweibel Bargaining solution as:
L=d N
() = argmax ([R(h) — R(h—8)] = (h — 8)[w(h) — w(h — 5)] — 5t) (ﬂt ")

The equilibrium requirement is that ¢(h) = w(h). That is, for every employment level h, as a result of
bargaining with marginal workers the firm pays them accordingly to the equilibrium wage schedule.

Denote by

1o
°= 1)

the effective relative bargaining weight of the firm. Then we can implicitly write the bargaining solution,

taking into account the equilibrium requirement, as:
(1+@)dw(h) = [R(h) — R(h —6)] — (h— 8)[w(h) — w(h — 5)].

This holds for every h > 0. We now take the limit as § — 0 to obtain the differential equation for the wage

schedule:

1 h
(o) = R /(b = wl) = 5 [ R

This is the generalized Stole and Zweibel (1996a,b) condition for the case of asymmetric bargaining weights.
Therefore risk aversion is equivalent to an adjustment in the bargaining weights (greater risk aversion of

workers reduces their bargaining weight). When revenue is a power function of employment with power vy
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(R(h) = ARP7), the solution to this differential equation is given by:

wh) = -2 LWy

¢o+pBy h
Note that the wage rate is again a constant fraction of average revenues. The fraction of revenues accruing
to workers is increasing in vy (decreasing in the concavity of revenues) and decreasing in ¢ (the relative
effective bargaining power of the firm). In turn, ¢ is decreasing in A\ (the primitive bargaining power of
workers) and increasing in 7 (the degree of risk aversion of workers). The case of symmetric bargaining
weights and no risk aversion is a special case of this more general formulation. Specifically, when A =1 and

n =0, we have ¢ = 1 and arrive at our baseline formulation in the paper.

6.3.2 Sectoral Equilibrium

After taking into account the change in workers’ revenue share, the only equilibrium condition that changes
when risk aversion is introduced is the Harris-Todaro condition of worker indifference between searching for
employment in the two sectors. Specifically, this condition now equates the utility from a certain income of
one in the homogenous sector with the expected utility from being hired and receiving a wage drawn from

the equilibrium wage distribution in the differentiated sector:

roBw!' ™" = xa/ w'™dG, (w) = 1. (43)

wq

Evaluating the integral using the open economy wage distribution (31), this condition becomes:

— A-B)A—=nk/s)
1 + pz G Fyk/é) |:TI r — 1:|
1 H wl i

d o (1=B)(1—k/8)
1+ pn 14 po- BU—k/5) [Tl- T _ 1}

2oEw'™" = zo =1

Recall that the open economy hiring rate can be expressed as:

x

N L L

B 11
7= ) l+u ¢,
14+ Yz T —1|p=H/T w
where
T cal . k[0
st = { mln:|
B —~k) fa

In addition, the lowest wage in the differentiated sector can be written as wy = b¢,,. Therefore, we can

rewrite the Harris-Todaro condition in the form given in the paper:

bz
A(p, Te) PN L, (44)
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where
1+ p?

_B(-—nk/s) A-p)A-nk/s)
s [t

Ap,Y,) =

a-p)
1+ p*~ 1 [Tx - 1}

Evidently, we have A (0,T,;) =1and 0 < A(p,T;) <1lfor 0 < p<1.

Using the Harris-Todaro condition (44) and the hiring cost function (17), we obtain the following expres-

x( (1+un)¢l)>w")”’ (45)

sions for (z, b):

ag "A(p, Ty
@]
ratar (1 pm) ¢\ Fama
h = qira—mer ( w . 4
T (Rt (46)

Expected worker income is therefore:

14aq
n__ 14 l“7) @1\ THA=meq
=gb=q M (7w ) 4
w=1b=a, ( A To) (47)

A sufficient condition for 0 < z < 1 is now given by:

1—-n (1+/”])¢Z
T TR,

The proof of Proposition 10 follows from the above. In the closed economy p = 0 and therefore A(0, T,) = 1.
Opening economy to trade leads to p = 64/6, > 0 and therefore A(p,Y,) < 1. Consequently, equations
(45)-(47) imply that x, b and w are higher in the open economy than in autarky.

7 Supplementary Derivations

7.1 Derivation of the Production Technology

We assume the following production function:

1 1—v h
y=0n"a=0 (h> /0 a;di, (48)

where i € [0,h] indexes the workers employed by the firm. One way to think about this technology is
the following: A manager with productivity 6 has one unit of time which he allocates equally among his
employees. Thus, the manager allocates 1/h of his time to each worker and, as a result, a worker with
match-specific ability a can contribute #(1/h)!~7a to the total output of the firm, where (1 — v) measures
the importance of the managerial time input. Aggregating across workers yields the assumed production
function. We further assume, following a large literature on moral hazard in teams, that the contributions
of individual workers to total output are unobservable as production is done in teams and the production
process is non—separable. As a result, the match-specific ability of workers cannot be deduced from observing
output. This justifies the assumption that the manager splits his time equally among the workers since they
all appear homogeneous because of the unobservable and non—verifiable nature of their match-specific ability.

