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1. Introduction

Water quality is one of the most important environmental concerns
around world today. Sources of water quality impairment can be divided
into two categories according to their characteristics. point sources and
nonpoint sources. Point sources are like sewage treatment plants and
industrial facilities that discharge pollutants into waterbody via a discrete
conveyance such as a pipe. Pollution from nonpoint sources, by contrast,
is diffuse in nature such as agricultural or urban runoff. The precise origin
of pollution from nonpoint sources is difficult to identify because of its
characteristics. This makes it hard to regulate for pollutant discharges from
these sources (WRI 2009).

The standard approach to water quality regulation has been to regulate
discharges using technology-based restrictions (command & control
approach) on point source polluters. These regulations have been proved to
be successful to control the point source pollution. The application of
technology-based requirements through the U.S. Enviromnetal Protection
Agency’s National Pollutant Discharge Elimination System (NPDES) permit
program has achieved substantial success in controlling the point source
pollution.

However, these have some weaknesses that make us seek to find the new
market-based trading. The technology-based restrictions are a relatively
expensive way to achieve the pollution reduction target, and emphasize on
the regulation of point source pollution. These regulations are not
appropriate to address the nonpoint source problem that is a magor source
of water quality problem because the nonpoint source runoff is not easy
to be monitored by regulatory agent [Vedlitz, et a. (1999)]. In addition,
there are demands for looking for cost-effective dternatives to expensive
regulation tool to get the water quality goals in the socid level and to
expensive capital investments in their plants to meet the goas in the point
source level.

For the perspective of nonpoint source polluter, market-based trading
program gives the incentive to regulate for their own pollutants voluntarily
by participating in the market. Because of these reasons, there has been
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growing interest in developing watershed-based trading as a regulatory tool
to achieve water qudity goas recently, and actually many water-quality
trading programs have been designed and implemented in the world. Water
quality trading is a market-based tool that is gaining popularity as a
mechanism to cost-effectively meet water quality goas. According to World
Resources Inditute, 57 water quality trading programs were identified in
2008. Among these, 26 are active, 21 are under consideration, and 10 are
inactive (WRI, 2009).

Trading between regulated point sources and unregulated nonpoint
sources such as agriculture is one of the most common form of water
quality trading because water quality trading is most commonly applied to
nutrients and the mgjority of nutrient pollution originates from nonpoint
sources, mainly agricultural sources. As mentioned in WRI (2009), water
quality trading has many formulations. Trades between regulated point
source-that is, two sewage treatment plant trading to meet permitted
discharge levels-are the mogt straightforward. Water quaity trading program
can aso dlow trading between regulated point sources and unregulated
point sources, such as agricultures. Trading between point and nonpoint
sources enable point source with high compliance costs to purchase
pollution reduction credits from nonpoint sources with lower pollution
reduction cogts. In most instances, point source facilities are controlled by
regulatory discharge permits while nonpoint sources are generaly not
controlled by regulatory discharge limits. In these types of programs,
nonpoint sources are typically sellers of pollution reduction credits and not
buyers, since they are under no regulatory obligation to reduce their
discharge. Over 70 percent of active water quality trading programs are
between point and nonpoint sources. Our paper are focused on trading
between regulated point sources and unregulated point sources.

From the problem that discharge from nonpoint sources cannot be easily
monitored, asymmetric information problem such as mora hazard may
happen in water quality trading between point and nonpoint sources.
Nonpoint sources under mora hazard may not exert their best efforts for
pollution reduction. The objective of this paper is to find optimal liability
sharing rule between sdler and buyer in water quality trading market in
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order to avoid the mord hazard problem. This paper aims to find optimal
liability rule considering moral hazard issue in the water quality trading
market design.

In addition, Woodward and Kaiser (2002) categorized market structure
into four main types : exchange, bilatera negotiations, clearinghouses, and
sole-source offsets. They analyzed four types of market structures in terms
of market efficiency and environmenta efficacy. They stated that bilateral
negotiations type of market structure is most common in weater-quality
market and especialy in case that effluent trading program is trying to
include nonpoint source polluters because of the advantage that non-uniform
goods can be traded in this market unlike exchange market. Hence we will
deal with trading between point and nonpoint sources in market of bilatera
negotiations type in our model.

