ONLINE APPENDIX

Union and Firm Labor Market Power

Miren Azkarate-Askasua and Miguel Zerecero

This Appendix is organized as follows. Section A shows the proofs of the propositions in the
main text. Section B presents the reduced form bargaining. Section C presents details of our

identification strategy. Section D provides additional tables and counterfactuals.

A Proofs

We first prove the following auxiliary Lemmas that are useful to prove Propositions 1 and 5.

Lemmal. Let F/(L;) = % > 0and F'(L;) = % < 0. Then, the labor demand ¢P (w;) is decreasing.

Proof. We have that w; = F/(L;). The labor demand is (P (w;) = (F/) ~! (w;). By the inverse
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function theorem we have % = (F/(Ly)) '<0,as F/'(L;) <O. O
Lemma 2. When the labor demand constraint is binding, ; is decreasing in w;.

Proof. When the labor demand is binding, the rationing share is defined implicitly by ¢; =

D (w,
;i(ﬁ;),) . Using the implicit function theorem and with a little abuse of notation we have

dp; [ (€P) 65— P (65)"y;
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where the first part in square brackets is negative as (/°)" < 0 by Lemma 1 and (¢5)" > 0 by

assumption. The second part in square brackets is positive. O

Lemma 3. When the labor demand constraint is binding, and —¢ (EiD ,w;) > 1, then w; is decreasing in

w;.



Proof. When the labor demand is binding, the expected wage is defined implicitly by w; =
WB;/ EZ.S (w;), where WB; = w;(P (w;) is the wage bill. Totally differentiating we get:

dw; _ OWB;  Jw; L3 4w,
dw; — dw; 5 0w dw;’

T s Y _
We have that gTZZSf < 0 and, by assumption g%i >0, s0 377%" : %i < 0. Solving for Z_ZZ we get:
— _ s11
dw; J0WB; 1 Jdw; 9L;
dwi n awi aﬁls 8@1' .
Then, the sign of % is determined by % = (ﬂiD )/wi + KZ-D . This is negative whenever
— (¢P )/ % > 1, or what is the same, if the labor demand elasticity is greater than one. O

Proof of Proposition 1: Given a wage w; and using L; = ;{7 (;w;), the employer solves:

max Fi(y: 3 (i) — wihi 3 (iw;)

subject to:  ¥; < 1.
The Lagrangian for this problem is:
Li(i, &) = Ei(il? (piwi)) — wiggil? (piwi) — G (i — 1) -
With slight abuse of notation, the Kuhn-Tucker conditions are:
(F —wi) |6 +agi()] =G=0, $:<1, >0, and G(y—1)=0.
Substituting the conditions with {; and using [Kls + witpi(ﬁf)/] > 0 gives us:
i <

(Ff—wj) >0, <1, and (F —w;)(p—1)=0.

By Lemma 1 we know the labor demand ¢P (w;) is decreasing, so the first constraint becomes

a labor demand constraint lPiff (piw;) < EZD (w;) For the last constraint, we have that F/ — w; =
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0 < o;l?(piw;) = (P(w;). Therefore, we can rewrite the complementary slackness con-
straint as (; — 1) (€7 (p;w;) — P (w;)) = 0. This gives us all constraints for the wage bargain-
ing stage: the labor supply constraint i < 1, the labor demand constraint, and the complemen-
tary slackness condition. As the labor supply only depends on w; and ;, any union objective
function that originally depends on wages, employment and labor supply can be rewritten as a

function of only w; and ;. O

Proof of Proposition 2. Let A; = A;y'~°. Aggregating employer output using (5), (7), the
restriction % =1-4¢,and thatL; = gbiLiS, the local labor market output is:

1!; gl-6 1:x 1-6751-6 1a gl-=¢
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where L}, = Y ;c7, L?. The local labor market productivity and misallocation are measured as:
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Sijm comes from equation (16) with A; = ¢; = 1Vi € 1. Aggregating to sector level using (5):

Y b _
Yo= Y Yu=P" ¥ QuAuLS =P 0,A,L5 (A1)
meM, meM,

The sector level measures of productivity and misallocation are:
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From (3) and (7), the employer wage bill is: w;L; = ByA;Pyy;. Aggregating to m we get:

\m'

P . .
Y wili =By Y APoyi = By Y A pbizl PyYo = BoAmDPy Y, with Ay = Y A A 1
i€y i€y i€y m i€y m

The market wedge A, is a value added weighted sum of A;. Aggregating to the sector level:

PbY
Y, Y wli=8, ), A "D, -~ DY = BoAvPsYs,
meMy i€l meM,
AmQp §1-6 — A §l—641-6
A=) Am b= L LA b
meM, Q A m‘ meMy i€y QbAb 1‘”1 m|

Let W; be the market normalized wages W; as defined by (A.9), but using A; instead of A;.

