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PRELIMINARY AND INCOMPLETE

Abstract

Firms’ innovation outcomes crucially depend on their ability to screen, attract and retain tal-
ented inventors. The efficient functioning of the market for inventors is essential to ensure
that firms with high innovation potential are matched with high-productivity inventors. What
frictions prevent such efficient sorting? And what is their impact on aggregate innovation and
growth? We address these questions both empirically and theoretically. Empirically, we show
that firms facing strong competition in the product market employ more productive inventors,
while firms that are far away from their competitors employ less productive researchers. The-
oretically, we rationalize these findings by embedding a frictional labor market for inventors in
an endogenous-growth model of strategic interaction and innovation. In the model, firms must
hire researchers in order to advance their productivity, and hiring incentives are shaped by the
intensity of competition that firms face. Market leaders retain talented inventors to discourage
competitors’ innovation efforts. We show that the model delivers predictions that align with
empirical evidence and use it to quantify the growth and welfare implications of inventor-firm
sorting. A preliminary qualitative exercise suggests that increasing matching efficiency in the
market for inventors favors the reallocation of high-productivity inventors to firms with high
R&D intensity. Aggregate R&D spending and the rate of economic growth therefore increase as

misallocation in the market for inventors falls.
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1 Introduction

In idea-based growth models, economic growth arises from people generating new ideas. Long-run
growth in these models is given by the product of two terms: the total amount of R&D inputs in the
economy and the productivity of these inputs. Thus, understanding productivity growth requires
understanding not only firms’ incentives to advance their productivity, but also the efficiency with
which they utilize their R&D inputs.

Inventors are the key inputs in firms’ R&D processes. Inventors’ human capital is crucial for
innovation and firms’ innovation outcomes critically depend on their ability to screen, attract and
retain talented inventors (Jones (2009), Bhaskarabhatla, Cabral, Hegde and Peeters (2021)). Ag-
gregate innovation and growth in an economy are highest when firms with highest innovation
potential and R&D productivity are matched with the best inventors. The functioning of the market
for inventors is essential for ensuring such an efficient allocation of inventors across firms.

In this paper, we study the labor market for inventors to understand the sorting patterns of
inventors into firms and quantify their aggregate implications. Empirically, we present new findings
on inventors’ mobility and their allocation across firms. Theoretically, we develop an endogenous-
growth model featuring a frictional market for inventors, where firms competing in the product
market strive to match with the best inventors. Efficiency in the market for inventors determines
the extent to which firms with high R&D capabilities are able to hire and retain talented inventors.
Our model therefore allows to quantify the growth and welfare effects of matching frictions that
prevent an efficient allocation of inventors across firms.

We begin by documenting novel empirical facts about the market for inventors and their alloca-
tion across firms. By combining patent data from the USPTO with firms’ financial information from
Compustat North America, we identify which inventors work for which firms and relate inventors’
characteristics to balance sheet information about their employers. We document that there is sig-
nificant turnover in the market for inventors: on average 6.6% of US inventors change employer
every year and mobility rates are higher for inventors with better past innovation outcomes. Inven-
tors’ mobility is important for firms’ innovativeness: we document that employing more productive
inventors improves firms’ innovation outcomes, especially for firms that face intense competition in
the product market. As a result, we find that there is an hump-shaped relationship between hiring
rates of inventors and firms’ relative sales within industries, which is particularly pronounced in

the top quintiles of the inventors’ productivity distribution.



Motivated by these findings, we build an innovation-based growth model with a frictional mar-
ket for researchers. In particular, we merge a model of competitive innovation and a dynamic
directed search model. A standard feature of innovation-based growth models is that firms can hire
R&D inputs on frictionless spot markets. In our model, by contrast, in order to innovate, firms must
access the frictional market for inventors. Inventors are heterogeneous in terms of human capital
and firms compete to attract the best inventors and implement their ideas.

The model economy consists of many sectors. In each sector, two firms produce imperfect sub-
stitute varieties of the same good and compete in prices a la Bertrand for market leadership. Firms
are heterogeneous in productivity, which evolves endogenously through successive innovations.
Firms that employ inventors of higher ability can achieve greater productivity advancements by
implementing their ideas. Firms’ innovation incentives are driven by competition in the product
market: market leaders try to innovate to widen their lead, while followers try to catch up with the
leader. Intense competition in the product market induces more aggressive innovation investments
by firms, while innovation efforts are lower in sectors where the productivity gap between leader
and follower is larger. Our framework thus allows for heterogeneity along both R&D intensity and
R&D productivity, and links them together. In this framework, it is not only the aggregate arrival
rate of innovations that matters for economic growth, but also the matching of inventors and firms:
growth will be highest when inventors with the best ideas work for the firms that have the highest
incentives to implement them.

In our model, the matching between inventors and firms occurs in a frictional labor market.
Search in this market is directed on both the inventor and the firm side: firms announce wage
contracts in order to attract unattached inventors, who optimally direct their search based on these
offers. Meeting rates in in the market for inventors are therefore determined by the optimal choices
of inventors and firms and the model generates endogenously heterogeneous job-filling rates across
firms. In particular, firms that operate in highly competitive sectors offer higher wages to high-
productivity inventors and are more likely to hire them as a result. However, dominant firms in
concentrated sectors also promise high values to these inventors, knowing that employing them
will deter competitors’ innovation efforts.

We validate our model by showing that this theoretical framework delivers predictions that are
in line with the empirical evidence. Specifically, the model replicates the allocation of inventors
across firms and the patterns’ of inventors’ mobility that we observe in the data. As in the data,

firms that employ more productive inventors invest more in R&D, and the effect is hump-shaped in



the firm’s market share. Moreover, the model reproduces the empirical hump-shaped relationship
between hiring rates of inventors and firms’ relative sales. In equilibrium, firms that are far from
their competitors tend to employ low-productivity inventors, while firms that are close to their
competitors tend to employ high-productivity inventors. There are however many high-productivity
inventors that are inefficiently employed by dominant firms, with little R&D intensity. This happens
because of the strategic nature of firms’ competition for inventors: dominant firms employ talented
inventors to discourage innovation by their competitors and defend their market leadership.

We use the model to study the growth and welfare implications of inventor-firm sorting. In
a preliminary qualitative exercise, we show that increasing matching efficiency in the market for
inventors favors the reallocation of high-productivity inventors to firms with high R&D intensity.
Aggregate R&D spending and the rate of economic growth therefore increase as misallocation in
the market for inventors falls. As matching efficiency improve, we also observe an increase in the
degree of concentration in the product market, as firm with high R&D intensity separate themselves
from competition. This force pushes down aggregate output and consumption. Despite this, due to

the effect on growth, welfare is higher in an economy with larger matching efficiency.

