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1 Introduction

This paper compares Korean Soil Environmental Conservation Act with Japanese

Soil Contamination Countermeasures Law in a context of the financial/land

lender-borrower (principal-agent relationship) framework. Although both laws

are established to mitigate the soil contamination problems, a crucial difference

between them exists. It is related the sharing rule of cleanup responsibility be-

tween the lender (the secondary causer) and the borrower (the primary causer).

The Soil Environmental Conservation Act (SECA) of Korea is partially

amended in 2002 to clarify who is responsible for soil contamination problems.

It provides the sharing rule of cleanup responsibility as follows: The primary

causer shall investigate and evaluate hazardous substance in soil, and clean up

contamination (Article 19.2). The government shall however, execute the con-

tamination cleanup in stead of the primary causer, if he does not exist or cannot

bear the responsibility (Article 19.3).

On the other hand, the Soil Contamination Countermeasures Law (SCCL)

of Japan is constituted in 2002, and it provides the sharing rule of cleanup

responsibility as follows: The landowner, even if not the primary causer, shall

investigate and evaluate hazardous substance in soil, and shall also clean up the

contamination (Article 7.1). Moreover, the landowner can seek compensation
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from the primary causer only if he can be identified and bear the responsibility

(Article 8).

Therefore, under Korean SECA, the primary causer must basically bear full

responsibility for cleanup, but in the case where the primary causer cannot bear

the responsibility, the government should bear the responsibility. On the other

hand, under Japanese SCCL, the landowner must basically bear full responsibil-

ity for cleanup and can seek the reimbursement to the primary causer, but in the

case where the primary causer cannot bear the responsibility, the landowner has

no choice but to bear full responsibility. This is the crucial difference between

the SECA and the SCCL

The question now arises: What is entailed by the difference in cleanup re-

sponsibility sharing? To approach this problem, this paper examines each law

as an environmental policy instrument from the perspective of efficiency.

Pitchford (1995) analyzed how incentive problem between a financial lender

and a polluting borrower are affected by liability environment, especially, in

the borrower’s judgment-proof case. Additionally, in such context, Balkenborg

(2001) analyzed the impact of bargaining power at the contracting stage on the

financial transaction. On the other hand, Lewis and Sappington (2001) analyzed

the impact of the initial resources of the financial lender, and Boyer and Laffont

(1997) analyzed the degree of control that the financial lender exerts on the

borrower. Although these studies have deals with pure moral hazard case where

the prevention efforet level is unverifiable, they have only focused on the single

lender-borrower relationship under the single liability.

We use the common agency framework and liner contract model following

to Holmstrom and Milgrom (1987) to examine SECA and SCCL.

This paper is organized as follows: Section 2 presents the model and the

first-best as the benchmark. Section 3 analyzes the private optimal contracts,

and then presents the social optimal liability, and then compares SECA and

SCCL. Section 4 offers conclusions and implications.
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Table 1: The state of nature

State Project Contamination Probability
s=0 Success No accident qe
s=1 Success Accident q(1− e)
s=2 Failure No accident (1− q)e
s=3 Failure Accident (1− q)(1− e)

2 Model

Consider a model composed of the following four players: the small firm owner-

manager as a financial and land borrower, the bank as the financier, the landowner

as the land lender, and the government. All players are risk neutral.

The manager seeks financing the fixed initial expenditure I and a unit of

land for a hazardous project. The project carries two types of risks; the con-

tamination accident risk and the project failure risk. Each risk is independent

and the manager can only reduce the accident risk. The accident occurs with a

probability (1− e) and that causes soil contamination damage of size D, where

e ∈ [0, 1] is the owner’s effort level that costs him a non monetary disutility

k
2 e2. Additionally, the effort level e is the owner’s private imformation, and it

is unobservable and unverifiable. Parameter k is positive constant, and let us

currently assume k is sufficiently larger than D. The project succeeds and gives

a gross return V with a probability q ∈ (0, 1), and it fails and gives no return

with a probability (1 − q), where V is assumed to be sufficiently larger than

D. For simplicity, let us assume that the manager has no initial wealth and

his reservation utility exogenously normalized at zero. Moreover, we set up the

following assumption:

Assumption 1 Since the manager has no initial wealth, he cannot pay for any

contract/legal claim if the project results in failure.

