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Using data from electric utilities, this study shows that spending on well-dcngned
regulations has a positive productivity impact but that spending on less

regulations has a negative effoct. Better-designed regulations are flexible and grant
firms latitude on how to meet goals, allow them time to deploy new means to meet
goals, and set ambitious goals that stretch them beyond current practices.

Many scholars have noted that there are both
positive and negative aspects to the growing legal
regulation of organizational processes and struc-
ture (Sitkin & Bies, 1994). Although impersonal
legal norms may be at odds with the efficient utili-
zation of resources (Albrow, 1970), if well designed
(March & Olsen, 1989) these rules can have both
quantitatively and qualitatively different results.
Theory and empirical study need to be developed.
The question of how to improve the design of reg-
ulations is an important one. The United States, for
instance, spends approximately $100 billion a year
on environmental regulations alone (Jaffe, Peter-
son, Portney, & Stavins, 1995; Rutledge & Vogan,
1994).

Since 1970, when the modern environmental
movement was born with the enactment of the U.S.
Clean Air Act, the nation has spent over $1 trillion.
Yet theory (Pethig, 1975; Yohe, 1979) and industry-
level empirical studies (Barbera & McConnell,
1990; Gollop & Roberts, 1983; Gray, 1987; Jaffe et
al., 1995) conducted by economists show that high
levels of environmental spending can lead to a
decline in productivity. Conversely, business strat-
egists (Hart, 1995; Porter, 1991; Porter & van der
Linde, 1995a, 1995b; Shrivastava, 1995) have stated
that spending on environmental regulations may
induce firms to utilize alternative operational pro-
cesses and enhance productivity. On the basis of
case studies (Berube, Nash, Maxwell, & Ehrenfield,
1992; Parkinson, 1990), business strategists have
concluded that well-designed environmental rules
and regulations can increase a firm’s competitive-
ness. This view has found sympathy with environ-
mentalists like Albert Gore (Gore, 1992) and jour-
nalists such as Cairncross (1991).

The goal that motivated this study was to deter-
mine the effects of different kinds of regulations.
We aimed to transcend the debate between the
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economists and the strategists. Both groups hold
that with improvements in regulatory design, the
positive effects of spending on environmental reg-
ulations will go up. The criteria for well-designed
regulations include flexible approaches that focus
on outcomes and not technologies (Porter & van der
Linde, 1995b). Such regulations stretch firms to go
beyond what they are currently doing. They create
incentives for innovation. They give firms the time
to develop and implement new technologies. Deci-
sion making is in the hands of firms as opposed to
the government. Both the strategists and the econ-
omists are critical of aspects of the Clean Air and
Clean Water Acts that require changes in produc-
tion technology based on government-established
“best available technology” (BAT) standards. These
regulations fail to give firms sufficient decision-
making flexibility.

This article shows that spending on different types
of regulations affects productivity differently. Electric
utilities are the setting for this study because they are
major polluters whose activities are heavily con-
trolled. Productivity is a critical indicator of compet-
itive advantage (Banker, Chang, & Majumdar, 1996;
Hall & Winsten, 1959; Majumdar, 1998) and is this
article’s focus. To establish new directions for re-
search and theory, we evaluate the relationship be-
tween utilities’ expenditures on different categories
of regulation and their productivity.

THEORY AND HYPOTHESES
Views on Environmental Spending

A negative impact. Spending on environmental
regulations has a negative effect (Jaffe et al., 1995)
because firms, changing their operations in re-
sponse to environmental regulations, introduce
less efficient processes. High-quality environmen-
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tal inputs are in short supply and drawn from the
same pool as inputs used for more productive ends.
Using inputs in environmental projects results in
their withdrawal from more rewarding efforts
(Gray, 1987). The evidence on whether mandated
pollution control investments crowd out invest-
ments in more productive plant, however, is mixed
(Rose. 1983). Other arguments are that because pol-
lution control regulations conform to engineering
rather than business standards (Wells, 1973), they
induce unnecessary capital investments and pre-
vent good siting decisions. Many environmental
regulations also exempt older plant and equipment.
penalizing newer-generation equipment and dis-
couraging investments that could reap efficiency
gains. Lengthy permit-acquiring processes add to
the inefficiency (Barbera & McConnell, 1990).

The alternative view. The idea that expendi-
tures on environmental regulations positively af-
fect firm efficiency is revisionist (Jaffe et al., 1995).
This argument is that pollution, like quality de-
fects. reveals inefficient use of inputs and flaws in
product design and production. Regulation-
induced spending helps improve production and
root out these inefficiencies (King, 1994). The in-
vestments lower the costs of raw materials and
their handling and conversion. They increase the
value of products by raising their quality and re-
quiring that end users spend less on disposal. The
efforts undertaken to minimize pollution spawn
changes throughout a firm (Porter, 1991; Porter &
van der Linde, 1995a, 1995b). Firms in jurisdic-
tions with more ambitious goals. therefore, are
likely to innovate more than firms in jurisdictions
with less ambitious goals (Porter & van der Linde.
1995b). In a world where these goals are constantly
rising, firms in the more progressive jurisdictions
should be able to achieve first mover advantage.

