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This paper analyzes equilibrium intergenerational allocation of an exhaustible resource
with amenity value in an overlapping generations (OLG) economy. The paper first reviews
two allocation schemes and concludes the ‘trust fund’ scheme, which is deemed to be
‘intergenerationally democratic’, is preferred to the ‘grandfathering’ scheme, which repre-
sents the business-as-usual practice of resource use. It then introduces knowledge accumula-
tion into the model by imposing a public R&D sector that creates new knowledge. It
concludes that augmented knowledge stock leads the economy to higher stationary consump-
tion levels and larger stocks of the resource to be preserved forever in the steady states
under both of the above schemes. This is because the introduction of a public R&D sector
addresses externalities concerning the creation of new knowledge. Furthermore, the paper
also concludes that through the manipulation of the new knowledge output over time, it is
possible to achieve certain ‘democratic’ allocation effects under the business-as-usual prac-

tice without reallocating property rights among generations.

1. Introduction

There is a large amount of literature
that addresses the allocation of exhaustible
resources among generations and its impli-
cations for economic growth and inter-
generational equity. For example, Olson
and Knapp (1997) analyze competitive allo-
cations of an exhaustible resource in an
OLG model and conclude the behavior of
equilibrium extractions is endogenously
determined. Gerlagh and Keyzer (2001)
study an OLG model of an exhaustible
resource with amenity value and compare
several allocation scenarios. It is clear to
see that recognizing the resource amenity

leads the economy to a more optimal path.

However, knowledge accurmulation,
being an important dynamic element and a
key index that distinguishes the present
from the future, is largely missed in the
ongoing discourse. The projections based
on the implicit assumption that the stock
level of knowledge remains to be constant
over time are not well grounded and often
unrealistic. On the other hand, outcomes
obtained from allocation schemes that
treat the effects of knowledge accumula-
tion ‘too optimistically’ generally lead to
scenarios in which later generations might
be deprived of the rights to sustain their
livelihood even at subsistence levels.
Therefore, it is highly urgent, and has

policy relevance in abundance to construct

% Received for publication February 26, 2002. Revision accepted for publication July 9, 2002. (Editor)

— 57 —



REEEIEEEE 50 B5 35 (2002 49

a more comprehensive framework so that
the following fundamental questions can be
addressed : Will knowledge accumulation
lead to more sustainable utilization of the
resource? How will its evolvement influ-
ence various intergeneratioﬁal allocation
schemes? And subsequently, can each
generation benefit from it and how?

The current paper expands the litera-
ture by explicitly introducing knowledge
accumulation into the model of Gerlagh
and Keyzer (2001) and examining its effects
on the intergenerational allocation of an
exhaustible resource with amenity value.
Since the main focus is to examine the
consequences of exhaustibility, we only
examine the accumulation of reactionary
knowledge,? which reacts to the scarcity of
resources by developing technologies that
utilize the inputs more efficiently.

Examples of exhaustible resources with
amenity values? represent the focuses of
concern in the recent literature on pollution
control and global warming.® Clearly fos-
sil fuel should not be classified into this
category: It has no value other than as
inputs to production. Howéver, as suggest-
ed by Heal (1998), the atmosphere,* most of
the other crucial environmental resources,
and even the environment itself fit this
category to a first approximation.®
Recently negotiated intergovernmental
treaties aiming at restricting the amount of
the resource that the current generation is
entitled to extract, such as the Kyoto Pro-

tocol on climate change,® are based on the

conclusions of the above literature.” These
treaties call for new orders of exploiting
exhaustible resources, and consequently,
the establishment of international alloca-
tion agencies to supervise the redistribu-
tion process. However, the controversies
surrounding the ratification of the Kyoto
Protocol suggest this concept, as represent-
ed by the ‘trust fund’ scheme, though ideal-
istic, may not be favored in reality. There-
fore, alternative practices that offer simi-
lar allocation effects without altering the
business-as-usual distribution practice are
highly needed in the discussion.

In this paper, we first review the model
of Gerlagh and Keyzer (2001) and conclude
that the ‘trust fund’ scheme is preferred to
the ‘grandfathering’ scheme. Next, we
incorporate knowledge accumulation into
the model. Our conclusion is that knowl-
edge accumulation leads to higher station-
ary consumption levels and larger stocks of
the resource to be preserved forever in the
steady states under both of the schemes.
We conclude that this is because the intro-
duction of a public R&D sector corrects the
externalities concerning the new knowl-
edge. Furthermore, we also examine the
possibility of achieving certain ‘demo-
cratic’ allocation effects under the grand-
fathering scheme with a public R&D sec-
tor.

The paper is organized as follows.
Section 2 contains a formal description of
the model. Section 3 introduces the two

allocation schemes that entitle each gener-
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ation to a nonnegative amount of claim and
compares the resultant steady states. In
Section 4, we explicitly introduce knowl-
edge accumulation and examine the ac-
companying differences, and Section 5 con-

- cludes.

2. Model specification

The model to be examined in this paper
is one with an exhaustible resource that
has amenity value. The economy contains
an allocation agency, a production sector,
and an infinite sequence of overlapping
generations that consists of finite-lived
consumers. Time is discrete, with
teT={1, -+, o}. It is assumed that there
are two generations in each period, a young
and an old generation, each consists of a
representative agent. The consumers live
two periods and are indexed by their date
of birth, with the initial old and young
generations designated as generations 0
and 1, respectively. The production sector
consists of competitive firms and produces
one good. The allocation agency, which is
endowed with the whole initial value of the
resource at the beginning of period 1, allo-
cates its assets to generations over time.®

Let x, be the resource stock level of the
resource at the beginning of period £, from
which 7, units are to be extracted in period
2 The transition equation for the
resource stock is as follows:

Kpp1 =X 7. (2.1)

The stock x, is assumed to yield the amen-

ity value within the same period.”