I. Liability rules in water quality trading market

“Liability rules are used to guide compensation decisions when polluters
are sued for damages in a court of law. Such rules can provide ex ante
incentives for the polluters to use more environmentally friendly production
practices.” [Ribaudo. et al. (1999)]. They discuss two different types of
liability rules that are relevant for the polluters: (1) strict liability and (2)
negligence. Under strict liability, polluters are absolutely liable for payment
of any damages that occurs. Under a negligence rule, polluters are liable
only if they failed to act with the “due standard of care’. [Ribaudo. et a.
(1999)] When there are multiple polluters, damage costs under “joint and
severa ligbility” rule can be divided among polluters according to any
digtribution of the court’s decison. However, if a specific distributiona rule
is set ex ante, damage costs can be distributed according to this rule.
Liability rules can be categorized in different manner. The rules can be
defined as an dlocation rule of responghbility in case a party which has
transferred parts of its assigned amount is found in non-compliance [Barion
1999]. Barion (1999) provides a technical assessment about the following
main types of liability rules for internationa greenhouse gas emission
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trading : issuer liahility (issuer beware), buyer liability (buyer beware) and
shared buyer/issuer liability.

Consdering these liability rules, we anayze following three options in
water quality trading market in this paper: (1) sdler liability (in case of
non-compliance, seller would pay the penalty or non-compliance fees), (2)
buyer lighility in case of non-compliance (in case of non-compliance, buyer
would pay the penalty), (3) shared liability (in case of non-compliance, each
party would pay the his or her share of penalty).

I. The mode

In water quaity trading, the credit seller may not actudly exert his effort
to reduce the pollution to meet the required reduced amount because his
effort cannot be easily monitored. Our study is to find optimal liability rule
to prevent mora hazard problem. In the model setting, we use the basic
moral hazard model of Laffont and Martimort (2002).

Suppose the principa is a credit buyer (point source polluter) and the
agent is a credit sdler (nonpoint source polluter). A point source polluter
purchase credits from the nonpoint source polluters who are able to gurantee
a supply of credits. We consider a sdler who can exert a costly effort e.
Here we normalize efforts level as a zero effort level (¢ = 0) and a postive
effort of one (e = 1). Exerting effort e implies a disutility for the agent
that is equal to ¥ (e) with ¥ (0) = 0 and ¥ (1) = ¥. Sdler receives a
transfer ¢ (this is nothing but the price of credit) from buyer by sdlling the
credits that he or she created. We assume that his or her utility function
is a separable function of money and effort, 7/ = w(t) — w(e), with w(t)
increasing and concave in ¢t (v > 0 and »” < 0). In addition, the inverse
function h = « ! is increasing and convex in t (k' > 0, h” > 0).

We assume the ambient concentration at a given monitoring point is
observable, and the ambient concentration at a given monitoring point is
stochastic because of the weather, the type of land and so on. These
monitoring points can capture the emission level from some nonpoint
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sources of local area including the credit seller of this effluent trading.

Seller's effort affects the ambient concentration a a given monitoring
point as follows. the stochastic ambient concentration at a given monitoring
point £ can only take two values { £, E}, and £ > E* > E where E*
is a critical threshold of the pollutant. If ¢ = 1 (the agent exerts the postive
effort), then £ = £ (the ambient concentration at a given monitoring point
is less than a critical threshold of the pollutant) with probability =, and £
(the ambient concentration at a given monitoring point is greater than a
critical threshold of the pollutant) with probability (1 - =), and when £
= EY, the pendlty 2 is ‘0" with probability n, and 7 with probability (1
- n;). We assume there is no penalty when non compliance is not detected
by regulatory agent.

If e =0, then # = £ with probability =, and E with probability (1
- m,), and when E = F, the pendty P is ‘0’ with probability n, and P
with probability (1 - n,). Here, it should be noted that =, > =,. In this
situation, sdller’s action is not observable by buyer, but the loca ambient
emission level can be observable by the principal.

Buyer can only offer a contract based on the observable and verifiable
local ambient emission level ¢(£). With two possible outcomes such as £
and £, the contract can be defined equivaently by a pair of transfers ¢
and t. The transfer (¢, ¢) is a payment received by sdler if the loca
ambient emission level £ (or E) is redized. Moreover, buyer and seller
sign the contact in which if a regulator charges the penaty for
non-compliance, sdller has to pay a proportion of pendty [(1 — «)], where
0 < a< 1.

