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Abstract

Tradable permit schemes are market-based instruments that many countries can potentially use

to improve the management of their natural resources and to reduce pollution emissions. This

study analyzes the intertemporal allocation of tradable permits, including the founding of a bank

of permits. We show that Tinbergen’s policy principle applies to the intertemporal permit system:

at least as many policy instruments are required as policy objectives. The policy instruments are

required to have the same Lebesgue measure in a continuous time model. Thus, the merits of the

artificial market system analyzed by Montgomery (1972) are reduced in an intertemporal setup.

Keywords: Tradable permits; Intertemporal arbitrage condition; Knowledge updating; Tinbergen’s

policy principle; Artificial market.

JEL Classification: H23; K32; Q58.
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1 Introduction

The creation of an artificial market for public goods/bads using tradable permits is gaining popu-

larity among policymakers as an environmental policy option. A number of studies have analyzed

tradable permits from several aspects: the spatial allocation in a competitive economy ([13]); under

imperfect competition ([7]); with transaction costs ([15]); compared with other policy instruments

in an intertemporal competitive economy ([18]); and in the presence of uncertainty à la Weitzman’s

“quantity vs. price” ([10]).

Recently, the intertemporal allocation of tradable permits has attracted attention. This reflects

the fact that most existing emissions trading programs have permitted banking, i.e., the transfer of

unused permits into future commitment periods ([2]). On the other hand, borrowing, i.e., the use

of permits that were originally designated to a later period, is rarely applied formally in practice.

However, in reality it is allowed with a penalty imposed on defaulters. For instance, in the Kyoto

Protocol of the United Nations’ Framework Convention on Climate Change, if a party’s emissions

have exceeded its assigned amount in the first period, it is required to make up the difference between

its allowed and actual emissions plus an additional deduction of 30 percent in the next period.

This paper contributes to the theory on the intertemporal tradable permit system, referred to as

a bankable permit system. The early studies ([6], [17]) showed that the introduction of banking and

borrowing enables firms to achieve a cumulative emission target over a fixed planning horizon at the

lowest discounted cost. However, subsequent studies ([11],[12], [20], [9]) found that the equilibrium

outcome may not necessarily coincide with the socially optimal emission path, and that such a permit

system may fail to achieve efficient pollution control in a competitive economy.

These findings are summarized as a lack of an appropriate intertemporal arbitrage condition.

Consider a holder of permits with amount B > 0. Let r(t) be the equilibrium interest rate at time

t ≥ 0. For any t, t0 ≥ 0 in the valid term of the permits, the equilibrium price of the permits pe(t)

satisfies the arbitrage condition:

pe(t)B = pe(t0)B exp

Ã
−
Z t0

t
r(s)ds

!
.

As the choice of the initial value pe(0) is arbitrary, depending on the choice of the numéraire,

this equation determines the path of equilibrium prices entirely. On the other hand, the efficient
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prices of permits p∗(t) are determined by the marginal damage cost of pollution emissions at the

social optimum, p∗(t) = MC(t).1 Because this efficient pricing rule is independent of the arbitrage

condition, there is no reason for the equilibrium prices and the efficient prices to have the same

values.

The condition under which these two sets of prices coincide can be shown easily by replacing B

with B(t). Setting pe(t) = p∗(t), we have:

p∗(t)B(t) = p∗(t0)B(t0) exp

Ã
−
Z t0

t
r(s)ds

!
.

By differentiating this with respect to t0 and evaluating at t0 = t, we have:2

Ḃ(t)

B(t)
= r(t)− ṗ

∗(t)

p∗(t)
. (1)

The left-hand side Ḃ/B is the rate of return from holding a permit. The equation implies that the

equilibrium price coincides with the efficient price only if the rate of return is equal to r − ṗ∗/p∗.
Notice that the equation is a very familiar intertemporal arbitrage condition: the sum of the return

and capital gain of an asset coincides with the interest rate at each point in time, Ḃ/B + ṗ/p = r.

The existing literature assumes no return from holding permits (Ḃ = 0), reflecting the practice of

tradable permit schemes, and finds the problem of an inefficient intertemporal allocation of pollution

exists. In order for a bankable permit system to implement efficient pollution control, a regulatory

authority needs to exogenously set the appropriate rates of return of the permits (the permit interest

rates), defined in (1). However, a problem of information collection arises for the regulatory authority:

the exact calculation of permit interest rates requires knowledge on the entire equilibrium paths of the

efficient permit prices p∗(t) and the market interest rates r(t). This could represent a heavy burden,

greatly reducing the merit of a tradable permit system as a policy option for pollution control.

Recognizing these problems, we intend to analyze a mechanism by which the permit interest

rates are determined by a market without additional policy instruments. The mechanism involves

adding a bank of permits to a bankable permit system. Each permit holder has an account of

permits in the bank. Deposits and withdrawals are made in terms of permits, whereas the balance

1For the case of cost-effective pollution allocation, MC(t) refers to the minimum marginal cost of pollution abate-
ment.

2Throughout the paper, we suppress the expression “almost everywhere” unless confusion could arise.
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is expressed in monetary terms by multiplying the quantity of permits held by their market price.

The prevailing market interest rate is applied. It is shown that this mechanism achieves efficient

pollution control at an equilibrium. However, another problem arises: it also allows other undesirable

equilibria. A market may not work well for the adjustment of the arbitrage condition of permits.

This indeterminacy can be a serious problem for regulatory authorities because one can no longer

ensure any definite outcome.

Imperfect knowledge makes the problems more complicated. It is true that our knowledge on

pollution damage is imperfect and updated intermittently. We incorporate this fact and show that

the regulatory authority needs a further instrument, namely intermittent devaluation of the permits.

