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We offer a decentralized solution to the asymmetric information and hidden action
problems in the nonpoint source (NPS) pollution case. Farmers in the same watershed
generate homogeneous NPS pollution. The regulator, R, pays for (or represents a group
of point-source, PS, polluters who pay for) pollution reduction credits earned by the
group of the farmers. To resolve the asymmetric information problem, R is concerned
with only the total level of the abatement achieved, while the group of farmers (called the
Association, A), undertakes responsibility to distribute the payment so as to induce
farmers to deliver abatement. We show that A can devise an optimal contract to deal
with the farmers' hidden action problem. We identify the restrictions under which such a
policy can be implemented, evaluate its effects on the product market, and show that in
the NPS case information rents are higher than in the PS case.



l. Introduction.
During the last decade the attention from policy-makers to market-based environmental
policy instruments were increased dramatically.

T. Tomasi, K. Segerson and J. Braden provide a careful review and analysis of the role of
the asymmetric information in NPS pollution control (1994). Within the NPS literature papers
that address the implications of the asymmetric information fall into two groups, those that deal
with the adverse selection problem and those that deal with moral hazard.

Results from studying the adverse selection problem include the following. The full
information allocation can be attained if and only if net benefits to consumers exceed the
informational rent that must be paid to firms in the incentive scheme (Spulber, 1989). Truthful
reporting of type occurs under a mechanism that takes form of a tax and a management practice
requirement after the message is received (Dosi and Moretto 1990).

Authors who addressed the moral hazard issue, in which input choices are not observed,
include Segerson (1988), Dosi and Moretto (1990, 1992), and Xepapadeas (1991, 1992).
Segerson proposed an incentive scheme similar to that of Holmstrom (1982) for problems of
moral hazard in teams. “Correct short run marginal incentives can be achieved when each firm
that is active in equilibrium pays the full marginal damages, rather than just that firm’s share of
the damages.” This scheme solves free riding, but it is not budget balancing at margin.
Segerson’ s proposal was further developed by R Cabe (1992), R Horan (1998), Dosi and Moretto
(1990, 1992) and others. Xepapadeas (1991) presents a dynamic moral hazard model. He first
solves for the optimal time path of abatement and pollution by solving asocial planner problemin
the absence of moral hazard. Then, he assumes that the planner cannot observe abatement, but
can observe firms type, so he searches for optimal contracts between the socia planner and
polluters. One of those contracts is similar to Segerson’s, another includes the stochastic system
of fines, based on those proposed by Rasmusen (1987) for moral hazard problem in the teams.

Each of those approaches has advantages and disadvantages, and each of them is more
suitable for some situations, then others. Policymaker has to choose one specific tool out of
variety of available. This paper presents the algorithm how the policy maker can act to design the
regulatory policy, which is feasible and efficient, and evaluate restrictions under which the policy
can be applied.



The nonpoint water pollution problem from farms’ runoff was considered as an example.
Severa farmerslive in the same watershed and produce homogeneous nonpoint pollution as a by-
product of their production process. The regulator knows only the distribution of parameters of
cost of abatement functions, while farmers have full knowledge about each other’s cost functions.
However they do not know each other’ s realized costs.

Basic results are following. First, we argue that, given the long-standing political
preference for subsidizing agriculture rather than regulating it, a permit trading system should be
based (at least initially) on the recognition of that status quo: farmers would be invited to enter
the market as sellers of pollution reduction credits, not buyers of pollution permits. Then we show
how the asymmetric information and hidden action problems can be solved through
decentralization. In our scheme, the regulator pays for, and is concerned with, only the total level
of the abatement achieved by the group of the farmers. The responsibility to distribute the
payment and encourage farmers to deliver abatement performance is vested in the group of
farmers (called the Association), which can use the informational advantages that farmers in the
same watershed enjoy. Given this assignment of responsibility, the Association needs to take
care about the hidden action problem. It is shown in the paper that there exists an optimal
contract, which farmers can use to deal with the hidden action problem. In the standard principal-
agent setting Groves mechanisms are used to solve the hidden action problem. In general those
mechanisms do not satisfy budget-balancing constraint. It is shown in this paper that, given
restrictions on domain of farmers' reports, it is possible to design the mechanism, which is not
Groves, but incentive-compatible, efficient and budget balancing.

