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Intro

Introduction

The lectures on industry dynamics and productivity will have several broad
goals:
1. Overview of data used to study production and stylized facts found in

them:
I Firm size and productivity distribution
I Entry, exit, and growth

2. Understand econometric methods for estimating production functions
and measuring productivity.

3. Explore applications on the determinants of productivity
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Intro

Motivation

The tools of production analysis are important for:
I Evaluating industry performance

I Understanding technological change

I Merger analysis

I Examining effects of policies on efficiency

I Note: these tools are highly relevent in other fields, especially trade,
macro, and development
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Intro

Some Questions

I Role of industry dynamics in labor demand?

I Role of entry and exit in driving technogical change?

I Role of reallocation of market share for productivity growth?

I Impact of events like trade liberalization and deregulation on
productivity?

I Persistence of productivity within plant/firm?

I What are the factors driving plant-level changes in productivity and
growth?
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Intro

Data sources
I More and more, empirical work on production, productivity, and

industry dynamics relies on national surveys of manufacturing
establishments like the Census of Manufactures and Annual Survey of
Manufacturing in the US.

I Researchers have also used plant-level data from Chile, China,
Columbia, Denmark, France, India. Typically, these are the best data
sets (and the data from certain countries have certain advantages),
but they typically have large barriers to access.

I Firm-level data sets like Compustat are easier to access, but they
typically lack establishment-level information, less detail about inputs
and outputs, and present bigger concerns with the selection of the
sample.

I Some researchers have acquired data sets with detailed cost
information from specific firms (e.g. Benkard (2000) on learning by
doing).
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Firm size distribution

The firm size distribution

I A very robust finding: the firm size distribution has a long upper tail.

I ... this holds within the vast majority of industries, countries, and
after conditioning on observable characteristics.

I Typically, the size distribution is approximated with a lognormal or
Pareto distribbtion.
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Firm size distribution

Source: Cabral and Mata (2003)
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Firm size distribution

Gibrat’s law

I Gibrat’s law states that if the growth rate of a variable is independent
of its size and over time, it will have a log-normal distribution in the
long run.

I Let Yit denote firm i ’s size (employment or output) in year t .
Suppose it evolves according to the following process:

(Yi ,t+1 − Yit)/Yit = εit

where εit is i.i.d. across i and t

I Then, after allowing a large group of firms to evolve for a while, the
cross-sectional distribution of Yit will have a log-normal distribution.
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Jovanovic (1982)

"Selection and the Evolution of Industry"
Jovanovic (1982)

9 / 30



Jovanovic (1982)

Motivation

I Earlier models with adjustment cost and constant returns to scale
predicts growth in proportion to size.

I In contrast, micro-data shows that:
I Smaller firms have higher and more variable growth rates.
I Smaller firms more likely to exit.

I Model uses noisy selection to explain firm survival and growth.

I Note: this is substantively a different story than standard account of
growth in the macro literature which relies on the fixity of capital (but
not a mutually exclusive one).
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Jovanovic (1982)

Model: overview

I A model of a small industry with a homogenous product

I Fixed input price, and a known time path of demand and output price.

I Infinitely many small firms.

I Each firm has a cost parameter which it learns about over time. The
distribution of cost parameters is known.
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Jovanovic (1982)

Model: costs

I q: output

I c (q): cost function which satisfies

c (0) = 0, c ′ (0) = 0, c ′(q) > 0, c ′′ (q) > 0, lim
q→∞

c ′ (q) =∞

I Total costs for a firm are c (qt) xt where xt is a positive, continuous,
and increasing function of ηt :

ηt = θ + εt

where θ is the firm’s type (true cost), and εt are i.i.d. cost shocks.
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Jovanovic (1982)

Model: production

I qt is chosen to maximize expected profits:

qt = argmax
q

ptq − c(q)x∗t

before the realization of ν.

I x∗t is the expectation of xt given the information the firm has so far.

I Can write the optimal choice as q (pt/x∗t )

I From implicit function theorem and assumptions on cost function:

∂q
∂x∗t

=
−c ′
x∗t c ′′ < 0
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Jovanovic (1982)

Learning

I Since prior distribution of η is normal, so is the posterior distribution,
and (n, η̄) are sufficient statistics, where η̄ is the mean of the
observed history of η’s, and n is the number of observations.

I Let P (·|xt , n) be the posterior distribution for next period’s η.
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Jovanovic (1982)

Exit

I W > 0 is the value of exit.

I If V (x , n, t; p) is the value of staying in the industry, then the firms
stays iff V (x , n, t; p) > W .

I The value function satisfies:

V (x , n, t; p) = π (pt , x) + β

ˆ
max [W ,V (z , n, t; p)] P (dz |x , n)

I Theorem 1: a unique solution exists, and V is strictly increasing in x .

I Define γ (n, t; p) as the level of x∗t where the firm is indifferent about
exit. Note: optimal to exit for x∗t < γ (n, t; p).
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Jovanovic (1982)

Since firms exit for small values of x , they typically exit with small values
of q (recalling the monotonicity of the production decision).
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Jovanovic (1982)

Results

I Firms that exit tend to be small. Conditional on survival, x∗t is a
martingale. Thus, old firms tend to be larger than average (or new)
firms.

I The variability of growth rates is largest for small firms, and old firms
converge to a common growth rate since x∗t eventually converges to a
constant.

I Larger and older plants should have lower exit rates.

