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Abstract
Firm-level analysis suggests that labor mobility is one of the channels through
which productive knowledge can spillover between firms. However, the macro-level
implications of this channel for both aggregate growth and the distribution of firms
has received less attention. This paper embeds a search-and-matching labor model
within an endogenous growth framework so that the job-to-job transition of workers
act as a channel through which knowledge diffuses between firms, generating long-run
growth. Within the model, the rate at which firms are exposed to new knowledge and
the distribution of new knowledge they learn from are both endogenously determined
by the labor market. This model is calibrated to match firm-level and aggregatedata facts for New Zealand. Counterfactual analysis suggests that knowledge spillover
through the labor mobility channel has significant effects on the long-run growth of an
economy and on the dispersion of firm-level productivity. However, it appears to have
little impact on the distribution of firm size within the economy.
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Disclaimer
The results in this paper are not official statistics, they have been created for research
purposes from the Integrated Data Infrastructure (IDI), managed by Statistics New Zealand.
The opinions, findings, recommendations, and conclusions expressed in this paper are those
of the author(s), not Statistics NZ or the Treasury.
Access to the anonymised data used in this study was provided by Statistics NZ in accordance
with security and confidentiality provisions of the Statistics Act 1975. Only people authorised
by the Statistics Act 1975 are allowed to see data about a particular person, household,
business, or organisation, and the results in this paper have been confidentialised to protect
these groups from identification.
Careful consideration has been given to the privacy, security, and confidentiality issues associated with using administrative and survey data in the IDI. Further detail can be found
in the Privacy impact assessment for the Integrated Data Infrastructure available from
www.stats.govt.nz.
The results are based in part on tax data supplied by Inland Revenue to Statistics NZ under
the Tax Administration Act 1994. This tax data must be used only for statistical purposes,
and no individual information may be published or disclosed in any other form, or provided
to Inland Revenue for administrative or regulatory purposes.
Any person who has had access to the unit record data has certified that they have been
shown, have read, and have understood section 81 of the Tax Administration Act 1994,
which relates to secrecy. Any discussion of data limitations or weaknesses is in the context
of using the IDI for statistical purposes, and is not related to the data’s ability to support
Inland Revenue’s core operational requirements.
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Introduction

New knowledge is the key driver of long-run economic growth. According to Klette and
Kortum (2004), the distribution of research and development is highly skewed with many
firms not investing in research and development. However, the non-rival nature of ideas
means that the development of new knowledge in one firm can have positive benefits for the
wider economy when this knowledge spills over into other firms.1
One channel through which knowledge can spill over between firm is through labor mobility.
By working within a firm, workers are able to absorb some of the knowledge that influences
the level of productivity of the firm. When the workers move to another firm, they are able
to take some of the productive knowledge and adapt it into their new employer’s business
practices. What’s more, the positive externality of this initial spillover of knowledge can
have a multiplied effect when workers at the hiring firm learn some of this new knowledge,
and further diffuse it through the economy when they move to new jobs.
According to the 2013 Business Operations Survey (BOS), a nationally representative survey
of New Zealand firms, 52 percent of businesses who reported undertaking some form of
innovation in the previous two years stated that new staff were an important source of ideas
for the innovation.2 There is also support for knowledge spillover through the labor mobility
channel from matched employer-employee data. For example, Kirker and Sanderson (2017)
examine the relationship between firm-level productivity growth at a hiring firm and the
productivity level of firms from which new workers are sourced. Although the data does not
for a causal relationship to be identified, the correlations do aligns with predictions implied
by the spillover of knowledge through the labor mobility channel.
Despite the firm-level findings that support the idea that labor mobility is an important
channel for the spillover of productive knowledge, standard macroeconomic models of endogenous growth tend to treat knowledge spillover as an random and exogenous process.3
Motivated by the empirical findings at the firm level, this paper develops an endogenous
growth model in which job-to-job transitions act as the channel through which knowledge
diffuses between firms. Within the model, a search-and-matching labor market matches
large heterogeneous firms with heterogeneous workers, some of whom are able to facilitate
the spillover of knowledge from their previous employer to the hiring firm. This search-andmatching model is then encompassed within an endogenous growth framework to describe
how the distribution of firms and workers evolves over time given the search choices made
1

see Griliches (1992) for a review of R&D spillovers.
The types of innovation asked about were: (i) product innovation: “did this business introduce onto
the market any new or significantly improved goods or services?”; (ii) process innovation: “did this business
implement any new or significantly improved operational processes (i.e. methods of producing or distributing
goods or services)?”; (iii) organizational innovation: “did this business implement any new or significantly
improved organizational/managerial processes (i.e. significant changes in this businesses strategies, structures
or routines)?”; and (iv) marketing innovation: “did this business implement any new or significantly improved
sales or marketing methods which were intended to increase the appeal of goods or services for specific market
segments or to gain entry to new markets?”
3
See Luttmer (2012) and Luttmer (2015) as recent examples.
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by firms and workers on both sides of the matching labor market.
The novel feature of this framework relative to traditional endogenous growth models is
that the process by which knowledge spills over between firms is endogenized within the
labor mobility channel of knowledge spillover. Firms optimize the rate at which they learn
new productivity ideas through the labor mobility spillover channel by their choice of how
many job vacancies to post, and the distribution of new knowledge each firm is exposed to
is endogenously determined by the search intensity of workers on the other side of the labor
market.
The model is calibrated to several important macroeconomic moments in the data as well as
some of the empirical findings at the firm level. This allows us to assess some of the macrolevel implications of knowledge spillover through the labor mobility channel. A counterfactual simulation that shuts down the knowledge spillover effect of the labor mobility channel
reveals that knowledge spillover contributes around 0.7 percentage point to aggregate growth.
In addition to affecting the aggregate growth rate, the knowledge spillover effect also makes
the distribution of firm productivity somewhat more symmetrical by allowing smaller firms
to improve productivity at a higher rate. Interestingly, the effect of knowledge spillover
through the labor mobility channel does not have a significant effect on the distribution of
firm size (number of employees) in the economy.
Because firms must split the benefits of any knowledge spillover with the workers they hire
in order to attract them away from their current firm, the private benefit to seeking out
knowledge spillovers is generally lower than the social benefit. As a result, the market-based
equilibrium is inefficient for a social planner’s point of view. Simulating the model under
the socially optimal choices of search effort reveals that aggregate growth is not significantly
higher than the market based equilibrium. Despite the higher search rates, congestion in
the labor market also increases, limiting the scope for improving in aggregate productivity
growth. However, the distribution of relative firm productivity is more skewed towards the
right under the social planner indicating that there would be a larger share of firms with
(relatively) high levels of productivity.
The remainder of the paper is structured as follows. Section 2 discusses in detail how this
paper fits into the existing literature. Section 3 presents the structure of the theoretical
model. Section 4 details the results of analysis of the model. Section 5 summarizes and
concludes.
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Literature Review

Since seminal works by the likes of Romer (1986) and Lucas (1988), endogenous growth
models have often relied on the spillover of productive knowledge from more to less productive
firms as a mechanism for generating long-run economic growth. Traditionally, these models
have assumed that firms sample new ideas at an exogenous rate, and the distribution that
firms sample from is identical to the distribution of firm productivity that exists in the
4

economy (see Luttmer, 2015 as an example). Recently, some endogenous growth models
have made progress in endogenizing the rate at which firms learn. Models by Perla and
Tonetti (2014) and Lucas and Moll (2014) feature agents choosing the rate at which they
receive new ideas by optimally choosing the amount of time they spend searching, trading off
production today for search effort in the hopes of being able to produce at higher productivity
levels in the future. However, in both these models, all firms that search are assumed to
have equal probability of being exposed to the productive knowledge of all firms producing
in the economy.
The model proposed in this paper looks to provide further structure to the learning process
used in the previous literature by using a search-and-matching labor market to endogenize
both the choice of search effort by firms and the distribution of productive knowledge each
firm is exposed to, as well as taking the model to the data. As a result, firms optimally
choose their vacancy postings rate not only to gain more labor for the production process,
but to also acquire new knowledge that workers from more productive firms may bring with
them.The distribution of knowledge firms are exposed to is endogenously determined on the
other side of the labor market where the choice search effort by workers, and the willingness
of workers to accept jobs at any particular firm, determines the probability of a searching
firms being exposed to the various levels of productive knowledge.
Some previous papers in the literature have used an overlapping generations framework to
study knowledge spillover via labor mobility in a dynamic context. For example Dasgupta
(2011) and Monge-Naranjo (2012) both develop overlapping generations models in which
agents learn on the job and use their acquired knowledge to start their own firms later
in life. However, within these types of model, knowledge spillover is only from incumbent
firms to new firms, not other incumbent firms. The incumbent firms in the model either
do not improve their own productivity, or they shut down. These models are ill-suited for
analyzing labor mobility’s role in diffusing knowledge between incumbent firms, which, given
the majority of job-to-job worker transitions are between incumbent firms, is the focus of
this paper.
This paper is also motivated by the firm-level empirical analysis that is consistent with the
spillover of knowledge through the labor mobility channel. According to the predictions
of knowledge spillover through the labor mobility channel, because more productive firms
should have on average more productive knowledge, hiring from more productive firms should
benefit a hiring firm’s own stock of productive knowledge. Additional, because the firm is
free to choose which ideas to keep, and which to disregard, hiring from less productive
firms (that on average have less productive knowledge) should not have a significant impact
on the stock of productive knowledge used by the hiring firm. Therefore, the spillover
of productive knowledge through the labor mobility channel implies that improving the
average productivity level of the more productive firms that new workers are hired away
from should, on average, boost productivity growth at the hiring firm through an inflow
of superior productive knowledge. While improving the average productivity of the less
productive firms workers are hired from should not have a significant effect on the hiring
firm’s productivity growth.
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In a recent paper, Kirker and Sanderson (2017) find such a pattern in matched employeremployee data from New Zealand when labor productivity is used as the measure of firm
productivity.4 A summary of this paper’s findings are presented in appendix A. While it is
not possible to identify causal relationships in the data set, the results are at least consistent
with the spillover of knowledge through the labor mobility channel. In addition, other papers
find a similar pattern in the data such as Stoyanov and Zubanov (2012) who use data on
Danish manufacturing firms.
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Theoretical Model

Having identified the firm-level data is consistent with the idea of labor mobility acting as
a channel for knowledge spillover, attention now turns to the development of a modeling
framework that can fit these empirical facts. The model is based upon an on-the-job searchand-matching labor model that featuring large, heterogeneous firms. When firms hire new
workers, they not only receive additional labor, but are also exposed to new knowledge which
the workers bring into the firm. Thus, the firm’s choice of vacancy posting rate determined
their exposure to outside knowledge through the labor mobility channel. The distribution of
knowledge hiring firms are exposed to depends upon the distribution of worker search effort
on the other side of the search and matching market.