Let p7 be the price of the resource as
input, and p¥ the price of the resource’s
amenity value, respectively. According to
this definition, the total value derived from
the resource in each period is pI#+p¥x. In
period £, @; is the given Lindahl price for
the consumption of the resource amenity.
Because the amenity value to be derived
from the resource is non-rivalry in nature,
it is straightforward to notice that agents
living in the same period face an identical
level of amenity value,

xi=xi=2x, 2.2)
and, according to the definition of Lindahl
prices, we have:

i=oit ol 2.3

For generation ¢, ¢t and x, are the con-
sumption of the consumption goods and the
consumption of the resource amenity when
young, respectively; while c¢%,; and x4,
denote the corresponding values when old.
Each generation maximizes its lifetime
utility derived from the above two sources,
namely, the consumption goods and the
amenity value of the resource. Thus, the
consumers’ utility function is U(c}, x:, ¢4,
%..1), which is to be maximized subject to
the constraint that expenditures on con-
sumption in each period are less than or
equal to the available income. Further-
more, the utility function is postulated to
be non-negative, differentiable, strictly con-
cave and increasing in all four arguments,
and satisfies the Inada conditions for c},

c%,., %, and %, In addition, we postulate
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that ¢ and x of the first old agent to be
strictly positive and exogenously deter-
mined. In this economy, the price of the
consumption goods is p¢ in each period.

Young agents are endowed with 1 unit
of labor, to be supplied inélastically. A
profit-maximizing firm hires labor and
purchases the exhaustible resource as
inputs to produce consumption goods. The
price of the labor input is w,, and the firm’s
production function, F(7, ), is assumed to
be homogeneous of degree one and exhibits
constant returns to scale, with its reduced
form denoted by y,=7(s,), with F(r, 1)=f
(r), where ¥, is the output of the consump-
tion goods in period ¢{. We assume f is
continuous, increasing, differentiable and
strictly concave, with f(0)>0, and
o>f(0)>0, ie., the resource input is
assumed to be important, but not essential
for production. Together with exhaus-
tibility, the last assumption implies the
production technology permits consump-
tion goods to churn out even when 7 is
ZEro.

In the economy, there are three separate
markets to determine the distribution of
the resource stocks and production output
within each period. The first, a resource
market, consists of the allocation agency,
whose objective is to maximize the value of
resource output over time, both as a pro-
duction input and as a source of amenity
value ; the firms, who purchase the
'resource stock as production inputs under

the motivation of maximizing its profits;

and consumers, who pay for the resource
amenity values and aim to maximize their
utility levels. In the resource stock market,
the allocation agency is the supply side,
while the demand side consists of the firms
and consumers. Their interaction deter-
mines the equilibrium prices and the
extraction levels within each period. The
second market, a consumer goods market,
consists of firms and consumers. Together
they determine the equilibrium prices and
quantities of the consumer goods in each
period. The third is a labor market, consis-
ting of workers (young agents) and firms,
in which the equilibrium size of the work
force and the wage level are determined.
The allocation agency facilitates value
transformation over periods in the form of
private saving through the issuance and the
support of the trading of certificates that
represent the claims to the resource. In
each period, the allocation agency aggre-
gates the demands for the resource amenity
as reported by the young and the old con-
sumers, X, so as to implement the Lindahl
price mechanism.
Firms
Firms in this economy act competitively
under the motivation of maximizing their
profits. In equilibrium, they purchase each
input to the point where its price equals its
marginal product so that
v (r)=p7, (2.4)
and
P (7)) = (r)r=w.. (2.5)
Using (2.4), (2.5) can be restated as (2.5"),
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which is the firm’s zero-profit condition
DSV =W, +DIre 2.5)

In equilibrium, the asset price, 1, and
extractive (input) prices for the resource,
p§f'(7:), should be the same, p§f(72) = 1res1.
Here v~ denotes the price of the resource
stock at the beginning of the period ¢.
Combined with equation (2.1) and (2.5"), the
above analysis implies that over time

Ye=p5 " (1) + 7%, (2.6)

which amounts to say that the introduction
of the amenity value increases the price of
the resource by the price of its amenity
value.
Consumers

From the allocation agency, each agent
in generation f receives an income claim to
the natural resource of the amount H}
when young, and HZ%.,, when old. An
agent’s life-cycle budget constraint facing
generation ¢ is as follows:

it P cint i
+ i <w,+Hi+H,.

The first generation maximizes her

2.7)

utility subject to a one-period budget con-
straint

Mzax U(C%’ xl)y
s 2.8)
subject to | H}zpfci+ oix.

Notice each agent votes on the resource
stock level in the two periods in which she
lives, the consumer optimization problem
for an agent born at time £=1 is

 Max  U(cl, %, chir, Zena),
CorCapXoXyy (2 9)

subjgct to (2.1) and (2.7).

Under the assumptions of the utility

function, there is a unique interior solution
to this problem. The first order conditions

are given by the following equations:

Ue/Ug,,=05/15, (2.10)

Ue, ) Uxen= 041/ bis, (2.11)

Ue/ Ux= @i/15, (2.12)

U/ Uses= 021/ @4 (2.13)

Here Uy, Ue,,, Ux, and Ux,,, denote

the derivatives of utility with respect to
consumption of the consumption goods and
the consumption of resource amenity when
young and old, respectively. Equations (2.
10)~(2.13) imply when agents optimize their
consumption, they equate the marginal rate
of substitution to the ratio of the corre-
sponding prices, with all the prices in their
present values.
Allocation agency

The need to establish an international
institution to allocate resource intergener-
ationally has been widely debated in the
last several decades. Kennan (1970) initi-
ates the discussion, and argues such an
‘International Environmental Agency’ is
capable of alleviating various forms of
stresses resulting from biodegradation.
The main objective for such an institution
is to establish a channel through which
future generations’ willingness to pay for
environmental resources can be properly
expressed and recognized. Put it in other
words, this is a built-in mechanism to
ensure that the current generation takes
future generations’ interests into account

and chooses on behalf of them, thus establi-
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shing some form of “intergenerational
equity”.!¥ The essence of this idea goes as
follows : a resource allocation agency, to
which all the resource values are attribut-
ed, allocates each individuals to come a
share of the resource, andA charges any
additional use beyond what is allocated.
The objective of the allocation agency
is to maximize the aggregated output over
time, subject to the production technology

to be specified in the following sections
Max 3 (piye+pFn). 2 (214

The value of total assets held by the
allocation agency at period ¢, F3, is the sum
of the value of the resource to be allocated
to the subsequent generations at the ending
of the same period

F=Hia+ 3 (HuatHi). (215

i
Along the same lines, the value of the
resource the allocation agency holds at the

beginning of the first period equals
Y = t=1§’;"m(H§+H%). (2.16)

It is straightforward to notice the stock

values evolve over time as follows
Ve =p i T Pixe+ YrenXess. (2.17)

Equilibrium
DEFINITION 1. An OLG competitive
equiltbriiom is an intertemporal resource
allocation defined as {p7, p%, p% o}, 5 ¥,
Te Xy Wy €L, ¢%} that solves the maximiza-
tion problems of the allocation agenéy,
consumers and producers and clears all
markets for =1, -, co.

