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ABSTRACT

This paper builds a multi-task principal-agent model and

uses it to analyze the implementation of corporate envi-

ronmental compliance policies. The main finding is that

it may be inefficient to link managerial effort expended

on reducing the risk of environmental accidents to the

corporate compensation system. One implication is that

monitoring of managerial performance on this activity

should not be implemented for the sole purpose of

supporting salary-based incentive schemes. To stimulate

environmental risk reduction, firms' principals should

rely on means like job design, individual liability, or

corporate culture, rather than on monetary incentives.
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1. INTRODUCTION

Misallocation of environmental resources can often be imputed

to market failure. This is surely an uncontroversial statement

among environmental economists. Indeed, much of the policy-oriented

research in the field over the last decades aims mainly at finding

ways to improve the functioning of markets (see, for example,

Baumol and Oates [1], Dales [2], Kneese and Shultze (7]). There is

no doubt that this work has had a significant influence on public

policy (Tietenberg [13]).

Much environmental resources, however, are actually allocated

within firms. Organizational failure, i.e. systematic deviation

from the common assumption that firms behave as unitary and

rational personae fictae, can then also be a major source of

environmental problems. In fact, as we argue below, behind the

corporate veil lie unescapable sources of misallocation of

environmental resources, which are analogous to problems of

externalities that are well-understood in the context of market-

mediated transactions. Paradoxically, little attention has been

paid in the environmental economics literature to the organiza-

tional shortcomings that affect the allocation of environmental

resources. Yet, just as public policy tools like Pigouvian taxes,

rules of civil liability, and marketable property rights might

remedy market failures, there are corporate policy tools that might

alleviate organizational failures. In addition to considering the

correct economic incentives in a decentralized economy, environ-

mental economists should examine as well the appropriate
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contractual incentives faced by managers and employees in a firm.

In a recent article Xepapadeas [14] analyzed environmental

policy-making concerning pollution in a setting in which the

regulatory agency could not perfectly monitor the compliance of

regulated firms. Such situations of hidden action or moral hazard

abound within firms. Chief executives can only approximately

measure how much effort a manager puts into reducing the risks of

an environmental accident. 2 How should contracts be designed in

order to alleviate environmental moral hazard?

The issue of corporate versus individual liability has been

analyzed in some recent works (see, for instance, Segerson and

Tietenberg [11]), using a principal-agent model. In this paper, we

consider corporate monetary incentives and we also use the

principal-agent framework. Our model, however, differs from those

traditionally studied in the literature (for a survey, see Hart and

Holmstrom [4]) in two important aspects. First, the agent (i.e.

the manager) does not have one but two tasks to perform; they

relate to the enhancement of expected profit and to the reduction

of risk, respectively. Second, the agent has a limited amount of

effort to split between tasks. Such "multi-task principal-agent"

models were recently introduced by Holmstrom and Milgrom [5].

Contrary to the class of models they study, however, we allow for

the realistic possibility that information signals are nonadditive

and non-normally distributed, and that the agent does not have

constant absolute risk aversion.

Although the focus of this paper is strictly within the
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corporation, we believe that research behind the corporate veil has

value not only for corporate environmental policy but for public

policy as well. As Segerson and Tietenberg pointed out, and as it

is acknowledged by actual enforcement policy, environmental

regulatory agencies do not limit themselves to correcting market

prices. They have at their disposal a variety of enforcement tools

that can reach inside the corporation including individual

liability, command and control policies, and organizational

remedies. 3 We believe that efficient and effective use of these

policy instruments must be founded on the understanding of the

decision-making processes that underly corporate action.

The paper is structured as follows. The next section dis-

cusses the problem of environmental compliance from the viewpoint

of a corporation's top management. We submit that top management

sincerely intends to comply with environmental laws and regulations

but that the delegation of tasks and discretion to subordinates

makes actual compliance uncertain. This motivates the principal-

agent model that is presented in the third section. Based on this

model, qualitative propositions concerning salary-based incentive

schemes to promote environmental compliance objectives are derived

in section 4. Our main finding is that, in the plausible case of

a positive shadow price for managerial effort, managers' salaries

should not vary with environmental risk reducing performance. The

appropriate way to fashion the incentives necessary to make

managers focus on risk reduction should be based on other means.

The section then concludes with a comment on the use of environ-
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mental audits as a management control mechanism. Section 5 then

sketches how variants of our model might be employed to examine

means like job design, individual liability, and corporate culture,

which have been suggested for the enhancement of "greener"

management.