Related literature. This paper builds on and contributes to several literatures. Theoretically, our
model builds on the branch of the endogenous-growth literature that incorporates product market
competition and strategic interaction between firms in general equilibrium models of economic
growth (Aghion, Harris, Howitt and Vickers (2001), Aghion, Bloom, Blundell, Griffith and Howitt
(2005), Acemoglu and Akcigit (2012), Akcigit and Ates (2023)). We contribute to this literature
by embedding a frictional labor market for inventors in a growth model of strategic interaction
and innovation. Our modeling of the market for inventors borrows from the dynamic directed
search literature with heterogeneous firms (Kaas and Kircher (2015), Schaal (2017)). Thus we
also contribute to the literature on frictional search by applying it to the market for inventors.

By studying the matching between inventors and firms, our paper is closely related to the recent
literature, initiated by Bloom, Jones, Van Reenen and Webb (2020), that investigates the determi-
nants of aggregate research productivity. Within this literature, some authors have pointed to the
role of the allocation of inventors across firms as a potentially important determinant of research
productivity (Lehr (2022), Manera (2022), Akcigit and Goldschlag (2023)). While the focus of
these papers is on the changing patterns of firm-inventor sorting over time and their potential to

explain the recent productivity slowdown in the US economy, we still know very little about the de-



terminants of the sorting of inventors into firms in the cross-section and its quantitative implications
for innovative capacity and growth. Our paper tries to fill this gap.

Closest to our paper is Babalievsky (2023). As we do, Babalievsky (2023) proposes a growth
model that features a frictional labor market for inventors to study the consequences for growth of
the allocation of inventors across firms. However, in his framework, search is random, so that meet-
ing rates between inventors and firms are exogenous. By contrast, in our model, search is directed
and meeting rates are determined endogenously by the values that firms promise to workers. Our
model can therefore rationalize the novel micro evidence on inventors’ mobility and firms’ hiring
policies that we document. Moreover, it allows for a quantification of the macroeconomic impact
of this micro behaviour and is particularly suited for policy analysis, as it endogenizes firms’ and
inventors’ responses to policy changes.

The rest of the paper is structured as follows. Section 2 describes the data, while Section
3 presents the results of our empirical analysis. Section 4 introduces the theoretical model and
Section 5 describes its equilibrium. In Section 6 we present some of the model results, showing
that the model’s predictions align with the empirical evidence. In Section 7, we present the results
of a preliminary assessment of the growth and welfare implications of the market for inventors.

Section 8 concludes.

2 Data

2.1 Data sources

We combine data from two main sources: (i) the US Patent and Trademark Office (USPTO)
PatentsView database; and (ii) Compustat North America.

The USPTO database provides comprehensive information on all patents granted by the USPTO
since 1976. We leverage data on utility patents granted up to 2018, which allows us at least five
years to observe forward citations to the latest patents. For each patent, the dataset includes de-
tailed information about both the inventors who contributed to the innovation and on its assignees,
and allow us to track them over time. Our dataset contains 6,203,450 patents granted between
1976 and 2018, and 3,180,835 unique inventors. We assign patents to specific years according to
their filing date to the USPTO, which ensures that the patent is assigned to the year closest to the
actual innovation.

We rely on Compustat North American Fundamentals for financial statement information about



US-listed firms. We map patent assignees to Compustat firms using the crosswalk by Dyévre and
Seager (2023). Doing so, allows us to identify which inventors work for which firms and relate
inventors’ characteristics to balance sheet information about their employers!. The crosswalk in-
cludes 2,564,512 patents, that is 41% of all patents granted by the USPTO since 1976, assigned to

8,182 unique Compustat firms. 1,127,381 inventors are attached to these firms.

2.2 Variable construction

Inventors’ productivity. The main inventor characteristic that we are interested in is some mea-
sure of their productivity. In what follows, we explain how we construct this measure.

As is standard in the literature, we measure the quality of a patent by the number of forward
citations it receives in a 5-year window from its grant date:

g+4

qp = ) _ citations,
T=¢

We define the flow productivity of inventor j in year f as the total quality of the patents that she

produced in that year:

Pit = qu(f/t)
p

Given this flow productivity measure, we construct the stock, or cumulative, productivity of inven-

tor j at time t as her citations-weighted patent stock at the beginning of period ¢:
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This is our benchmark measure of an individual inventor’s productivity and takes into account the
quantity and quality of an inventor’s past innovations. We normalize it by the inventor’s age to
adjust for the fact that older inventors are expected to have higher cumulative productivity due to
having more years to accumulate citations.

For robustness, we also consider alternative measures of inventors’ productivity based on differ-
ent definitions of patent quality: forward citations in a 3-year window from the grant date; forward
citations excluding self-citations; and citations per author. At the firm level, for each firm and year,

we then compute the average productivity of the inventors employed by the firm in that year.

1We say that inventor j is employed by firm i in year ¢ if the majority of the patents that j applied for in that year are
assigned to firm i.



Inventors’ employment histories. As we do not have access to actual employment information
for inventors, we analyze their mobility by identifying their affiliation over time from the informa-
tion contained in the patents. Based on the application dates and assignees of their patents, we
create each inventor’s employment history. As in Akcigit, Caicedo, Miguelez, Stantcheva and Sterzi
(2018), we assume that inventor j is employed in firm i from the year of her first patent in firm
i to either (1) the year before the first patent invented in firm k or (2) the year of the last patent
in firm i in case she does not have any further patent afterwards. We assign zero patents to the
“unproductive" years of inventors, instead of treating them as missing.

Based on inventors’ employment histories, we identify inventors who move across firms. We
then compute hiring and separation rates of inventors at the firm level, defined as the number of
inventors who move to/leave firm i in year ¢ as a fraction of the total number of inventors in firm i

inyeart — 1.

3 Empirical analysis

To motivate our model’s assumptions and test its predictions, we document new empirical facts

about the market for inventors and the allocation of inventors across firms.
Inventors’ mobility. We begin by presenting some descriptive evidence about inventors’ mobility
across firms.

1. In the full USPTO sample, on average 6.6% of inventors change employer every year. This

share has been increasing over time, from 4-5% in the 1980s to 9-10% in the 2010s.

2. In the full USPTO sample, the average number of years between an inventor’s first and last
patent is 6.7. Inventors have on average 5.3 patents across 1.5 firms over their career. This

suggests a non-negligible amount of turnover: a move occurs once every 4.6 years on average.

3. Mobility rates are higher among inventors with better past innovation outcomes (Figure 1).

Firms’ hiring policies. We analyze how hiring and separation rates of inventors change across

firms of different market share. We estimate the following regression at the firm level:

Yit = Bo + B1MktShare;; + ﬁsztShare?} + B5Xir + Ys(iye + Uit (D



The outcome variables that we consider are: the firm hiring rate, separation rate and net hiring rate
of inventors, defined as the difference between the first two. Xj; includes controls for the firm’s:
age, employment, R&D stock, profitability, leverage and market-to-book ratio. -y, are industry-by-
year fixed effects. Results are in Table 1. We find that, within industries, there is an hump-shaped
relationship between hiring rates and firms’ relative sales and a U-shaped relationship between
separation rates and firms’ relative sales. As a result, we observe an hump-shaped relationship
between a firm’s net hiring rate of inventors and its market share.