In Section 3, we set to study the equilib-

rium path of the OLG economy. Normally,
in an OLG economy with an exhaustible
resource, in which the resource is essential
to production and capital does not exist,
the steady state occurs only when the
resource is exhausted and the extraction is
zero (Olson and Knapp, 1997). However, as
indicated in the next section, together with
the assumption that resource is not essen-
tial to the production process, the introduc-
tion of amenity value may lead to signifi-

cantly different conclusions.

3. Allocation schemes and steady
states

In order to investigate the properties
that are pertinent to our focus in a more
accurate manner, next we specify the util-
ity function of consumers and the produc-
tion function of individual firms. This
elaboration presents the outcomes in a
much clearer fashion and enables explicit
comparison with outcomes obtained after
the introduction of a public R&D sector in
Section 4.'¥
ASSUMPTION 1. Each generation has a
separable, log utility function and a Cobb
Douglas branch for the substitution
between the amenity value and the con-
sumer goods
Ul %, €3ery o) =In((e})(x)?)

+B1n((ck:1) " (xe:1)?),
3.1)
where £ is the subjective discount factor.

The above assumption also implies that
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each agent spends a constant share 0<v<1
of their income on the non-rival consump-
tion of the resource amenity, while the rest,
(1—v) is spent on the consumption goods.
Production function is specified as follows :
F)=lal-"+1=a)r=°],
0<a@<1, and —1<¢<0. 32
Following the exhaustibility of the
resource, it is assumed that the initial
stock, Ynx, is finite.!® Each generation’s
consumer optimization problem vyields
their desired net investment, s;, which is the
difference between the earning and con-
sumption when young
se=p§f (r)—p¥f'(r)n
+Hi—pici—oix.
Each generation maximizes her utility,

as depicted in (3.1), subject to the budget

3.3)

constraint described in the previous sec-
tion. The first order condition indicates
that in equilibrium, the consumption when
young for generation £=1 is

pect=[p (r)—pef (r)rn+ H}

(3.4)
+Hia )1 +0)/(1+4),
while the life-cycle saving is
ss=pif (1) — ¥ (v
+Hi—=pif (r)—pif (17
[p¢f (r)—pf ()2 35)

+Hi+H3a/(1+6)
=P8 (1) %1 — Frar.

The far right-hand side of equation (3.5)
depicts the nature of the private life-cycle
savings. The young generation consumes
some of their income and purchases
resources with the rest at the market price
Pl However, the existence of the alloca-

tion agency implements restrictions on the

amount that each young agent can pur-
chase, as the allocation agency also relies
on its possession of the resource, if not of
all that is left, to finance its allocation
scheme.

Next we set to describe alternative
schemes that the allocation agency can
adopt. These schemes stand as specific
rules for resource extraction, and for al-
locating the resource value, while meeting
their respective intertemporal budget con-

straint.

3.1 Grandfathering scheme
The grandfathering scheme entitles the
first old generation to own the initial
resource exclusively, Hi=qnk, and for
generations (=1, Hi=H3%,=0. The old
then exchanges her claims with her succes-
sors to finance her retirement years.'®
Such a transaction takes place in the
resource market, and instead of the alloca-
tion agency, the old is the only supplier.
Under this scheme, the life-cycle budget
constraint of an agent born since period 1 is
fett il + @bt Pl X Swe ' (3.6)
Under the grandfathering scheme,'”
optimal consumption level of the consump-
tion goods when young, cl;, and desired
life-cycle saving, s, are
che=f (rge) = [ (7)1} A=)/ (B+1), (3.7)
and
See=Dp&lf (re) — (1) 7218/ (B +,1)
= P& (7ge) (ge— 75e) > 0.
It is straightforward to deduce that

(3.8

when 74> 0, the equilibrium extraction rule

— 63 —



REPIFE S0 EE 35 (2002 9)

is given by

xgt:[(l +ﬂ6§(1_ 2) + 7’Et6]/7'5t6”1- (3.9)

3.2 Trust fund scheme

The second allocation scheme, a trust
fund,'® entitles every generation to an in-
come claim to one unit of the resource
amenity, that is, for £=0, -, co, Hi= pix,
and H%=¢%x,. Under this scheme, the life-
cycle budget constraint for generation £>1
is

picitpinchat ot 0l X Sy (3.10)

+oin+ oiaxn.t®

It is easy to deduce that the income
claims to resources that the agents are
entitled to are: Hi=gln=vpicin/[(1—v)
%), and Hia=ghan=popicin/[(1-v)
%+1), Tespectively. Under the trust fund
scheme,®*” the optimal consumption level
when young, ¢k, is

=1 () —f () 7)1~ 0) (311)
/UB+1)— v/ 20— B/ %peen],

while the life-cycle saving of each agent,
Spr, 18

Se= D&l () —F (5 772

1+ V% — X (3.12)
o o | [
4 ‘[(ﬂ - L— 7}:]

=p5f (77) (%~ 77) = Freen.

The far right-hand side of the above
equation follows (3.5). From (2.14) and
(2.15), it is straightforward to induce that
over time, F;= v, which is sufficient for
the trust fund to meet its commitment.

Hence, (3.12) changes into the following

one, which implicitly defines the equilib-
rium extraction rule under the trust fund
scheme

sp=p&H[f( 7ee) = (#7077t

14 V% T Xy

+
U (29
xﬂ[(ﬁ 1) Xst Xpe ™ Ve ]

:P?tf,( 7’ft)(xfz“ 7'ft‘,‘x1)-

(3.12")

3.3 Steady states

The first order conditions of the con-
sumer’s optimization problem indicate that
when extraction is zero, the economy
enters a steady state and the consumption
level of the consumption good when young

can be restated as follows??