Alternatively, an equal managerial time allocation among workers can be rationalized by assuming that the
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productivity of each worker depends on average worker ability as a result of human capital externalities

across workers within firms.}

7.2 Marginal Product of Labor

Given the production technology (48), the marginal product of a worker with match-specific ability a is:?

MP(a) = MP(a|a,h;0) = 0h~ " [a — (1 — y)a].

Let match-specific ability in the pool of candidate employees be distributed according to cumulative distri-
bution function G,(a). Then, if the firm only hires workers with ability above a., the mean ability of its

workers is

_ 1 >
a(ac) = %/a adGg(a).

c

The marginal product of the threshold—ability worker is thus
MP(a.) = 0h~ " a. — (1 - y)ala.)],

which is negative whenever (1 — «v)a(a.) > a.. Since a(a.) > a. for any non-degenerate distribution,
MP(a.) < 0 can be guaranteed by choosing v small enough.
Specifically, consider the case of Pareto—distributed ability as we assume in the paper. In this case
a(ac) = ka./(k — 1) and the marginal product is
11—~k
MP(G,C) = —Hh_(l_ﬂ/)kifya

Cy

which is negative whenever vk < 1. Recall that this is the same parameter restriction which ensures that
output is increasing in the cutoff ability. It also guarantees that the workers not hired by the firm have
negative marginal product. The firm will not want to retain these workers even at a zero wage, because the
resulting reduction in output from lower average worker ability would dominate the increase in output from
a greater measure of hired workers.
Note further that given vk < 1 the firm hires some workers with ability in the range [a., @), where

. __(1-k

a:(l—’y)a:(k?ac>ac,
and these workers have a negative marginal product. The firm would prefer not to hire these workers, but

costly search and screening make it optimal to hire all workers with match-specific ability above a.. Finally,

1For empirical evidence on human capital externalities within plants, see for example Moretti (2004). See also related work
on O-ring production technologies following Kremer (1993).
2To define the marginal product rewrite the production function as

o o7=A=7) ,n
y:@{/ di] / a;di.
0 0
Then the marginal product of adding worker h with productivity ay, is
d
MP, = d% =0~ a, — (1 —)a].

Note that the production function does not depend on the ordering of workers and hence the marginal product depends only
on the ability of the worker in the sense that M P, = M P(ap) = M P(ay|a, h; 6).
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note that the average marginal product of workers employed by a firm with productivity € is always positive:

MP(0) = ~0h(0)~*a(a.(0)) > 0.

7.3 Division of Revenue in the Bargaining Game

In our model, the firm and workers bargain about the division of revenues, as the outside option of workers
is normalized to zero. As in Stole and Zweibel (1996a,b), the firm bargains with every worker taking into
account the effect of his departure on the bargaining game with remaining workers. All the firm’s other
decisions — sampling, screening, production, exporting — are sunk by the bargaining stage. Therefore, from
(10) and (3), revenues 7(f,h) is a continuous, increasing and concave function of employment h, and all
other arguments of firm revenue (0, a (6), T (6), A) are fixed. Let w (0, h) be the bargained wage rate that
a f-firm pays as a function of the measure of workers hired h. This function has to satisfy the differential
equation:

E% [r(0,h) —w(6,h)h] =w(6,h) (49)
so that the surplus of worker from employment (the wage rate) is equal to the marginal surplus of the firm
from employing the worker.® Using the assumed functional forms for revenues this differential equation

yields the solution
By r(6,h)
1+8y h

so that each workers gets a fraction (Bv/(1 + (7) of average revenues and the firm gets the remaining

w (0, h) =

1/(1 + B~) share of revenues. The worker’s share of surplus is increasing in (7, where [ captures the
concavity of demand and 7 captures the concavity of the production technology. Therefore, the worker’s
share of surplus is decreasing in the concavity of the revenue function in h, because a more concave revenue

function implies a smaller effect of the departure of any given worker on firm revenue.

7.4 Derivation of the Search Cost (b)

Following Blanchard and Gali (2008), search costs (17) can be derived from a constant returns to scale
matching technology and a cost of posting vacancies. Suppose there is a cost of posting a vacancy of 1
units of the numeraire. Suppose also that the measure of matched workers is a Cobb-Douglas function of

vacancies and workers searching for employment:
N =, VV2 [17¥2 ¥y >0, 0<y <l
Given this search technology, a firm choosing to match with n workers has to post v > n vacancies:

v = d,l*l/%x(l*wz)/%n’ z = N/L.

3Since individual abilities are unobservable, the expressions on both sides of (49) are evaluated holding @ = a(#) constant
for all h. Indeed, when a marginal worker departs, the productivity of the remaining workers is still @ in expectation. The firm
evaluates the expected loss from the departure of a worker as:

or  Or 0a

ar + a- a1 )

oh ~ 0a Oh
where 0a/0h equals zero in expectation and hence there remains only the direct effect of h on revenues. As a result, the
bargaining solution in this environment with symmetric uncertainty is the same as if all workers had a productivity of a.

22



Given the cost of posting each vacancy, a firm choosing to match with n workers incurs a search cost of:

1=

()

b— aga®, aoz(z/)o)’ o)

1/}1/%
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