We argue that these difficulties can be related to Tinbergen’s long-standing policy principle: at

least as many policy instruments are needed as policy targets (Tinbergen, [19]). The intertemporal

permit market needs to achieve two objectives, environmental regulation and minimization of the

costs of the regulation. The provision of a fixed number of permits achieves only the latter. To

accomplish the former objective, the regulatory authority needs to set the permit interest rates and,

at times, to devalue permits. This requirement does not appear in a static model. Therefore, we

conclude that in an intertemporal setting, the merits of a tradable permit system, or Montgomery’s

artificial market ([13]), are reduced.

The rest of this paper is organized as follows. Section 2 formally states the problem of the

arbitrage condition. Section 3 analyzes the proposal of a bankable permit system with a permit

bank and examines its indeterminate equilibria. In Section 4, we consider imperfect knowledge on

pollution damage. Section 5 discusses the implications of the results from a practical viewpoint.

2 The Problem of the Arbitrage Condition

2.1 Welfare maximization

Consider a simple competitive economy. There is a continuum of identical infinitely lived households

with population (the Lebesgue measure) one. Let ρ > 0 be the time discount rate and let u(c,X) be

the instantaneous utility function, where c denotes the consumption rate and X denotes the pollution

flow. Assume that u : R2+ → R∪{−∞} is a strictly concave and smooth function with uc
³
c̃, X̃

´
> 0,
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uX

³
c̃, X̃

´
< 0, limc→0 uc

³
c, X̃

´
= ∞, and limX→0 uX (c̃, X) = 0 for all

³
c̃, X̃

´
∈ R2++.3 The

production technology of the economy is described by a “pollution as input” production function

F (K,X), where K ≥ 0 is the capital stock. We assume that the production function F : R2+ → R+

is linear homogeneous, concave, and smooth with F (0,X) = F (K, 0) = 0 for all K ≥ 0 and X ≥ 0.
There is an upper limit on pollution emissions of X because pollution is in fact a byproduct of the

production, not an input. Assume that the upper limit proportionally depends on the amount of the

capital stock K. Then, letting φ > 0, the effective domain of the production function is defined by

A := {(K,X) ∈ R2+|X ∈ [0,φK]}. Let K0 be the initial endowment of capital stock. We assume no
capital depreciation for simplicity.

The social planner’s problem is formulated as:

max
c(t),X(t)

Z ∞

0
u(c(t),X(t))e−ρtdt (2)

subject to K̇(t) = F (K(t),X(t))− c, (K(t),X(t)) ∈ A, K(0) = K0 > 0 . (3)

The associated Hamiltonian is given by:

H(c,X,K,λ,μ) = u(c,X) + λ[F (K,X)− c] + μ (φK −X) .

If (c∗(t),X∗(t),K∗(t)) is an optimal path, then there exists μ∗(t) ≥ 0, with which (3) and the

following equations hold for each t ≥ 0:

uX(c
∗(t),X∗(t)) + uc(c

∗(t),X∗(t))FX(K
∗(t),X∗(t))− μ∗(t) = 0, (4)

FK(K
∗(t),X∗(t))− ρ+ φμ∗(t)/uc(c

∗(t),X∗(t)) = (d/dt) lnuc(c
∗(t),X∗(t)), (5)

μ∗(t) ≥ 0, and μ∗(t)[φK∗(t)−X∗(t)] = 0. (6)

Our interest is in how the optimal path (c∗(t),X∗(t),K∗(t)) can be mimicked in a competitive

economy when the regulatory authority implements a bankable permit system. Throughout this

paper, it is assumed that the permit is emission-based, so that one unit of emission is allowed in

return for one permit. Let B > 0 denote the total amount of permits distributed to each firm once at

3The notation fx for a function f denotes the partial derivative with respect to its argument x: fx := ∂f/∂x.
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the initial time. We denote the rates of return for saving permits by a(t), a measurable function on

[0,∞). A bankable permit system is defined by a pair (B, a(t)). Let the products be the numéraire

good and let p(t) denote the price of the tradable permits at time t. r(t) is the interest rate, which

satisfies r(t) = FK(K(t),X(t)) at equilibrium. As the production function is linear homogeneous, we

can treat the production sector as being comprised of a single price-taking profit-maximizing firm.

The firm’s problem is given by:

π = max
K(t),X(t),y(t)

Z ∞

0
[F (K(t),X(t))− r(t)K(t)− p(t)y(t)] exp

µ
−
Z t

0
r(s)ds

¶
dt (7)

subject to Ḃ(t) = a(t)B(t)−X(t) + y(t), B(0) = B,

K(t) ≥ 0,X(t) ∈ [0,φK(t)], and lim inf
t→∞

B(t) exp

µ
−
Z t

0
a(s)ds

¶
≥ 0,

where y(t) is the amount of permits purchased (if y(t) > 0) or sold (if y(t) < 0) at time t, and the

last constraint is a no-Ponzi game condition, without which the firm can buy permits unlimitedly

and emit its pollution arbitrarily. The representative household’s problem is:

max
c(·)≥0

Z ∞

0
u(c(t), X̃(t))e−ρtdt (8)

subject toȦ(t) = r(t)A(t)− c, A(0) = K0 + π̃,

lim inf
t→∞

A(t) exp

∙
−
Z t

0
r(s)ds

¸
≥ 0,

where X̃(t) is the pollution flow that is exogenous for a household, A(t) is the balance of the assets,

and π̃ is the profit distribution from firms. The last inequality in the constraint is a no-Ponzi- game

condition.