3.1

General Model Environment

Time is continuous in the model. Within the model there exists two types of agents, firms and
workers. Both firms and workers are heterogeneous. Individual firms are collectively owned
by the workers in the economy. Each individual firm produce a differentiated goods. Firms
produce their output by combining units of labor, l, with a stock of productive knowledge x
using the production function
y(i) = x(i)l(i)
where i indexes the firm.
The output of each firm is aggregated into a final consumption good using a CES DixitStigliz aggregator. Because all firms enter the CES aggregator symmetrically, firms can be
4

When multi-factor productivity is used, the strength of the correlation between productivity growth at
the hiring firm and the productivity difference with the firm workers are sourced from is similar in magnitude
whether the firms hired from are more or less productive than the hiring firm. This pattern is more consistent
with positive assortative matching between worker quality and firm productivity. This could be because more
productive firms are better at screening more skillful workers, or more productive firms provide more on-thejob training. The fact that only the labor productivity results are consistent with the knowledge spillover
effect suggest that if knowledge spillover occurs, it relates to knowledge about capital intensity, an idea that
is support further by the analysis in the paper.
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grouped by their level of productivity and labor, so aggregate output is given by
Z Z

(ρ−1)/ρ

Y (t) =

y(x, l)
x

F

act

ρ/(ρ−1)
(t)f (x, l, t) dl dx

(1)

l

where ρ is the elasticity of substitution between individual goods, F act (t) is the measure of
active firms in the economy at time t, and f (x, l, t) is the probability density function for
the distribution of firms with productivity level x, and employing l units of labor at time t.
Each firm faces the standard inverse demand relationship for its output given by

p(x, l, t) = P (t)

y(x, l, t)
Y (t)

−1/ρ
(2)

where P (t) is the ideal price index of the Dixit-Stigliz aggregation defined as
Z Z

p(y(x, l), t)

P (t) =
x

3.2

1−ρ

F

act

ρ/(ρ−1)
(t)f (x, l, t) dl dx

l

Firms

At every point in time there exists a continuum of firms of finite measure F. Each firm is
infinitely lived. Our main point of interest with the firms is the endogenous choice of search
intensity by firms (described by the vacancy posting rate) which determines how they benefit
from knowledge spillover.
Firms are heterogeneous along two dimensions, the level of productive knowledge, x, and
the measure of labor employed, l. For the model that will follow, it will be easier to work
with the log of productivity, z = ln(x), rather than the productivity level x itself. In the
remainder of this section, z will be referred to as the firm’s productivity.
At each point in time, firms chooses how many vacancies to post in the search for new labor.
This directly affects the rate at which they learn via the spillover of knowledge from the labor
mobility channel. Let Π(z, l, t) denote the value of being an active firm with productivity
z, firm size l, at time t. Firms (and workers) discount the future at rate r. The value of an
active firm satisfies the following Hamilton-Jacobi-Bellman equation
∂Π(z, l, t)
rΠ(z, l, t) = π(z, l, t) +
∂t


R R

∞
 −cν (ν) + νq(θ) ∂Π(z,l,t)

1
h (z̃, ˜l, t) d˜l dz̃
∂l
z̃=0 l̃ agree ε

+ max
R R R
ν∈[0,νmax ] 
+νq(θ) z̃ l̃ y 1agree [Π(y, l, t) − m(y; z̃, z, t) − Π(z, l, t)] T (y; z̃, z) dy hε (z̃, ˜l, t) d˜l dz̃ 
+ Ψ(z, l, t)

∂Π(z, l, t) {}
∂l

(3)

The first line of equation 3 has the standard form of a Hamilton-Jacobi-Bellman equation.
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π(z, l, t) denotes the flow of profit to the firm from production (revenue less expense). The
final term in the first line, ∂Π(z, l, t)/∂t, relates to the capital gain/loss resulting from
changing economic conditions over time (such as changes in the firm’s relative productivity
ranking within the economy).
The second line of the equation relate to the firm’s choice vacancies posting rate, ν. Posting
vacancies incurs a real cost to the firm, cν (·) , that is an increasing function of number
of vacancy posted. Vacancies yield two sources of benefits to the firm, it allows for more
labor to be employed, and it may also yield productive knowledge spillover through the
labor mobility channel. The capital gains from each of these two components is presented
separably in equation 3.
For each of the ν vacancies posted by the firm, the probability that the vacancy is matched
with a searching worker is given by q(θ), where θ is a measure of the labor market tightness
(the ratio of vacancies to worker search effort). From the firm’s perspective, matches with
workers are drawn randomly from the distribution of worker search effort which has the PDF
denoted by hε (z̃, ˜l, t). The indicator function 1agree denotes the labor-market matches for
which the net surplus of the match is positive, and hence the worker agrees to move to the
firm.
The second term in the braces denotes the expected capital gain resulting from productive
knowledge spillovers through the labor mobility channel, less the the knowledge premium
payment m(·) made to the worker required to attract the worker to the firm. The evidence
from the empirical analysis suggests that productive knowledge spillover occurs only when
the movement of the worker is from a more to less productive firm. In this model, the amount
of productive knowledge the hiring firm has after the transfer, y, is drawn randomly from
the distribution T (y; z̃, z), and depends upon the productivity of the hiring firm (z) and the
worker’s previous employer (z̃).5 By assumption, no knowledge spillover occurs when the
worker is from a less productive firm (when z̃ < z, T (z; z̃, z) = 1).
In addition to the wage a worker is paid for supplying their labor, they are also paid a one-off
premium payment, m(·), negotiated when the employee first starts at the firm. The exact
details of how this is determined is discussed in section 3.4. This premium payment takes
into account a number of factors such as the worker’s willingness to work for the firm, due to
opportunities to learn from the firm, and the firm’s willingness to hire the worker to obtain
any knowledge spillovers.
The final term in equation 3 relates to capital gain/loss from changes in the firm’s incumbent
labor force. Ψ(z, l, t) is the probability of increasing (or decreasing) the measure of workers
employed by the firm, and ∂Π(z, l, t)/∂l denotes the capital gain or loss for a marginal change
in labor. More specifically, Ψ(z, l, t) is given by
Z Z
Ψ(z, L, t) ≡ −lε(z, l, t)θq(θ)
1agree fν (z̃, ˜l, t) d˜l dz̃
z̃
5

l̃

Notation wise, y will often be used to denote the productivity level that the firm goes to after knowledge
spillover. It does not refer to firm-level output.
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where the right hand side relates to the loss of workers who leave the firm because they
have accepted a job at another firm. Each of the l measure of workers at the firm searches
for other job offers with search effort ε(z, l, t). Each unit of worker search effort has a
θq(θ) probability of being matched with a posted job vacancy. These matches are randomly
drawn from the distribution of vacancy postings with a probability density function denoted
by fν (z̃, ˜l, t) where z̃ denote the productivity of the firm posting the vacancy, and ˜l is the
measure of labor employed by the firm. Workers will only accept new jobs if it yields positive
net surplus, denoted by the indicator function 1agree .
Given the value function defined by equation 3, the firm’s choice of vacancies to post satisfies
the first order condition (FOC) given by

Z ∞ Z
∂cν (ν)
∂Π(z, l, t)
˜
˜
1agree hε (z̃, l, t) dl dz̃
= q(θ)
∂ν
∂l
z̃=0 l̃

Z Z Z
+ q(θ)
1agree [Π(y, l, t) − m(y; z̃, z, t) − Π(z, l, t)] T (y; z̃, z) dy hε (z̃, ˜l, t) d˜l dz̃
z̃

l̃

y

(4)

where the left hand side is the marginal cost of an additional vacancy posting, and the right
hand side it the expected marginal benefit (both in terms of additional labor and knowledge
spillover) of a vacancy posting.
Finally, the profit function, π(z, l, t), for an active firm has the form
π(z, l, t) = p(z, l, t)y (z, l) − ω(z, l, t)l

(5)

where p(z, l, t)y (z, l) is the firm’s revenue (price multiplied by output), and ω(z, l, t)l is the
total wage cost to the firm for all units of labor employed, where ω(z, l, t) is the wage rate
per unit of labor.

