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A. Model Derivations
1. The Composite Production Function

We now derive equation (9). To do so, we express revenues and costs as func-
tions of @j; so as to separate the joint maximization into two steps: In the first
step, we find the optimal combination (K, Lj;) for each Q;;. In the second step,
we solve for the optimal @) j;.

Recall that firms can rent capital at price px and hire labor at price Wj; =
thLgt. The production function (in physical units) satisfies

(A.1) Qjr = thKﬁKLftL.

Intermediate inputs have constant price py; and, due to the Leontief functional
form, must satisfy Mj;; = Qji/Bm. Given any production level Qj;, the firm
can find the most cost efficient combination (K, L;;) by solving the Hicksian
cost-minimization problem,

. 1+60
(A.2) min - pKKjt—i—thLj;',
(e, Ljt):Qje =5 K S LIk

where pr Kj; + thle-;r % is the total cost of capital and labor. We now solve for
the Hicksian demand for capital and labor using the Lagrangian,

(A.3) Lt =prKj + thL};_e + /\jt(th — thKﬁKL?tL),

where \j; is the Lagrange multiplier. The first-order conditions for capital and
labor, respectively, are as follows:

(A.4) pic = Nt Qe B K< LOE
(A5) (14 0)UjeLf, = N Qe Br K G L3,

These equations lead to the optimal choice of capital as a function of labor:

_ Br(1+90)
BL  pK

(A.6) K Uit L.

Substituting equation (A.6) into equation (A.1l), the inverse Hicksian demand
is

1 + 0 BK
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B
where we define p = (1 + 0)Sx + B and Py = Q¢ (BL (IPJ;G) th) K Thus,

Ly = (th/q)jt)l/p. Substituting into the first-order condition for intermediate
inputs (equation 10), the Hicksian expenditure on intermediate inputs is

Pm
(A.8) Xjt = pmuMji = pmQji/Bm = ﬂfM@thﬁ

Lastly, letting xky = g—fz(l + 0) + 1, total costs can be expressed purely in terms
of labor as

(A.9) Wit Ljt + pr Kjy + parMje = “UthLgl';_e + %(I)jtl/?t'

2. Firm’s Behavior in the Private Product Market

We now derive equation (13) and several related results on firm behavior in the
private market. We assume a downward-sloping private product demand curve
(e > 0) and increasing composite returns to labor (p > 1), consistent with the
empirical evidence.

If d = 0, the firm’s profit maximization problem is,

1—e
146 _ PM

(A.10) tpax g (®Lfy) = woUsLi — G P L
where we substituted equations (9) and (A.9) into equation (8) for the case with
d = 0. The profit-maximizing first-order condition is,
(A.11)
Omojt _ 1— 1—p)e—(1—
TLO; = @l (1-)pLy P (kpUs(1+ 0) LY, + 2 0 M supLosy ") =0.

MRP

MCL

This expression shows that Lgj; only varies across firms due to ®;; and Uj.
We now derive equation (13) and several implications. Equation (A.11) can be
arranged as

(A.12)
markup ™! P MP; markdown—! Wit sm P MP ¢
P —_ A N —_—
1 L D pll Sy = (1+0) ULl + PM g ope!
(I=€) pu®; Loj; PjepLoy /o = (1+0) Ujeloy + By atPhoje /KU,
MRP;¢ MCL;;

marginal intermed. costs

which is the same as equation (19), where we use that Sy = Qji/Mj; implies

pym _ PMMi  pmMt X; tP
Bu — Qi QuPp It T Ry
We will now show that MRP is greater than MCL as Lgj;; approaches zero.

Multiplying marginal profits in (A.11) by Lg;:r(l 2 , which is strictly positive, we
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have

(A.13)
0 € € €
0 ¢ P +(1—p) _pH(I)I 5(1 6)p— (K}Uth(l + 9>Lg;‘tﬂ +(1—p) + (I) Lg]t>
%,_/

OLoj; %* Bm

+(1-p) v~
MRPx L7 MCLngﬁ(l_p)

Note that MRP x Lg;;r(l ?) is constant with respect to Loj; and positive. By
contrast, given 6 + pe + (1 — p) > 0, then MCL x Lpe.+(1_p) converges to zero

as Loj; approaches zero. Thus, we have shown that limy ., o+ gL > 0. As a
result, it is always optimal to choose Lgj; > 0 if 0 + pe + (1 — p) > O

Furthermore, multiplying both sides of equation (A.11) by Lgj;, we have

Omojt 1- p(1—e¢) 146 PM
(A.14) aL(];'t =pu®; “(1=e)pLy, "~ — roUn(1+0) Loy — Bar = ®jepLg;, = 0.
1 1—ep(l—e) _
Recall that £y Us Lok’ = 4 Boje, Rijy = pn®j; ‘Log, ', and Xoje = 5@ L.
Substituting, we have
146
(A.15) (1—eRf, = 5 —— Bojt + Xojt-

Similarly, if d = 1, the firm’s profit maximization problem is,

G 1—e
(Alﬁ) max GpH (q)JtLljt Q ) — K‘UthL%ﬁe _ 7(I)JtL1jt
Ly js: CDthTjtZQ 6

The first-order condition is,
(A.17)
0Tt
OL1j

—G 1- pm
= pu®;i(1-e)p (0L, - Q%) L kU (140) L — G L =o.
As ;L hes Q7. (@10, — Q%) * hes infinity while all oth
s ®;¢ L} ;, approaches @, ( ®;L; — Q approaches infinity while all other
terms involving Lij; approach constants. Thus, ;L] it > @G is necessary to

satisfy the equation. Since Q1j; = ]tLl 4 it follows that ngt = Qujt — @G >0,
so the winning firm always produces for the private market. Furthermore, it is

always true that 8Lm |L1ji=Lo;e > 0. Thus, Qgj; is larger if d = 1 than d = 0.
l—e
Multiplying both sides of equation (A.17) by L; and replacing Rﬁt =py (éthljt QG> ,

1+0

o
(A18)  RE®u-0) (0415, Q%) I -

—— Byt — X15¢ = 0.
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Since Qﬁt = éthfl)jt — @G and Q¢ = QDth’fjt, it follows that

it 1+0
(A.19) Rﬁt(l—e)&;t - Bijt — X150 = 0.
14t BL

Thus, combining equations (A.15) and (A.19), we have equation (13).

Lastly, it is interesting to consider if winning a procurement project will lead
a firm to produce more for the private market (crowd-in) or less (crowd-out).
To determine this, we evaluate the marginal profits of the winner when the total
output is Qljt = @G + Qg-t; that is, Qljt is the hypothetical output of the firm
in the d = 1 case such that there is neither crowd-in nor crowd-out. The winner
would prefer to produce more (less) than Qljt if the marginal profit is positive
(negative, respectively). Let the corresponding labor choice be f/ljt such that

- =G . > —~G
q)th'fJ;t—Q = Qgt = ®;;L(;,. Note that, since p > Land LY, = Lg;, +Q 7/ ®j1,
then Lqj; > Loj;. Evaluating equation (A.17) at Lyj¢, marginal profits for the

firm if it wins and produces hypothetical output Q1;; are,

(A.20)
OMije) @ (1= p(QI N1 — iy Un(1+ )0, — P ol oot
DLy Liji=L1; — PHZjt P\t 15t Yt 15t Bar P4t -
Multiplying by LL._tp and substituting Qont = ®;; L, we have,
(A.21)

_,0m; _ S gr1—

1 15t 1— 0+1 bPMm

LljtpaLét |Layimin, = P “(1=€)pLo i — kuUsi(1+0)Lyj, " — g it

Finally, substituting equation (A.14), this simplifies to,

_,0my; _ fga1—
1 1jt 0-+1 0+1
(A.22) Lljtp aLljjt ’Lljt:illjt = kyUji(1 + 0)(Lyy, - L ?).

871’1

Since Lij; > Lgjt, we have that BLJ

t|L1jt:£1ﬁ <0iffd+1—-p >0, and

87’1’1]'1 . . . .
L1 ] Liji=iny: = 0 otherwise. Therefore, winning a government project crowds-

out private projects when 1+ 6 > p and crowds-in if 1 4+ 6 < p.
3. Worker Rents Expressions

We derive the key expressions for worker rents in Section IE. First, following
Lamadon, Mogstad and Setzler (2022), total worker rents at firm j in year ¢ are,

dL; (W)

aw.
aw

W
(A.23) V(W) = /O (Wit — W)
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w

Define w = W, SO that % and note that labor supply can be expressed in

dLJt(wW]t)
dw

W Y

terms w as L(wW;;) = w?L(W};). Thus, dLJt( ) AW —

W = th(th)%, which implies

dw. Moreover,

wW]t) awl/e dw _ W]tth(th)
Ow 1+1/0

1

V}t ]t th/ 1 - dw = thth(th>/ (1 — w)
0

Second, we derive the decomposition of incidence for incumbents and new hires.