I Younger firms grow faster than large firms.
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Jovanovic (1982)

Comments

I Jovanovic’s model far from a complete model of industry dynamics,
but it’s now widely accepted that selection are an important part of
industry dynamics. Hopenhayn (1992) and Melitz (2003) are notable
extentions.

I Jovanovic and previous empirical studies show that Gibrat’s law does
not hold, but the idea that firms face a noisy environment is also still
a pervasive feature of models of industry dynamics.
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Dunne, Roberts, and Samuelson (1989)

Dunne, Roberts, and Samuelson (1989)

I DRS examine patterns of employment growth and plant failure using
the US Longitudinal Research Database.

I Growth rate:
gt = (St+1 − St) /St

where St is employment and St+1 = 0 if the firm exits.
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Dunne, Roberts, and Samuelson (1989)
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Dunne, Roberts, and Samuelson (1989)

Dunne, Roberts, and Samuelson (1989)

Main findings (controlling for industry and year interactions):
I Failure rates decline with increases in plant size and age (consistent

with Jovanovic).

I Variance of growth rates declines with age (consistent with
Jovanovic).

I Looking at surviving plants, mean growth rates decline with size.
I One might conjecture that this result is mainly driven by selection,

following Jovanovic’s story.
I Note that focusing on all plants and imputing gt = −1 for exiting

plants (as DRS do) presumably leads to bias in the other direction. We
can’t observe what firms would have done if they had stayed active.

I Selection bias is always a concern when working with production data –
we will discuss it in more detail later.
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Productivity in the data

Productivity definitions

I The two most popular measures of productivity are labor productivity
and total factor productivity (TFP).

I Labor productivity is defined as the ratio of output to labor inputs
(Yt/Lt).

I TFP is defined as the residual of a production function. For example,
with the Cobb-Douglas Production function

Yt = eωt Lαt Kβ
t ,

which we can rewrite in logs,

yt = αlt + βkt + ωt .

TFP is ωt (lower case variables represent logs of uppercase variables).
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Productivity in the data

Basic concerns with productivity definitions

I Labor productivity can change due to changes in the capital-labor
ratio without any changes in technology. Consequently, TFP is
typically the object of choice for studies on technological change or
firm performance.

I That said, TFP is not without its own conceptual and practical
limitations.

I Unlike labor productivity, TFP is defined in terms of a certain
production function and does not have units.

I TFP relies on measurement of capital stocks, which is typically difficult.

I However productivity is measured, it tends to have a large variance
across firms, and the productivity of an individual firm tends to be
highly correlated over time.
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Productivity in the data

Bartelsman and Doms (2003): overview

Bartelsman and Doms (2003) review some empirical work on productivity.
Stylized facts:

I Large productivity dispersion across firms.

I Within firm, productivity is highly but imperfectly persistent.

I There is considerable reallocation of labor inputs and output within
industries;
"the aggregate data belie the tremendous turmoil underneath."
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Productivity in the data

What to make of these residuals?
I "I found the spectacle of economic models yielding large residuals

rather uncomfortable, even when the issue was fudged by renaming
them technical change and claiming credit for their "measurement."
– Zvi Griliches

I Bad data could be one reason could be one reason we observe large
TFP dispersion, but we observe similar levels of dispersion in
developing and developed countries, and we see that measured
productivities are connected to real outcomes:

I more productive firms are less likely to exit
I more productive firms are more likely to be exporters
I productivities of entrants tend to be lower than average incumbents

I With most things that correlate with productivity, we should not
simply include them in the TFP regression as determinants of
productivity. It’s natural to think more productive firms would want
to become exporters as in Melitz (2003). On the other hand, it’s
possible that there is some causal effect.
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Econometric concerns

Data limitations

I Theory is typically developed in terms of input and output quantities,
but data often contain only expenditures and revenues. This means
we might have to worry about output price heterogeneity.

I Rather using sales as the dependent variable, we might want to use
value added (subtracting out materials and other short-term input
expenditures), but there are concerns either way.

I Typically we observe labor expenditures and capital stock is just the
value of assets. Both these measures are aggregates – we would like
to see labor inputs at different skill levels and to know about amounts
of different sorts of investments. Furthermore, measurement of
capital stocks over time typically relies on some model of decay.

I Most establishments produce multiple products.

26 / 30



Econometric concerns

Functional forms

I While Cobb-Douglas is most common in literature, it is limiting in
important ways:

I All technological change is neutral to inputs.
I Very restrictive on input substitutability.
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Econometric concerns

Simultaneity

I yt = αlt + βkt + ωt

I Generally, we should expect input use to respond to ωt . For example,
if capital is set at t − 1 and labor can be adjusted at t, we should
expect labor to respond to the current realization of productivity.

I Input prices as instruments are a potential solution, but we often
don’t observe them with any variance, and if they do vary, you might
question whether the variation is exogenous.
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Econometric concerns

Fixed effects

I Another potential solution to the simultaneity problem is to assume
ωit = µi + εit and that εit is uncorrelated with input decisions.

I One problem with this (and fixed effects more generally) is that they
kill the signal-to-noise ratio. In particular, capital will typically have
little variation within firm, and so we typically see significant
downward bias in the capital coefficient when using fixed effects.

I Another problem is that productivity often doesn’t seem to be time
invariant in the data, and often we’re interested in identifying how it
responds to some change in the environment.
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Econometric concerns

Selection

I We discussed before how the firms that exit are those that have low
productivity draws.

I Selection will be an issue, for example, if we want to estimate how the
productivity process evolves or how endogenous variables like exporter
status impact productivity.
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