Presentation of the material in the paper will be based on the Transaction Chain
Approach, which we developed, and is organized as following: in Section Il, the idea of
“transaction chain” approach is presented in short; in Section 1, IV, and V, this approach is
applied to the nonpoint pollution problem, in particular, the justification for the subsidy scheme,
the contract between the Regulator and the group of farmers, and the contract among members of
group are introduced; finally, in Section VI, it is evaluated how such regulation will affect market
outcome, and under which condition it is reasonable to apply it.

. Transaction chain approach.

The Transaction Chain Approach (TCA) will be used below to solve the nonpoint
pollution problem. Here we present the approach itself.

This approach can be considered as a way to reformulate the problem so it will look
clearer for the Regulator how to solve the problem.

TCA isbased on two ideas. The first ideais that the typical market transaction consist of



three separate steps: (1) property rights or initial endowment assignment; (2) price/quantity
determination; (3) optimal design of the exchange process. Figure 1 illustrates this idea.

For transaction to be completed it should go through all three steps in order, like through
rings in the chain. This gave the name to the approach.

The second idea is that the policy maker can manipulate the outcome of the market by
using specific policy tools on each step of the market transaction. For example, initial endowment
can be fixed in the form of the property rights by specific law, which insures legal protection of
those rights; or it can be supported just through the choice of the subsidies versus tax.

Figure 1. Transaction chain.
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On the second step, when the price and quantity of the product are to be determined, the
Regulator can simply pick some price and quantity; he can allow free trade in the market; or he
can participate in the trade as a buyer, a seller, or a rule maker. On the third step the Regulator
can introduce either restrictions on existing mechanisms of exchange or new forms of those
mechanisms. Table 1 below summarizes possible policies, which can influence each step of the

transaction chain.

Table 1. Policies.

Transaction Property rights/ initial | Price/quantity Optimal design of the

steps endowment determination mechanism of exchange
assignment

Kind of policy | Lawson property Tax, subsidies, Restrictions on contracts,

rights. Legal
protection of property
rights, etc.

Government as a
buyer/seller, restrictions
on trade, etc.

government as a contractor,
mechanism provision (like

taxation of auctions, and etc.)




At the end it is necessary to perform awelfare analysis, to determine how related markets
would be affected by the policy, and are there any restrictions for the policy implementation.
Each time, when the Regulator uses a policy, he changes the market situation. Therefore, after he
went through all transaction steps once, he has to go back to the beginning of the chain and check
whether applied earlier policies changed the circumstances.

It is important to understand that the regulation process must be iterative — the market
transaction is a continuous process, and changes in any step of this process can, and most
probably will, affect other steps of the process. For example, it might be the case that optimal
policy to the second step is conditional on optimal policy to the third step. So, the Regulator has
to fix the third step and then go back to the second. Figure 2 illustrates what the policy maker is
supposed to do if he usesthe TCA.

Figure 2. Algorithm for the policy maker.
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TCA does not offer something entirely origina. However it helps to subdivide the

complicated problem into smaller parts, and this makes it easier to find the solution, and the same
time to always remember the general picture and not to be carried away with important but small
details of the problem. Sometimesit is enough to fix just one step of the transaction chain in order
to solve the whole problem. So the fact that the process is iterative will insure that the same
problem would not be solved two times. Another advantage is that TCA gives the opportunity to
watch how complication in the model for one step of the transaction will affect the whole picture,
which helps to keep track of al consequences of new assumption of the model. Finally, it helpsto
combine the use of different tools of the economic analysis, from general market analysis to
optimal contract theory and game theory, while moving from the aggregate market level of the
problem to the individual level and back.

The next section illustrates how TCA works on the example of nonpoint pollution from

farms' runoff problem.



I1. Application: Use TCA to solve the nonpoint pollution problem.

The nonpoint pollution from farms’ runoffs problem can be formulated as following.

There are n farmers in the watershed, who produce some kind of output and
homogeneous pollution as a by-product. Farmers are assumed to be profit maximizers. Water
consumers receive negative utility from polluted water. However, farmers are not only practically
unaffected by pollution produced by them, but also any reduction of pollution is costly for them.
The problem the Regulator faces is how to decrease the pollution level from the watershed to the
level A.

Assumptions are following: farmers know parameters of their cost functions. The
Regulator knows the distribution of those parameters, but he does not know which farmer has
which parameters. In this paper it is assumed that there is no weather uncertainty.