Let Zj; denote the set of incumbent workers at firm j. For two potential wages

W1t and Wyj¢, the corresponding rents Vi, and Vo, for any ¢ € Zj; must satisfy,

Uit (3, Wrjt—Viije) = IJI}%( U (5", Wire) and U (j, Woje—Voije) = IJI}%( Uin(5', Wi 1)

Since the right-hand side is the same in both of these equations (that is, the
outside option is unchanged by a wage increase at the incumbent employer), it
follows that Z/{Z’t(j, let — Vlz’jt) = Z/[it(j, WOjt — V()ijt), Vi € Ijt, which can only
be satisfied by Viije — Voije = Wije — Woje, Vi € Zj;. Thus, the incidence for
incumbents is

E (Viije — Voije) = Lot X (Wije — Woje)
T ~—~ —_———
Jjt Number of incumbents  Incidence for each incumbent

/

Incidence for incumbents
The incidence for new hires is then,

Vijt — Voje — Loje (Wije — WOjt)J =7 :{tl/lét -7 (j_tl/oét — Lojt (Wijt — Wojt)

Incidence for new hires

Incidence Incidence for incumbents

which can be rearranged as the decomposition in Section IE.
4. QOwver-identifying Restriction

We now derive equation (26). Taking the log of both sides of equation (13) for
the d = 1 case, we have,

1+6
10g<1—€) + TlHjt + q1t — qgt = log </8LB1]t -+ let) .
From equation (7), rﬁt = logpy + (1—6)qﬁt, so qgt = %_grfgt — L logpy. From
equation (10), g1+ = plijt + ¢jt + €j:. Substituting, we have

- 1 1+6
:let - : ].ngH) = log (Bljt + let) ’

log(1—€)+r{h+(plije + dje + ejt)_< B,
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which can be rearranged as equation (26).
B. Product Market with Perfect Competition

We now solve the firm’s problem in the private product market assuming the
firm is a price-taker (e = 0). Denote the competitive price as py. In terms of the
composite production function @;; = CIDJtL]t, the firm’s problem is

PMm
max - py (@510, — dQ%) — kuUs Ll - Ploy L,
Lj: @5 L, >dQ Bm
where the government’s output must be produced if the firm receives a procure-
ment contract (<I>th§t > d@G). We consider three cases:

Suppose d = 0. The government constraint is always satisfied, so we can ignore
this constraint. The profit-maximizing solution is simply Qo;: = (I)thgjt and

1
Lo _bm) _ ®pp T
07t b Bar) kuUj(1+0) ’

Suppose d = 1 and Qojy > @G Then, the solution Lmtmo” = Lo;; and

thm‘”’ Qoj+ satisfies the government constraint and othervvlse solves the profit-

max1m1zatlon problem, so this is the optimal solution. An implication is that
Qi’;im‘” is invariant to marginal changes in the size of the government contract,
i.e., government projects crowd-out the firm’s private market production one-for-
one. Since input costs are not affected by receiving a procurement contract, the
opportunity cost of receiving a procurement contract is simply the loss in revenues

in the private product market, Jmte”‘” =pu (ont — ( ’ﬁ’ée”or — @G» =p H@G.

Suppose d = 1 and Qq;; < Q . Then, the firm is at the corner solution in which

. . —G
it only produces for the government market, i.e., Qﬁ’{"‘” = (¢ and Lygme =

(@G/(I)jt) . The opportunity cost is o7 = pg Qo1 — {T]t (Loje) — Tt (Lf%n”) },
where Ty, (L) = K,UthLH_H + %th[/ﬁ is the total cost of production using labor
L.

C. Cobb-Douglas Production Function

1. Cobb-Douglas Model: Composite Production Function

Consider a Cobb-Douglas production function (in physical units)

(A.24) Qjr = QLI KK MM,



8 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 2025

Given any production level (), the firm can find the most cost efficient combi-
nation (L, Kji, M) by solving the cost-minimization problem,

; _ BL 7B B
(A25> ijrlr(l;tr,l]\/[j Cj s.t. th - ththLKjtKthM'

where Cj; = thle-tJre + pr Kji + ppMj; denotes the total cost. This leads to the
Lagrangian,

(A26) ,Cjt = thL;:-Q +pKKjt —l—pMth + )\jt(th — thKﬁKLftLMﬁM)
where \j; is the Lagrange multiplier. The first-order conditions are:

PK = AthjtﬂKKﬁK_lLffMﬁM,

(A.27) (1+0) U LY, = X\ B K LIE M,

par = NjeQu s K Lo MM~

We can use these first-order conditions to write the optimal choices of capital and
intermediate inputs as a function of labor

(A.28)

Br 1+ 0)Ujt 149 K 1460 Bu (1 +0)Ujt 119 M 146
Kj = ETJLJ‘;F = XU L5 and My = EPTJLJ = xMU L
where y(K) = g—f% and M) = %—L (gf). We can substitute these expressions

into Qjy = Qe LjF K5 M} and obtain
Br Bm

where ®j; = Qjy [X(K)Uj ]BK [X(M)Uj ]6M and p = B + (1 + 0)(Bx + Bar). We
can also use equations (A.29) and equation (A.28) to rewrite the firm’s problem
in the private product market as

(A.30) TaX Ty = pr (5Ll — Q%) — XUy, LY,
)

041 (W)

— 1+6
o 2 = (1+ (Brr+Bx) (14 )>‘

where cost-minimization implies Cy;; = X(W)U L B,

2. Cobb-Douglas Model: First-order Conditions

We now derive the profit-maximizing first-order conditions in the model with
Cobb-Douglas production. These derivations assume p = 1, +(14+6)(Sx +Bn) >
1 and e > 0.

If the firm loses the auction, its profit maximization problem is
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(A.31) max prr (€50 L)' = x" U LY.

05t
The first-order condition is,
(A.32) p(1— e)pr @ eLhl ™™ = U8, (1 4+ 6),
which implies,

1
0+1—p(1l—e)

1—¢e)py®l—s
(4.33) Loje = [p( )i ®];

xMWU;(1+6)

Thus 0 < Lgj; < oo.
Similarly, if the firm wins the auction, the profit maximization problem is:
146

Gyl Wy, LH
(A.34) Lige QT%TPQ pu(® JtLljt QY)'~ UjeLyjy -

The first-order condition is

(A.35)
or 15t
OL1jt

=p(1 - E)(I)jtpH( JtLljt QG) SLT;&I - X(W)thlﬁjt(l +0) =0,

which implies,
(A.36) p(1 = )®;ipr (5e LY, — Q)" X )thL?[ﬁe_p(l +0).

As @, LY + approaches Q%, the left-hand side of equation (A.36) approaches in-
finity while the RHS approaches a constant. Thus, ®;,L] it > QY is necessary to
satisfy the equation. Since Q1j; = (IDth’l’jt, it follows that Qﬁ.t = Qujt — Q% >0,
so the winning firm always produces for the private market.

Furthermore, since the solution is interior (i.e. LO]t > @G) due to € > 0,
equation (A.32) implies p(1 — &)®;ipp (P Lg;,)~ ELg]t — X(W)thLOJt(l +0) =
0 and therefore p(1 — &)®pu(®jiLp;, — Q%)™ Engtl —xW )U]tLOJt(l +6) =

gg; |L1;0=Lo;e > 0. Thus, 217_11 2| L1 j=Loje > 0, 50 total production will be larger if

the firm receives a procurement contract than if it does not.
3. Cobb-Douglas Model: Identification

We now show identification of (1—¢, p, f1) in the model with a Cobb-Douglas
production function.
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In the d = 0 case, revenues are related to labor by
(A.37) rjt = logpg + (1—€) ¢t + p (1—€) L)y

From this, we can identify p(1—e) by regressing r;; on ¢;; controlling for ¢
among Dj; = 0 firms. In practice, we can control for (uj;, Zj) in place of ¢;; as
in equation (23) due to the invertibility of bids with respect to TFP, conditional
on amenities. Thus, p (1—¢) is recovered by the estimator

— COV [T"t é-t\a-t Z‘t D‘t = 0]
A.38 1—e e o
( ) p< ) Var [gjt‘th,th,Djt = O]

In the d = 0 case, equation (A.32) implies
Boje _ o
p(1—e) UtLOJt(l—i-H)-
LOjt

Since we showed above that cost-minimization requires Cgj; = X(W)UJtngtl , 1

follows that

(A.39) p(l—€) = (1+6) =2,

Taking expectations in logs and rearranging, this yields another estimator that
over-identifies p (1—e):

(A.40) p(1—€) = exp (log (1 +6) + E [¢j¢ — rﬁ]Djt =0]).
In the d =1 case, multiplying both sides of equation (A.35) by L1;; implies

p(1 = &)®ipr (B LY, — QD) LY, = XWUHLYE 1+ 0) = (1 +0)Cj

Furthermore, since (® thljt Q%) (Qljt) (Rﬁ-t/pH)l;—ee, we can rewrite
this expression as

p(1 = &)pi (RYf, /o) < @50 L, = (14 0)Cye

Taking logs,

log p+log(1l—¢) +logpu + __66 logpr + @jt + plije = log(1+0) +cj

H
1— Tlﬂ 1

Rearranging, this gives,
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(A.41) cjt + —— 1 ﬁ = constant + ¢ + pljt,

%,_/
ASP (o)

where constant = log p—i—log(l—a)—i—l%e log pir—log(1+6). Thus, for any candidate
value of €, a regression of ACtD (€) on £j; controlling for ¢;; for the winners identifies
p. Since p (1—e) is identified above, this implies (1—¢) is uniquely determined by
this implicit system of equations.

