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Introduction

OUTLINE

Road Map

− Topics in Innovation

− Intellectual Property (Patents as Options)

− Reallocation and creative destruction (US Steel)
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Introduction

PAKES (1986): PATENTS AS OPTIONS

The patent literature:

− Intellectual property (what is the value of patents?)

− Measuring the causes, effects and distribution of benefits from innovation (often uses
patent counts and author linkages)

Main idea

− In many countries, patent holders required to pay renewal fee to keep patents in force.

− Usually more than 90% of patent holders let patents expire before the limit on patent lives.

− Use patent renewal decisions and costs of renewal to infer the distribution of patent
values. Patents as options.

Methodological contributions

− Simulation estimator, serially correlated unobserved state variable (relaxes iid, conditional
logit assumptions)
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Introduction

PAKES (1986): PATENTS AS OPTIONS

Main idea

− This is an optimal stopping problem!

− First year returns from patent protection are r1. (May be only small part of total returns to
the patented idea).

− Returns in future years r2, r3, ... are random.

− Cost of renewing each year c1, c2, ...

− 2 period intuition:

− 2nd period: renew if r2 > c2, so obtain max{r2 − c2, 0}
− First period (if renew):

r1 − c1 + β

∫
max{r2 − c2, 0}P(dr2|r1)

− P stochastically increasing in r1.
− There is a cutoff r̄1 < c1 s.t. if r < r̄1, patent is not renewed.
− Second period cutoff is simply r̄2 = c2.
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Introduction

PAKES (1986): PATENTS AS OPTIONS:
MODEL DETAILS

Primitives, parameterized by θ

Ωa : history of returns up to age, {r1, ..., ra}. The expectation is over ra+1|Ωa. The
sequence of conditional distributions F(at+1|Ωa ), a = 1, 2, ... is an important component
of the model. Pakes’ assumption:

ra+1 =

{
0 with prob. exp (−θra)
max (δra, z) with prob. 1− exp (−θra)

where density of z is qa = 1
σa

exp [−(γ + z)/σa] and σa = φa−1σ, a = 1, . . . , L− 1.

Sequence of renewal fees {ca}, increasing in age. Gives rise to value function:

V(r, a) =

{
max{0, r− ca + βE [V(r′, a + 1)|r, a]}

max{0, r− cA}
if a < A
if a = A
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Introduction

PAKES (1986): PATENTS AS OPTIONS:
MODEL DETAILS

A note on the nature of this problem: Since the maximal age is finite this is a finite horizon
(non-stationary) dynamic optimization problem. Most dynamic problems fall into two camps (i)
infinite horizon stationary problems and finite horizon, non-stationary problems. Stationarity
just means that the value functions and optimal decision rules are time-invariant functions of the
state variables.

Solution is a cut-off strategy:

− Note that agent renews if r + βE[V(r′, a + 1)|r, a] > ca.
− Since this is strictly increasing in r at each a, there exists a unique cutoff r̄a < ca s.t.

patent is renewed iff r > r̄a.

− r̄a < r̄a+1 < ... < r̄A = cA (The fact that renewal fees are increasing in age, while the option
value is decreasing, implies that cutoffs are increasing in age.).
− Solved for starting in the last period.
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Introduction

PAKES (1986): PATENTS AS OPTIONS: ESTIMATION
OVERVIEW

Outer loop: is concerned with evaluating likelihood that arises from a complicated integral:

− Maximize log-likelihood: logL(θ) = n−1 ∑
a s(a) logπa(θ).

− n is # of patents in cohort
− sa is the fraction of the original sample dropping out at age a (or surviving until

terminal year if a = A.
− πa(θ) is probability of dropping out at age a.

− If F(r, a; θ) be the distribution of patent values at age a we have
πa(θ) = F(̄ra, a; θ)− F(̄ra−1, a− 1; θ)

− Issue: family {F(·, ·; θ)} is complicated (not analytic).

