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1 Theoretical Explanation for Heterogeneity in Entry
Effects

This section provides the Schumpeterian growth model with entry, building on Acemoglu et
al. (2006) and Aghion et al. (2001). Aghion et al. (2005b) present a closely related model.
A simplified version of the model below, one with a fixed entry probability, is sketched in
Aghion et al. (2004), Aghion and Griffith (2005) or Aghion and Howitt (2006).

1.1 Basic Model

In each period t a final good, henceforth the numéraire, is produced under perfect competition

using a continuum of intermediate inputs, according to the technology:

v = / Ay (i) 2, (3)* di, o€ (0,1), (1)

where z; (i) denotes the quantity of the intermediate input produced in sector i and A; (7)
is the productivity parameter associated with the latest version of that input.

For each intermediate product there are two firms capable of producing an innovation.
Intermediate producers live for only one period, and property rights over their technological
capabilities are transmitted within dynasties. The final good is used as capital in the produc-
tion of intermediate goods with a one-for-one technology. We assume Bertrand competition
within each intermediate sector.

In any sector where both firms have access to the same technology, Bertrand competition
implies zero profits. In any sector where one firm (the “leader”) has a better technology
than the other (the “laggard”), only the leader will actively produce. As shown in Acemoglu

et al. (2006), the equilibrium profit for each leader takes the form:
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1.2 Technological states, innovation, and entry

The world’s “technological frontier” at the end of each period ¢ is characterized by a tech-

nology parameter A, which grows at the exogenous rate v — 1 > 0:
A= ’YAtfl-

At the beginning of period ¢ intermediate firms can be of three types. Firms of type 1
operate at the current frontier, with a productivity level A;_; (i) = A,_1. Type-2 firms are
one step behind the frontier, with A,_; (i) = A,_5, and type-3 firms are two steps behind,
with A;_ 1 (i) = Ay_3.

Innovation allows an incumbent firm to increase its productivity by the factor v and
thereby to keep up with growth of the frontier.! The cost of technology adoption is quadratic
in its hazard rate and also proportional to the targeted level of productivity. More specifically,
by incurring a cost

cjp=c- (22/2) Aij, >0,

at the beginning of period ¢, a type-j incumbent, where j € {1,2}, can increase its productiv-
ity with probability z by the factor v within that period, adopting the next most productive
technology. With probability 1 — z the incumbent’s productivity does not increase, and lags
by j + 1 steps behind the new frontier. The most backward (type-3) firms are automatically
upgraded by the factor . This reflects the idea that the cost of technological adoption
becomes negligible for sufficiently mature technologies.

In each period and intermediate sector, there is one outside producer that can pay for

an entry opportunity. We focus on technologically advanced entry; thus when entry occurs

!The assumption of “step-by-step” technological progress is made here for the sake of tractability. As in
Aghion et al. (2001), this assumption avoids having to deal with asymmetries in the decision problems of
firms at different distances from the technological frontier. If we allowed innovating type-2 firms to catch
up with the frontier with sufficiently high probability the discouragement effect of entry on type-2 firms
would turn into an escape-entry effect. In that case, our model would predict higher rates of innovation and
productivity growth for type-2 firms than for type-1 firms, a prediction which is not borne by our data and
empirical analysis.



it takes place at the new frontier A,.> An entrant will steal all the market and become the
new leading firm unless the incumbent leader also has the frontier technology A, after the
innovation process described above, in which case we assume that the incumbent retains the
entire market.?

Suppose that in an industry where the current leader is a type-j firm, entrants at time ¢

need to pay the following entry fee to get an entry opportunity:
Fje = M+ (A — Ap),

where j € {1,2,3} and A is random and uniformly distributed between 0 and A. The term
in 7 reflects the additional cost that may arise for an entrant that brings up to frontier level
a sector that was initially further below that frontier. In particular a high, positive n will
tend to make the equilibrium probability of entry into an industry a decreasing function of
the industry’s initial distance to frontier, whereas the opposite will hold if 7 is small or equal
to zero. Our main predictions turn out to be independent of whether 7 is high or low.

The probability of entry in a type-j sector is equal to the probability that the potential
entrant pays the cost of entry, which in turn is the probability that the entrant’s expected
profit is greater than the entry fee Fj;.

In a type-2 or type-3 sector, where the expected profit of an entrant is A;:

0 —n(l—1/9%)

pj = pr(64, > Fj) = A

, j€{2,3} (3)

In a type-1 sector, the expected profit of an entrant is 6A4;(1 — z;), where z; denotes the

probability that a type-1 incumbent leader innovates. In the main text we showed that this

2More generally, one can think of several potential entrants with heterogeneous and a priori uncertain
productivities, who are racing for entry into a particular industry. As long as at least one potential entrant
has a high productivity realization A;, the analysis and comparative static results will remain the same as
if we assume only one potential entrant with productivity A;. See section 4.4.1 (IVD) in the paper for a
discussion of other forms of entry.