We also compute hiring and separation rates separately for groups of inventors of different
productivity, identified by the quintiles of the inventors’ productivity distribution in a given year.
This allows us to characterize how hiring and separation patterns change for inventors of different
productivity across firms with different market share. As shown in Table 2, the hump-shaped
relationship between net hiring rates and firms’ relative sales is preserved within each quintile of
the inventor’s productivity distribution, but tends to get more pronounced for the top quintiles. For

a given market share, net hiring rates tend to be increasing in the researchers’ productivity.

Distribution of inventors across firms. We analyze the empirical patterns of inventor-firm sort-
ing by looking at how firms that differ in their market share differ in terms of the quality of the

inventors that they employ. To do so, we estimate the following regression specification:
log InventorsProductivity; = Bo + p1MktShare;; + ﬁsztShare?t + B5 X + Vs(iye + Uit (2)

where X;; includes the same firm-level controls as above. The estimation results are reported in
Table 3 for alternative measures of inventors’ productivity. Across these different measures, we see
that there is a hump-shaped relationship between inventors’ quality and firms’ relative sales within
industries. This tells us that, on average, firms that are close to their competitors employ better
inventors than firms that are far away from their competitors. This is the allocation of inventors to

firms that we observe in the data and that we would want our model to replicate.

Inventors’ productivity and firms’ innovation outcomes. To rationalize the allocation of inven-
tors to firms documented above, we look at the relationship between inventors’ productivity and
firms’ innovation outcomes. We show that this relationship is heterogeneous across firms that face

different degrees of competition in the product market.



We begin by estimating the following regression specification:
Yit = Bo + B1log InventorsProductivity; + B5Xit + Ys(iye + Uit (3)

We consider the following innovation outcomes at the firm level: log R&D expenditure, number of
patent applications, number of citations to these patents, average number of citations per patent
application. Xj; includes controls for the number of inventors and the firm’s: market share and
its square, age, employment, R&D stock, profitability, leverage, market-to-book ratio. <), are
industry-by-year fixed effects. The estimation results in Table 4 show that firms that employ more
productive inventors spend more in R&D, are granted more patents, have more total citations and
average citations on their patents.

To study heterogeneity in the effects of inventors’ productivity, we estimate equation (3) aug-
mented with the interactions between InventorsProductivity;,, MarketShare;; and MarketSharel-zt.
The estimates, reported in Table 5, show that employing more productive inventors improves in-
novation outcomes especially for firms that are close to neck-to-neck and less so for firms that
are far from their competitors. This relationship holds and is statistically significant for the firm’s
R&D expenditure, patent applications and patent citations, while we do not detect any significant

heterogeneity for the average number of citations per patent application.

4 Model

Motivated by the empirical findings, we build a framework that merges an endogenous-growth

model of competitive innovation with a directed search model for the market for researchers.

Demographics. Time is continuous and infinite. The model economy is populated by three groups

of agents:

1. Firms: a representative final good firm, and a continuum of intermediate good firms (two
firms per industry, and a continuum of industries). In each industry, two firms produce

imperfect substitute varieties of the good and compete in prices a la Bertrand.

2. A representative household: with log preferences, composed of household members providing

production labor, with inelastic labor supply L = 1.



3. Inventors: with linear preferences, who differ in their knowledge capital, x € K = {0,1,2,...,%}.
Researchers of higher x have better ideas, i.e. ideas that if implemented by the firm would

advance its productivity by more steps.

Preferences and technology. The representative household maximizes:

400
/ e P In(Cy)dt
0

subject to

At = VtAt +wf — Ct

with the final good as the numeraire, where w¢ is the wage for production labor, earned in a
competitive labor market.

The final good, Y4, is produced competitively combining a continuum of intermediate goods Yj;.
Industry j’s output, Yj;, is a CES aggregate of the varieties produced by the two active firms in the

industry, with CES parameter ¢. Final output and industry j’s output are therefore:

1

1 1 1 =1 1
V= exp ([ nod), where v = (v +55,) = (150 )
Intermediate good firms produce with a technology that is linear in production labor:
Yijt = qijelijt

where g;;; is labor productivity, which evolves endogenously through successive innovations on a
ladder with step size A > 1.

We denote by n;y € N = {-#,...,—1,0,1,...,7} the technology gap between firms i and
—i in industry j. If n;; > 0, firm i is the market leader in industry j; if n;; < 0, firm i is the
market follower in industry j; if n;; = 0, firm i and —i are neck-to-neck. Given the quality ladder

assumption, the relative productivity of firm i with respect to its competitor is then:

qijt
q—ijt

= At

As we will show later, n;;; is a sufficient statistic for firm i’s static payoffs. Indeed, demand for

the variety produced by firm i depends on its price relative to that of the competitor. Since firms
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compete in prices, the firm with higher labor productivity obtains a cost advantage and captures
a larger share of the market for good j in the equilibrium, thereby charging a higher markup and
making higher profits.

In order to advance productivity, a firm must access the frictional market for researchers. If
a researcher of type x finds an innovation, the firm must choose the implementation rate, x. To
implement an innovation at rate x, the firm must pay ¢x?Y units of the final good, where ¢ > 0 and
¢ > 1. If an idea is implemented, the firm’s productivity g advances by «x steps: g;;ar) = A qijt-
Thus, by implementing their researchers’ ideas, firms advance their productivity and extend/reduce
their gap with respect to their competitor. We also assume that market followers benefit from

exogenous knowledge diffusion at rate J, in which case they catch up with the market leader.

Inventors. An inventor has a stock of knowledge capital k € K = {0,1,2,...,x}. Researchers are
therefore heterogeneous in the quality of their ideas?.

When unattached (i.e. not working for a firm), a researcher gets an exogenous income stream
equal to bY, where b > 0. Regardless of employment status, the knowledge capital of the researcher
depreciates (e.g. the researcher loses the patent on the x-th innovation) at exogenous rate § > 0,
and her state goes from « to x — 1.

Regardless of employment status, the researcher finds an innovation (advancing x to x + 1) at
Poisson rate z and cost xz¥Y in units of final good, where x > 0 and ¢ > 1, which the researcher
must finance on her own. As explained above, if the researcher is employed, the firm can choose

to implement her idea. To implement an idea at rate x, the firm must pay x?Y units of final good.

4.1 Search markets

Firms and inventors match in a frictional labor market, which is segmented by «. At each point in
time one firm is matched with one inventor only. Only unattached inventors search for employment,
while firms can keep searching for inventors while they are matched.

Search is directed on both the inventor and the firm side: at every point in time firms announce
wage contracts in order to attract unattached inventors; unattached inventors can observe each
contract and direct their search optimally to the wages offered by firms.