3.3

Workers

Workers differ by the characteristics of their current employer. For simplicity, workers are
assume to be infinitely lived. The productivity level of their employer determines how much
productive knowledge the workers are exposed to and learn, as well as how productive the
worker is at the firm. We also allow for the possibility that the size of the firm may influence
the scope of the workers job (and hence their ability to learn) or the productivity of the
worker and firm. Throughout their life, workers will transition between jobs, either moving
up the productivity ladder to obtain better learning opportunities, or down the productivity
ladder to benefit from spilling over their acquired knowledge.
The behavior of workers within the model determines the distribution of productivity ideas
that searching firms are exposed to via the labor mobility channel of knowledge spillover.
The total population of workers is assumed to be of a fixed measure N . Each worker is
infinitesimally small in size. At each point in time, workers can choose how intensively they
9

seek outside job offers.
Let V (z, l, t) denote the value of being a worker who is employed at a firm with productivity
z, and labor force size l at time t. The value of such a worker satisfies the following HamiltonJaccobi-Bellman equation
∂V (z, l, t)
rV (z, l, t) = ω(z, l, t) +
∂t
)
(
−cε (ε)

h
i

R∞ R R
+ max
+εθq(θ) z̃=0 l̃ y 1agree V (y, ˜l, t, ) + m(·) − V (z, l, t) T (y; z̃, z) dy fν (z̃, ˜l, t) d˜l dz̃
ε∈[0,εmax ]

Z ∞ Z Z z̃
1agree [V (y, l, t) − V (z, l, t)]T (y; z̃, z) dy hε (z̃, ˜l, t) d˜l dz̃
+ vq(θ)
z̃=z

+ Ψ(z, l, t)

l̃

y=z

∂V (z, l, t)
∂l

(6)

The first line of the Hamilton-Jacobi-Bellman is fairly standard. On the left hand side, the
effective discount rate the worker faces comprises of the standard discount rate r, plus the
probability of death λ. On the right hand side, ω(z, l, t) denotes the flow of wage income
the worker receives. The final term in the first line is the change in value due to changes in
wider economy conditions over time (such as the firm’s change in relative market position).
The second line of equation 6 relates to the worker’s choice of search effort, ε. Given the
choice of search effort ε, the worker incurs a real search cost of cε (ε) which is increasing in
the level of search effort. The other term in the second line is the expected capital gain from
searching. For each unit of search effort, the worker has a θq(θ) probability of matching
with a posted vacancy in the search-and-matching market. Matches are drawn at random
from the distribution of firm vacancy postings with probability density function fν (z̃, ˜l, t).
The indicator function 1agree denotes matches for which the worker will agree to move firms.
Given the possibility that the worker could facilitate some knowledge spillover to the hiring
firm, moving to a new firm yields a capital gain (or loss) of V (y, ˜l, t, ) − V (z, l, t) (rather than
V (z̃, ˜l, t, ) − V (z, l, t)), and a one-off premium payment (m(·)).
The term in the third line of equation 6 relates to the expected capital gain as a result of
the worker’s firm improving its productivity through the spillover of knowledge via labor
mobility. The introduction of superior knowledge into the firm raises the firm’s productivity
which not only increases the workers wage, but also provides the worker with greater learning
opportunities to acquire better knowledge. Similarly, the term in the fifth line represents the
expected capital gain to the worker from their firm exogenously learning some new productive
knowledge.
The final term in equation 6 relates to the expected capital gain/loss resulting from changes in
the measure of other workers employed by the firm. From the point of view of an individual
worker, this is taken as exogenous. Ψ(z, l, t) denotes the probability that the number of

10

workers employed at the firm increases, and is given by
Z ∞Z
Ψ(z, l, t) ≡ −lεθq(θ)
1accept fν (x, lx , t) dlx dx
x=0 lx
Z ∞
1accept hε (x, t) dx
+νq(θ)
x=z

where the first term on the right-hand side relates to the departure of other workers in the
firm who leave for another job, and the second term on the right-hand side relates to the
increase in the number of workers from the firm’s hiring practices/
Given the value function defined in equation 6, the employed worker’s choice of search effort,
ε, satisfies the FOC give by

Z ∞ Z Z
∂cε (ε)
1agree [V (y, z̃, t, ) + m(·) − V (z, l, t)] T (y; z, z̃) dy fν (z̃, ˜l, t) d˜l dz̃
= θq(θ)
∂ε
y
z̃=0 l̃
(7)
where the left hand side is the marginal cost of additional search effort, and the right hand
side is the expected capital gain from finding a new job at another firm.

3.4

Worker’s Compensation

A worker’s total compensation is modeled in two parts. First there is the wage the worker
receives for the labor they supply to the firm’s production process. The second part is a
premium they earn above, or below, the baseline wage. This premium nets out a number
of factors that relates to the firms and workers incentivizing the other to agree to the new
match.
3.4.1

Wages

Wages are set independently at each firm. The wage setting mechanism used here follows the
approach used by Mortensen (2010), which is in the spirit of Stole and Zwiebel (1996). The
firm bargains individually with each worker in their labor force. Long-term wage contracts
are not possible, and the worker and firm bargain over the marginal surplus from the worker’s
labor each period. In the bargaining between the firm and an individual worker, the firm’s
outside position is to not use that particular worker this period, and instead produce with
the other workers who have agreed to contracts. The worker’s outside option is to undertake
home production, with payoff b(t).
Let βω denote the worker’s relative bargaining strength. The wage rate, ω(z, l, t), for each
labor unit at a firm with productivity z and labor distribution l satisfies the Mortensen
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(2010) bargaining equation:
βω

3.4.2

∂π(z, l, t)
= (1 − βω )[ω(z, l, t) − b(t)]
∂l

(8)

Knowledge Premium

When a worker is hired at a new firm, they negotiate the knowledge premium component
of their compensation with the firm. It is through this premium that some workers are paid
for their diffusion of productive knowledge, and other workers pay firms for the learning
opportunities the firm provides. The knowledge premium negotiation is assumed to occur
after the firm and worker observe the amount of knowledge spillover that will occur if the
match was to go ahead.
To drastically simplify the numerical computation of the model, the knowledge premium is
assumed to be a fixed, one-off payment when the worker starts. 6 In this sense, the knowledge
premium can either be thought of in terms of a signing bonus, or as the net present value of
a series of premium payments that will occurred over the worker’s employment spell.
Let z denote the firm’s productivity, and z̃ denote the productivity of the worker’s previous
employer. The expected capital gain for the worker of accepting the new job offer from firm
(z, lz ) is given by
V (z 0 , l, t) − V (z̃, ˜l, t) + m(z 0 ; z, l, z̃, ˜l, t)
where m(·) denotes the knowledge premium payment, and z 0 denote the productivity of the
hiring firm after the occurrence of any knowledge transfer (z 0 ≥ z).
From the perspective of the firm, the gains from hiring the new worker comprise of the
expected capital gain due to the knowledge spillover (if any), and the capital gain from
having another worker employed
∂Π(z, l, t)
Π(z 0 , l, t) − Π(z, l, t) − m(z 0 , z, l, z̃, ˜l, t) +
∂l
A worker’s relative bargaining strength when first joining a job (and potentially facilitating the spillover of knowledge) may be very different to their relative bargaining strength
once they have assimilated into the work force. Therefore, the worker’s relative bargaining
strength for the knowledge premium payment is allowed to differ from that of the wage negotiations. β denotes the worker’s relative bargaining strength for the knowledge premium.
6

If the knowledge premium was modeled as an ongoing payment, we would have to not only keep track of
the worker’s premium at each point in time, but also the entire distribution of premiums within each firm’s
pool of labor.
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The value of m that satisfies the following Nash-bargaining equation




∂Π(z, l, t)
0
0
˜
= (1 − β) V (z , l, t) + m − V (z̃, l, t)
β Π(z , l, t) − Π(z, l, t) − m +
∂l

(9)

Because workers will be willing to offer a negative knowledge premium to work at the most
productive firms (pay the firms for the learning opportunities), for some matches, the total worker compensation (wages plus knowledge premium) will be negative. In effect, the
most productive firms will be paid by the factor inputs. To avoid this situation, the premium payment is bounded to be non-negative, so that workers must receive some positive
compensation from each job.7

3.5

Labor Market

As is standard for search-and-matching models, the labor market tightness, θ, is characteristics by the ratio of vacancy postings to worker search effort and is defined as
R∞ R
F z=0 l v(z, l, t)f (z, l, t) dl dz
R R
(10)
θ =
N z l ε(z, l, t)hemp (z, l, t) dl dz
where N emp (t) is the measures of unemployed and employed workers at time t.
Searching firms and workers are matched at random according to a matching function. Let
Q(·) denote the constant returns to scale, homogeneous of degree one, matching function.
Then the probability that a firm’s vacancy is matched with a worker is given by
q(θ) = Q(θ, 1)
Given the distribution of firms, f (z, l, t), and their vacancy posting choices, ν(z, l, t), workers
sample from the distribution of vacancy postings has the probability density function given
by
fν (z, l, t) = R R
z̃

ν(z, l, t)f (z, l, t)
ν(z̃, l, t)f (z̃, l, t) dl dz̃
l

(11)

On the other side of the market, firms sample from the distribution of worker search effort
with a probability density function given by
hε (z, l, t) = R R
z̃

ε(z, l, t)h(z, l, t)
ε(z̃, l, t)h(z̃, l, t) dl dz̃
l

7

(12)

In the cases where the premium payment is at the boundary, a match only occurs if both the firm and
worker receive some positive surplus from the match.
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where
lf (z, l, t)
lf (z, l, t) dl dz
l

h(z, l, t) = R R
z

(13)

is the PDF of the distribution of labor/workers

3.6

Kolmogorov Forward Equation

The search-and-matching labor model described above determines the search effort (policy
choice) for both worker and firms. Given the policy choices of the workers and firms in the
economy, the distribution of firms (and hence also workers) across the productivity-labor
space evolves over time according to a Kolmogorov Forward Equation (KFE).
Let f (z, l, t) denote the PDF for the distribution of firms who have productivity z, and
employs a measure l of workers.8 The change in the mass of firms at (z, l, t) over time is
given by
∂f (z, l, t)
=
∂t

Z

z

Z

f (z̃, l, t) ν(z̃, l, t)q (θ)
Z
− f (z, l, t)ν(z, l, t)q(θ)
z̃=0

∞

ẑ=z

∂Ψ(z, l, t)
+
f (z, l, t)
∂l

∞

Z

1accept T (z, z̃, ẑ)hε (ẑ, ˆl, t) dˆl dẑ
ẑ=z l̂

Z
ˆ
ˆ
1accept hε (ẑ, l, t) dl dẑ


dz̃

l̂

(14)

The first two terms on the right-hand side relate to the change in the measure of firms at
the state-space (z, l) due to changes in productivity. The final term relates to the change in
the measure due to changes in the number of workers.
The term in the first line on the right-hand side represents the inflow of firms with productivity z̃ < z and are of size l, who hire a new worker who previously worked at a firm with
productivity ẑ > z, and the amount of knowledge that spills over is the exact amount needed
to boost the hiring firm’s productivity to z (which occurs with probability T (z, ẑ, z̃)).
The term in the second line represents firms who currently have productivity z and firm size
l, who hire a new worker from a move productive firm and receive any amount of knowledge
spillover which will improve their productivity above z.
As in the case of the Hamilton-Jacobi-Bellman equations for the firm and workers, the final
term in the KFE relates to changes in the mass of firms due to changes in the incumbent
labor being employed by the firms. Where Ψ(z, l, t) is the probability of a firm losing a
8

Inactive firms can be considered a point mass below the lower bound of productivity level for active
firms.
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worker, and is defined as:
Z Z
Ψ(z, l, t) ≡ lε(z, l, t)θq (θ)
z̃

Z

l̃
z

−ν(z, l, t)q (θ)
z̃=0

1accept fν (z̃, ˜l, t) d˜l dz̃
Z
hε (z̃, ˜l, t) d˜l dz̃
l̃

where the first term on the right-hand side is the expected measure of workers who leave for
jobs at other firms. The second term on the right-hand side is the expected number of new
employees from the firm’s vacancy posting strategy.