Furthermore, since we showed above that cost-minimization requires Cj; =
B%Bjt, the expected labor share of costs is

BL _ Bﬁ]
(A.42) ; IE[ o]

so we identify 8y given p.
In practice, we simultaneously estimate (1—e, p, 81,) by applying equally-weighted
GMM to equations (A.38), (A.40), (A.41), and (A.42).

For the remaining parameters, note that X;; = %Bﬁ and pxKj; =
(1+9)ﬁ X Bji, which implies the following expressions:
140
(A.43) By = exp <IE [zt — bje] — log ( 5, )> )
1+6
(A.44) = exp (E log (px Kjt) — bji] — log ( B )> ,
(A.45) E [uji] = E[bje +0)E[¢5],

|-
(A.46) logpr = E[rj] — ( ) E [C5],
where we normalize E[¢;;] = 0 without loss of generality.
D. Expected Impacts of an Increase in Market Power

1. Mathematical Representation of the Expected Impacts of an Increase in Market
Power

SET UP:

For simplicity, we consider a production function in which labor is the only
input, returns to scale are constant (p = 1), and firms can only sell output to
the private market when deriving theoretical predictions. We focus on firm j
at time t, omitting these subscripts without loss of generality, and normalize
TFP as & = 1. The production function is then () = L. This implies that
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revenue can be expressed in terms of labor as R = py L' ¢, so marginal revenue

is MRP = pg(1 — ¢)L™¢. Since labor is the only input, the marginal cost of

production is given by the marginal cost of labor, which is MCL = U (14-6) L?.

We solve for the baseline equilibrium by equating MRP and MCL. The baseline
1

equilibrium is characterized by L = Q = (I%H %;5) e P=pyL ,R= prl_G,

and th = Ufa.

ROTATION OF LABOR SUPPLY CURVE:

We now consider a compensated rotation of the labor supply curve. In particu-
lar, consider an (inverse) labor supply curve W (L|U’,8") = U'L? for some 6’ # 6.
This labor supply curve is a “rotation” around the initial equilibrium only if
w (f| u',e ) = W, that is, the baseline labor quantity receives the same wage after

the rotation as it did in the baseline equilibrium. This rotation W (L|U’,8') = W

is solved by U’ = W L _9,; that is, there is a unique “compensation” U’'—U to the
location parameter of the labor supply curve such that W (L|U’, ') is a “rotation”
around the initial equilibrium and 6" # 6.

Suppose labor supply is rotated to become more inelastic; that is, #” > 6, which

1
also implies U’ < U. The new equilibrium satisfies L' = Q' = (%—’f f;;) Ot =

1 1
f(llig)g "¢ Since (11100/>9+e < 1, then L' < L and thereby Q' < Q. An

implication is that py (Q') ™ > py (Q) ™, so P’ > P. Another implication is that
1 0’ o’ o’
_ o _ T (146 | 0'+e _ U (140 \ e q; U' (146 | 0'+e
w=uv'(L) =U' <L(1+9,) ) —Wﬁ(1+9') : Smceﬁ(l-ﬁ-e’) <
1, it follows that W’ < W. Therefore, a compensated rotation of the labor supply

curve to become less elastic results in reductions in the firm’s employment, wage,
and output, as well as an increase in its price.

ROTATION OF PRODUCT DEMAND CURVE:

We now consider a compensated rotation of the product demand curve. In
particular, consider an (inverse) product demand curve P (Q|p},€’) = p’HQ_E/
for some € # e. This product demand curve is a “rotation” around the initial
equilibrium only if P (@] Py € ) = P; that is, the baseline output quantity receives
the same price after the rotation as it did in the/baseline equilibrium. This
rotation P (Q|ply,€') = P is solved by ply = PQ°; that is, there is a unique
“compensation” pl; —pg to the location parameter of the product demand curve
such that P (Q|[py,€') is a “rotation” around the initial equilibrium and €’ # e.

Suppose product demand is rotated to become more inelastic; that is, ¢ >
¢, which also implies pf; > py. The new equilibrium satisfies L' = Q' =

1 1 1
(pH 1—6’)9+e _T (11—e’>9+e . Since (1:')9“ < 1, then L' < L and thereby

[y
>

U 1+ —¢ 1
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Q' < Q. An implication is that U (L' )6 <U (E)Q, so W' < W. Another impli-

1N ¢ =
cation is that P’ = py (@)™ =pYy (Q (ﬁf;) i > ng < T ) +< Since

’

g—g (%)m > 1, it follows that P’ > P. Therefore, a compensated rotation

of the product demand curve to become less elastic results in reductions in the
firm’s employment, wage, and output, as well as an increase in its price.

ROTATION OF BOTH LABOR SUPPLY AND PRODUCT DEMAND CURVES:

Lastly, we consider rotating both the labor supply and product demand curves
to become more inelastic; that is, € > € and §' > 6. Following the same logic

1 1
as above, L' = L (11:09, 11__€€/> 7+ Since (1:90 = )9/+E < 1, then L' < L and
9/
A oQ U (1 6/+e 1460 1—¢ | 0'+¢ .
thereby Q' < Q. Since W/ = W (110' ) (119 ) <1, it

’

!/ T17 . / p +0 1— 6’+e p 1460 1— 0/7;67
follows that W’ < W. Since P’ = Ppg (1+9’ — ) and pg <1+9’ — ) >

1, it follows that P’ > P. Therefore, a simultaneous compensated rotation of
both the labor supply and product demand curves to become less elastic results
in reductions in the firm’s employment, wage, and output, as well as an increase
in its price.

Lastly, we show that the impacts of increased market power in one market are
attenuated by the existence of market power in the other market. In particular,
we show that

9%L
00'0¢

=L
{P(Qp)y.¢)=P, W (Z|U",6") =W}

1 1 1 1
CEE [1+0+1—e+(1+0)(1—e)

1
We start with L = L [%ﬁg:” 0/+6/, which implies

_ (1+6)(1—¢)
logL —log L = 0 + ¢ [lOg (1—6)(1+9/):|

Setting § = @’ and € = ¢ delivers log L —log L = 0. We can calculate the following
derivatives:

dlogL  1dL _ 1 (1+6)(1—¢) 11
=——— |log —
A T Ld0 T (iR | P U-00+0)| Treltd
dlogL 1dL 1 (1+6)(1—¢) 1 1
S S -
de L de (0 + ¢)? (1—¢e)(1+6) 0 +e1—¢

> 0.
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Substituting,
dL 1 1+0)(1—¢ 1 1
= — _ 5 log( +0)( €) L
o’ (0" + €) (1—-e)(1+06) 0 +e1+06
dL 1 1
— = log L — log L L
4o ef+e'[°g o8 +1+9/]
dL 1
20 :_9/+6/ [logL—logL+ —e’] L
Thus,
d*L 1 - 1 1 _dlogL dL 1
= loglL —logL+—|L— —+-L—— — — log L
de'de’ (9’+e’)2 [og 085+ 1+9/] 0 +¢  de de' 0" + /[og
— 1 gL —logT + I+ | logL—logT+——1| L
_(0’—i—e’)2 o8 o8 1+¢ 0 +¢€ |0 +¢€ o8 08 1—¢
—i—# log L — 1o f—i—L b log L —log L + ! L
0+ ¢ & & 1—€| 60 +¢ & & 146

1 — 1 — 1
=——| |logL—logL+——| L log L — log L L
<ef+e/>2<[°g e B

_ 1 — 1
+ [logL—logL—i— 1 e’] [logL—logL—FHQ,] L)

Finally, evaluating at L = L, # = ', and € = € delivers:

d*L 1[1 1 1 1

=L
1760 1-¢ 1-c¢1+0

0.
Ao’ de' (0,+6,)2 :| >

2. Graphical Representation of the Expected Impacts of an Increase in Product Market
Power

In Figures A.la-A.1b, we use the compensated rotation to show the expected
impact of an increase in product market power and how it depends on the presence
or absence of labor market power. The initial inverse product demand elasticity
is €™t > 0, initial employment is L™* and initial price is P™®. In Figure A.la,
labor supply is perfectly elastic (§ = 0). When the inverse product demand
curve rotates from the initial curve labeled Price™?® (corresponding to e™t) to

the less elastic curve labeled PriceN®" (corresponding to €N°V), the corresponding

productivity-adjusted MRPL curve falls from the initial curve labeled Mlﬁggmt to

the new curve labeled %ﬁjew through the relationship ¥RrL = (1 — €) x Price.

