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THE CREATION AND CAPTURE OF RENTS: WAGES AND
INNOVATION IN A PANEL OF U. K. COMPANIES*

JoHN VAN REENEN

This paper examines the impact of technological innovation on wages using
a panel of British firms. A head-count measure of major innovations between 1945
and 1983 is combined with share price and accounting information. Innovating
firms are found to have higher average wages, but rival innovation tends to de-
press own wages. This appears consistent with a model where wages are partly
determined by a sharing in the rents generated by innovation. In other words,
innovation may be a good instrument for proxies for rents such as profitability,
quasi rents, or Tobin’s (average) Q. Instrumental variable estimates of the elastic-
ity between wages and quasi rents are about 0.29.

I. INTRODUCTION

Economists have traditionally been concerned that employ-
ees will try to cream off the fruits of technological innovation into
higher earnings. It is often argued that this process is likely to
reduce a firm’s incentive to innovate and therefore to damage eco-
nomic growth. Labor leaders, however, often explicitly argue for
the benefits of linking pay to technical progress. As John Hodge,
former General Secretary of the U. S. Smelters put it: “we won’*
work against the machine if we get a fair share of the plunder”
[Elbaum and Wilkinson 1979]. The argument that giving away
“fair shares” can enhance labor productivity for efficiency wage
reasons has recently been taken up theoretically and empirically
by Akerlof and Yellen [1990].

This paper examines the response of company wages to ob-
served technological innovations using a unique panel data set.
Whichever way the data are cut, innovation is seen to lead to
significantly higher wages in a sample of almost 600 firms. Differ-
ent explanations are offered for this result, but the most plausible
interpretation appears to be that there is a sharing of the quasi
rents from innovation between workers and firms.

*This is a revised version of University College London Discussion Paper
1017. T am grateful for very helpful comments from one of the editors, Lawrence
Katz, and two anonymous referees. Useful remarks have also been offered by
Richard Blundell, Richard Freeman, Amanda Gosling, Jonathan Haskel, Andrew
Hildreth, Stephen Machin, Costas Meghir, Andrew Oswald, Robert Porter, Robert
Topel, David Ulph, and participants in seminars at Birkbeck College, Kent Uni-
versity, the London School of Economics, and the Massachusetts Institute of Tech-
nology. Financial support came from the ESRC and the Employment Department.
The usual disclaimer applies.

© 1996 by the President and Fellows of Harvard College and the Massachusetts Institute
of Technology.
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The view that wages are determined partly by sharing in
quasi rents has become increasingly popular among labor econo-
mists. Some researchers have stressed labor market rents gener-
ated through efficiency wages [Krueger and Summers 1988] or
from firm-specific job matches. Others emphasize features of the
product markets in which firms operate. One common empirical
approach relies on entering various proxies for above-normal eco-
nomic returns in a reduced-form wage equation.! As forcefully
stated in a recent contribution by Abowd and Lemieux [1993],
endogeneity is a major problem in such studies. In their applica-
tion Abowd and Lemieux use industry import and export prices
as instruments for quasi rents. They find very large downward
biases on OLS estimates of the quasi-rent splitting parameter.
Unfortunately, they could not find significant effects after control-
ling for common macroeconomic shocks. This is likely to be be-
cause their instrument does not vary between firms and relies on
industry level time variance for its power. The alternative source
of rents examined in this paper are firm- and industry-specific
technological innovations. These vary between firms and over
time and are sufficiently rare to qualify as natural experiments
picking out shifts in quasi rents.

Innovative rents are understood here in their Schumpeterian
sense of being the reward for the first commercialization of an
invention. They occur at an earlier stage in the product life cycle
than technical diffusion. A firm adopting a new technology
through diffusion is unlikely to generate substantial rents as it
will have to pay a market price to purchase the new techniques.
But why would rational employees appropriate quasi rents if this
reduced the incentives of firms to search for innovation through
R&D? There are three reasons why larger portions of innovative
returns are seen as legitimately “up for grabs” by workers: (i) the
long lag times between research and results compared with tan-
gible capital, (ii) the shorter time horizons of workers than share-
holders (perhaps because of the finite duration of labor contracts),
and (iii) the large elements of sheer luck in innovative success
(for further elaboration of this view see Hirsch [1991]).

As well as making a rent-sharing story more plausible, the
emphasis on innovation rather than diffusion taken in this paper

1. Examples include per capita profitability in Christofides and Oswald
[1992], average productivity in Nickell and Wadhwani [1990], concentration ratios
in the survey by Dickens and Katz [1987], numbers of competitors in Stewart
[1990], or market shares in Nickell, Vainiomaki, and Wadhwani [1994].
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distinguishes it from related empirical work on wages and techni-
cal change. This literature relates wages to various proxies for
technology such as computers or other microelectronic technolog-
ies (see Krueger [1992], Dunne and Schmitz [1995], and Entorf
and Kramarz [1994]), the age of technology (e.g., Bartel and Lich-
tenberg [1990]), or Solow residuals [Nickell, Vainiomaki, and
Wadhwani 1994]. Positive effects are generally observed in these
studies as they are when industry research and development ex-
penditures are used as an explanatory variable of individual
wages from the Current Population Survey [Dickens and Katz
1987].

The plan of operations is as follows. Section II presents and
discusses a simple model relating innovative rents to wages. Sec-
tion III describes the data, and Section IV contains the economet-
ric modeling strategy. Results are presented and discussed in

Section V, and some concluding comments are offered in Section
VL

II. A BARGAINING THEORY OF WAGES AND INNOVATIVE RENTS

In this section a simple model illustrates the relationship be-
tween innovation and wages. Wage determination is modeled as
a bargain between a firm and a union.2 Assume that the union
has a utility function of the form Nu(W) + (M — N)u(W), where
M = the union’s membership size, N = number of employees in
the firm (N < M), W = the wage, W = the alternative wage, and
u(-) is the utility of the representative member. If Mu(W) is the
fallback position of the union, then the contribution to the Nash
bargain can be written as (w(W) — w(W))N. Throughout the paper
the parameterization of this contribution is taken (cf. Ulph and
Ulph [1994]) as

(1) U= (/1 — m)XW — W)=N,

where 0 = m < 1is a measure of risk aversion and m = 0 corre-
sponds to risk neutrality. The firm’s profits are

(2) I = PQ — WN,
where P = price and @ = output.