3.7

Equilibrium and the balanced growth path

Having outlined the model equations, attention is now turned to the equilibrium and balanced growth path of the model. The focus of the analysis to follow with be solely on
a balanced growth path (BGP) in which the economy grows at a constant rate, and the
relative distribution of firms and labor are constant. Below, definition 1 specifies the requirements for an equilibrium in the model, and definition 2 specifies the conditions needed
for that equilibrium to have a balanced growth path.
Definition 1. Given an initial distribution of firms f (z, l, 0), the set of parameters {r, α, ρ,
γI , σ, N , F}, and the set of exogenous functions {cν (ν), cε (ε), y(z, l, t), q(θ), T (x, z)}, an
equilibrium of the model is describe by: (i) the set of value functions {Π(z, l, t), V (z, l, t)};
(ii) choice variables {ν(z, l, t), ε(z, l, t)}; (iii) payments/prices {π(z, l, t), m(z, lz , x, lx , t),
p(z, l, t), ω(z, l, t), P (t) = 1}; (iv) the labor market condition {θ}; (v) aggregate variables
{Y (t)}; and (vi) the distributions {hε (z, l, t), fν (z, l, t), f (z, l, t), h(z, l, t)} such that:
1. Given the value functions Π(z, l, t) and V (z, l, t) (defined by equations 3 and 6), firms
and workers choose their search efforts, v(z, l, t) and ε(z, l, t) to satisfy the first order
conditions given in equations 4 and 7.
2. For each firm, the wage ω(z, l, t), and the knowledge premium m(z, l, z̃, ˜l, t), are determined by the surplus sharing rules given by equations 8 and 9.
3. The goods market clears and each firm maximizes its profits by choosing p(z, l, t) to
satisfy equation 2.
4. The labor market tightness, θ(t), is determined by equation 10.
5. The distribution of worker search effort, hε (z, l, t), satisfies equation 12, the distribution
of vacancy postings fν (z, l, t) satisfies equation 11, the distribution of firms f (z, l, t)
satisfies equation 14, and the distribution of labor h(z, l, t) satisfies equation 13.
Definition 2. A Balanced Growth Path (BGP) for the model is defined by a scalar γ (the
aggregate growth rate), and tuple of functions {Π̈(·), V̈ (·), v̈(·), ε̈(·), π̈(·), m̈(·), p̈(·), ω̈(·),
θ̈(·), Ÿ (·), φhε (·), φf ν (·), φf (·), φh (·)} such that:
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1. For the various value functions: g(·) ∈ {Π(·), V (·)}, g(z, ·, t) = eγt g̈(e−γt z, ·)
2. For the policy rules: g(·) ∈ {ν(·), ε(·)}, g(z, ·, t) = g̈(e−γt z, ·)
3. For the prices and payments: g(·) ∈ {π(·), m(·), ω(·)}, g(z, ·, t) = eγt g̈(e−γt z, ·)
4. For the output prices, p(z, l, t) = p̈(ze−γt , l) and P (t) = 1
5. Labor market tightness and the measure of various firms and workers are constant:
θ(t) = θ̈
6. For the PDFs of distributions: g ∈ {hε , fν , f, h}, g(z, ·, t) = e−γt φg (e−γt z, ·)
and the model is in equilibrium (as defined previously).
3.7.1

Existence of a Balanced Growth Path

The model presented above is too generalized for a single proof of the existence of a unique
balanced growth path. The shape and characteristics of both the equilibrium and the balanced growth path depend on the properties of key components of the model, such as the
knowledge spillover function T (·), which have not be specified.
To illustrate that at least under certain conditions the model can be solved for a unique
balanced growth path, I outline a set of assumptions below that are sufficient, but not
necessary, for the existence of a unique balanced growth path.
Assumption 1. Assume that the following set of conditions hold in the model
1. The initial distribution of firms, f (z, l, t = 0), has a Pareto (thick) tail with tail parameter ζ.
2. Assumptions regarding the knowledge transfer function (T (·)):
(a) Conditional upon firm (firm i) meeting a worker from a more productive firm
(denote the more productive firm by j), there is a 1/lj probability the worker is
able to facilitate knowledge spillover, and a 1 − 1/lj probability that the worker
cannot.
(b) Conditional upon the worker being able to facilitate knowledge spillover, the probability density function for the amount of knowledge transferred has some positive
probability on the full amount of knowledge being transferred. I.e. there is some
chance (denoted by τ ), that the a worker from a firm with productivity z̃ can raise
the productivity of a firm with productivity z < z̃ up to z̃.
3. There is an upper bound of the search effort of workers that binds for workers at highly
productive firms.
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Assumption 1 ensures that the distribution of relative productivity will be stationary (stable)
and the economy can continue to grow forever.9
Assumption 2a can be thought of in the following way. To produce output for the firm,
there is a continuum of job/tasks distributed over the range [0, 1] that the workers must
do. These jobs are distributed proportionally among all the workers at the firm. So if the
firm has a measurelj of employees, each is responsible for 1/lj of the total jobs within the
firm. When a firm posts a vacancy in the market, it must advertise a specific job with the
posting. When workers are matched with posted vacancies, knowledge transfer can only
occur when the worker’s current set of tasks matches with the advertised job. Workers who
move to a firm when there is no job match can be thought of as changing career, and will not
be in a position to utilize their productive knowledge at the new firm. The motivation for
this assumption is that not all workers within the firm will be a suitable match in terms of
skills and knowledge for every advertised job. Additionally, the knowledge that a worker has
about what makes their current employer productive is likely to be restricted by the scope
of their role within the firm. The larger the firm, the less likely each individual worker is to
understand the full structure of the firm and what makes it productive.10
Assumption 2b ensures that all firms in the economy has some positive probability of advancing to the productivity frontier when meeting a worker with knowledge from the frontier.
Without some positive probability of each firm reaching the frontier, only the Brownian
innovation shocks and exogenous learning would drive long run growth in the economy .
Assumption 3, limiting the maximum search effort of individual workers, could be imposed
either through the rate at which search costs increase with search effort (the shape of cε (·)),
or a physical time limit workers can devote to search. This assumption ensures that workers
at the most productive firms do not search with unbounded effort, which would allow all
firms to instantly jump to the productivity frontier.
Proposition 1. Under the above assumptions, there exists a balanced growth path for the
model where the distribution of firm productivity has a thick tail, and the aggregate growth
rate, γ, is given as
Z Z
1   1 F
φf (z̃, l)ν(z̃, l) dz̃ dl
(15)
γ = q θ̈ τ
ζ
E[ε] N l z̃
where ζ is the Pareto tail parameter and E[ε̈] denotes the expected (average) search effort in
the whole economy.
The proof to this proposition is provided in appendix B.1. According to above expression,
9

Taken literately, this assumption implies that at time zero, there exists firms with every productivity
level that will ever exist. An alternative assumption that provides uniqueness of the balanced growth path is
to assume the initial productivity distribution is bounded and firms experience random productivity shocks
that follow a Brownian motion process (as in Luttmer, 2012). This approach is adopted later to simulate
the model.
10
For example, Walmart employs a very large number of relatively low skilled workers as cashiers and
floor staff. These workers are unlikely to have an intricate understanding of what actually makes Walmart
as productive as it is, and are unlikely to be able to transfer this knowledge to any new employer.
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the benefit of knowledge spillover through the labor mobility channel to aggregate growth
is large when : (i) the distribution of firm productivity has a thicker tail, implying a higher
proportion of firms with superior knowledge;
exceeds the rate of average innovation, γI . The second term on the RHS measures the
contribution of the knowledge spillover, both through the labor mobility channel and the
exogenous learning channel, to aggregate growth.
The benefit to aggregate growth from the spillover of knowledge through the labor mobility
channel is large when: (i) the probability of matching in the labor market is high (q(θ̈)); (ii)
the average worker search effort in the economy is low, making it more likely a given match
is with a worker from the productivity frontier; (iii) the probability of transferring the full
amount of knowledge (τ ) is high; (iv) the average number of workers employed by a firm
(N /F) is low, exposing each worker to more jobs and hence more knowledge; and (v) firm
post a high number of vacancies (ν(z, l)).