2. THE CHALLENGE OF ENVIRONMENTAL COMPLIANCE

Most of the literature in environmental economics adopts a

"black box" view of the firm. The firm maximizes profit given the

prices of its inputs and outputs. Hence, the environmental policy

maker's sole challenge is to ensure that correct prices are set.

Public policy has not yet accomplished this objective, how-

ever, nor is it likely to do so in the near future. Prices of

environmental resources are still badly distorted, so that alter-

native channels of enforcement are widely used. The mix of

progressively more threatening enforcement measures, both civil and

criminal, and the growing pressure from customers, communities,

employees, and non-governmental organizations has now made

"greener" management de rigueur in corporate board rooms.

The fact that corporate environmental compliance constitutes

a serious practical challenge can be inferred from the rising

number of environmental management consulting firms (more than 200

currently exist in the U. K., for example), from the proliferation

of business school educational programs on the subject, 4 from the

concerns expressed by business organizations like the International

Chamber of Commerce, the Conference Board of Europe, and the US
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Business Roundtable, and from the growing attention of business

policy academics5.

The growing concern for "greener" management, however,

indicates that neither academic research nor managerial experience

are yet able to provide guidance on how "green" objectives can best

be operationalized within a large and complex corporation's systems

of planning, management, and control. There is a need for formal

studies on the various ways of implementing corporate environmental

policies.

Management surveys (see references [3], and [15] to [19])

describe several common practices to fulfill green management

objectives. Environmental audits are the most frequent. Typically,

their goal is to make an assessment of the company's performance

relative to legal requirements. A second objective is to locate

the risks. These objectives alone, however, are generally

recognized as insufficient. As noted by Business International

([19], p. 107):

Without an overreaching environmental management system,
auditing will achieve little. It is not a panacea, only
a tool, offering at best a critical examination of
performance. It is then up to management to provide the
commitment and resources to act on the analysis to safe-
guard the environment.

In a similar vein, the International Chamber of Commerce ([18], p.

3) states that:

Environmental auditing should not be seen in isolation
but as just one, albeit very important, element in a
comprehensive approach to environmental management.

A more comprehensive approach might link the results of envi-

ronmental audits to the firm's incentive compensation system. In
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addition to profit objectives, line managers could be given non-

profit goals like limiting the risk of effluent emissions or

environmental accidents. Audits could be made of performance

towards these goals, and the managers' salaries could depend in

part on assessed performance. Although none of the surveys of

management practice gives an example of a firm that directly and

formally links employee compensation to audit results, many firms

do so in-formally. As expressed in a survey by The Economist ([15],

p. 23):

[Audits] allow chief executives to set goals for subsid-
iaries: get your reported emissions down to such-and-such
level, or lose a bit of your bonus.

It is this policy of making managers' compensation depend in part

on environmental performance that we analyze in the upcoming

sections.

Another approach to compliance is via the firm's accounting

and control system. Accounting measures may be modified in such a

way as to mimic the market. For example, a salesman's commission

may be reduced for environmentally hazardous products to spur

substitution towards less dangerous products. Overhead costs for

insurance premia or for the legal department may be allocated to

specific products to change the financial incentives to produce

them. Fictitious accounting costs (from the firm's viewpoint) may

be charged against certain products to reduce their internal

economic attractiveness.

Finally, task reorganization is often observed. Staff experts

may be employed with responsibility, authority, and financial
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resources to handle the investment in and operations of environ-

mental controls. Also, decisions with environmental implications

may be centralized and shifted up in the corporate hierarchy.

All these practices implicitly recognize that in large complex

organizations, senior management necessarily delegates decision

making to subordinate managers and other employees whose behavior

cannot be perfectly controlled. Hence, incomplete information,

hidden action, incentives, and moral hazard are pervasive con-

straints of contractual arrangements.

3. A PRINCIPAL-AGENT MODEL

Imagine that a corporation's principal - its chief executive

officer (CEO) or chairman of the board - is worried that risks of

environmental accident lurk throughout the company. These risks

could be reduced if subordinate line managers were to spend more

effort tackling them, but effort so spent would be at the expense

of activities that generate the profit figures on which the

managers' compensation is currently based. Furthermore, the CEO

cannot perfectly observe the amount of effort managers would

allocate to the various tasks. Effort can only be inferred

indirectly through some realized performance level. Should the CEO

link managerial compensation to performance with respect to envi-

ronmental risk reduction?