1) When the ambient concentretion & a given monitoring point is greater than a critica threshold
of the pollutant, the regulator would start to inspect the emission source, but imposing the
fine is dso stochastic because of the difficulty of monitoring.
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IV. Main Resaults

Consider a water quality trading in which there exist a point source
polluter and a nonpoint source polluters. The nonpoint sources are sellers
of pollution reduction credits assigned by the regulator. In addition, they
are under no regulatory obligation to reduce their discharge. The point
source polluter is a risk-neutral credit buyer. His or her expected cost saving
from the credit trading is written as.

V=0~ {mt+0—m)G+0—n)aP)} (1)
We assume buyer want seller to exert the effort.
That is, V, = C,— {m (1)+ (1 —m)(E+ Q—n)aP)} = V, = C,
—{m () + ==&+ (1—n)aP)}, where C, is the costs saving
through purchasing pollution reduction credits from nonpoint sources.

Although it depends on pollution reduction technology and so on, for the
sake of smplicity, we assume that C, is constant.

Since buyer does not observe the sdller’s effort, his or her optimization
prablem is given by

Max V, = C, — {71'115 +(1—7r1)(_t+(1—771)aP)}
subject to
mu(t)+ Q@ —7)nu(t)+Q—n)u(t-0-a)Pl—¥=0 (2

Anu(t) + Ax[nu(t)+ 1 —n ) u(t — (1 — Q)Pl— ¥ =0 3

where Ar = 7, — 7, 0 < a < 1.
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We sat Largrangian function £, where p and X denote Largrangian
multipliers for the inequality (2) and (3) respectively. Eq. (2) is the
participation constraint that ensures that if seller exerts effort, it will yield
at least his reservation utility, that is, ‘0". Eq. (3) is the incentive constraint
that imposes upon the seller to prefer to exert a one effort level which
means that the seller’s expected utility for him or her to exert a one effort
level is greater than or equa to that to exert zero effort level.

We have the following necessary conditions for maximization with
respect to t, t, and a:

oL/ot = —m 4+ ppu' () + NAmu' (t) = 0 4
6L/87§ = —(1—71'1) u(l — ﬂl)[nlu’(%)-i- (1-— nl)[u’(i —(1- a)j_D)]
—AMrllnw (1) + 0 =)' (t =0 =) P)] =0 ©)

From aL/6a < 0, we have

-1 - 7r1)+u(1— ﬁl)u'(;f - (1- a)?’)— VAV ITH

(t—1—a)P)<0 (6)

oL/ ox = mu(t)+ (1 — a)[npu(t)+ (1 —n)
[u(t—(1—a)P)]—¥ =0 (7

oL/ op = Arnu(t) — Arxnu(t) + (1 —n)
[u(t—(1—-a)P)]—¥ =0 (8)

Remark. Assuming that o« has a corner solution, i.e.,, ‘0", for maximization,
complementary slackness condition, that is, «(6Z/6a) = 0, holds.
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Proposition 1. Suppose that buyer (point source polluter) is risk neutral but
sdler (non-point source polluter) is risk averse. In water quality trading
market, when non-compliance is detected, there is no case in which buyer
and seler share liahility.

Proof. We prove it by way of contradiction. Suppose that 0 < o < 1.
Rearranging Eq. (5), we have

ml—0 =)+ p—7m)u' (1) = XAxd ()] + 1 —n)[— (1 — my)

+pu(l—a)u' (T —1—a)P)— AAmd' (t =1 —a)P)] = 0 9
From Eg. (6), we have

—(1 - 7r1) + u(l — Wl)u/(i —(1— a)?’) — \A7mu

(t—(1—a)P)=0 (10)
Subtracting Eg. (10) from Eqg. (9), we obtain
mlp(l =) = AAx]lu () —u' (t =1 —-a)P)] = 0  (12)

Snce0<a<1,t—(1—a)P < t.Moreover, from «” (- )< 0, we
have

u (1) < u'(_t—(l—a)j_D) (12)
From Egs. (11) and (12), we have
[p(1—m)—AA7] <0 (13)

Combined Eq. (4) with Eg. (6), we obtain the following relaionships with
respect to p and \.
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p=m/u(t)+ 0 —m)/u(t—(1-a)P) (14)
A=l —m)/Ax][1/u/ (1) = 1/u' (t =01 —a)P)]  (15)
From Egs. (14) and (15), the left hand side of Eq. (13) is given
[ =)= A7l = Q- m) /' (t =1=a)P) >0 (1)

From Egs. (13) and (16), we have a contradiction. It is easy to check
that the second condition for maximization is satisfied.