Definition 1: Competitive equilibrium. The tuple

(ce(t),Xe(t), ye(t), X̃e(t),Ke(t),πe, π̃e, Ae(t), Be(t); re(t), pe(t);K0, B, a(t))

is a competitive equilibrium if it satisfies the following conditions:

1. (Xe(t), ye(t),Ke(t), Be(t)) is a solution for the firm’s problem (7) given (re(t), pe(t);B, a(t)).

2. (ce(t), Ae(t)) is a solution for the household’s problem (8) given (K0, π̃e, X̃e(t), re(t)).
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3. ce(t) = F (Ke(t),Xe(t))−Ke(t), Xe(t) = X̃e(t), ye(t) = 0, πe = π̃e.

Now, we formally state the necessary conditions under which a bankable permit system (B, a(t))

can achieve the social optimum in a competitive economy.

Proposition 1 : The competitive equilibrium,

(ce(t),Xe(t), ye(t), X̃e(t),Ke(t),πe, π̃e, Ae(t), Be(t); re(t), pe(t);K0, B, a(t)),

is optimal only if the bankable permit system satisfies:

a(t) = ρ− d

dt
ln [−uX(c∗(t),X∗(t))] , and (9)

B = lim sup
T→∞

Z T

0
X∗(t) exp

∙
−
Z t

0
a(s)ds

¸
dt. (10)

Proof. Suppose that an equilibrium path is optimal, that is, (ce(t),Xe(t),Ke(t)) = (c∗(t),X∗(t),K∗(t)).

The (current value) Hamiltonian for the firm’s problem (7) is written as:

H(K,X, y,B, λ̃, μ̃, t) = F (K,X)− r(t)K − p(t)y + λ̃ [a(t)B −X + y] + μ̃ (φK −X) .

Therefore, at equilibrium, the following hold:

(a) FK(K∗(t),X∗(t))− r(t) + μ̃(t)φ = 0; (b) FX(K∗(t),X∗(t))− p(t)− μ̃(t) = 0; (11)

(c) ṗ(t) = [r(t)− a(t)] p(t); (d) μ̃(t) (φK∗(t)−X∗(t)) = 0, μ̃(t) ≥ 0.

The no-Ponzi game condition in (7) should be satisfied with equality, so that the transversality

condition is satisfied:

lim inf
t→∞

B(t) exp

µ
−
Z t

0
a(s)ds

¶
= p(0)−1 lim inf

t→∞
p(t)B(t) exp

µ
−
Z t

0
r(s)ds

¶
= 0, (12)

where the first equality follows from (11c). For the household, the Keynes—Ramsey rule (the Euler

equation) holds at equilibrium:

ρ− r(t) = (d/dt) lnuc(c∗(t),X∗(t)). (13)
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The no-Ponzi game condition in (8) should be satisfied with equality, so that the transversality

condition is satisfied:

lim inf
t→∞

A(t) exp

∙
−
Z t

0
r(s)ds

¸
= uc(c

∗(0),X∗(0))−1 lim inf
t→∞

uc(c
∗(t),X∗(t))A(t)e−ρt = 0, (14)

where the first equality follows from (13). These equations (11), (12), (13), and (14) and Condition

3 in Definition 1 fully characterize the equilibrium path. From (5), (11a), and the Keynes—Ramsey

rule (13), we have μ̃(t) = μ∗(t)/uc(c∗(t),X∗(t)). Then, by (4) and (11b):

p(t) = −uX(c∗(t),X∗(t))/uc(c∗(t),X∗(t)). (15)

Using (11c), (13), and (15), we have (9). The necessity of (10) follows from the state equation in (7)

and (12):

lim inf
t→∞

½
B −

Z t

0
X∗(τ) exp

∙
−
Z τ

0
a(s)ds

¸
dτ

¾
= lim inf

t→∞

½
B(t) exp

∙
−
Z t

0
a(s)ds

¸¾
= 0.

The following three comments are provided in relation to the proposition:

1. As indicated in the Introduction, a bankable permit system is a useful policy tool only if the rate

of return of permits (the permit interest rate) is set appropriately, as in (9) of Proposition 1.

2. We obtain the results in a general equilibrium framework, whereas Leiby and Rubin ([12]) obtained

similar results in a partial equilibrium model (economic surplus maximization).

3. Even though no abatement is optimal (X∗(t) = φK∗(t)), the price of permits is positive, as

shown in (15). This indicates that even when pollution control is not required, pollution pricing is

necessary–otherwise, some markets would be distorted. The principle is that pollution should be

priced at the aggregate marginal damage at an efficient equilibrium, which is demonstrated for the

Pigovian tax in a general equilibrium model by Baumol and Oates ([1, Chapter 4]). Hence, a permit

system should be implemented over all periods, no matter what the level of pollution control is.

Stokey ([18]) discovered this fact and showed that without pricing of pollution, the capital market is

distorted so that it prevents an efficient outcome. Notice that this point does not appear in a static

analysis or in a partial equilibrium analysis.
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2.2 Cost minimization

We consider the cost minimization problem to attain the targeted pollution control level. Obviously,

this problem contains the social planner’s problem in the previous subsection. The aim of this

subsection is to generalize the results in Proposition 1 to a cost-effective pollution control.

Let [0, T ), T ∈ R++ ∪ {∞} denote the planning horizon of a tradable permit scheme, which may
be finite or infinite. The environmental objective for the total pollution emission flow is exogenously

determined and denoted by a function of time X∗ : [0, T )→ R+, which has the following properties:

Assumption 1: X∗(t) ∈ C1, and 0 < inf {X∗(t)|t ∈ [0, T )} ≤ sup {X∗(t)|t ∈ [0, T )} <∞, (16)

where Ck means the space of k times continuously differentiable functions. We allow heterogeneity

of technologies among firms, although we continue to assume that the firms act as price takers.