Consider the case where there is an “efficient bargain” over

2. The model could also be seen as one between “insiders” with some degree
of bargaining power deriving from turnover costs.
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wages and employment. If the firm’s fallback position is zero,
then the bargaining problem is obtained by maximizing { with
respect to W and N:

3) max{) = UsII'—s,

where s is the relative bargaining power of the union. Solving for
wages gives an equation of the form,

(4) W =W+ (s(1 — m)/(1 — s)) II/N.

Equations of this form relating wages to profits per worker have
commonly been estimated to look for evidence of rent-sharing.? If
risk neutrality is assumed (m = 0), equation (4) can be written as

5) W =W + s(PQ — WN)/N).

The bargaining power parameter, s, can then be interpreted as a
quasi-rent splitting parameter as in Abowd and Lemieux.*

The intuition of this paper can be seen immediately from
equations (4) and (5). Innovation will tend to raise profits and
quasi-rents, and in a bargaining context, this will feed through
into higher wages as workers seek to appropriate a share of the
surplus. The data set to be used in the empirical analysis (see
below) includes a survey of major, successful innovations. Previ-
ous econometric work suggests that profitability and market
value significantly increase in response to these technological
breakthroughs (see Geroski, Machin, and Van Reenen [1993] and
Blundell, Griffith, and Van Reenen [1995a]). The question ad-
dressed here is whether they also impact upon wages.

It is unusual to see firms directly bargaining over employ-
ment. A popular alternative model is that unions only have power
to influence the wage, the firm unilaterally having the “right to
manage” employment. Under these circumstances employment
will be lower for a given wage. Even under this alternative type
of model, however, the firm will still be able to pay higher wages
essentially because the sensitivity of profits to a change in wage

3. For example, Christofides and Oswald [1992] on Canadian contract data;
Blanchflower, Oswald, and Sanfrey [1994] on U.S. industries; Hildreth and Os-
wald [1993] on U. K. companies and establishments; Denny and Machin [1991]
on U(i K. manufacturing firms; and Carruth and Oswald [1987] on U. K time se-
ries data.

4. Abowd [1989] presents evidence in line with this view that contracts lie
along a vertical contract curve. The empirical evidence on the proposition is mixed
(see Pencavel [1991] for a critical survey).
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costs has declined.’ Thus, the prediction that innovation raises
wages is robust to the exact form of union bargaining.

As a final point, notice that both product and process innova-
tions may lead to higher rents and therefore higher wages. What
matters is how quickly other firms in the industry imitate the
firm’s innovation and reduce its comparative advantage. Many
writers have argued that product innovations may have larger
effects as the type of R&D which generates these innovations
tends to have longer gestation periods and to be more firm-
specific. Thus, the quasi rents from these innovations may be
more vulnerable to capture. Some tests of this hypothesis are of-
fered in the empirical section.

III. DATA DESCRIPTION

The data set that has been assembled is a unique combina-
tion of several different firm and industry sources (see the Data
Appendix for a full description). The primary database is a panel
of all British manufacturing firms who were listed on the London
Stock Exchange for at least five continuous years between 1976
and 1982. Industrial data at the two- and three-digit level were
matched to this based on the firm’s principal operating industry.
Finally, the accounts were matched to information on innovations
using the SPRU (Science Policy Research Unit) database. The
SPRU database details over 4300 innovations that were first
commercialized in the United Kingdom since World War II. The
data were compiled in three waves over a period of fifteen years
by interviewing a large number of experts from trade, science,
and industry. The definition of innovation was “the successful
commercial introduction of new or improved products, processes
and materials introduced in Britain between 1945 and 1983.” To
qualify, an innovation had to be both technologically important
and commercially successful. The companies were then con-
tacted, and further economic and technical information gathered
(see Data Appendix). The SPRU data are used extensively by
U. K. economists specializing in innovation. An important finding
from earlier econometric research is that SPRU innovations are
associated with significant increases in firm rents. For example,

5. An example of such a mode! for an industry with vertically differentiated
products and firm-specific bargaining is given in Van Reenen [1994].
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Geroski, Machin, and Van Reenen [1993] calculated that, in the
long run, profit margins rose by about 6.2 percent relative to the
mean after a SPRU innovation.

There are several noteworthy features of this innovation
head-count measure. First, unlike total factor productivity, it is
not a measure of diffusion. This is appropriate for this study as
we are interested in examining rents from innovation, and it
seems unlikely that a firm which merely purchases a new piece
of technology “off the shelf” appropriates significant economic
profits. Of course, one would also like to know who were the sec-
ond and third users of the innovation, as the first user may not
be the major beneficiary,® but this information was not available.
Second, these are large and important breakthroughs and are
therefore relatively rare. The majority of firms in the sample did
not innovate (75 percent), and of those who did most only com-
mercialized one or two innovations in the sample period. Patents,
by contrast, are more common but generally of very low economic
value: there are many duds and a few bonanzas (e.g., Pakes
[1986]). Finally, the innovations are best viewed as outputs from
a knowledge production function into which R&D is an input. It
is knowledge outputs that should be the primary source of rents
for a firm rather than inputs. R&D information also has the prac-
tical disadvantage that many smaller firms claim to do no formal
R&D (even though they often innovate). This is a particular prob-
lem in Britain since before 1989 firms were not obliged to report
their R&D expenditures. Innovation head counts have been fruit-
fully used in many empirical U. S. studies (for example, Acs and
Audretsch [1988]).

For every firm there is a count of the number of innovations
it produced per year and also its entire innovative history back
to 1945 (INNOV). Thus, even though the sample period for which
wage information is available is short (from 1976), it is possible
to use long lags of the innovation measure. The entire SPRU da-
tabase was aggregated to the two-digit industry level to get a
measure of the number of innovations produced in the firm’s in-
dustry (IPI).