J2ak
pc*

er=(err H N0y p)

(3.13)
‘While the stock when the extraction is zero
is

1 2
x*:[a—ud_<a~1/o'+ g’c: " ];Ic:>

1% *
[+ o+ ).
b y2
PROPOSITION 1. Under Assumption 1, a

strictly positive amount of the resource is

(3.14)

preserved forever.

PROOF OF PROPOSITION 1. Assume on
the contrary that in period 7, the entire
resource is exhausted, then from period T
onwards, extraction level remains to be
zero. Under Assumption 1, as long as there
is labor input, production continues and the
output is &~"9(>0). Also, equation (3.14)

implies when the resource stock level is
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zero, the numerator of the right-hand side
of the equation has to be zero. We know
when the stock held by the allocation
agency becomes zero, the asset value held
by the allocation agency, Fr, and Hi(z2 D)
also becomes zero. Together with some
simple manipulation, the above statement
would imply that g8=0.

However, it cannot be established since
we assume S>0. Hence, we have reached
a contradiction, and we conclude that a
positive amount of the resource is preser-
ved. O

The above proposition suggests that the
extraction stops whenever x,<x* and the
entire remaining stock is then preserved
forever. Therefore, if the initial stock
%> x¥, then over time, the stock level con-
verges to x*. If the initial stock x <x*, the
economy directly enters the steady state, in
which the extraction remains to be zero,
and the entire initial stock is preserved:

Y=x*.

To better suit our purpose, we
assume x, is strictly greater than x*.
Under the grandfathering scheme, the
consumption level when young in the
steady state is
cF=a"""(1—v)/(1+5), (3.15)
and the stock of the resource to be preser-
ved forever is
xg=[a™"°B/(1+p)]/f(0). (3.16)
Under the trust fund scheme, the con-
sumption level when young in the steady

state is

1 2%
sl

J(1+ ﬁ’) >kt
And the stock of the resource that will be

(3.17)

preserved forever is

xXF=
_ Hl < _ Hl* HZ*)
1o — 1o
F7(0)
+x >xf2

(3.18)

The consumers’ optimization problem
we examine at the beginning of this section
indicates under Assumption 1, the con-
sumption of the first period’s amenity val-
ue, @ix, the consumption of the rival-
consumption goods, p§,;c%,, and the amen-
ity value of the second period, ¢34, are
all proportional to the consumption of the
consumption goods when young, péci, all £.
This fact indicates that if the two schemes
are applied to the same amount of the
initial stock, then in the steady states, the
four arguments of the utility function and
the resultant utility level under the trust
fund scheme are strictly higher, thus are
much preferred to those under the grand-
fathering scheme. Obviously, these results
highly support the adoption of the trust
fund scheme as an intergenerational alloca-
tion instrument since it is more sustainable
in nature than the grandfathering scheme.
This completes our description of the
model in which knowledge production does
not exist. Next, we explicitly introduce
knowledge accumulation into the model

and examine the resulting differences.
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4. Knowledge accumulation and its
effects

The preceding analysis has looked, in a
rather simplified fashion, at‘various inter-
generational distribution schemes of an
exhaustible resource with amenity value
and their implications for each agent’s
utility level. However, several dynamic
elements are missing from the model. For
example, not the least of the above analysis
and the related literature concerns the
accumulation of technological knowledge.
It is quite possible, however, for the accu-
mulation of knowledge to result in a reduc-
tion in the amount of the resource needed
to acquire a certain level of output over
time. Inreality, in the wake of recognizing
the adverse effects accompanying the utili-
zation of the atmosphere as a reservoir of
GHG emissions, numerous technologies
and equipments that are more efficient
have been developed and applied in the past
decades. This trend has led to a continuous
reduction in the amount of carbon dischar-
ged from producing a given amount of
energy and consumption goods, as
manifested by the gradual decarbonization
of energy use. It is worth noting that these
technologies are quite often not the fruits
of voluntary private R&D activities, but
are the results of social pressures or legisla-
tion. Also, the replacement of the old and
much depreciated equipments with new
ones that improve the prevailing productiv-

ity are in many cases, the direct results of

government-led campaigns.

In this section, we explicitly address the
questions we have raised in the introduc-
tion by allowing the production function to
account for knowledge accumulation and
examining the resulting impacts on the
extraction rules and agents’ utility levels.
Here by knowledge we mean only reaction-
ary knowledge ; we simply ignore the accu-
mulation of the progressive knowledge.®
This deliberate choice may lead to rather
pessimistic conclusions ; nevertheless, it
gives us a chance to catch a glimpse of the
outcomes of the cases in which human
beings cannot alter the exhaustibility of an
imperative resource.

Furthermore, the knowledge we con-
sider in this paper is assumed to have
strong spillover effects, meaning it is uni-
formly diffused over the whole economy.
Like other public goods, adequate private
production of new knowledge does not
occur because no single firm has an eco-
nomic incentive to engage in R&D activ-
ities and to capture the returns, since the
benefits can be equally enjoyed by other
firms at no cost.?¥ To correct this flaw and
to increase the efficiency of the economy, it
is necessary to introduce a public R&D
sector. We postulate that this newly added
public R&D sector, which employs labor
only, is supervised and fostered by the
allocation agency.

We follow the models of R&D devel-
oped by Romer (1990), Grossman and Help-
man (1991) and Aghion and Howitt (1992).
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There are two sectors, a good-producing
sector where the consumption goods are
produced and an R&D sector where addi-
tions to the stock of the knowledge are
made. Based on the decision of the alloca-
tion agency, fractin 0<a<1 of the labor
force is directed into the R&D sector and
the rest into the goods-producing sector.
We assume knowledge accumulation aug-
ments consumption goods producible from
a given level of production inputs, which
consist of both the resource inputs and the
labor inputs. Since there is no capital in
the model, the production function for out-
put becomes
fr)=Adal(l—a)i]-°
+(1—a)r 7},

here the values of ¢ and « follow the

4.1)

description in the previous section. We
assume the value of A, is unity when no
addition to the knowledge stock is made
over time.
The production function for new knowl-

edge A, is

A =B(al)"Al+ A,

with B>0, 0<y<1,®

here B is a shift parameter, ¥ and 4 are

4.2)

technological parameters and A, is
We follow the

assumption on the labor force stated in the

assumed to be unity.

previous sections, i. e., in each period,
young agents supply 1 unit of labor inelas-
tically. Notice /=1 further simplifies our
definition of the production function.
Notice also the utility function in Assump-

tion 1 still applies in the following analysis.