Inner loop: solve the agent’s problem.
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Introduction

PAKES (1986): PATENTS AS OPTIONS: ESTIMATION

Outer loop procedure: simulation estimator.

− Start with a draw r1 ∼ f (r, 1; θ).

− Let r̄t be cut-off from value functions.

− At iteration t < A:

− If rt ≥ r̄t(θ), take a draw from rt+1 ∼ P(·|t, rt; θ).
− i.e., stayed in at t

− if rt < r̄t(θ), up counter for π̂t(θ) by one.
− i.e., dropped out

− Use π̂t(θ)/(NSIM) as estimate of probability of dropping out at age a (conditional on
making it to that point) to compute likelihood.

Inner loop procedure: backwards induction.

− At L there is no more continuation value, return is rL.

− At L− 1 solve for the continuation value via transitions of returns (expectations over
returns depend on parameter guess).

− ...

− This procedure gives the cut-offs needed for the outer loop.
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Collard Wexler and De Loecker (2015): Reallocation and Technology:
Evidence from the US Steel Industry
American Economic Review
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Introduction

COLLARD WEXLER AND DE LOECKER (2015):
ABSTRACT

We measure the impact of a drastic new technology for producing steel
- the minimill - on industry-wide productivity in the US steel industry,
using unique plant-level data between 1963 and 2002. The sharp
increase in the industry’s productivity is linked to this new technology
through two distinct mechanisms: (i) the mere displacement of the
older technology (vertically integrated producers) was responsible for
a third of the increase in the industry’s productivity, and (ii) increased
competition, due the minimill expansion, drove a productivity
resurgence at the surviving vertical integrated producers and,
consequently, the productivity of the industry as a whole.
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Introduction

COLLARD WEXLER AND DE LOECKER (2015):
RESEARCH QUESTION

How much does technological innovation and adoption contribute to
productivity growth? What impacts does it have distributionally?
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COLLARD WEXLER AND DE LOECKER (2015): STEEL

VS TYPICAL INDUSTRY 1972-2002
133COLLARD-WEXLER AND DE LOECKER: REALLOCATION AND TECHNOLOGYVOL. 105 NO. 1

called vertically integrated production, and this reallocation of output was responsible 
for about a third of the increase in the industry’s total factor productivity. In addition, 
minimills’ productivity steadily increased. We can directly attribute almost half of the 
aggregate productivity growth in steel to the entry of this new technology.

However, the older technology was not entirely displaced. Instead, vertically inte-
grated producers experienced a dramatic resurgence of productivity and, by 2002, 
were on average, as productive as minimills. This resurgence was not driven by 
improvements at integrated plants. Rather, less-productive vertically integrated 
plants were driven out of the industry, and output was reallocated to more-ef!cient 
producers. We see exit of vertically integrated producers in precisely the product 
segments where they competed head-to-head with minimills.

When we evaluate the impact of a drastic technological change on aggregate pro-
ductivity growth, we also control for other potential drivers of productivity growth, 
including international competition, geography, and !rm-level factors such as organi-
zation and management. We also show that markups in this industry fell by 50 percent 
over the last 40 years, which is not surprising if we look at the output and input price 
changes in Table 1. This increase in productivity, and fall in markups, jointly lead to 
a predicted increase in consumer surplus of between 9 and 11 billion dollars per year.

In addition to identifying the exact mechanisms underlying productivity growth, 
which are of interest to a growing literature on reallocation and productivity disper-
sion, the steel industry is also important in and of itself. Even today, it is one of the 
largest sectors in US manufacturing: In 2007, steel plants had shipments of over 
100 billion dollars, of which half was value added. Therefore, understanding the 
sources of productivity growth in this industry is of independent interest.

The remainder of the paper is organized as follows. Section I describes the data. In 
Section II, we present !ve key facts that help guide the empirical analysis, which we 
take up in Sections III and IV. We discuss alternative speci!cations and robustness 
in Section V and conclude in Section VI.