Thus, there are four kinds of state of nature. Table 1 shows these states

(s=0, 1, 2, 3) and each probability. Note that all players can observe and verify

the realized state.
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The soil contamination cleanup cost depends on who bears the responsibility

and carries out the cleanup. Now assume that there is a difference in marginal

cleanup cost between the private sector (i.e. the manager, the bank and the

landowner) and the government. Let us suppose that the marginal cleanup

cost of the private sector is normalized at 1, and the marginal cleanup cost of

the government is (1 + λ), where parameter λ can take a positive or negative

value. Thus, the private sector can clean up the contamination damage D at

a cost of D, while the government can do it at a cost of (1 + λ)D. If λ < 0,

it implies that the government has more efficient cleanup technologies than the

private sector. On the contrary, if λ > 0, it implies that private sector has more

efficient technologies than the government.

The government sets the cleanup liability rule for the soil contamination to

maximize the expected social welfare. The liability rule is state contingent and

provides the division of cleanup responsibility among responsible parties (the

manager, the bank, the landowner and the government) in each state under

the accident (s = 1, 3). From Assumption 1, the manager can comply with

legal/contract claim in State 1, but, he cannot pay for any claim in State 3.

Therefore, let us assume that the government sets up the liability rule as follows:

The share of cleanup responsibility for State 1 is described by (α1B , α1L), where

α1i denotes each lender’s share of cleanup responsibility; thus, the residual (1−
α1B−α1L) denotes the manager’ s responsibility share. On the other hand, the

share of cleanup responsibility for State 3 is described by (α3B , α3L), where α3i

denotes each lender’s share of cleanup responsibility; but the residual (1−α3B−
α3L) denotes the government’s responsibility share because of Assumption 1.

Now, we can formally represent SECA and SCCL with the liability frame-

work as follows: SECA can be denoted by

{(α1B = α1L = 0), (α3B = α3L = 0)}, (1)

because the law institutes the manager shall basically bear full responsibility for

cleanup (α1B = α1L = 0), and if the manager cannot bear the responsibility, the
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government shall bear the responsibility instead of the manager (α3B = α3L =

0). On the other hand, SCCL can be denoted by

{(α1B = 0, α1L = 1), (α3B = 0, α3L = 1)}, (2)

because the law institutes the landowner shall basically bear full responsibility

for cleanup.

The bank and the landowner simultaneously offer the contract to the man-

ager, respectively and noncooperatively. Furthermore, let us assume that the

lenders have an enough initial wealth, so they have no limitation for legal claim.

The bank has all the bargaining power in the financial contract, and offers

the state contingent contracts (γB , βBD + γB) to the manager. Similarly, the

landowner has all the bargaining power in the land lease contract, and offers

the state contingent contracts (γL, βLD+γL) to the manager, where γi denotes

the manager’s fixed payment to each lender (i = B, L), and βi denotes the

manager’s incentive coefficient, thus, βiD is the manager’s incentive payment

to each lender. Under the contract, the manager must pay βiD + γi to each

lender if State 1 is realized; and he must only pay γi if State 0 is realized.

The timing of this model is as follows:

1. The government sets up the liability rule.

2. The bank and the landowner offers the contract to the manager, respec-

tively.

3. The manager chooses his effort level e.

4. The state of nature is realized.

5. According to the liability rule, the cleanup responsibility are shared among

the responsible parties. Furthermore, according to the contracts, the man-

ager pays the rewards to the lenders.
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Thus, the expected utilities of the bank and the landowners are respectively;

EUB = −I + qeγB − q(1− e)[(α1B − βB)D − γB ]− (1− q)(1− e)α3B

= −I + qγB − (1− e)[q(α1B − βB) + (1− q)α3B ]D, (3)

EUL = qeγL − q(1− e)[(α1L − βL)D − γL]− (1− q)(1− e)α3L

= qγL − (1− e)[q(α1L − βL) + (1− q)α3L]D. (4)

On the other hand, the expected utility of the manager is

EUO = −k

2
e2 + qe(V − γ) + q(1− e)[V − (1− α1 + β)D − γ]

= q[V − γ − (1− e)(1− α1 + β)D]− k

2
e2. (5)

where, α1 ≡ α1B +α1L, β ≡ βB +βL and γ ≡ γB +γL. Therefore, the expected
social welfare is given by

SW = −(1− q)(1− e)(1− α3)(1 + λ)D +
∑

j=B, L, O

EUj

= qV − I − (1− e)[1 + (1− q)(1− α3)λ]D − k

2
e2, (6)

where, α3 ≡ α3B + α3L.

