
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Department of Agricultural and Resource Economics 

The University of Maryland, College Park 

 
Environmental Regulation in 

Vertically Coordinated Industries 
 

by 

Rimjhim Aggarwal and Erik Lichtenberg 
 
 

WP 01-13 

 
 



ENVIRONMENTAL REGULATION IN VERTICALLY COORDINATED INDUSTRIES 
 

by 
Rimjhim Aggarwal 

(aggarwal14@home.com) 
 

and 
 

Erik Lichtenberg 
(erikl@arec.umd.edu) 

 
Department of Agricultural and Resource Economics 

University of Maryland 
College Park, Maryland 20742-5535 

 
Abstract 
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independent of which agent is taxed.  Making either agent or the industry as a whole financially liable 
for full environmental damage at the margin similarly does not lead to a first best level of pollution.  On 
the contrary, under conditions of double moral hazard, the industry should pay for less than the full cost 
of environmental damage.  At present, only one agent (if any) is typically liable for environmental 
damage.  We derive conditions under which imposing new regulations that make only one agent 
financially responsible for the full cost of environmental damage (as conventional wisdom in 
environmental policy suggests) is excessively stringent in that it results in pollution and production that 
are less than the first best levels.  We also show that such new regulations could result in negatively 
correlated deviations of pollution and production from their first best levels, a situation that cannot arise 
under conditions of complete information. 
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Environmental Regulation in Vertically Coordinated Industries 

I. Introduction 

On January 12, 2001 the U.S. Environmental Protection Agency (EPA) published 

proposed new regulations to address surface and ground water pollution from animal 

feeding operations, which have been identified as one of the major environmental 

problems in many parts of the U.S.).  A large proportion of animal feeding operations are 

currently carried out under vertical contracts between processors and growers.  For 

instance, the broiler industry has been identified as a major source of water quality 

problems in the Chesapeake Bay and elsewhere; virtually all broiler production occurs 

under vertical contracts (Economic Research Service 1996).  Similarly, odor and water 

pollution from concentrated hog production facilities are sources of bitter controversy in 

states where vertical contracts have led to the spread of concentrated swine production.  

In these contracts, both parties contribute essential inputs into the production process but 

the responsibility for managing pollution falls on growers, who own the facilities from 

which environmental damage emanates.  The proposed regulations will, if finalized, 

make processors partially responsible for managing animal waste.  Several states, notably 

Kentucky and Maryland, have adopted similar regulations imposing joint legal liability 

for animal waste management on processors and growers.  

How to apportion liability between the two contracting parties is obviously 

important here but neither EPA nor the states have addressed this issue in specific terms.  

It is well known that in the presence of competitive markets and full information, 

assigning liability to any party across a vertical chain is equivalent in terms of efficiency.  

However, when one of the markets is not competitive then, as Sunding and Zilberman 
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(1998) show, the assignment of liability matters and the relative efficiency of different 

liability regimes depends amongst other things on market conditions and the nature of the 

hazardous product. 

Sunding and Zilberman’s analysis assumes that there is full information. This 

assumption is hard to justify in the above discussed cases of vertical contracting because 

one of the important reasons why contracting is preferred over market transactions in 

these instances is because agents along the vertical chain have asymmetric information 

leading to market failure.  The question of how different liability regimes (joint versus 

making a single party responsible) compare in terms of economic efficiency in such a 

vertical contracting context has not been rigorously analyzed. 

With the spread of contracting generally in the economy (as well as within the 

livestock sector) and the contemporaneous increase in awareness of pollution problems, 

the question of the appropriate apportionment of responsibility for pollution control 

among contracting parties arises in a wide variety of situations.  Environmental advocacy 

groups have campaigned to force parent corporations to require franchisees or 

subcontractors to improve environmental performance.  For example, Environmental 

Defense successfully pressured McDonald’s to reduce waste disposal and litter problems 

at retail outlets by switching from styrofoam to paper cups and by reducing the amount of 

packaging used.  In other instances it has been argued that contracting has been used to 

avoid liability for environmental damage by shifting liability to small, judgment-proof 

firms—suggesting in turn that joint liability may be required to induce socially optimal 

levels of precaution.  Wiggins and Ringleb (1992) cite several cases from the chemical 

industry in which large firms contracted out the production of hazardous substances to 
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small firms formed by former employees in apparent attempts to avoid liability for spills 

and occupational injury. 

These livestock, fast food, and chemical industry cases involve two contracting 

parties that contribute essential inputs into production.  In the fast food case, parent 

corporations typically provides raw food to their franchisees, specify proper production 

processes and provide advertising while franchisees remain responsible for managing 

their individual outlets.  In the Kepone case cited by Wiggins and Ringleb (1992), Allied 

Chemical provided the necessary raw materials for production to and contracted to 

purchase all of the output from a small processing firm established by its ex-employees.  

In contract livestock production, processors provide baby animals, feed, veterinary 

services, and medications while growers provide management, labor, production 

facilities, heating, and cooling.  Processing vegetables are similarly grown under 

contracts in which processors provide seed and harvesting while growers provide land, 

labor, fertilizers, irrigation as needed, and management.  Production in all of these cases 

involves environmental problems: solid waste and food safety in the fast food case; 

exposure to hazardous chemicals and the risk of spills in the Kepone case; water 

pollutants, odor, dust, and microbial pathogens in the livestock case; and pesticide 

residues in the processing vegetable case.  In all of these situations, responsibility for 

environmental damage is typically omitted from the contract and thus tends to be the 

responsibility of the direct producer as the residual claimant. 