The regulatory authority provides permits of the amount Bi for firm i at the initial period.4 A

bankable permit scheme is expressed by a quartet of planning horizon, target pollution control,

permit distribution, and permit interest rates:

(T,X∗, (Bi)
n
i=1, a), (17)

where n(<∞) is the number of firms that participate in the trading of the permits, and a : [0, T )→ R

is the permit interest rate, as before.

Let xi be the pollution flow emitted by firm i, and let Ci(xi, t) be its abatement cost. Assume

4Alternatively, firm i is provided with the permits as a stock and/or as a flow during the planning horizon. This
is described by a pair (gi(t), {Gi(tj)| j ∈ Ji}), where gi : [0, T ) → R+ is the flow of permits, Gi(tj) is the amount of
stock given at time tj ∈ [0, T ), and Ji ⊂ {1, 2, ...} is a subset of the index set, possibly empty, finite, or infinite. This
distribution scheme is the same as the lump sum grant:

Bi =
T

0

gi(t) exp −
t

0

a(s)ds dt+
j∈Ji

Gi(tj) exp −
tj

0

a(s)ds .
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that Ci : R+ × [0, T )→ R+ ∪ {∞} has the following properties for each i and t:5

Assumption 2: Ci ∈ C2, Cixx > 0, lim
x→0

Cix(x, t) = −∞, and ∃x̃i(t) > 0 : Ci(x̃i(t), t) = 0. (18)

The social cost minimization problem is given as follows. For each t ∈ [0, T ):

C(X∗(t), t) = min
(xi)

n
i=1

nX
i=1

Ci(xi, t) subject to (x1, ..., xn) ∈ Rn+ and
nX
i=1

xi ≤ X∗(t). (19)

As the problem is to minimize a strictly convex function on a compact domain, the solution x∗i (X
∗(t), t)

exists and is unique for each i ∈ {1, 2, ..., n}, each X∗(t) ≥ 0, and each t ∈ [0, T ). Notice that for each
i ∈ {1, 2, ..., n} and each t ∈ [0, T ), the function x∗i (·, t) : R++ → R++ is continuously differentiable

by the implicit function theorem. Therefore, the social cost function for pollution abatement C(·, t)
is also continuously differentiable. We define the associated shadow price as:

p∗(t) := −CX(X∗(t), t) = −Cix(x∗i (X∗(t), t), t), all i ∈ {1, 2, ..., n}. (20)

We are interested in how the efficient allocation of pollution emissions can be implemented by

a bankable permit system. The market conditions surrounding a firm are represented by a pair

(p(t), r(t)), where p(t) is the competitive price of permits and r(t) is the interest rate, as before. The

cost minimization problem for individual firm i is given by:

min
x(t)≥0,y(t)

Z T

0
exp

∙
−
Z t

0
r(s)ds

¸
[Ci(x(t), t) + p(t)y(t)]dt (21)

subject to Ḃ(t) = a(t)B(t)− x(t) + y(t),

B(0) = Bi, lim inf
t→T

B(t) exp

∙
−
Z t

0
a(s)ds

¸
≥ 0.

where yi(t) is the quantity of permits bought (yi(t)>0) or sold (yi(t)<0).6 The permit market

5Using the notation in the previous subsection and letting K(r) := argmax {F (K,φK)− rK|K ≥ 0}, the abatement
cost function is defined as:

Ci(x, t) = [F (K (r(t)) ,φK (r(t)))− r(t)K (r(t))]−max {F (K,X)− r(t)K|K ≥ 0} .

6 Instead of the no-Ponzi game condition (the last inequality in the constraint of (21)), some studies have incorporated
the nonnegativity condition, assuming that the borrowing of permits is not allowed. This choice affects the feasible set
of emission paths, but makes no difference to the results as long as the set contains the efficient emission path.
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equilibrium is defined as follows:

Definition 2: Permit market equilibrium. Let ((Bi)
n
i=1 , a(t)) and r(t) be given. The tuple

((xei (t), y
e
i (t))

n
i=1; p

e(t), r(t); (Bi)
n
i=1 , a(t))

on [0, T ) is a permit market equilibrium if the following two conditions are satisfied:

1.
Pn
i=1 y

e
i (t) = 0 for each t ∈ [0, T ).

2. For each i ∈ {1, ..., n}, pair (xei (t), yei (t)) solves Problem (21), given (pe(t), r(t); (Bi)
n
i=1 , a(t)).

Then, we have the following result:

Proposition 2 : Let (T,X∗, (Bi)ni=1, a) be a bankable permit system. With given r(t), a permit mar-

ket equilibrium ((xei (t), y
e
i (t))

n
i=1; p

e(t), r(t); (Bi)
n
i=1 , a(t)) achieves the efficient allocation of pollution

emissions, xei (t) = x
∗
i (X

∗(t)), if and only if the bankable permit system satisfies:

a(t) = r(t)− ṗ∗(t)/p∗(t), and (22)
nX
i=1

Bi = lim sup
T→T

Z T

0
X∗(t) exp

∙
−
Z t

0
a(s)ds

¸
dt <∞, (23)

Proof. The following two statements are equivalent. (i) Pair (xei (t), y
e
i (t)) is the solution to

Problem (21). (ii) Pair (xei (t), y
e
i (t)) satisfies:

(a) pe(t) = −Cix(xei (t), t), (b) ṗe(t)/pe(t) = r(t)− a(t), (24)

(c) lim inf
T→T

pe(T )B(T ) exp

∙
−
Z T

0
r(t)dt

¸
= 0.