In the following analysis, we label the
two schemes we examined in the previous
section, in which the production of new
knowledge does not take place, and the
knowledge stock is constant over time, as
‘grandfathering scheme without an R&D
sector’ and ‘trust fund scheme without an
R&D sector’, respectively. Along the same
lines, following the introduction of a public
R&D sector, these two schemes change into
‘grandfathering scheme with a public R&D
sector’ and ‘trust fund scheme with a public
R&D sector’, respectively.

Next, we define the output of the pro-
duction before the introduction of knowl-
edge accumulation, v2,2® to be f(#?), then
the resultant wage is

wet=ptala+(Q—a)r "1+ (4.3)

Here, it is assumed that the allocation
agency imposes a tax on the wage income
of the workers who engage in the consumer
goods production sector, and then distrib-
utes this tax revenue as a lump-sum trans-
fer to those who work in the knowledge
production sector so as to equalize the
latter’'s wage income to that of the former.
It is straightforward to deduce that the
needed tax rate = equals 4, in each period.
Output and wage after the introduction of
the R&D sector change into ¥¢,
AJae(l—a)°+(0—a)#~°] Y% and the ac-
companying wage, w?, becomes

wi=pA.a(l—a,) la(l—a)*

A (1—a) ],

We pause here for a moment to study 4,

(4.4)

which reflects the effects of the existing
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stock of knowledge on the production of
new knowledge. 8 can actually take any
value ; with a positive § denoting the fact
that past discoveries make future discov-
eries easier, while negative ones denote the
fact it is harder for new discoveries to be
made once the existing knowledge stock is
considerably large. However, it is straight-
forward to notice the transition equation of
A, implies that even an arbitrary selection
of 4 results in an increment of the value of
A,, albeit it does affect how fast A, can
increase.

In addition, we assume the value of «
changes with the passage of time, which
means the economic structure is not rigid.
We assume further that it is possible for
the allocation agency to choose freely the
values of @, that vary over time. We con-
sider this assumption to be realistic, since
in reality, governments not only assume the
leadership in the course of technology
development actively, but also exert that
responsibility frequently. Along the same
lines, the benevolent allocation agency
actively alters the volume of the output by
choosing the fraction of the labor force to
be directed into the public R&D sector in
each period so to achieve certain policy
objectives over time.

Here we assume the allocation agency
chooses a sequence of {@:}%,2” that maxi-
mizes the aggregated output over time, as
specified in (2.14), subject to the production
function for consumption goods (4.1) and

the production function for new knowledge

(4.2). Itis clear to see that the sequence of
{a}=., so chosen leads the economy to more
desirable allocation effects in later periods
than those obtained under schemes without
an R&D sector and those with a public R&
D sector but does not choose the optimal
sequence of {aJ%,. This conclusion is
rather intuitive since one form of the exter-
nalities existing in this economy has been
addressed. In the following sections, we
examine the effects of knowledge accumu-
lation on consumption levels and extrac-
tion rules by introducing a public R&D

sector into different allocation schemes.

4,1 Grandfathering scheme with a public
R&D sector
We first introduce a public R&D sector
into the graﬁdfathering scheme without an
R&D sector and examine the resultant
outcomes. As before, each agent maxi-
mizes her utility as described by equation
(3.1). The budget constraint for all genera-
tions £=1 becomes
pici+pi Chit @it PhiiXess = w5
4.5)
Accordingly, the consumption level when
young for all generations (=1, ck,
becomes
Cepe=wgp(1—v)/[(B+1)D5e, (4.6)
and agents’ life-cycle saving, Sgp,
becomes?*®
Sepe=wgpe/(1+8)
=Dt (Tepe) (Kape— gpe)-

Here it is assumed that the agents treat the

4.7)

sequence of {a,}%.,, which is determined by
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the allocation agency, as given. Almost
certain, under the previous extraction plan
and knowledge level, even an arbitrary
selection of @>0 results in a reduction in
the output in the first period regardless of
the value of y since less labor is devoted
into the production process while the tech-
nology level remains to be unchanged.
This decrease in output, perceived to be
‘harmful to (the current domestic) econ-
omy’, as suggested by a number of politi-
cians in the ongoing negotiation concerning
the ratification of the Kyoto Protocol, is
one of the essential reasons why the Kyoto
framework is highly unacceptable to some
countries. However, since the sequence
{a.}2., can always be deliberately chosen so
as to limit the trade-off effect to the first
few periods only,*® this decrease not only is
temporary in nature, but also has perma-
nent economic augmentation effects that
highly support its adoption as a counter-
measure against pollution and global war-
ming.

The equilibrium extraction rule after
the introduction of knowledge accumula-
tion can be stated as follows

ro=[ By r e @)

Under this modified extraction rule, numer-
ical manipulation shows that the extrac-
tion needed in each period is reduced
compared with the previous extraction rule
under the grandfathering scheme without
an R&D sector.

Next we study the properties of the

steady states under this modified version of
grandfathering scheme. In the steady
states, the consumption level when young,
cis, and the stock level to be preserved

forever, x7,, are

cvr— Wi (1—v)
8 pa(1+p)
:&1’___—11:1(6&”_)-> ci* (4.9)
_wi(l—v) _ a M (1—2) 4,
Topgr(1t+p) T 1+8
and
x* _ wa*
& (1+p)psif'(0)
= A*a_lld >x§
1+ (0
(1+8)r(0) (4.10)
_ wb*g
(1+8)pgf (0)
_ oY
- A+8)f(0)

respectively.®® Notice the above strict
inequalities hold since with the passage of
time, starting from the second period, the
knowledge stock level A, is strictly greater
than unity if ¢,>0. It is then obvious that
the introduction of a public R&D sector
leads the economy into much desirable
outcomes in the steady states. In the next
section, we show that introducing a public
R&D sector into the trust fund scheme
without an R&D sector leads to similar

outcomes.