3The following sequential game between incumbent firms and potential entrants provides foundation for
this assumption: The entrant must pay a small entry fee to enter and can decide whether to pay this fee
after observing the post-innovation technology of the incumbent. Assuming that Bertrand competition takes
place after entry, the entrant will find it profitable to pay the entry fee and appropriate the local market if
the incumbent is expected to lag behind the entrant. If the incumbent is, instead, expected to compete on
an equal footing with the entrant, then the entrant will find it optimal not to pay the entry fee.
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innovation probability itself depends upon the entry threat p;, with

zn=06(p+v-1)/c
Thus, the probability p; must satisfy the fixed point equation:

D1 :pr(ézt(l . Zl) > Flt) o 0 — 62(7 - 1)/0_ K(l - 1/’}/) - (52])1/0’ (4)

or equivalently
_ 6= —D/e—n1-1/7) )
A+68%c '

Therefore, all probabilities p; denoting the probability that the potential entrant pays

b1

the cost of entry in a state-j sector are decreasing in the common entry cost parameter A,
namely p;(A) < 0 with j € {1,2,3}.

Note that incumbent laggards will never invest in innovation, because an innovation
would at best allow the firm to catch up to its rival and would still leave the firm with
zero profits. Note also that in steady state there are no intermediate sectors in which the
incumbents are both type-1 or both type-2. This is because such a (“level”) sector would
have to have been level in the previous period, since non-innovating laggards never catch up
to their leader, whereas innovation and entry will eventually unlevel the sector.

Thus, in the long run, all intermediate sectors will be in one of only three possible “states”
at the beginning of any period: (a) state-1 sectors are those with a type-1 leader; (b) state-
2 sectors are those with a type-2 leader and (c) state-3 sectors are those with two type-3

incumbents.

1.3 Equilibrium innovation

Consider the R&D decisions of incumbent leaders in state-1 and state-2 sectors.*

o A state-2 leader, with A,_; (i) = A;_s, chooses its investment z to maximize the ex-

pected net profit gain from innovation minus the R&D effort cost, that is:

mzax{éz (1—p) A1 —c (22/2) Ao},

4Recall that laggards do not innovate and type-3 firms are automatically upgraded without investing.



from which the first order condition yields:

z2=(0/c) (1 =p2)y = 2.

In words, the type-2 leader only retains the market if it successfully innovates and
there is no entry (i.e. with probability z(1 — py)). If it does not innovate then its
automatically upgraded type-3 rival catches up with it, and Bertrand competition
between the two neck-and-neck firms dissipates all profits. If there is entry the entrant

steals all the market.

e A state-1 leader, with A;_; (i) = A,_1, chooses its innovative investment to:
mzax{cs [2A + (1= 2) (1 — p1)Asa] — c(2%/2) Aia )
Hence, from the first order condition we get:

2= (6/c) (v —1+p1) = 2.

In words, the type-1 leader retains the market when: (i) it successfully innovates or

(ii) it does not successfully innovate and there is no entry.

1.4 The “escape entry” and “discouragement” effects

Now consider the effects of increasing entry threat on innovative activity, which we here
model as a reduction in the entry cost parameter A. In state-3 sectors an increase in the
entry threat has no effect on innovation investments, since those are always equal to zero.

Now, consider what happens in state-2 and state-1 sectors:

e In state-2 sectors, a reduction in A that increases the entry threat py(A), reduces the
expected payoff from innovating and therefore “discourages” innovation. Firms further
behind the frontier know that they cannot survive entry, even if they successfully

innovate. That is:

22— (5/e) ) > 0, ©)



This discouragement effect is similar to the Schumpeterian appropriability effect of

product market competition pointed out, for example, in Aghion et al. (2001, 2005a).

e In state-1 sectors, a reduction in A that increases the entry threat p;(A), fosters inno-
vation as it increases the incumbent leaders’ losses from entry if they do not innovate,

thereby increasing their incentive to “escape entry” by innovating. That is:

82’1

L= (3/om) <o, (7)

This escape-entry effect is similar to the escape-competition effect pointed out in

Aghion et al. (2001, 2005a).

Together with the fact that laggards never innovate, this implies that an increase in
the threat of entry discourages innovation in a state-2 sector and encourages it in a state-1
sector. Expected incumbent productivity growth in either sector is proportional to innovative

investment:

| (MU ) M =) s -v =g se i ®

Therefore a reduction in entry cost A has a positive escape-entry effect on incumbent pro-
ductivity growth in state-1 sectors, and a negative discouragement effect in state-2 sectors:®

g _ dz

= (-1 <0

= dgs _ dz
dA — dA

1.5 Empirical implications
In summary, the main empirical implications that we draw from the theory are:

e Increasing the threat of entry has a positive effect on incumbent innovation in sectors
that are close to the technological frontier and a possibly negative effect in sectors that

are further behind the frontier.

°In state-3 sectors an increased entry threat does not affect the rate of productivity growth. Being
upgraded with probability one, both firms in such sectors grow at the same constant rate v — 1. Thus:

g =71,

and a reduction in entry cost A has no effect on productivity growth.
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e Increasing the threat of entry has a more positive effect on incumbent productivity
growth in sectors that are closer to the technological frontier than in sectors that are

further behind the frontier.