Here, the necessity of the transversality condition (24c) follows from the no-Ponzi game condition

in Problem (21) and the positivity of the permit price shown by (24 a) (“only if” part). Suppose

xei (t) = x
∗
i (X

∗(t)). Then, (22) is immediately obtained from (20) and (24 a, b). The state equation

and the no-Ponzi game condition in Problem (21) yield:

Bi − lim sup
T→T

Z T

0
[x∗i (X

∗(t))− yei (t)] exp
∙
−
Z t

0
a(s)ds

¸
dt = 0. (25)
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We sum up (25) over i ∈ {1, 2, ..., n} to obtain (23) (“if” part). Suppose that the bankable permit
system satisfies (22) and (23). Then, from (22) and (24 b), there is a real number k > 0 with which

pe(t) = kp∗(t). Then, (20) and (24 a) imply Cix(x
e
i (t), t) = kC

i
x(x

∗
i (t), t). Suppose that k > 1. Then,

xei (t) > x
∗
i (t) for almost all t and all i by the strict convexity of C

i(·, t). This implies that:

lim sup
T→T

nX
i=1

Z T

0
[xei (t)− yei (t)] exp

∙
−
Z t

0
a(s)ds

¸
dt >

nX
i=1

Bi.

Then, there exists a firm i that does not satisfy its no-Ponzi game condition. In the case where

k < 1, we have the opposite inequality above and, thus, there remain some permits at the end

of the planning horizon, which contradicts the optimality condition (24 c). Therefore, k = 1 and

xei (t) = x∗i (t). The efficient equilibrium is constructed by choosing (yei (t))
n
i=1 so as to satisfy the

no-Ponzi game condition and Condition 1 in Definition 2.

In the case of both socially optimal and cost-effective pollution controls, a bankable permit system

needs to include an appropriate set of permit interest rates, a(t) = r(t)− ṗ∗(t)/p∗(t). However, this
requires that the regulatory authority knows in advance the shadow prices for the pollution control

p∗(t) as well as the equilibrium path of interest rates r(t) over the planning horizon.

One exception is when the time-aggregated total pollution matters. That is, where the regulatory

authority is not concerned about pollution control at each point in time, but about total emission

control over time. Then, Hotelling’s rule is applied to the total pollution and we have a(t) = 0

(see [17], [11]). Except for this case, the burden of information collection would greatly reduce the

merit of a bankable permit system compared with other policy tools. A Pigovian tax needs only the

shadow price p∗(t) at each point in time. A one-period (perishable) permit system is much easier:

the regulatory authority needs only to issue the permits with amount X∗(t) at each point in time,

which works as well as the Pigovian tax and does not distort markets, unlike direct regulation (see

Stokey[18]).

3 Trading with a Permit Bank

In this section, we analyze a bankable permit system without setting the exogenous rates of return

for holding permits. We start with the individual minimization problem (21) in terms of money. Let

Q(t) denote the monetary value of the permits held by firm i at time t and let Qoi be the initial value,

13



i.e., Qoi = p(0)Bi. Correspondingly, the state equation in Problem (21) is expressed in monetary units

by:

Q̇(t) = r(t)Q(t)− p(t)x(t) + p(t)y(t).

Then, we have the following problem:

min
x(t)≥0,y(t)

Z T

0
exp

∙
−
Z t

0
r(s)ds

¸
[Ci(x(t)) + p(t)y(t)]dt (26)

subject to Q̇(t) = r(t)Q(t)− p(t)x(t) + p(t)y(t),

Q(0) = Qoi , lim inf
t→T

Q(t) exp

∙
−
Z t

0
r(s)ds

¸
≥ 0.

Notice that with a(t) = r(t)− ṗ(t)/p(t) and B(t) = Q(t)/p(t), Problem (26) becomes mathematically
equivalent to Problem (21). However, unlike (21), the permit interest rates a(t) disappear in (26).

Therefore, a bankable permit system can degenerate into (T,X∗, (Bi)ni=1). Correspondingly, we

modify the definition of permit market equilibrium as follows:

Definition 3: Degenerate permit market equilibrium. Let (Bi)
n
i=1 and r(t) be given. The tuple

((xei (t), y
e
i (t))

n
i=1; p

e(t), r(t); (Bi)
n
i=1)

on [0, T ) is a degenerate permit market equilibrium if the following two conditions are satisfied:

1.
Pn
i=1 y

e
i (t) = 0 for all t ∈ [0, T ).

2. For each i ∈ {1, ..., n}, pair (xei (t), yei (t)) solves Problem (26) given (pe(t), r(t); (Bi)
n
i=1).

Then, we have the following proposition:

Proposition 3 : If each firm’s problem is given by (26), then a degenerate bankable permit system

(T,X∗, (Bi)ni=1) with
Pn
i=1Bi satisfying (22) and (23) implements the efficient allocation of pollution

emissions, xei (t) = x
∗
i (X

∗(t), t) at a degenerate permit market equilibrium.

Proof. Assume that the equilibrium price of permits is given by p∗(t) defined in (20). Then,

follow the proof of Proposition 2 (“if” part).

A permit bank, which is a bankable permit system with a permit bank without a(t), can be

established using the firm’s problem in (26). In the bank, each permit holder has an account of

14



permits. Deposits and withdrawals are made in terms of permits, whereas the balance is expressed

in monetary terms by multiplying the quantity of permits held by the market price. The prevailing

market interest rates are applied. With the bank, the permit interest rates are found subsequently

from equilibrium interest rates and permit prices: a(t) = r(t)− ṗ∗(t)/p∗(t). The permit bank moves
the determination of a(t) from the regulatory authority to a market. However, this mechanism

has flaws. First, it cannot avoid the information collection problem of a bankable permit system.

