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OA1 Additions to Section 3: Data

Table OA1 complements Table 1 in the main paper. Columns (1) and (2) document the
extent of entry and, respectively, exit. Column (3) describes the demand shifter. Columns

(4)-(6) document the rate of growth of the prices of the various inputs.

OA2 Additions to Section 4: A dynamic model of the firm

Correction terms. In developing the correction term A\(S7j;) in the main paper we
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wage regression in Appendix E. To probe if the wage premium changes over time, we add

assume that the ratio = Ao is an (unknown) constant. Table OA2 replicates the
an interaction of the share of temporary labor Stj; and a time trend ¢ (column (2)). In
line with our assumption, this interaction is borderline significant in just two industries
and insignificant in the remaining industries. The remaining estimates (columns (1) and
(3)-(5)) are similar to those in columns (5)—(8) of Table A2.

In developing the correction term v;(Sp; ;) we assume that the ratio

(unknown) constant. Alternatively, we assume that ﬁéi_t = 7o(t) is an (unknown) function
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Yo(t)Sojt.! In the simplest case, we set v(t) = v, + 71t with the normalization v, = 1.

of time ¢ and treat InT’ (l,yo(t) 504t ) =7 (fyo(t) Sojt > as an (unknown) function of

As can be seen from column (2) of Table OA3, v, is significantly different from zero in
three industries but very imprecisely estimated. Equation (17) yields lower estimates of o
(column (1)) in five industries compared to our leading estimates in column (3) of Table
4; the estimates of o are essentially unchanged in three industries. In the remaining two
industries, the estimates of o are either implausibly low (industry 4) or high (industry 8).
Equation (20) becomes substantially more difficult to estimate. Compared to our leading
estimates in columns (1) and (2) of Table 7 the estimates of Sy (column (6)) are lower
in six industries and essentially unchanged in two industries. The estimates of v (column
(7)) are lower in one industry and essentially unchanged in seven industries. Comparing
columns (5) and (10) of Table OA3 to column (1) of Table 5 and, respectively, column (1)
of Table 8 shows that, on average, the growth of labor-augmenting productivity is higher
in one industry, essentially unchanged in five industries, and lower in four industries. The
growth of Hicks-neutral productivity is higher in two industries, essentially the same in four
industries, and lower in two industries. Overall, our conclusions about technological change

remain the same.

An alternative model of outsourcing. If both in-house and outsourced materials are

static inputs that the firm may combine in arbitrary proportions without incurring adjust-
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'Treating it as an unknown function of -y, (t) instead of y,(¢)So;+ introduces additional nonlinear-

ities and considerably complicates estimation.



ment costs, then the Bellman equation becomes
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where Qj; = (K, Lpji—1,wrjt, WHjt, Wpjt, Wrjt, Prji, Poji, Dji) is the vector of state vari-

ables. The corresponding first-order conditions for in-house and outsourced materials are
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Equations (OA1l) and (OA2) imply that the mix of in-house and outsourced materials
depends on their prices.

We assume that Pyrjt = Prji(1—Sojt) + PojtSojt so that the price of materials is an ap-
propriately weighted average of the prices of in-house and outsourced materials. We continue

to assume that I'(My;;, Mo;¢) is linearly homogenous and normalize I'(M7 ¢, 0) = M. This

implies M7, = Mjq PM”F 1 — Sojt, %S@'t). Using Euler’s theorem to combine equations
J

(OA1) and (OA2) ylelds

l1—0o
(1422 1 [Py Pr; -7
VﬁMqut( ) exp (wrje) My, ” (P#T (1 — Sojt, JD#SOﬁ>>
Ijt Ojt
Py

_ . (0A3)
1
Pjt (1 o U(ijDjt))

Py P L8 Pasj Py
If Pgt = vy is an (unknown) constant, then PM” =1-Sot+ O” and In (%;:T <1 — Sojts %S@O) =

v2(S0j¢) is an (unknown) function of Spj;. Equation (OA3) is thus indistinguishable from

equation (14) in the main paper. Note that if Sp;; = 0 and thus Py = Prjy and
Mj; = Mij, then equation (OA3) reduces to the first-order condition in a model with-

out outsourcing.