A second feature of these problems is that some inputs provided by each party are 

not directly verifiable and hence not contractible.  The provision of inputs by the two 

contracting parties is thus characterized by a double sided moral hazard problem, as we 
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discuss in detail in Section II.  Under double moral hazard, the level of production and 

pollution depend upon the balance of incentives that contracting parties face in provision 

of their respective inputs.  Thus the essential question here is how different forms of 

environmental regulation affect these incentives, and hence production and pollution. 

Some previous papers  have examined environmental regulation under imperfect 

information using the principal-agent framework.  These papers have exclusively focused 

on cases where agents alone directly influence the level of pollution and hence there is a 

single sided moral hazard problem.  For instance, Segerson (1988) and Chambers and 

Quiggin (1996) model nonpoint source pollution problems as a multi-task principal-agent 

problem to analyze cases where the industry is composed of independent firms that 

pollute and the regulator is the principal.  Gabel and Sinclair-Desgagne (1993) examine 

the structure of compensation when stockholders want to make managers incorporate 

environmental considerations into their operational decision making.  Others have 

investigated situations where extending liability for accidental damage to lenders creates 

a single sided moral hazard problem, as can occur with hazardous waste under Superfund 

(Pitchford (1995, 2001), Watabe (1999), Balkenborg (2001), and Lewis and Sappington 

(2001)).    

In contrast to the papers discussed above where the agents alone directly influence 

the level of pollution, we analyze cases where the principal also directly influences 

pollution and hence the issue of how to apportion liability becomes particularly 

important.  Some recent papers in the literature on joint torts have examined the 

efficiency of various liability rules (such as negligence and strict liability) for 

apportioning the damages from jointly caused accidents.  Notable amongst these is Miceli 
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and Segerson (1991) that proposes a rule that holds each agent strictly liable for the 

fraction of damages that emanates from that agent’s participation in the polluting activity.  

Although this rule is useful as a general rule of thumb, it is not applicable to the set of 

cases we discussed above where each agent’s contribution is costly to observe and verify 

by third parties.  Moreover, as we show in our modeling of this problem, each agent’s 

contribution to promote production cannot be disentangled from her contribution to 

control pollution without trivializing the problem. 1  

We proceed as follows.  Section II discusses these industries in more detail, 

arguing in particular that both production and pollution are typically characterized by 

double moral hazard.  Section III recapitulates results from the literature pertaining to 

production under double moral hazard with no pollution.  Section IV derives the optimal 

apportionment of responsibility for pollution damage under double moral hazard.  We 

find that just as in the case of environmental regulation under imperfect competition, 

holding the industry liable for the full extent of damage is not optimal and that the 

industry needs to be taxed at less than the full cost of social damage.  Thus there is wedge 

between fairness (which requires that industry be held liable for the full extent of 

damage) and efficiency.  Further we find that replicating the first best requires making 

both agents partially responsible for environmental damage, implying that the current 

approach of assigning full responsibility to the residual claimant of the pollution is 

inefficient.  Section V compares production and pollution in the current situation, in 

                                                                 
1 This is essentially because of the complex interaction between the various inputs in their contribution 
towards production and pollution abatement.  For instance, nutrient runoff from animal feeding operations 
depends not only on the manner in which the grower handles the manure but also the composition of feed 
provided by the processor, the genetic make up of the animals and their placement rate controlled by the 
processor as well as chracteristics of the housing environment maintained by the grower and  his level of 
care.  
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which one agent alone bears full responsibility for pollution damage, to the first-best.  

Section VI concludes. 

II. Double Moral Hazard in Polluting Industries 

This paper concentrates on industries in which both the principal and the agent 

provide essential production inputs that are excessively costly to observe or verify by 

third parties and hence not contractible.  This condition is common to all of the examples 

cited above.  The most intensively studied case is that of franchising.  It has been argued 

that franchising, such as in the fast food case,  allows parent firms (franchisors) to 

provide incentives for enhanced management effort to the retail outlets (franchisees).  

Franchisees’ day to day management effort has an important effect on profit but  is costly 

to observe and is thus subject to moral hazard.  At the same time, some of franchisors’ 

inputs may also be costly to observe, resulting in a two-sided moral hazard problem.  For 

example, it is difficult for fast- food franchisees to determine whether the parent company 

has selected the most effective national advertising strategy or whether the meat provided 

contains safe levels of microbial pathogens. .  Lafontaine (1992) provides empirical 

evidence supporting the presence of double moral hazard in franchising arrangements. 

Contract agriculture exhibits the same general features.  In the case of processing 

vegetables, processors need to control the timing of deliveries of raw vegetables in order 

to make efficient use of processing capacity.  At the same time, management is extremely 

important in vegetable production.  For example, over- or under-application of fertilizer 

and failure to monitor and treat pests or apply irrigation water in a timely manner can 

result in significant delays in harvest, reductions in yield, and lower quality.  The need to 

provide appropriate incentives for the exercise of management effort makes contracting 
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preferable to vertical integration.  Variations in productivity due to random weather and 

unobserved factors like soil quality and microclimate make it difficult to verify the level 

of management effort exerted, creating problems of moral hazard on the part of growers.  

Similarly, growers’ lack of liability for violations of pesticide residue tolerances also 

creates problems of moral hazard in parts of the U.S. where growers provide pest control 

services.  Economies of scale make it profitable for processors to provide harvesting 

services.  Provision of seed allows processors to exercise some control over quality and 

harvest timing.  Growers, however, cannot verify whether processors choose varieties or 

schedule harvest times to maximize growers’ returns, creating conditions for moral 

hazard on the part of processors. 