Information on r(t) and p∗(t) is required to determine the amount of issued permits
Pn
i=1Bi. Second,

to make matters worse, we can show that it adds to the problem of multiple equilibria, so that the

regulatory authority can no longer ensure an efficient outcome. First, we put forward the following

lemma and then state the result. Let X̂ : [0, T )→ R++ be a measurable function satisfying X̂(t) <Pn
i=1 x̃i(t), where x̃i is defined in Assumption 2.

Lemma 1 : Suppose that a bankable permit system with a permit bank is implemented with the

permit distribution (Bi)
n
i=1. If

lim sup
T→T

Z T

0
CX(X̂(t), t)X̂(t) exp

∙
−
Z t

0
r(s)ds

¸
dt = CX(X̂(0))

nX
i=1

Bi (27)

holds, then there is a degenerate permit market equilibrium with permit prices p̂e(t) = −CX(X̂(t), t).

Proof. Each firm i can satisfy its no-Ponzi game condition and transversality condition by

choosing yei (t) = ŷ
e
i such that:

ŷei =
p̂e(0)Bi − limT→T

R T
0 p̂

e(t)xei (t) exp
h
− R t0 r(s)dsi dt

limT→T
R T
0 p̂

e(t) exp
h
− R t0 r(s)dsi dt . (28)

The pollution emission for firm i is chosen as xei (t) = x∗i (X̂(t), t), where x
∗
i (·) is implicitly defined

by (20). Then, pair (xei (t), y
e
i (t)) =

³
x∗i (X̂(t), t), ŷ

e
i

´
satisfies Condition 2 in Definition 3 of the

degenerate bankable permit equilibrium. Condition 1,
Pn
i=1 ŷ

e
i = 0, follows from (27), (28), andPn

i=1 x
∗
i (X̂(t), t) = X̂(t).

Proposition 4 : Let (T,X∗, (Bi)ni=1) be a permit market system with a permit bank. If there is a

15



time point τ ∈ (0, T ) such that:

X∗(τ)CXX(X
∗(τ), τ)/CX(X

∗(τ), τ) 6= −1, (29)

then there exists a continuum of degenerate permit market equilibria. Each equilibrium, except for

one, fails to implement the target pollution control.

Proof. Notice first that (27) in Lemma 1 holds if X̂(t) = X∗(t), the target of pollution control.

As can be understood from the following argument, without loss of generality we can assume that

there is τ ∈ (0, T ) such that X∗(τ)CXX(X∗(τ), τ)/CX(X∗(τ), τ) > −1. Then, by Assumptions 1
and 2, there is a sufficiently small positive number δ and there is a time interval (εL, εU ) containing

t = τ such that X∗(t)CXX(X∗(t), t)/CX(X∗(t), t) > −1 + δ for t ∈ (εL, εU ). Picking up δ̃ ∈ (0, δ)
and a nondegenerate interval (ε̃L, ε̃U ) ⊂ (εL, εU ), consider a total emissions path:

X̃(t) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
X∗(t) if t /∈ (ε̃L, ε̃U )

X∗(t) + δ̃ if t ∈ (ε̃L, τ ]
X∗(t)− δ̃ if t ∈ (τ, ε̃U )

.

As d [CX(X∗(t), t)X∗(t)] /dX < 0 on (εL, εU ), the following inequalities hold:

CX(X̃(t), t)X̃(t)− CX(X∗(t), t)X∗(t)
<

>
0 if t ∈ (ε̃L, τ ]

(τ, ε̃U )
. (30)

Therefore, we can choose interval (ε̃L, ε̃U ) to satisfy:

Z ε̃U

ε̃L

h
CX(X̃(t), t)X̃(t)− CX(X∗(t), t)X∗(t)

i
exp

∙
−
Z t

0
r(s)ds

¸
dt = 0. (31)

Equation (31) implies that (27) holds with X̂(t) = X̃(t). Thus, by Lemma 1, we have a different

equilibrium from the efficient one. Finally, notice that the inequalities in (30) imply that the set

of intervals (ε̃L, ε̃U ) satisfying (31) has the cardinality of continuum including the limit case of

(ε̃L, ε̃U ) = ∅.
The condition (29) in Proposition 4 is generic, and so is the statement. This proposition implies

that when the regulatory authority oversees a market without setting permit interest rates, there
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arises indeterminacy owing to the existence of multiple equilibria. One policy instrument cannot

achieve all the policy goals. We follow the implication of Tinbergen ([19]). That is, to implement

an efficient pollution control in an intertemporal economy, at least as many policy instruments are

required as policy objectives. In our model, the target X∗(t) has a measure L([0, T )), where L (·)
is the Lebesgue measure. That is why we need the instruments a(t) over the interval [0, T ), the

measure of which is the same, L([0, T )).

4 Knowledge Updating

Often, new information updates our knowledge on the damage caused by environmental degradation,

leading to environmental regulation being adjusted. One example is the 1988 report by the NASA

Ozone Trend Panel. It accelerated by a year the implementation of the regulation agreed in the

Montreal Protocol. In this section, we examine how to modify a bankable permit system when we

take into account this type of uncertainty.

Assume that the total allowable pollution emissions are revised intermittently. The process is

stochastic and given by a piecewise deterministic process. Let each of the events identify with a

sequence ω = (tk, sk)∞k=0 ⊂ [0, T ) × R++, where tk is the time when a “mode” changes with t0 = 0
and sk is the pollution target that is effective over the time interval [tk, tk+1). For expositional

simplicity, we assume an infinite planning horizon (T =∞) and the following stationarity:

Assumption 3: (a) The interest rates are constant over time, i.e., r(t) = r > 0 for all t ≥ 0. (b) The
goal of pollution emission controls is constant in the same mode, i.e., X∗(t) = sk on t ∈ [tk, tk+1). (c)
The abatement cost function of firm i and the associated social cost function are time independent

and denoted by Ci(x), i = 1, 2, ..., n and C(X), respectively.