[ £ 1 o t S
Then, we have that the expected wage is: w; = wZCID(1 1/e)?/1 béPb/ (=) (apd) (%) /el

the definition of ®,, = Y7, T,w;":

. Using

=~ 1+€3,0 5 ~&p/ (1 1456 o v/ Lens
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where @,, is then a function of labor supply and rationing shares {Sijms ¥itiez, Substituting

®,, into the expected wage expression above we get:

(Ebfﬂ)é. 1 _ 0
_ ~ = 5 —x D\ T
@; = ;@ " Pb(l ) (f) :

The employer labor supply is LZ.S = si‘msmeS . Given the normalized wages per market
{w;}, we can compute the labor supply shares within the local labor market and the share of

out of the sector using the definition of &, = }_,,c vy, CD”m/ v and (A.2):

17(1+€30)
Sl = = g .= =" with &, = Z D, ,
ilm P m|b o
i P b Nl meM,

where M, is the set of all local labor markets in b. Using (A.2), sector labor supply is a function



of prices and sector ‘tilde’ variables ®; (s, ¥}), where s;, = {Sijm }iez, and ¥y, = {Wi}iez,:

o, plmw g (s g,y - )
Lg _ %LS _ b - b( b b) bLS &= 2 Pnl/l B ) (14718) q’b'(sb' ‘I’b/)r
Zb/GB q)b/l"b, d veB

(A.3)

This is where the simplifying assumption 1 — & = B, (1 — &) " buys us tractability. We can
factor out the economy wide constant ® from (A.2) and leave everything in terms of labor

supply shares, rationing shares, and prices. O

Proof of Proposition 3. Using the intermediate sector output demand (6), the expression for
intermediate output (A.1) and the aggregate production function from (5) we get the desired

expression for each sector b:

Oy
P, " “bAbeLS ~_g, I [ " Ay QL3 (P)! 5] . (A.4)

beB
Proof of Proposition 4. Substituting (A.3) into (A.4) we get:
gh/

" ayr (14+79)+n(1-9)

e ~ 1-96 ~ 1-0\ O EEIEE DN
Pb(lfsz)(lﬁﬁ)Abe ((I)JZ) = eb H (Ab’Qb’ (CIDb/FZ,> ) H Pb/ (1—ayr)(1+19)
veB veB

(A.5)

Define f, = (1 — ;) 'log(P,) and f as a B x 1 vector whose element b’ is f;,. Then, taking

logs and rearranging the previous expressions for all b € B we obtain:

f = C+ Df, (A.6)

where Cis a B x 1 vector whose b element is

1+no

(C)y = T+

log (Afgl) —(1—-9¢)log (&%IZ) + ) Oy <log(Ab/Qb/) +(1-9) log(&Db/FZ,)>] ,

beB
and D is a B x B matrix whose b row b’ column element is:

(y (1 +70) +1(1—9)) by
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A solution to the system (A.6) exists and is unique if the matrix I — D is invertible. This
matrix has an eigenvalue of zero, and therefore is not invertible, if and only if D has a unit
eigenvalue.! The matrix D has a unit eigenvalue if and only if the sum of the elements of
the rows in matrix D are equal to 1. To see this, let v be the eigenvector associated with the
unit eigenvalue of D, i.e. Dv = v. If v = 1, then, by the Perron-Frobenius theorem, it is the
only eigenvector (up-to-scale) associated with the unit eigenvalue. Furthermore, if v = 1, then
Y (D)py = 1forallb € B. Conversely, if } (D) = 1forall b € B, then v = 1 is a solution
for the eigensystem Dv = v. But, by the Perron-Frobenius theorem, v = 1 is the unique (up-
to-scale) eigenvector associated with the unit eigenvalue. Therefore, the matrix I — D is not
invertible if and only if the sum of the elements of the rows in matrix D are equal to 1.

This sum is equal to 1 if and only if } , a;0, = 1 as:

> Dy =1 =} (ay(1+178) +17(1-0)) 0y =147
v b
1+n—y(1-9)
— ;lxb/eb/ — T — ;ab,elf)zl

Therefore whenever ) , a0, # 1, f has a unique solution. As, o, < 1forallb € Band ) 0, =1,
then the vector of prices P has a unique solution. Solving for P, in (A.5):
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0
for all b € B where we used the aggregate price index 1 = [],cp (5—5) " to find the economy

wide constant X. The above is the closed-form solution for prices. [

Proof of Proposition 5: The only situation where ¢; < 1 is when the labor demand is binding
and the labor supply constraint is slack. The labor demand is derived such that for a given
wage, the firm chooses an employment to maximize profits. Then, the profit function becomes

F; (ElD (w,)) — wiﬁlp (w;), which is clearly decreasing in w;. To see this, fix KZD and decrease w;.

IProof: If 1 is an eigenvalue of D, then Dv = v for a nonzero vector v. Then (I — D)v = 0, so 0 is an eigenvalue
of I — D with the associated eigenvector v. Conversely, if 0 is an eigenvalue of I — D, then Dv = v and 1 is an
eigenvalue of D.