6. The story of the CAT scanner is classical (There is a full account in
Dell’Osso [1990]1). EMI, a British company, first commercialized the body scanner
which is one of the most radical medical innovations in the postwar period (its
inventors won the Nobel prize in 1979). But EMI actually realized a huge overall
loss on the Scanner (over $40m between 1977-1979). It was the technological
followers General Electric and Ohio Nuclear who realized the greatest profit
gains.



THE CREATION AND CAPTURE OF RENTS 201

The wage is the average real remuneration of U. K. workers
in the company. This contains several potential biases such as
the fact that different groups of workers (e.g., skilled/unskilled)
cannot be distinguished.” It is necessary to assume that these dif-
ferences are relatively stable over time and are captured in a
company-specific effect (see below for some further discussion).

After cleaning and discarding firms with less than five con-
tinuous time series observations, 598 firms are left in the sample
between 1976-1982. Table I contains some descriptive statistics
on the main variables. Breaking down the sample into those
firms who ever innovated (149 firms) against those who never
innovated (449 firms) shows that average wages are about 12 per-
cent higher for innovating firms. Innovating firms also have more
employees, higher market shares, and more patents, and are lo-
cated in technologically advanced industries (with higher average
number of industry innovations and R&D intensities).®

IV. EcCONOMETRIC MODELING STRATEGY

The theoretical discussion suggests a reduced-form model for
wages of the form (subscripts denote partial derivatives),

(6) W=WWsD, W,>0,W >0,W >0,

where (to reiterate) W = the alternative wage, s = relative union
power, and I = an index of relative innovations. To econometri-
cally implement (6), there are several immediate problems to be
dealt with. First, there are many unobservables that must be pro-
xied. The SPRU innovation head count is used to measure I. Of
course, what matters is not just the number of innovations pro-
duced by a firm (ZJNNOV), but also the innovative behavior of its
rivals, so controls for the numbers of innovations produced (IPI)
and industry R&D intensity (R&D) in the firm’s main industry
are likely to be important.® Since innovation is an inherently dy-
namic process, one would not expect the entire effect to be in the

7. Other problems include the fact that the bargaining year and calendar
year do not coincide and that we have no information on hours.

8. The industry wage appears slightly higher than expected in these tables.
This is primarily due to the fact that employers’ payroll taxes are included in the
industry wage reported in the Census of Production, whereas the firm wage does
not include this tax.

9. The rivalry effect is likely to be negative on the wage. There may be
within-industry technological spillovers that benefit noninnovators and offsef the
rivalry effect.
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first year that an innovation was commercialized. Previous work
examining the effects of innovation on profitability suggest that
longer lags were needed on the firm level innovation variable
than the industry level technology variables [Geroski, Machin,
and Van Reenen 1993]. This also appeared to be the case in this
exercise, although some experiments concerning the appropriate
lag lengths are discussed in the results section. The alternative
wage is proxied by the average wage (W) and the average unem-
ployment rate (U) in the firm’s industry. Union power is very hard
to observe. The primary strategy is to use the proportion of work-
ers in the industry who are members of labor unions (IDEN-
SITY). The main results are also compared with a sample of firms
where it is known that a union is present (s > 0). The degree of
industry competition is proxied by domestic industrial concentra-
tion (CONC) and import penetration /MPORTS). Finally, previ-
ous wages may operate as a reference level in wage bargains, so
a lagged dependent variable is also included in some specifica-
tions. The general econometric model is

3
(N w,=fi+ow,, + o, + agit, + 2 MINNOV,
1 1 k=0
+ Y wIPIL, , + ¥, (R&D,_,) + « IDENSITY,
k=0 k=0
+ a,CONC,, + o JMPORTS,, + 5,D, + €,

The time dummies D, capture common macroeconomic
shocks, and €, is a serially uncorrelated white noise error term.
Lowercase variables are in natural logarithms. All equations in-
clude f,,, a fixed effect to capture unobserved firm-specific time
invariant factors, such as differences in the alternative wage
faced by workers that are not fully captured by industry wages
and unemployment. Particularly important fixed effects are the
very different technological opportunity and appropriability con-
ditions facing firms [Levin, Klevorick, Nelson, and Winter 1987]
that are hard to proxy by explicit variables.

Estimation of (7) presents well-known difficulties. First dif-
ferencing the equation to control for the presence of fixed effects
causes the lagged dependent variable to become correlated with
the transformed error term. Given only a short panel, it is neces-
sary to instrument lagged wages. The obvious candidate instru-
ment is w,,_, as this will be uncorrelated with A€, in the absence
of serial correlation in the €, process. It is therefore necessary
to test for second-order serial correlation in the first-differenced
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specification and diagnostics are given for this.’* Since we lose
one cross section from differencing and another from using lags
as instruments, the estimating period is 1978-1982.

Firm innovations are not instrumented in the main results
as changes in the number of innovations are taken as predeter-
mined. The innovations measures were chosen precisely because
of their resemblance to a natural experiment. A firm may want to
innovate if there is a favorable demand shock, but in order to do
so investments must be made in the R&D process, and there are
likely to be long gestation lags between searching for new knowl-
edge, discovering it, and finally commercializing it. Since changes
in the number of innovations are rare, lags of innovations will
make poor instruments for current innovations. Nevertheless, to
check for the possibility of endogeneity, we investigated past pat-
enting activity. This measures the stock of inventions that a firm
has available which may, when economic conditions are right, be
actualized in the form of an innovation. Patents by themselves
are unlikely to create substantial rents, so it is not obvious why
they should enter the wage rule directly.’* One of the robustness
checks of our specifications is therefore to use lagged patents and
innovations as instruments for current innovations.

Finally, consider the “structural” wage equation given by
equation (5) or (4). These relate wages directly to rents. Since
innovations themselves have no natural units of measurement,
an alternative is to estimate equations like (5) or (4) and use inno-
vations as an instrument for these rent measures. Previous work
has shown the positive effects of innovation on these measures.
One would expect that the IV estimates would correct for the en-
dogeneity of rents in a wage equation which may cause an under-
estimation of the importance of rent sharing. Instrumentation
will also mitigate the problem of random measurement error
caused by the level of employment entering both the definition of
the wage and the quasi rents per head measures.