It is reasonable to assume that “real life” cost of abatement function satisfies the

following conditions:

(1) C,(0) =0; It costs nothing not to produce abatement;

(2) C (a,,) =, wherea,, is maximal possible abatement, which can be considered

as a point of “zero pollution” . It is intuitive, that any production process will always
produce some, may be very small level of pollution, and therefore cost of last unit of
pollution isinfinitely high;

(3)if a >a;, then MC(a) > MC(a;), it cost more to produce next unit of abatement

then previous one.
In this model a cost of abatement function is approximated by quadratic function, hence the

cost of abatement function for thefarmer i is
C = %aiaiz + B,

where C, - cost of abatement function for farmer i ;

a;, B, - parameters of farmer i s cost of abatement function;

a. - farmer i ™slevel of abatement.

Given the form of the cost function assumptions can be rewritten as:

(1) farmer i knows a; & B, Uj =1,...,n;

Below the TCA will be used to solve the nonpoint pollution from farms' runoff problem.



STEP 1. Property rightg/initial endowment assignment.

First, the kind of the product should be defined. Define the product as clean water.
Whoever ownsit can do with it whatever he wants, pollute or keep it clean.

In the case of the nonpoint pollution (or aleast at the stage this problem exist now) only
the initial endowment of the product (not property rights), i.e. the point from which the trade
starts, will be assigned. It should be assigned in terms of proportion of clean water to polluted
water. We choose that the trading starts from the status quo for farmers. If the water users want to
reduce the level of the pollution, they have to buy the clean water from farmers. Assume for now
that regulatory agency will act as a buyer on behalf of government, nonpoint polluters, or any
other water user. Therefore farmers will be subsidized to reduce pollution.

This manner to assign the initial endowment seems to be reasonable in the initial stage of
pollution regulation, since it does not use any punishment, and therefore does not create any
incentives to hide true level of pollution, or fact that somebody is producing the pollution. In
contrary, farmers will want to reveal themselves, since they get extra profit from producing
abatement. On the other hand the Regulator does not need to know exact number of people,
involved in the pollution process, which often isimpossible to know. Heis going to pay people,
who identify themselves as polluters.

Thisis not the only way to assign the initial endowment, however once choice was made
next steps of policy design will consider instruments, which can be used within class of subsidies.
STEP 2. Market trade: quantity and price determination.

In this modél it is assumed that the Regulator picked some level of abatement A, which
he wants to get from the watershed. (This assumption can be replaced by using the benefit of
abatement function, which is the same as Regulator’ s demand for abatement function.)

The assumption in the model is that the Regulator knows the distribution of the
parameters of the cost function; therefore he knows the supply of abatement from the group of the
farmers’ function, given that they choose the best effort.

Therefore, the optimal price/quantity can be determined directly from the equation
Supply=A.

Since the regulator can measure the total level of abatement, then if he pays for this
abatement to the group of farmers who decide to participate, then he does not face the hidden
action problem. Farmers have to distribute this payment among themselves. However he should
be concern with farmers’ decision to accept his offer. So it is his problem to create incentives for
farmers to join the Association and to design the structure of the Association, so farmers would

believe that this type of contract works.



The regulator has to announce payment as a function of total abatement and offer the
sample mechanism of how Association can distribute total payment among its members. Then
farmers, who choose to accept the offer have to announce themselves.

In this model it is proposed to use quadratic function for the total payment. Then price for

abatement is upward sloping linear function: P =ya+n, where a — is a total abatement and

y & n are parameters. Therefore price for the abatement will be P* = yA+1, and total payment
is A(YA +n).

Upward sloping price line creates additional incentives for farmers to stay in the
Association, since payment per unit of abatement, and therefore total payment to each farmer
depends on actions of others. Moreover, price increases in number of members of Association, so
it isin best interests of every participant to act so hobody would want to leave the Association,
but new would join the group.

Total payment depends on parameters y & . Higher values of those parameters attract

more farmers with higher abatement costs, lower values will decrease number of participants to
those with lower costs. So the Regulator can control number of the farmers in the Association.

Farmers decisions on whether to produce abatement or not and how much, besides
parameters of the contract offered by the Regulator, depends on how exchange abatement/money
is designed. Given design of payment distribution inside the Association, the Regulator can
choose the optimal number of participants — number which will produce desirable level of
abatement A at lowest possible cost.

In mathematical terms the Regulator’ s problemiis:

Nyl,i,n a(ya+n)
st. (D design of exchange
2a=A
STEP 3. Optimal design of mechanism of exchange.
Problem to be solved is the principal—multiple agents. Since the Association knows
parameters of each member cost function, it can calculate and assign to each member the optimal
level of abatement aj*. However the hidden action problem remains. It can be solved by

designing a mechanism which is efficient, individually rational, incentive compatible in dominant
strategies, and budget balancing.
Efficiency condition guaranties that the first best would be achieved. Individual

rationality insures that farmers will participate in the program, incentive compatibility in



dominant strategies secures against uncertainty, budget balancing should hold, since only money
that are received from the Regulator can be distributed among members of the Association.