4,2 Trust fund scheme with a public R&D
sector
As stated above, introducing a public
R&D sector into the economy where the

allocation scheme is denoted by the trust
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fund scheme corrects the externalities
existing in this economy: The absence of
new knowledge. When a public R&D sec-
tor is introduced into the economy, the
consumption level when young of the gener-
ations =1, ¢%,,%® changes into

Chpr™

Aa(=a)[e(=a)" "+ =a)r Z]"F(1~v)

14525 e fug

Xppt Kot Trpe

(4.11)
As shown above, the introduction of knowl-
edge accumulation alters the wage income
of the agents, and accordingly, their con-
sumption levels of the consumption goods
and demands toward the level of the
resource amenity. Under the present set-
ting, the modified extraction rule can be
implicitly described by the following equa-
tion, which states the lifecycle saving of the
young

Soe=pSpea(l—a)™?

V5 — X
1 % fpt

fo(ﬁ_I—l-. _R‘J-’;‘ - fotﬁr;fﬂlt
=p %1~ @) 75 (e Froe—31),

(4.12)

Numerical manipulation shows this revised

extraction rule leads to lower extraction
levels in each period.

In the steady states, no extraction takes

place, and »* remains to be zero. The

stationary consumption level of the con-

sumption goods when young is

-0
1+8 (4.13)

>celE>clF > el 3

[earies 2

1%k
Crp=

Also, the stock level of the resource to be
preserved forever changes into

o F
=

H * —-lldl H '

o —(ararrer e )04 p)
£70)

T4 >xg>XF> A5,

(4.14)
It is obvious to see that in the steady states,
the introduction of knowledge accumula-
tion leads to higher stationary consumption
level and larger stock of resource to be
preserved forever as compared with the
trust fund scheme without an R&D sector.
We conclude that introducing a public R&
D sector into the trust fund scheme leads
the economy to higher stationary consump-
tion levels and larger stocks of resource to
be preserved forever in the steady states
under both of two schemes.
4.3 Achieving ‘democratic’ allocation
effects under the grandfathering
scheme with a public R&D sector
As we have stated in the previous sec-
tion, in reality, the trust fund scheme may
not be an applicable political option. Alter-
natives to this practice that lead to similar
‘democratic’ allocating effects are urgently
needed in the forming of a framework
designed to address the intergenerational
equity issues concerning the distribution of
an exhaustible resource. We know that
although both of the two schemes without
an R&D sector ensure intertemporal effi-
ciency in terms of resource allocation,

neither of them addresses the externalities
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concerning the spillover effect of new
knowledge. The aim of the following anal-
ysis, therefore, is to examine under the
grandfathering scheme with a public R&D
sector, whether the ‘democratic’ allocation
effects that ‘protect welfare of all genera-
tions’, as exhibited under the trust fund
scheme without an R&D sector, can be
achieved. That is, we examine the possibil-
ity of using the sequence {@}%., as a hypo-
thetical policy leverage to achieve certain
allocation effects without redistributing
resources among generations. Put in other
words, we examine whether or not address-
ing externalities concerning the production
of the public good, knowledge, can be as
effective as allocating income claims for
the resource among generations.

We know the allocation effects
obtained under the trust fund scheme with-
out an R&D sector is characterized by the
sequence {ck, c%, %x, ¥r)51, and the effects
under the grandfathering scheme with a
public R&D sector is characterized by the
sequence {clpe, Ciot, Xaps, Yepe}o1.  Our objec-
tive then necessitates the examination of
the existence of a sequence {a,}<, such that
the sequence obtained under the grandfath-
ering scheme with a public R&D sector can
exhibit similar allocation effects as re-
presented by the sequence
{ch, % %, Tt

In order to replicate the allocation
effects as represented by the sequence
{ck €2, %p, 77}21, We need to relate the

optimal consumption levels of the con-

sumption goods when young and the desir-
ed life-cycle savings obtained under the two
schemes. The relationships between the
two allocation schemes can be established
and expressed by equation (4.15) and (4.17).
The first equates the consumption level of
the young agent over time:

ch=wiH(1-)/{[(1+8)

—vn /%~ o/ (xp— 1) 0%} (4.15)
=wg(1—v)/[(1+8)/p&].

Note the above equation can be rearranged
in the following form?®®:
as=g(Aus ¥, %n),
x and A, are exogenously given. (4.16)
It is straightforward to see that af so
determined equates the consumption level
of each agent over time. Meanwhile,
numerical manipulation shows the
sequence {7g}so determined closely resem-
bles the trend of the extraction rule under
the ‘trust fund scheme without an R&D
sector’. Compare with the previous one
under the ‘grandfathering scheme without
an R&D sector’, the new rule exhibits an
increase in the extraction in early periods,
and a decrease in later periods.

The second equation equates the desired
savings, which determines the consumption
level when old, and implicitly, extraction

level in each period:

Sp=w }¢{1+ Ux‘;};‘rf t }
_vn __ PU%
xf’[('g N xﬁ"rﬂ]
_p?tf’(fﬂ)xl =wg ﬁ/<ﬁ+1)-
‘ 4.17)

The above equation can be rearranged as
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ai= (A, 17, %p),

x and A, are exogenously given.
Along the same lines, af so determined
equals the extraction level in each period.
In case a§=a3, all £, then the system would
have the property as to allow the grand-
fathering scheme with a public R&D sector
to mimic the allocation effects of the trust
fund scheme without an R&D sector.
However, numerical manipulation shows
that generally, af+a$, which implies only
parts of the distributional properties can be
mimicked. Therefore, one needs to distin-
guish between alternative policy objectives.
The sequence {a§}%, can be selected to
equalize the consumption levels between
the grandfathering scheme with a public
R&D sector and the trust fund scheme
without an R&D sector; while the
sequence {a{}%., can be chosen so that the
extraction rules obtained under the trust
fund scheme with a public R&D sector can
be mimicked under the grandfathering
scheme with a public R&D sector.

In short, the practice presented as above
enables the allocation agency to achieve
certain ‘democratic’ allocation effects
under business-as-usual practices by im-
plementing the chosen {a;)%, over time.
Therefore, the establishment of a public
R&D sector can be considered as an alter-
native to the redistribution of the property
rights as specified by the trust fund
scheme. It isin this ‘meaning, we regard the
introduction of a public R&D sector to be a

highly effective option to policy makers

(4.18)

when the political climate does not favor
the redistribution of property rights over
generations and when the business-as-usual

allocation scheme has to be retained.