Since the first-order condition equates MRPL and MCL, and MRPL is lower for
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Figure A.1. : Expected Impacts of Changes in Market Power

Notes: This figure presents the expected impacts of increasing product market power. For simplicity,
we parameterize the production function as Q;¢ = ®;; L, although the results in the text hold for
more general production functions. We consider the compensated rotation of the Price curve (i.e. the

inverse product demand curve) around the initial choices (LI, PInit). We denote the
MCLg>o
MPL

for the case without labor market power.

productivity-adjusted MCL curve (in blue) by for the case with labor market power and

MCLg—_g
MPL

all values of labor as product market power increases, it follows that the firm
finds it profitable to reduce labor. Since the price curve is downward sloping, a
reduction in labor raises the price.

In Figure A.1b, we perform exactly the same analysis as in Figure A.la, except
that the firm now has labor market power. To introduce labor market power, we
rotate the labor supply curve by increasing 6 from zero to a positive value, and
then change the location parameter U such that the initial optimum is identical
to Figure A.la. Next, we rotate the product demand curve to increase product
market power. The expected impact of increased product market power is quali-
tatively similar to Figure A.la: the MRPL falls at all values of labor, so MRPL
and MCL are equalized by a smaller choice of labor and higher prices. However,
in contrast to Figure A.la, the wage falls as output declines in Figure A.1b due
to 6 > 0, so the MCL is lower at the new optimal choice of labor in Figure A.1b.

While the qualitative effects of increased product market power are similar in
Figures A.1la and A.lb, the magnitude of the expected decrease in labor and
increase in price relative to the initial optimum is stronger in Figure A.la due to
the absence of labor market power. The intuition for this result is straightforward:
if the firm experiences an increase in product market power, it wants to increase
the price it charges by reducing output and, thereby, employment. However, the
firm will choose to reduce output and employment less if it is facing upward-
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sloping labor supply (6 > 0), as lower employment decreases the wage it has to
pay and, thus, the marginal cost of labor. By contrast, in Figure A.la, the wage
remains constant as employment falls, giving the firm no labor market power to
exploit, and a greater reduction in output is required in order for MRPL and
MCL to be equalized, leading to a greater increase in prices.

E. Additional Institutional Details on the Construction Industry and
Procurement Auctions

1. Prevalence of Non-wage Compensation

The Economic Census of the Construction Sector (EC), which is collected every
five years by the US Census Bureau, provides informative descriptive statistics
on the wage and non-wage compensation paid by the US construction industry
(United States Census Bureau, 2023). The EC provides measures of non-wage
compensation separately for legally-required fringe benefits (social security, unem-
ployment insurance, worker injury-compensation insurance, etc.) and voluntary
fringe benefits (health insurance, pensions, training, etc.), as well as total payroll.
We analyze the EC data for the construction industry, aggregated to the state-
level at five-year frequency, for the period from 1977 to 2017. Dollar values are
adjusted for inflation (United States Bureau of Labor Statistics, 2023).

In Figure A.12, we present the share of total compensation from wages, legally-
required fringe benefits, and voluntary fringe benefits over time. In 2012, which is
near the end of the time frame considered in our main analysis, we find that about
10% of total compensation is due to legally-required benefits and about 10% is
due to voluntary benefits, with wages accounting for the remaining 80%. Thus,
voluntary benefits — which is the component of non-wage compensation that the
firm can in principle adjust — accounts for only one-tenth of total compensation
in the construction industry.

It is perhaps not surprising that the construction industry primarily compen-
sates workers through wages rather than voluntary benefits, as these benefits may
be costly to provide. Industry experts summarize the role of wages versus non-
wage benefits in recruiting workers to construction jobs by noting that “base pay
has been the single most important piece of compensation” and “benefits aren’t
usually a driving factor in recruiting.”! However, some workers may be offered
non-wage benefits that are proportional to wages, such as bonuses and incentives
which are offered as a percentage of base salary and thus adjust when wages in-
crease.? We show in Supplemental Appendix H that proportional adjustments
in non-wage benefits do not introduce bias in our estimation of the labor supply
curve.

ISee “What you need to know about compensation in construction” by Carpenter-Beck,
https://www.sage.com/en-us/blog/need-know-compensation-construction/.

28ee “Competitive pay to recruit and retain employees” by Robinson, https://www.sage.com/en-
us/blog/competitive-pay-to-recruit-and-retain-employees/.
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2. Relevance of Prevailing Wage Laws

Prevailing wage laws require that workers employed by private construction
firms on government-funded construction projects be paid at least the wages and
benefits paid to similar workers in the same location where the project is located.
The Davis-Bacon Act was passed by Congress in 1931 to require that private
construction firms pay the prevailing wage to their employees on all federally-
funded construction projects. Subsequently, most state governments passed so-
called “little Davis-Bacon” laws to extend prevailing wage requirements to state-
funded construction projects. However, 15 of those states have since repealed
their prevailing wage laws.3

One potential concern in our estimation of the labor supply elasticity is that
first-time procurement auction winners may become subject to the prevailing
wage for the first time, which could force them to increase the wages of incumbent
workers, independently of whether or not they hire new workers. In order for such
an effect to occur, three conditions would need to be satisfied. First, the firm
must have initial wages below the prevailing wage. This is unlikely to be true for
many firms in our sample, as we find that procurement auction participants (both
winners and losers) have higher than average wages in the pre-period. Second,
even if the winning firms had initial wages below the prevailing wage, prevailing
wage laws would only bind if the new wage after winning the procurement contract
would not have met the prevailing wage in the absence of a prevailing wage law. In
the presence of an upward-sloping labor supply curve, the wage increase required
to recruit new workers may reach the prevailing wage even among winners that
did not initially pay the prevailing wage. Third, the procurement contract must
be funded by a state government that currently has a prevailing wage law, or be
funded by the federal government.

To investigate if there are actually effects of prevailing wage laws, we use re-
peals of state prevailing wage laws (United States Department of Labor, 2021)
in a difference-in-differences analysis at the state-level to examine how wage and
non-wage compensation are impacted by prevailing wages. For outcome measures,
we use the EC data described above on wages and non-wage fringe benefits in
the construction sector. In Table A.8, the difference-in-differences estimates for
repeals suggest that prevailing wage laws have little to no effect on total compen-
sation, wages, non-wage fringe benefits, or the share of total compensation from
non-wage fringe benefits.* For example, the effect of a repeal on the log wage in
the construction industry is 0.009 with standard error 0.029, and the effect on

3The list of states that currently have prevailing wage laws as well as the history of repeals is provided
by the US Department of Labor here: https://www.dol.gov/agencies/whd/state/prevailing-wages.

4Prior work, reviewed by Duncan and Ormiston (2019), has found little evidence that prevailing wage
laws increase wages in the construction industry. In their study of the first 9 repeals of prevailing wage
laws and outcomes only through 1993, Kessler and Katz (2001) find economically small impacts on wages
that become statistically insignificant when controlling for pre-trends. Our analysis includes more recent
repeals, effects on non-wage outcomes, and uses modern difference-in-differences estimators for staggered
treatment contexts (Callaway and Sant’Anna, 2020).
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log non-wage fringe benefits in the construction industry is 0.015 with standard
error 0.031.

8. Safety Regulations and Procurement Auctions

The construction industry is governed by extensive safety regulations. For ex-
ample, construction employers in California must comply with Cal/OSHA regu-
lations found in the following subchapters of California Code of Regulations, title
8, chapter 4: subchapter 4 (Construction Safety Orders); subchapter 5 (Electri-
cal Safety Orders); and subchapter 7 (General Industry Safety Orders). These
regulations are typically task-specific, e.g., California requires certification and
various safety procedures to be followed by crane operators.

It is important to observe that these safety regulations apply to all firms in
the construction industry. In particular, government procurement projects are
governed by the same safety regulations as private projects. Thus, receiving a
procurement contract does not change the safety regulations governing the con-
struction firm. Similarly, we have read the annual reports of public construction
firms to examine the language they use to describe participation in government
projects.® While they discuss the costs and opportunities associated with govern-
ment contracts, we find no mention of changing safety policies in consideration of
procurements.7

While we find no legal requirement that safety must be improved in response
to winning a procurement auction, we may still worry that winning firms make
safety improvements. In order to check for such effects, we download publicly-
available data from OSHA safety inspections and link it to our procurement auc-
tion records. Since each state provides OSHA data in a different format, we
focused on the largest state in our sample, California. Given our linked dataset
between procurement auction and OSHA records, we then used these data to run
the same regression specification as our baseline research design in equation (21),
but now using safety investigations and violations as the outcome variables.

Reassuringly, we find fairly precisely estimated zero effects on the probability
of a safety violation and on the probability of a safety investigation: As shown in
Table A.7, the point estimates are 0.000 and 0.009, with standard errors 0.006 and
0.008 respectively, for the safety violation and investigation probabilities. These
estimates suggest little if any impacts. By comparison, the probability of a safety
violation is 4.1% and the probability of an investigation is 7.5% in the year that
a firm is a bidder (both winners and losers) in an auction.

5See https://www.dir.ca.gov/dosh/construction-guide-summary.html.

SWe accessed annual reports using https://www.annualreports.com. E.g.,
the annual report for Granite Construction Inc, one of the the largest auc-
tion winners in the procurement auction records for California, is available at

https://www.annualreports.com/HostedData/AnnualReports/PDF /NYSE_GVA_2022.pdf.