The centrality of management plays a similar role in contract livestock 

production.  As in the case of vegetables, control over the timing of deliveries allows 

processors to make efficient use of processing capacity.  Provision of baby animals 

allows processors to appropriate gains from proprietary breeding efforts (at least for 

poultry and swine).  Provision of feed enhances gains from proprietary breeding by 

allowing adjustment of diet composition to increase feed conversion efficiency.  

Economies of scale make it efficient for a single entity to  handle harvesting for 

numerous production facilities.  The same holds for provision of veterinary services.  

Again, however, the sensitivity of production to management effort makes contracting 

with payment based on output preferable to vertical integration.  Management activities 

such as maintaining clean facilities, frequent monitoring, and rapid response to observed 

problems are extremely important in confined livestock production.  Disease and vermin 

can cause large losses in an extremely short period of time.  Excessive cold can cause 



 8 

high mortality in poultry from crowding and subsequent panic.  Excessive heat can 

seriously reduce feeding rates, leading to significant delays in harvest.  Management 

effort cannot be monitored at reasonable cost, however, nor can it be deduced from 

observed output levels that fluctuate due to weather and other random factors.  Similarly, 

the quality of the stock provided, of feed, and of veterinary and harvesting services is 

costly to monitor.  As a result, there exist conditions for moral hazard on the part of both 

processors and growers. 

III. Input Provision and Production without Pollution 

For expositional ease, we carry on the remainder of the discussion using terminology 

from contract agriculture.  The processor is the downstream agent who provides input X 

and who is the residual claimant of output.  The grower is the upstream agent who 

provides input Z.  Production of the good Y is a function of these two inputs and a 

stochastic factor ε with mean zero and variance σε
2 : 

Y  = f (X, Z) + ε.       (1) 

The stochastic factor, ε, can be thought of as representing the effect of various weather 

and site-specific factors that influence production.  Denoting first derivatives by 

subscripts, we make the following assumptions regarding the production function f(X, Z) 

in (1). 

Assumption 1:  f(X, Z) is strictly concave and at least thrice continuously differentiable 

in all of its arguments, with fX >0 , f Z >0 , fXZ > 0, ∞=
→ ii

f
0

lim , and 0lim =
∞→ ii

f  for i = X,Z.  

Assumption 2: Both inputs are essential, i.e.  f (0, Z) = f(X, 0) = 0. 
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Assumption 1 is standard.  We make assumption 2 in order to emphasize the team aspect 

of production and to distinguish our problem from the standard principal agent literature 

where the principal does not provide any essential input. 

On the information side, we make the following assumptions.  The output 

produced can be verified costlessly by third parties, and is therefore contractible.  

However, as discussed in the preceding section, the two inputs X and Z are very costly to 

verify by third parties and hence are non-contractible, giving rise to a double sided moral 

hazard problem.  In order to focus attention on the incentive problems that arise due to 

this double-sided moral hazard problem, we abstract away from risk sharing 

considerations and assume that both agents are risk neutral. 2  The processor is assumed to 

be a price taker in the market for the final output with the price of the final output 

normalized to unity.  The unit costs of the processor-provided input X and grower-

provided input Z are both assumed to be constant and denoted by w and v, respectively. 

The payment to the grower can only be based on an observable signal, such as the final 

output, Y.  Let ω(Y) denote the payment to the grower.   

The timing of the model is as follows.  There is a contracting stage followed by 

the choice stage.  The contract maximizes processor’s (downstream) profits subject to a 

break-even constraint for the grower.3   In the choice stage, both X and Z are chosen non-

cooperatively and it is assumed that these non-contracted choices constitute a 

simultaneous Nash equilibrium.  

The optimal contract solves problem (P1) 

                                                                 
2 Recent empirical studies on contracting in agriculture have found greater support for pure incentive based 
models of contracting based on risk-neutral parties as opposed to the standard principal agent models based 
on tradeoffs between risk and incentives.  See for example Allen and Lueck (1999) and Aggarwal (1998). 
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(P1) 
( )

( )
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Here R denotes the grower’s reservation wage, that is, the income from his next best 

option.  Thus, analogous to the standard principal agent model, the optimal contract here 

maximizes the profit of the processor subject to incentive compatibility constraints of the 

processor (equation 3) and the grower (equation 4) and the participation constraint for the 

grower (given by 5).  The incentive compatibility (IC) constraints are needed because 

input levels are not directly enforceable in the contract.  By contrast, in the first best 

situation where all inputs are enforceable, the optimal solution is given by maximization 

of (2) subject to constraints (5) and (6) only.  

 Contracts of this kind were analyzed independently by Bhattacharya and 

Lafontaine (1995) and Romano (1994).  They proved the following result, stated here in 

the form of a lemma for completeness.  

Lemma 1: Without loss of generality, the optimal payment to the grower ω*(Y) in P1 can 

be represented as a linear contract of the form  

ω*(Y)  =  βY + α 

where α and β   are constants and 0 ≤ β ≤ 1. 

We will refer to α as the fixed payment and β  as the share parameter (also referred to as 

the royalty rate in the industrial organization literature).  The idea behind the result is as 

                                                                                                                                                                                                 
3 This seems to be a reasonable characterization given the large initial pool of equally capable growers in 
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follows.  Let the slope of the optimum sharing rule at the optimum be given as ω*′ (Y*).  