Clearly the profit increases. Then as, ¢P (w;) is defined such that profit is maximized, once em-
ployment is adjusted the profit should (weakly) increase from the fixed employment situation.
Now, by assumption the union’s objective function can be written as an increasing function of
w; and ;. By Lemmas 2 and 3, ¢; and w; are decreasing functions of w; when the labor demand
is binding. So, whenever the labor demand is binding, the Nash product is maximized by de-
creasing as much as possible the wage. This would hit the labor supply constraint, giving us
P; = 1. O

Proof of Proposition 6: If G;(w;) = Gj1(w;) — Gjo, with Gj1(w;) > G;j, then ¢(G;, w;) =

g(Gill,wi)%. Then clearly %ﬁt:ﬂ > 0 and a%‘jlo > 0. N

Proof of Proposition 7. Ify; =1, L; = L?. Using H—1-5, plugging (8) into (11) we get:

l—Déb

1 9
(1-n/ep) 1 T+e,0
A' 1+Sb§ 3 b — . @ b
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From (8), the labor supply share of employer i is:
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where we used equation (A.8) in the second equality. O

Proof of Proposition 8. Existence. The function defined by (16) maps from the set [0, 1]V to

itself. Then, by Brouwer’s fixed point theorem at least one solution exists. O

Uniqueness. In the Supplemental Material we present a Theorem and a Corollary from Allen
et al. (2016) that we use to establish uniqueness.

We first prove uniqueness of a transformed system using sector normalized wages x; which
have a one-to-one correspondence with the labor supply shares. Then, using Lemma we show
that uniqueness of the system defined with x;’s imply the uniqueness of market normalized

wages w;, which are the ones we use in the computer and later for aggregation.
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https://mzerecero.netlify.app/working_papers/union_firm_2nd_supp_material.pdf

Using @, = T;w;"(s;),,) ', solving for w; and dividing by the common sector variables we

get the sector normalized wages x;:

N 1\ o\ T 5(1-¢p)
X; = (,Bb min{/\i,l}Ai (Tisb Fb> ) (Si\m) U+0) .

Clearly, the labor supply shares can be only a function of the vector of normalized wages x
instead of the vector of wages. Then we have a system of the form x = f;(x), where there is a
one-to-one mapping from the vector of normalized wages x to labor supply shares.

Define g : R\ — RNn:

gi(x) = fi(X) —x;, Vi€ {1,.., Nm}

We want to prove that the solution satisfying g(x) = 0 is unique. In order to do so, we first
need to show that g(x) satisfies the gross substitution property (g% > 0 for any j # i).
Taking the partial derivative of g; with respect to x; for any j # i:
ogi _ 9fi(x) 0\ OSim  3fi(x) Sijm
= ==X X + .
aw] oA; aSi‘m 8x] aSi‘m 8x]

N—— — | |
>0 <0 <0 <0 <0

9g;
Therefore a0;

> 0 for any i # j and g satisfies the gross-substitution property required by
Theorem 1 in the Supplemental Material.

The remaining condition to prove to use Corollary 1 in the Supplemental Material is simply
that f;(w) is homogeneous of a degree smaller than 1. Clearly, f;(w) is homogeneous of degree
0 as labor supply share and the wedge are homogeneous of degree zero. Therefore, the function
g satisfies the conditions of Corollary 1, and we conclude that there exists at most one solution
satisfying g(x) = 0. As x is a bijective function of labor supply shares, we can conclude that the

original system also has a unique solution.

When solving the model in the computer we solve for market level normalized wages:

_ A\
w; = (ﬁbmln{Al,l}W) . (A9)


https://mzerecero.netlify.app/working_papers/union_firm_2nd_supp_material.pdf
https://mzerecero.netlify.app/working_papers/union_firm_2nd_supp_material.pdf

There is a one-to-one mapping from the sector normalized and market normalized wages, so

the solution of the system formed by market normalized wages above is also unique. O

B Reduced-form bargaining model

We can rearrange the decomposition (13) to define the union’s rent:

Total Rents
w;L; — pviFi(L;) = w; | F(L;) —  wiviF(L;)
" ~ / | S —
Union’s Rent Wage bill in oligopsony

This shows that any payment above the oligopsony wage bill—the union’s rent—equals a frac-
tion w; of the total rents, which equal revenue minus the oligopsony wage bill. The employer’s
profit equals the remaining fraction (1 — wj;) of these total rents. This means that, after employ-
ment is determined (L; is fixed) and oligopsony wages are paid, we can characterize wages as

if the union and employer solve this reduced-form Nash bargaining problem:
max (w;L; — pviFi(Li)) " (Fi(Li) —wil)' ",

where w; represents the bargaining powers in this reduced form. This formulation clarifies how
w; summarizes the union market power by determining the split of total rents. Taking w; and

u; as exogenous in this problem, the first order conditions are:

Fi(L; F(L; 1
w; = wj 1(L.Z) +(1- Wi)]/‘ivi%.l) = |wi—+ (1 - wi)pu;| F'(L;),
1 1 Vl
where we used that v; = F/ (Ll)% The solution to this bargaining problem is therefore the

same to (3) with A; < 1.



C Identification and estimation

Here we first show additional details for the identification through heteroskedasticity of sector
common parameters 7 and J, including the proof of Proposition 9. Second, we discuss why
our method to identify the within-market elasticities of substitution is still valid even in the
presence of strategic interactions. Third, we show how to identify amenities. Fourth, we explain
how to identify counterfactuals using exact-hat algebra. Finally, we show how the model hits

other non-targeted moments.