7Although receiving a procurement contract does not lead to different safety regulations, a history
of serious workplace safety violations may be a reason to deny a firm the chance to participate in a
procurement auction at the pre-qualification phase.
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4. Prevalence of Auctions with a Quality Dimension

Lewis and Bajari (2011) study a special type of auction, called an A+B auction,
in which firms bid both a price and a time-to-completion. A bid submission
contains a dollar amount, the “A” component, and a total number of days to
complete the project, the “B” component. The score is a weighted sum of these
two components, and the bidder with the lowest score wins. The A+B design
provides an incentive for the bidder to disrupt traffic for a shorter period of time,
and it is rarely used outside a few categories of construction projects that require
road lane or shoulder closure.

The empirical context considered by Lewis and Bajari (2011) is California DOT
procurement auctions during 2003-2008. They restrict the sample of auctions to
the small set of project types that are more likely to use the A+B format. They
also restrict the analysis to 5 districts (4, 6, 8, 11, and 12) that use the A+B
format more frequently, with most auctions coming from the San Francisco Bay
Area. Even with such selective sampling, among 708 auctions that fit the criteria,
only 80 have the A+B format. The contracts auctioned through the A+B format
are exceptionally large: the average engineer’s estimate is $21.9 million for A+B
auctions versus $4.6 million for other auctions.

To examine the prevalence of the A+B design in our analysis sample, we identify
the list of A+B auctions in our 2001-2015 California DOT procurement auction
data. In this sample, only 4.2% of auctions use the A+B format. We also check
how these auctions enter our regressions. Recall that we only use auctions with a
first-time winner to implement our estimation of the labor supply curve. In all of
California during our sample period, only 12 auctions use the A+B format and
are won by a first-time winner. Thus, A+B auctions comprise a very small share
of our estimation sample for California.

Among the few auctions that use the A+B format in our sample, one may worry
that the ultimate payment differs significantly from the total bid. According to
Lewis and Bajari (2011), “standard contracts typically finish 7% early, whereas
A+B contracts finish exactly on time.” More specifically, in their sample, 52%
of the A+B contracts are completed exactly on time. Completing on time means
that the payment equals the part A bid. Using the A4+B auctions that satisfy
their sample time frame and districts, we find that about 87% of the total bids
are determined by the A price component rather than the B time-to-completion
component, suggesting that the price-only auction might remain a good approx-
imation. We find similar statistics using the A+B auctions that fit our analysis
sample criteria.

Another paper discussing auctions with a quality dimension is Takahashi (2018).
He considers so-called design-bid auctions, in which each bidder submits a design
and a price bid, and the price-per-quality score ratio determines the winner. In
his sample from the Florida DOT between 2000 and 2011, only 152 auctions
are design-bid auctions. In this case, quality-and-price-based auctions are again
exceptions.
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5. Prevalence of Subcontracting

Along with the project announcement, DOT publishes a detailed project de-
scription, including an engineer’s estimate of the size and cost of each item. The
winners of procurement auctions may subcontract some of those project items
to be completed by other firms. However, data on subcontracting is limited, so
there has been little empirical research on subcontracting.

The California DOT requires that bidders settle all subcontracting agreements
prior to bid submission. Bidders must list all project items that will be sub-
contracted, along with the prices that will be paid to associated subcontractors.
While subcontracting agreements are not available in a readily-usable data form,
Balat, Komarova and Krasnokutskaya (2017) digitized this information from bid-
ding documents submitted to the California DOT for projects auctioned between
2002 and 2016. Because their sample overlaps well with ours, their summary
statistics represent ours well.

Using their data on subcontracting in California procurement auctions, Balat,
Komarova and Krasnokutskaya (2017) find that subcontracting is common, with
about 95% of auction winners subcontracting at least one item in road or bridge
projects. However, the amount of subcontracting relative to the total value of the
project is small. They find that, for the average (median) winner of a procurement
contract, subcontractors only account for 8% (4%) of the bid value of the project.
Thus, for the largest state in our data, subcontracting accounts for a relatively
small share of the bid value.

F. Details on Labor Supply Elasticity Estimators

1. Identification using the LMS Estimator

Following Lamadon, Mogstad and Setzler (2022, LMS), we consider instru-
menting for long-differences in log labor using short-differences in log value added
(VA). Denoting the short-difference in log VA by Ava;; = log VAj; —log VA1,
the estimator of LMS is,

Cov [ije — Wjt—e/, Avajt]

O = e llrre — G Avay] |
Unlike the estimators of Propositions 3-4, this estimator does not make use of
information on procurement auctions and thus can be applied to the entire con-
struction industry rather than only construction firms that bid for procurement
projects.

Consider the following assumption, which compares short-run changes in VA
to longer-run changes in TFP and firm-specific amenity shocks:

Assumption 1:  Suppose Je, €’ > 0 sufficiently large such that (i) ¢jire — dji—er
is correlated with Avaj, and (ii) Avaj is orthogonal to Vjiye — Vjp_er.

We then have the following result:
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Proposition 6:  Under Assumption 1 and the rank condition Cov [(Ej,pre — Ejt—e’) ,Avajt] #*

0, OAyq Tecovers 6.

By equation (4),
5 Cov [9 (@-He — Ejtfe’) ,Avajt] Cov [(Vjt+e — Vjtfe’) ,Avajt]
Ava = +
Cov [(gjt—i-e - Ejt—e’) ,AV&jt] Cov [(@He - gjt—e’) ,AVa.jt]

=9,

where the denominator of each term is non-zero (i.e., the rank condition is sat-
isfied) by Assumption 1(i) and the second term is zero by Assumption 1(ii).
The key requirement, the exclusion condition Cov [(VjtJre — th,e/) ,Avajt] =0,
relies on the assumption that firm-specific amenity shocks are transitory while
TFP shocks are persistent. Thus, short-run VA growth is correlated with long-
run employment growth (satisfying the rank condition due to persistence in TFP
shocks), but orthogonal to long-run firm-specific amenity shocks. In practice, we
must take a stand on the persistence of the transitory shocks. LMS argue that
these transitory shocks are well-approximated as a moving average of order one,
in which case, Assumption 1 holds as long as e > 2, ¢’ > 3 and TFP shocks persist
for at least e periods. We use the same choices of e and ¢’ as LMS in our empirical
implementation.

2. Implementation of RDD Estimators

We now describe the implementation of the RDD estimation defined in Propo-
sition 4. Recall that, for a firm j that bids in auction ¢ at time ¢, we define the
loss margin as 7;; = thT—*ZL*’ where Z is the winning bid in auction . We can
interpret 7;; as a measure of proximity to the discontinuity, satisfying 7;; = 0 for
auction winners (Dj; = 1) and 7j; > 0 for auction losers (Dj; = 0). The regression
specification is,

(A.47)
H{rj < T} wjpye = Z H{r <7}1{e = e} ul%—ZZl{Tjt <TI1{j =jand =t} ¢T,,
e'+e 5! W
event tim;;‘ized effect firm-auction fized effect
+ Z 1 {Tjt < 7} 1 {6, = 6} Djt)‘t?e’ +1 {Tjt < ?} €jte,
7 —— —
e'#e

residual

TV
treatment status by event time

where we have fully interacted the regression with the indicator 1{r;; <7} to
remove any control units that do not place close bids to the winning firms. The
parameter \], recovers the numerator of Ogrpp(7) for a particular choice of 7, pair
(e,t), and € = —2 is the omitted event time. As in the baseline implementation,
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we estimate A, for all ¢ and e and then average across ¢, using the delta method to
compute standard errors. The analogous regression in which £;; . is the outcome
recovers the denominator of Ogpp(7). We average across event times e to form
the main estimate.

As an alternative implementation of the RDD estimator defined in Proposition
4, consider a regression that controls for the loss margin, rather than restricting
the sample based on the loss margin, as,

(A48)  wjye=> 1{ =ebme+> > 1{j/=jand =1}
j/ Ll

e'#£e
event time fized effect ﬁrm—aucti;; fized effect
/ /
+ Z 1{e' =e} Djjher + Z 1{e' =e} oe(je) + €jte
e'#e e'#e residual

treatment status by event time  polynomaial in loss margin

where o.(7j;) is an event time-specific polynomial in the loss margin 7j. In
practice, we consider a linear specification, 0¢(7jt) = @eTjt, and a third-order
polynomial specification, o.(7jt) = p1eTjt + cpgeTth + (pge’f;’t.

3. Implementation of Local Labor Market Estimators

Let m denote the market in which the firm participates, and let 7, denote the
set of firms that participate in market m. Possible markets include the auction
in which the firm bids or the commuting zone in which the firm employs workers.
Our goal is to estimate fp;p while controlling for market-specific shocks. To do
so, we will implement the Proposition 3 estimator separately by market, allowing
each market to experience its own sequence of event time effects.