Now consider a linear sharing rule with β  set equal to ω*′(Y*).  Clearly, such a linear 

rule satisfies the incentive compatibility constraint.  Since the value of α does not affect 

the incentive compatibility constraint, it can be chosen such that the participation 

constraint binds.  It is easy to verify that such a linear contract generates the same 

equilibrium as the optimal contract.4 

 Lemma 1 allows us to write the following equivalent representation for problem 

(P1) 

(P2) 

10,0),(
)10(RvZ-  Z)(X,f

(9) 0 Z)(X,f 
(8) 0 Z)(X,f)-(1 

  subject to

)7(wX-  Z)(X,f)-(1 max
ZX,,,

≤≤≥
≥+

=−
=−

−

β
αβ

β
β

αβ
βα

ZX

v
w

Z

X  

Note that the grower’s participation constraint given by (10) must be binding.  If 

it is not, then the fixed payment parameter α can be lowered without affecting the IC 

constraints but resulting in higher profits for the processor.  Substituting the value of α 

from (10) in the objective function, P2 can be simply written as  

                                                                                                                                                                                                 
industries such as poultry and hog. 
4 The complete proof of lemma 1 can be found in Bhattacharya and Lafontaine (1995) and Romano (1994).  
A short proof of existence of this equilibrium is as follows.  Consider the simultaneous choice game 
between the grower and the processor in which the grower chooses input Z  ∈ ℜ+ and processor chooses 
input X ∈ ℜ+.  The payoff functions of the grower and the processor are given as, respectively 

Πg = βf(X,Z)-vZ+α 
Πp = (1-β) f(X,Z)-wX-α. 

Under the assumption that production remains finite, we can find finite values of of X and Z given by Xm 
and Zm such that the modified game with strategy spaces X ∈ [0, Xm] and Z ∈ [0, Zm] has the same set of 
equilibrium as the original game.  Thus the strategy space is non empty, closed and compact subset of the 
Euclidean space.  Further note that under assumption 1, the two payoff functions are continuous in (X,Z) 
and grower’s payoff function is concave in Z and processor’s payoff function is concave in X.  Hence there 
exists a pure strategy Nash equilibrium (Theorem 1.2, Fudenberg and Tirole, 1991). 
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(P3) 
10,0),(),9(),8(  subject to

wX  Z)(X,fmax 
ZX,,

≤≤≥

−−−

β
β

ZX

RvZ
 

The problem (P3) can be solved in two stages.  First, note that the IC conditions in (8) 

and (9) together define the simultaneous Nash equilibrium levels of X and Z in terms of β  

and the other parameters in the system.  Denoting these Nash equilibrium levels as XN(β; 

w, v) and ZN(β; w, v), the objective function in P3 can be concentrated in β  and the 

optimal value of β  can then be found by solving the following problem  

10tosubject

)11(),;(),;(Xw) ),;(Z ),,;((Xf max NNNN

≤≤

− − −  

β

ββββ
β

RvwvZvwvwvw
 

Given the team nature of production (assumption 2), the corner values given by β  

= 0 or β  = 1 cannot be a solution.  This is because if, say β  = 0, then the Nash equilibrium 

level for Z is zero and no output is produced.  From the grower’s participation constraint, 

it then follows that α = R > 0.  Given zero production, the processor makes negative 

profits and would be better off not entering the contract with the grower.5  An analogous 

argument holds for the case when β  = 1.  For positive production, both X and Z have to 

be strictly positive and this rules out the possibility of β  = 0 or β  = 1. 

Lemma 2: Under the optimal contract both the grower and the processor get strictly 

positive share of the output; i.e. 0 < β  < 1. 

Lemma 2 indicates that in the presence of double moral hazard, both parties get 

strictly positive share of the output under the optimal contract.  In contrast to this, in the 

standard case of single-sided moral hazard problem with risk-neutral agents, output 

sharing is never optimal.  Output sharing is efficient here not because of risk sharing 
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considerations but because of the need to provide both parties with appropriate 

incentives.  An important consequence of output sharing in this context is that the first 

best cannot be attained. 

Result 1: Each party provides less than the first best level of its input and thus output is 

less than the socially optimal level. 

Proof: Note that the first best levels of input applications require marginal product of both 

inputs to be equated to their respective marginal costs.  Given lemma 2, result 1 follows 

directly from the IC conditions (8) and (9).  

Result 1 indicates that there will be under-provision of both inputs relative to the 

first best because of the need for balancing incentives for both agents.  The extent of this 

under provision of inputs is inversely related to the share of the output that each agent 

receives under the optimal contract.  In contrast to this, in a single sided moral hazard 

problem with risk neutral parties, output sharing is not optimal and making the agent the 

residual claimant can attain the first best. 

IV. First-Best Regulation of Environmental Damage under Double Moral Hazard 

Now assume that the production process in the previous section also produces 

environmental damage 

P = h( X, Z)  +  η         (12) 

where η is the stochastic factor with mean zero and variance ση
2.  We will make the 

following assumption regarding h(X, Z) in (12): 

Assumption 3: h(X, Z) is convex and at least thrice continuously differentiable in all of 

its arguments, with hX ≥ 0 and hZ ≥ 0. 