Notice that we have o = 0 (sdler’s liahility) or o = 1 (buyer’s lighility)
as a candidate for optimal solution. The first case in which seller who is
more risk averse than buyer pays the full liability is somewhat
counter-intuitive. Since it holds for [u(1 — ;) — AAx] < 0, this is the
case in which 7, is high and Ax is large. This means that if seller’s action
largely improves the probability of success which means that ambient
concentration a a given monitoring point is less than a critical threshold
of the pollutant, the seller has a full liability.

Proposition 2. Suppose that buyer is risk averse but seller is risk neutra.
In water quality trading market, when non-compliance is detected, there can
be following three cases: (1) sdller pays the full penaty, (i1) buyer pays
the full penalty, (i) seller and buyer share the penalty.

Proof. Buyer who wants to induce effort must choose the contract that
solves the following problem:

Max

V, = mu(C, — t)+ 1 —m)[nu(C, — 1)+ (1 —n)u
(C,—t—aP)] 17
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subject to
mt+0—a){i-0-n)1-a)P)}-w =0 (18)

Aﬂj—Aﬂ'[;ﬁ—(l—nl)(l—a);))]—wZ 0 (19

Let denote ¢ := + — (1 — n )1 —a)P.
When sdler is risk neutral, the buyer can choose incentive compatible

transfers ¢ and ¢, which make the sdler's participation constraint (Eq.
(18)) binding and leave no rent to the seller. Now we choose the above

transfers ¢ and ¢ binding for inequalities (18) and (19) as follows:
mt+(1—m)t—¥ =0,
Ant — Ant — ¥ = 0.

(1—m) - s —
So, Wehavelf—TLP, t—_ﬂw, and tf(l_nl)(l—a)
_ n

At the above solution, since the inequality (18) is binding, sdler has no
surplus. Therefore, we know that given «, though buyer cannot observe
seller’s behavior, buyer can extract the sdler’s full-surplus.

Inserting the above solution into (17), we can simplify the above
maximization program as follows:

Max
mu(C, = 1)+ (1= m) (G, = (1= m) (A = ) P+ —0) +

(1= n)u(C,— (1 —n)(1— a) P+ 2—(;@— aP)] such that 0 < o < 1.

We sat Largrangian function £, where p and X denote Largrangian
multipliers for the inequality a > 0 and 1 — «a > 0 respectively.
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oL , , o
= =) =) I (W) = (L= n)a (W= aP)] P
0‘% =0, pa=0, A(1 — ) = 0 (complementary slackness condition),
where 17 denote C;L_(1_771)(1_ a)P+ A—ﬂ_w

From (20), we have
(1= m) (=) (W)= Q= g’ (W= aP)l= (—p+\)/ P (21)

Snce W=>W—-—aP ad «(-)<0, we know that

u' (W) < o/ (W— aP). Thus we consider the following three optimal
cases.

Case 1 (sdler's liability): nu' (W) > (1 —n)u'(W— aP)

In this case, the left hand of Eq. (21) is negative. From the above
equation, it is clear that 1 > 0. Therefore, from complementary dackness
we have o = 0. This case holds if (1 —17,) > 7n,. This means that the
probability for detecting non-compliance (1 — n,) is relatively high, sdler
pays the full penalty.

Case 2 (buyer's liability): nu' (W) > (1 —n)u' (W— aP).

In this case, the left hand of Eq. (21) is positive. From the above
equation, it is clear that A > 0. Therefore, from complementary dackness
we have o= 1. Similarly to the above case, this case holds if the
probability for detecting non-compliance (1 — n,) is relatively low, buyer
pays the full penalty.
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Case 3 (shared liahility): n,u’ (W) > (1 — n )/ (W— aP).