OA3 Additions to Section 6: Labor-augmenting technologi-
cal change
Additional checks: Lagged input prices. Table OA4 complements Table 4 in the

main paper. Columns (1)—(3) show that our estimates of the elasticity of substitution are

robust to purging the variation due to differences in the quality of labor from the lagged



wage wj;—1. In contrast to the main paper, wgj; is the part of the wage that depends on

the available data on the skill mix of a firm’s labor force as well as on firm size.

Firms’ R&D activities. Table OA5 complements Table 5 in the main paper. Column
(1) shows that firms that perform R&D have, on average, higher levels of labor-augmenting
productivity than firms that do not perform R&D in nine industries. Columns (2) and
(3) show that firms that perform R&D have, on average, higher rates of growth of labor-

augmenting productivity than firms that do not perform R&D in seven industries.

Firm turnover. Columns (4)—(6) of Table OA5 show that survivors account for most of

the output effect of labor-augmenting technological change.

Skill upgrading. Columns (7) and (8) of Table OA5 document the increase in the share

of engineers and technicians in the labor force between 1991 and 2006.

OA4 Additions to Section 8: Hicks-neutral technological change

Elasticity of substitution: Lagrange-multiplier test. We replace the CES produc-
tion function in equation (6) by the nested CES production function (with g, = g, = 1)
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where the additional parameter 7 is the elasticity of substitution between capital and labor,

respectively, materials.
The first-order conditions for permanent and temporary labor become
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Proceeding as in the main paper and using Euler’s theorem to combine equations (OA4)



and (OA5) yields
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where the second equality follows from dividing equations (OA4) and (OA5) and solving
for Ajt-
The first-order condition for in-house materials becomes
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where Prj; + Poji@Qnmji is the effective cost of an additional unit of in-house materials.
Proceeding as in the main paper and rewriting equation (OA7) yields
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From the labor and materials decisions in equations (OA6) and (OA8) we recover (con-
veniently rescaled) labor-augmenting productivity wrj; = (1 — 0)wp;; and Hicks-neutral

productivity wgj; as

Wrjt = Y +mjt — L + o(pvje — wje) — oXo(Stje) + (1 — 0)v1(Sojt)

= hr(mje — Lt pvje — wije, STt Sojt),

1 1
WHjt = +m't+pM‘t—p-t—ln<l—>
’ e o 1(pjt, Dijt)

vT KLM c 1—r71 M 1—0

KLM
Ry (Kje, mje, Saajes Djes Pmjes Djey STjt, Sojt)s

where

_1-o (1 — Sy
XE = By (0050 (1 (S0 F (S5 (S 1)
J

—o —(1-7)
1—0o T —(1—71)

—(-7) 1— S
XJ'It(LM =BrK; T + [BM (ﬁ)\l(STjt) + 1>} (Mjrexp (71(Sojt))) ~ ~
j

Our first estimation equation (17) therefore remains unchanged and our second estima-



tion equation (20) becomes
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If 7 = o, then equation (OA9) reverts to equation (20). This allows us to conduct a
Lagrange-multiplier test for 7 = o, with o fixed at our leading estimates in column (3) of
Table 4.

Firm turnover. Table OA6 complements Table 8 in the main paper. Columns (1)—(3)

show that survivors account for most of Hicks-neutral technological change.

Total technological change and its components. Column (4) of Table OA6 shows
that the correlation between labor-augmenting productivity in output terms ey, j;—owp j; and

Hicks-neutral productivity wyj; is positive in all industries.

OA5 Additions to Section 10: Capital-augmenting techno-

logical change

Table OA7 complements Table 10 in the main paper. Columns (1)—(3) present the results

from estimating the analog to our first estimation equation (17) in the main paper:

mjr — kjt = —o(pmje — prcjt) — (1 — o) v1(Sojt)

+9kt-1(hr (Mjt—1 — kjt—1,PMmji—1 — PKji—1,505t-1), Rjt—1) + €k jt-

Awpjy in column (4) presents the implied rate of growth of a firm’s effective capital stock
exp(wrji—1)Kji—1.

Column (5) of Table OA7 documents the implausibly low elasticity of output with
respect to the firm’s effective capital stock that drives the output effect to zero when we

plug our leading estimates from Section 5 into equation (24) in the main paper.

OA6 Additions to Appendix C: Estimation

Concentrating out. To reduce the number of parameters to search over in the GMM
problems corresponding to equations (17) (see also equation (21)) and (20) in the main
paper, we “concentrate out” the parameters that enter it linearly (Wooldridge 2010, p.
435). To simplify the notation, in what follows we omit the subscripts L and H that

distinguish these equations.