                                                                                                                                                                                                 
5 Although we have not stated the participation constraint explicitly for the processor, it is clear that he 
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This specification assumes that both agents’ inputs affect pollution but allows the relative 

effects on pollution to differ from the relative effects on output.  One can think of 

appropriate restrictive functional forms depending on specific industry characteristics.6  

Note also that specifying that the two inputs X and Z producing a combination of convex 

environmental damage and concave production makes this problem equivalent to a 

problem where pollution control has a convex cost. 

We will assume that the extent of pollution produced is costlessly observable by 

both the grower and the processor as well as by any third party.  The stochastic element 

of pollution η, however, prevents either agent from inferring the other’s input use from 

observations on pollution. 

 Let the unit social cost of environmental damage be a constant, denoted by c > 0.  

In the absence of informational problems, the social planner’s problem is given as  

(P4) 
0),(

),(Xw) Z (X,f max
ZX,

≥

−−−

ZX

ZXchvZ
 

The first order conditions are: 

*)*,(*)*,( ZXchwZXf XX +=       (13) 

*)*,(*)*,( ZXchwZXf ZZ +=       (14) 

where the asterisk denotes the socially optimal level of each input. 

                                                                                                                                                                                                 
would not enter a contract if he expects to make negative profits.  
6 For instance, pollution from broiler production depends largely on the phosphorus content of the manure, 
which in turn depends largely on the feed regime.  Since many plant phosphorus compounds are 
indigestible, broiler phosphorus requirements can be met either by adding non-plant phosphorus (e.g., in 
the form of fish meal or phosphate rock) or by treating feed with an enzyme that renders more plant 
phosphorus compounds digestible.   In this case, it may be more appropriate to use the restrictive functional 
form P = (1-θ) Xe, where θ  is the proportion of digestible phosphorus in each unit of the feed and Xe is the 
amount of feed given.  This specification addresses the materials balance notion that pollution can be 
attributed to nutrients in feed not utilized in producing broilers.  Innes (2000) discusses economic aspects of 
point source (discharges) and nonpoint source (leaching) water pollution from livestock production 
facilities. 
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With perfectly competitive markets and in the absence of informational 

constraints, it is well known that the imposition of a Pigouvian tax can lead to the first 

best level of pollution and that the Pigouvian tax should be set equal to the marginal cost 

of environmental damage c.  Furthermore, imposing a tax equal to the marginal cost of 

environmental damage on either the processor or the grower would be sufficient to 

induce an efficient combination of production and pollution.  In the absence of 

enforcement problems (e.g., the value of environmental damage exceeding either agent’s 

assets, costly or labyrinthine legal proceedings, etc.) requiring the industry to assume full 

legal liability for environmental damage will have equivalent effects (see e.g. Shavell, 

1987). 

In the rest of this section, we show that none of these statements is generally true 

when the industry is governed by contracts with double moral hazard.  This is because 

imposition of a tax in this setting affects equilibrium contract terms and the incentives 

that each agent faces at the margin.  For this reason it turns out to be optimal to make 

both agents responsible.  In addition, it will not be efficient to set pollution taxes at the 

marginal cost of environmental damage.  Instead, to attain the first best levels of 

environmental damage and marketed good production, each agent and the industry as a 

whole should pay for less than full environmental damage. 

We focus here on approaches to environmental regulation based on assigning 

financial responsibility for damage on the basis of observed emissions (equivalently, a 

pollution tax).  Let s and t be the respective payments made by the processor and grower 

per unit of observed pollution (respective pollution tax rates).  Setting s = 0 and t > 0 is 

equivalent to making the grower alone responsible for environmental damage 
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(equivalently, imposing a tax only on the grower).  This situation arises naturally in 

poultry or hog production, since growers are the residual claimants of the livestock waste.  

Similarly, setting t = 0 and s > 0 is equivalent to imposing a tax only on the processor or 

making the processor alone pay for environmental damage.  This situation arises 

naturally in processing vegetables, since the processor is liable for illegal pesticide 

residues and other violations of quality standards.  Setting s + t = c is equivalent to 

making the industry as a whole pay for the full extent of environmental damage. 

The optimal contract under joint responsibility for paying for environmental 

damage based on observed pollution solves the following problem: 
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 The assignment of responsibility for environmental damage needed to replicate 

the first best can be found by equating the incentive compatibility (IC) conditions from 

P5 to the first order conditions for the social optimum.  Doing so and rearranging gives 

optimal tax rates as  
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Replicating the first best in this situation requires the use of two policy instruments, a tax 

on the grower (t) and a tax on the processor (s).  It is clear from the derivation of (15) and 
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(16) that the first best cannot be replicated, in general, if a tax is imposed on only the 

grower or only the processor. This result can be summarized as follows: 

Result 2.  Under conditions of double moral hazard, both agents should assume financial 

responsibility for environmental damage. 

Further intuition for result 2 can be derived from the observation that replicating the first 

best in this situation involves two objectives: (1) internalizing environmental damage in 

the industry and (2) correcting distortions in input use due to double moral hazard.  

Meeting two objectives requires the use of two instruments. 

 It is also apparent from (15) and (16) together with lemma 2 that s*, t* < c, that 

isResult 3.  Under conditions of double moral hazard, both agents should pay less than 

the full marginal cost of environmental damage. 

The optimal assignment of financial responsibility for environmental damage under 

double moral hazard bears resemblance to optimal policies under team production 

(Holmstrom 1988, Segerson 1988) and under monopoly (Oates and Strassman 1984, 

Sunding and Zilberman 1998)).  In Segerson’s (1988) formulation of the non-point 

source pollution problem in a team production framework, first best pollution levels can 

be achieved by making each agent fully liable for total environmental damage, e.g., by 

imposing a tax based on ambient pollution equal to the full cost of environmental 

damage.  However, in our case here, as in the case of monopoly, environmental damage 

is also influenced by a market distortion (double moral hazard) resulting in lower levels 

of input use and production than would occur in a first best situation.  Payments for 

environmental damage must thus be adjusted to take this market distortion into account.  