If al those conditions hold, then farmers will join the Association and produce optimal
level of abatement under both certainty and uncertainty. However, since some administrative
structure will be build there is a possibility for rent seeking behavior on behalf of the Association.
If that would happen, then farmers might decide to leave the Association. Therefore impossibility
of rent-seeking behavior is an additional condition on the mechanism.

There are also some informational restrictions. Since Association knows only parameters
of the cost functions, total level of abatement, and parameters of Regulator's offer, then
distribution rule can depend only on those variables.

The same time farmers who decided to join the Association have an incentive to stay in
the Association and keep additional members, since given upward sloping contract curve sum of
payments to two farmers, produced abatement separately, is less then total payment those farmers
will get, if they form the Association.

The Solution to this problem is given in the Section IV.

STEP 4. Determination of optimal parameters from Regulator’s problem.

Once the Regulator learns how the Association is going to respond to the contract he
offers, he can set and solve his problem. From the solution to the Association problem the
Regulator understands that parameters of the contract curve simultaneously determine number of
farmers in the Association and level of abatement they are going to produce. Therefore, the

Regulator’ s problem can be rewritten as following:
Mina(a+n)
yn

st. (D participation const.,k farmersin the Association
(2) Association's response const., Association produces a
a=A
The participation constraint insures that exactly k farmers decide to join the Association;
the Association’ s response constraint shows how much abatement those k farmers will produce.
The Regulator’s goal is to achieve a = A at minimum cost. The same time it does not
matter for him, how many members are in the Association. So he can choose, by setting
parameters, optimal number of farmers in the Association, i.e. the number, which will produce
required level of abatement at minimal for the Regulator cost. As soon as parameters of the
contract curve are determined, the optimal price for a abatement is determined. Section V solves

this problem.



Hence, a new regulation policy for nonpoint pollution from farms’ runoff is designed.
Now it is necessary to evaluate effect of this policy on related markets, and restrictions, which
those effects may impose on the policy implementation.

STEP 5. Analysis of effects of this policy on related markets.

Farmers produce pollution as a by-product of production of good Q. Quantity of this
good depends on pollution level. Reduction of the pollution will change quantity of the good
produced, so the product market will be heavily affected. Therefore before the policy is
implemented the Regulator needs to analyze those effects and determine if the product market
impose any constraints.

Since the Regulator designed the structure of the Association so it would be stable, and
he can measure abatement from the Association, then he can treat the Association as a point
polluter. Therefore an analysis similar to the one in Spulber paper 1987 can be performed. This
analysisis presented in the Section V1.

V. The Association’s problem.

There are n farmers in the watershed. They can produce abatement. The cost of

abatement function for the farmeri is C, = %aiaf + B,a,, wherea,, B, are parameters of the

cost function and &, is abatement, produced by farmer i. Farmers form the Association.
Association receives payment for the total level of abatement a a(ya+n). It hasto distribute
payments t; among its members —farmers.

This problem solved in the Pushkarskaya, Randall 2002. Solution is the contract of the

* . * *k_l * k_2 w*z
t =\aa +0 infla-) all2a—-)a —a—— —
i (|a1 BIE\A % ; J k ]Z ! k ‘% k

With following notation:
ki - number of members in the Association

form:

i Farmer payment

a - The total level of pollution reduction

_ i th . ,
& - 1" Farmer level of pollution reduction
C

+th . . .
- I Farmer cost of pollution reduction function

a;, B; - Parameters of the cost of abatement function C, (a;)



TT. jth . .
! -1 Farmer profit function
yin - Parameters of “ contract”
{ai*} . - Isthe solution of the system of equations:
i=1,..., .

2xyxa+n=a,xa +f Oi=1..k
Each farmer is assigned a: - level of abatement he has to produce in order for the

outcome to be efficient. All a: are calculated by the Association according to the following rule

k
a.a + . =2ya+n, wherea= Zai for al i=1,.... Each farmer chooses individually level of
=T

k
abatement @, heis going to produce, and Z a, =a. However, only total level of abatement can

be detected, as aresult individual transfers can be functions of the total level a. The same time

farmers' cost functions are functions of their individual a;. So utilities are functions of both

a&a:u(aa,t,a).