We exploit that the T x 1 vector of residuals v;(#) as a function of the P x 1 vector of

parameters to be estimated 6 can be written as

v;(0) = y;(B) — w;(B)7, (OA10)

where (3 is a P; x 1 vector of “nonlinear” parameters and v is P, x 1 vector of “linear”
parameters with 0 = (8',7/) and P = Pi + P,. y;(8) is a Tj x 1 vector and w;(3) is a
T; x P, matrix of “composite” variables whose values depend on the nonlinear parameters
5.

The first-order conditions for the GMM problem

/
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Hence, the lower P, equations can be rewritten as
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Solving yields the linear parameters as a function of the nonlinear parameters:
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Plugging this back into the GMM problem in equation (OA11) concentrates out the linear
parameters and reduces the GMM problem to a search over the nonlinear parameters.

We estimate the asymptotic variance of § = (B/, 7(3)’)’ as
~ =1 . -1
Avar(8) = [G’WG} QW |3 4(z)v;0)v;(0) A=) | WG [G’WG}
if W is an arbitrary weighting matrix and as
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if W is the optimal weighting matrix. Both expressions depend on G = Zj w.

Using the fact that d(Aj(ngVj(e)) = 8(Aj(f9”g'/j(9)) — Aj(zj)w; (,6’)%—(66), we compute

6= | S AAEOL S i) | T - F A (B)
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Correcting standard errors. We proceed as follows. Let w; be a Tj x 1 vector of
i.i.d. random variables and consider the functions gr(w;,0r) and gg(w;,0m,01) corre-
sponding to equation (20) and, respectively, equation (17), where Egr(w;,0r0)] = 0 and
Elgu(wji, 0m0,0100)] = 0 at the true values 619 and 6. Note that our notation differs
from that in the main paper to make explicit that some of the parameters in equation (20)
reappear in equation (17).

To estimate the parameters 6 and 6 we set up the GMM problems

/
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(see also equation (21) in the main paper) and
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If E[\7o, 91 (wj,0H0,010)] # 0, then we have to correct the standard errors of O to ensure
their consistency (Newey & McFadden 1994, Wooldridge 2010).

The first-order condition for §H is

/

> Vougn(wi,0m,00) | Wi | gu(w;,04.,01)| = 0.
J J

Expanding ) ;90 (wi,/éH,gL) around 69 and substituting back into the first-order condi-
tion we have
/
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where @ is the value that makes the expression exact according to the mean value theorem.

Appropriately dividing and multiplying by N and replacing % > Voy gH(wj,/G\H,@L) by its



probability limit Gy = F [\/g,, 90 (wj, 0 Ho,010)], replacing WH by its probability limit Wy,
and solving for v N (/H\H — 6po) yields

VN — 0m0) = — [GyWuGy] ™' GHWH\F ZgH wj,0m0,01) + 0,(1).  (OA12)
Expanding Zj gu (wj, HHO,/G\L) around 019 we have
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where Gy, = E[vg, 90 (wj,0H0,010)]. Because 5L is a GMM estimator, it has a similar

representation to the one derived for 8 in equation (OA12):
~ — 1
VN@;, —010) = - [Gy WG] G/LWL\/—N > gn(w;, 010) + 0p(1), (OA14)
J
where G, = E [\Vg, 9r.(wj,010)]. Plugging equation (OA14) into equation (OA13), we have
1 ~
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J
1 1 1
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\/N;gH( 550 10,010) L [GTWiLGL] L L\/N;gL( i>0r0) + 0p(1)
(OA15)

Plugging equation (OA15) into equation (OA12), we have

VN@Oy — 0510

=— [G}{WHGH] GyWh— Z [gH (wj,0m0,000) — GHL [G,LWLGL]_l GLWirgr(w;, 01r0)| + 0p(1).
J

Defining
gu(wj, 0m0,000) = 9a(w;,0m0,010) — GHL [G’LWLGLT1 G Wirgr(w;,0r0)

and
D = Egu(wj,0m0,050) 9 (w;, 0m0,010)'],



we finally have

Gy WhGh] ™ Gy Wy DWy Gy [Gy WG ™!

Avar(0y) = N

The asymptotic variance can be estimated by replacing the probability limits by estimates
and the matrix D by an estimate based on gH(wj,/H\H,/H\L) and gL(wj,/O\L).
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