2.1 The First-best

In this subsection, let us consider the first-best problem as the benchmark. Now

suppose that the manager’s effort level is perfect information. Then, the social

sharing rule and the manager’s effort level are decided to maximize SW . That

is,

max
α3, e

SW = qV − I − (1− e) [1 + (1− q)(1− α3)λ]D − k

2
e2. (7)

The first-best sharing rule must satisfy the following condition:

αFB
3 =

{
0 (λ ≤ 0),
1 (λ ≥ 0).

(8)

Then, the first-best prevention effort satisfies the following condition:

[
1 + (1− q)(1− αFB

3 )λ
]
D − ke = 0. (9)
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Figure 1: The first-best effort level

O

e

λ

D
k

eFB

[1+(1−q)λ]D
k

Let eFB be the first-best prevention effort. Equation (9) implies that eFB

is defined by the effort level such that the marginal decrease of the expected

cleanup cost equals the marginal prevention effort cost. The first-best prevention

effort can thus be written as

eFB =

[
1 + (1− q)(1− αFB

3 )λ
]
D

k
=

{
[1+(1−q)λ]D

k (λ ≤ 0),
D
k (λ ≥ 0),

(10)

and shown in Figure 1.

3 Analysis

Now consider the case wherein the lenders and the government cannot observe

the prevention effort level of the manager, since it is the manager’s private

information.

3.1 The Private Optimal Contract

Let us begin with considering the constraints that each lender must face. Each

contract must first satisfy the manager’s participation constraint

EUO ≥ 0. (PC)

The manager ought to choose the prevention effort level e to maximize his

own expected utility EUO under the liability rule and each contract. Then the
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incentive compatibility constraint for the manager is described by

e =
q(1− α1 + β)D

k
. (IC)

Since the manager has no initial wealth, in State 1, the following owner’s

limited liability constraint must be satisfied:

V − γ − (1− α1 + β)D ≥ 0. (LL)

Now consider each lender’s problem. Once again, each lender offers own

contract noncooperatively with respect to the other lender. Therefore, each

lender chooses own contract treating the other lender’s contract as given; in

other words, it it each lender’s best response to the choices of the other lender.

In the Nash equilibrium denoted by ((β∗B , γ∗B), (β∗L, γ∗L)), such relationships

must hold simultaneously for both lenders.

Under any liability rule {(α1B , α1L), (α3B , α3L)}, the bank’s optimal con-

tract makes the manager execute the effort that maximizes EUB . Thus under

any liability rule, the bank’s problem (PB) is characterized as follows:

max
βB , γB

EUB =qγB − (1− e) [q(α1B − βB) + (1− q)α3B ]D − I

s.t. EUO ≥ 0, (PC)

e =
q(1− α1 + β∗L + βB)D

k
, (IC)

V − γ∗L − γB − (1− α1 + β∗L + βB)D ≥ 0, (LL)

where α1B , α1L, α3B , α3L, β∗L, γ∗L are given, and where the pair (β∗L, γ∗L) de-

notes the land lease contract offered by the landowner to the manager.

Similarly, under the any liability rule, the landowner’s problem (PL) is char-

acterized as follows:

max
βL, γL

EUL =qγL − (1− e) [q(α1L − βL) + (1− q)α3L]D

s.t. EUO ≥ 0, (PC)

e =
q(1− α1 + β∗B + βL)D

k
, (IC)

V − γ∗B − γL − (1− α1 + β∗B + βL)D ≥ 0, (LL)
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where α1B , α1L, α3B , α3L, β∗B , γ∗B are given, and where the pair (β∗B , γ∗B) de-

notes the financial contract offered by the bank to the manager.

By solving the problems (PB) and (PL) simultaneously, we can obtain the

following proposition:

Proposition 1 Under the liability rule {(α1B , α1L), (α3B , α3L)} the private

optimal contract with moral hazard entails as follows:

(i) Each incentive coefficient that offered to the manager by each lender is

β∗i = α1i +
1
3

[
1− q

q
(2α3i − α3j)− 1

]
, i, j = B, L (i 6= j). (11)

Then, the total private optimal incentive coefficient for the manager is

given by

β∗ ≡ β∗B + β∗L = α1 +
1
3

[
1− q

q
α3 − 2

]
, (12)

and the total private optimal fixed payment of the manager is given by

γ∗ ≡ γ∗B + γ∗L = V − [1 + (1− q)α3]D
3

. (13)

(ii) The private optimal effort level is

e∗ =
[q + (1− q)α3]D

3k
. (14)

From Proposition 1, partially differentiating e∗ by α1 and α3 respectively,

we have

∂e∗

∂α1
= 0, (15)

∂e∗

∂α3
=

(1− q)D
3k

> 0. (16)

Equation (15) implies that an increase in the lenders’ responsibility share α1

has a neutral effect on the private optimal effort level e∗. This is because a

change in α1 is perfectly reflected in the private optimal incentive coefficient

β∗, and then the manager always faces the same prevention incentive.1 On the

1It can be easily confirmed by ∂β∗
∂α1

= 1 and substituting β∗ and γ∗ into EUO.
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other hand, (16) implies that an increase in the lenders’ responsibility share has

a positive effect on the private optimal effort level.