I. Data

We study the production of steel: plants engaged in the production of either carbon 
or alloy steels. We rely on detailed census micro data to investigate the  mechanisms 

Table 1—Relative Performance of the Steel Sector (Percent)
Steel sector Mean sector Median sector

∆ TFP    28 7 3
∆ shipments −35 60 61
∆ labor −80 −5 −1∆ materials −41 45 39
∆ value added −43 34 38
∆ price† −23 −2 −3∆ material price† −10 −11 −9

Notes: Only sectors over ten billion dollars are included. Changes computed between 
1972–2002. 
† Material and output prices indexes are de0ated by the GDP de0ator.

Source: NBER-CES Dataset for SIC Code 3312. 
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COLLARD WEXLER AND DE LOECKER (2015):
CONTEXT

Vertically Integrated plans (legacy)

Minimills (New technology)
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COLLARD WEXLER AND DE LOECKER (2015): DATA

Production Data from the Census Bureau’s Research Data Program on US Steel Mills
(NAICS 331111).

40 years of data: 1963-2002, complete census every 5 years, plants representing 90% of
output other years.

Detailed Input and Output Use Data:
“Steel Wire” or
“Consumption of Coal for Coke”

Additional Information from Special Surveys 1992-2002: presence of different furnaces and
processing operations at the plant.

I Vertically Integrated: blast furnace used to combine iron-ore, limestone and coal.
I Minimills: electric arc furnace used to melt scrap steel.
I Rolling Mills: shaping and rolling of steel shapes.

Product and Material price deflators from BLS.
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COLLARD WEXLER AND DE LOECKER (2015)135COLLARD-WEXLER AND DE LOECKER: REALLOCATION AND TECHNOLOGYVOL. 105 NO. 1

II. Key Facts in the US Steel Sector 1963–2002

In this section, we brie!y go over some key facts of the US steel sector. These 
facts will be important to keep in mind when we analyze the sources of productivity 
growth.

A. Stagnant Shipments, Rising Productivity

From Table 1, we know that the productivity growth in the US steel sector was 
one of the fastest in manufacturing. To better understand this period of impressive 
productivity growth, we plot total output next to labor and capital use in Figure 1. 
An important observation is that the period of productivity growth came about while 
the industry as a whole contracted severely: steel producers sold about 60 billion 
dollars in 1960 and reached 100 billion dollars in shipments by the early 1970s. A 
decade later, only 40 billion dollars of production was shipped, or, put differently, 
the sector’s shipments decreased by more than half.

Total employment, on the other hand, decreased consistently, even during the 
recovery of output in the late 1980s and throughout the 1990s. Panel B of Figure 1 
shows that total employment fell from 500,000 to 100,000 employees—one of the 
sharpest drops in employment experienced by any sector in the US economy. By 
2000, the steel industry employed a "fth of the number of workers that it had in 
1960, while production of steel went from 130 million tons in 1960 to 110 million 

Figure 1. Evolution of the Steel Industry and Vertically Integrated Mills and Minimills
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COLLARD WEXLER AND DE LOECKER (2015)

Social impact: Pittsburgh
!
!

!
!
Note:!!The!employment!series!were!compiled!using!the!NBER!Manufacturing!
Database!from!1958!onwards,!and!Stanley Lebergott (1966) for the period before 1958. 
Pittsburgh population is obtained from the Decennial Census statistics. 
 
Stanley Lebergott (1966), Labor Force and Employment, 1800-1960 in !“Output, 
Employment, and Productivity in the United States after 1800”, Dorothy S. Brady, ed., 
NBER (p. 117 - 204)!
!
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COLLARD WEXLER AND DE LOECKER (2015)
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VI, along with a full set of year !xed-effects. We !nd that MMs have a rate of return 
on capital that is 18 percent higher than for VI plants. In addition, MMs have a pro!t 
margin that is 4 percent higher than that of VI plants. MMs are less capital-intensive 
than VI plants, and this explains some of the discrepancy between these measures 
of pro!tability.