Contracts are complete, fully state-contingent and long-term, with full commitment on the

2Absent this heterogeneity, the allocation of researchers across firms would be irrelevant for research productivity
and growth.
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firm’s side and no commitment on the researcher’s side. Given the assumption that inventors are
risk-neutral, a sufficient statistic for each contract is the net present value that the firm promises
to the researcher, which we denote by R. Therefore, each segment x of the labor market can be
described as a continuum of submarkets indexed by the utility that firms promise to researchers.
The frequency of matches in each submarket is determined by a CRS matching function M (f, u),
where f is the measure of firms and u is the measure of unattached researchers. Given a market
tightness 6 = f/u, researchers match with a firm at Poisson rate y(8) = M (6, 1), while firms find
a researcher with Poisson intensity 17(8) = M (1,071), so that u(6) = 61(0). We assume: (i) u(0)
is increasing and concave in 6; (ii) #(8) is decreasing and convex in 6; (iii) Inada conditions apply,

ie u(0) = GLHBOOW(Q) =0, and GETooyw) = })51(1)77(9) = +o0.

4.2 Entry

Entry is directed at labor market segment x. Every period, potential entrants pay a flow cost c,Y
to enter this submarket and offer a set of promised values to unattached researchers. We assume
these promised values are contingent on the state of the industry where the entrant will land,
which makes entry effectively directed at intermediate good industries. A successful entrant hires
a researcher of type x and replaces the follower in its product line. The displaced follower exits
the industry and its researcher goes to unemployment. We assume free-entry in any labor market

segment x € K and normalize the measure of the pool of potential entrants to 1.

5 Equilibrium

5.1 Static Equilibrium Conditions

Households. The household’s problem results in the Euler equation, which equates the growth

rate of consumption to the interest rate net of the discount rate:

G_
c, 1P

12



Firms. The optimization of the representative final good producer generates the following de-

mand for the variety of intermediate good j produced by firm i:

1
P
j
Yijt = < < Y:
o— o—
Piip +Pij

implying that P;;Yj; = pijtyijt + p—ijty—ijt = Yi, Vj. Given this demand schedule, the market share of

firm i in industry j, s;;; is:
a
o—1
s PijtYijt Pijt
iit = =
L AT

T _
o—1

P
Piie + P

In the Bertrand equilibrium, firm 7 sets a markup:

piit  1—o0sij
wf /qijp - o(1 = sijt)

Mijt =

Firm /s demand for production labor is:

M\ ! osijt (1 —sijr)
lije = siji ( =M—— o5

where M; = % is the aggregate markup, or the inverse of the aggregate labor share. To obtain
t
the formula for the aggregate markup, note that by labor market clearing fol (Lijt +1_-33)dj = 1, and
thus:
1 -1
_ -1 —1\4:
so the aggregate markup is also a sales-weighted harmonic mean of firm-level markups.
The sales of the firm are s;;;Y; and its static profits are:
M = sin(1— MY = (27 ) sy,
ijt = Sz‘jt( — Vi )Y = 1_7% Sijt Xt
We can now show that the technology gap ;j; is a sufficient statistic for firms’ static payoffs. To see
this, note that we can write firm s market share as:

o 71
1+(p‘iﬁ)”1
Pijt

Sijt =
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where, using the optimal pricing conditions and s_;j;; = 1 — s;j;:
p—ijt  1—0o(1—sij)1—si
Pijt 1 —osjj Sijt

5=f(5ijt)

At

As a result, firm ’s market share, markup and profits only depend on n;;:

sijr = s(nijt)
1 —os(nij)
0'(1 — s(nijt))

Hijt = n(”ijt)yt = S(Tli]‘t) (1 — (M(nijt))il>yt

M = M(nyj) =

5.2 Dynamic Equilibrium Conditions

Contracts. The firm’s dynamic problem has three state variables. The first is n, the technology
gap with respect to its competitor, which determines the firm’s static profits. The second is «, the
type of researcher that the firm employs, which determines the gains from innovation. Then, given
the strategic interaction between firms, the firm needs to take the policies of its competitor into
account, and these policies depend on the researcher that the competitor employs, k.

A dynamic contract offered at time ¢ by a firm with current technology gap n; who’s employing
a researcher with knowledge capital x;, and facing a competitor employing a researcher of type x, ,

specifies a sequence of state-contingent wages
w(ny, xky, 1, h € [tt+]])

which determines a wage at each possible tenure j > 0.

Contracts can be written in recursive form, as specifying the current wage and some future
promised utility, contingent on next period state. In a Markov Perfect Equilibrium, a recursive
contract offered by a firm in state (1, x, k) in the market for researchers of human capital « is the
object:

Ce = (wK, {R}.(’, K’,K”)}) = (wK Y AP K k) - Y})

where (n',x/,x~') is the next state, while wy and P.(n’,x’,x~") are the normalized wage and con-

tinuation value, respectively.
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Unattached inventors. Since unattached inventors direct their job search towards the most at-

tractive offers, the value while unattached, denoted U,, is:
u, = max Uy, (P)
where Uy (P) is the value of searching in submarket P and solves the HJB equation:

rUy(P) — U (P) = bY + p(6(P)) max (PY - LIK(P),O>
{2 (U1 (P) ~ U(P)) = x(a4)Y |

Zx

+ 5(Umax(K—1,0)(P) - UK(P))

The first-order condition for innovating while unattached is:

uipy _ ( Umingesrm) (P) — Ue(P) =
(P)_< XY >

Free-entry of researchers of type x implies the following complementarity-slackness condition:

V(P,x) e PL x K: U(P) < U, with equality if, and only if, y(6,(P)) > 0

In words, since inventors can choose where to search, the value of being unattached must be equal
in all markets where job finding is positive. So we have an indifference condition on the researcher’s
side: since unattached researchers choose the best market to search in, all active markets must be
equally attractive ex ante.

Therefore, we can replace U, (P) by Uy (or else market segment P would remain idle), which

allows us to write the value of being unattached and type « as:

Uy — U, = bY + u(6(P)) (PY - uK) + Z

where

Z, = 5<Umax(K—l,0) - UK) + Z;lg(umin(ic—&-l,i) - uK) - X(Z;l;[)lpy
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and )

U — umin(KJrl,f) — U\ 71
- xpY

From here, we can get the equilibrium market tightness for researchers of type x, denoted by

O : (P,U) — R4 and given by:

where ®,(P) = %. Market tightness is a decreasing function of P: more ex-post prof-
itable offers attract a larger measure of inventors. In equilibrium firms design contracts for which

a low meeting rate for inventors is compensated with higher promised value.

Employed inventors and firms. We denote the value of an inventor of type x employed in firm
with technology gap n, facing a competitor employing an inventor of type x~, under contract C, =
by R(n,Cy). This value solves HJB equation (Al) in the Appendix. We denote the value of a firm
of type n employing a researcher of type x € K, facing a competitor with researcher of type x—,
under promised value P, by V, - (n, P). This value solves HJB equation (A2) in the Appendix.