1.6 Linking entry threat and actual entry

The actual rate of entry in state-2 sectors is

E2 = pQ(A)7 (9)

since potential entrants can never lose against a type-2 incumbent. Thus, entry threat
and actual entry are the same, and therefore the comparative statics of innovation as a
function of entry threat also leads to the unambiguous prediction of a negative correlation
between innovation by type-2 incumbents and actual entry in state-2 sectors.

The actual entry rate in state-1 sectors is

By =pi(1—2), (10)

so that the relationship between entry threat and actual entry in state-1 sectors is a priori
ambiguous: a higher entry threat induces more innovative activity by type-1 incumbents in
order to prevent entry, thereby counteracting the positive direct effect of entry threat on
actual entry. However, the overall effect of entry threat on actual entry is positive, i.e. the
effect of the entry cost parameter A on actual entry is negative, when A is not too small

relative to the profit rate ¢ and the inverse of the R&D cost parameter c. We have

0B, 1 1 ,
DA (1- 25(’7 -1)- 255]91(/\))171(/\),
that is negative if and only if
1—6(y—1)/c
A .
ni(d) < 20/c
This holds if
A > 6%/e.



1.7 The level effect of the distance to the frontier

The theoretical model we rely on predicts a positive effect of the initial distance to frontier
on innovation rates and expected productivity growth as is to be expected in any model
where sectors converge to the same expected growth rates. We can show that if there is no
threat of entry then the expected incumbent performance in a sector would be greater the
further the sector is from the frontier (i.e. the level effect of the distance to the frontier
would be positive). Assume for a moment that p; = ps = 0. Then the innovation rates in

the different types of sectors become:

7= 00/c)(y—1) <zm=(6/c)y<1

from which we obtain:%

g=an(y—1)<g@p=n(-1)<g=(nr-1).
The economic reason for the result is twofold. First, expected growth in a sector three steps
behind the frontier is higher than in a sector two steps behind because the former sector
upgrades with probability one. Second, when there is no entry threat then a sector that is
two steps behind is expected to grow faster than a sector just one step behind, because if
the leader of the state-2 sector does not innovate then its rival, who is three steps behind
the frontier, will catch up with him and the leader will earn no profits, whereas if the leader
in a state-1 sector fails to innovate it will still remain one step ahead of its rival and hence
will still earn positive profits; accordingly, the escape competition effect will give the leader

in a state-2 sector a greater incentive to innovate than the leader of a state-1 sector.

1.8 Steady-state distribution of sectors and average incumbent
productivity growth

Here we derive the steady-state fractions of all sectors j and show that increased threat of

entry has a positive effect on the average rate of productivity growth among active incumbent

6See footnote 5 for the derivation of gs.



firms across all sectors of the economy for plausible values of the R&D cost parameter c,
frontier growth rate ~y, entry cost parameter A and the additional cost term 7. The latter
cost term arises for an entrant that brings up to frontier level a sector that was initially
further below the frontier. Let ¢; denote the steady-state fraction of sectors in state j and
A;_; the productivity in such sectors at the beginning of period ¢. In steady state, the net
flow of sectors into each technological state j € {1,2,3} must equal the net flow out of that

state. More formally, if p; denotes the entry threat into a type-j sector, we have:

P2g2 + 033 = (1—p1) (1 —21) qu; (11)
1—p)I—z2)qr = [p2+ (1 —p2)(1— 22)]go; (12)
(1=p2)(1 = 22)qa = pags; (13)
plus the normalization
G1+q+q=1. (14)

The left hand sides (right hand sides) of (11), (12) and (13) correspond to the net flows into
(out of) states 1, 2 and 3, respectively. Only three of the above four equations are linearly
independent, and thus can be used to solve for ¢, ¢s,q3. Then, if g denotes the average

productivity growth rate among active incumbent firms, we have:

9 =q191 + @292 + q393-

We want to know how this growth rate is impacted by an increase in the entry cost parameter
A in the short run; that is, holding constant the probabilities ¢; defining the distribution of
initial technology gaps.

We can establish the following:

Proposition: For n,v and A sufficiently small, if § < c then:

dg _ dg, dga dgs
dA =agy Ty Ty <0

q=const

Proof: Since g3 is independent of A, we have:
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le dZQ

dg d91 dgs
+ qQo—+ JA )

an| T mgy Ty =0 Diage

g=const

where we have made use of equation (8) in the text. Let
u=20/c and ¢ =A/0.

Now if we can prove the proposition for n = 0, by continuity it will also hold for 7 small.
Thus, let us fix 1 at zero. Using (3) and (5) we can then reexpress the probabilities of entry

as:
IL—u(y—1)
o+u

We can use (15) to reexpress the equilibrium innovation rates z; and z, respectively as:

p1(0) = and py (¢) = ps (¢) = 1/¢. (15)

21 (¢) = u(p1 (¢) +v—1)
(16)
22 (¢) = u(l — pa(9))y
Next, using the steady-state equations (11) ~ (14), we get:
p2(¢)
0 (9) = LG @)
_ _q1(9)(A-p1(9))(1—21(¢)) (17)
@2 (9) = S+ (@) —22(0)

So, we have:

dg

dA

g=const

o AR -aw)

(pl @) @ T U= O =2 @) P (@)