Since input use (and thus production and environmental damage) are already less than 
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would occur in a competitive industry (without environmental regulation), each agent 

should pay less than the full marginal cost of environmental damage. 

From (15) and (16) it is clear that the appropriate adjustment involves subtracting 

the share of the marginal product that each agent does not appropriate (βfX in the case of 

the processor and (1-β)fZ in the case of the grower), rescaled to a per-unit-of-pollution 

basis by dividing by hX and hZ, respectively.  Conditions (15) and (16) can also be written 

as 
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Expressing the optimal assignment of financial responsibility in this way permits another 

intuitive explanation.  Since pollution is the result of joint actions of both parties, one 

could think of making each party pay a share of the marginal cost of environmental 

damage, with the share here being equal to the share of output he or she appropriates.  

But correcting the distortions due to double moral hazard also requires reducing this 

payment by a share of the cost of the input provided by that party, with the share here 

being equal to the share of output he or she does not appropriate (again, rescaled to be 

expressed in terms of units of pollution by dividing by hX and hZ, respectively). 

Combining (17) and (18) yields 
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Thus, 
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Result 4.  Under conditions of double moral hazard, the industry (i.e. the grower and 

processor together) as a whole should pay less than the full cost of environmental 

damage. 

Results 2, 3, and 4 have straightforward implications for the policy questions 

raised in the introductory section.  Result 2 implies that policies aimed at reducing 

environmental damage from industries characterized by double moral hazard should 

impose sharing of responsibility.  Thus, EPA and the states of Kentucky and Maryland 

are correct, in principle at least, in making both processors and growers partially 

responsible for livestock waste management.  Similarly, while Environmental Defense 

may have targeted McDonalds parent company to maximize political leverage, there is an 

economic justification for having the parent company share responsibility with its 

franchisees for managing solid waste problems.  The same logic suggests an additional 

rationale for making chemical companies partially liable for hazardous waste problems 

arising at the facilities of their subcontractors.  Similarly, fruit and vegetable packers and 

processors are currently fully responsible for meeting standards for pesticide residues on 

shipped products.  Result 2 suggests that growers should share this responsibility in cases 

where they make pest management decisions. 

Results 3 and 4, in contrast, indicate that there are limits to the applicability of the 

“polluter pays” principle.  The notion that polluters should be liable for the full cost of 

environmental damage they cause is a staple of conventional wisdom in environmental 

policy.  Our results indicate that it does not hold when production occurs under contracts 

characterized by double moral hazard, conditions that we believe to occur in a range of 

important cases.  In these cases, polluters should be liable for less than the full cost of 
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environmental damage.  Holding them fully liable results in excessively stringent 

pollution control. 

V. Implications of Making One Agent Financially Responsible for Environmental 

Damage  

As we noted earlier, in most cases only one agent is effectively solely responsible for 

pollution under current contractual forms and legal doctrine. This is generally the agent 

who owns the facilities from which environmental damage emanates.  Thus, growers are 

responsible for managing livestock waste, vegetable processors for preventing violations 

of pesticide residue tolerances, fast food franchisees for managing solid waste and 

preventing litter, and chemical subcontractors for hazardous waste spills (although 

exceptions have occurred with the latter, as the literature on liability of judgment-proof 

firms indicates).  In this section, we analyze the implications of this current situation for 

environmental quality and production. 7 

 Assume that one of the two agents is financially responsible for the full cost of 

environmental damage, ch(X,Z).  In keeping with our use of terminology from contract 

livestock production, assume that the grower is the responsible agent.  The case analyzed 

here is thus characterized by s = 0 and t = c.  The conditions defining the Nash 

equilibrium levels of the processor’s and grower’s inputs, Xt and Zt, respectively, are 

given as  
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where β t is the grower’s equilibrium share of output.   
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To compare the Nash equilibrium under a pollution tax imposed on the grower 

only with the social optimum, consider a first order Taylor series approximation of the 

Nash equilibrium conditions given in (20) around the socially optimal input levels 

(X*,Z*): 

βtfX* - chX* + (1-βt)fXX*(Xt-X*) + (1-βt)fXZ(Zt-Z*)  ≈  0 

(1-βt)fZ* + [β tfXZ*-chXZ*](Xt-X*) + [βtfZZ-chZZ*](Zt-Z*) ≈  0 

Simplifying using the necessary conditions for the first best and rearranging yields 
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If X and Z are complements in pollution (hXZ ≥ 0), then the denominator in the above two 

expressions is positive by assumption 1..  We maintain the assumption of 

complementarity in pollution for the remainder of this analysis.  The sign of the 

numerator of Xt-X* depends on the sign of the expression βtfX*-chX*.  The first term of 

that expression, β tfX*, is the processor’s loss from output sharing at the optimal input 

levels.  The second term, chX*, is the marginal liability for environmental damage the 

processor avoids.  If the processor’s loss from output sharing exceeds the avoided cost of 

pollution, Xt-X* is unambiguously negative, i.e., the processor will provide less than the 

first best level of her input.  Otherwise the sign of Xt-X* is ambiguous. 