Therefore, Proposition 1 implies that the cleanup responsibility sharing rule

for State 1 (α1B , α1L) is not significant, since any sharing rule (α1B , α1L) always

attains the same prevention level and the expected social welfare with fixed all

the other conditions.

We can therefore get the following corollary.

Corollary 1 Only the difference in responsibility sharing rule for State 3 affects

prevention effort and each expected utility and the expected social welfare.

3.2 The Socially Optimal Liability Rule

Let us first consider the case wherein the government can set up the liability

rule without any political/constitutional restraint, that is, the government can

introduce even the punitive damages for cleanup. Taking into account of the

private optimal contracts as given above, the government sets up the liability

rule {(α1B , α1L), (α3B , α3L)} to maximize the expected social welfare. The

government’s problem (PG) is thus characterized as follows:

max
α1B , α1L, α3i, α3L

SW =qV − I − (1− e∗)[1 + (1− q)(1− α3)λ]D − k

2
e∗2

s.t. e∗ =
[q + (1− q)α3]D

3k
. (14)

The FOCs for α3B and α3L are common, then the optimal liability rule is

characterized by the following condition;

α∗3 ≡ α∗3B + α∗3L =
1

1− q

[
3

[
1 + (1 + 3k

D )λ
]

1 + 6λ
− q

]
(17)

Let us assume that λ > − 1
6 for existence of the interior solution. Substituting

(17) into (12), we can obtain the total incentive coefficient for the manager

under the socially optimal liability rule as follows:

β∗ = α1 − 1 +
1 + (1 + 3k

D )λ
(1 + 6λ)q

. (18)
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Figure 2: The effort level under the socially optimal liability rule

O

e

λ

D
k

e∗

eFB

− D
3k+D

[1+(1−q)λ]D
k

Furthermore, substituting (17) into (14), we can also obtain the prevention effort

level under the socially optimal liability rule as follows:

e∗ =
1

1 + 6λ

[
3λ +

(1 + λ)D
k

]
. (19)

Comparing (19) with (10), we have

eFB R e∗ (λ Q 0), (20)

as shown in Figure 2. Therefore, if only λ = 0, that is, the government’s has

the identical cleanup technologies with the private sector, the effort level e∗ can

attain the first-best effort level. If λ < 0, e∗ is lower than the first-best effort

level. On the contrary, if λ > 0, e∗ is higher than the first-best effort level.

3.3 SECA vs. SCCL

SECA Now consider the case of Korean SECA denoted by (1). Obviously, it

is not the optimal liability rule. Substituting (1) into (11), (12), (13) and (14)

respectively, we have the following solutions under SECA:

β∗i[K] = −1
3
, i = B, L, (21)

β∗[K] = −2
3
, (22)

γ∗[K] = V − D

3
, (23)

e∗[K] =
qD

3k
. (24)
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Under SECA, each and the total incentive coefficient are given by negative

values. This implies that the manager must pay the penalty for his prevention

effort to the lenders. Then, under SECA, the expected social welfare can now

be written:

SW[K] = qV − I − (1− e∗[K])[1 + (1− q)λ]D − k

2
e∗[K]

2

= qV − I −
[
1− (6− q)qD

18k

]
D − (1− q)

(
1− qD

3k

)
λ. (25)

SCCL On the other hands, consider the case of Japanese SCCL denoted by

(2). It is also not the optimal liability rule. Substituting (2) into into (11), (12),

(13) and (14) respectively, we have the following solutions under SCCL:

β∗B[J] = − 1
3q

, (26)

β∗L[J] =
2
3q

, (27)

β∗[J] =
1
3q

, (28)

γ∗[J] = V − (2− q)D
3

, (29)

e∗[J] =
D

3k
. (30)

Under SCCL, because of the landowner’s full responsibility, the incentive co-

efficient offered by the bank is negative, while the coefficient offered by the

landowner is positive, and the total incentive coefficient is finally positive. Then,

under SCCL, the expected social welfare can now be written as;