C.1 Details on identification of common parameters 1 and

Define 6 = —4. Then, the reduced form solution for the system (17)-(18) is:

nw; = — <1nAi +3In i) and InL— (;7 InA; +In T,) . (C.1)
1—-9y 1—9y
Denote 0,0 and o7, as the variances of wages and employment for occupation o. Also, let
owL, be the covariance between wages and employment for occupation o. Furthermore, let
Aw12 = 01 — Ow2 be the difference in wage variances between occupations 1 and 2. Define
analogously Ay 1o for employment variances and Ay 12 for covariances. The same notation
applies for differences between occupations 3 and 4.

After some algebraic manipulation, the moment conditions [E <ln Ai1ln Ti,l) =E (ln AirIn Ti,2>

and E <1n AizIn Ti,s) =E (ln Aisln TiA) yield the following equations, respectively:

NAw12 +O0AL 12 = (14 01)Apr 12, and  7Ay34 + AL 34 = (14 07)Awr 34 (C2)

Each of these equations represents a hyperbola in the (8,7) plane. Proposition 9 establishes

conditions for the existence of a solution to the system (C.2).
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Proof of Proposition 9. Define 6; = ﬁ and 6, = ﬁ. We can rewrite the system (C.2) as:

Ap12 A2 61 Awr12
- . (C.3)

Apza Arjzs ) Ayr34

Note that by rewriting the system in this way we make the assumption that 6y # —1. This is
without loss of generality as we could also rewrite the system by normalizing by either 5 or &
and assuming they are nonzero. Regardless of the normalization, we get the same result. We
keep this one for expositional clarity.

Given 0; and 6,, there are two solutions for # and . In fact, it is easy to show that if (17,4) is
a solution then (1/4,1/7) is also a solution. If the two solutions yield parameters with different
signs, the sign restrictions on # and ¢ identify the relevant solution.

What is left to show is that the system (C.3) has a solution. This is equivalent to showing

that the matrix has full rank, or equivalently, its determinant is not zero:

Aw120134 — Ay 3aAp 12 # 0. (C.4)

From the reduced form solution (C.1) we have that

1
Apio=—""7 (AA,12 + 07 AT,12> and Appp =

<1—517

where Ag12 = a1 —Gap and Ar12 = ¢T1 — ¢T2. Analogous expressions for (3,4) follow.

<772AA,12 + AT,12> ,

Substituting these expressions into (C.4), after some simplifications we get:

<1 - S;7> <1 + 5;7> (Ap 120734 — AT120A A 34) # 0.

Asdn #1 by assumption on the signs of # and §, and on # —1 by our normalization assump-
tion when defining 0, and 6,, we only need (As 1207134 — AT 120434) # 0, which is precisely

the rank condition in the proposition. O
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C.2 Elasticity of substitution and labor supply elasticity with strategic in-

teractions.

Berger et al. (2022) (BHM) show that within-establishment, across-time variation cannot identify
the labor supply elasticity because non-atomistic establishments’ strategic interactions can af-
fect the overall equilibrium, resulting in a SUTVA violation. We expand on BHM's argument
in three ways: (i) we clarify the general relationship between the elasticity of substitution and
the labor supply elasticity and explain the scenarios where they are equivalent; (ii) we establish
generally the bias between the labor supply elasticity and a reduced form estimate; and (iii) we
show that within-equilibrium variation can identify the local elasticity of substitution.

Our method avoids the identification issues raised by BHM for identifying supply or de-
mand elasticities under strategic interactions. Paraphrasing BHM, the labor supply elasticity
asks the following question: how much would employment change within a firm after increasing its

wage by one percent and holding the other firms’ response constant? Thus, the supply elasticity is a

dlnLi

partial equilibrium object: dinw,

—i

BHM argue that even when there is a well-identified idiosyncratic demand shock and no
labor supply shifters, we cannot identify the firm’s labor supply elasticity. This is because the
strategic interactions of other market participants will change the firm’s labor supply curve
after the shock has occurred. This change in the equilibrium allocation violates the stable unit
treatment value assumption (SUTVA). Then, by using within-firm across-equilibrium variation

in a reduce-form exercise we are measuring 51125)? rather than 511;115}? ’
1 tlw

—i

Consider the following decomposition of the reduced-form estimate:?

dinw;  dIn(w;/w;) \" dnw;)  dlnw;’

where L; and w; are the employment and wages for any other j within m. In our setup, the

2dinL; _  dinl; dn(wi/w;)  d(InLi—InLj+mnL;) d(Inw;—Inw;)  din(L;/L;) ( B dlnwj) dInL;
dinw; — dln(w,-/w]-) dInw; o dh1(wi/wj) dInw; o dln(w,v/w]v) dInw; dInw;*
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.. ... dIn(L;y/L;
elasticity of substitution n(Li/L;) is equal to &;,. The structural labor supply elasticity is:

dn(w;/w;)
dInL, dinL;
dlnwl o Sb+ dlnwl w ) Eb( Sl) +1751/
—_——

Cross-elasticity

where the cross-elasticity is equal to —eps; 4 #5; given our Bertrand competition environment.