The advantages of flexible regulation. If regu-
lations allow ample implementation time and im-
pose challenging performance goals, they can cre-
ate pressures for efficiency (Majumdar, 1997; Porter
& van der Linde, 1995a). Without adequate time,
however, it is difficult to develop new means and
to phase in new technologies and, without chal-
lenging goals, competitive advantage benchmarks
do not exist. Economists and strategists, therefore,
agree that although spending on less flexible regu-
lation retards productivity. spending on more flex-
ible regulation enhances it. The more that choices
are exercised within a situation of constraints, the
better the results are likely to be (Marcus, 1988). If
implementers can customize external demands,
then productivity is likely to go up. Implementa-
tion of rules and regulations will be with the spirit
and not just with the letter of the law.

More flexible approaches to regulation have
many advantages. (Bourgeois & Brodwin, 1984). A
body of research (Beyer & Trice, 1978; Marcus,
1988; Strebel, 1987) shows that allowing firms flex-
ibility enhances performance because entrepre-
neurship and risk taking are stimulated. On the
other hand, excessive procedures and a rule-
centered culture stifle innovation (Eisenhardt,
1989). More flexible approaches allow implement-
ers to move beyond compliance to identification
and internalization (Kelman, 1961). When those
who implement requirements play an active role in
their design, the results are better. Implementers
given greater flexibility have greater knowledge of
contradictory demands and conflicting imperatives
at the delivery point (Thomas, 1979). Imposed de-
cisions increase resistance and delay and reduce
the quality of decisions (Guth & MacMillan, 1986).
They also negatively affect the dispositions of
implementers (Van Meter & Van Horn, 1975), who
then engage in routine and mechanical implemen-
tation (Fidler & Johnson, 1984).

Electric Utilities

The setting for this study is the electric utility in-
dustry. It has a large impact on the environment. In a
1993 report, the Environmental Protection Agency
(EPA) estimated that this industry generated 70 per-
cent of all U.S. sulfur dioxide emissions and 30 per-
cent of all U.S. nitrogen oxides. It contributed to
greenhouse gases by releasing more than 500 million
tons of carbon per year (EPA, 1993). We discriminate
among different kinds of regulation, separating the
effects of less flexible regulations from the effects of
more flexible ones. We propose that when regulations
are flexible, utilities’ investments in pollution control
systems will enhance productivity. When invest-
ments are made on the basis of regulations that se-
verely restrict utilities’ choices, we expect a negative
impact on productivity.

We divided electric utilities” environmental ex-
penditures into two categories—flexible and inflex-
ible—to capture these different levels of regulatory
control (Percival, Miller, Schroeder, & Leape,
1992). Air and water pollution controls are exam-
ples of inflexible regulation. In their case. Congress
has pursued a deliberate technology-forcing strat-
egv (Percival et al., 1992). Emitters have been
forced to conform to such standards or else face
closure. In the case of air pollution, they have been
subject to stringent standards for the best available
control technology (BACT) and lowest achievable
emission rate (LAER). These standards are techni-
cally determined by the Environmental Protection
Agency, with economics not being allowed to enter
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into the calculation. In the case of water pollution
control, the same type of technology-forcing strat-
egy is in effect. Emitters have had to comply with
what is technologically feasible. The expectation is
that they will rely on best available technology
(BAT) “end-of-pipe" treatment. BAT is defined by
the EPA as the “very best control measures that
have been or are capable of being achieved” (Per-
cival et al., 1992: 769}). The EPA determines a BAT
standard for each industry. Then, under the Na-
tional Pollution Discharge Elimination System, the
agency establishes specific levels of performance
for every discharge. The Environmental Protection
Agency thereafter provides strict mechanisms to
assure compliance.

The air and water pollution control programs are
governed by strict timetables. When the EPA was
created. Congress looked for “handles” that would
guarantee that polluters complied with the law. It
addressed the problem of vague delegation of au-
thority in prior laws with statutes that had specific
implementation dates. Instead of Congress in effect
saying “Here is the problem. deal with it.” it
granted the EPA explicit authority to demand com-
pliance by a specific date. The amount of choice
available to air and water polluters is very limited.
The standards the government sets are end-of-pipe
requirements. There is no reason to look for pollu-
tion prevention opportunities. because under the
requirements the government establishes it would
be difficult to obtain a waiver.

Where investments in air and water pollution
control plant are mandated by the regulatory au-
thorities, regardless of whether these plant items
are relevant to a utility’s operations. then the like-
lihood that such spending will be negativelv re-
lated to productive efficiency will be high. In such
a case, firms do not have operational control over
plant investments. These investments can add to
costs as opposed to providing higher-quality output
or superior operating performance. Thus. we ad-
vance the following hypothesis:

Hvpothesis 1. Utilities that spend relatively
greater amounts on air and water pollution
equipment will be relativelyv less efficient than
other utilities.

Although the air and water rules allow little
room for discretion, the solid waste requirements
are examples of flexible regulation. They permit
autonomy within a system of constraints. These
laws are administered at the local level, not at the
national level (Percival et al.. 1992), and the states
are not subject to binding timetables that are in any
way similar to the timetables that constrain the
EPA with respect to air and water pollution control.