The dynamic problem of the firm has three choice variables: the current wage, wy, the promised
values {P/(n’,x’,x~')} and the rate of implementation of the researcher’s idea. In choosing the op-
timal contract, the firm is constrained by a promise-keeping and a worker’s participation constraint.
Promise-keeping arises from the assumption of commitment on the firm side, which implies that
contracts must deliver at least the promised utility to the worker. The assumption of no commit-
ment on the inventor side means that contracts are also subject to a participation constraint: he

value that the inventor obtains in any future state cannot be lower than its outside option.
Joint surplus problem. Define the joint surplus as the sum of the firm’s and the inventor’s values:
Q- (n,P) =V, —(n,P)+P-Y

We write the researcher’s value as P - Y because the promise-keeping constraint holds with equality
in equilibrium: by monotonicity of preferences, the firm will always choose to offer the lowest

possible value to the researcher so that initial promises are still honored.
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Define the normalized joint surplus as:
Oy (n,P) =V, —(n,P)/Y+P
and the normalized value functions
V- (n,P): V- (n,P) =0 (n,P)-Y

r(n,C¢): R(n,Cx) =r(n,Cy) Y
ue: U =u,- Y

It can be shown that Oy - (1, P) is independent of P and solves the following HJB equation®:

P O (n) = {p/(nmg)i(c_’)} {7‘[(71) - Cxi,x,;r - XZf,K,K’
X n >0,

n,K,K

z >0

+ 0 <OK—1,K* (1’1) - OK,K* (Tl) + OK,K*—l (n) - OK,K* (Tl))
+ Z i, (Omin(K—&-l,K),K’ (n) - OK,K’ (7’1))

+ Z V(Rﬁ(”/K//Ki)) (OK’,K* (Tl) - OK,K* (”) + U — PIQ(H/K/’ Kﬁ))

x'eK
+Z ok <OK,min(K*+1,K) (Yl) - OK,K* (Tl))

+ ¥ (P 0)) (Oge (1) = O (m)

+ X (O (4K) = O ()
% (O (1= 17) = O ()
+5(00x (0) = O ()

1> 0} 1 u(PE (1)) (O ) = O )

K’ €K

+1{n <0} Y vu(PE(—n,%,%))(ttx — O (n))

k' €K

3The intuition for this independence result is that P is simply a transfer from the firm to the inventor. As such, it only
affects how the joint surplus is shared between the two parties, but not the total size of the pie.
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+1{n =0} Z v (Pé(n, %, %)) (;OK,K/(TI) + %”K = Oy (”)) }

K’ €K

(4)

s.t. PL(n',«/,x7") > u, V', ', x7")

Equation (4) tells us that the joint surplus is composed of the flow surplus, plus the changes in
joint surplus value due to worker separation, researcher innovation, own idea implementation
and human capital depreciation, plus the changes due to competitor’s hiring, innovation, idea
implementation and entry. The flow surplus is in turn given by the firm’s flow profit, plus the

researcher’s outside option, net of R&D costs and commitment costs.

Optimal policies. It can be shown that the firm’s and joint surplus problems are equivalent. This
implies that the contract that maximizes the firm’s value can be found by maximizing the joint
surplus. Specifically, we can solve the firm’s problem in two stages: (i) we solve problem (4) to
find the optimal promises and innovation policies; (ii) we find wages residually by ensuring that
the promise-keeping constraint is binding and the worker-participation constraint is satisfied at all
points of the state space.

Taking first-order conditions of (4), the optimal implementation rate of a firm in state n em-

ploying a researcher of type «, and facing a competitor with researcher of type x~ is:

(om (114 %) = O <n>> "
Xyxx— =
w &

and the optimal innovation rate of the researcher employed by this firm is:

1

Omin(KJrl,R),K* (Tl) - OK,K* (1’1) "
Zpxx— — Xl/)

Taking the first order condition with respect to P, (n,x’,x7):

ov(P)
oP |P=P!(n,k',x~)

(o,«,,r(n) _ OK,K7<n)) _ ag(lf)

(P,Q(n, k) — uK> +v(PL(n,«',x7))
(5)

Under a Cobb-Douglas matching function, M(f,u) = Af"u'~7, from (5), the promised value has

=P/ (nx'x™
|[P=P{(nx"x~)
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the following expression:
P}i(n’ K// Kﬁ) = (1 - ')’) (OK’,K* (n> - OK,K* (Tl)) + Uy (6)

The promise made by the firm to a researcher of type «’ is the outside option of the incumbent
researcher « plus a share (1 — ) of the gain in joint surplus from the match*. The equilibrium

job-filling rate is then:

1—y

. ((1 =) (0w (1) = Oge () + 1 — uK,> .

v(P.(n,«',x7)) = A7 (7)

puy —b —z

From (4), given {u, }«ck, we can solve for Oy .- (1), ¥(n,x,x~) € N x K x K using value function

iteration. Indeed, given {u, }cK, the joint surplus is a contraction and has a unique fixed point.

Entrants. At any given point in time, the state of an industry can be summarized by three vari-
ables: m, the gap between leader and follower; x’, the inventor employed by the leader; ans «’,
the inventor employed by the follower.

Every period, potential entrants pay a flow cost ¢, Y to enter labor market segment x and offer
a set of promised values {PF(m,«",xF)} to unattached researchers. At rate v,(PF(m,«", «F)), a
potential entrant hires a researcher of type x and replaces the follower in product line (m, x%, x")>.
Therefore, the value of a potential entrant aiming at labor market segment x is:

S
) 1
E_wE_ Y Erq oL FY\y. L E/y oL . F
Ve —Ve = CKY+{P,§(rnI;l,i1L)fo)}{ Z V(P (0,7,x7)) 2(VK,KL (O/Px (0,x%,x ))

S.t. Pf(m, kL, KF) Y > U, V(m,KL, KF) (8)

By free entry, in an equilibrium with positive entry, VF = 0 for all x € K. Then, we can write the

#Note also that the researcher’s participation constraint is slack, since PL(n/, k', k=) > uy.
5If the entrant enter an industry with m = 0, we assume that it randomly replaces one of the two incumbents.
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free entry condition in terms of normalized joint surplus as:

K K
1
= X { Yo Y we(PE(O, k) - (E (om (0) 4 Oy x; (0)) — PE(o, KL,KF))
’ K
7l K K
+ Y Y X w(PE(mxt k")) - (O (—m) = PE(m, 7)) }
Taking first order conditions, under a Cobb-Douglas matching function:

P,f(m, kL, KF) = (1= 7)Oxx, (—m) +yu,, V(m, kL, KP),m >0

1
PE(0,x,xF) = (1 — 7)5(0K,KL(0) + OK,KF(O)) om0,k xF)

and the entry rate in labor market segment x and industry (m, wk, «F ) is

1—y

R
v (PE(m, k", xF)) = A7 <(1 7?)510;1;(2(_ T;> uK)) V(m,«", k"), m >0

1y

ve(PE(0,xF, xF)) = A¥ <(1 —7 (% <OK’KL(0> + OK’KF(())) B uK) ) N v(0, ", xF)

pMK—b—ZK

Then, given optimal entry choices, the free entry condition reads:

Notice that the right-hand side of this equation is monotonically decreasing in u, for all x € K.
Therefore, the free entry condition allows us to pin down the value of unattached researchers

{1y } ek in equilibrium.
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5.3 Further equilibrium conditions on a BGP