An important difference between MM and VI producers is the set of products 
they manufacture. Figure 2 shows that in 1997, MMs accounted for 59 percent and 
68 percent of shipments of steel ingots and hot rolled bar respectively, but only 
15 percent and 14 percent of hot and cold rolled sheet. MMs typically produce lower 
quality steel products, which are generally thicker products, while VI plants produce 
higher quality products, which are usually sheet products. However, the product mix 
accounted for by MMs changed dramatically over the last 40 years. Figure 2 shows 
that, in 1977, MMs produced 27 percent of steel ingots and 24 percent of hot rolled 
bar. Between 1977 and 1982, MMs increased their share of both of these products 
to 40 percent, and by 2002, they produced 81 percent of hot rolled bar. As stated 
above, in 1997, only 15 percent and 14 percent of hot and cold rolled sheet were 
produced by MMs.9 Thus, the market share of MMs in the higher quality product 
segments, sheet products, was rather stable up to 1997, after which their market 
shares increased substantially.

9 Giarratani, Gruver, and Jackson (2007) discuss the entry of MMs into the production of sheet products around 
1990.
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COLLARD WEXLER AND DE LOECKER (2015)
140 THE AMERICAN ECONOMIC REVIEW JANUARY 2015

exited, as well as the market share these plants represent. There was marked entry of 
new plants in the early 1980s, a period during which the industry as a whole severely 
contracted.

The market share of plants entering from 1982 to 1992 was 20 percent, versus 
5 percent in the previous two decades, while the market share of exiters was 18 per-
cent during this period. Most entry in this period was due to MMs, and most exit was 
from VI producers.13 From these entry and exit statistics, we expect an important 
role for entry and exit in explaining productivity growth.

III. Drivers of Productivity Growth

The previous section highlighted the difference in performance between MM and 
VI producers, and suggested a large potential role for reallocation across these tech-
nologies in explaining productivity growth. This paper is concerned with studying 
the productivity differences in detail and verifying the extent to which the entry 
of MMs contributed to the stark aggregate productivity growth in the industry. We 
proceed in two steps. First, we present our empirical framework used to estimate the 
production function and establish the productivity premium of MMs. Second, we 
verify the robustness of this premium by considering alternative drivers of produc-
tivity growth.

13 This phenomenon, the speeding up of exit and entry during a downturn, has been documented by Bresnahan 
and Raff (1991) for the motor vehicles industry during the Great Depression.

Table 2—Entry and Exit in US Steel

Entrant market share (plants) Exiter market share (plants)
1963–1972 6 (29) 9 (D∗)
1973–1982 5 (49) 20 (20)
1983–1992 21 (55) 18 (47)
1993–2002 12 (30) 2 (41)
Minimills Entrants Exiters

1963–1972 17 D∗
1973–1982 39 0
1983–1992 43 26
1993–2002 D∗ 17

Vertically integrated Entrants Exiters

1963–1972 12 D∗ 
1973–1982 10 20
1983–1992 12 21
1993–2002 D∗ 24

Notes: D∗ cannot be disclosed due to the small number of observations. Numbers refer to the 
revenue market share represented by exiters and entrants, while numbers in parentheses refer 
to the count of plants that enter or exit.
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COLLARD WEXLER AND DE LOECKER (2015):
PRODUCTIVITY DECOMPOSITIONS

Define aggregate productivity as the share weighted average of individual firm productivities.
Then,

154 THE AMERICAN ECONOMIC REVIEW JANUARY 2015

and it will at most affect the interpretation of the within-plant improvement compo-
nent. We discuss this distinction in Section IV.