3.8

Optimal Policy

Lucas and Moll (2014) found that in their model, where agents endogenously choose the
rate of their learning, the market based equilibrium was inefficient. Improving one’s own
productivity has spillover effects for the wide economy by improving the distribution of
productivity ideas from which other firms sample from. However, agents receive no direct
benefit from this spillover, and hence invest less in learning than would be socially optimal.
In this paper’s model, the market-based equilibrium described above also sub-optimal from
the perspective of a social planner who attempts to maximize aggregate output net of total
search costs. However, it is sub-optimal for different reasons than in the case of Lucas and
Moll (2014). In the model above, the benefit of a firm’s increase in productivity for other
firms in the economy is inherent in the value of workers at the firm as workers receive a share
of this knowledge increase when they diffuse the knowledge to other firms. Therefore, the
social benefits of a firm’s productivity are (partially) internalized by the worker’s choice of
search effort. Instead, the social inefficiencies within this model are a result of the fact that
when firms and workers meet in a situation where knowledge transfer is possible, they must
divide the gains from the knowledge surplus between themselves. Therefore, the private
returns to either firms or workers are generally below the social returns. As a result, both
firms and workers will tend to search with less intensity that would be optimal from the
social planner’s perspective.
In this section the value function and the policy choices of the social planner are derived and
compared to the market equilibrium choices. Let W (f (z, l, t)) denote the value function of
the social planner given the state of the economy described by the distribution of firms in
the productivity-labor space, f (z, l, t). The social planner’s problem is to choose the vacancy
posting rates and worker search efforts in order to maximize aggregate output net of total
search costs.11 More formally, the social planner maximizes
11

By assumption, the social planner can only choose the search intensity of workers and firms. It cannot
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Z
W (f (z, l, t)) = max

{ν(·),ε(·)}

"

∞

e

−r(τ −t)

Z Z
Y (f (z, l, τ )) −
l

#

Z Z
−

cν (ν(z, l, τ ))f (z, l, τ ) dl dz
z

τ =t

(cε (ε(z, l, τ )l) f (z, l, τ ) dl dz
z

l

subject to the law of motion for the distribution of f (z, l, t) given by the KFE specified in
equation 14.
In the above equation, Y (f (z, l, t)) denotes theR aggregate
output (GDP) of the economy given
R
the distribution of active firms f (z, l, τ ), and z l (cν (ν(z, l, τ )) + cε (ε(z, l, τ )l) f (z, l, τ ) dl dz
denotes the total search cost incurred by all firms and workers in the economy at time τ .
Below, I follow the approach of Lucas and Moll (2014) and focus on the optimizing the
‘marginal social value’ of a firm with productivity z and labor input l, denoted as w(z, l, t)
where
w(z, l, t) =

∂W (f (z, l, t))
∂f (z, l, t)

The marginal social value can be interpreted as the marginal value to the social planner of
having one more firm operating with productivity z, and size l. Because the distribution of
firms is defined in productivity-labor space, if we know the distribution of firms, we know
the distribution of labor as well. So we can equivalently think of each firm as a collection of
l workers at the point in productivity-labor space.
The marginal social value of a type (z, l) firm satisfies the following Bellman equation
(
∂Y (f (z, l, t))
∂w(z, l, t)
rw(z, l, t) =
+ max −cν (ν) − cν (ε)l +
ν,ε
∂f (z, l, t)
∂t

Z ∞ Z
∂w(z, l, t)
1agree hε (z̃, ˜l, t) d˜l dz̃
+ νq(θ)
∂l
z̃=0 l̃

Z Z Z
+ νq(θ)
1agree [w(y, l, t) − w(z, l, t)] T (y; z̃, z) dy hε (z̃, ˜l, t) d˜l dz̃
z̃ l̃
y
)


Z ∞Z
∂w(z,
l,
t)
− lεθq(θ)
1accept fν (z̃, ˜l, t) d˜l dz̃
∂l
z̃=0 l̃
+ Ψ(z, l, t)

(16)

The first line on the right-hand side denotes the flow contribution of the firm (and its workers)
to aggregate output net of search costs in the economy and the capital gain/loss resulting
force firms and workers to accept particular matches against their will. Nor can the social planner affect
which firms match with which workers in the labor market.
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from changes to broader economic conditions. The term in the second line denotes the
expected capital gain from the firm hiring more workers. The term in the third line denotes
the expected capital gain from knowledge spillover through the labor mobility channel. The
term in the fourth line denotes the capital loss from workers departing the firm. The final
term, Ψ(z, l, t), refers to the value that the additional firm (or equivalently the collection of
workers at this additional firm) has for other firms in the economy. This term is defined as:
∂w(z̃, ˜l, t)
f (z̃, ˜l, t)ν(z̃, ˜l, t)q(θ)1agree Dhε (z, l, t) d˜l dz̃
˜l
∂
z̃ l̃
Z z Z Z z

h
i
˜
˜
˜
˜
˜
+
1agree f (z̃, l, t)ν(z̃, l, t)q(θ) w(x, l, t) − w(y, l, t) T (x; y, z) dx dl dz̃ Dhε (z, l, t)
Z Z

Ψ(z, l, t) ≡

z̃=0

l̃

x=z̃

where
Dhε (z, l, t) = R R
x

εl
ε(x, lx , t)l(x, lx , t)Ff (z, l, t) dlx dx
lx

is the marginal increase in search effort at point (z, l) as a result of the additional firm’s
labor.
The first term on the RHS of the expression for Ψ(z, l, t) denotes the expected capital gain
to other firms (where (z̃, ˜l) denotes the point in productivity-labor space of the other firm)
from meeting and hiring one of the additional workers at the additional firm (z, l). The
second term in the RHS denotes the expected capital gain to other (less productive) firms
from having l additional workers who are capable of transferring productive knowledge from
the additional firm.
The social planner’s optimal choice of vacancies to post satisfies
Z Z
∂w(z, l, t)
∂cν (ν)
= q(θ)
1agree hε (z̃, ˜l, t) d˜l dz̃
∂ν
∂l
z̃ l̃

Z Z Z
+q(θ)
1agree [w(y, l, t) − w(z, l, t)] T (y; z̃, z) dy hε (z̃, ˜l, t) d˜l dz̃
z̃

l̃

y

where the left-hand side denotes the marginal cost of additional search effort, and the righthand side denotes the marginal benefit in terms of improving the firm’s labor supply and
expected knowledge spillover. Note that the vacancy posting rate of firms in the marketbased equilibrium (equation 4) differs from the social planner’s choice of vacancy by the
expected premium payment to the worker. Because in the market equilibrium, firms must
share a fraction of the net benefit of knowledge spillover with the worker, the expected
private benefit to the firm is lower than the socially benefit. As a result the vacancy posting
rate in the market-based equilibrium with differ from the socially optimal rate.
The social planner’s optimal choice of search effort for a worker satisfies
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Z Z
∂cε (ε)
∂w(z, l, t)
= −
θq(θ)
1agree fν (z̃, ˜l, t) d˜l dz̃
∂ε
∂l
z̃ l̃
Z Z
∂w(z̃, ˜l, t)
1
+
f (z̃, ˜l, t)ν(z̃, ˜l, t)q(θ)1agree d˜l dz̃
˜
X
z̃Z l̃z Z Z∂ l z

h
i
1
+
1agree f (z̃, ˜l, t)ν(z̃, ˜l, t)q(θ) w(x, ˜l, t) − w(y, ˜l, t) T (x; y, z) dx d˜l dz̃
X
z̃=0 l̃ x=z̃
Z Z
∂w(z, l, t)
1agree fν (z̃, ˜l, t) d˜l dz̃
= −
θq(θ)
∂l
z̃ l̃
Z Z
∂w(z̃, ˜l, t)
+
θq(θ)1agree fν (z̃, ˜l, t) d˜l dz̃
˜
∂l

Zz̃ z l̃ Z Z z
h
i
˜
˜
+
1agree θq(θ) w(x, l, t) − w(y, l, t) T (x; y, z) dx fν (z̃, ˜l, t) d˜l dz̃
z̃=0

l̃

x=z̃

R R

where X = x lx ε(x, lx , t)l(x, lx , t)Ff (z, l, t) dlx dx is the total search effort in the economy.
The left-hand side denotes the marginal social cost of the extra search effort of a worker,
the first term on the right-hand side denotes the expected loss to the (z, l) firm from losing
the worker to another firm, the second term on the right-hand side denotes the expected
capital gain from having the worker at another firm, and the final term on the right-hand
side denotes the expected capital gain from knowledge spillover from the additional worker
moving to a less productive firm. All together, we can interpret the right-hand side as the
expected net capital gain, both in terms of labor and knowledge spillover, from reallocating
the worker from one firm to another.
Similar to the case for firms, the choice of worker search effort from the social planner differs
from the market-based choice of workers given by equation 7 as in the market equilibrium,
workers choose their search effort based on the assumption they receive only part of the total
returns of knowledge spillover. They do not take into account the broader social effects of
the value of the firm to society.

4

Analysis

Having established a general framework for an economy in which endogenous knowledge
spillover creates long-run productivity growth, attention now turns to applying this framework the data. In the theoretical model outlined above, knowledge spillover through the
labor mobility channel is the only source of economic growth in the model. Such an assumption is clearly unrealistic in actual data. To assist the model in matching the data, the model
is extended to include a few additional features. These features are summarized below, and
the equations of the extended model are presented in more detail in appendix C.
Labor mobility is not the only channel through which knowledge spillover between firms
could occur. Firms may also benefit from observing the behavior of their competitors or
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suppliers. Without controlling for these other sources of learning, the model will overstate
the importance of the knowledge spillover channel. Therefore, the model is augmented to
include an additional exogenous learning rate, which is commonly used in endogenous growth
models with learning (see Luttmer, 2012 as an example). At rate ξ firms meet and observe
another firm randomly drawn from the economy. If this firm has more productive knowledge
than the observing firm, the observing firm is assumed to copy the productive knowledge,
boosting its productivity level to that of the observed target firm.
As seen in equation 15, the aggregate growth rate in the model is driven by the thickness
of the productivity distribution’s tail and the rate at which firms meet. In the actual data,
the observed aggregate growth rate is unlikely to match up perfectly with the observed tail
thickness for the distribution of firm productivity of the observed meeting rates. Therefore,
following the approach of Luttmer (2012), I introduce another source of productivity growth,
firm level innovation. Each firm is assumed to undertake some form of innovating or experimenting such that its productivity level receives random shocks that following a Brownian
motion process with expected value γI and variance σ 2 .
The introduction of Brownian motion shocks to each firm’s productivity means that it is
now possible for a firm to receive such a bad series of productivity shocks that it would no
longer wish to operate. Therefore, I also allow firms to shut down if their productivity falls
below a threshold. This state is referred to below as inactive firms. Inactive firms either
become active again or are replaced by new when when they draw a new productive idea
and re-enter the market. In addition, a state of unemployment for workers is also introduced
into the model.
Under the changes described above, there now exists a unique balanced growth path to the
model where the aggregate growth rate is given by
s
  1 F Z Z ∞
φf (z̃, l)ν(z̃, l) dz̃ dl + ξ
γ = γI + σ 2q θ̈ τ
E[ε] N
l z̃=0
where E[ε] is the expected search effort in the economy. According to this equation, aggregate
growth rate is high when the expected return from firm innovation (γI ) is large, firms have
a high probability of meeting new workers (q(θ) is large), the average search effort in the
economy is low (E[ε] is low, implying that when a firm matches with a worker, there is a
higher probability that worker is from the upper tail of the productivity distribution), the
average number of workers per firm is low (allowing workers to easily absorb and transfer
knowledge), when the average firm posts a large number of vacancies, or when there is a
high exogenous rate of learning (ξ ).12
12