In effect, the states have been granted the discretion
to deal with the problem as they see fit. subject to
achieving the challenging pollution prevention
goals the federal government has established. The
tfederal government exempts the remains of fossil
fuel combustion from nationally enforced hazard-
ous waste requirements. Regulatory responsibility
has been assigned to the states subject to guidelines
that make source reduction the preferred solution.
In the hierarchy of goals that the federal govern-
ment has set, source reduction comes first, fol-
lowed by recycling and land filling (Marcus, 1993).
Thus, the utilities, depending on local condi-
tions, have the latitude to pursue programs of varv-
ing degrees of economic benefit to themselves.
They can reduce pollution at the source by chang-
ing fuels (for instance, by buying and using differ-
ent grades of coal or natural gas) or by investing in
alternative production processes. Depending on
how close they are to local markets and how much
demand there is, they can recycle wastes. The flv
ash that remains from coal combustion can be made
into gypsum. The bottom ash can be converted into
concrete. The utilities also can build, operate, and
upgrade their own ash ponds, landfills. and other
svstems for removing waste. or they can pay some-
one else to transport, manage, and dispose of it.
Overall. the solid waste requirements are less rigid
than the air and the water pollution laws. These
requirements set ambitious goals but do not fix
limetables. Firms have discretion in deploying
waste pollution prevention equipment. They are
likely to deploy those pieces of equipment compat-
ible with their overall operations. Utilities are.
therefore, unlikely to deploy equipment that will
detract from operating performance. Rather. given
the flexibility to do so, utilities will invest in equip-
ment that has positive operating performance con-
sequences. Thus, we advance the hypothesis:

Hypolhesis 2. Utilities that spend a relatively
greater amount on waste pollution equipment
will be relatively more efficient than other util-
ities.

METHODS
Setting

in 1990, the year of this analysis, the U.S. electric
utility industry consisted of 3,241 firms. Of these.
267 were owned by private investors, 2,011 were
publicly owned by state and municipal authorities,
10 were federally owned, and 953 were coopera-
tives. Although the 267 investor-owned utilities
represented only 8 percent of the electric utilities
in the nation. they accounted for 79 percent of all
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revenues from sales of electricity to ultimate con-
sumers.

We concentrated our analysis on the 150 largest
of these investor-owned utilities for which com-
plete data sets were available. Our sample had full
cross-sectional variation and included a large per-
centage of the electric power produced and distrib-
uted by private utilities in the United States. In the
year used for the empirical study, the total reve-
nues of the investor-owned utilities in the U.S.A.
were $155 billion, and the total revenues of the
largest 150 utilities of which our sample consisted
were $150 billion. We intentionally chose to ex-
clude the smaller utilities because of differences in
pollution problems, spending patterns, and pro-
ductivity factors. The source for our data was the
Federal Energy Regulatory Commission’s Statistics
of Investor-Owned Electric Utilities.

We chose 1990 as the vear for the analysis, because
in that year, after a long period of criticism, Congress
amended the Clean Air Act of 1970. Up until 1990,
this act was a nearly pure case of an inflexible com-
mand-and-control regime. The 1990 amendments in-
troduced a pollution-trading scheme that altered the
utilities’ incentive to invest in pollution control
equipment. The new law combined command-and-
control requirements with elements of choice previ-
ously not available. It provided a degree of flexibility
that formerly did not exist. Only by carrying out our
analysis in the period before 1990 could we test our
hypotheses that less flexible regulation tends to retard
utilities’ productivity and that more flexible regula-
tion tends to enhance it.

Measures

Efficiency measurement. Productive efficiency
was estimated with data envelopment analysis
(Banker, Charnes. & Cooper, 1984; Charnes, Coo-
per. & Rhodes, 1978; Majumdar, 1998). Following
past research on investor-owned utilities (Nelson,
1989; Roberts, 1986), we used total sales and dis-
positions of energy in megawatt hours as outputs in
the estimation. The inputs were spending on total
production, transmission, distribution, and general
plant plus the total number of emplovees and the
amount of purchased power.

Explaining efficiency variations. We examined
variations in firm-level productive efficiencies us-
ing regression analysis in which measures of envi-
ronmental spending were the primary explanatory
variables. This approach, first measuring and then
explaining variations in productive efficiency, was
consistent with prior work (Majumdar, 2000). The
regression mode] estimated to evaluate the impact
of environmental regulatory factors on the produc-

tive efficiency of electric utilities was: In effi-
ciency = f (air pollution; water pollution; waste
pollution; noise pollution; esthetic pollution; size;
R&D:; residential customers; nuclear power; propor-
tion generated; regional effects controls).

Air pollution was the ratio of each utility's air
pollution plant value to total plant value; water
pollution was the ratio of each utility’s water pol-
lution plant value to total plant value; and waste
pollution was the ratio of waste pollution plant
value to total plant value. These variables captured
utilities’ investment exposure to different types of
pollution control requirements. Capturing environ-
mental spending as the values of different catego-
ries of plant dedicated to dealing with different
tvpes of pollution control activities was consistent
with the literature (Barbera & McConnell, 1990;
Jaffe et al., 1995; Jaffe & Palmer, 1997). Firms’
spending on different types of pollution control
activities was a proxy for differences in the flexi-
bility of various regulations. Firms’ spending was
reflected as investments made in different types of
plant and equipment whose specific functions had
differing effects on firms' productivity.

Control variables for other environmental expen-
ditures were noise pollution and esthetic pollution.
They captured investment exposure for the preven-
tion of noise pollution and the maintenance of the
utilities’ external premises. An examination of the
legal basis (Percival et al., 1992) for these expendi-
tures did not clearly indicate whether they were
flexible or inflexible. Most arguments about inflex-
ible rules (Jaffe et al., 1995; Porter, 1991; Porter &
van der Linde, 1995a, 1995b) have explicitly men-
tioned the BAT standards in the air and water pol-
lution requirements as causes of great concern, but
noise or esthetic pollution expenditures have not
been so designated.