Three different measures of rents are considered: quasi
rents, profits per head, and Tobin’s @ (see the Data Appendix for
details). Quasi rents (@R /N) are defined as the difference be-
tween real sales per head and the average industrial wage. This

10. Under the null of no serial correlation, the test statistic should be distrib-
uted as N(0,1) with N degrees of freedom; see Arellano and Bond [1991].

11. Pakes [1986] estimated that the median value of a U. K. patent which
survived for at least five years was only $1,861. This compares with over $3m per
SPRU innovation as estimated by Geroski, Machin, and Van Reenen [1993].
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is the most inclusive definition of rents and follows directly from
equation (5). An alternative is profits per worker which nets out
other costs (such as capital, materials, and the own wage bill).
Both these accounting measures have the disadvantage of being
both static and subject to the vagaries of accounting procedures,
especially profits where economic and accounting rates of depreci-
ation can differ significantly. An alternative market-based mea-
sure of rents is Tobin’s ¢. In the empirical work this is measured
by what is known in the investment literature as tax-adjusted Q.
This is defined as

Qt = ((qt - 1) (pf/pt)),

where pl/p, is the tax-adjusted relative price of investment goods
and g, is essentially the ratio of the stock market’s valuation to
the firm’s equity normalized by the replacement value of the (tan-
gible) capital stock. As a forward-looking measure it has great
advantages as a summary statistic of a firm’s rents’2 (see Salinger
[1984]). It also has the practical advantage of being obtained from
a data source completely different from the company accounts.
Looking again at Table I, innovating firms have higher rents on
all three measures than noninnovators.
The structural wage equation takes the form,

(8)  w,=/fy+ 0w, +0,m, + 0z, + 6 IDENSITY,
+ O,RENTS,, + 5,D, + v,,

and the reduced form for rents is
3 1 1
(9) RENTS, = f, + Y p,INNOV,_, + Y 8,IPI, .+ Y £R&D, ,
k=0 k=0 £=0

+ $,CONC,, + $,IMPORTS,, + b0,
+ b,8, + &IDENSITY, + 5, D, + w,,

27t

where, RENTS = {log(QR/N), I/N or average Q}.

In subsection V.B equation (8) is estimated with the three
different measures of rents. The identification restriction implied
by this is that innovations and market structure do not enter (8)
independently of rents. This interpretation is of course a contest-
able one, and alternative explanations based on skill upgrading
and supply frictions are examined in subsection II1.C.

In addition to the serial correlation tests, two sorts of instru-

12. @ may also pick up other things such as systematic risk.
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ment validity tests are presented to test (a) the exogeneity of the
instruments and (b) the degree to which the excluded instru-
ments predict movements of the rents variables. First, a Sargan
test of the overidentifying restrictions (¢f. Sargan [1958] and
Hansen [1982]) is constructed by calculating the correlation of
the residuals with the instrument matrix. Under the null the in-
struments should be uncorrelated with the residuals and exogen-
eity of the instruments should not be rejected. Second, an F-test
of the joint significance of the excluded instruments in the first-
stage regression is given (where H;: 32_ p, =21 9, =31 & =
¢, = &, = 0). These correspond to the order and rank conditions
for identification.

V. RESuLTS

A. Wages and Innovation

Table II gives the basic results for the sample of 598 firms.
All the variables are transformed into first differences to sweep
out individual firm effects. Column (1) contains the simplest
static specification. The controls for the alternative wage (indus-
try wages and unemployment) enter with their expected signs,
although only industry unemployment is significant at conven-
tional levels. The industry union density term is insignificant and
incorrectly signed. Rival innovations and R&D spending tend to
have a negative effect on wages, possibly because greater innova-
tion by competitors reduces relative advantage in the product
market.’® Turning to the main variables of interest, the firm level
innovation terms enter positively and are jointly significant
(x%(4) = 9.704).* Lags longer than three are not individually sig-
nificant, but if lags of innovation up to -8 are included, an inter-
esting picture emerges. Figure I plots out the coefficients and the
impulse response of log wages over time to a single innovation.1s
Innovations attract positive coefficients for four years, after

13. Another definition of industry innovations, the number of innovations
first used in the firm’s industry, was also included. Many innovations were used
and produced in different industries. It was always completely insignificant.

14. The x%(8) of the joint significance of all the innovation terms (firm innova-
tions, industry innovations, and industry R&D) is 20.44.

15. The actual equation for the simulation is

w,, = 0.0038innov, + 0.0023innov,_, + 0.0043innov,_, + 0.0036innov,_,
= 0.0056irnnov,_, — 0.0003irnnov,_, — 0.0049innov, s — 0.0003innov,_,
— 0.0048innov,_, ~ 0.0006IPI, — 0.00011IPI,_,.
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02 7

o1 cumulative wage increase

-0t coefficient

-02 7

-03 7|

time
Ficure 1

Impulse Response Function

This is the simulated response to a single innovation (for a firm with initially
zero innovations at time 0). The model allows effects from ¢ to £-8 and contains all
the controls of Table II, column (2).

which time the coefficients become negative. Although these
longer lags are imprecisely estimated,’® the pattern is consistent
with a process where innovations create rents for several years,
but imitation and entry eventually drive wages back to their pre-
innovative levels. Similar long dynamics could not be discerned
in the industry innovation variables: the main rivalry effect ap-
pears to be contemporaneous.

Column (2) includes industry concentration and import pene-
tration. Contrary to the usual theoretical expectations, but in line
with many other empirical studies (e.g., Stewart [1983]), concen-
tration enters with a negative and (weakly) significant effect.
This may be because the effects of collusion are theoretically am-
biguous [Dowrick 1989], or it may be because concentration is a
poor measure of industrial competition. Column (3) includes the
(instrumented) lagged wage. It is significant and improves the
second-order serial correlation test (the static specifications of no

16. A similar pattern of an initial rise and then a subsequent fall to zero
could be discerned when the lag structure was restricted to be a third-order poly-
nomial distributed (Almon) lag. The higher order lags were still rather poorly
determined, however,
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serial correlation in columns (1) and (2) rejected the null of no
serial correlation at the 10 percent significance level). Neverthe-
less, the innovations effects are unchanged.