(_1—U(7—1)+ (- p1 (&)1 — 2 (6) 7;)
Gt m@T0-m@)0-=0) 7

Clearly ¢ and v have a lower limit of unity. (If ¢ < 1 then ps = p3 > 1, which makes no

sense.) As we approach the limiting case where ¢ = v = 1 then, from (15) ~ (17), we have:

L (@) =1, 2 (0) —

p1(9) 14+u 14+u

and 23 (¢) — 0
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Substituting these into the final expression above for g—X —const? W€ have in the limit:

()
g=const (1 + U)2

in which the right-hand side is negative when § < ¢ because then u < 1. ||

dg

dA
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2 Data and descriptive statistics

2.1 Data sources

Plant and establishment level data for the manufacturing sector come from the U.K.
Office for National Statistics (ONS) Annual Respondents Database (ARD).” Data on owner-
ship, four-digit SIC 1980 industry classification, and employment is collected for the popula-
tion of plants located in the United Kingdom. Panel data on inputs and outputs are available
for a random stratified sample of establishments selected for a detailed annual survey.® The
data for all of Great Britain, i.e. U.K. excluding Northern Ireland, is accessible to us.

The establishment survey is conducted by the ONS under the 1947 Statistical Trade
Act. This makes it a legal obligation for firms to report and thus there is effectively no bias
from non-random survey response. Establishments with more than 100 employees are all
selected for the survey in the years relevant to us, as well as a stratified random sample of
smaller units.® In our main empirical analyzes we weight observations by the inverse of their
sampling probability and employment to control for the sampling scheme and the fact that
measurement error may be larger in smaller establishments. In table A.5, columns 1 to 6,
we show that our estimation results are robust to using non-weighted data.

The plant and establishment data in the ARD covers ownership information that is
updated annually from Dun & Bradstreet’s “Who Own’s Whom” database. The nationality
of a plant or establishment is determined by the country of residence of its global ultimate
owner.

Due to our focus on reactions to entry in incumbents we restrict our estimation sample to

observations on incumbent establishments that are domestic-owned between 1986 and 1993

"See Barnes and Martin (2002), Griffith (1999) and Oulton (1997) for further information.

8 An establishment represents a line of business in a firm and production decisions are most likely to be
made at that level. About 77 percent of all British establishments that are sampled between 1980 and 1993
are single plants, i.e. sites located at a single mailing address. On average, an establishment represents 1.6
plants that operate in the same four-digit industry and are owned by the same firm. A firm can own more
than one establishment per four-digit industry.

9The sample selected for the survey accounts for about 90 percent of annual total U.K. manufacturing
employment according to Oulton (1997).
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and (i) at least 5 years old and/or (ii) had more than 100 employees in at least one year
between 1986 and 1993.1° We drop all observations before 1987 and after 1993 since reliable
entry measures are not available to us for the mid 1980s and mid 1990s due to major changes
in data collection. We also apply the following standard data cleaning routines. We exclude
all establishments not yet producing or under public ownership. We drop observations with
missing or negative key variables (output, value added, intermediate inputs, employment,
capital stock), observations where absolute growth in these key variables is over 150 percent,
observations with missing values for any variable used in our regression analyzes and obser-
vations with extreme values of the productivity growth, entry rate or distance to frontier
distributions. We eliminate establishments that were observed for less than three consecu-
tive years between 1987 and 1993. The resulting sample consists of 25,388 observations on
5,161 domestic incumbent establishments in 180 four-digit SIC 1980 industries. Descriptive

statistics are provided in table A.1.

The firm level data on patenting activity that we use includes patent information from
the NBER /Case Western Patent database with over two million patents granted by the U.S.
Patent Office between 1901 and 1999. This patent data is linked to a panel of firms for
which accounting data from DataStream are available. The sample covers 415 firms that are
publicly listed on the London Stock Exchange (LSE) in 1985, have names starting with the
letters A-L and/or are among the top 100 U.K. R&D spenders. Subsidiaries of these firms
were identified using “Who owns Whom” by Dun and Bradstreet in 1985 (or in the year of
sample entry in case a firm enters the sample after 1985) and all entities were matched by
name to the NBER/Case Western Patent database.'!

All firms in the database can be considered incumbent since firms listed at the LSE

are typically reasonably old and large. We exclude accounting periods of less (more) than

10We find similar empirical results when imposing both (i) and (ii) or using another sub-sample of firms
that are particularly prone to take a position as incumbent industry leader. See table A.3, columns 1 and 2
for details.

1See Bloom and Van Reenen (2002) for further information.
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330 (400) days. We drop observations with missing or implausible capital stock values,
missing values of employment or sales, observations where absolute growth of these three
key variables exceeds 150 percent, observations with missing values for any variable used in
our regression analyzes and observations with extreme values of the entry rate or distance
to frontier distributions. We focus on manufacturing firms with at least three consecutive
observations in the time period 1987 to 1993. This leaves us with an estimation sample of
1,073 observations on 174 firms in 60 three-digit SIC 1980 industries described in greater

detail in table A.1.