A set of variables was used to control for other
important facets of electric utilities’ activities that
affected productivity. Utility size was measured
using the natural logarithm of total sales or reve-
nues. in the electric utility industry, the relevant
evidence (Roberts, 1986) suggested that the size
and productive efficiency relationship was posi-
tive. The R&D variable was constructed as the ratio
of research and development expenditures to total
operational expenditures. It was a key control vari-
able because the R&D and productivity link has
been considered important in the productivity lit-
erature (Griliches, 1988). Further, density effects
are important in influencing electric utilities’ per-
formance with respect to transmission activities.
Where customers were large and concentrated, as
are business customers, operating costs were likely
to be lowered. Low costs were found to exist par-
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ticularly for distribution to business users (Sal-
vanes & Tjotta, 1994). Use of the residential cus-
tomers variable, which was constructed as the ratio
of residential customers to total customers, con-
trolled for such effects.

Nuclear power production accounted for a fifth of
electric power produced in the United States in the
year of the study. Nuclear power generation led to
efficiencies relative to fossil-fuel-based power gener-
ation (Kamerschen & Thompson, 1993). As important
as this controversial finding was, using nuclear
power as a control allowed us to focus on the fossil-
fuel-generating units where air, water, and solid
waste pollution were most relevant. The nuclear
power variable was constructed as the ratio of nuclear
power production expenses to total operating ex-
penses and was a good proxy for the proportion of
nuclear power generated by each utility.

A distinguishing feature of electric utilities was
the extent of boundary spanning across generation
and transmission activities. These activities were
distinct. Yet there were possible scale- and scope-
related vertical economies (Kaserman & Mayo,
1993) to be exploited if an utility did engage in both
generation and transmission activities. Conversely,
a utility could just generate electric power to be
supplied to other utilities. The number of such
independent power producers was increasing in
the United States. On the other hand, some utilities
could buy the power that they sold. We controlled
for the impact of vertical economies on utilities’
productivity by introducing the variable proportion
generated, measured as the amount of electric
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power sold by a utility that was actually genecrated
by that utility.

We also controlled for secondary regional effects.
Regional variations in regulatory policies existed in
the United States. Of course, other than policy vari-
ations that occurred between regions of the United
States, geography and climatic factors that were
unique to a region also affected the operating per-
formance of the electric utilities. We controlled for
these effects by incorporating these dummy vari-
ables: Northeast, Northwest, Southeast, Southwest.
Midwest, Northwest, Central, and Atlantic. The
omitted base case was the Western region of the
United States. The inclusion of these dummy con-
trol variables helped account for these important
regional factors.

RESULTS

The efficiency scores ranged from a minimum of
0.32, on a scale of 0 to 1, to a maximum of 1.00. The
mean score for the 150 electric utilities was 0.78:
however, the standard deviation of the score was
0.24, with an associated coefficient of variation of
0.29. Additional evidence of heterogeneity was
available from a review of the interquartile devia-
tion for the efficiency score (0.42). We estimated
the model using a heteroskedasticity correction
procedure for all the observations (Davidson &
MacKinnon, 1993). Table 1 contains details of the
descriptive statistics and correlations for the regres-
sors. Table 2 contains the regression results.

As shown in columns 1 and 2 of Table 2. the

TABLE 1
Descriptive Statistics and Correlations
Variahle Mean s.d. 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17
1. Efficiency" -0.30 0.33
2. Air pollution 441 4.86 .05
3. Water pollution 1.74 215 .06 44
4. Waste pollution 077 111 16 .38 57
5. Noise pollution 005 015 —-.01 .05 .07 .06
6. Esthetic pollution 147 4.61 .06 07 .02 .09 .26
7. Size 13.06 1.39 12 17 3% .22 .07 .15
8. R&D 062 1.02 18 01 09 06 .01 .08 .40
9. Residential customers 0.34¢ 0.1t .25 —.20 —-.02 —.05 —.07 000 .19 .05
10. Nuclear power 010 015 06 .19 37 .06 —09 —.06 43 .08 .10
11. Proportion generated 068 033 .11 .36 .38 .36 -01 03 .54 .17 —.01 .39
12. Northwest 0.03 0.18 06 10 03 06 01 —05 -05 —.06 -.05 —.04 .03
13. Midwest 0.27 044 12 .13 -07 03 -05 —-.11 -19 —-05 -.14 .01 .12 -.11
14. Northeast 020 040 -.15 -.30 —-.10 -.12 .04 .03 -12 —07 -.11 —-.08 —-.31 .09 —.30
15. Central 005 02t -01 .02 .10 .26 —-03 .03 —-02 -02 .10 .01 .12 —-04 -.13 —-.11
16. Atlantic 0.14 0.35 03 15 09 07 .15 03 .16 -03 .10 .15 .01 —-.08 .24 —.20 -.09
17. Southwest 0.07 0.25 08 09 .15 -04 —04 —08 08 —10 01 09 .06 -05 —.16 -.13 -06 —.1)
18. Southeast 0.18 0.39 07 -06 -01 .02 -07 -08 .04 .03 .11 —-.08 .06 --09 —.28 -23 —-.10 -.19 .13

* Logarithm.
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TABLE 2
Results of Regression Analyses®
Heteroskedasticity-Consistent Least
Squares Estimates Tobit Estimates