The relation between the reduced form estimate and the labor supply elasticity is:

dinL;  dlnlL; dInL; B dInL; . dInw;
dlnw; — dlnw;|, dinw; dnw;|, balnw;
HH —1

-~

Reduced-form Supplygasticity Bias

The reduced-form estimate is equal to the labor supply elasticity in two cases. First, when the

lnw] .

establishment is atomistic because other firms in the market do not respond, so zy=

Second, when the local and across-market elasticity of substitution are the same. In such case,
the employment loss of the competitors is completely offset by the increase in employment to

dIinL; dInw;
dlnw € T, — = 0. In both cases,

the local labor market. Then, the cross-elasticity is zero, and
the labor supply elasticity is equal to the local elasticity of substitution.?

BHM use the relation between the reduced-form estimate and the structural elasticity to
indirectly infer the structural parameters ¢, and 1. However, this requires assuming a wage-
setting process to pin down the structural elasticity. In contrast, our method identifies both
parameters without making any assumptions about the wage-setting process.

Consider Figure C.1 panel A to illustrate the argument. Assume there is no bargaining.
The structural labor supply elasticity measures the employment response to a wage increase
along a labor supply curve L?. If the firm is not atomistic, the wage increase after a positive
idiosyncratic productivity shock will affect the other firms in the market, leading to a shift in
establishment’s L?. Under Bertrand competition, wages are strategic complements, resulting
in an upward shift of L?, and the reduced-form elasticity will be smaller than the structural
one. Under Cournot competition, employment levels are strategic substitutes, resulting in a

downward shift and the reduced-form elasticity being greater than the structural one.*

3There is a third trivial case when the firm is the only one in the market and the supply elasticity is 7.

-1
“The labor supply elasticity in the Cournot competition case is given by ( (1—s;)+ %s ) .
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A. Within-firm variation B. Across-firm variation
Inw; Inw;

Reduced-form in¢f" Inéf In {)isy In¢; In#5 Ints

elasticity Bertrand

Structural labor
supply elasticity

Reduced-form
elasticity Cournot

Elasticity of
substitution g *

InL; InL;

Figure C.1: Within-firm across-equilibria vs Across-firm within-equilibrium variation

Notes: Panel A: reduced-form and structural labor supply elasticities following an idiosyncratic shock depending
on the market competition. Panel B: variation across employment and wages within m identify ¢j,.

A regression of log employment on log wages within a local labor market conditional on
an equilibrium allocation identifies ¢;,. Consider Figure C.1 panel B. We have three different
employers that only differ in their productivities. As they are not atomistic, the labor supply
intercepts—which are a function of the competitors wages—are different.” For any two estab-
lishments i, j, the slope of the straight line connecting two points in the log wage and employ-
ment plane is % = s;l. Since we are conditioning on an equilibrium allocation, SUTVA
is not violated, and the slope estimate of regressing log employment on log wages must be
equal to €5.° This regression estimates the local elasticity of substitution.

In conclusion, the source of BHM'’s identification problem comes from not controlling for

equilibrium changes upon idiosyncratic shocks. Introducing market-year fixed effects solves

the problem.”

C.3 Amenities

We recover employer amenities so that in equilibrium the wages and labor allocations are

the same as in the data. Using the labor supply (8), we back out amenities up to a constant:

>The log inverse labor supply is equal to log w; = % log ( LmL_i Li) + % log (Z]-#,' w]-> .

®Consider a regression: InL; = by + by Inw; without supply side shifters so we do not include an error
term. Demeaning both InL; and Inw; and regressing those without a constant term we get the estimate of
1 din(L; /(L)
d[In(L;)— % T;In(L))] _ n( 1/(H] ) ) —
d[In(w;)— & L In(w;)] dln(w,»/(]_[]ij)l/N) br
"The argument extends to regressions in differences changing the interpretation of the fixed effects.

b =
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T, = SiL’Z ®;,. To see that, write the labor supply share of market m with relative to an arbitrary
w.

1

Ly _ el is then: L5 e )"
market 1: o= The local labor market aggregate is then: ®,, = F_ZL_chl . We
1
N v o , s (15"
normalize L_fq)l = 1. Substituting into the amenity, we get: T; = wyr \ T .

C.4 Hat algebra

Here we show how to compute the counterfactuals in general equilibrium by using revenue
productivities (TFPRs), which are a function of prices determined in general equilibrium, and
not just the underlying physical productivities. A priori, the issue is that counterfactually
changing the labor wedge changes equilibrium prices and therefore the TFPRs.

The literature on misallocation has used the TFPRs, together with a modeling assumption
on the sector price, to compute the normalized within sector productivity distribution. This
has prevented performing general equilibrium counterfactuals that also take into account pro-
ductivity differences across industries.® We show that we can: (i) do counterfactuals in general
equilibrium by writing the model relative to a baseline scenario; and (ii) compute the movement
of production factors across sectors.

We write counterfactual sector prices relative to the baseline and to fix the transformed rev-
1

enue productivities Z;.” From the definition of Z; = Pb1 " A; and equation (11), wages are:

w; = [SbAiZiLi_‘s. Denoting with a prime the variables in the counterfactual (e.g. Pé) and with
a hat the relative variables (e.g. 1317 = P,/P;). The counterfactual revenue productivity is a
function of the relative price P, and the observed revenue productivity Z;.