We use industry level data from three sources. Most of our U.K. industry data is
aggregated from the plant or establishment panel data in the ARD.'?> Most of our U.S.
industry information comes from the NBER manufacturing productivity database (MPD).!?
To connect the U.S. MPD to the U.K. ARD we match four-digit industries from the U.K. SIC
1980 industry code to the corresponding four-digit industries in the U.S. SIC 1987 code.
Since our panel of LSE-listed firms informs about three-digit industry codes only we conduct
a similar matching on the three-digit industry level. In addition to industry data from the

ARD or MPD, we use 2-digit industry data from the OECD STAN database.

2.2 Variables

Productivity growth: To calculate productivity growth we use disaggregated information
from the ARD on gross output, capital expenditures, intermediate inputs, the number of
skilled workers (administrative, technical and clerical workers) and unskilled workers (oper-
atives) as well as their respective wage bills, all in nominal terms. To deflate output and

intermediate input measures we have ONS price deflators for output and intermediate goods

12Before calculating industry-level variables we apply basic data cleaning routines to the raw plant and
establishment data in the ARD.

13See Bartelsman and Gray (1996) for details.

HMOf all 205 four-digit U.K. industries that we wanted to match 146 could be linked exclusively to one
or several U.S. four-digit industries. 50 U.K. industries could be successfully linked to U.S. industries after
having formed U.K. industry pairs and three larger U.K. industry groups. Nine remaining U.K. industries
could not be linked to an industry in the U.S. manufacturing sector.
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at the four-digit industry level. A price index at the 2-digit industry level is available for
investment in plant and machinery. The price index for investment in building and land is
at the aggregate level, as is the one for investment in vehicles. Wages are deflated using
the U.K. Retail Price Index. Our base year for deflation is 1980. Capital stock data is
constructed from investment series using the perpetual inventory method. Estimation of
initial capital stock values involves using establishment-level energy input and industry-level

capital stock data.

Growth of labor productivity (ALP,;;) is defined as:

AL.PZ'jt =Aln E/ijt — Aln Lijta (18)

where Y denotes real gross output and L the number of employees in establishment ¢ in

industry j at time t.

We use a superlative index number approach to calculate growth of total factor pro-
ductivity (ATFP,;):"
Z
ATFPy =AYy — Y a7,Alnaj,, (19)
z=1

where Y denotes real gross output, Z the number of factors of production, and 7, the
quantity of factor z that is used in establishment ¢ in industry j at time t in real terms.
We consider four factors of production: skilled labor, unskilled labor, the stock of physical
capital, and intermediate inputs. The standard superlative index number approach as we
apply it builds on a flexible translog production function, imposing constant returns to scale
(>_. @i = 1) and perfect product market competition.

Superlative index number measures of TFP growth that do not rely on the assumption of

perfect product market competition can be calculated along the lines of Hall (1988), Roeger

15See Caves et al. (1982a, b) among others.
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(1995) or Klette (1999). We find our empirical results to be robust to relaxing the assumption
of perfect product market competition (table A.3, column 5).

Factor shares &j;, are defined as a;;, = (af;; + af;,_;)/2 with af;, denoting the cost of
factor z relative to the value of total output in establishment 7 in industry j at time ¢. Since
observed factor shares a7}, can be noisy and may exceed one we apply a smoothing procedure
proposed by Harrigan (1997). Assuming a translog production technology, constant returns

to scale (CRS), and standard market-clearing conditions, o}, can be expressed as follows: !

Z z
O‘;‘zjt =Y, + e+ E W? In (mlﬁ) ) (20)
z=2

ijt
where w? are coefficients of relative factor input use that are allowed to vary across four-digit
industries. Normalization is relative to production factor 1 to impose CRS. We also allow for
industry-specific time effects ¢, and for establishment-specific effects ;. If observed factor
shares deviate from their true values by an i.i.d. measurement error term, then this equation
can be estimated by running separate regressions for each four-digit industry j.'” The fitted
values from (20) are used as factor shares in the calculation of (19). We find our estimation
results to be robust if we do not use the above smoothing procedure and estimate on those
establishment observations only where the sum of observed factor shares is between zero and

one (table A.3, column 6).

Innovation: The panel of firms listed at LSE provides us with the count of patents
firms take out in the U.S. Patent Office. Using an innovation measure that focuses on U.S.
patents of U.K. firms is advantageous in our context, since U.K. firms are unlikely to patent

low value inventions in the United States.

Entry: We measure greenfield firm entry into U.K. industries using the ARD panel data

on the population of manufacturing plants in Great Britain. Time-varying ownership data

allows for distinguishing between entry from foreign and domestic firms.!®

16See Caves et al. (1982b) and Harrigan (1997).

17Since this procedure does not allow for factor share smoothing in very small industries we do not calculate
growth of TFP for four-digit industries with less than 10 establishments between 1980 and 1993.