The CEO's problem can be modelled as follows. Let a line

manager, whom we shall call the agent, select actions in the

compact polyhedron A = ia = (a l ,a 2 )1 a l i-a 2 � 1, a � 01 of R2 . The
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first and second components of an a in A are the relative amounts

of effort devoted to profit-seeking and environmental risk-reducing

activities respectively. The action chosen, i.e. the allocation of

effort, is known only by the agent. The agent's actions would none-

theless be costlessly monitored by the principal and would generate

a compound discrete score s e S = {s = (s 1 ,s2 ) I s l = 0,1,...,51;

s2 = 0,1,...,52 }. Let the conditional likelihood of a score s

with respect to an action a be given by p(sla).

A standard assumption about the probability distributions

p( . la) is that a higher score s makes a greater effort a more

plausible. Formally, this means that the likelihoods p(sla) display

the monotone likelihood ratio property (Milgrom [9]), a multi-

variate version of which is the following.

ASSUMPTION: The ratios pt (sla)/p(sla) is nondecreasing in s,

for every t and a.6

Observing the performance score s, the CEO may estimate the

profit to be

(s)	 (s, , s 2 ) = t L (s2 ) +13(s 1 ) [EH (s2 ) - 7t L (s2 )	 .	 (1)

The estimated profit is thus an interpolation of high (n H) and low

(EL) profit levels. Let the measurements s i and s2 refer respec-

tively to profit-seeking and risk-reducing activities. So the

weight on high profit levels B(s i ) increases with s l ; but EL

decreases and the gap between nH and EL increases with

environmental risk, i.e. when s 2 goes down. Formally,
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nH (s2 ) > ni, (s2 ) for all s2,

B(s i ) > B(si ') if s l > s11,

and 7rL (s 2 ) > nL (s2 '), 7TH (s 2 )-nL (s2 ) < nH (s2 ')-nL (s2 ') when s2 > s2'.

Note, however, that the probability distributions p( • la) being non-

separable, either action selected may influence the score on the

other.

If one assumes, furthermore, that

/	 /for all sl , s2 , s2 : .1E (si ,s2 ) = n (si , s2) , (2)

the second activity is a pure environmental risk reducing activity.

It has no effect on the expected level of profit, but only on its

variance. At this point, this would not mean that an increase in

s 2 alone would not be rewarded. Such an increase makes it more

likely that the agent spent higher effort in both activities, so

the provision of incentives may require that some extra pay be

given (see proposition 1 below).

In this model the principal/CEO is risk neutral. The agent

/manager, on the other hand, is attributed a separable Von Neumann-

Morgenstern utility function over income and action, which is given

by v(y)-c(a). The function v( • ) is defined on the real line; it is

strictly increasing and displays strict risk aversion in income.

The cost function c( • ) is convex.

The principal's objective is to set a contingent wage schedule

w = w(s) that maximizes her expected utility, given that the agent

will optimize over his action space and that he can always get a

(status quo) utility level V* in some other employment. This yields

the following multi-task principal-agent problem.



12

(3)

max 5: p(s, a) (lc (S) —W(S))
a, w se s

subject to:

a E argmax E p(si,a) v(w(s)) - c(&)
REA ses

E P( s i a) v(w(s)) - c (a) �
ses

The first constraint above implies incentive compatibility and

the second implies individual rationality. As a technical matter,

the incentive compatibility constraint is hardly tractable, for it

involves a continuum of inequalities. Under some conditions, how-

ever, this constraint can be replaced by the first-order necessary

conditions for a to be the agent's optimal action. 7 This "first-

order approach" yields the following equivalent formulation of the

multi-task principal-agent problem, which is easier to solve.

max E p(s a) (Tc (s) — W(S) )
sEs

subject to:

E P t (si a) v(w(s)) -ct (a) -Y Z 0
sES	 (4)

for t=1,2 ,
2

( 1 -E a t ) y s 0 , y � 0 , aEA ;
t=1

E p(s1 a) v(w(s)) - c (a) �
SES

The Greek letter 'y denotes the agent's shadow price of attention.

Our next task is to explore the qualitative properties of an

optimal compensation scheme.



13

4. ENVIRONMENTAL RISK-REDUCING PERFORMANCE AND SALARIES

Under the usual constraints qualification assumptions, a

solution to problem (4) must satisfy the following Kuhn-Tucker

conditions.8

2
12 415tPr(Sla)

1 	 _ + 	
vi (w(s))	 p(sla)

for every w(s), and

2
E P,(s a) (n(s)-w(s)) +E 8,{E Pr t (s I a) v(w(s)) - c„(a))
sES	 sES

p.{E P s a)v(w(s))-ct(a) -y} -	 - py +	 s 0 if a t = 0
SES

= 0 if a t > 0

for t=1,2 ;
	 ( 6 )

2	 2

	

-E O r +p	 at) s 0 if y =0
r=1	 t=1

= 0 if y>0

	

p s 0	 0	 8r2 0

Here, X is the principal's shadow price for the agent's effort;p

is the opportunity cost she would incur if the agent were to waste

an amount of attention that is worth one utile to him; 6r denotes

the shadow price of the incentive compatibility constraint for task

r, i.e., the increase in the principal's utility of a marginal

deviation from the agent's utility-maximizing level of effort on

task r; and g is the principal's shadow price for the individual

rationality constraint, i.e., the increase in the principal's

(5)
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utility from a marginal decrease in the agent's reservation

utility V*.