Consider the cohort of firms that receive a procurement contract in year ¢
(Djs = 1) and the set of comparison firms that bid for a procurement in year ¢
but lose (Dj; = 0). Let e denote an event time relative to ¢t. For each event time

e = —4,...,4, our DiD estimation for market m is implemented as
(A.49) Wjtre = doi{e =e}upy +3 1 =5} e
e'#e 5!
market-specific event time fized effect firm ﬁ;gd effect
+ Z 1 {e' = e} Djt/\gg, +  €te among j € Jm
— ~—
e'7e residual

~
treatment status by event time

where, for market m, A} recovers the numerator of ., for a particular pair
(e,t) and € = —2 is the omitted event time. This estimator differs from the
baseline specification in that it only considers comparison firms that participate
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in the same market as the firm that receives a procurement contract, ensuring
that market-specific shocks are controlled. In particular, market-specific shocks
are captured by the p7 parameters. The analogous regression in which £, is
the outcome recovers the denominator of 6),,. We average across event times e
to form the main estimate. Finally, we average 0}, across all of the markets m
to form the overall Op;p estimate that controls flexibly for market-specific shocks.
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G. Additional Tables and Figures
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Figure A.2. : Visualizing the Double Markup

Notes: This figure visualizes how prices are marked up due to the interaction between labor and
product market power. It is constructed by simulating the solution to the firm’s problem, omitting the
procurement auctions. For simplicity, we parameterize the production function as Q;; = ®;¢ Ly,
although the results in the text hold for more general production functions. The curve labeled Price is
the inverse Rrpciduct demand curve, and the productivivt’{y—adjusted MRPL curve is related to the price

curve by 1\1/{/[PL = (1-¢€) x Price. The curve labeled ipL is the productivity-adjusted wage, which is
related to the productivity-adjusted MCL by 1\1\//{—% =(140)x %. In subfigure (a), there is no labor

market power (f = 0), so MCL and the wage are identical and the only markup is (1 — 6)71. In
subfigure (b), there is labor market power (6 > 0), generating a wedge between MCL and the wage
whose size is determined by the inverse markdown, leading to an additional markup relative to the
wage.
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DOT Auction Records

Final Sample: Linked Auction-Tax Data

State Data Includes Bidders Share of 2010 Construction Sector:
Source EIN in 2010 Value Added FTE Workers

AL State Website X 196 15.7% 17.4%
AR State Website X 149 7.9% 12.8%
AZ No X * * *
CA State Website X 1,041 8.3% 11.2%
CO FOIA Request v 241 12.6% 14.7%
CcT FOIA Request X 126 9.4% 15.5%
FL State Website v 344 30.7% 10.6%
GA BidX Website X 137 4.3% 7.0%
IA BidX Website X 256 15.4% 20.7%
1D BidX Website X 112 17.2% 13.6%
1L No X * * *
IN State Website v 213 10.6% 16.6%
KS BidX Website v 130 13.7% 21.6%
KY No X * * *
LA BidX Website X 167 11.5% 10.8%
MA No X * * *
MD No X * * *
ME BidX Website X 141 13.7% 16.9%
MI BidX Website X 391 9.5% 16.3%
MN BidX Website X 262 13.5% 19.8%
MO BidX Website X 179 14.9% 13.3%
MS No X * * *
MT FOIA Request X 122 15.0% 23.6%
NC BidX Website X 135 5.2% 9.8%
ND FOTA Request X * * *
NE No X * * *
NH No X * * *
NJ No X * * *
NM BidX Website X * * *
NV No X * * *
NY No X * * *
OH BidX Website X 320 43.7% 17.5%
OK No X * * *
OR No X * * *
PA No X * * *
SC No X * * *
SD No X * * *
TN BidX Website X 140 5.3% 11.5%
TX FOITA Request v 551 4.9% 9.6%
uT No X * * *
VA BidX Website X 241 14.2% 12.0%
VT BidX Website X * * *
WA BidX Website X 200 7.5% 14.0%
WI BidX Website X 194 12.1% 14.6%
WV BidX, State Websites v 103 13.7% 19.0%
National 6,792 10.7% 9.9%

Table A.1—: Summary of Auction Data by State

Notes: The first two columns provide information on in-state DOT data sources by state, where “state”
refers to the state in which the auction occurred. The first column indicates the source from which we

obtained data on that state’s DOT auctions, and the second column indicates whether or not EINs

were included in the auction records. The final three columns provide information on the final sample
of firms in the matched auction-tax data, where “state” refers to the state in which the firm filed taxes.

Among firms in the construction industry in 2010, the last two columns consider the share of value
added and FTE workers due to the firms that participated in auctions in our sample. We drop from
these calculations firms that have missing values on the variables displayed, so the total sample size
must be smaller than in Table A.2. An asterisk (*) denotes that number of bidders is non-zero but

below the disclosure threshold.
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Figure A.3. : Chassang et al. (2022) Visual Test for Collusion

Notes: This figure displays the histogram of bid competition for each of the 28 states in our sample.
Negative values indicate the difference between the winner’s bid and the bid of the runner-up. Positive
values indicate the difference between each loser’s bid and the winner’s bid. Differences are scaled by
the winner’s bid in each case. Chassang et al. (2022) demonstrate that, under some assumptions on the
auction environment, these differences should display discontinuities in the histogram near zero if there
is collusion.
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Figure A.4. : Visualizing the Research Design

Notes: This figure presents estimates based on equation (21) of the impacts of winning a procurement
contract. The omitted event time is —2. The outcomes considered are the probability of winning an
auction for the first time (subfigure a) and the probability of winning any auction in the current year
(subfigure b). It provides these estimates separately by event year. Proximity refers to the largest value
of 7;; permitted in the sample. 95% confidence intervals are displayed in brackets. Specification details
and sample definitions are provided in the main text.

Share of the

Sample Size Construction Industry
Number of Firms 7,876 0.9%
Workers per Firm 46 11.7%

Value Per Firm Share of the

($ millions) Mean of Log Construction Industry
Sales 19.927 15.061 12.1%
EBITD 9.232 14.075 9.6%
Intermediates 14.661 14.719 12.4%
Wage bill 2.737 13.549 13.4%

Table A.2—: Sample Characteristics

Notes: This table displays descriptive statistics for the sample of firms that place bids in 2010. The
third column compares aggregates for this sample to all firms in the construction industry in the 2010
tax records.
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Effect on Employment Effect on Earnings Implications for Labor Market
Parameter  Elasticity = Markdown
Estimate  Std. Err.  Estimate  Std. Err. 0 1/6 (1+0)1
Panel A. By Proximity:
Any Proximity 0.083 (0.019) 0.020 (0.008) 0.245 4.084 0.803
Proximity 1.0 0.083 (0.019) 0.021 (0.008) 0.251 3.991 0.800
Proximity 0.5 0.080 (0.019) 0.020 (0.008) 0.251 3.980 0.799
Proximity 0.4 0.079 (0.020) 0.022 (0.008) 0.277 3.608 0.783
Proximity 0.3 0.079 (0.020) 0.022 (0.008) 0.281 3.559 0.781
Proximity 0.2 0.079 (0.021) 0.020 (0.009) 0.257 3.892 0.796
Proximity 0.1 0.065 (0.025) 0.019 (0.010) 0.286 3.491 0.777
Panel B. By Proximity for Stayers:
Any Proximity 0.083 (0.019) 0.023 (0.006) 0.278 3.600 0.783
Proximity 1.0 0.083 (0.019) 0.024 (0.006) 0.283 3.530 0.779
Proximity 0.5 0.080 (0.019) 0.022 (0.006) 0.277 3.605 0.783
Proximity 0.4 0.079 (0.020) 0.023 (0.006) 0.294 3.403 0.773
Proximity 0.3 0.079 (0.020) 0.023 (0.006) 0.288 3.467 0.776
Proximity 0.2 0.079 (0.021) 0.021 (0.007) 0.271 3.689 0.787
Proximity 0.1 0.065 (0.025) 0.019 (0.007) 0.286 3.499 0.778
Panel C. By Worker Incumbency:
Stayer Spell: (—1,...,1) 0.083 (0.019) 0.023 (0.005) 0.272 3.681 0.786
Stayer Spell: (—2,...,2) 0.083 (0.019) 0.023 (0.006) 0.278 3.600 0.783
Stayer Spell: (=3, ...,3) 0.083 (0.019) 0.021 (0.007) 0.253 3.957 0.798
Tenure: 1 Year 0.083 (0.019) 0.023 (0.006) 0.277 3.615 0.783
Tenure: 2 Years 0.083 (0.019) 0.023 (0.006) 0.277 3.615 0.783
Tenure: 3 Years 0.083 (0.019) 0.025 (0.006) 0.301 3.326 0.769
Tenure: 4 Years 0.083 (0.019) 0.022 (0.006) 0.266 3.766 0.790
Panel D. By Employment Intensity:
Add Indep. Contractors 0.092 (0.021) 0.020 (0.009) 0.220 4.548 0.820
110% of FTE Wage 0.083 (0.019) 0.023 (0.006) 0.276 3.627 0.784
120% of FTE Wage 0.083 (0.019) 0.022 (0.006) 0.266 3.755 0.790
130% of FTE Wage 0.083 (0.019) 0.022 (0.006) 0.264 3.788 0.791
140% of FTE Wage 0.083 (0.019) 0.021 (0.006) 0.256 3.909 0.796
150% of FTE Wage 0.083 (0.019) 0.019 (0.006) 0.230 4.346 0.813
Panel E. Interacted DiD Designs:
Fully-interacted: CZ 0.074 (0.019) 0.017 (0.009) 0.224 4.467 0.817
Fully-interacted: Auction 0.088 (0.027) 0.018 (0.009) 0.206 4.846 0.829
Panel F. LMS Design for All Construction Firms:
Baseline 0.087 0.023 0.266 3.758 0.790
Control CZ 0.092 0.027 0.299 3.349 0.770