A common Schumpeterian belief, and one supported in this
data set [Blundell, Griffith, and Van Reenen 1995b], is that firms
with higher market shares tend to innovate more (see Ra-
venscraft’s [1983] study of U. S. line of business data for an ex-
ample of market share as a source of profits). Could the
innovation effect be merely a sign of high market share? Column
(4) includes market share, which enters with a positive and
(weakly) significant coefficient. The innovation effects are, if any-
thing, slightly larger. This surprising result suggests that the
main effect of innovation is to raise the value/profitability of the
firm rather than to increase market share.l” Similarly, when the
capital-labor ratio—a common proxy for embodied technical
change—is included in column (5), it enters significantly but
without denting the innovations effects.!8

The model outlined in Section IT suggested that product inno-
vations may have a larger impact on wages. Separating process
from product innovations is no easy task, but the data do allow a
distinction between innovations that were first used in the firm’s
main industry and others that were first used in a different two-
digit industry. If the latter are taken to be product innovations
(as recommended by the data collectors in Pavitt, Robson, and
Townsend [1987]), then it appears that about 75 percent of the
innovations are in products (see Table I). Unfortunately, when
allowed to take a separate coefficient, these were always
insignificant.

Many other experiments were attempted to check the ro-
bustness of our findings. If fixed effects were not important, then
it would be more efficient to estimate the models in levels. When
this was done, however, the lagged dependent variable com-
pletely dominated, suggesting the presence of unobserved hetero-
geneity. Nevertheless, the innovation terms remained significant

17. Separate estimates of the effect of innovation on market share and sales
growt}husing this data set suggest that the effect of innovations on market share
is small.

18. These last two firm level variables are likely to be endogenous, so the
equations were rerun instrumenting each with its own lags using a GMM estima-
tor. This raised the coefficients and standard errors on market share to 0.365
(0.284) and reduced the effect of capital intensity in column (5). The effects of firm
innovation were practically unaltered (for example, the coefficients were 0.0051,
0.(1)028, ?.()))063, and 0.0062 on current innovation and lags in the GMM version of
column (5)).
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and slightly larger than in the fixed effects specifications.'® Drop-
ping all the industry level variables in favor of industry-specific
time trends increased the effects of innovation (0.0088 (0.0035)
on innov,). Replacing industry unemployment and time dummies
with aggregate unemployment made little difference (the elastic-
ity of wages with respect to aggregate unemployment was
—0.057(0.009)). Using the levels of innovation instead of the dif-
ferences in innovation led to poorly determined results (all firm
innovations were insignificant). Rerunning the preferred specifi-
cation on a balanced panel to check for attrition bias yielded re-
sults similar to the unbalanced sample.

One particular worry was that the innovations measures
may not be exogenous. It is possible that expected demand condi-
tions will cause a firm to bring forward the date of commercializa-
tion of an innovation and simultaneously raise average wages.
Patenting activity is one of the few variables that appears to be
significantly correlated with changes in firm innovations. Column
(3) of Table II was reestimated using lagged own patents as in-
struments for innovations.? The results produced no evidence
that the coefficients on innovation were significantly biased up-
ward by treating them as predetermined. For example, the point
effect of current innovations is slightly increased (from 0.0055 to
0.0074), but to no significant extent. This implies that our main-
tained assumption that changes in innovation counts can be
treated as predetermined does not appear unreasonable.

Finally, it should be noted that the model presented in Sec-
tion II relates to the union sector, but the data underlying the
analysis contain both unionized and nonunionized firms. To some
extent, this is justified in the U. K. context because industry
union density was about 70 percent in the sample and coverage
was even higher. Nevertheless, it was possible for a subset of
firms in the sample to establish whether there was a union recog-
nized for the purposes of wage bargaining.?* All the regressions
in Table II were rerun on the smaller sample of 154 unionized
firms and compared with the results from the full sample. The

19. Coefficients and standard errors on lagged wages were 0.9617 (0.0072).

The effect of current innovations was 0.0065 (0.0028).
d20. The estimation was by GMM and lags of patents £-3 and before were
used.

21. The union information was based on three separate surveys which asked
the question whether there was a union recognized for wage bargaining in any
part of the company. There were 27 firms where it was clear that there were no
unions present, but there were too few innovations in this sample to conduct a
separate analysis of these nonunion firms.
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TABLE III
SuMMARY OF RESULTS FROM STRUCTURAL WAGE EQUATIONS
log (QR/N) I/N Average @

(1) Static OLS 0.1137 0.0059 0.0013
0.0227 0.0024 0.0014

(2) Static IV 0.2886 0.0537 0.0379
0.0886 0.0228 0.0206

(8) Dynamic IV 0.2191 0.0479 0.0325
0.0836 0.0218 0.0211

(4) Dynamic IV 0.2239 0.0489 0.0342
restricted instruments 0.0842 0.0227 0.0225

These are the coefficients on rents terms, and full specifications are in Appendices 2—4.
Quasi rents are in log differences, and profits per worker and average @ are in first differences.

qualitative findings from the union sample were similar to the
larger sample: the innovation effects were robust and jointly sig-
nificant in all specifications. However, the quantitative impact of
innovation and market share appeared to be larger in the union
sample than in the full sample. For example, the impact effect of
innovation in the equivalent of column (2) was 0.0088 (0.0024).
This could be interpreted to mean that rent-sharing is stronger
in the union sector, but it may be that there is some other kind
of response heterogeneity in the union subsample (they tend to
be larger, more capital-intensive firms).

To sum up, the central estimates imply that an innovation
significantly raises wages by about 2 percent after four years. But
what does such a figure mean when there are no obvious units of
normalization for an innovation? To deal with this, it is necessary
to estimate the “structural” wage equation and use innovations
and market structure (import penetration and concentration) as
instruments for rents. A summary of the results is given in Table
III, and the underlying equations are in Appendices 2—4.