Term Min{ja- Z af;[2a’ k=1_ a - aE % secures BB around the optimum.
J#1 k JEd] k E
. k
That is if a #a, then Zti (a)<a(ya+n), with
Min a—Za’;;Za*k—_l— af—ag%:a—Za],ifa<a*- case  of  the
J#l k J#1 k E J#1
underproduction
and
Min a—Za};Za*k—_l— a*.—aE%:Za k=1_ aJ—ag,ifa>a*-case of
J#1 k J#1 k a k JEdl k

the overproduction.
Note that for both underproduction and overproduction the difference between payment

from the Regulator and sum of al transfers to farmers are equa, i.e

(@ +A)(y(@ +A8)+n) - Zti (& +A)=(a -D)y(@ -L)+n) - Zti (& -A4),



k
where A, = |a - a*| and z A, = A. Those differences are represented on the picture by
1=1

the shaded areas.
Figure 3. Optimal contract.

So, all other agents are also “punished for the i"™ agent underproduction by the (0{ j a’; +3; )Ai :

Notethat ;& + 3, =a,& +fB, =2ya +n 0 & j= 1...,k That meansthat transfersto each
farmer is reduced by equal amount. If agent i underproduceced, then his cost will be less,

therefore he is punished by losing only @, a:Ai and all other agents are punished equally, each

will lose (2ya + M4, . Thismechanismis similar to the one proposed by Segerson 1988. The

differenceisthat in Segerson’s case polluters are punished by tax, and in this case polluters are
punished by reduction in award. Given such an incentives scheme one will expect, that members
of the Association can create some kind of the monitoring among members. But thisissue is not
addressed in this paper.

In the case of the overproduction by the one agent in the group again everybody will be

punished equally.



If several members of the group will deviate from assigned level, then each member of
k
the group will be underpaid by (2ya’ +n)A, where A = Z A, .

The difference between payment from the Regulator to the Association and sum of the
transfersto agentsis (2ya’ +n)|Alk [A . That meansthat BB holds for any allocation.
The fact that constraints IC and IR also hold is proven in the appendix 1.

To understand how each farmer is paid in the case when all members of the Association

produce optimal abatement we rewrite the payment t, in the form:

t =(y@ +n)a +ya (a - a?) . Therefore, the contract, which the Association creates is such

as: “total payment is the sum of “payment for absolute performance” - (ya’ +r7)a1.* -price of

level of pollution times amount by which i ™ farmer reduce pollution, and of “payment for

relative performance” - ya' (ai* - a?) - marginal changein price times difference between farmer

i " performance and average performance in the group”; Each farmer benefits from decrease of
the cost of any other member of the Association. Therefore they have incentive to share their

cost-decreasing innovations.
V. The Regulator’s problem.
Asit was stated in the Section |11, the Regulator’ s problem is:

Mina(ya+n)
yin
st. (1) participation const.

(2) Association's response const.
da=A

The Association’s respond constraint should show how much of abatement will be

produced for each set of parameters y & 1) . From the Section IV it is known that Association

k
will choose asuch that condition a;a, + 3, = 2ya+n, wherea = Za1 holds Ui .



k
a3 + B, =2/a+n, wherea=% a O

1=1

a.

_2@+n-B
a.

Za 22wr7ﬁm

a= 2yaia—+nk; iﬁ'D

= 1= a
k 1 )
Let —=A,and A =)0
= al 1= al
a=2@A+nA —uldd
_MA-u
1-2yA
Therefore, the Regulator knows that if he sets parameters y & n, then the Association
n-u
1-2yA°
farmersin the watershed.

will produce a =

, Where A & ] are parameters, which characterize the whole group of

The participation constraint should ensure that exactly k farmers decide to join the

Association. Assume that there are many farmers in the watershed. Let’ s rank-order them by their

cost functions. That means that o, <a, <...<a; <..<da, & B <B,<..<fB<..<f,. Each
farmer is going to produce a suchthat a,a + 3, =2y@ +n. Then last farmer, who decide to
join the Association is going to be marginal — for him it does not matter to be in the Association

or not. That meansthat 11, (a; ) =t, (&) —C, (&) = 0. Therefore, the following condition must

hold:



*2

* * * 1
nk(ak):(akak+ﬁk%\/|m[a Za 28’ -a —Zaj%y&?—ia a’-B.a =00
IE3

* * 1 * *
U (akak +Bk)ak _yaT_Eakakz - Ba, =00
*2
O 1aka;z—ya =00
2 k
ka,a,’
0 2ya”® =ka,a,’ [ y——2
2a’
* * * *+ -
O <S’nceakak+ﬁk =2ya’ +n, thena, _ 2@ B">D
CYk
* _ 2
0 y:k(ZVa +n-B)

*2
2a”a,

Substitute the total level of abatement from the Association’s response constraint.