Table A.3—: Specifications for Estimating the Parameter 6

Notes: This table presents estimates of the impacts of winning a procurement contract on employment
and earnings per worker in the post-treatment time period. Employment and earnings per worker are
measured in log units. Proximity refers to the largest value of 7;; permitted in the sample.
Specification details and sample definitions are provided in the main text. Standard errors are not
available for the estimates in Panel F.
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Design: DiD RDD
Proximity: Any 0.3 0.2 0.1
Impact: Before Treatment -0.003  0.003 0.003  -0.007
(0.013) (0.019) (0.020) (0.024)
Impact: After Treatment 0.010 0.017 0.016 0.009

(0.011) (0.017) (0.018) (0.021)

Table A.4—: Impacts of Winning a Procurement Contract: Earnings of New
Hires

Notes: This table presents estimates of the impacts of winning a procurement contract on the log
earnings per worker at the new employer among new hires in the post-treatment and pre-treatment
time periods. Proximity refers to the largest value of 7;; permitted in the sample. Specification details
and sample definitions are provided in the main text.

Design: DiD RDD
Proximity: Any 0.3 0.2 0.1
Impact: Before Treatment -0.002  -0.009 -0.003  0.004
(0.019) (0.027) (0.029) (0.034)
Impact: After Treatment 0.009 0.012 0.014 0.023

(0.016)  (0.024) (0.026) (0.030)

Table A.5—: Impacts of Winning a Procurement Contract: Quality of New Hires

Notes: This table presents estimates of the impacts of winning a procurement contract on worker
quality. Worker quality is measured by log earnings per worker in the previous firm. Proximity refers to
the largest value of 7;; permitted in the sample. Specification details and sample definitions are
provided in the main text.
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Figure A.5. : DiD and RDD Estimates of the Effects of Winning a Procurement

Notes: This figure displays estimates of the effects of winning a procurement contract on winners
relative to losers across event times. The winner is announced during event time 0, and outcomes are
normalized to zero for both winners and losers in event time -2. All specifications control for
time-invariant auction and firm characteristics as well as time fixed effects. The outcomes are log
employment in subfigure (a) and log earnings per employee in subfigure (b). Proximity refers to the
largest value of 7;; permitted in the sample. 95% confidence intervals are displayed in brackets.
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Figure A.6. : Impacts on Log Earnings per Worker: Sensitivity to Worker Sample

Notes: This figure presents estimates based on equation (21) of the impacts of winning a procurement
contract. The outcome considered is log earnings per worker. It provides these estimates for alternative
sample definitions for stayers (subfigure (a)), tenured workers (subfigure (b)), and full-time equivalence
(FTE) thresholds as a percentage of the annualized minimum wage (subfigure (c)). 95% confidence
intervals are displayed in brackets. Specification details and sample definitions are provided in the main
text.
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(b) Wage Markdown relative to MRPL, (1 +6)!

Figure A.7. : Specification Checks: Estimates of the Labor Supply Elasticity and

Wage Markdown

Notes: This figure presents the sensitivity checks for the estimates of the labor supply elasticity, 1/6,
and the wage markdown relative to MRPL, (1 + 6)71. Specification details and sample definitions are

provided in the main text.
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Figure A.8. : Labor Supply Elasticity and Wage Markdown: Sensitivity to Worker
Sample

Notes: This figure presents estimates of the labor supply elasticity, 1/6, and the wage markdown
relative to MRPL, (14 6)~! for alternative sample definitions for stayers (subfigures (a)-(b)), tenured
workers (subfigures (c)-(d)), and full-time equivalence (FTE) thresholds as a percentage of the
annualized minimum wage (subfigures (e)-(f)). Specification details and sample definitions are provided
in the main text.
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States: All Prevailing Wage
Workers: All Stayers All Stayers

Impacts of Winning an Auction:

Log Employment: 0.083 0.081
(0.019) (0.023)
Log Earnings per Worker: 0.020 0.023 0.023 0.027

(0.008) (0.006) (0.010) (0.007)

Implied Labor Parameters:
Labor Supply Elasticity: 4.084 3.600 3.508 3.054

Markdown relative to MRPL:  0.803 0.783 0.778 0.753

Table A.6—: Impacts of Winning a Procurement Contract: Prevailing Wage
States

Notes: This table presents estimates of the impacts of winning a procurement contract on log
employment and log earnings per worker in the post-treatment time period. It provides the impacts on
log earnings per worker separately for all workers in the firm and stayers. It compares all states to
states that have a state-specific prevailing wage requirement. Specification details and sample
definitions are provided in the main text.
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Figure A.9. : Interquartile Range in TFP by Year

Notes: This figure presents the interquartile range of TFP estimated separately by calendar year.
Specification details and sample definitions are provided in the main text.
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OSHA Investigations OSHA Violations
Probability Count Probability Count

Occurrence

Observed Average: 0.075 0.139 0.041 0.110

Impacts of Winning a Procurement Auction

Impact: Before Treatment 0.000 -0.012 0.000 -0.009
(0.006) (0.016) (0.004) (0.018)
Impact: After Treatment 0.009 0.004 0.000 -0.006

(0.008)  (0.020)  (0.006)  (0.023)

Table A.7—: Impacts of Winning a Procurement Contract: OSHA Safety Out-
comes in California

Notes: This table presents estimates of the impacts of winning a procurement contract on OSHA safety
investigations and violations in California during 2001-2015. The observed average is reported for
bidders (winners and losers) in the years of active bidding.
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Figure A.10. : Heterogeneity across Census Regions in the Estimate of 1—e

Notes: This figure presents heterogeneity across Census regions in the estimate of 1—e using the

estimator in equation (25), as well as the implied price markup (1—e)~!.
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Figure A.11. : Outcomes and Rents for Alternative TFP Percentiles, among Firms
without Procurement Contracts (Dj; = 0)

Notes: In this figure, we assign alternative TFP quantiles to the median-TFP firm in the Dj; =0
sample without changing any other primitives of the model, then re-solve the model to obtain this
firm’s alternative outcomes and rents. The x-axis displays the alternative TFP assigned to the firm (as
a percentile in the population TFP distribution). Each y-axis value is expressed as a percent change
relative to the actual value for the median-TFP firm.
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Figure A.12. : Survey Evidence from the Economic Census of the Construction
Sector: Sources of Compensation in the Construction Industry

Notes: This figure uses survey data from the Economic Census of the Construction Sector to estimate
the share of total compensation from legally-required benefits, voluntary benefits, and wages. See
Appendix E.1 for details.
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Total Wage Non-wage Share Non-wage
Compensation Compensation Fringe Benefits  Fringe Benefits
(log) (log) (log) (fraction)
Difference-in-Differences for State Davis-Bacon Repeals
0.009 0.009 0.015 0.000
(0.026) (0.029) (0.031) (0.005)

Table A.8—: Impacts of Repeals of State Prevailing Wage Laws

Notes: This table combines information on repeals of state prevailing wage laws with survey data from
the Economic Census of the Construction Sector to estimate the impacts of prevailing wage law repeals
on wage and non-wage compensation. See Appendix E.2 for details.
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Figure A.13. : Sensitivity to Allowing Endogenous Amenity Responses to Winning
a Procurement Auction

Notes: In this figure, we allow for amenity responses to winning a procurement auction and adjust the
0pip and Orpp estimates to account for these amenity responses. See Appendix H for details.
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Figure A.14. : Estimated Impacts of Changes in Product Market Power

Notes: This figure presents expected impacts of increased product market power, using the approach
defined in Section IIB. To do so, it simulates from the model defined in Section I for the typical firm,
evaluated at the parameter estimates provided in Table 2. In subfigure (a), we assume there is only
market power in the product market, while in subfigure (b), we assume market power in both labor and
product markets is characterized by our preferred estimates. Each simulated outcome is expressed as a
percent change relative to the value observed in the data.
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H. Sensitivity to Assuming there are Causal Effects of Winning an Auction
on Amenities

Let Comp,, denote the total compensation offered by the firm (inclusive of
wages and amenities). If we observed Comp;;, we could infer the (inverse) labor
supply elasticity with respect compensation from the estimand

5 E [Alog Comp |7t = 0] —E [Alog Comp ;|0 < 7j¢ < 7]
N E[Afﬁhjt :0] —E[Afjt‘0<’7'jt S?] '

In practice, however, we only observe wages W, so we use Alog Wj; in place of
Alog Compy.