Even this extended model does not fully capture every feature of the data found by Kirker and Sanderson
(2017). One of the main features observed in the data, but not captured by the model is the correlation
between new hires and productivity growth that is consistent with positive assortative matching between
worker quality and firm productivity. Appendix D outlines a model that features heterogeneous worker skill.
Firms also provide workers with on-the-job training which creates a pattern of positive assortative matching
as seen in the data.
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4.1

Calibration

Before the model can be simulated, function forms for several parts of the model must be
chosen and parameter values must be defined. The parameters used in the simulation model
are selected using a mixture of two different approaches. The values of some parameters
are take directly from the literature or from various data sources. Other parameters are
calibrated so that the balanced growth path of the model approximates several important
moments in the New Zealand data.
4.1.1

Functional Forms:

Search costs: The search cost function for both firms and workers are assumed to be
quadratic in form. I.e.
ψν 2
ν
2
ψε
cε (ε) = ε2
2

cν (ν) =

where ψν and ψε are the marginal search costs for firms and workers respectively.
Distribution of initial productivity draws: The distribution of initial productivity
draws by inactive firms, fnew (z, t), is assumed to be a truncated normal distribution. The
mean of the normal distribution is centered on the lower bound of productivity (zlb ), and
variance of the distribution will be chosen to match the average productive of new entrants
relative to the average incumbent firm. In addition I truncate the right-hand tail so that
new entrants can only enter with productivity in the lower half of the productivity grid.
Truncating the right hand tail is an extreme assumption. However, it makes it clear that
new entrants will not be the engine of long-run growth in the model.
Transfer friction (knowledge spillover function): Similar to the previous proof for
the existence of a BGP in the model, I assume that workers can only transfer knowledge
to a less productive firm when their current job responsibilities match the advertised job
description. Therefore, if a firm matches with an employed from a firm with ˜l amount of
labor, there is a 1/˜l probability that the worker is a match for the job type, and knowledge
transfer can take place. I assume that there is a τ probability that worker transfers all of
their productive knowledge, and a 1 − τ probability that the worker can only transfer some
of the productive knowledge. In these cases on intermediate knowledge transfer, the amount
of knowledge transferred is drawn from a Beta(2, κ) distribution.13
13

The Beta distribution is chosen as it provides a flexible distribution that is bounded between the productivity levels of the hiring firm and the workers previous employer.
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Table 1: Pre-defined parameter values
Parameter

Model value

ρ
λ

Elasticity of substitution between goods
Probability of death
act
F (t) Number of active firms
r
Real discount rate
qcd
The Cobb-Douglas share parameter on vacancies in
the matching function
vmax
Maximum rate of vacancy postings
σ
Standard deviation of Brownian innovation shocks
ξ
Rate of exogenous learning

5
0.0069
1
0.04
0.5
1
0.2
0.05

The empirical evidence regarding the productivity gap suggests that the size of the receiving
firm appears to be a factor in how much the hiring firm benefits from any knowledge spillover
from more productive firms. I therefore include it in the distribution of knowledge spillover.
More specifically, the transfer function T (·) takes on the following form when a worker from
a firm with productivity z̃ > z moves to a firm with productivity z (and hence transfers
knowledge),


1 − 1l


y−z
1
T (y; z, l, z̃, ˜l) = × (1 − τ ) Beta( z̃−z ,2,κ)
l
˜l 
τ
l

y=z
z < y < z̃
y = z̃

and when the worker comes from a less productive firm, no knowledge transfer takes place.
Matching function: Given the total number of vacancy postings V̂ , and total worker
search effort Ê, the number of matches is given by a Cobb-Douglas equation
Q(V̂ , Ê) = qnorm V̂ qcd Ê 1−qcd
4.1.2

Pre-defined Parameter Values

Table 1 summarizes the values for parameters in the model that are take from the literature
and other data sources.
The elasticity of substitutions between goods is set to ρ = 5 which is around the mid-point
of the range of values commonly used in the literature. The probability of a worker dying,
λ = 0.0069, is found simulating a Markov process using the quarterly worker transition values
reported by Silverstone and Bell (2011) based on the nationally representative Household
Labour Force Survey. This value includes external migration in the model’s definition of
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death. Workers who die are replaced by new workers who begin life in the state of unemployment. The number of active firms is normalized to one. The real discount rate is set
to r = 0.04, a value used by the Reserve Bank of New Zealand in their policy model (see
Kamber et al., 2016). The relative weighting on vacancies in the matching function (the
Cobb-Douglas coefficient) is set to qcd = 0.5. In the steady state, this parameter is not separately identifiable from qnorm , so the value will not influence the BGP analysis of this paper.
Vacancy postings are capped at the rate vmax = 1 for firms. The standard deviation of the
Brownian motion innovation shocks, σ, is a difficult parameter to calibrate in the model.
While there are several moments in the data that could be used to calibrate the parameter,
these moments often imply very different values for σ, and are not always consistent with
the other moments used to calibrate the model. Therefore, the value of σ is set to 0.2, a
value that seems reasonable given the constraints of the other target moments. Finally, the
rate of exogenous learning is set to five percent. Given the target moments and the implied
cross-equation restrictions, only values in the range of around 3% to 6% are plausible for the
model.14
4.1.3

Calibrated Parameters

Table 2 summarizes the remaining parameters in the simulation model that are calibrated
by jointly matching important moments of the New Zealand data. While the parameter
values are calibrated jointly, and hence influence the model’s fit to all moments, the target
moments were chosen with specific parameters in mind. In the table, the target moment
corresponding to each parameter is presented next to that specific parameter.
The total number of workers in the economy is set to N = 16.5. This value is chosen to
match the average firm size in the economy. According to Mills and Timmins (2004), the
average New Zealand firm employs 13.7 employees.
The marginal search costs for firms (ψν ) and workers (ψε ) are difficult parameters to calibrate
to as in the data search effort choices are not directly observed. According to the 2008
and 2013 Business Operations Surveys, around 83 percent of firms report having vacancies.
Because the choice of vacancy postings is a continuous variable in the model, the vacancy
posting rate cannot be directly mapped into this value. I choose to set the marginal search
cost of firms is set to ψν = 47.6 which implies that 83 percent of firms post more than half
the maximum allowed vacancy posting rate. The search effort choices for workers are more
difficult to observe. Therefore, I choose ψε = 13.4 to imply that 50 percent employed workers
search with more than half the maximum search effort.
The matching efficiency parameter, qnorm , is set to 2.48 targeting the 19.4 percent average
share of labor supplied by new hires seen in table 1 in appendix A.
14

Below 3%, the model implies that the economy would shrink along the BGP without the labor mobility
channel. Given that the BOS results indicate only half of innovating firms state new workers were an
important source of innovation ideas, this seems to be an implausible scenario. Above 6%, and the implied
tail thickness for the distribution of firm productivity would be thicker than that actually observed in the
data.

25

Table 2: Calibrated parameters and target moments
Moment value
Parameter
N
ψν
ψε
qnorm
γI
2
σnew

τ
2
2+κ

β

δ

Number of workers in the
economy
Marginal search cost for
firms
Marginal search cost for
workers
Matching efficiency
parameter
Growth rate of innovation
shocks
Variance of inactive firm
productivity draws
Probability of transferring
all knowledge
Mean of beta distribution
for knowledge spillover
Worker’s relative
bargaining strength

Probability of becoming
unemployed

Value

Target moment

Data

Model

16.5

Average firm size

13.7

14.7

47.6

Share of firms posting
vacancies
Share of workers searching
with more than half effort
Share of labor supplied by
new workers
Aggregate growth rate (γ)

0.83

0.81

0.5

0.50

0.194

0.21

0.021

0.021

0.33

0.33

1.7554

1.755

0.327

0.48

0.436

0.438

0.12

0.13

13.4
2.48
-0.049
2.74

Relative productivity of
new entrants
0.347 Tail parameter in firm
productivity data
0.4719 Avg. productivity gain
from knowledge spillover
0.1
Ratio of average wage
changes for workers move
to more/less productive
firms
0.050 Unemployment rate
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The trend growth rate in the Brownian motion innovation shocks is set to γI = −4.9% to
imply an aggregate (real) growth rate of γ = 2.1%, which is the average real growth rate
observed in New Zealand since 1992.
Doan et al. (2012) find that during the period 2001 to 2006, entering cohorts of firms had
an average labor productivity of around one third of that of incumbent firms. I set the
2
= 2.74 so the
variance of the distribution of initial productivity draws (fnew (z, t)) to σnew
model matches this fact.
The value of τ = 0.347 (probability of full knowledge transfer when the job is a match) is
chosen to match the observed tail thickness observed in the New Zealand firm data. The
value of κ is set so that the average amount of knowledge spillover when hiring workers from
more productive firms matches that observed in table 3.
The value of the worker’s relative bargaining strength, β = 0.1, is chosen to match the ratio
of income changes for workers who move to more productive firms relative to those who move
to less productive firms, as seen in table 2 of appendix A.
Finally, the rate of exogenous separation into unemployment is set to δ = 0.050, targeting
an overall unemployment rate of 12 percent in the economy. This unemployment rate is the
same value used by Albertini et al. (2012) and is higher than the official unemployment rate
seen in the data to account for individuals classified as “not in the labor force” but who may
be loosely attached to the labor market.15