Variable b t B b t
Constant —0.65 (0.08) 8.32*** 0.00 1.11 (1.21) 0.94
Air pollution —0.01 (0.00) 5.25%** —-0.13 0.04 (0.02) 1.82*
Water pollution —0.02 (0.01) 3.53%** -0.12 0.06 (0.06) 1.02
Waste pollution 0.06 (0.00) 7.22%** 0.19 —0.21 (0.12) 1.84*
Noise pollution —0.05 (0.02) 2.12* -0.02 0.23 (0.69) 0.33
Esthetic pollution 0.00 (0.00) 0.06 0.00 —0.01 (0.02) 0.41
Size 0.03 (0.01) 5.03*** 0.13 -0.10 (0.10) 1.07
R&D 0.08 (0.01) 9.86*** 0.23 —0.42 (0.15) 2.83**
Residential customers —-0.10 (0.07) 15.11%** -0.33 4,30 (0.10) 4.31%**
Nuclear power 0.14 (0.08) 2.17* 0.06 -0.55(0.75) 0.74
Proportion generated -0.07 (0.03) 2.61** -0.07 0.41 (0.38) 1.07
Northwest 0.20 (0.10) 2.11* 0.11 —0.54 (0.62) 0.86
Midwest 0.36 (0.04) 8.48*** 0.48 -1.13 (0.44) 2.55**
Northeast 0.17 (0.05) 3.37%** 0.21 —0.40 (0.44) 0.90
Central 0.30 (0.07) 4.03*** 0.19 —1.20(0.59) 2.02*
Atlantic 0.34 (0.05) 6.82%** 0.36 —1.22 (0.48) 2.55**
Southwest 0.46 (0.06) 7.82%** 0.35 —-1.93 (0.59) 3.28%**
Southeast 0.36 (0.05) 7.67*** 0.42 —1.22 (0.46) 2.67**
Log likelihood —46,316.20 —-62.05

“ Standard errors are in parentheses.
*p<.05
**p< .01
wex p <001
All one-tailed tests.

impacts of the air pollution (t = 5.25, p < .001) and
water pollution (t = 3.53, p < .001) variables were
negative and significant. Waste pollution (t = 7.22,
p < .001) had a significant and positive impact on
productivity. Of the two negative pollution abate-
ment variables, air pollution (8 = —.13) had more
of a negative impact on productivity than water
pollution (B = —.11). The impact of these variables,
however, was overshadowed by the magnitude of
the impact of waste pollution (8 = .19).

In other words, on the average the greater the
relative value level of pollution abatement plant
that was dedicated to solid waste pollution in elec-
tric utilities, the higher was their productive effi-
ciency. The opposite relationship was true when
the plant expenditures that were being evaluated
were those relative values dedicated to air and wa-
ter pollution abatement activities.

We included the control variables noise pollu-
tion and esthetic pollution because of our interest
in disaggregating environmental spending into its
components. These variables turned out to be neg-
ative, and noise pollution turned out to be signifi-
cant {t = 2.12, p < .05).

These results suggested that only when actors
had choices within a situation of constraints, as

W

they did with solid waste pollution expenditures,
did regulation have a positive impact on produc-
tivity. In all other cases, the effects of regulatory
expenditures on productivity were negative. Of the
control variables, size (t = 5.03, p <.001), R&D (t =
9.86, p < .001), and residential customers (t =
15.11, p < .001) were all significant and of the
expected sign. These results were consistent with
theory and our prior expectations. This gave us
confidence that the overall model and analysis
made sense. The relative impacts of size (8 = .13),
R&D (B = .23) and residential customers (8 = —.33)
on productivity were also quite substantial. Nu-
clear power was positive and significant (t = 2.17,
p < .05). This result was also consistent with our
expectations, but proportion generated was nega-
tive and significant (t = 2.61, p < .01).

An alternative test. The dependent variable,
measuring the productive efficiency of each elec-
tric utility, ranged between 0 and 1. Therefore, the
distribution was “censored.” In our regression esti-
mation the dependent variable was expressed in
logs because taking the log of a half-normally dis-
tributed variable ranging between 0 and 1 made the
resulting distribution log-normal. A way to ap-
proach the censoring problem was to estimate a
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Tobit model (Davidson & MacKinnon. 1993). We
carried out an alternative test to determine how
robust our results were, calculating the relative in-
efficiency of each observation as 1 minus the effi-
ciency score. Perfectly efficient sample firms,
therefore, had an inefficiency score of 0. These were
the observations at the limit. Thereafter, a Tobit
model was estimated to determine the extent to
which the various regulatory expenditures influ-
enced the relative inefficiencies of the utilities. In
the Tobit model that we used. to avoid biased and
inconsistent parameters (King, 1988), we used a
log-likelihood score rather than an adjusted multi-
ple squared correlation coefficient (R?) to test the
overall fit of the model.

Columns 4 and 5 in Table 2 provide the Tobit
estimates of the determinants of inefficiency. Here.
a negative coefficient meant that a variable had a
positive impact on efficiency. Air pollution and
water pollution were both positive, signifying that
they had a negative impact on efficiency. However,
only air pollution (t = 1.18, p < .05) was signifi-
cant. In other words, firms that spent more on these
items were inefficient relative to the other firms. In
the case of solid waste expenditures, the impact of
waste pollution (t = 1.84, p < .05) on inefficiency
was significantly negative. Again. using an alterna-
tive method of estimation, we found that spending
more on waste pollution made firms more efficient
than the other utilities. This alternative test pro-
vided us with confidence that data support was
available for the idea that the more choice actors
exercised within a situation of constraints, the bet-
ter the results were likely to be.