- k kK B
a*:r’/\ H,Where AK:ZL& Uk: &
1-2yA & a, S a;

Then, if the following condition holds, then there are exactly k farmers in the

Association: ZVGK%E} k(2 y%%ﬁn B.)?

The Regulator’ s problem can now be rewritten as following:

Mina(a+n)

st. 2yak%é (yg’?%rn B,)? — participation const.

(2 a= r17/\ > g — Association's response const.
y

R a=A

The Regulator’s problem can be solved the following way. First, one needs to solve

constraints. The solution to this system of equations is the optimal yk & nk for each k -number
of members in the Association. Therefore, y* & n* can be considered as functions of k. Exact
solution for optimal y* & n* isgiven in the appendix 1.

Second, one has to substitute optimal y* & r* into objective function and solve for the



optimal number of membersin the Association:
Min A(“A+n").
k

Solution to this part of the problem depends on the distribution of parameters of cost of abatement
functions.
VI. Analysis of effects of the policy on product market.

This part of the paper analyzes effects of such a contract on product market and Social
welfare. Analysisis similar to the one presented by Spulber (1987) as well as results: policy may
be implemented if net benefits from the product market must exceed the cost of inducing truth-
telling by firms. Since regulator has less information about polluters in NPS setting then in PS
setting, information rents are higher in the NPS then in PS setting. So net gain from regulation of
NPS polluters must be higher then net gain from regulation of PS pollution.

[11.2. Formal model.
A competitive market for a good Q supplied by n non-point polluters. Each firm j

produces output ' and discharges effluents €' . Market inverse demand isgiven by P = P(Q),
m .

where Q = zq‘ is total output. External damages are G(A), where A is total level of
=1

abatement produced by firms. Market inverse demand, P, is continuously differentiable,
positive, and downward sloping. The damage cost function, D, istwice differentiable, positive,
increasing and convex for X >0.

A firm of type | hasa cost function

C(',e',6") =%((ej)2 +(q')?)-&elq' —0'e!  for j=1..,m (1)

Before any regulation was used there is equilibrium in the market with equilibrium price
P®, total equilibrium quantity Q°, and individual equilibrium quantities q'°. The regulator
knows all of them.

Since the market is competitive, then P® = MC® = 0q’® — &e'®. Therefore, regulator can
calculate '

Let n<m polluters work in the same watershed.
And let cost of abatement function (which is total lost profit due to abatement) be of the

form C*(a) = %aiaf +Ba,.



If the regulator contracts with the polluters in the watershed, then he can get abatement at
the level A for the cost of A(YA+n), where y & 1 are functions of the distribution of the
parameters of the cost of abatement functions{ai} &{ [} Jd=1..,n.

As aresult of this policy, quantity of product supplied are reduced, so equilibrium total
quantity is reduced and equilibrium price is increased.

New price is equal new MC. It is possible to express MC and so P as a function of
abatement.

P=o0q’-¢&(e” - a;) -individua supply functions;

1 i o . "
q’ _E(|:>+g(eJ -4, )) - individual quantity supplied;

1

k .
QA — EEDK +E(Zeje - A)E_ quantity, supplied by the Association;
=

1

ko
— E E;QA - EZ el + EAE supply from the Association.
£=

m

Therefore we can consider product market with demand P(Q) = P('y g’ +Q*), and supply
j=RkH

functions: P =oq’' —&e' forj=k+1,....m.and P = %EUQA —fzele +£AE_
&

Combining the demand and supply, we can solve for market equilibrium outputs:

/B’ =q’(e",....e", A for | =k+1..,m
&zQ(ek+l,"',em)A) ’

We can calculate effects of effluents and A — level of abatement, which the regulator bought from

the Association.
q
+ — f =k+
EP(Zﬂq Q)EZGA 6AE06A or j 1...m

gaQ" &
EP(,»:ZquQ)EZGA GAE T

And aso conclude, that a firm's market equilibrium output is increasing in the A, but output,

produced by the Association is decreasing in A. Equilibrium price has increased due to

abatement, and equilibrium quantity has decreased in pollution.