Output and growth. Let g7"* := max{q;;, -i;:} and Qy := exp < fgl In q}’?”dj) be the productiv-

ity frontier of the economy. From the definition of the aggregate price index

1 s s o—1
P, = exp </0 In (pi‘;.;l + P:]lt> d])

and given the normalization P; = 1, the wage for production labor is given by:

c_ A 1—0 /1 o (1 —sjj) 1= Cny OSijt o\
wy = Q- exp (U ; In Tosy + (AT T=o(l—sy) dj )

Aggregate output, Y;, is:

1
B 1 U'Si]'t(l — Sijt) 7 —n Usijt(l - Sijt) “\’ PR
Yt—QtheXp</O ln<<1_(751]t> +</\ 11_0_(1_51#)) d]:
1

S 1 osii(1—sii)\7 osii(1—si) \7 \
= A Jompdi . / 1 Am Ut Pyt 7 L Sl L d
o] 0" M; exp( ; n(( j 1 = + 1= o Si]‘t) ]

The evolution of Q; can be characterized as follows:

(10)

e In a product line where the leader is m > 0 steps ahead, employs researcher k" and the
followe employs researcher k~F > m:
ln(}\"L . q;’tmx) WP, X(pypiig) i - OF + o(At)
In(q54ar) = In(Ax —m . q?}”") WP X (1)t - A+ 0(At)

1n(q;‘1tmx) wp. 1-— (x(m+fz+1),KL,KF + x—(m—l—ﬁ—l—l),KF,KL) At O(At)

e In a product line where the leader is m > 0 steps ahead, employs a researcher of type k' and

the follower employs a researcher of type /' < m:

1 max \ _ ln(AKL . q;?;ux) WP X(upa1) b iF At + O(At)
n(q]t-i-At) =

1“(11;7;“) wp. 1-— X (1) el At 4 o(At)
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Let u,, . . ; be the measure of product lines where, at time ¢, the leader is m > 0 steps ahead

employs a researcher of type x* and the follower employs a researcher x*. Then the growth rate of
the productivity frontier is

. — lim InQtyar —InQy .

K
Z Pl kF ln AK —m)‘ X(—m+a+1),xL xF

=0«xF=m+1

(11

On a balanced-growth path, output grows as the same rate as the productivity frontier. Output
growth therefore depends on the aggregate arrival rate of innovations; these are due to both lead

ers’ and followers’ innovation efforts, weighted by the quality of their innovations

Market clearing. The market-clearing condition for production labor is

1
],:{A (ljr + L)dj (12)

which equates labor supply to the sum of intermediate-good producers’ production worker demand

Since the representative household owns all firms in the economy, asset market-clearing is

m:éwﬁ

Finally, the aggregate resource constraint of the economy is

Y, = CH—/ xl]t—l-x

(13)

l]t )Y: dj +/ zl]t +Z_1jt)Yt dj + Z [y,?t (x(z,l;’t)ll’Yt +bYt> +cKYt}
keK
(14
which states that final output is used for consumption, firms’ R&D, researchers’ investment in hu-

man capital, both when attached and when unattached, unemployment benefits and entry costs
We denote by uY the measure of unattached researchers of type « at time ¢

Welfare.

Along a balanced-growth path, consumption C; grows at the same rate as Y;. Therefore
the welfare of the representative household can be summarized by Cy and g

W= /Oo e P n(Cy)dt = ! <ln(Co) + g)
Jo 0 0
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where, from (14) att = 0:

Co ! .t .
Co=Yo- Y, Yo (1 - /0 C(x?;o + x(ﬁijo) dj — /0 X(Zzo +Zlfijo) dj — K§< [V;%‘ (X(Z;Lclo)w + b) + CJ)
Equilibrium measures. To close the model, we have two sets of flow equations that determine

the measures of industries, {,, . .}, and unattached inventors, {{'}, in a stationary balanced-

growth path equilibrium. To save space, we report these equations in the Appendix.

6 Model Results

In this section, we present some of the model results, highlighting that our framework delivers
predictions that are in line with the empirical evidence. To facilitate the intuition, we consider a
simplified version of the model with two types of inventors only: x = {x*, k" }, with x* < x. The
results reported in this section are obtained under a parametrization of the model as in Table A1°.

In the top-left panel of Figure 2, we plot the difference in innovation rates between firms that
employ inventors of type x and firms that employ inventors of type x, as a function of the firm’s
market share. We see that this difference is everywhere non-negative, meaning that firms that
employ better inventors always innovate more than firms that employ worse inventors. Moreover,
we see that the difference is small for firms which have either very small or very large market share
and is largest for firms that are close to neck-to-neck with their competitors. Indeed, these are the
firms that have the highest incentives to innovate to escape competition from their rivals.

In the top-right panel of Figure 2, we plot the difference in innovation rates between firms
that face competitors who employ " inventors and firms that face competitors who employ x"
inventors. We see that the effect of the competitor employing a better researcher is negative for
market followers and positive for market leaders. Market leaders innovate more than they would if
their competitor employed a worse researcher, because they know their small lead is at higher risk
and they need to defend it. By contrast, followers innovate less than they would if their competitor
employed a worse researcher: when the leader employs a better researcher, it is harder for the
follower to obtain market leadership. As a result, the follower gets discouraged and innovates less.

In the bottom panel of Figure 2, we plot job filling rates in labor market x/ as a function of the

SFor the moment, we set the model parameters externally. Later we will calibrate the model to match the salient
features of the market for researchers and the sorting between inventors and firms documented in Section 4.

23



firm’s market share. We see that job-filling rates are lowest for firms that are either far behind or far
ahead of their competitor and highest for firms that are close to neck-to-neck with their competitors.
The intuition is that these firms are those that gain the most from hiring better researchers, as they
can escape competition from their rivals. By contrast, firms that are far ahead of their competitor
have little incentives to hire good researchers, as their lead is already large; and firms that are far
behind of their competitor also have small incentives as they have a very large gap to overcome.
Finally, we look at what the model delivers in terms of firm-inventor matching. In particular, we
look at how firms with different market share differ in terms of the researchers that they employ.
In Figure 3, we plot, for different values of market share, the share of firms with that market share
that employ researchers of type k' (blue bars) and the share of firms that employ x researchers
(orange bars). In the right panel, we plot the difference between the two. We see that this differ-
ence is negative for firms with small market share, meaning that most of these firms employ low
productivity inventors. Then, as we approach intermediate values of market share, this difference
becomes smaller and smaller in absolute value, as followers that are close to their rivals tend to
employ more high productivity researchers. The difference then becomes positive, as most of the
leaders with a small lead over their rivals employ good researchers. And finally, as we approach
a market share of 1, the difference turns negative again, as firms that are very far ahead of their
competitors hire low productivity researchers. Indeed, the lead of these firms is large enough that

they do not need to employ high-quality researchers to defend it.

7 Growth and welfare effects of the market for inventors

In our model, the efficiency of the matching technology governs the extent of misallocation of
inventors across firms. Therefore, to gauge the importance of the market for inventors for growth
and welfare, we vary the scale factor of the matching function, A, on a grid from 0, which is
equivalent to shutting down the market, to 1.