5. Concluding remarks

The objective of this paper has been to
interpret observations on the allocation of
an exhaustible resource among generations
in terms of motivations and constraints of
economic agents and to predict the conse-
quences of alternative hypothetical policies
when there is a public R&D sector. First,
the paper has examined the resource
extraction rules and the steady states
under the two allocation schemes suggest-
ed by Gerlagh and Keyzer (2001), and con-
cluded the trust fund scheme leads to
higher stationary utility levels and larger
stock of resource to be preserved forever,
and therefore is preferred to the grandfath-
ering scheme. However, the paper consid-
ered the outcomes obtained under these
two allocation schemes to be inefficient
since in this economy, there exists a public
good, knowledge, which has strong spil-
lover effects and remains to be addressed
under both of the two schemes.

The paper has then explicitly addressed
the externalities concerning knowledge by
introducing a public R&D sector into the
two schemes. It has concluded that this
maneuver corrects the flaw concerning
new knowledge and leads the economy to

higher stationary consumption levels and
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larger stocks of the resource to be preser-
ved forever in the steady states under both
of the schemes. The paper has also shown
the possibilities of manipulating knowledge
stocks over time to achieve under the
business-as-usual practice, as fepresented
by the grandfathering scheme, certain
‘democratic’ allocation effects character-
ized by the trust fund scheme, without
redistributing properties rights among gen-
erations. These results strongly justify the
necessity of reinforcing the roles which
have been actively played by international
institutions in the past decades, as
manifested by the United Nations Environ-
mental Program (UNEP), in leading and
coordinating governmentally sponsored
R&D activities aiming at fighting climate
change and global warming®® It also
presents clear evidence to support the
rationale behind accumulating new knowl-
edge aimed at alleviating pollution and
global warming at a faster pace, and the
urgency of reconstructing the national pub-
lic R&D framework within each individual
country so that more public funds can be
devoted to finance the needed R&D activ-
ities.3?

The most natural way to extend the
analysis would be to incorporate into the
model the accumulation of progressive
knowledge that leads to a decrease of
dependence on the exhaustible resource. It
seems clear that the conclusions of this
paper regarding the properties of the

steady states will change significantly in

such a new model. In addition, it is obvious
that the substitution of a reproducible capi-
tal stock for the exhaustible resource
should also be considered.

Furthermore, there are some equity
implications left to be explored in the set-
ting suggested by this paper. Different
policy objectives may favor different allo-
cation schemes, and qualitative analysis is
needed to clarify the trade-off relationships
among them. Extending the fnodel to
include the accumulation of progressive
knowledge and capital would provide a
framework within which these and other
important issues concerning sustainability

can be satisfactorily examined.
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Notes

1) As Ayres (2001) points out, when a society
sets to address the scarcity of resources
through the development of technologies, gen-

erally there are two options available, namely,
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the reactionary option and the progressive
option. Here in this paper, we denote the result
of the former to be the reactionary knowledge ;
and that of the latter, the progressive knowl-
edge. Reactionary knowledge refines the domi-
nant, proven stock of existing knowledge and
leads to more efficient utilization of production
inputs (resources). On the other hand, the
progressive knowledge, which consists of alter-
native technologies that utilize new forms of
inputs (resources), leads to a decrease of depen-
dence on the resources currently being used,
and eventually, the abandonment of the using
of the resource as a production input. How-
ever, since our focus is on exhaustibility, here-
inafter, we ignore the existence of progressive
knowledge and center our attention on the
reactionary knowledge.

2) As suggested by Heal (1998), biodiversity
also fits this category. Although biodiversity is
endowed with built-in abilities to reproduce
itself and hence is ‘renewable’, our economic
activities are driving species to extinction at an
unprecedented rate. The resultant loss is ir-
reversible and definitive, at least on a time
scale relevant to humanity. At the same time,
the presence of biodiversity is indispensable to
our existence and contains key determinants of
the quality of life. Expressed otherwise, we are
willing to pay both for exploiting biodiversity
as a production input, and also for keeping its
stock intact: i. e., for its amenity value.

3) The concept that individuals derive their
utility not only from the consumption goods
produced from the resource, but alsoc from the
amenity value of thé resource dates from
Krutilla (1967), and can also be found in Kraut-
kraemer (1985, 1986).

4) Although the atmosphere incorporates built-
in mechanism to assimilate carbon dioxide, the

annual carbon emissions resulting from human

— T4 —

economic activities are beyond the near-
equilibrium of natural carbon fluxes and have
the potentiality for intriguing large scale cli-
mate change. Expressed otherwise, we are
exploiting atmosphere by utilizing it as a
finite-sized reservoir for greenhouse gases
(GHG) emissions and many other forms pollut-
ants, while the unused stock is enjoyed as clean
air, and accordingly, has amenity value.

5) Undeniably, the activities of homo sapiens
always accompany irrevocable destruction of
the surrounding environment. Engels F. once
wrote “The people who, in Mesopotamia,
Greece, Asia Minor and elsewhere, destroyed
the forests to obtain cultivable land, never
dreamed that by removing along with the for-
ests the collecting centers and reservoirs of
moisture they were laying the basis for the
present forlorn state of those countries” (“Part
played by labor in transition from ape to man”,
In (1987) Kari Marx » Fraderick Engels : Col-
lected works, Vol. 25, Progress Publishers, p.
461). Weather being conscious or unconscious
of the outcomes, it is clear that these activities
generally lead to irreversible results. Herein-
after, we characterize this observation as the
utilization of an exhaustible resource with
amenity value. By amenity value we mean all
forms of the immediate and more remote natu-
ral and social benefits lost due to the depletion
of an exhaustible resource.

6) Kyoto Protocol on climate change commits
industrial countries and former Eastern bloc
nations to bring GHG emissions to 5 percent
below 1990 levels by 2008-12.

7) Though not complete, the Kyoto Protocol
does incorporate the Polluters Pay Principle
(PPP), as opposed to the business-as-usual prac-
tice represented by the ‘grandfathering’
scheme, which can be viewed as a variation
based on the Victims Pay Principle (VPP).
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8) Throughout this paper, we use the super-
scripts 1 and 2 for the young and old respective-
ly for a given generation and a time subscript
for the time period to which the generation
applies.

9) In order to focus attention on the conse-
quences of the exhaustibility of the resource, in
the following analysis it is assumed that the
direct costs of extraction are zero.