18 As firms we term establishment groups in the ARD.
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Our main measure for technologically advanced entry is the greenfield foreign firm entry

rate. We define it as follows:

> .24 Lije  Dyji(greenfield site; owner = foreign, new in j int)
Ny
Zi:l Lijt

where Nj; is the number of all production sites, i.e. plants, in industry j in year ¢ and L;j; is

E; = «100,  (21)

the number of employees in plant 7 in industry j and year t. The function D;;; (.) equals one
if a foreign-owned firm enters industry j in Great Britain with a new greenfield production
site in year t and did not already own sites in the respective British industry in previous
years, otherwise D;j; (.) equals zero.”” The denominator is the number of employees in all
production sites in industry j at time ¢.2°

For the productivity growth models we measure entry at the four-digit industry level.
For the patent count models we measure entry at the three-digit level since our panel of
LSE-listed firms provides industry information on the three-digit industry level only.

Greenfield domestic firm entry that we use to proxy entry further behind the technology
frontier is calculated in a similar manner. The value range for our entry measures is 0 to

100.

Distance to the technology frontier: We measure the distance of incumbents in each
U.K. industry to its U.S. industry counterpart using data on U.S. industries from the NBER
MPD and U.K. data aggregated up from the ARD.?! Our preferred measure is the following

labor productivity ratio:

2 Us UK

1 Y't—z Y't—z
Dy=-= E (In 225 — In —2-5) (22)

J 3 — ngﬁz L%I_(Z

I9Tf a foreign firm enters industry j simultaneously with more than one plant in year ¢t then the initial
employment in all these plants is counted.

20Note that the ARD covers plants that enter and exit in the same year (Disney et al. 2003). All entry
measures we use in the paper are qualified measures in the sense of ignoring these transitory one-year units.
However, we find similar results when experimenting with measures that include these one-year units.

21The microdata underlying the NBER MPD and the ARD are collected by national statistical agencies
using similar methods.
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where lﬁlﬁz denotes real value added in U.S. industry j in year t — z, LjUt*S . denotes the
corresponding number of employees, and UK indicates the U.K. industry variables. The
definitions of value added and the number of employees are similar across the involved U.S.
and U.K. databases. We calculate a three year moving average over the years t to t — 2 to
mitigate the effects of measurement error on the time variation of the distance variable. In
doing so we include input and output data for the presample period before 1987.

For estimating productivity growth models we use a disaggregated distance measure that
compares incumbent four-digit U.K. industries to matched four-digit U.S. industries.?? For
the patent count models we calculate the respective measure on the three-digit industry
level.

To check for robustness of our empirical results when switching from labor productivity
to an alternative technology metric we also use a superlative index number measure that
relates TFP in each incumbent U.K. industry to its corresponding U.S. industry equivalent.
In addition to moving averages, we do also consider discretized distance to frontier measures
to address concerns about measurement error. These indicators group industries above and

below the median of the respective continuous distance variables. See table A.3, column 7

for results.

Import penetration: We calculate the share of the value of imports over the value of

domestic output using 2-digit industry level panel data from the OECD STAN database.

Competition: Our preferred measure for variation in competitive conditions is an index
of average profitability based on ARD panel data. The profitability measure is output minus
labor, intermediate good and capital costs divided by output for each establishment and the
index is defined as 1 minus the market share-weighted average of the profitability measure
across all incumbent establishments in the industry. The index takes values between 0 and

1 and a value of 1 indicates perfect competition.?

22Gee section 2.1 on the industry code matching.
23Experimenting with an unweighted average or different weighting schemes had only negligible effects
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Patent stock variables: The panel of firms listed at LSE provides presample patent
information that we use to construct a measure of the firm-specific patent stock built
up between 1968 and the beginning of the first year the firm is in our estimation sample,
i.e. 1987 in most cases. We apply the perpetual inventory method and calculate the stock
measure as the sum of all presample patents depreciated to the last year of the presample
period using an annual knowledge depreciation rate of 30 percent.?* In addition to the stock
measure, we constructed an indicator of the presample patenting activity that is equal

to one if the firm ever patented in the presample period.

Instrumental variables: To instrument entry we exploit variation coming from several
major product market policy interventions: the EU Single Market Programme, the U.K.
privatization programme and U.K. merger and monopoly cases. We use data on cases that
were investigated by the U.K. Competition Autority and where remedial actions were recom-
mended and undertaken. See table A.4 for details on the policy interventions. In extended
model specifications we also allow for endogeneity of the distance to the technology frontier
and use the capital-labor ratio and the share of skilled workers in U.S. four-digit industries
as additional instruments. When dealing with potential endogeneity in import penetration
or competition we add as instruments U.S. import penetration on the 2-digit level or an

index of average profitability in U.S. four-digit industries, respectively.

on the estimated effects of entry, distance to frontier and interaction terms. Using a market share measure
instead of a profitability-based competition measure also gave similar results.

24We find our empirical results to be insensitive to the chosen depreciation rate when experimenting with
other rates between 15 and 45 percent.