It is intuitively appealing that the optimal wage schedule

increases with an improvement in the profit enhancing or the risk

reducing scores. As the next proposition shows, this holds

provided the incentive compatibility constraints are binding.

PROPOSITION 1: If all the 'S r 's are positive, the optimal wage

schedule w(s) is nondecreasing in s.

PROOF: First note that positive 6 1 and 6 2 ensure that a

solution to problem (4) is also a solution to the multi-task

principal-agent problem (see Sinclair-Desgagne [12]).

The statement then follows from equation (5) and the previous

assumption concerning p(sla).	 Q.E.D.

The fact that 6 1 and 6 2 are positive entails that ,I, = 0 (so

the constraint on the manager's effort is nonbinding) by the last

two lines of (6). Positive shadow prices on the incentive

constraints mean that the manager would spontaneously resist

spending extra effort on any task (i.e., deviating from his current

optimum); he must then assign a value of 0 to incremental

attention. Suppose, on the contrary, that the manager would like to

spend extra effort but that the limit has been reached. Then 7 is

positive. In this case the following proposition shows that, in a

wide range of circumstances, wages should not vary when only the

performance score on the risk reduction task improves.
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PROPOSITION 2: Let the manager's effort be fully extended, so

that T > 0. If also

X � OA - P) Y ,

then

i	 i
for all s1 , s2 , s2 : w(s2 , s2 ) = w(s3. , s2 ) .

Condition (7) has an interesting interpretation. Suppose that

the agent is given one percent more of effort. His total amount of

effort available is now 101%. The principal's and the agent's

utilities increase then by A. and 'I', respectively. Expressed in

terms of the principal's utiles, however, the agent's additional

satisfaction is (4-p) . Inequality (7) thus says that the agent is

more eager than the principal to get this extra unit of attention.

PROOF OF PROPOSITION 2: Condition (7) ensures again that a

solution to problem (4) also solves the multi-task principal-agent

problem (see Sinclair-Desgagne [12]).

Now, a positive shadow price 7 implies that 6 1 = 6 2 = 0 by the

last two lines of (6). Thus, equation (5) can be satisfied only if

(8) is true.	 Q.E.D.

Proposition 2 has an intuitive rationale. A positive shadow

price for managerial effort implies that the agent is using 100% of

his attention, and would like to use more but can't. The incentive

constraints are then irrelevant, so 6 1 = 6 2 = 0. Interaction

between the principal and the agent is now limited to risk sharing,
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but efficient risk sharing requires that their marginal rates of

substitution between the various income levels be equal. Given that

the principal is risk neutral, this can only be achieved if the

wage schedule is invariant in the risk reduction score.

Another way to look at the result of proposition 2 is as

follows. Under the stated conditions (7> 0 and inequality (7)),
suppose that the wage schedule was instead tied to the score on

environmental risk reduction. This would increase the amount of

environmental risk borne by the agent. In order to avoid low s2

scores the risk averse agent would then devote more effort to risk

reduction and less to profit enhancement than the risk neutral

principal would wish.

The proposition that a manager's salary should not always be

based on observed effort to reduce environmental risks is con-

sistent with Holmstrom and Milgrom [5]'s theoretical result that

relatively flat salary schedules are appropriate for activities

that are relatively hard to monitor. This is inherently the case

for activities that affect risk compared to activities that yield

current profit. But our model reaches this result without invoking

any explicit difference in monitoring costs or accuracy. The

irrelevance of incentive pay for environmental risk reduction is

rather due to the fact that managers are "workaholic".

One specific implication of proposition 2 is that linking

salaries and environmental audits may be unsuited as a means of

managerial control. If managerial effort is at an upper bound, the

CEO should simply appraise profit performance and pay contingent
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wages w* (s 1 ) that mimic the solution w(s 1 ,s2 ) to problem (4). That

is

for all .91 : Pe(s 1 ) = w(s1 ,0) ..s

5. OTHER INCENTIVE SCHEMES AND DIRECTIONS FOR FUTURE RESEARCH

If incentive compensation and monitoring might be inapropriate

for controlling environmental risks in large decentralized firms,

what other means are there at the disposal of corporate principals?