                                                                                                                                                                                                 
7  We assume in this analysis that the contract structure remains constant.  Allowing the contract to 
accommodate pollution charges as well  as output sharing complicates the analysis enough to put it beyond 
the scope of this paper. 
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 The sign of the numerator of Zt-Z* depends on the sign of β tfX*-chX* and on how 

that term changes when the grower adjusts the level of her input, Z.  If changes in Z 

increase the absolute magnitude of the term β tfX*-chX* (so that the product of the two 

terms is positive), then Zt-Z* is unambiguously negative, i.e., the grower will provide less 

than the first best level of her input. Otherwise the sign of Zt-Z* is ambiguous. 

Thus one can distinguish between the following four possible types of outcomes: 

Case I. β  tfX* -chX * < 0 and β  tfXZ*  - chXZ* < 0. 

Case II. β  tfX - chX * < 0 and β  tfXZ* - chXZ* > 0. 

Case III. β  tfX * - chX * > 0 and β tfXZ* - chXZ* < 0 

Case IV. β  tfX * - chX * > 0 and β tfXZ* - chXZ* > 0. 

In case IV, both Xt and Zt are lower than the first best level.  In case III, Xt is lower than 

the first best level but sign of Zt-Z* is ambiguous.  In case I, the reverse is true, i.e. , Zt is 

lower than the first best level but the sign of Xt-X*  is ambiguous.  In case II, both Xt-X* 

and Zt-Z* have ambiguous signs.  It is not possible to resolve the ambiguity regarding the 

with-tax levels of X and Z relative to the socially optimal levels without imposing some 

further restrictions on the functional specifications of production and/or pollution.   

Result 5.  If one party alone is held financially responsible for the full cost of 

environmental damage then production and pollution may be more or less than the 

socially optimal level.  In the special case where at the optimal input levels,  the untaxed 

party’s marginal loss from output sharing exceeds her marginal avoided liability for 

environmental damage and the difference between the two is increasing in the use of the 

taxed party’s input, then production and pollution are both unambiguously lower than 

the socially optimal level.  
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The grower-only-tax equilibrium can be represented graphically by deriving the 

four possible outcomes in alternative way.  Let us define the following two loci 

R(X,Z) ={(X,Z): (1-βt)fX(X,Z) – w = 0} 

T(X,Z) = {(X,Z):β tfZ(X,Z) – v – chZ(X,Z) = 0}. 

Note that the Nash equilibrium input allocation is determined by the intersection of these 

two loci.  It is straightforward to show that R(X,Z) is upward-sloping in (X,Z) space 

while T(X,Z) is upward (downward) sloping if β tfXZ(X,Z) –chXZ(X,Z) > (<) 0.  The 

concavity of the production function implies that R(X,Z) is steeper than T(X,Z) at their 

intersection (if T(X,Z) is upward sloping). 

The location of the first best input allocation (X*,Z*) relative to R(X,Z) depends 

on the sign of βtfX*-chX*.  If β tfX*-chX* < 0, then R(X*,Z*) <  0.  Since R(X,Z) is 

increasing in Z, it follows that (X*,Z*) lies below R(X,Z).  If βtfX*-chX* < 0, then 

R(X*,Z*) > 0 and so (X*,Z*) lies above R(X,Z).  On the other hand, since T(X*,Z*) = –

(1-βt)fZ(X*,Z*) < 0, it follows that (X*,Z*) always lies above T (X,Z)..  Thus there are 

four different outcomes possible here which are summarized in table 1and represented 

graphically as shown in figure 1. Note that these four outcomes are the same as those 

derived earlier. 

 Some special cases are useful for understanding the conditions underlying these 

different outcomes.  To begin with consider the case where processor contributes nothing 

to pollution at the margin so that it seems reasonable to absolve her of financial 

responsibility for environmental damage.  In this case, hX = hXX = hXZ = 0 ∀ (X,Z) and 

thus Xt < X* and Zt < Z*, i.e., making the grower financially responsible for the full cost 

of environmental damage results in less than the socially optimal levels of both 
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production and pollution.  The intuition is straightforward.  The output sharing effect is 

the only incentive operative for the integrator, so she will use too little of her input, as in 

the no pollution case.  As we saw in the preceding section, the grower’s financial 

responsibility for environmental damage will also be higher than socially optimal, leading 

her to use too little of her input.  The complementarity between the grower’s and 

integrator’s inputs reinforces these incentives.  In this case, then, applying the “polluter 

pays” principle strictly is excessively stringent, leading to overly large reductions in both 

pollution and industry output. 

 More generally, the same result occurs when hXZ = 0 and the processor’s input X 

has a comparative advantage in production while the grower’s input Z has a 

corresponding comparative advantage in pollution, in the sense that 

Z

X

Z

X

h
h

vf
wf

>
−
−

. 

This comparative advantage condition implies 

hZ(fX-w) > hX(fZ-v) > hX(βfZ-v). 

Substituting from the IC conditions implies βfX > chX ∀ (X,Z).  Since hXZ = 0, βfXZ-chXZ 

= βfXZ > 0, hence we are in case IV.  Thus, imposing full financial responsibility for 

environmental damage on the agent who contributes a comparatively larger amount to 

that damage results in pollution and production levels that are unambiguously lower than 

the social optimum, for the reasons given above. 