In addition, we assume that the knowledge converges:

Assumption 4: limk→∞ sk > 0 holds for each sample path.

Let Et be the conditional expectation operator at time t derived from the underlying probability

space of the stochastic process under consideration. The shadow price of emission control in (20) is

rewritten as:

p∗(t) := −CX(X∗(t)) = −Cix[x∗i (X∗(t))]. (32)
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Note that p∗(t) is now a random variable and is right continuous on each sample path.

First, we consider an individual firm’s cost minimization problem under the implementation of a

bankable permit system with a permit bank (∞,X∗(t), (Bi)ni=1). The problem is:

min
x(·)≥0,y(·)

E0

∙
lim inf
T→∞

Z T

0
{Ci[x(t)] + p(t)y((t))}e−rtdt

¸
(33)

subject to Q̇(t) = rQ(t) + p(t) [y(t)− x(t)] ,

Q(0) = p∗(0)Bi, E0[lim inf
T→∞

Q(T )e−rT ] ≥ 0,

where x(·) and y(·) are in the class of closed-loop controls. When we fix a sample path, the balance
equation in the constraint is solved as:

Q(T )e−rT −Q(0) =
Z T

0
p(t) [y(t)− x(t)] e−rtdt.

Using this equation to cancel out y(t) in the objective functional in (33), we have:

min
x(·)≥0,y(·)

E0

∙
lim inf
T→∞

½Z T

0
{Ci[x(t)] + p(t)x((t))}e−rtdt+ ¡Q(T )e−rT −Q(0)¢¾¸ .

By choosing the optimal path of y(t) to satisfy the no-Ponzi game condition with equality, the

problem is reduced to:

min
x(·)≥0,y(·)

E0

∙
lim inf
T→∞

Z T

0
{Ci[x(t)] + p(t)x(t)}e−rtdt

¸
.

As there is no state variable, the equilibrium path of pollution emissions, x(t) = xei (t), satisfies:

p(t) = −Cix [xei (t)] . (34)

Then, we have the following lemma:

Lemma 2 : Assume that the targeted pollution levels obey a piecewise deterministic process and

that Assumptions 1—3 hold. A bankable permit system with a permit bank (∞,X∗, (Bi)ni=1) achieves
cost-effective pollution control only if the equilibrium price of permits is given by (32).

Proof. The statement follows from (32), (34), and the strict convexity of Ci(x).
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The next step is the analysis of a bankable permit system without a permit bank, as in the

following proposition:

Proposition 5 : Assume that the target pollution levels obey a piecewise deterministic process and

that Assumptions 1—4 hold. A bankable permit system (∞,X∗, (Bi)ni=1, a) achieves cost-effective
pollution control only if the permit interest rate is set equal to the interest rate (a(t) = r) and the

permits are revalued when the pollution target is revised with the rate:

lims%t p∗(s)

p∗(t)
,

where p∗(t) is the shadow price of permits defined by (32).

Proof. We rewrite the balance equation in the constraint in (33) in terms of permits. We

define that B(t) = Q(t)/p∗(t). Then, B(t) is right continuous and jumps from Q(t)/ lims%t p∗(s) to

Q(t)/p∗(t) when the mode changes. For each sample path, for t ∈ (tk, tk+1], we have:

B(t) = lims%t p∗(s)

p∗(t)

∙
B(tk) +

Z t

tk

rB(s) + [y(t)− x(t)] dt
¸
,

with the initial value B(0) = Bi. The no-Ponzi game condition is given byE0[lim infT→∞ B(T )e−rT ] ≥
0, which is equivalent to the one in (33) because limt→∞ p∗(t) exists by Assumption 5. Therefore, un-

der implementation of the bankable permit system, the cost minimization problem for the individual

firm i is equivalent to (33). Then, we can apply Lemma 2.

The proposition shows that further operation is required for a bankable permit system when the

pollution control goal is modified. As environmental regulation tends to strengthen, the revision

indicates the devaluation of permits. In practice, many tradable permit systems, such as the US

Acid Rain Program, peg the permit interest rates to zero and do not have a devaluation schedule in

each phase. Compared with a cost-effective allocation of pollution emissions, the zero interest rule

leads permit holders to use permits earlier, whereas the lack of a devaluation schedule leads them to

save more permits. Therefore, the total effect is ambiguous in theory.
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5 Concluding Remarks

Intertemporal flexibility of the emissions trading markets allows firms to minimize their abatement

costs over time. However, the cost minimization problem implies that emissions are initially higher

and then lower when there is no return for holding permits, as in the existing programs. Therefore,

banking and borrowing is not necessarily socially optimal. Instead, it may result in higher total social

damages. We uncover the source of this market failure in the intertemporal trading of permits and

find that a tradable and bankable permit system lacks the intertemporal arbitrage condition. Thus,

the regulatory authority needs to exogenously set the appropriate permit interest rates. However,

this raises the problem of information collection.

This study analyzes the intertemporal allocation of tradable permits including the founding of

a bank of permits. In the proposed permit bank system, the holder of permits can deposit their

permits and earn the interest evaluated in a market. This type of tradable permit system can

achieve a cost-effective outcome for pollution control. The permit bank moves the determination of

the permit interest rate from the regulatory authority to a market. However, the equilibrium path

is indeterminate. Thus, it is ambiguous whether a permit bank system achieves the target pollution

level. To ensure the target level is achieved, the regulatory authority needs to set the appropriate

permit interest rates.