In this section we will consider how several of the alternatives

discussed in section 2 could be explored using the multi-task

principal-agent framework we have laid out.

An alternative to assigning both profit and environmental risk

reduction responsibilities to a single agent is to assign the

different tasks to different agents. This is common in the business

arena as was noted in section 2. Holmstrom and Milgrom [5] argue

that tasks in which performance is relatively easy to assess should

be assigned to one manager, while tasks that are inherently

difficult to monitor should be assigned to another manager. The

former's compensation should be incentive-based while the latter's

should not be. In our context, this would imply that profit should

be the responsibility of line managers with incentive contracts

while environmental risk reduction should be assigned to a staff

under a fixed-salary contract. Is this splitting of tasks and

responsibilies according to a "monitoring criterion" reasonable in
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the environmental context? In our model, the problem of job design

could be tackled by introducing a second agent and expanding the

set of actions and performance scores accordingly. This would

greatly increase the complexity of the problem, and the Kuhn-Tucker

conditions, in particular, would become intricate. Yet qualitative

insights yielding propositions like those above should still be

possible.

Another frequently observed alternative is to shift some

corporate liability to the individual agent. This is a corporate

policy analogous to the public policy of individual criminal

penalties. Companies can and do, for instance, make it clear to

employees that negligent conduct causing environmental liability is

ground for disciplinary action, and that legal aid and indemnifi-

cation of fines would be denied to any employee personally liable

for an environmental accident. To analyze such a case, liability

costs functions cp(D) and cA (D), increasing with the extent of

environmental damage D, would have to be substracted from the

principal's and the agent's respective utility functions; and a

conditional likelihood q(Dla) would have to be specified. Qualita-

tive insights should then again be possible.

Finally, companies can and do place great emphasis on

corporate "culture".	 If a recent article, Kreps [8] defines

corporate culture as a focal point in a noisy reputation game.

Corporate reputation might influence the agent's reservation

utility V* ; it might figure as an argument of the agent's utility

function; or it might protect the company from harsh penalties in
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the event of an environmental accident. Also, in the presence of

ambiguity, the impact of a focal point would be to point out a

specific likelihood p(sla), i.e., the types of inference on a the

principal may draw from observing s.

6. CONCLUSIONS

This paper has presented a multi-task principal-agent model

and has used it to assess the relevance of incentive pay linked to

performance on environmental risk reduction. The main conclusion

was that, if a manager's attention is at its peak, it might not be

appropriate to make his salary vary with the observed reduction of

environmental risk. If one accepts the common assertion that

managers are people whose attention is typically oversolicited,

this is a useful insight.
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ENDNOTES

1. The first version of this paper was presented at the annual
meeting of the European Association of Environmental and Resource
Economists, Stockholm School of Economics, June 10-14, 1991. We
thank the participants of our session, particularly David Miltz and
Tom Tietenberg, for helpful comments. We gratefully acknowledge
INSEAD 's financial support through its Management of Environmental
Resources programme (grant 2097R).

2. Environmental audits, about which more will be said in this
paper, are one, albeit imperfect, means of measurement.

3. To the best of our knowledge, organizational remedies have not
been used under the U.S. environmental laws, but they have been in
other countries. In Germany, for example, most large firms must by
law designate a top manager who is responsible for compliance with
environmental regulations and who must present the company's
compliance plans to the government. Similar organizational
remedies have been used in the U.S., but to ensure compliance in
other areas such as antitrust law.

4. As an indication of this proliferation, a conference held at
the authors' institution in October 1990 for teachers in such
programs drew 60 participants. The authors are unaware that any
similar conference was previously held. Had one been organized
several years earlier, it is unlikely that it would have had more
than a handful of attendees. In fact, many institutions dedicated
to executive education on environmental matters have been created
in Europe and in the United States over the last two years.

5. For instance, the 1991 annual meeting of the Strategic
Management Association is devoted to "The Greening of Strategy".

6. The index t refers to the action - profit making or risk
reducing. The subscript t in pt (sla) denotes the first-order

partial derivative with respect to a t (t = 1,2) at a.

7. These conditions are essentially that all functions v(•),
p(s1 • ), c( • ) be twice continuously differentiable, and that the
probability of a signal being less than or equal to s decrease, at
a decreasing rate, as a grows. See Sinclair-Desgagne [12].
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8.	 In the following expressions, v'(w(s)) denotes the first-order
derivative of v at w(s), and Prt(sla) , c rt (a) stand for second-

order partial derivatives with respect to a r and at at a.
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