B. Wages and Rents

The first rents measure in column (1) of Table III is log quasi
rents constructed as the difference between real sales per worker
and the average industry wage. Row (1) provides first a static
OLS estimate in column (1), this is then instrumented in row (2)
by innovations at the firm and industry level, industry R&D, im-
ports, and concentration. The coefficient more than doubles from
0.114 to 0.283. This conclusion is robust to controls for dynamics
in row (3) which adds the lagged wage. Row (4) drops current and
lagged innovations in period (£ - 1) in case they are endogenous.
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The coefficient is still robust, which is not surprising, as the
strongest effect from the reduced-form wage equations came
through innovations lagged two periods in Table II. To check that
it is the innovation terms that are driving the result and not sim-
ply the market structure terms, concentration and import pene-
tration were dropped from the instrument set. In the static IV
case the coefficient on log(quasi rents) rose to 0.330, and the stan-
dard error rose to 0.122. Going even farther and dropping the
industry R&D variables from the instrument set lead to an elas-
ticity of 0.325 with a standard error of 0.157. Clearly, the extra
instruments improve the efficiency of the estimate of the elastic-
ity without substantially affecting the point estimate.

Column (2) holds the comparable results for profits per
worker. This variable has the advantage that it controls for all
costs (materials, capital, etc.), but the disadvantage that it is
negatively related to wages by construction. The estimates imply
that there is even more of a severe endogeneity bias than for
quasi rents: OLS estimates are different from the IV estimates
by a factor of ten. It is very reassuring that the estimates of the
elasticity of wages with respect to per capita profits from the IV
results are similar to those using quasi rents. Evaluating the
static IV specification at average profit per head (3.946), the elas-
ticity is 0.212 which compares with 0.289 for quasi rents.

The final estimates are for average @. This has the advan-
tage that it is a forward-looking measure and less subject to ac-
counting biases than profits. Missing values on the replacement
value of the capital stock and the tax variables needed to con-
struct @ cause the sample size to fall to 497 firms. Column (3)
shows that the OLS point estimates are positive but insignificant.
The IV estimates, by contrast, are much larger and significant at
the 10 percent level. Changes in stock market values are notori-
ously volatile for reasons unconnected to economic fundamentals
and the imprecision of the estimates reflects some of this mea-
surement error. Given this, it is surprising that the picture which
emerges from all these rents measures tell a remarkably consis-
tent story.2?

The diagnostics appear, in general, to be satisfactory (see Ap-
pendices 2—4). First, there is no evidence of serial correlation in
the dynamic models implying that lagged wages can be used as
instruments. Second, the Sargan test fails to reject the null of

22. A Hausman test of the rents term in the static IV result (row (2)) gave
x3(1) of 4.17, 4.44, and 3.16 for quasi rents, profits, and , respectively.
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instrument exogeneity in every specification. This implies that
subsets of the instrument matrix should be insignificant when
included in the structural wage equation. This was indeed the
case: including all eight innovation terms in the static IV equa-
tion for quasi rents gave a x%8) of 8.913.2 Finally, the excluded
instruments all appear to be significant predictors of quasi rents
and average @ (p-values 0.000 and 0.003, respectively). They do
less well for profits per head (p-value = 0.139), a problem that
appears to be related to the fact that profits are extremely procy-
clical and time dummies appear to severely reduce the explana-
tory power of the instruments. Note, however, that the finite
sample bias from the low correlation of instruments should lead
the IV results to be biased toward the OLS estimates [Bekker
1994]. The IV results are always significantly higher than their
OLS equivalents implying that this bias may not be too severe.

As a check on the functional form assumptions, higher order
terms of the rents measures were included in the models. These
were never found to be significant. For example, squared terms
in the static IV specification for quasi rents took coefficients
(standard errors) of 0.0495 (0.0463).

How do these results match up to other estimates? In fact,
they are very comparable to the findings of Abowd and Lemieux
[1993] for Canadian contract data.?* Their specification including
year dummies and a lagged dependent variable (their Table IV,
column 6) yielded a point estimate of 0.253, which is equivalent
to an elasticity of 0.258 at sample means. The equivalent num-
bers from Table III is 0.225. The results presented here may be
more reliable as Abowd and Lemieux’s year effects drove their
quasi rents term into insignificance. This is probably because the
instrument they use does not vary between firms in the same
industry. Consequently, there is no within-industry variance to
identify the firm-specific rents terms. The innovation measures,
by contrast, have a firm-specific and industry-specific component
and are robust to inclusion of time dummies and lagged wages.

Compared with other work on wages and profits per head,
the estimates here are on the high side. Blanchflower, Oswald,
and Sanfrey [1994], Hildreth and Oswald [1993], Denny and

23. Including just the four firm innovation terms gave x%4) = 4.27. When
only the current firm innovation is included, it enters with a coefficient of 0.0025
and a standard error of 0.0024.

24. An estimate of the elasticity between wages and quasi rents of 0.3 has
also been found by Estavao and Tevlin [1994] for the United States using instru-
ments based on the input-output approach pioneered by Shea [1993].
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Machin [1991], and Christofides and Oswald [1992] all find low
elasticities: a central estimate of 0.04 is not uncommon. One in-
terpretation of these results is that the authors have failed to
control adequately for the endogeneity of rents. Sometimes, they
have used lags of profitability and estimated without controlling
for endogeneity. The procedure is, strictly speaking, a misspecifi-
cation if the bargain is over current rather than past rents. Alter-
natively, lags of profitability have been used as instruments for
current profitability. This is also problematic if there is only a
weak correlation between the endogenous variable (e.g., the
growth of profits) and it lags. It is well-known that finite sample
bias can be severe in these cases (see Bound, Jaeger, and Regina
[1993] for a recent discussion of this). The view of this paper is
that what is needed is an external instrument.

C. Alternative Explanations of the Wage-Innovation Relationship

Innovations appear to increase average firm wages. This fact
has been interpreted as due to a sharing in the quasi rents from
innovation between firms and workers. Yet there are rival stories.
One alternative explanation of the wage-innovation relationship
is that it may be driven by frictions in labor supply. Supply fric-
tions may mean that the firm has to raise wages to attract more
workers. Notice that this theoretical argument is very different
from the perfectly competitive approach which assumes that the
supply curve facing a firm is horizontal. There is a form of rent-
sharing occurring, but it is a distinct mechanism from the bar-
gaining approach described above and is akin to firms having
short-run monopsony power. It may seem unlikely that firms
have to keep paying above market wages for four years as the
central estimates suggest, but separate estimates of the employ-
ment effects of SPRU innovations do indicate some long dynamics
in employment adjustment.