1.3 . Effect of the policy on Social Welfare.
The change in the social welfare is equal to sum of the change of the Consumer Surplus

ACS, change in Producer Surplus APS, and environmental gain.

Denote new equilibrium price as P(e"",...e™ A), and new equilibrium output as

Q(P(e*",...,e™, A).

P(e“*,..e™ A)

Consumer surplus then will decrease by ACS = I Q(P(e'“l,..., e™, A))
PE

Producer surplus will increase, since members of the Association are compensated for
any lossin profit, and all others enjoy increase in both price and quantity by APS.

Regulator should implement the policy, if

G(A) —ACS(A) +APS-A(YA+n) = 0.

G(A) = ACS(A) —APS+ A(YA+n) .

Term A(yYA+n) plays the role of informational rents. Since regulator knows almost

nothing about producers, then he has to compensate producers for all their losses. This rents are
greater then those in PS setting.

Similar analysis will show that if a point polluter, who was taxed for exceeding some
specific level of pollution is allowed to buy an abatement from nonpoint polluters in the same
watershed, and he will use the same contract as was designed for the Regulator above then cost of
abatement from the watershed will be reduced and Social Welfare will increase.

IV.  Advantages/disadvantages.
V.1 Advantages.

This paper presents both an approach to the nonpoint pollution, which as well can be
used to any other regulatory problem, and a first-best solution within that approach.

TCA does not offer something entirely original. However it helps to subdivide the
complicated problem into smaller parts, and this makesit easier to find the solution, and the same
time to always remember the general picture and not to be carried away with important but small
details of the problem. Sometimes it is enough to apply a policy to one step of the transaction
chain and let the market solve the rest of the problem.

TCA requires that each proposed policy is accompanied by restriction on implementation
of the policy by related markets. Therefore different policies can be compared by restrictions
under which they can be applied and their effects on Social Welfare.



Another advantage is that TCA gives the opportunity to watch how complication in the
model for one step of the transaction will affect the whol e picture, which helps to keep track of al
consequences of new assumption of the model.

Finally, it helps to combine the use of different tools of the economic analysis, from
general market analysisto optimal contract theory and game theory, while moving from the
aggregate market level of the problem to the individual level and back.

Solution to the nonpoint pollution problem obtained using TCA achievesfirst best in the
presence of both asymmetric information and hidden action.

It is shown that regulated point polluters can use the contract designed in this paper to
buy abatement from nonpoint polluters. Thiswill increase the Social Welfare and expend the
range of market situations, where such policy can be applied.

VI.2. Disadvantages.

First, since it is proposed in the model to use subsidies instead of tax, such a policy can be
used only when expected environmental gain is big enough to cover cost of the project and losses
in product market.

Second, informational requirement are still very high. In this model the Regulator needs to
know distribution of parameters of the farmers cost functions, and polluters need to know their
and each other’ costs of abatement functions However, if the same problem will be considered in

the dynamic setting, then the Regulator and polluters can learn over time.

Appendix 1.
From appendix 2 it is known that
r’/\k l’lk >O
1-2yA,
k 3 k n—fR
I’]Aj —lj]. = - ﬁ = ’7 B'
k 2y

1-2yA =1- ZyZ——l .

If thereis only one member in the Association, then



'7‘31
al :r’_Bl >O

a=

1_Q al_zy
al
-3, >0 on =B, <0
0 5” Ay (casel) or D'? A (case 2)
o, -2y >0 0a, =2y <0

If the case 2 is true, then farmers will choose to produce infinite amount of abatement for
infinitely high cost.

If the Regulator wants to induce some specific level of abatement, then he needs to
choose case 1. Since

a, <a,<..<a, and a, >2y,
thenOi:a> 2y.

Appendix 2.
The Regulator’ s problem:

Min ala+n)

A — U A — U ) .
st. (1) 2ya =k(2 - — participation const.
@ 2y kgmg (v%’m%n B —p P

(2)a= T—;ﬁ — Association's response const.
47

da=A

First, we need to solve constraints with respectto y & n:
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Therefore, if the Regulator wants to have k farmers in the Association, then he needs to set

o KA-BArT e 1 L H KA BA L)
Y R )\w Aa, A
k g k

Refferences:

d'Aspremont, C., J. Crémer, and L. A. Gérard-Varet, 1990a; “On the existence of Bayesian and
non-Bayesian revel ation mechanisms.” Journal of Economic Theory,

d'Aspremont, C., J. Crémer, and L. A. Gérard-Varet, 1990b; “Bayesian implementation of non
Pareto-optimal social choice functions.” Mimeo, CORE.