Let A/ be the counterfactual wedge, and ¢ the counterfactual rationing share. We have three
cases. When employer i is: (i) only supply constrained, ¢ = 1 and A} < 1; (ii) only demand

constrained, ¥} < 1 and A} = 1; and (iii) demand and supply constrained, ¢! = 1 and A} = 1.

8For example, Hsieh and Klenow (2009) conduct a counterfactual where they remove distortions at the firm
level and compute the productivity gains at the sector level from production reallocating to more productive firms
within each sector. This allows them to compute a partial equilibrium effect on total factor productivity as they
can identify only relative productivity differences within each sector while normalizing average differences across
industries. For more details, see equation (19) and the discussion below in their paper.

9Solving the counterfactuals in levels requires making some additional normalizations. One could assume that
the minimum physical productivity (TFP) is constant across sectors normalize them to get rid of P,.
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The counterfactual expected wage for any i is:
1-6 5175 1 51— 5
T = Bzl R LY = Bz LY

where Z; is taken as a fixed fundamental and 7; = Ziy; 170 4g endogenous. We have to solve for
sector prices relative to the baseline P,. Substituting the labor supply in the expression above,

we get a similar expression to (A.8) for counterfactual expected wages:

1 .
— ) ( 1)
— _ :Bb)\:zz e I/)\(lf"‘b)h*%‘s) CI)/sb(EleZo Q' Tl (C 6)
w; = (TI-Jy )5 b m LS s .
ity
. ﬁb /Z 1+€ o .
where the employer components in the counterfactual: (Trﬂ) , also include are enough

to compute the labor supply shares, as shown in Propositions 7 and 2. Following the same steps
as in the baseline, the sector level system of equations in the counterfactual is analogous to (12)
but with relative variables. Solving for relative sector prices we can compute the sector labor
supply LY’. Proposition 4 also apply in the “hat” economy, and if ¢; = 1, also Proposition 8.

Section S1.5 of the Supplemental Material contains more details.

C.5 Non targeted moments

Panel (a) of Figure C.2 presents 3-digit industry labor shares per year. The horizontal axis shows
model generated moments, while the vertical axis has the corresponding observed moment in
the data. If the fit was perfect, each dot would be on the 45 degree line. Each color represents a
2-digit industry. We see that most of the dots are aligned around the 45 degree line.

Panel (b) shows the model matches the evolution of aggregate value added. Since there
is a strong link between production and wage bill and the model matches wages and labor

allocations exactly, it also has a good fit of the value added.

D Counterfactuals

We present additional results from counterfactuals. The details of the counterfactual with em-

ployer exit are in the Supplemental Material.
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Figure C.2: Model Fit Non Targeted Moments
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D.1 Increasing union bargaining powers: Output

Figure D.1 resents output effects of increasing union bargaining powers by increasing x for two
union objectives. Figure D.1a takes the baseline union objective of utilitarian unions. It shows
that, in line with the results in Figure 5b, the sectors at the bottom that features the highest
increases in productivity also experience, as a group, the highest output gains. On the contrary,
sectors at the top of the figure reduce their employment relative to their baseline as employment
shifts towards the sectors with highest productivity and wage increases.

Figure D.1b replicates the analysis when the unions have misaligned objectives on insiders.
These objectives lead to labor rationing for high enough union bargaining powers. Contrary to

Figure D.1a, output losses are more significant as high enough ¢, generate unemployment.

D.2 The importance of labor mobility

We check three additional cases to locate the output changes in an environment with mobility
costs. These cases differ in their mobility restrictions, where we allow mobility to happen only
within sector, sector-occupation and local labor market. Table D.1 compares the free mobil-
ity case with the restricted mobility cases for different counterfactuals. Comparing the output
changes in column 3 across the different scenarios, we find that restricting mobility reduces the
output gains from removing the labor wedges. In the Oligopsony counterfactual, when labor

is constrained to remain in the local labor market, output does not decrease as much as in the
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Figure D.1: Increasing Union Bargaining Powers: Output effects of
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Notes: Sector output relative to the baseline for different x. The union bargaining power is (pllf", where blue (red)
denotes low (high) values of k. Panel (a): utilitarian union (Section 2.7). Panel (b): misaligned union objectives
(Section 5.4).

free mobility case. However, in the other two cases, Fixed sector and Fixed sector-occupation, the
output losses are greater. In the oligopsonistic competition counterfactual, fixing employment
across sectors but allowing for geographical mobility exacerbates the output losses. Restricting
employment to move only within a local labor market would contain output losses as produc-
tivity losses are reduced by more than 60%.

Fixing employment at the sector-occupation level accounts for 84% of the gains of the free
mobility case without labor wedges. While restricting workers to stay in their particular local
labor market output gains are 0.48%, which constitute only 29% of the gains under free mobility
without wedges. Comparing the free mobility counterfactuals to the ones with restricted labor
mobility we see that the key margin of adjustment is geographical mobility.