20



Table A.1: Descriptive statistics

Variable Mean Median Standard
deviation
ARD sample of establishments
Growth of labor productivity;; 0.011 0.011 0.138
Growth of total factor productivityi -0.010 -0.007 0.118
Foreign firm entry rate (in %)j., 0.131 0 0.484
Number of employees in new foreign firms (in 1000);., 0.055 0 0.242
Number of employees (in 1000);., 40.924 31.381 32.264
Distance to the frontier;.,, labor productivity-based 0.208 0.200 0.281
Distance to the frontier;.;, TFP-based 0.090 0.101 0.139
Import penetration;., 0.951 0.905 0.452
Competition; 0.898 0.909 0.063
Domestic firm entry rate (in %) 2.470 1.997 1.840
Establishment size (in 1000);;., 0.387 0.309 0.266
Working owner sharej;.; 0.015 0.005 0.030
Capital-labor ratio (real, in million £ per employee);. 0.018 0.014 0.022
EU Single Market Program; 0.317 0 0.465
U.K. Privatization;. 0.043 0 0.246
U.K. Merger cases;.| 0.020 0 0.149
U.K. Monopoly casesi., 0.083 0 0.443
U.S. Capital-labor ratio (real, in million £ per 0.037 0.029 0.032
employee);.
U.S. Skilled worker sharej. 0.286 0.243 0.136
U.S. Import penetration;.; 0.419 0.320 0.262
U.S. Competition;; 0.743 0.750 0.087
Sample of firms listed at LSE
Number of U.S.-patents;j; 7.968 0 24.181
Patent stock, presample 24.114 1.375 81.180
D(patent stock; presampie>0) 0.664 1 0472
Foreign firm entry rate (in %)j.; 0.165 0.028 0.425
Number of employees in new foreign firms (in 1000);., 0.156 0.021 0.371
Number of employees (in 1000);., 92.492 59.868 76.277
Distance to the frontier;.,, labor productivity-based 0.205 0.221 0.278
Distance to the frontier;.;, TFP-based 0.080 0.105 0.148
Import penetration;. 1.035 1.088 0.466
Competition; 0.891 0.903 0.056
Domestic firm entry rate (in %) 2.227 1.884 1.499
Establishment size (in 1000);., 0.495 0.378 0.405
Working owner sharej;. 0.014 0.008 0.027
Capital-labor ratio (real, in million £ per employee)., 0.019 0.015 0.017
EU Single Market Program,y, 0.397 0 0.490
U.K. Privatizationj, 0.117 0 0.331
U.K. Merger casesit.| 0.069 0 0.257
U.K. Monopoly casesi.| 0.289 0 0.820
U.S. Capital-labor ratio (real, in million £ per 0.040 0.031 0.034
employee).;
U.S. Skilled worker share;, | 0.328 0.308 0.135
U.S. Import penetration;.; 0.477 0.504 0.250
U.S. Competitionj. 0.728 0.737 0.083

Notes: The table provides non-weighted descriptive statistics for all main variables in the ARD sample of
25,388 observations on 5,161 domestic incumbent establishments between 1987 and 1993 and in the sample of
1,073 observations on 174 firms listed at the LSE in the time period 1987 to 1993. Import penetration is
measured at the 2-digit level. All other industry variables used in connection with the ARD sample are
measured at the four-digit industry level, those used in connection with the firm sample at the three-digit level.
All distance to frontier measures and their instruments, i.e. the U.S. capital-labor ratio and the U.S. skilled
worker share, are lagged moving averages that average over the three preceding years. All other lagged
variables are lagged by one year.

21



Table A.2: Sample variation of the industry-specific distance to the technology frontier

SIC-80 code Industry description Distance to frontier

Large industries close to the frontier (< median distance to frontier)

4671 wooden and upholstered furniture 0.049
4310 woolen and worsted industry 0.084
4510 Footwear 0.111
4751 printing and publishing of newspapers 0.214
4536 woman’s and girl’s light outerwear, lingerie and infants’ wear 0.290
4363 hosiery and other weft knitted goods and fabrics 0.316
3443 radio and electronic capital goods 0.362
4725 packaging products of boards 0.367
4130 preparation of milk and milk products 0.404
3284 refrigerating, space heating and ventilating equipment 0.414

Large industries further behind the frontier (> median distance to frontier)

3120 forging, pressing and stamping 0.480
3710 measuring, checking and precision instruments 0.514
3420 basic electrical equipment 0.518
3640 aerospace equipment manufacturing and repairing 0.519
2570 pharmaceutical products 0.585
4196 bread and flour confectionery 0.664
2512 basic organic chemicals except specialized pharmaceutical chemicals 0.732
4122 bacon curing and meat processing 0.893
3530 motor vehicle parts 0.945
4214 cocoa, chocolate and sugar confectionery 0.989

Notes: In this table we illustrate how the industry-specific distance to the technology frontier varies across the
sample. Large U.K. four-digit industries in the group of industries close to the technology frontier, i.e. below
the median distance to frontier, are listed in the upper panel, large industries further behind in the lower one.
All industries shown have more than 30,000 employees in 1987. Distance to frontier is measured by the labor
productivity distance of U.K. four-digit industries relative to their industry-specific U.S. counterparts between
1984 and 1986. Calculations are based on the estimation sample for productivity growth models.