We now examine how the key conclusions regarding the labor supply curve
would change if log compensation in reality increased more (or less) than log
earning. To do so, it is useful to define

\ = E [Alog Comp |7t = 0] —E [Alog Comp ;|0 < 75 < 7] )
- E[Alongthﬁ:O]—E[AlogI/Vjt|O<Tjtg?] ’

so that A x 100% is the percent increase in log compensation relative to log wages.
If A =0, then the change in compensation is proportional to the change in wages.
In this case, there is no bias in using wages in place of total compensation when
estimating 6. However, if A > 0 (or A < 0), then the change in log compensation
is greater (or smaller) than the change in log wages, so the estimate of 6 using
wages may be downward-biased (or upward-biased).

In Figure A.13, we calibrate A x 100% and examine how our conclusions would
change if winning a procurement auction had a causal effect on amenity provision.
We find that, even in the rather extreme case in which log compensation increases
by 20% more (or less) than log earnings due to amenity responses, the labor supply
curve is upward sloping with an elasticity that would be close to our baseline
estimates in Figure 3. Furthermore, there is still a significant wage markdown
relative to MRPL, and it is close to our baseline estimates using log wages.

I. Heterogeneity in TFP

We now investigate how the outcomes would change if the median-TFP firm
instead had above-median or below-median TFP. To do so, we assign alternative
TFP quantiles to this firm without changing any other primitives of the model,
then re-solve the model to obtain this firm’s alternative outcomes and rents.® The
results are provided in Figure A.15. The x-axis displays the alternative draw of
TFP assigned to the firm (as a percentile in the population TFP distribution).

8To solve the model for firms that currently receive procurement contracts, we must account for the
optimal markups in the bids, requiring that we integrate across the distribution of opportunity costs
(equation 14). To overcome the computational challenge, we implement the quantile representation
method proposed by Luo (2020); implementation details are provided in Supplemental Appendix J.
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In Figure A.15(a), the y-axis presents the firm’s labor, wage, wage bill, output,
and profits, and in Figure A.15(b), the y-axis presents the total rents of the firm,
total rents of its workers, and workers’ share of total rents. Each y-axis value is
expressed as a percent change relative to the actual value for the median-TFP
firm (reported in the first column of Table 4).

We find that, when the firm is more productive (above-median TFP), it chooses
to produce more output, which requires hiring more workers. Since the labor
supply curve is upward-sloping, it must bid up wages to increase employment,
which also increases the wage bill. If TFP is set to the 75th percentile, the firm
employs 12% more labor, pays 3% higher wages, and spends 15% more on labor.
It produces 65% more output and earns 74% more profits. By contrast, if TFP is
set to the 25th percentile, it produces 26% less output and earns 37% lower profit.
If TFP is set below the 25th percentile, the firm also hires more workers and pays
greater wages than with median TFP. This is because it needs to produce the
minimum output specified by the government in the procurement contract, @G,
and must compensate for low productivity by hiring more labor than it would
with median TFP.? Since firm rents increase more than worker rents as TFP
increases, the share of rents captured by workers is decreasing in TFP. This result
complements the recent literature on product market competition which has found
that more productive firms have higher markups and lower labor shares (Autor
et al., 2020; de Loecker, Eeckhout and Unger, 2020). We account for both labor
and product market power in a constant-elasticity framework and find a lower
rent share to workers at more productive firms.

J. Computational Details

OVERVIEW:

Simulating model outcomes is computationally challenging. Since 1/6 and —1/¢
both appear in the firm’s opportunity cost o(¢;:, uj;) (recall the definition asso-
ciated with equation 8), it follows that changing these parameters also changes
the optimal bid Z7, (equation 14). In turn, the bid affects the additional rents
captured by firms from winning a procurement contract. To simulate from the
model, we first solve the second stage problem for each ¢;; to find the distribu-
tion of opportunity costs. Next, we solve the first stage problem to obtain the
distribution of optimal bids given the opportunity costs. Finally, we combine
the optimal bid distribution from the first stage with the optimal private market
profits from the second stage. From this, we recover all outcomes. To ease the
computational burden in solving for these distributions we implement the quan-
tile representation method of Luo (2020). Our main results focus on outcomes

9Figure A.11 provides a similar analysis but for the majority of firms that do not currently have a
procurement contract and thus have no incidence of procurements. We find that wages, employment, the
wage bill, and rents are monotonically increasing in TFP when shutting down the government market,
confirming that the non-monotonicity in these outcomes in Figure A.15 is due to the constraint that

Q1jt ZQG-
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Figure A.15. : Outcomes and Rents for Alternative TFP Percentiles

Notes: In this figure, we assign alternative TFP quantiles to the median-TFP firm in the Dj; =1
sample without changing any other primitives of the model, then re-solve the model to obtain this
firm’s alternative outcomes and rents. The x-axis displays the alternative TFP assigned to the firm (as
a percentile in the population TFP distribution). Each y-axis value is expressed as a percent change
relative to the actual value for the median-TFP firm (reported in the first column of Table 4).

for the typical firm (the firm with the median value of ¢;;), which further reduces
the computational burden.

SECOND STAGE:

Denote the TFP quantile function as ¢(«) where, for example, o = 0.10 indi-
cates the 10th quantile of the TFP distribution. We use a log Normal distribution
to approximate the distribution of TFP, which allows for a simple mapping be-
tween ¢ and «, choosing the standard deviation that matches the interquartile
range of TFP (reported in Table 2). For each combination of winner status, TFP
quantile, and auction size (d, Q, QG), we solve the second-stage problem for firm
and worker outcomes. This is done by numerical optimization of the profit func-
tion (equation 8) subject to the labor supply curve (equation 2), the production
function (equation 9), and optimal intermediate inputs (equation 10).

FIRST STAGE:

The challenge is to compute expectations of the second-stage across the distribu-
tion of outcomes from the first-stage. To solve the first-stage, note that the oppor-

. . . . =G, =G -G
tunity cost of winning an auction of size Q) is o (a!Q ) =nll(a) —nl (a|Q )
Since ﬂﬁ»t is the winning firm’s revenue in the private market net of the total

. . . . =G
cost, it follows that ﬂ(fgt > Wﬁt and thus o > 0. 71{1 is decreasing in @, and

7'['6{ does not depend on @G. Moreover, ¢ is decreasing in a. In other words, a
higher TFP firm has a lower opportunity cost of producing in the government
procurement market. Since « represents quantiles of TFP, it has the standard
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uniform distribution. The probability that the winning quantile is less than « is
the probability that it is the lowest among all I bidders’ draws from the standard
uniform distribution, yielding the probability o and associated density function
fi(a,I) = Ia'~!. By similar reasoning, the density function of a losing firm’s
TFP quantile is fo (o, I) = 725 (1 — ol 71).

SOLUTION:

Let Yy (a|@G> denote a second-stage outcome for a firm characterized by

TFP quantile o bidding in an auction of size @G. Using the distribution func-
tions from the first stage, we compute the expected outcome as E [Yd\@G, I } =

fol Yy (a|@G) fa (e, I)da. For example, the probability that a bidder with TFP

¢;¢ wins the project is the probability that its TFP is the highest among all par-
ticipating bidders, i.e, H(¢;;)!,where H denotes the distribution of TFP. This
implies that the density function of the winner’s TFP is TH(¢;:)! " h(¢;:). The
profit function depends on who wins the auction, in particular, the TFP of the
winner. The expected profit of the winner is then

B —Q _ —G _
T1jt = /let(¢jt|Q LH (¢50)" " h(si))dpse = /let(%’t(aﬂQ o' da.
Note that this expectation depends on the combinations (@G, 1 ) One possibility

is to solve the model for each possible combination of <QG, I ), and then average
across them. In our setting, this is computationally infeasible. An alternative is

to evaluate (@G, I ) at representative values. In practice, we choose the values

of (@G,I ) that provide the best fit to the additional rents from procurement

projects, (Vjia,mjia), for the typical firm. The best fit yields a model-simulated
incidence on workers of about $6,500, which is the same as the main estimate in
Table 4, and incidence on firms of $9,200, which is very close to the main estimate
of about $9,600 in Table 4. The implied incidence share on workers is about 41%,
which is about the same as our main estimate. The best fit is achieved at I =5
bidders per auction, which is in the right ballpark to the mean observed value in
the data of around 8 bidders per auction.

ADDITIONAL DETAILS:

We now provide the derivation of the quantile representation of the optimal
bidding strategy. Consider a standard first-price auction model. Following Guerre
et al. (2000), we can rewrite the first-order condition and obtain a representation
of the cost as a function of observables:

1 1—5(b)

SRR S R TON



VOL. 115 NO. 9 SUPPLEMENTAL APPENDIX 43

where $(-) and h(-) are the bid distribution and density, respectively. Since the
bidding strategy is strictly increasing, we can further rewrite this expression in
terms of quantiles:
1
cla) = b(0) ~ 7 [1 ~ alb'(a),

where ¢(-) and b(-) are the cost quantile function and the bid quantile function,
respectively. The boundary condition is that the least efficient firm bids the
highest, i.e., ¢(1) = b(1). Following Luo (2020), we solve this ODE and obtain the

mapping from the cost quantile function to the bid quantile function:
1

bla) = (I -1)(1 - a)”/ c(@)(1—a) 2da.

«
This representation is convenient for numerically solving the first-price procure-
ment auction model.
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