Notice that, in our model, market shares are not directly affected by the functioning of the
market for inventors. Therefore, changes in A have no direct effect on static allocative efficiency.
The market for researchers has however dynamic effects, due to the endogenous responses of
firms and inventors in terms of R&D investment, which lead to changes in the technology gap
distribution. Through changes in this distribution, changes in A affect the initial level of output and

consumption in the economy. Moreover, through changes in innovation policies and the allocation
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of inventors across firms, changes in A affect the growth rate of the economy.
The results of our qualitative exercise are displayed in Figure 4. As efficiency in the market for

H jncreases, while the measure

researchers improves, the measure of employed inventors of type x
of employed inventors of type k' decreases. Moreover, the distribution of employed inventors
across firms within sectors also changes. In particular, the larger A, the easier it is for firms with
high R&D intensity to hire good researchers: misallocation in the market for inventors is lower. As
a result of these two forces, aggregate innovation in the economy increases with A. The fact that
there are more employed researchers of type x also implies that innovations in the economy are
on average more impactful. This, combined with the increase in aggregate R&D, implies that the
growth rate is higher in an economy with larger A.

At the same time, the fact that innovations now advance productivity by more steps, pushes the
technology gap distribution towards larger gaps. So an economy with larger A is an economy with
a higher degree of concentration in the product market. This force pushes down initial output, Y.
The fall in initial output, combined with the increase in R&D spending, reduces the level of initial
consumption, Cy, which has a negative impact on welfare. Despite the fall in initial consumption,

welfare is higher in an economy with larger A, due to the increase in the growth rate.

8 Conclusions

This paper studies the labor market for inventors to understand the importance of efficient inventor-
firm matching in fostering aggregate innovation and economic growth. Empirical evidence from
patent data reveals significant turnover in the inventor market. This mobility enhances firms’ inno-
vation outcomes, particularly for those operating in highly-competitive sectors. Our findings show
a hump-shaped relationship between firms’ hiring rates of inventors and their relative sales within
industries, especially pronounced within the top quintiles of the inventors’ productivity distribution.

Theoretically, we develop an endogenous growth model incorporating a frictional labor market
for inventors, where firms compete strategically to attract high-productivity inventors. We use the
model to study the growth and welfare implications of the market for inventors. Our preliminary
results indicate that improved matching efficiency in the market for inventors reallocates high-
productivity inventors to firms with high R&D intensity, boosting aggregate innovation, growth
and welfare. Addressing frictions in the inventor market can thus lead to significant gains in R&D

productivity, driving long-term economic growth.
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Tables and Figures

Figure 1: Mobility rates by inventors’ productivity deciles
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Note: We group inventors into deciles based on the distribution of inventor productivity, Pj4, in year f. We compute
mobility rates year-by-year for each decile and then average across years.

Table 1: Hiring rates of inventors and firms’ relative sales

D (2) (3
Hiring rate Separation rate Net hiring rate
Market Share 0.204*** -0.044*** 0.248***
(0.052) (0.015) (0.055)
Market Share Squared -0.197*** 0.037** -0.234%**
(0.059) (0.017) (0.063)
N 24,551 24,551 24,551
R? 0.120 0.131 0.118
Controls Yes Yes Yes
Year-industry FE Yes Yes Yes

Notes: Standard errors clustered at firm and year level in parentheses.
*p <0.10, ** p < 0.05, *** p < 0.01
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Table 2: Hiring rates of inventors and firms’ relative sales, by inventors’ productivity

€y} (2) (3) @) (5) (6)
Full sample Q1 Inv. Prod. Q2 Inv. Prod. Q3 Inv. Prod. Q4 Inv. Prod. QS5 Inv. Prod.
Market Share 0.204*** 0.026*** 0.053%*** 0.053*** 0.067*** 0.049**
(0.052) (0.009) (0.013) (0.015) (0.017) (0.017)
Market Share Squared  -0.197%*** -0.023** -0.051%** -0.055%** -0.063*** -0.043**
(0.059) (0.010) (0.015) (0.018) (0.020) (0.019)
N 24,551 24,551 24,551 24,551 24,551 24,551
R? 0.120 0.109 0.104 0.120 0.099 0.085
Controls Yes Yes Yes Yes Yes Yes
Year-industry FE Yes Yes Yes Yes Yes Yes

Notes: Standard errors clustered at firm and year level in parentheses.

*p<0.10, ** p<0.05, *** p<0.01

Table 3: Inventors’ productivity and firms’ relative sales

(D (2) (3 4
Baseline  3-year window No self-citations Citations per author
Market Share 1.765%** 1.914%** 1.655%** 1.577%**
(0.447) (0.393) (0.423) (0.360)
Market Share Squared -1.766%*** -1.727%** -1.681%** -1.522%**
(0.503) (0.469) (0.471) (0.425)
N 15,858 13,691 15,654 19,174
R? 0.142 0.183 0.136 0.120
Controls Yes Yes Yes Yes
Year-industry FE Yes Yes Yes Yes

Notes: Standard errors clustered at firm and year level in parentheses. Controls: employment, age, R&D stock, leverage,

profitability, market-to-book ratio. * p < 0.10, ** p < 0.05, ***

p < 0.01

Table 4: Inventors’ productivity and firms’ innovation outcomes

€Y) (2) (3 (4)
R&D expenditure  Patents  Citations Citations per patent
Inventors’ productivity 0.200%** 0.624***  0.945%** 1.209%**
(0.016) (0.036) (0.039) (0.121)
Market Share 2.120%** 2.359%**  2.969%** 1.198
(0.653) (0.843) (0.895) (1.178)
Market Share Squared -2.100%** -2.339*%*  -3.211%** -1.380
(0.729) (1.013) (1.074) (1.315)
N 14,104 15,858 15,828 15,858
R? 0.794 0.882 0.876 0.049
Controls Yes Yes Yes Yes
Year-industry FE Yes Yes Yes Yes

Notes: Standard errors clustered at firm and year level in parentheses. Poisson regressions in (2), (3)

*p <010, ** p < 0.05, *** p < 0.01
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Table 5: Inventors’ productivity and firms’ innovation outcomes, interactions with market share

(1) (2) (3) 4)
R&D expenditure  Patents Citations Citations per patent
Inventors’ productivity 0.195%** 0.579***  0.829%** 1.229%**
(0.026) (0.085) (0.084) (0.143)
Inventors’ Prod. X Mkt Share 1.188** 2.424%**  3.844%** -0.876
(0.420) (0.756) (1.087) (2.310)
Inventors’ Prod. X Mkt Share Sq. -2.356%** -4.474***  -6.115%** 1.448
(0.646) (1.113) (1.481) (3.248)
N 14,106 15,862 15,832 15,862
R? 0.566 0.820 0.816 0.049
Controls Yes Yes Yes Yes
Year-industry FE Yes Yes Yes Yes

Notes: Standard errors clustered at firm and year level in parentheses. Poisson regressions in (2), (3)
*p <010, ** p < 0.05, *** p < 0.01

Figure 2: Model results: policy functions
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Figure 3: Model results: Firm-inventor sorting
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Figure 4: Effects of changes in A on growth and welfare
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A Appendix