These results underscore the importance of free mobility of labor to counteract the output
losses from the misallocation coming from heterogeneous wedges. The left panel of Figure D.2
shows the percentage change of manufacturing employment in the free mobility case in the
oligopsonistic competition counterfactual. Each block is the aggregation of local labor mar-
kets to the commuting zone. In the absence of unions, manufacturing employment in the rural
areas would be reduced. The counterfactual reveals that there are a handful of rural produc-
tive establishments in concentrated local labor markets. In the baseline these have lower wage

markdowns and lower employment that are further dampened without unions. Moving to
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Table D.1: Counterfactuals: Limited Mobility

Contribution A'Y (%)

Labor share (%) AY GE Prod Labor

Free mobility 36.48 -0.67 -12.21 169.02 -56.81
Olicopson Fixed sector 36.48 -1.11 -1.62 101.62 0
gopsony Fixed sector-occ 36.47 -1.1 -2.38 102.38 0
Fixed local market 35.96 -0.44 2.7 102.7 0

Free mobility 73.33 1.65 8.32 85.55 6.13

No wedges Fixed sector 73.33 1.39 -1.29 101.29 0
8% Fixed sector-occ 7333 139  -1.86  101.86 0
Fixed local market 73.33 0.48 -1.33 101.33 0

Notes: Ax = (x’ — x)/x. Results in percentages. AY: output gains. Last columns decompose AY as (S1.9). Free
mobility: without mobility restrictions, Fixed sector: mobility only within sector, Fixed sector-occ: fixed employment
at sector-occupation (location and 3-digit industry mobility), and Fixed local market: mobility only within m.

the counterfactual, those are the ones with the biggest relative wage and employment losses.
The right panel of Figure D.2 shows a positive relationship between the logarithm of baseline
employment at the commuting zone and employment gains in the oligopsonistic competition
counterfactual without unions.!” Rural areas or commuting zones with low employment levels
in the baseline are the ones that benefit the most from the presence of unions.

Columns 3 to 5 of Table D.1 show the decomposition of relative changes of output from
equation (51.9) in the Supplemental Material. The main source of output changes come from
productivity because sector productivity is an employment weighted sum of establishment-
occupation productivities (which are unchanged). The source of aggregate productivity and
output losses without unions is therefore the reallocation of workers towards less productive
establishments. Sectoral mobility exacerbates the negative productivity effects of removing
unions under free mobility. When restricting mobility by keeping employment constant at the
local labor market level, the misallocation effects are curbed and output changes to -0.44%.

The Supplemental Material shows that in Oligopsony, largest productivity losses happen out-
side urban areas. As a result, the largest wages and employment losses happen in commuting

zones that do not include big cities.

19The Supplemental Material shows the analogous for the counterfactual without labor wedges.
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Figure D.2: Employment Change (%) in the Counterfactual: Oligopsonistic Competition
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Notes: Left: commuting zone employment changes in Oligopsony from the baseline. Right: employment change
versus the log of employment in the baseline, the blue line is fitted from an OLS.

Table D.2: Wage Gap

Rural Wage Urban Wage Gap (%)

Baseline 33.30 44.53 33.71
Counterfactual: Oligopsony 22.99 34.02 47.97
Counterfactual: No wedges 49.98 58.70 17.45

Notes: Wages in thousands of constant 2015 euros. Urban: 10 biggest commuting zones: Paris, Marseille, Lyon,
Toulouse, Nantes, and the Paris surrounding areas of Boulogne-Billancourt, Creteil, Montreuil, Saint-Denis and
Argenteuil. The rest are considered as Rural. Wages are employment weighted averages per location in 2007.

D.3 The effect of labor market power on urban-rural differences

Figure D.2 suggests an important labor reallocation from rural areas to cities in the counterfac-
tual without unions. Table D.2 presents the impact of employer and union labor market power
on the urban-rural wage gap. Both urban and rural areas experience important wage changes
in the counterfactuals. Under oligopsonistic competition, the urban-rural wage gap amplifies
from 34% to 48% and is cut up to 17% without labor wedges. This reveals that labor market

distortions account for half of the urban-rural wage gap.
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Table D.3: Counterfactual: Endogenous Participation

Contribution A'Y (%)
A L(%) AY (%) GE Prod Labor
Fixed L 0 -0.67 -12.21 169.02  -56.81
Endogenous Participation
Oligopsony A(p,0) = y; -0.93 -1.57 -5.19 71.82 33.36
No wedges A(1,0) =1 0.86 2.49 5.52 56.79 37.68

Notes: Results in percentages. AL: employment gains; AY: output gains. Last columns decompose AY as (51.9).
Fixed L: Oligopsony in Table 2. Other counterfactuals allow for endogenous labor force participation.

D.4 Extensions

The main counterfactual assumed that the total labor supply was fixed and there were no ag-
glomeration externalities. Here we present results from counterfactuals that relax these as-
sumptions allowing for an endogenous labor participation decision, and for agglomeration

forces. All the details are left for the Supplemental Material.