DISCUSSION

Prior studies on law, rules, and regulations (Sit-
kin & Bies, 1994) show that they have both positive
and negative impacts. The positive impacts are the
protection of rights and the ensuring of fairness,
equal treatment, and predictability. The negative
impacts are the creation of rigidities and the ero-
sion of trust, learning, and cooperation. The prop-
osition that this study examines is that the more
actors exercise choice within a situation of con-
straints, the better the results are likely to be. Reg-
ulations that are better designed give actors more
choices. Better-designed regulations set goals that
are ambitious enough to stretch firms beyond their
current practices, but they also provide sufficient
time for firms to develop and deploy new means to
meet goals. The advantages of rules designed in this
fashion are that they encourage entrepreneurship.
creativity, and risk taking. Such rules lead to inter-
nalization and identification. Thev permit imple-

menters to play an active role in policy design. and
they draw on implementers’ advanced understand-
ing of circumstances at the point of delivery.

Laws play an important role in framing internal
organizational decision processes. Our findings
suggest that too much law is as problematic as too
much discretion. An appropriate balance between
rules and discretion is needed. The aim should be
to design laws and rules that let the actors effec-
tively exercise choice within a system of con-
straints. This perspective is different from the clas-
sic assertion by economists that markets are always
superior (Weitzman, 1974).

Limitations

Our study has a number of limitations. To start
with. relving on 1990 data leads to an analysis that
is based on what used to be rather than what is.
Even though we had good methodological reasons
for using these data. the data are over ten vears old.
It is not clear if these data can be generalized to
what is happening currently, especially in light of
the changes in the Clean Air Act that went into
effect in 1990. Indeed, Marcus and Geffen (1998)
found that these changes, which were in the direc-
tion of greater flexibility, did stimulate positive
innovations that led to environmental improve-
ments and cconomic benefits for the companies
involved.

Air pollution regulations today are clearly not as
rigid and poorly designed as they used to be. In
addition, the EPA is making the effort through such
programs as Project XL (Excellence in Leadership)
to demonstrate increased flexibility throughout its
programs so long as superior environmental and
economic results are guaranteed. The solid waste
regulations, moreover, are not as uniformly well
designed as our aggregate analysis suggests. In
some localities, there is no question that some
rigidities exist. The solid waste laws are not perfect
models for the better rules we would like to see
introduced.

We also believe that our anomalous findings
about spending on noise and esthetic pollution
have to be explained. With respect to noise pollu-
tion, it is not clear when and in what ways the
requirements are flexible. They take into account a
broad body of law that is not as discrete as the air
and water pollution requirements that apply to the
electric utilities.

Areas for Future Research

Other expenditure categories induced by regula-
tory enactments should be investigated to assess
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the generalizability of our findings. These catego-
ries do not have to come from the environmental
area alone. The full gamut of regulations, from rules
on occupational safety and health to rules on dis-
crimination in employment, is a worthy topic for
investigation. For example, although our findings
about regulatory flexibility are consistent with pre-
vious research on the telecommunications sector
(Majumdar, 1997), more recent regulatory changes
in that sector are likely to significantly impact
firms’ behavior. The impact of these changes is a
topic worth researching. Another issue that we
readily acknowledge is that to advance theory and
empirical study, more complete models with addi-
tional controls are needed. In the case of each reg-
ulatory setting, the models have to be appropriate.
They might have to be somewhat different.

In general, we believe that there is growing rec-
ognition of the need for greater flexibility within a
system of constraints and that there has been some
movement in this direction. However, the effort to
design better rules has not advanced as rapidly as
its proponents had hoped. It often stalls quickly
because of continued legal rigidities and the activ-
ities of vested interests. In the environmental area,
the difficulties arise because existing statutes were
established in a period when end-of-pipe controls
were dominant. Opportunities for pollution pre-
vention were insufficiently understood and appre-
ciated. By its very nature, pollution prevention re-
quires a code of flexibility subsumed within a
system of constraints. Ambitious goals have to be
tempered by granting latitude in how these goals
are to be achieved.

The design of such a system is not at all obvious.
A fruitful line of future research would center on
appropriate regulatory design in different settings.
How can the right balance of freedom and control
be achieved? Another area of future research to-
ward which our work points is comparison of the
neoclassical assumption of perfect knowledge with
the revisionist neoclassical assumption of imper-
fect knowledge (Leibenstein, 1976). To what extent
would better-designed rules cause managers to pay
attention to costs previously ignored, as King
{1994) suggested, and to tighten up organizational
slack and “x-inefficiency”? Is there a point at which
slack will be absorbed into higher productivity
when all the “low lying fruit” has been picked and
easy environmental waste has been eliminated, or
can effective regulation stimulate firms to continue
to find innovative ways to internalize environmen-
tal externalities by raising the bar periodically? In
other words, to what extent can regulators establish
ambitious enough goals with sufficient discretion
to set up environmental innovation as an arena in

which industry rivals can vie for competitive ad-
vantage? This issue comes down to the question of
whether productivity is an absolute or a relative
concept. Is there a point at which all the slack has
been absorbed, or can well-designed regulations
continue to act to influence firms to internalize
externalities until some theoretical point when all
externalities have been internalized?