A direct test of the labor supply story is to include employ-
ment terms directly into the structural wage equations and run
a head-to-head test of quasi rents against employment. If the es-
timated wage equations are actually upward sloping labor supply
curves, then the employment terms should enter positively and
strongly and the quasi-rent terms should be driven to zero. Em-
ployment needs to be instrumented, of course, as OLS estimates
will reflect the labor demand relationship as well as the labor
supply relationship. In addition to the innovation and market
structure variables, employment levels in ¢ - 2 are included in the
instrument matrix.
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TABLE IV
WAGES AND INNOVATION: RENTS OR SUPPLY FRICTIONS?
log (QR/N) log N

(1) Static OLS 0.1088 —0.0226
0.0231 0.0228

(2) Static IV 0.2933 0.1373
0.0923 0.0978

(3) Dynamic IV 0.2409 0.1329
0.0955 0.0804

(4) Dynamic IV 0.2479 0.1408
restricted instruments 0.0956 0.1043

These are the coefficients on quasi rents and employment in specifications identical to Table IIL; both
variables are in log differences.
Rows (2)~(4) instrument A log N, with log N,_,, and row (1) has no instruments.

Table IV contains a summary of the relevant results. The
first row contains the static OLS specification where employ-
ment, as expected, enters negatively, reflecting the endogeneity
of employment. In the second row the IV results do indeed reveal
a positive relationship between wages and employment, but it is
far from conventional levels of significance. More importantly, the
estimated effects of quasi rents on wages remains strongly sig-
nificant with a point estimate almost identical to that of the pre-
vious table. The dynamic specifications of the final two rows do
nothing to alter this conclusion.? Although it is difficult to cleanly
separate the predictions of a bargaining model of rent-sharing
from one based on supply frictions, the evidence here gives mod-
erately more support to the bargaining model.

A second interpretation of the wage-innovation relationship
is that innovations cause the firm to upgrade the average quality
of the workforce. Data on human capital are unavailable at the
firm level, so a direct test of this hypothesis is impossible. Some
indirect evidence can be used to consider the magnitude of the
skill-upgradings effect by using industry-level data that distin-
guish between production and nonproduction workers. Machin
[1995] has used the methodology of Berman, Bound, and Gril-
iches [1994] to examine the degree of skill upgrading in British
manufacturing industries. After corroborating the U. S. finding
that the majority of skill upgrading in the 1970s and 1980s was

25. Replacing the first difference of employment by its second difference (to
reflect the fact that employment effects on the wage are only short run) made
little difference. The variable was always insignificant. Dropping the lagged em-
ployment term as an instrument also produced results similar to Table IV.
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within rather than between industries, he relates SPRU innova-
tions to the change in employment shares of nonproduction work-
ers between 1980-1985 (a similar time period to the study
conducted here). On these estimates a SPRU innovation is sig-
nificantly associated with increases in the proportion of nonpro-
duction workers, but with a tiny point estimate (0.0000092).
Assuming that all the effect on average wages comes through this
skill upgrading, and using industry wages and employment pro-
portions in 1980, this implies that a SPRU innovation will raise
average wages by only 0.00015 percent. This is a minute fraction
of the impact effect estimated in Table II (0.55 percent). These
calculations are obviously crude as there may be upgrading
within the broad skill categories and the effects of innovation at
firm level may be much larger. Nevertheless, the estimates are
very small. One reason why the magnitude of innovation effects
on skill composition may be small is that so many of the SPRU
innovations appear to be in products rather than in processes.

VI. CONCLUSIONS

This paper has used a unique data set to examine the rela-
tionship between wages and innovation. Average wages in a firm
increase as a result of innovation peaking at three-four years
after the commercialization date. Rival innovation, by contrast,
appears to depress own wages. This effect is robust to controls for
fixed effects, endogeneity, and market structure. The picture is
consistent with a rent-sharing model of wages and suggests that
innovation may be a good instrument for economic rents. Evi-
dence is produced suggesting that OLS estimates of rent sharing
are severely biased downward across three different measures of
rents. The true elasticity between wages and quasi rents is on
the order of 0.2 to 0.3, an estimate similar to recent work by
Abowd and Lemieux [1993]. This suggests substantial amounts
of rent-sharing in the U. K. economy. There are alternative inter-
pretations of the wage-innovation relationship based on theories
unrelated to bargaining. Supply frictions and skill biased techni-
cal change were also considered alternative possibilities, but
were argued to be less persuasive than the rents-based story.
Clearly, confirmation of this will have to await the development
of superior databases that contain more details about the
changes of human capital within firms and over time.

On one level these results may seem quite surprising. There
have been large increases in wage inequality in recent years that
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many researchers have linked to technological change. If the ef-
fect of technology on wages is mediated through the rent-
extracting activities of trade unions, one would have expected to
find that highly unionized countries would have experienced a
greater growth in wage dispersion than the Anglo-American
countries where unions were being weakened. In fact, quite the
opposite has occurred. The answer to this puzzle lies in the na-
ture of what is meant by “technology.” In the discussion over
wage structure the argument is that the diffusion of particular
types of new technology—in particular computers—has meant
that modern production processes are more ability-sensitive than
earlier waves and so reward high-skill individuals relatively
more. The SPRU innovations considered here are quite different
as they relate to the first commercialization of major break-
throughs. For example, it is unlikely that the purchase of a new
computer generates substantial rents to a company, although the
first firm to commercialize the next generation of microchips will
certainly stand to make great gains. Thus, the results presented
here may bear more on the structure of wages rather than on the
recent changes in that structure.

One implication from this work is that workers tax innova-
tion. This raises the question of whether R&D investment and
growth is depressed by rent-sharing. As pointed out in the intro-
duction, this is a long-standing fear. The distortionary effect may
be overwhelmed by the higher productivity engendered by offer-
ing “fair shares” in the technological plunder through, for ex-
ample, efficiency wage considerations. Tracing these effects
through should be an important part of the future research on
innovation and labor markets.