4.2

Simulation results

The model is simulated using a discrete grid of productivity values and firm sizes. The model
is solved by iterating between the value functions, policy rules, and Kolmogorov Forward
Equation until the numerical values of each have converged. Presented below are the results
of the simulated model.
Figure 1 plots the distribution of active firms in the economy. Sub-figure (a) shows the PDF
of the distribution in the productivity-labor space. The plot shows that more productive
firms tend to be, on average, larger than less productive firms. Sub-figure (b) plots the
distribution of firms aggregated into the productivity space. The distribution features a
thick tail for higher levels of productivity, matching the Pareto tail seen in the data. The
mode of the distribution is at a productivity around seven times (exp(2)) the minimum
productivity level needed to operate in the market. Sub-figure (c) shows the distribution of
firms aggregated in terms of the firm size (number of workers). The distribution features a
thick tail, with a tail parameter of 1.5, which is somewhat higher than the value of 1 that is
implied by Zipf’s law.
Figure 2 plots the policy choices of firms (the vacancy posting rate) and workers (search
15

Silverstone and Bell (2011) show that around 0.8 percent of people employed during the average quarter
were classified as not in the labor force in the previous quarter.
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Figure 1: Distribution of firms - Market equilibrium
(a) Joint distribution of firm productivity and size
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(b) Distribution of firm productivity φf (z)

(c) Distribution of firm size φf (l)
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Notes: (a): Shading represents the density of the distribution of active firms with lighter (darker) colors corresponding the a
higher (lower) density value. The while lines represent contours of the same density value.
(b): The PDF of the distribution has been normalized so that zero (ln(1)) represents the minimum productivity level needed
for an inactive firm to become active.
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Figure 2: Policy choices — Market equilibrium
(a) Vacancy posting rate

(b) Worker search effort
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Notes: Graphs show the policy choice (vacancy posting rate and worker search effort) for firms and workers at each point in
the productivity-labor space. Shading represents the value of policy choice with lighter (darker) colors corresponding the higher
(lower) levels of search intensity. The while lines represent contours of similar policy choices.

effort) along the balanced growth path. According to the estimation of the model, firms with
higher levels of productivity post the most vacancies. Firms with larger levels of productivity
have a larger desired firm size as a result of the imperfect competition in the goods market.
As a result, highly productive firms that are also relatively small (upper-right of the plot)
post vacancies at a high rate in order to increase their firm size. In addition, for all highly
productive firms, the loss of a worker, either through the worker exogenously separating
or choosing to move to another firm, has a relatively large impact on the firm’s value.
Therefore, larger firms are willing to post higher levels of vacancies to replace their higher
worker attrition levels.
For large firms with very low productivity (bottom-right of the plot), the vacancy posting
rate is relatively small, around 15 percent of the maximum rate allowed. While the benefit
of acquiring new knowledge through the labor mobility channel is high for these firms, their
large size makes absorbing and implementing new knowledge difficult. As a result, the
expected returns from knowledge spillover are lower. Firms in this position instead tend to
follow a strategy of letting their incumbent workforce naturally depreciate. This will allow
the firm to become smaller and more able to adapt to new technology later on. For the small
unproductive firms (bottom-left of the plot), who tend to be younger than the average firm,
the expected returns from posting vacancies are high. Not only is the firm likely to acquire
new knowledge through the labor mobility channel (which it can easily adapt due to the
firm’s size), but even if the match does not yield knowledge spillover, the addition of more
labor at the firm is still valuable to a firm of a small size. As a result, the smallest firms
with low productivity also post at a high vacancy rate in the model.16
With regards to worker search effort, workers at the least productive firms have a strong
16

Out of all the firms in the productivity-labor space, the expected returns from posting vacancies is
highest for small, highly productive firms.
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Figure 3: Distribution of knowledge firms sample from — Market equilibrium
(a) Distribution of firm productivity (φf (z, l)) (b) Distribution of worker search effort (φhε (z, l))
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incentive to search for jobs at other firms and search with a very high intensity. For workers
at the least productive firms (bottom of the plot), potential new job matches are likely to
yield a job at a more productive firm, which not only pays better, but also has greater
opportunities to learn productive knowledge (yielding higher income in the future). Workers
at small, highly productive firms (top-left of the plot) have the strongest incentive to search
for new jobs. Their productive knowledge is highly valuable to other firms, yielding large
premium knowledge payments when the worker moves. In addition, the small size of their
current firm means they preform a wide range of the jobs within a firm, giving them a high
probability of being able to transfer knowledge.
For workers at larger firms with high levels of productivity (top-right of the plot), the large
firm size means each worker is very specialized in their job role. As a result, when searching
for a new job, it is unlikely that they will match the job description of advertised jobs. Thus,
the expected returns to spilling over knowledge are low for these workers, even though their
productive knowledge is high. Furthermore, because their current employer has is highly
productive, the workers receive a relatively high wage rate for supplying their labor to the
firm. This lowers the worker’s incentive to search for a new job as moving to a less productive
firm without the diffusion of knowledge will result in lower wages.
Figure 3 shows how the distribution of firms in productivity-labor space (φf (z, l)) in panel
(a) differs from the distribution of worker search effort (φhε (z, l)) in panel (b), which is the
distribution of new knowledge that can spillover through labor mobility. Because more productive firms tend to be larger, the distribution of potential new knowledge, φhε (z, l), skews
towards higher productivity levels than the distribution of firm productivity. However, the
frictions inherent in transferring knowledge means that the distribution of firm productivity
will always lag behind the distribution of potential new knowledge.
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4.2.1

Additional Dimensions of Fit

While the model does a reasonable job of matching the target moments related to the
diffusion of knowledge, the results do not tell us if knowledge spillover through the labor
mobility channel can explain other labor market moments.
Table 3 plots the fraction of hires made by each productivity decile of firms from each of the
productivity deciles, both from the data (see Kirker and Sanderson (2017) for more details),
and from the model. Part (a) of table 3 shows that firms in all productivity deciles have a
broad access to hire workers from all other productivity deciles in the economy. Firms show
some weak bias in their hiring towards firms around their own productivity decile, mainly
at the higher and lower ends of the productivity distribution. In part (b) of table 3, we are
able to see that in the model, there is a strong bias towards hiring new workers from similar,
or slightly less productive, declies.
Because labor is more valuable at more productive firms, and workers have greater learning
opportunities at more productive firms, firms find it relatively easy to lure away workers
from slightly less productive firms. This generates the strong hiring pattern seen along the
diagonal of the table in part (b) of table 3. The same effects make it difficult for firms to hire
away workers from more productive firms without the existence of some knowledge spillover.
As a result, we do not see many hires that are sourced from other firms that are slightly more
productive than the hiring firm. However, in the top-right part of the table, we do see that
the least productive firms do hire from other firms that are significantly more productive
than they are. These matches, have the largest expected surplus from knowledge spillover.
Overall the spillover of productive knowledge through the labor mobility channel, and the
incentives this implies for workers to acquire knowledge, cannot explain much of the pattern
of labor market flows observed in the data. However, it is important to keep in mind that
the structure of the model fails to capture other reasons that workers may have for moving
jobs. These other factors could play a large role in determining the overall hiring patterns
seen in the data.
4.2.2

Effects of Knowledge Spillover Through the Labor Mobility Channel

To better understand how the economy is affected by knowledge spillover through the labor
mobility channel, a counter-factual exercise is conducted. The balanced growth path of the
model is re-computed under the assumption that workers cannot diffuse knowledge between
firms. This is accomplished by setting τ to zero and eliminating the possibility of workers
transmitting intermediate levels of productivity. All other parameters remain at the same
value as in the market-based balanced growth path described above. As a result, the only
benefit of new hires to firms is the additional labor they supply to the firm’s production
process.
Figure 4 plots the vacancy posting rate and worker search effort choices along the new balanced growth path without knowledge spillover through the labor mobility channel. Similar
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Table 3: Worker transitions between different labor productivity deciles
(a) Data

Hiring firm’s
prod. decile
1
2
3
4
5
6
7
8
9
10

Source of new employee hires: PFP productivity decile
1
0.14
0.13
0.1
0.11
0.1
0.1
0.1
0.09
0.1
0.09

2
0.17
0.17
0.15
0.15
0.14
0.14
0.13
0.12
0.1
0.09

3
0.1
0.11
0.18
0.12
0.11
0.09
0.09
0.08
0.07
0.06

4

5

0.1
0.11
0.12
0.12
0.11
0.1
0.1
0.09
0.08
0.07

0.09
0.09
0.09
0.11
0.1
0.1
0.1
0.09
0.08
0.07

6
0.08
0.08
0.08
0.09
0.09
0.09
0.09
0.09
0.08
0.07

7
0.08
0.08
0.07
0.08
0.09
0.09
0.11
0.11
0.09
0.08

8
0.1
0.09
0.08
0.1
0.11
0.11
0.11
0.11
0.12
0.1

9
0.07
0.06
0.06
0.07
0.07
0.08
0.09
0.1
0.12
0.13

10
0.08
0.06
0.06
0.07
0.07
0.09
0.09
0.11
0.14
0.24

(b) Model

Hiring firm’s
prod. decile
1
2
3
4
5
6
7
8
9
10

Source of new employee hires: Productivity decile
1
0.09
0.39
0.3
0.19
0.11
0.06
0.03
0.02
0.01
0.01