SW[J] = qV − I − (1− e∗[J])D − k

2
e∗[J]

2

= qV − I −
(

1− 5D

18k

)
D. (31)

Now, comparing (24) and (30), we can have

e∗[K] < e∗[J], (32)

that is, the effort level under the SECA is always lower than the level under the

SCCL.
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Figure 3: SECA vs. SCCL

O

SW

λ

SW[J]

7−q

6(q− 3k
D )

SW[K]

Moreover, comparing (25) and (31), we can obtain

SW[K] R SW[J]

(
λ Q 7− q

6
(
q − 3k

D

)
)

, (33)

where 7−q

6(q− 3k
D ) is obviously negative because k is assumed to be sufficiently larger

than D. Figure 3 summarizes the analysis. These results suggest the following

proposition:

Proposition 2 Assume that k is sufficiently larger than D. Then;

(i) The SECA is more desirable than the SCCL if λ < 7−q

6(q− 3k
D ) .

(ii) The SECA is equivalent to the SCCL if λ = 7−q

6(q− 3k
D ) .

(iii) The SCCL is more desirable than the SECA if λ > 7−q

6(q− 3k
D ) .

Proposition 2 implies that providing the cleanup liability sharing rule should

be depend on the value of λ, q, k, D.

Possibly, Proposition 2 may be useful for explanation of Korean and Japanese

realities. The difference in responsibility sharing rule may reflect the difference

of λ between both countries. If so, the Korean λ[K] takes negative value and

smaller than the Japanese λ[J].
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4 Concluding Remarks

This paper focuses on the difference in the cleanup responsibility sharing rule

between the SECA and the SCCL and discusses what this difference entails in

equilibrium. Employing the principal-agent framework, this paper analyzes each

law and the contracts under the law from the perspective of efficiency. Thus,

two propositions are obtained.

The propositions imply that: First, the prevention effort, each expected util-

ity, and the expected social welfare can be improved only through the cleanup

responsibility sharing rule for the state that the primary causer cannot pay for

any legal/contract claim under the contamination accident. Thus, the respon-

sibility sharing rule for the state that the primary causer can pay for the legal

and contract claim under the contamination accident is not important for the

environmental policy. Second, the cleanup liability sharing rule should depend

on the advantage of the cleanup technologies between the government and the

private sector in each country.

Mathematical Appendix

M.1 Proof of Proposition 1

Since the bank would like to increase γB , she chooses γB in order to let (LL) be

binding. That is,

γB = V − (1− α1 + β∗L + βB)D − γ∗L (34)

By substituting (34) and (IC) into EUB , the problem (PB) can be rewritten as

max
βB

EUB =q[V − γ∗L − (1− α1L + β∗L)D]− (1− q)α3BD − I

+
qD2

k
(1− α1L + β∗L − α1B + βB)[q(α1B − βB) + (1− q)α3B ]

s.t. EUO ≥ 0. (PC)

Now, suppose that (PC) is satisfied.2 The FOC for βB is then

qD2

k
[q(α1B − βB) + (1− q)α3B − q(1− α1L + β∗L − α1B + βB)] = 0. (35)

2It can be checked ex post that (PC) is satisfied.
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Thus, we can obtain the following condition:

βB = α1B +
1
2

[
1− q

q
α3B − (1− α1L + β∗L)

]
, (36)

where β∗B denote βB defined by (36).

Similarly, by solving the landowner’s problem, we can also obtain the fol-

lowing condition:

βL = α1L +
1
2

[
1− q

q
α3L − (1− α1B + β∗B)

]
, (37)

where β∗L denote βL defined by (37).

Now, condition (36) and (37) yield the each incentive coefficient that offered

to the manager by each lender as follows:

β∗B = α1B +
1
3

[
1− q

q
(2α3B − α3L)− 1

]
, (38)

β∗L = α1L +
1
3

[
1− q

q
(2α3L − α3B)− 1

]
. (39)

Moreover, condition (38) and (39) yield the total incentive coefficient as follows:

β∗ ≡ β∗B + β∗L = α1 +
1
3

[
1− q

q
α3 − 2

]
. (12)

Substituting (12) into (LL), we can obtain the total private optimal fixed pay-

ment as follows:

γ∗ ≡ γ∗B + γ∗L = V − [1 + (1− q)α3]D
3

. (13)

Finally, (12) and (IC) yield the private optimal effort level as follows:

e∗ =
[q + (1− q)α3]D

3k
. (14)

¥
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