Previewing our decomposition, we think that it is useful to distinguish the impact 
of these industry-wide effects from the differences in productivity across technol-
ogy. In this paper, though we focus on the latter, we do not rule out the possibility of 
additional drivers of productivity growth.

Our ultimate aim is to explain the change in aggregate productivity. The distinction 
between plant-level regressions and aggregate productivity is particularly important 
in how we think these other factors could potentially plague our analysis. The next 
section deals precisely with the issue of separating the various channels—i.e., dis-
tinguishing between within-plant improvement and reallocation across plants. Our 
results so far indicate that, at a minimum, there is the potential for the arrival of 
MMs to impact aggregate productivity due to their superior ef!ciency.

IV. The Role of Reallocation

We rely on our productivity estimates to verify the importance of reallocation, 
both across and within technologies, in productivity growth. We consider both static 
and dynamic decompositions, which enables us to investigate the importance of 
entry and exit in productivity growth. We relate a direct measure of competition—
markups—to the reallocation analysis by connecting markups to the analysis of 
reallocation, which relates market shares to productivity. Finally, we provide some 
indications of the likely welfare effects of the arrival of MMs.

Following Olley and Pakes (1996), we consider industry-wide aggregate pro-
ductivity (Ω), the market share (denoted by  s it ) weighted average of productivity  
ω it . In particular, we rely on the following de!nition of aggregate productivity:  
 Ω t  ≡  ∑  i       s it   ω it  , which is different from the unweighted average of productivity  
  
_ ω   it  ≡   1 _  N t     ∑  i       ω it  .

A. Static Analysis: Introducing a Between-Technology Covariance

In recent work, Bartelsman, Haltiwanger, and Scarpetta (2013) discuss the use-
fulness of the Olley and Pakes decomposition methodology. They highlight that 
the positive covariance between !rm size and productivity is a robust prediction of 
recent models of producer-level heterogeneity, such as Melitz (2003). We follow 
the standard decomposition of this aggregate productivity term (also referred to as 
the OP decomposition) into unweighted average productivity and the covariance 
between productivity and market share. 

DEFINITION 1: Olley-Pakes Decomposition.

(13)   Ω t  =    
_ ω  t  +  ∑  

i
   
 
   ( ω it  −    

_ ω  t )( s it  −   
_ s   t ) =    

_ ω  t  +  Γ  t  OP ,

where  Γ  t  OP  is the Olley-Pakes Covariance.
The same decomposition can be applied by technology type ψ—i.e., treating MM 

and VI producers as if they belong to separate industries—and this decomposition 
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will help us understand whether the average productivity of the different technology 
types evolved differently, and whether there is any substantial reallocation across 
producers of the same vintage. We call this the within decomposition. The market 
share of each technology is denoted s(ψ ) t  =  ∑  i∈ψ       s it  . Likewise, the type-speci!c 
aggregate productivity is  Ω t (ψ), while the average productivity within a technology 
type is    

_ ω  t (ψ).
DEFINITION 2: Within-Technology Decomposition.

(14)   Ω t  =    ∑  
ψ∈MM, VI

  
 
    s t  (ψ) (   _ ω   t (ψ) +  ∑  

i∈ψ
   

 
    (  ω it  −   

_ ω   t  (ψ) )  (  s it  (ψ) −   
_ s   t  (ψ) )  ) 

 =    ∑  
ψ∈MM, VI

  
 
    s t  (ψ) (   _ ω   t  (ψ) +  Γ  t  OP (ψ) ) .

This within decomposition re"ects both the change in the actual type-speci!c com-
ponent, the unweighted average, and the covariance term, as well as the  type-speci!c 
market share.

To measure the importance of reallocation of resources between technologies, we 
interact the productivity index with the type-speci!c market share,  s t (ψ). We apply 
the same type of decomposition, but now the unit of observation is a type; hence, 
one can think of two plants, an aggregate MM and an aggregate VI producer. This 
allows us to isolate the between-type reallocation component in aggregate produc-
tivity. Denote as   

_ Ω  t  =   1 _ 2    ∑  ψ      Ω(ψ ) t  the industry productivity if MMs and VI pro-
ducers have the same market share—i.e., akin to the unweighted average of both 
technologies, we obtain: 

DEFINITION 3: Between Technology Decomposition.