DaTta APPENDIX

The database combines several company data sets together
with industry and aggregate information. The firm sources in-
clude the following.

1. Firm accounts from the DATASTREAM on-line service and
EXSTAT records of company accounts between 1968 and 1986.
These are basically populations of all firms listed on the London
Stock Exchange. Firms who had fewer than five continuous time
series observations, whose principal operating industry (defined
by sales) was outside manufacturing, or who were involved in
large-scale merger activity were removed from the sample.

2. The Science Policy Research Unit’s innovations database.



THE CREATION AND CAPTURE OF RENTS 219

This consists of 4378 major innovations defined as “the successful
commercial introduction of new or improved products, processes
and materials introduced in Britain” between 1945 and 1983. The
aggregate innovations data display discernible peaks and troughs
at roughly five-year intervals. There is a sharp fall in 1983 which
appears to be due to the fact that the survey was conducted mid-
year (there were similar single year drops in the previous two
waves in 1970 and 1980). Consequently, 1983 was dropped. The
distribution of innovations across time appears broadly stable
with the bulk concentrated in four two-digit industries—mechan-
ical engineering, electrical engineering, vehicles, and chemicals.
Innovations were identified by “innovating unit” which were par-
ented using Dun and Bradstreet’s Who Owns Who from various
years. When matched to firm accounts, we managed to capture
about a third of all the innovations in the SPRU dataset between
1976-1982. The reminder mainly accrue to smaller firms who are
not on the Stock Exchange. Examples of innovations include tur-
bomolecular pumps, an aphicide for pest control, Interforen, solar
glass windows, photochromatic glass, and superplastic furniture.

The data have been used extensively by U. K. researchers,
and a full bibliography is contained in Geroski [1994]. The data
itself are lodged at the ESRC Data Archive at the University of
Essex and are described in great length in Robson, Townsend,
and Pavitt [1988].

3. Patents granted to U. K. firms by the U. S. patents office
between 1969 and 1988. The decision to use U. S. patents rather
than U. K. patents was in order to screen out the numerous very
low value patents taken out each year. These were also parented
and matched in the same way as the innovations data using the
company name. This task was accomplished by Chris Walters
from the London Business School.

After cleaning, 598 firms are left between 1976 and 1982.
The balance of the panel was as follows: 25 firms with five years
of data, 303 with six years of data, and 270 with seven years of
data. Details of the means, standard deviation, and sources of all
variables are in Table I and Appendix 1.

IPI. Total number of innovation in the firm’s two-digit indus-
try (including the firm’s own innovations). Constructed from the
entire SPRU population.

Wages. Total U. K. remuneration divided by total U. K. em-
ployment. This is exclusive of employers’ payroll taxes (employ-
ers’ National Insurance contribution). Until July 1982 companies
were required to disclose the number of U. K. employees and re-
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muneration. As of this date, the requirement was for group totals
only (which includes overseas employment). In all cases the U. K.
figure was used. This is another reason for stopping the sample
in 1982.

Employment. Total number of U. K. employees.

Unemployment U. Average industry Unemployment rate.

Industry Wage W. Average industry wage (inclusive of pay-
roll tax).

Capital. Historic cost of land/building, plant/machinery, and
other fixed assets deflated by an investment goods price index.

Profits. Profits derived from normal trading activities before
deductions for tax and operating provisions but after deprecia-
tion. It is deflated by an aggregate product price index.

Quasi Rents. Sales (deflated by aggregate producer prices)
divided by employment and net of the real industry wage.

Tax-Adjusted Average . This is essentially the normalized
value of the ratio of market value divided by the replacement
value of the capital stock (Tobin’s ¢ under constant returns to
scale):

pil—-n)

= —_ 1 ,
Qt (qt )pt(l - Tt)

where pl/p, is an aggregate investment price deflator relative to
the aggregate GDP deflator, n, are investment allowances, and T,
is the corporation tax rate,

___V,-A+H,
(1 - 9dpi1l — nk, ,

where V, is the stock market value that was calculated by match-
ing firms to share price information from the London Share Price
Database. Monthly observations (last trading day) were used on
share prices for each company, constructing an average for the
three months at the end of the accounting year. This average
price is multiplied by the total number of outstanding shares to
obtain market value. The replacement value of the capital stock,
k, was calculated using perpetual inventory methods with 1968
historic costs values as the base year. Different depreciation
rates, 3, were allowed for land/buildings (2.5 percent) compared
with plant/machinery (8.19 percent). H, is the present value of
debt, and A, the present value of depreciation allowances. See
Blundell, Bond, Devereux, and Schiantarelli [1992] for more
details.

UNIVERSITY COLLEGE LONDON AND INSTITUTE FOR FISCAL STUDIES

q,
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APPENDIX 1: SOURCES OF VARIABLES®

Mnemonic Source Mean Standard dev.
w Datastream Item 214, Exstat Code 16 6.4390 1.4763
N Datastream Item 216, Exstat Code 15 5.0310 12.9433
MS Datastream Items 104, Exstat Code

31, Census® 0.0278 0.0710
INNOV SPRU 0.0574 0.3409
INNOV{(prod) SPRU 0.0420 0.2780
PATENTS U. S. Patent Office 1.2181 9.4998
w Census of Production PA1002 6.9410 1.3153
U Annual Abstract of Statistics 0.0672 0.0358
IDENSITY  Price and Bain [1983] 0.6950 0.1274
KIN Datastream Items 327,328,329,216 373.842 1546.497
IPI SPRU 9.2365 14.0900
R&D Business Monitor MO14 0.0121 0.0200
CONC Census of Production PA1002 0.4061 0.1799
IMPORTS Business Monitor MQ12 0.1927 0.1704
I/N Datastream Items 135,216 3.9463 3.7862
QR/IN Datastream Items 104, 216; Census 38.456 54.739
Average @ London Share Price Dataset —0.3362 1.237

a. All numbers are in £1000s in 1985 prices unless otherwise specified. Sample is all 3833 observations
between 1976-1982.
b. Census = All Production Census of Production.
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