A.1 Model derivations

Employed researchers and firms.

firm:

Define the short-hand notation for the job-filling rate of the

ve(P) = 1705~ (@x(P))

The value of a researcher of type k¥ employed in firm with technology gap n, facing a competitor

employing a researcher of type x~, under contract C, = (wK Y, AP, K k) Y}) by R(n,Cy)

solves:

rR(n,Cy) — R(n,Cy) = wiY + max

zZ

KK

{Zn,x,r <P,i (n, min(x + 1,%),1(*) -Y — R(n, CK)> — Xz:f,K’KY}

+5<P,Q(n,1c — 1,K_) Y — R(n,Cy) —|-P,i<1’l,K,K_ — 1) Y — R(n,CK)>

+ ) v (P,Q(n,x’,x’)) (UK — R(n, CK)>

K’ €K

+2Z_ k- <P,i (n, K, min(x~ + 1,?)) -Y — R(n, CK)>

LY e (P;_(—n,Kfl,K)> <P,Q (n, K,K”) Y — R(H,CK)>

k€K

+ (X n-) - <P,Q (n +x, K,K_> Y — R(n, CK))

(X ) - <P,’((n — Kk K )Y — R(n,CK))

+4- (P,:(O,K,K) Y — R(n,CK)>

+1{n>0}- /Z:KVK/(P,E(n,K,K_)) (P,ﬁ(n,K,K') Y — R(n,CK)>

+1{n <0} - Z VK/(PIE,(—n,K,K*))(UK — R(n,CK))

K’ €K

+1{n=0} Y vu(P5i(nx,x7)) <;P,Q(n,1c,1c’) Y + %UK — R(n,CK)> }

K’ €K

(A1)
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The first-order condition for innovating while employed is:

1
P! (n, min(k + 1,?),;«) Y- R(n,C)\ "

Znxx— — X l[JY

The value of a firm of type n employing a researcher of type x € K, facing a competitor with

researcher of type x~, under promised value P, solves:

rVK,K_ (n,P) _VK,K‘(nIP) = max {n(n)Y—wKY—gxiKKY
we APL(n ' ")} "
X ->0

n,K,K

+ Zy ke (Vmin(x+1,1‘c),1< (”/ P,Q(Tl, min(K + 1/ K)/ Kﬁ) - VK,K* (1’1, P))
+6 <VK_1,K (n, Pl(n,x — 1,K’)) +Ver 1 (n, Pl(n,x,x~ — 1)) — 2V, (n, P)>

+ ) v (P,ﬁ(n, K’,K‘)) (VKf,K (n, Pl(n, K/,K_)> - VK,K(n,P)>

K’ €K

+ Z_nx <VK,min(K+1,k) (1’!, P,Q(TZ, K, min(K_ +1, K)) - VK,K* (”/ P))
+ ) Ve (P,Q,(—n,K”,K)) (VK/K_/ (n, P,Q(n,x,x”)) — VK,K-(n,P)>
k~'elK

+ Xy - <VK,K (n +x, P.(n+x,x, K_)> — Ve (n, P))
+ (X k) - <VK,K- (n —x~,P.(n— K*,K,K’)) — Ve (n, P)>
s (VK,K (0, P.(0, K,K_)) Vo (n,P))

+1{n >0} Y ve(Pi(n,x,x7)) (VK,K/ (n,Py(n,x,x")) — Vi o (n, P)>

x' €K
+1{n <0} Y ve(Pi(—n,%x7))(0— Vi, (n,P))
x'elK
+1{n=0}- E v (PE(n,%6,67)) (;VK,K/ (n,P(n,x,«")) — VK,K(n,P)> }
Kk’ €K
(A2)
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The problem is subject to promise-keeping and participation constraints:

R(n,Cx) >P-Y

Pi(n,«',x7") Y > U, V', «,x7)

Equilibirum measures. The evolution of y,, .. ., is described by the following equation:

ML kF t+ At — Ml «F

At

= Mm—«lxlxFt" x(meL+fz+1),xL,KF,t

+ Mkl —1,6F t * Zm+a+1xl—1,xF ¢

+ Z M xF b - Vil (P;i’(m +7a4+1, KL/ KF))

x'eK
t HoniF kL F b X (motF ) +741,F Lt
+ HiF —mxcl kF b X — (k= —m)+ii+1,6— kb
+ Kl xF—1t * Z—m+a+1,F—1,xL t

+ X Pt Vi (Pl(=m 4 1,55 b))

x' €K

+ Z ML b * ViE (PEF (m, KL, K/>)
x' €K

— HmxlxFt - (xm+r‘z+1,KL,KF,t + X _mtat1,F kLt + Zm4-74+-1,xL «F + Z_mra1xE kLot

+ Z (VK/ (P;L(m +a+1,«, KF)) + Vg (P;F(—m +a+1, K’,KL))>
K’ €K

+ v (P (m, kL, KF)>

o(At)
At

N (A3)

The terms on the right-hand side represent, respectively: additions due to innovations of leaders

at (n —x,x,x~); additions due to innovations of leaders’ researchers at (m,x — 1,x~); additions

due to leaders hiring researchers of type «; additions due to innovations of followers at (n +

k~, %,k ); additions due to innovations of followers at (k~ — m, x, k~ ); additions due to innovations

of followers’ researchers at (m,x,k~ — 1); additions due to followers hiring researchers of type x~;

additions due to entry; subtractions due to innovation and hiring decisions of leaders and followers

at (m,x,x~); subtractions due to entry”.

7Note that in equation (A3): the first line is absent whenever n — x < 0; the second line is absent if x = «; the fourth
is absent whenever n 4+ x~ > 7i; the sixth is present only if k= — n > 0 A k¥ = x~; and the sixth is absent if k= = «.
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Finally, the following flow equation pins down the stationary measure of unattached inventors

of type «x, uY, for each x € K:

u _,u
M trnr — Bt

_u u u
AL = M1t Zg—14 T Hxg1 O

FEEMme )

—,’Mgt (th‘i_(s

) [VKr(P(n,K,K_)) +1{n <0} - v (PE(—n, kb = x,«F = K_))}

K/

+ ZZZym,Kf,KL . (y(GK(PK(m + 74 1,5 «F)) + 1(Oc (Pe(—m + 17 + 1,KP,KL))) )

m gL xF
o(At)
At

A.2 Model parametrization

Table A1: Model parametrization

Parameter Value Description Source
0 0.02 Discount rate External
o 0.078 CES parameter External
A 1.009 Innovation step size External
0% 0.5 Matching elasticity External
A 1.0 Matching efficiency External
¢ 0.02 R&D scale parameter, Firms External
X 0.02 R&D scale parameter, Inventors External
¢ 1/0.55 R&D cost curvature, Firms External
P 1/0.55 R&D cost curvature, Inventors ~ External
0 0.8 Depreciation rate External
b 0.0001 Unemployment benefits External
5 0.17 Exogenous catch-up External
Cx [0.35,0.42] Entry costs External
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