D.4.1 Endogenous labor force participation

In this extension we assume workers can decide between working and staying at home where,
they earn wages related to home production so participation is now an endogenous choice.
Table D.3 shows the results. Introducing an endogenous labor force participation margin
induces higher output losses, —1.57%, than in the baseline (Fixed L) as the total labor supply
decreases by 0.93%. In contrast to the output decomposition in Table D.1, 33% of the losses
come from employment. This extensive margin of adjustment in the total labor supply slightly
amplifies the original differences in output gains across counterfactuals. Output gains with-
out labor wedges are 2.49% because total labor force participation increases by 0.86%. Despite
tfeaturing high wage changes, the differences in total labor supply are minor because we as-
sume that workers have idiosyncratic shocks to stay out of the labor force and their mobility is

governed by the across-market elasticity of substitution. This elasticity is low as 77 = 0.332.
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Table D.4: Counterfactual: Agglomeration

Contribution A'Y (%)

AY (%) GE Prod Labor
No Agglomeration -0.67 -12.21 169.02 -56.81
Agglomeration
v =0.05 -1.86 61.2 56.89 -18.09
7¥=01 -3.19 78.85 30.08 -8.93
v=02 -6.24 92.2 10.43 -2.63
v =025 -7.93 96.06 5.15 -1.2
7v=03 -9.69 99.38 0.84 -0.22

Notes: Results in percentages. AY: output gains. Last columns decompose AY as (51.9). No Agglomeration: Oligop-
sony in Table 2. Other counterfactuals allow for agglomeration within m that depends on 7.

D.4.2 Agglomeration

We extend the model to include agglomeration forces at the local labor market level. We assume
that the agglomeration effect is a local labor market externality with elasticity (1 — «;).

Table D.4 summarizes the counterfactuals removing unions for different values of oy under
oligopsonistic competition, free mobility and fixed total employment. As 7y becomes higher, the

more important are the agglomeration forces and the more exacerbated are the output losses.

D.5 Sector wage floors

Table D.5 present the results of bargaining of wage floors at the sector level. The columns Objec-
tive, Productivity, Wage Bill and Profit present sector aggregates in the counterfactuals with sec-
tor wage floors relative to a counterfactual without minimum wages where employers compete
oligopsonistically. We consider counterfactuals where we set the sector wage floors to the 1st,
5th and 10th percentiles of the observed wages. We compute the Nash objective G (w;,)?* I (wy) '~
where we assume the aggregate union’s objective G (w;) is the sector wage bill and the em-
ployer association cares about sector profits IT (w; ). Evaluating the aggregate variables relative
to the oligopsony counterfactual already reveals that the wage floor maximizing the bargaining
objective is either zero or very low as the all the sectors reach lower levels of the Nash prod-

uct than in oligopsony even for the low wage floor P1.!! Even if most sectors find wage bill

HSection S9.6 of the Supplemental Material shows the distribution of employers per region with P1 wage floors.
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Table D.5: Counterfactuals: Sector Wage Floors

Objective Productivity Wage Bill Profit
Sector Pp1 P55 PIO P1 P5 P10 P1 P5 P10 Pl P5 P10
Food -04 31 -82 -02 07 -25 01 06 15 -06 -41 -109
Textile -22 -184 -258 -17 -138 -176 -02 26 79 -43 -359 -50.0
Clothing -06 -42 -103 -03 -15 -35 01 03 03 -08 -62 -146
Leather -42 -182 283 -21 85 -119 01 07 17 -58 -243 -371
Wood -1.5 -203 -330 -10 -143 -211 00 29 84 -26 -340 -53.0
Paper 22 -109 -184 -08 50 83 -04 02 11 -40 -212 -3438
Printing -02 -15 -38 -01 00 -03 01 02 03 -03 -19 47
Chemical 01 -11 -26 01 00 -03 00 -01 -01 -01 -12 -29
Plastic -09 -116 -210 -02 43 -76 00 07 21 -14 -175 -311
Other Minerals 21 -164 -246 -15 -113 -156 00 18 51 -36 -281 -415
Metallurgy 94 -179 -212 -65 -103 -109 -07 -03 08 -200 -36.8 -43.4
Metals -1.0 -116 -199 -07 -87 -140 01 18 52 -19 -202 -342
Machines and Equipment -05 -50 99 00 -16 -33 -01 -03 -01 -07 -69 -139
Office Machinery 01 92 -218 00 41 97 00 -03 -06 -01 -11.0 -258
Electrical Equipment -40 -100 -134 -21 -47 59 -12 -21 -19 -85 -215 -296
Telecommunications -l -48 -70 -04 -13 -19 -08 -20 -25 -31 -10.0 -14.9
Optical Equipment -07 -52 87 -02 -21 -35 -01 -06 -04 -11 -84 -143
Transport -31 -101 -147 -22 56 -71 -06 -16 -17 -83 -257 -369
Other Transport 05 -34 -70 00 05 -14 -01 -08 -13 -07 -51 -105
Furniture 05 -79 -181 -03 44 98 01 04 19 -09 -136 -30.2

Notes: Counterfactuals with sector wage floors equal to the 1st (P1), 5th (P5) and 10th (P10) percentiles of the
observed wages. Sector Objective: Nash product between wage bill and profits; Productivity, Wage Bill and Profit.

increases from the introduction of the evaluated wage floors, the sharp reduction of aggregate

profits with minimum wages, induces lower Nash products than in oligopsony.

D.6 Unions

Table D.6 presents union density and coverage statistics for several countries.'? France has the

highest coverage.
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Table D.6: Union Density and Collective Bargaining Coverage
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