In this case, the left hand of Eq. (21) is zero. Thus, we conclude that
if the probability for detecting non-compliance (1 — 7;) is intermediate
higher than 1/2, there exists an optimal solution in which seller and buyer
have shared liability for penalty. It is easy to check that the second
condition for maximization is satisfied.

We show that when non-compliance is detected, there are the three
possible liability cases. sdler's liability, buyer's liability, and shared
liability between sdler and buyer. In this case, shared liahility between
buyer and seller happens contrary to the case in which buyer is risk neutra
but sdler is risk averse. The reason is that higher the probability for
detecting non-compliance is, a risk averse buyer has the more incentive to
share the penalty to be charged with a risk neutra sdler.

So far, we assume that seller’s individual rationality condition expressed
as Eq. (2) for arisk averse sdler or expressed as Eq. (18) for a risk-neutra
sdller holds under interim individua rationality in which expected utility is
determined as random events depending on emission level and the detection
possibility. This condition is wesker than ex post individua rationdity
condition for seler in which no individual wishes to wak away from a
mechanism after al information has been revealed and the decision and
transfers fully specified, regardiess of the realization of probabilistic events.
For the risk averse sdller, ex post individua rationality condition is written
below:

Max V, = C,— {mt+ 0 —m)(t+1—n)aP)}

n

subject to

mu(t)+ (1 —a)pu(t)+Q=n)lu(t —1-a)P)| -7 =0 (2
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Aru(t) = An[nu(t) + 1 —n)u@ -1 —-a)P)|-¥ >0 (3

u(t)—¥ =0 (22)
uw(t)—w =0 (23)
u(%—(l—a)?’)—wz 0 (24)

We observe that ex post individud rationality conditions, i.e.,, Egs. (22)~
(24) implies interim individual rationality condition, i.e, Eqg. (2). The
buyer’'s optimization problem is as follows:

Max V= C,— {mt+ 10— )(t+10—n)aP)}
subject to

Aru(t) — Anlnu(t)+ 10— )@ -0 -a)P)|-¥ >0 (3

u(t)—¥ =0 (22)
uw(t)— ¥ >0 (23)
u(%—(l—a)?’)—wz 0 (24)

From Egs. (23) and (24), it is easy to show that inequaity (24) is binding
a an optimal solution.

So we have;

t=h@)+1—a)P (25)
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From combined Egs. (3) and (22) with the above result, it is easy to show
that inequdity (3) is binding a an optima solution. So we obtain:

w(t)=U/Ar+nh@)+ A —n)0+n0—-a)P > (26)

Notice that when the date £ is redized, a sdler obtains a rent. It is easy
to prove that this aso holds for a risk neutrd so that the seller has an
positive interim expected rent contrary to the assumption under the interim
individud rationality condition in which the seller have no interim expected
rent.

From (26), we have:

t=hlw/Ax+nph@)+ 0 —n)@+ 9 (1 — o) P] (27)

Inserting Egs. (26) and (27) into 17, we have the following optimization
problem:

Max

C,— mh|¥/Ax+nh(@)+ (1 —n)¥+n(1 - a)P]
—(1—7m)h@)+ 0 —a)P+(1—n)aP] such that 0 < o < 1.

We sat Largrangian function Z, where p and X denote Largrangian
multipliers for the inequality « > 0 and 1 — « > 0 respectively.

oL , —
Ez[ﬂ'lnlh(W)Jr(l_ﬂ'l)nl]PJrM_)\:O (29)
02k 0, pa =0, A\(1 — a) = 0 (complementary slackness condition),

216"
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where W denote ¥/ Ax + nh(@) + (1 — 1)@+ n, (1 — a) P.

From Eqg. (28), we have

mmh (W) + A —a)n,=Fp+X)/P (29)

Since the left hand side of Eq. (29) is postive, we know that A > 0.
From complementary slackness condition, we have « = 1.Therefore, buyer
pays the full penalty.

Similarly to the above case, we can prove that buyer pays the full penaty
when is risk neutral but seller is risk averse. It is easy to check that the
second condition for maximization is satisfied. The above results can be
summarized by Proposition 3.