(15)   Ω t  =   
_ Ω  t  +    ∑  

ψ∈MM, VI
  

 
   ( s t  (ψ) − 1/2) (  Ω t  (ψ) −   

_ Ω  t  )  =   
_ Ω  t  +  Γ  t  B ,

where  Γ  t  B  is the “Between Covariance” measuring the extent to which the resource 
reallocation toward MMs contributed to the aggregate productivity for the entire 
industry. Note that since the average market share is always one half, when the mar-
ket share of MMs equals the market share of VI producers, the between covariance 
term  Γ  t  B  is zero, regardless of the productivity difference between the two types.39

Finally, we can group the within-technology and the between-technology decom-
position together to explain aggregate TFP:

(16)   Ω t  =   1 _ 
2
      ∑  

ψ∈MM, VI
  

 
    [    _ ω  t  (ψ) +  Γ  t  OP  (ψ) ]  +  Γ  t  B .

39 Given the substantial entry of MMs that typically entered on a smaller scale and remained smaller, we can 
expect the covariance term to be negative —i.e., the more productive plants have a smaller market share. But we 
do expect this covariance term to become less negative over time, as Figure 2 shows that MMs started with a very 
small market share and gradually captured a larger part of the market.
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Note that equation (16) allows us to explain changes in productivity, through 
(i) changes in the average productivity of MMs and VI plants (   _ ω  t  (ψ)); (ii) changes 
in the covariance between output and productivity for both MM and VI plants  
 (  Γ  t  OP (ψ) ) ; or (iii) reallocation across technologies  (  Γ  t  B  ) .

B. Static Reallocation Analysis: Results

Table 7 shows the various cross-sectional decompositions of aggregate produc-
tivity—Olley-Pakes, Between, and Within—looking at their change from 1963 to 
2002.

Three important results emerge. First, the Olley-Pakes decomposition of aggre-
gate productivity across all plants shows that the average producer became 15.7 per-
cent more productive between 1963 and 2002. In addition, the reallocation toward 
 more-productive plants was an important process in increasing productivity, 
generating a 6.4 percent increase from 1963 to 2002. Thus, aggregate productiv-
ity went up by 22 percent, of which one third was due to the reallocation toward 
 more-productive plants. This indicates that reshuf!ing of market shares across pro-
ducers was an important mechanism through which the industry realized productiv-
ity gains.

Second, we "nd a large role for the between-technology reallocation component  (  Γ B  ) . In 1963, the between covariance was −6.6 percent, as the older vintage of VI 
plants had both lower productivity and greater market share. The between covari-
ance  Γ B  then became less negative as the MMs, which have a productivity premium, 
gradually increased their market share. Toward the end of the sample period, MMs 
had about half of the market, which mechanically implies a zero between reallocation 
component. This between reallocation of output from VI plants to MMs accounts for 
a 5.1 percent increase in productivity, 23 percent of the overall productivity growth 
of the industry. The fact that the arrival of a new production technology can account 
for changes in the covariance term is critical since this suggests an important role for 
technology in explaining the reallocation that led to a sharp increase in productivity.