Table A.3: Entry at different distances to the technology frontier

Quartiles of the distance to frontier distribution

1 (close) 2 3 4 (far)

mean (standard deviation)
# employees in entering foreign firms 32 (226) 34 (104) 33 (149) 34 (169)
foreign entry rate in % 0.10 (0.43) 0.13 (0.40) 0.13 (0.47) 0.12 (0.54)
# entering employees if foreign entry > 0 158 (481) 121 (168) 102 (251) 188 (363)
foreign entry rate in % if foreign entry > 0 0.48 (0.85) 0.46 (0.65) 0.40 (0.76) 0.66 (1.13)
foreign entrants size 75 (236) 61 (96) 59 (160) 97 (238)

Notes: In this table we describe how foreign firm entry between 1986 and 1992 varies with the labor
productivity distance of U.K. four-digit industries relative to their industry-specific U.S. counterparts.
Calculations are based on the estimation sample for productivity growth models.
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Table A.4: Description of product market policy interventions

EU Single Market Program (SMP)

The aims of the SMP were to bring down EU internal barriers to the free movement of
goods, services, capital and labor by interventions like harmonizing product standards,
indirect taxes and border controls, removing national requirements and other non-tariff
barriers that enable firms to segment markets and limit competition, restricting public
sector discrimination in favor of its own firms, and reducing capital as well as labor
costs by permitting free flow across countries.

We use 1988 as the date of the SMP intervention, rather than the “official”
implementation date of 1992. We do so, because information about how specific
industries would be affected by the SMP became available earlier, especially in the
1988 Cecchini-Report to the EU. 41 three-digit industries were ex ante expected to be
strongly or moderately affected (Mayes and Hart, 1994).!

Year

1988

U.K. Privatization cases

The U.K. privatization program undertaken by the Thatcher government was a large
scale intervention that led to the sale of a substantial portion of government owned
assets.” The U.K. program took place earlier than similar programs in other countries
and so many privatization decisions have not been anticipated to the extend they were
in other countries. Most interventions resulted in opening up directly affected and
related markets to entry of new firms.

For each directly affected industry we use the years of the respective stock market
sales as intervention dates.

Ordnance, small arms and ammunition: Royal Ordnance
Car parts: Unipart
Aerospace equipment manufacturing: Rolls Royce

Motor vehicles and engines: Leyland Bus, Leyland Truck, Freight Rover, Rover
Group.

Shipbuilding: British Shipbuilders

Iron and steel industry: British Steel

Telecommunication equipment: British Telecom

Year

1987
1987
1987

1987, 1988

1987,

1989
1988
1991

Industry
code

(SIC 80)

3290
3530
3640
3510

3610

2210
3441

' The term SMP itself can be traced back to a European Commission's White Paper of 1985 (EC, 1985).

* See, for example, PriceWaterhouseCoopers (1998) and Megginson and Netter (2001).
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U.K. Merger and monopoly cases Year Industry

code
The U.K. Competition Authority (currently the Competition Commission, before 1999 (SIC 80)
the Monopolies and Mergers Commission) has responsibility for undertaking case-by-
case investigations of potential mergers or potential monopoly situations in order to
determine whether the merger or actions of firms in the industry are, or can be
expected, to operate against the public interest by distorting competition, preventing
entry, increasing prices or reducing consumers' choice. Where the Commissioners
conclude that this is the case they can recommend remedial interventions such as
prohibitions or divestments.
We use information on those cases where remedial actions were recommended and
undertaken.’ As intervention date we use the year a respective merger or monopoly
case was referred to the Competition Authority. This is the date on which it is first
publicly announced that an inquiry will take place. Decisions are generally undertaken
within a year (though longer in some complex cases) and reforms can take longer.
Opium derivatives 1987, 1988 2570
Advertising in rambling magazines 1987, 1988, 4751

1989
Roof trusses and connector plates 1988 3204
Medical and surgical equipment 1987 3720
Beer and brewing industry 1988, 1990, 4270
1992

Power tools, portable work benches 1989 3285
Defense equipment, electronics industry, telecommunications 1989 3433
Sewing thread and textile industry 1989 4321
Tires 1989 4811
Fertilizers 1990 2513
Organic pastes, oil-based muds, organoclays, paint 1990 2567
Razors and shaving equipment 1990 3162
Carbonated drinks and soft drinks 1990 4283
Matches, cigarette lighters, smokers requisites 1991 2565
Sugar 1991 4200
Wool, wool scouring, textile industry 1991 4310
Cross media promotion of publications 1991 4753
Shoe polish 1992 2599
Animal waste, Rendering, Meat 1992 4126
Dairy products and milk 1992 4130

? See http://www.competition-commission.gov.uk/ or http://www.mmc.gov.uk/ for published case reports. Davies et al. (1999)
and Clarke et al. (1998) provide further analyses of these cases.
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3 Additional empirical results

In this section we present additional empirical results in the following seven tables:

Table A.5: Entry and first stage equations — Additional specifications

Table A.6: Productivity growth — Reduced sets of covariates

Table A.7: Productivity growth — Alternative samples, entry-distance interactions,
and TFP measures

Table A.8: Productivity growth — Alternative sets of instruments

Table A.9: Robustness results — Specifications as in table 2 using non-weighted data
and as in table 4 with TFP growth as dependent variable

Table A.10: Robustness results — Specifications including distance-competition
interactions or allowing for endogeneity of covariates

Table A.11: Robustness results — Expanded sets of covariates
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