Amacher and Malik, 1996; “Bargaining in environmental regulation and the ideal regulator.”
Journal of Environmental Economics and Management v30n2

Crémer, J., and R. MclLean, 1985; “Optimal selling strategies under uncertainty for a
discriminating monopolist when demands are interdependent.” Econometrica 53: 345-361

Crémer, J.,, and R. McLean, 1988; “Full extraction of the surplus in Bayesian and dominant
strategy auctions.” Econometrica 56:1247-1258.

Fudenberg, D and Tirole, J.,1991; “Game Theory.” Cambrige, MIT press.

Garvie and Keeler, 1994; “Incomplete enforcement with endogenous regulatory choice.” Journal
of Public Economics v55n1 p.141-162



Green, J. and Laffont, J.-J., 1977; “Characterization of Satisfactory Mechanisms for the
Revelation of Preferences for Public Goods.” Econometrica, Vol. 45, No. 2., pp. 427-438.

Herriges, J., Govindasamy, R. and Shogren, J., 1994; “Budget-Balancing Incentive M echanisms.”
Journal of Environmental Economics and Management, 27, pp.275-285.

Govindasamy, R., Herriges, J., and Shogren, J., 1994; “Non-point tournaments.“ Nonpoint Source
Pollution Regulation: Issues and Analysis, pp.87-105. Kluwer Academic Publishers, Dordrecht.

Holmstrom, B., 1982; “Moral Hazard in teams’. Bell Journal of Economics, 13, pp324-40.

Harford, J. D., 2000; “Initial and Continuing Compliance and Trade-Off between Monitoring and
Control Cost.” Journal of Environmental Economics and Management, 40, pp. 151-163.

Horan, R., Shortle, J. and Abler, D., 1998; “Ambient Taxes when polluters have multiple
choices.” Journal of Environmental Economics and Management, pp.186-199.

Johnson, S., J. Pratt, and R. Zeckhauser, 1990; “Efficiency despite mutually payoff-relevant
private information: The finite case.” Econometrica 58: 873-900

Johansson, R. 2001, “Mechanism Design for Nutrient Trading under asymmetric information.”
Sclected paper: American Agricultural Economics Association Meetings, Chicago, lllinois
August 5-8, 2001.

Laffont, J.-J., and J. Tirole. 1988; “ The dynamics of incentive contracts.” Econometrica 56: 1153-
1176

McAfee, P., J. McMillan, and P. Reny, 1989; “Extracting the surplus in the common-value
auction.” Mimeo, University of Western Ontario

Maskin, E., and J. Riley, 1980; “Auction design with correlated values.” Mimeo, University of
Cdlifornia, Los Angeles

Malik, A., 1993; “ Self-Reporting and the Design of Policies for Regulating Stochastic Pollution.”
Journal of Environmental Economics and Management, 24, pp. 241-257.

Pushkarskaya, H. and Randall, A. 2002; “Toward the performance based nonpoint pollution
regulation: an exercise in mechanism design.” Selected paper: Second World Congress in
Environmental Economics, Monterey, California June 25-29, 2002.

Stranlaund, J. and Dhanda, K.1999; “ Endogenous Monitoring and Enforcement of a Transferable
Emissions Permit system.” Journal of Environmental Economics and Management 38, 267-282.

K. Segerson, 1988; “Uncertainty and Incentives for Non-point pollution control.” Journal of
Environmental Economics and Management, 15, pp 87-98.

Shortle, J.and J. Dunn, 1986; “The Relative Efficiency of Agricultural Source Water Pollution
Control Policies.” American Journal of Agricultural Economics, 68, pp 668-77.

Spulber D.F., 1989; Optima Environmental regulation under asymmetric information.” Journal
of Public Economics, 35 pp163-181



Tomasi, T., Segerson, K. and Braden, J., 1994; “Issues in the Design of Incentive Schemes for
Nonpoint Source Pollution Control”. Nonpoint Source Pollution Regulation: Issues and Analysis,
pp.1-37, Kluwer Academic Publishers, Dordrecht.

Van Egtere, H. and Weber, M., 1996; “Marketable Permits, Market Power, and Cheating.”
Journal of Environmental Economics and Management, 30, pp.161-173.

A P Xepapadeas, 1991. “Environmental policy under imperfect information: Incentives and moral
hazard”, Journal of Environmental Economics and Management, 20, pp 113-126.



	July 27-31
	Dept. of AED Economics, The Ohio State University