Proposition 3. Suppose that a contract consider an ex post individua
rationality condition for seller in which he or she doesn't have less than
a zero rent from a mechanism after all information has been reveaed.
Regardless of a degree of sdler's risk aversion, in water quality trading
market, when non-compliance is detected, buyer pays the full penalty
(buyer's liability).

Assuming an ex post individud rationality, we have a solution of o =1
(buyer's lighility) in two cases. This implies buyer pays the full penalty
regardless of their risk attitude when non-compliance is detected. An
economic reason for that is buyer has to consder compensation with
transfer (¢) in order to avoid the sdller's default considering seller's ex post
individual rationality if both parties share the penalty. When 0 < o < 1,
we have t = h(¥) + (1 — o) P> h(¥) from Eq. (25). This result ensures
that buyer has to pay a podtive rent to sdler when the ambient concentration
a a given monitoring point is more than a critical threshold of the pollutant.
In other words, buyer should pay rent to seller if buyer impose a part of
liability to seller. However, imposing a part of liability to seller cannot be
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a solution because it reduce his or her net benefit compared to the case
of buyer's full liability.

V. Summary and Discussion

This study considers water quality trading in which a point source
polluter is a credit buyer for pollution emissions and a non-point source
polluter is a credit sdller. We examined how the liability is distributed
between buyer and seller depending on their attitude toward risk. At first,
consider the case where buyer (point source polluter) is risk neutral but
seler (nonpoint source polluter) is risk averse. In water quality trading
market, when non-compliance is detected, there is no case in which buyer
and dler share liability. In this case, the buyer who is risk neutral generaly
pays the full penaty. However, if sdler's action largely improves the
probability of success which means that the ambient concentration at a
given monitoring point is less than a critical threshold of the pollutant, the
sdler has the full ligbility for the pendty. To prevent a mora hazard of
sdler, seller's liability can be an answer when the probability for detecting
non-compliance (1 — »,) is relaively high.

Second, conddering the case buyer is risk averse but sdler is risk neutrd,
when non-compliance is detected in water quality trading market, there are
the following three optima cases. (1) sdler pays the full pendty, (ii)
buyer pays the full pendty, (iii) seller and buyer share the penalty. In
particular, we show that if buyer is risk averse but sdller is risk neutrad,
there is a case in which buyer and sdller share liahility. In this case, shared
liability between buyer and sdller happens contrary to the case in which
buyer is risk neutral but seller is risk averse. The reason is that higher the
probability for detecting non-compliance is, a risk averse buyer has the
more incentive to share the penalty to be charged with a risk neutral seller.

Third, we assume that the contract between buyer and sellers depends on
the ambient emission a a given monitoring point. However, we consider
the complex contract form which is contingent on not only an ambient
emission level but adso the detection possibility. Therefore, it is needed to
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analysis the optimal contract for this case.

Fourth, our paper is entirely focused on trading between regulated point
sources and unregulated nonpoint sources. However, water quality trading
has many formulations, for example, trades between regulated point sources
or trade between nonpoint sources. Thus, we investigate these cases.

Finaly, a contract should consider an ex post individua rationality
condition for seller in which he or she has not less than a zero rent from
a mechanism after dl information has been revealed. Regardless of a degree
of sdler’s risk averson, in water quality trading market, when
non-compliance is detected, buyer pays the full penaty (buyer's liability).
The reason is that buyer has to consider compensation with transfer (¢) in
order to avoid the sdler's default considering seller's ex post individua
rationdlity if both parties share the penalty.

Our model showed that if ex post individua rationality constraint to
prevent the default of unregulated non-point source sdller is considered, the
optimal ligbility rule under mora hazard is buyer's full liability instead of
sdler's or shared liahility. In redlity, under the Clean Water Act of the
United States, a regulated point source purchasing credits from another
regulated point source can transfer regulatory compliance liability to the
sdller. However, a regulated point source purchasing credits from an
unregulated nonpoint source cannot transfer legal liability (WRI 2009). This
result implies that prohibiting buyer (point source polluter) from transfer
liability to sellers (nonpoint source polluters) by the Clean Water Act of
the United States can be an appropriate measure.

(M4 2012, 5. 13, / £42: 2012, 6. 15, / AIKEEL: 2012, 6. 18)
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