Table 7—Static Decompositions of Productivity Growth Change 1963–2002 (Percent)
Aggregate TFP ∆Ω 22.1

Olley-Pakes decomposition:
 Unweighted average: ∆    _ ω  15.7 (0.71)
 Covariance: ∆  Γ  OP  6.4 (0.29)
Between decomposition:
 Unweighted average: ∆  _ Ω  17.0 (0.77)
 Between covariance: ∆  Γ  B  5.1 (0.23)
Within decomposition: Minimills Integrated

 Aggregate TFP: ∆ Ω(ψ) 9.6 24.3
 Unweighted average: ∆   _ ω (ψ) 5.4 (0.55) 18.4 (0.83)
 Within covariance: ∆  Γ  OP (ψ) 4.4 (0.45) 3.7 (0.17)
Note: The share of each component in the total aggregate productivity growth is listed in 
parentheses.
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Across the entire sample period, over which productivity increased by 22 percent, 
the plant improvement component accounted for a 9.5 percent increase in aggregate 
productivity (or a 43 percent share), while reallocation and net entry are responsible 
for the remainder. Thus, the total share of reallocation in aggregate productivity 
growth, including both the reallocation induced by market-share reallocation across 
incumbents and the net-entry process, is two-thirds.

A clear picture emerges when we move to the decomposition by technology. The 
main driver of productivity growth for MMs is the plant improvement component 
of 11.8 percent, capturing the technological change in MMs. This is suggestive of 
the substantial learning by doing that took place in MM production—in particular, 
learning how to produce higher quality steel—over the sample period. The realloca-
tion component is negligible.

The same analysis of VI producers yields substantially different results: The 
plant improvement component, of 9.3 percent, is smaller than that of MMs 
(11.8 percent), and the net entry term of 3.8 percent is almost 17 percent of total 
industry productivity growth over the sample. Most noteworthy is that the real-
location term of 11.3 percent is responsible for 23 percent of industry-wide pro-
ductivity growth.

In the last row of Table 8, we restate the distinct role of the net-entry process 
across technologies. We present the productivity premium of entrants, compared to 
the set of exiting plants. Across the entire sample period, VI entrants were 4.4 per-
cent more productive than those VI plants that exited the industry. New MMs, on the 
other hand, entered with no speci!c productivity advantage.

To summarize, we !nd a drastic difference in the role of reallocation between 
technologies. The productivity growth of MMs was entirely due to common within-
plant productivity growth, whereas integrated producers’ productivity growth came 
from the reallocation of resources across producers. In the next section, we focus on 
the role of reallocation among VI producers, which was a key driver of productivity 
growth among producers relying on the old technology, and consequently, triggered 
productivity growth for the industry as a whole.

Table 8—Dynamic Decomposition of Productivity Growth (Percent)
Component All Minimill Integrated

Total change 22.1% 9.6 24.3
(0.28) (0.49)

Plant improvement 9.5% 11.8 9.3
(0.34) (0.19)

Reallocation 9.3% −0.3 11.3
(−0.03) (0.23)

Net entry 3.3% −2.0 3.8
(−0.03) (0.07)

Entry-exit premium 0.0 4.4

Notes: The share of each component in the total aggregate productivity growth is listed in 
parentheses. See equation (17) for de!nitions of various terms. For example, the share of 
minimill productivity growth (9.6 percent) in aggregate productivity growth is given by: 
9.6/17.7 × 0.77 = 0.28—i.e., we compute the share of the minimill productivity growth in the 
unweighted aggregate productivity growth term, which we know from the top panel is 0.77.
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Thus, the joint productivity and survival premium for sheet producers help explain 
the overall productivity growth of VI producers in the aftermath of MM entry. MMs 
increased competition in the bar market, leading to the exit of inef!cient VI pro-
ducers. As a consequence, the set of remaining VI producers was more productive 
due to an increased concentration in the sheet product market. This mechanism, 
therefore, manifests itself in substantially higher productivity of VI producers and 
a dramatic drop of VI’s market share of bar products. In light of our decomposition 
results, presented in Tables 7 and 8, 30 percent of the industry’s productivity growth 
was due to the reallocation process among VI producers, in which the specializa-
tion in sheet products seems to have played a crucial role. To obtain the 30 percent 
contribution, we sum the role of net-entry (0.07) and reallocation (0.23), in as listed 
in Table 8.