Conclusion

Well-designed regulations provide sufficient
time for firms to do R&D and develop new technol-
ogies. They require that firms comply with strict
goals so long as the means for reaching these goals
remain in the firms’ control, and they are flexible in
terms of means of implementation, with no best
available technology requirements. The electric
utility industry context has provided a useful test-
ing ground for evaluating the effects of laws on
industry productivity since it has different types of
regulatory constraints and structures. It has en-
abled us to investigate more carefully when and
under what circumstances Porter and van der
Linde’s (1995b) argument about environmental reg-
ulations having a positive effect on productivity
applies. When utilities have greater discretion to
fashion a regulatory response that is sensitive to
different local conditions, these regulations are
more likely to result in competitive advantage.
When utilities are legally bound to install a partic-
ular technology—for example, an end-of-pipe
add-on device like a scrubber—the utilities are
likely to pay a heavy price, with no gain in produc-
tivity,

We found that utilities’ spending on conforming
with air and water pollution regulations tended to
retard productivity but that their spending on the
solid waste requirements tended to enhance it. To a
much greater extent than is the case with air and
water pollution requirements, the solid waste reg-
ulations were designed with flexibility in mind.
Companies had more discretion to choose how they
would comply. Therefore, the effect of solid waste
regulations on productivity was positive, and the
effect of the air and water pollution controls on
productivity was negative. The difference between
these sets of requirements was in the degree of
flexibility they allowed.

Given the controversy about the impact of envi-
ronmental regulation on industrial productivity,
these policy differences are extremely interesting.
The main condition set by Porter and van der Linde
(1995b) about when environmental requirements
can contribute to productivity is that there be op-
tions available to industry. Without options avail-
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able, firms cannot figure out how best to minimize
wastes and prevent pollution.

This study adds empirical support to Porter and
van der Linde’s (1995b) widely quoted thesis re-
garding the influence of environmental regulatory
design on firm performance. The productivity fo-
cus of this article adds a new dimension to this
body of literature. We have shown that the appar-
ent controversy between economists and Porter and
van der Linde begins to dissolve when consider-
ation is given to regulatory design. Some regula-
tions inhibit productivity. Other regulations can
enhance it. The key difference is the extent to
which the regulations set challenging goals and
grant firms compliance discretion.

REFERENCES

Albrow, M. 1970. Bureaucracy. New York: Praeger.

Banker, R. D., Chang, H. H., & Majumdar. S. K. 1996. A
framework for analyzing changes in strategic perfor-
mance. Strategic Management Journal, 17: 693-
712.

Banker, R. D., Charnes, A., & Cooper. W. W., 1984. Some
models for estimating technical and scale efficien-
cies in data envelopment analysis. Management
Science, 30: 1078-1092.

Barbera, A., & McConnell. V., 1990. The impact of envi-
ronmental regulation on industry productivity: Di-
rect and indirect effects. Journal of Environmental
Economics and Management, 18: 50-65.

Berube, M., Nash, )., Maxwell, J.. & Ehrenfeld, J. 1992.
From pollution control to zero discharge. Pollution
Prevention Review, 2: 189-207.

Bever. J. J., & Trice, H. M. 1978. mplementing change:
Alcoholism policies in work organizations. New
York: Free Press.

Bourgeois, L. J., & Brodwin, D. R. 1984. Strategic imple-

mentation: Five approaches to an elusive phenome-
non. Strategic Management Journal, 5: 241-264.

Cairncross, F. 1991. Costing the earth. Boston: Harvard
Business School Press.
Charnes, A., Cooper W. W., & Rhodes, E. 1978. Measuring

the efficiency of decision making units. European
Journal of Operations Research, 2: 429—-444.

Davidson, R., & MacKinnon, ]. G. 1993. Estimation and
inference in econometrics. Oxford. England: Oxford
Unjversity Press.

Eisenhardt, K. M. 1989. Agency theary: An assessment
and review. Academy of Management Review, 14:
57-74.

Environmental Protection Agency. 1993. The NAPAP
emissions inventory. Washington DC: EPA.

Fidler, L. A., & Johnson, J. D. 1984. Communication and

innovation implementation. Academy of Manage-
ment Review, 9: 704—-711.

Gollop, F., & Roberts, M. ]. 1983. Environmental regula-
tions and productivity growth: The case of fossil-
fueled electric power generation. Journal of Politi-
cal Economy, 91: 654—674.

Gore, A. 1992. Earth in the balance: Ecology and the
human spirit. New York: Houghton-Mifflin.

Gray, W. 1987. The cost of regulation: OSHA. EPA. and
the productivity slowdown. American Economic
Review, 77: 998-1006.

Griliches. Z. 1988. Productivity puzzles and R&D: An-
other non-explanation. Journal of Economic Per-
spectives, 2: 9-21.

Guth, W. D., & Macmillan, I. C. 1986. Strategy implemen-
tation versus middle management self-interest. Stra-
tegic Management Journal, 7: 313-327.

Hall, M., & Winsten, C. 1959. The ambiguous notion ot
gfficiency. Economic Journal, 69: 71-86.

Hart. S. 1995. A natural-resource-based view of the firm.
Academy of Management Review, 20: 986-1014.

Jaffe, A. & Palmer, K. 1997. Environmental regulation and
innovation: A panel data study. Review of Econom-
ics and Statistics, 79: 610-619.

Jatfe, A.. Peterson, S.. Portnev, P.. & Slavin, R. 1995.
Environmental regulation and the competitiveness
of U.S. manufacturing: What does the evidence tell
us? Journal of Economic Literature, 33: 132-163.