2
0.01
0.04
0.3
0.19
0.11
0.06
0.03
0.02
0.01
0.01

3
0.03
0
0.08
0.31
0.17
0.1
0.05
0.03
0.02
0.02

4

5

0.05
0.02
0
0.18
0.29
0.16
0.08
0.05
0.03
0.02

0.07
0.04
0.02
0
0.28
0.26
0.12
0.08
0.06
0.04

6
0.1
0.06
0.03
0.01
0
0.35
0.2
0.13
0.09
0.07

7
0.26
0.18
0.1
0.04
0.01
0
0.5
0.42
0.29
0.22

8
0.12
0.08
0.05
0.02
0.01
0
0
0.25
0.17
0.13

9
0.19
0.13
0.08
0.04
0.01
0.01
0
0
0.3
0.3

10
0.08
0.06
0.04
0.02
0.01
0
0
0
0.01
0.19

Notes: Each cell shows the fraction of total hires made by all firms in each productivity
decile (row) from each of the productivity deciles in the model. Each row sums to one.
Cells are shaded based upon the fraction of hires, with darker shades corresponding to a
higher fraction of total hires. Deciles correspond to the firm’s productivity ranking within
each year, with decile 10 referring to the most productive firms.
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Figure 4: Search policy choices — No knowledge spillover through labor mobility
(a) Firm vacancy posting rate

(b) Worker search intensity
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(lower) density value. The while lines represent contours of the same density value.

to the case where there was knowledge spillover, it is the largest least productive firms
(bottom-right of the plot) that have the smallest incentive to post vacancies. However,
with the removal of knowledge spillover through labor mobility, now relatively small unproductive firms (bottom-left of the plot) also have a much lower incentive to search for new
workers. With the low level of productivity at these firms, the wages offered by these firms
are relatively low. As a result, all less productive firms find it harder to attract any of the
new potential hires they are matched with. Therefore, with lower expected benefits from
searching, these firms choose to search with less effort than more productive firms.
Firms that have relatively high productivity levels (upper part of the plot) have a strong
incentive to post vacancies. As described below, the incentive of workers to leave these firms
is reduced, which increases the expected employment spell at the firms. This makes investing
in searching for new workers more valuable to the productive firms.
Without the knowledge premium earned from diffusing knowledge from more to less productive firms, the incentive for workers at the most productive firms to search for a new job is
dramatically reduced. Workers at firms with high levels of productivity (top part of the plot)
now have a stronger incentive to stay at these firms as wages are positively correlated with
firm productivity. At the other end of the productivity spectrum, workers at less productive
firms have a (relatively) stronger incentive to move firms in order to improve their wage
prospects at a more productive firm. Therefore, they still search with high intensity.
Along this new balanced growth path without the spillover of knowledge through the labor
mobility channel, the aggregate growth rate of the economy falls to 1.4 percent (from the 2.1
percent with knowledge spillover through labor mobility). Figure 1 shows the distributions
of relative firm productivity and size along the balanced growth path without knowledge
spillover through the labor mobility channel, against the distributions in the previous market
equilibrium.
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Figure 5: Distribution of firms assuming no knowledge spillover through labor mobility
(a) Distribution of firm productivity φf (z)

(b) Distribution of firm size φf (l)
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Notes: (a): The PDF of the distribution has been normalized so that zero (ln(1)) represents the minimum productivity level
needed for an inactive firm to become active.

Sub-figure (a) shows that the distribution of firm productivity when knowledge spillover
through labor mobility is removed skews dramatically lower. Because less productive firms
now have less opportunities to improve their productivity (relying only on innovation shocks
and exogenous learning), firms find it more difficult to escape from the area around the lower
bound on productivity, leading to an increase in the number of (relatively) less productive
firms in equilibrium.
Interestingly, despite the large effect the knowledge spillover channel has the distribution of
firm productivity, it has very little effect on the distribution of firm size. Sub-figure (b) of
figure 1 shows that the knowledge spillover through the labor mobility channel has virtually
no effect on the distribution of firm size in the economy. Overall there are slightly more
larger sized firms, and fewer medium sized firms, once the spillover of knowledge through
the labor mobility channel is removed. This is driven by the search behavior of workers.
Because workers at more productive firms are less likely to leave, productive firms retain
more of their incumbent workers, allowing them to grow larger in size.
4.2.3

Optimal Social Allocation

Figure 6 plots the socially optimal choices of search effort by firms and workers in the model
from the perspective of a social planner who is focused on maximizing aggregate output
net of search costs. Relative to the market-based equilibrium, the socially optimal vacancy
posting rate for all firms is higher. For the vast majority of points in the productivity-firm
size space, this means workers search with the maximum amount of search effort. Sub-figure
(a) shows that for a small wedge of values in the productivity-labor space, the optimal search
effort is less than the maximum. However, the minimum search effort is still little above 0.5,
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Figure 6: Search policy choices — Socially optimal search efforts
(a) Firm vacancy posting rate

(b) Worker search intensity
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and higher than in the market-based equilbrium.17
In terms of worker search effort, the socially optimal choice of search effort is generally high
for workers at firms with low productivity, and lower for workers at large very productive
firms. From the perspective of the social planner, it is optimal for workers to be assigned to
firms that are already large, and very productive. Since workers at large productive firms
are less likely to facilitate knowledge spillover, the optimal search effort of these workers
is low. For workers at small, highly productive firms, the loss of output at the productive
firm when the worker leaves is out-weighted by the social benefit of that worker’s ability
to raise the productivity of a larger, less productive firm. Finally, for workers at the least
productive firms, the social value of reallocating these workers to more productive firms is
large, encouraging the social planner to choose high levels of search effort for the workers.
Along the balanced growth path of the economy under the social planner, the economy grows
at a rate of 2.11 percent, very close to the the 2.1 percent in the market equilibrium. Despite
the higher vacancy posting rates by firms, the increased congestion in the labor market limits
the ability of the social planner to squeeze out significantly more productivity growth.
Panel (a) of figure 7 shows that the distribution of firm productivity in the socially optimal
equilibrium is skewed slightly more to the right when compared to the distribution under
the market place equilibrium. The higher vacancy posting rate by less productive firms sees
17

The shape and size of this wedge relates to the calibration choice of the model. The social value of adding
a worker to a firm is generally increasing in the firm’s productivity. In the current calibration of the model,
the social value of adding labor to large, unproductive firms is actually negative. This effect encourages the
social planner to choose a vacancy posting rate that is increasing with firm productivity. On the other hand,
the expected returns from knowledge spillover is decreasing in firm productivity. This effect, encourages the
social planner to post high vacancy rates at less productive effects. These two effects working in opposite
directions explains why we see a small band of firms posting less than the maximum vacancy posting rate.
At these points, the net effect of the two effects is at its weakest.
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Figure 7: Distribution of firms assuming socially optimal policy choices
(a) Distribution of firm productivity φf (z)
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(b) Distribution of firm size φf (l)
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Notes: (a): The PDF of the distribution has been normalized so that zero (ln(1)) represents the minimum productivity level
needed for an inactive firm to become active.

these firms leave the area around the lower bound at a faster rate, shifting the mass of the
distribution higher. Panel (b), shows that the distribution of firm size is once again relatively
unaffected by changes in the spillover of knowledge through the labor mobility channel.

5

Conclusion

There is growing empirical support for the important role that the labor mobility channel
plays in facilitating the spill over of productive knowledge between firms. Despite this, traditional endogenous growth models do not explicitly consider this channel as a driver of
economic growth. This paper develops a modeling framework that allows up to consider
the macroeconomic implications of knowledge spillover through the labor mobility channel.
Within the model, workers absorb some of the productive knowledge of their current employer, and are able to transmit this knowledge to less productive firms when they move
jobs. Through this process, less productive firms are able to gain access to some of the
productive knowledge closer to the frontier. The mechanism by which firms and workers
are matched is embedded within an on-the-job search-and-matching model. Through the
lens of this structure, the rate at which firms are exposed to new knowledge can be viewed
in terms of their endogenous choice of vacancy posting rate. In addition, the distribution
of new knowledge the firms can sample from is determined by the search effort choices of
workers on the other side of the labor market.
Having established a usable framework for analyzing this spillover channel, the paper then
uses the framework to assess the significance of the channel. The model is calibrated to key
macroeconomic and firm-level moments in New Zealand data, the model does a reasonable
job at matching the target moments. However, there are areas in which the spillover mechanism does not do a good job in matching the patterns observed in the data. The most
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notable being the share of workers hired from different productivity deciles. In the model,
there is a stronger incentive to hire from other firms with similar levels of productivity than
what is observed in the data.
To assess the importance of knowledge spillover through the labor mobility channel on the
model, a counter-factual exercise is performed in which the ability of workers to transmit
knowledge through this channel is turned off. The results show that under this scenario, the
search effort of workers declines, especially for those at the most productive firms (who no
longer can receive compensation for diffusing knowledge to less productive firms). When the
knowledge spillover effects are turned off, aggregate growth is around 1.4 percent, lower than
the 2.1 percent observed in the data (where knowledge spillover is assumed to occur). When
examining the distribution of firms, knowledge spillover through the labor mobility channel
tends to skew the distribution of firm productivity higher, making the overall distribution
look more symmetrical by allowing the less productive firms greater opportunities to leave
the lower levels of productivity at a faster rate. In terms of the distribution of firm size,
knowledge spillover through the labor mobility channel has very little effect.
Because firms and workers split the net surplus from knowledge spillover, the private returns
to firms from searching for labor are generally lower than the social returns. As a thought
experiment, the model is simulated under the assumption a social planner chooses the search
intensities of workers and firms in order to maximize aggregate output net of search costs.
The results show that under the social planner, agents in the economy generally search
with higher intensity (especially firms). However, because of the increased congestion in the
labor market, aggregate growth under the social planner is not significantly higher than the
market-based equilibrium (2.11 vs 2.1 percent). However, the distribution of productivity
(and hence incomes) is different, with a larger share of more productive firms under the
social planner.
Traditional in macroeconomic models, the effect of labor on firm productivity has typically
either focused on the miss-allocation of worker skill, which has no roll for labor mobility to
affect the long-run growth of an economy, or focused on the spillover of knowledge only to
new firms, ignoring job-to-job transitions which are by far the largest flows observed in the
labor market. This model shows that knowledge spillover through the labor mobility channel
can have an effect on both the aggregate growth rate as well as the relative distribution of
productivity within an economy. While the model is not able to explain all of the pattern of
labor movements seen in the data, it does provide an interesting framework in which labor
market policy interventions can have an effect both on the on the long-run growth and the
distribution of relative firm productivity of an economy.
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