Finally, the only component we have not explained is the pure within-plant pro-
ductivity growth component for VI producers, which, according to our results in 
Table 8, accounted for only 19 percent of aggregate TFP growth. This common shift 
of the production frontier for VI producers captures the direct technological innova-
tions in steel making at integrated plants due to active investments, and improve-
ments in technical ef!ciency. However, this leaves 81 percent of total productivity 
growth that can be attributed to the reallocation induced by MM entry, as well as 
increasing productivity at MMs.

The fact that we cannot explain all productivity growth by the expansion of MMs 
is not surprising. We expect that 40 years of innovation in the engineering and 
management of VI plants led to increased productivity. Alternative drivers of pro-
ductivity—such as management, imports, and unions—are likely reasons for this 
within-plant improvement component. While it would be conceptually straightfor-
ward to regress    

_ ω  t (ψ) against either measures of import penetration or unioniza-
tion rates, this presents some practical challenges. In order to credibly identify the 
impact of such factors on (within-plant) productivity growth, we need to rely on 

Table 10—Determinants of Exit

Plant exists in 2002

Panel A. All plants Panel B. Vertically integrated

(1) (2) (3) (4) (5)
Vertically integrated −0.36*** −0.39***

(0.09) (0.08)
Sheet specialization ratio 0.39** 0.36* 0.31* 0.31* 0.22

(0.14) (0.14) (0.13) (0.13) (0.14)
log capital (k) 0.02 0.20 0.24

(0.03) (0.24) (0.25)
Productivity (ω) 0.03 0.05

(0.14) (0.04)
Observations 128 128 78 78 78
log-likelihood −73.88 −73.72 −40.36 −40.02 −39.24
 χ2 16.97 17.30 5.89 6.58 8.12
Baseline probability 0.33 0.33 0.23 0.23 0.22

Notes: Marginal effects presented. Dependent variable is whether the plant has not exited by 
2002 given its status in 1963. Very similar results are found with 1972 and 1977 as base years.
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Markup Trajectory.—Figure 4 plots the markup trajectory over 40 years for both 
MM and VI plants. Markups have steadily decreased over time and are consistent 
with the drop in prices and external measures of concentration reported for the steel 
sector. Markups were, on average, higher for MMs, con!rming the results from the 
augmented production function estimation in Table 3. This is as expected since they 
produce more ef!ciently while competing in the same product market.

We can pursue the same strategy, and compare average markups across products. 
This is a particularly useful exercise since we have stressed the increased competi-
tion in the bar product market, at least up to the mid-1990s. Therefore, we expect 
that markups fall more in the bar market, as both the number of MMs and their share 
of bar output increased. However, in order to produce the trajectory of markups by 
product, we would need to estimate the markups for each plant and product. While 
this is conceptually straightforward in our framework, it requires recovering the 
allocation of input expenditures by product, for each plant. Unless we see fully spe-
cialized plants (into one product only), this is a challenging task.48

While we observe sales by product at the plant level, it is dif!cult to assign mate-
rial expenditures to each of these products unless a plant is fully specialized into a 
single product. However, since MMs were almost completely specialized into pro-
ducing bar products, at least up to the mid-1990s, we can interpret the markup tra-
jectory of the MMs as representative of the trajectory of markups for bar products. 
We !nd that the average markup of MMs, standing in for bar producers, saw a sharp 
drop from 1.8 in 1963 to 1.1 in 2002. The markups for VI producers, who produce 
both bar and sheet products, fell only from 1.4 to about 1.2. We see this aggregate 

 unattractive feature of a Cobb-Douglas production technology is that the output elasticities of intermediate inputs 
are time-invariant. Figure C.2 in the online Appendix shows that the share of expenditures on intermediate inputs in 
total cost is rather constant across our sample period.

48 See De Loecker et al. (2012).
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Figure 4. Market Share Weighted Markups

Source: Own calculations using US Census data.
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