Kamerschen, D. R., & Thompson. H. G. 1993. Nuclear and
fossil steam generation of electricity: Differences and
similarities. Southern Economic Journal, 60: 14-27.

Kaserman, D. L. & Mayo, . W. 1991. The measurement ol
vertical economies and the efficient structure of the
electric utility industry. Journal of Industrial Eco-
nomics, 39; 483-502.

Kelman. H. C. 1961. Processes of opinion change. Public
Opinion Quarterly, 25: 608-615.

King. A. 1994. Improved manufacturing resulting from
learning-from-waste. Paper presented at the annual
meeting of the Academy of Management {Technolo-
gy and Innovation Management Division). Dallas.

King. G. 1988. Unifying pelitical methodelogy: The
likelihood theory of statistical inference. New
York: Gambridge University Press.

Leibenstein, H. 1976. Beyond economic man. Cam-
bridge, MA: Harvard University Press.

Majumdar, S. K. 1997. Incentive regulation and produc-
tive efficiency in the U.S. telecommunications in-
dustry. Journal of Business, 70: 547-576.

Majumdar. S. K. 1998. On the utilization of resources:
Perspectives from the U.S. telecommunications in-
dustry. Strategic Management Journal, 19: 809—
831.

Majumdar. S. K. 2000. Sluggish giants, stickv cultures



2001 Majumdar and Marcus 179

and dynamic capability transformation. Journal of
Business Venturing, 15: 159-178.

March, J. G., & Olsen, ]. P. 1989. Rediscovering institu-
tions: The organizational basis of politics, New
York: Free Press.

Marcus, A. A. 1988. Implementing externally induced
innovations: A comparison of rule-bound and auton-
omous approaches. Academy of Management Jour-
nal, 31: 235-256.

Marcus., A. A. 1993. Business & society: Ethics, govern-
ment, and the world economy, Homewood, IL:
Irwin.

Marcus, A. A., & Geffen, D., 1998. The dialectics of com-
petency acquisition: Pollution prevention in electric
generation. Strategic Management Journal, 19:
1145-1169.

Nelson, R. A. 1989. On the measurement of capacity
utilization. Journal of Industrial Economics, 37:
273-286.

Parkinson, G. 1990. Reducing waste can be cost-effective.
Chemical Engineering, 97: 30.

Percival, R., Miller, A., Schroeder, C. & Leape, J. 1992.
Environmental regulation: Law, science and pol-
icy. Boston: Little, Brown.

Pethig, R. 1975. Pollution, welfare and environmental
policy in the theory of comparative advantage. Jour-
nal of Environmental Economics and Manage-
ment, 2: 160-169.

Porter, M. E. 1991. America’s greening strategy. Scien-
tific American, 264: 168.

Porter, M. E., & van der Linde, C. 1995a. Green and
competitive. Harvard Business Review, 73: 120-
134.

Porter, M. E., & van der Linde, C. 1995b. Toward a new
conception of the environment-competitiveness re-
lationship. Journal of Economic Perspectives, 9:
97-118.

Roberts, M. J. 1986. Economies of size and density in the
production and delivery of electric power. Land
Economics, 61: 378-387.

Rose, A. 1983. Modeling the macroeconomic impact of
air pollution abatement. Journal of Regional Sci-
ence, 23: 441-459.

Rutledge, G. L., & Vogan, C. R. 1994. Pollution abatement
and control expenditures, 1972—1992. Survey of
Current Business, 74(May): 36—409.

Salvanes, K. G., & Tjotta, S. 1994. Productivity differ-
ences in multiple output industries: An empirical
application to electricity distribution. Journal of
Productivity Analysis, 5: 23—43.

Shrivastava, P. 1995. The role of the corporation in
achieving ecological sustainability. Academy of
Management Review, 20: 936 —960.

Sitkin, S. B., & Bies, R. ., 1994. The legalistic organiza-
tion. Thousand Oaks, CA: Sage.

Strebel, P. 1987. Organizing for innovation over an in-
dustry cycle. Strategic Management Journal, 8:
117-124.

Thomas, R. D. 1979. Implementing federal programs at
the local level. Political Science Quarterly, 94: 419—
435.

Van Meter, D. S., & Van Horn, C. E. 1975. The policy
implementation process: A conceptual framework.
Administration and Saciety, 6: 445—488.

Weitzman, M. L. 1974. Prices vs. quantities. Review of
Economic Studies, 41: 477—491.

Wells, L. T. 1973. Economic man and engineering man:
Choice of technology in a low-wage country. Public
Policy, 21: 319-342.

Yohe, G. 1979. The backward incidence of pollution
control: Some comparative statics in equilibrium.
Journal of Environmental Economics and Manage-
ment, 6: 187—-198.

Sumit K. Majumdar (Ph.D., University of Minnesota) is a
professor of strategic management at the Imperial College
of Science, Technology and Medicine, University of Lon-
don. His current research interests are in communica-
tions sector convergence and strategy, strategies of firms
from India, corporate governance, strategic control, and
productivity.

Alfred A. Marcus (Ph.D., Harvard University) is a pro-
fessor of management at the Carlson School of Manage-
ment, University of Minnesota. His current research in-
terests are the connections between corporate strategy
and such corporate aims as protection of the natural
environment, quality, and safety.



Copyright of Academy of Management Journal is the property of Academy of Management and its
content may not be copied or emailed to multiple sites or posted to a listserv without the copyright
holder's express written permission. However, users may print, download, or email articles for
individual use.