Overall, none of the mechanisms can implement an optimal outcome without additional instru-

ments of permit interest rates. One key implication in this study might be that Tinbergen’s policy

principle should be applied to an intertemporal economy: at least as many policy instruments are

required as policy objectives ([19]). Here, the policy objectives are to control the abatement level of

pollution at each point in time. Therefore, the policy instruments should have the same Lebesgue

measure as the objectives in a continuous time model.

Finally, the results in this paper provide two key implications for the actual design of a tradable

permit system. The first implication is related to the degree of the environment problems in the

temporal dimension. The critical environmental problems are related to the concepts of thresholds

and regime shifts of composite systems with extended consequences. If the state is near a threshold

and on the verge of a regime shift, it would be safer to apply a tradable permit system with short-

life permits.7 One example is the control of acidic compounds such as sulfur dioxide, the annual
7Early warning of regime shifts was studied by Brock and Carpenter [3] and Brock et al. [4].
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acid depositions of which have been exceeding critical loads for long periods ([5]). Therefore, the

intertemporal term needs to be short, unlike the case in the US sulfur dioxide allowance program.

Meanwhile, we may be able to use a long-life permit, avoiding the burden of information collection,

when greenhouse gas emissions are the policy target. This is because greenhouse gases are assumed

to affect society very slowly and with a huge time lag compared with the practical planning horizon

of the policy scheme. Thus, the socially optimal marginal damages are almost constant in discounted

terms and, therefore, no interest should be yielded on bank accounts.

The other implication of our paper is related to transaction costs. The expost studies show

that higher administrative, implementation, and transaction costs might cause small numbers of

transactions (Organization for Economic Co-operation and Development, [16]). Therefore, it is

important to implement a simple mechanism in practice. We could argue that it is important to

devise the intertemporal term of permits to be as short as possible, considering the difficulty of setting

the appropriate permit interest rates over long terms. However, there is caution from the notable

experience of the Wisconsin Fox River Water Permits (1981—1986). In six years, there has been only

one trade. Several restrictions made the transfer of pollution rights a lengthy process. While the

life of the permit was five years, it seems to have been too short to activate the permit market.

(See Hahn [8].) This extreme case indicates that while a shorter expiration time is recommended in

theory, there may be a tradeoff between the amount of transactions and the choice of the valid term.

21



References

[1] W.J. Baumol, W.E. Oates, The Theory of Environmental Policy, 2nd edition, Cambridge Univ.

Press, Cambridge, UK, 1988

[2] C. Boemare, P. Quirion, Implementing greenhouse gas trading in Europe: lessons from economic

theory and international experiences, Ecol. Econ. 43 (2002), 213—230.

[3] W.A. Brock, R. Carpenter, Variance as a leading indicator of regime shift in ecosystem services.

Ecol. Soc. 11 (2006),

[4] W.A. Brock, R. Carpenter, M. Scheffer, Regime shifts, environmental signals, uncertainty and

policy choice, in J. Norberg, G. Cumming, G. (Eds.), A Theoretical Framework for Analyzing

Social—Ecological Systems. Princeton Univ. Press, Princeton, NJ, forthcoming.

[5] C. Carlson, D. Burtraw, M. Cropper, K. Palmer, Sulfur dioxide control by electric utilities:

What are the gains from trade? J. Polit. Econ. 108 (2000), 1292—1326.

[6] M.B. Cronshaw, J. Kruse, Regulated firms in pollution permit markets with banking. J. Regul.

Econ. 9 (1996), 179—189.

[7] R.W. Hahn, Market power and transferable property rights, Quart. J. Econ. 99 (1984), 753—765.

[8] R.W. Hahn, Economic prescriptions for environmental problems: how the patient followed the

doctor’s orders, J. Econ. Perspect. 3 (1989), 95—114.

[9] R. Innes, Stochastic pollution, costly sanctions, and optimality of emission permit banking, J.

Environ. Econ. Manage. 45 (2003), 546—568.

[10] D.L. Kelly, Price and quality regulation in general equilibrium, J. Econ. Theory 125 (2005),

36—60.

[11] C. Kling, J. Rubin, Bankable permits for the control of environmental pollution, J. Public Econ.

64 (1997), 101—115.

22



[12] P. Leiby, J. Rubin, Intertemporal permit trading for the control of greenhouse gas emissions.

Environ. Resour. Econ. 19 (2001), 229—256.

[13] D.W. Montgomery, Markets in licenses and efficient pollution control programs, J. Econ. Theory

5 (1972), 395—418.

[14] J.-P. Montero, Optimal design of a phase-in emissions trading program, J. Public Econ. 75

(2000), 273—291.

[15] A. Nagurney, K. Dhanda, Marketable pollution permits in oligopolistic markets with transaction

costs, Oper. Res. 48 (2000), 424—435.

[16] Organization for Economic Co-operation and Development, Implementing Domestic Tradable

Permits for Environmental Protection. Organization for Economic Co-operation and Develop-

ment, Paris, 1999

[17] J. Rubin, A model of international emission trading, banking and borrowing, J. Environ. Econ.

Manage. 31 (1996), 269—286.

[18] N.L. Stokey, Are there limits to growth? Int. Econ. Rev. 39 (1998), 1—31.

[19] J. Tinbergen, On the theory of economic policy, North—Holland, Amsterdam, 1952

[20] A.J. Yates, M.B. Cronshaw, Pollution permit markets with intertemporal trading and asym-

metric information. J. Environ. Econ. Manage. 42 (2001), 104—118.

23



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