 The diametrically opposite case is that where the agent who is financially 

responsible for the cost of environmental damage (in the case at hand, the grower) has no 

direct influence on pollution.  In this case hZ = hZZ = hXZ = 0 ∀ (X,Z).  Two outcomes are 
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possible in this case.  If β tfX (X,Z) - chX (X,Z) > 0, then Xt < X* and Zt < Z*, regulation 

is unambiguously too stringent.  In this case, the moral hazard effect dominates.  But if 

the marginal avoided pollution tax exceeds the marginal loss in income due to output 

sharing, the outcome is ambiguous.  The integrator has an incentive to use more of her 

input than is socially optimal.  At the same time, output sharing gives the grower an 

unambiguous incentive to use less of her input than is socially optimal (since she 

contributes nothing to pollution at the margin).  Complementarity between the 

integrator’s and grower’s inputs creates countervailing incentives for both agents, leading 

to ambiguity in the outcome. 

To summarize, when the agent whose input does not contribute anything directly 

to pollution is not held financially responsible while the other agent is taxed at full social 

cost then we can be sure that pollution and production are less than the optimal level.  

However, in the diametrically opposite case where the agent whose input does not 

contribute anything directly to pollution is held financially responsible for the entire cost 

of damage it is no longer necessarily true that pollution and production will be less than 

the socially optimal level.  It is possible here that pollution is greater than the optimal 

level while produc tion is greater or less. 

 Another special case to consider is when pollution is assumed to be a fixed 

proportion of production, i.e. h(X, Z) = ρf(X, Z), where ρ >0 is a constant.  This 

assumption is often made in the animal waste literature where manure produced is 

assumed to be fixed proportion of live weight.  This may also be a reasonable assumption 

in some cases of solid waste production as in the example of fast food chains discussed 
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earlier.  Here the conditions defining the Nash equilibrium levels of the processor’s and 

grower’s inputs are given as  

(1-βt)fx – w = 0 

(βt –cρ) fz – v = 0 

Positive production requires βt –cρ > 0, thus β tfX  - chX = (βt –cρ) fX > 0.  

Similarly βtfXZ  - chXZ = (βt –cρ)fXZ> 0.  This implies that we are in case IV, where post 

tax input levels (and consequently both production and pollution) are unambiguously 

lower than optimal.  When pollution is proportional to production, then, imposing 

financial responsibility for pollution damage simply reinforces the incentives for 

underprovision of inputs present in the no-pollution case (as long as pollution damage is 

small enough that production remains profitable). 

 It is noteworthy that there exist conditions under which imposing full financial 

responsibility for environmental damage on one agent can create situations in which 

production exceeds the social optimum while pollution falls below it (and vice versa), 

i.e., in which deviations of production and pollution from the first best are negatively 

correlated with each other.  Such outcomes cannot occur in the standard cases of 

environmental regulation with competitive markets and full information—or even in the 

case of monopoly with full information.  This negative correlation can occur even though 

under our assumptions the industry absorbs the full cost of environmental regulation (i.e., 

none of the cost is passed on to final consumers because demand is assumed to be 

perfectly elastic). 
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VI. Concluding Remarks 

This paper is an initial attempt to study environmental policy formulation in industries 

where vertical coordination arrangements are characterized by conditions of double moral 

hazard.  In contrast to situations characterized by full information, we show that standard 

prescriptions of environmental economics do not apply here.  Imposing a Pigouvian tax 

equal to the marginal cost of pollution does not lead to the first best level of pollution.  

The equilibrium levels of production and pollution are not independent of which agent is 

taxed.  Making either agent or the industry as a whole financially liable for full 

environmental damage at the margin similarly does not lead to a first best level of 

pollution.  On the contrary, under conditions of double moral hazard, the industry should 

pay for less than the full cost of environmental damage.  At present, only one agent (if 

any) is typically liable for environmental damage.  We derive conditions under which 

imposing new regulations that make only one agent financially responsible for the full 

cost of environmental damage (as conventiona l wisdom in environmental policy 

suggests) is excessively stringent in that it results in pollution and production that are less 

than the first best levels.  We also show that such new regulations could result in 

negatively correlated deviations of pollution and production from their first best levels, a 

situation that cannot arise under conditions of complete information. 

 Our model assumes a single principal and a single agent.  Extension to multiple 

agents and multiple principals would be of interest, since many double-moral-hazard 

contracting situations involve some degree of competition between agents for contracts 

and between principals for contractors.  Our model also shows that the qualitative 

performance of alternative apportionments of financial responsibility for environmental 
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damage in contracts featuring double moral hazard (in terms of output and pollution 

relative to the social optimum) is an empirical question.  Empirical examination of 

performance is thus of interest as well. 
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Table 1: Alternative outcomes under grower only tax case 

 
 T downward sloping 

βtfXZ(X,Z) - chXZ(X,Z) < 0 

T upward sloping 

βtfXZ(X,Z) - chXZ(X,Z) > 0 

βtfX(X,Z) – chX(X,Z) < 0 Case I 

(X*,Z*) above T and R 

Zt –Z* > 0 

Xt-X* ambiguous 

Case II 

(X*,Z*) above T and R  

Zt –Z* ambiguous 

Xt-X* ambiguous 

βtfX(X,Z) – chX(X,Z) > 0 Case III 

(X*,Z*) above T, below R  

Zt –Z* ambiguous 

Xt-X* < 0 

Case IV 

(X*,Z*) above T, below R  

Zt –Z* < 0 

Xt-X* < 0 

 

 
 



 32 

Figure 1. Socially Optimal and Nash Equilibrium Levels When the Grower is 
Financially Responsible for the Full Cost of Environmental Damage. 
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