10) Though much simplified, the amenity value
defined as above closely resembles those
proposed by Krautkraemer (1985) and Gerlagh
and Keyzer (2001) ; here the initial stock level
is assumed to be strictly positive.

11) Stern (1997) and Weiss (1989) examine the
mechanism of such an institution in detail,
while the idea is further advanced by Gerlagh
and Keyzer (2001), who specify the possible
sequence of steps that might be needed to
activate such an institution.

12) Here as in Gerlagh and Keyzer (2001), we
assume the initial value of the stock is finite,

Y <oo and l‘i_rgwlk,:O. Following the proof

of Lemma 2 in Gerlagh and Keyzer (2001), it is
easy to see that the total value of the consump-

tion goods produced over time is finite,
glpfyt<00. According to the firm’s zero profit
condition, (2.5"), it is clear to see that over time,
glpfy,=‘i:}1(wt+p{n), so the aggregated wage
that agents get over time is also finite,
gwﬂ co. Notice equation {2.17) can be writ-
ten out as w‘x‘:;=§...m@; 7r+pEx:), which
implies for the entire time horizon, ¥hx=
21(1) r+p¥x). Therefore, g}l(p‘iyt—f- pix)<co.
Notice also over the infinite horizon, resource

outputs balance with expenditures, gl(wt)%-

hn= gl(pfy,-i‘ p¥x,), and as shown in the proof

—T5 —

Lemma 1 of Gerlagh and Keyzer (2001), tﬁe
resultant equilibrium is dynamically efficient.

13) The following analysis differs from that of
Gerlagh and Keyzer (2001) not only on the
selection of the utility function of the individ-
ual agent, the production function of the con-
sumption goods producing firm, but also on the
characterization of the paths converging to the
steady states under both of the two policy
schemes (Gerlagh and Keyzer (2001) character-
izes mainly the steady states). Moreover, it
also proves that under Assumption 1, a strictly
positive amount of the resource is preserved
forever (Proposition 1). Notice this endeavor
offers an alternative way to prove similar
results obtained in Gerlagh and Keyzer (2001).

14) Together with our selection of v following
Lemma 1 and Lemma 2 in Gerlagh and Keyzer
(2001), it is straightforward to deduce that
revenues balance with expenditures over the
infinite horizon, and the resultant equilibria are
dynamically efficient.

15) Refer to Mourmouras (1993), Krautkraemer
and Batina (1999) and Gerlagh and Keyzer
(2001).

16) Following the arguments provided by Ger-
lagh and Keyzer (Proposition 2 and its proof,
2001), it is easy to prove that the grandfather-
ing scheme leads to a dynamically efficient
equilibrium.

17) A ‘g’ is added before the time subscript ‘4’ to
identify variables under the ‘grandfathering’
scheme. In the following analysis, superscript®
is used to identify variables in the steady
states.

18) The concept of establishing a trust fund to
allocate a resource among generations was
initiated by Kennan (1970), and developed by
Gerlagh and Keyzer (2001).

19) The trust fund scheme leads to a dynami-

cally efficient equilibrium. Since it lies beyond
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the scope of the present study, for the proof of
the efficiency and existence, referred to Ger-
lagh (1998) and Gerlagh and Keyzer (2001).
20) A ‘Yf’ is added before the time subscript ‘#’ to
identify variables under the ‘trust fund’ scheme.
21) Notice in the steady states, the income
claims to resources that each agent is entitled

to under the trust fund scheme are: H'* =

vapick” Buxpcck
! and H?* =+

(1—v)x*’ A—ov)xt-

22) Following from the fact that the value the
trust fund holds over time equals to F,= 1,
equation (3.5) can be restated as follows to
describe the steady states:

wit+H* 4+ H?**

1+p 3.5)
=pFf (00> —x),

Since >0 and F*=p%f(0)x;, we have,

1[{}_1;3’ F *>{%, therefore, x3>x}.

23) As predicted by many, being the catalyst of

wi+ H™—

H»*>

another industrial revolution, the accumulation
of progressive knowledge has the potential of
‘freeing energy from carbon’ by completely
shifting the energy sources to forms of virtu-
ally limitless flows of renewable resources.

24) In fact, in an economy that consists of count-
less competitive firms, there will be no produc-
tion of new knowledge at all.

25) Note our production function for new knowl-
edge is slightly different from those of Romer
(1990), Grossman and Helpman (1991) and
Aghion and Howitt (1992). In those models, R&
D activities have a production augmentation
effects within the same period, however, in our
model, there exists an one period lag and the
fruits of present R&D activities can only be
enjoyed by future generations.

26) In the following analysis, the superscript ‘@’
is used to identify variables after the introduc-
tion of a public R&D sector, while the super-

script ‘6’ is used to identify those variables
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before the introduction of a public R&D sector.

27) A ‘gp’ is added before the time subscript ‘¢’ to
identify variables under the grandfathering
scheme with a public R&D sector.

28) It is clear to show that even an arbitrarily
selected sequence {a,)%.; leads to dynamic effi-
ciency over time.

29) After the introduction of knowledge accumu-
lation, the price for resource input changes into
Déoef (¥epe).

30) The sequence {a}%, that limits the trade-off
relationship to the first ¢ periods only is chosen
so that starting from period ¢-+1 onwards (pos-
sibly from the second period on), the sum of the
gains from knowledge accumulation must be
large enough to offset the production loss due
to a reduction of the labor force directed to the
production sector for consumption goods.
Notice a sequence {a}%, so chosen may not be
an optimal one. On the other hand, if the
production function for new knowledge strictly
follows those of Romer (1990), Grossman and
Helpman (1991) and Aghion and Howitt (1992),
then @, can be chosen so that the gain from the
knowledge accumulation is equal to or larger
than the loss due to a reduction of the labor
force directed to the production sector for
consumption goods. If such an g is applicable,
then under both of the two schemes we have
examined in Section 3, the introduction of a
public R&D sector leads the economy to lower
extraction levels and higher consumption
levels over time along the path converging to
the steady states, higher stationary consump-
tion levels, and larger stocks of the resource to
be preserved in the steady states.

31) We assume that when the extraction level
reaches zero, i. e, when economy enters the
steady states, the allocation agency allocate no
labor force into the R&D sector and the pro-

duction for new knowledge terminates. Thus,
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in the steady states, the knowledge stock level
remains to be constant, and the value of z is
zero over time.

32) As pointed out by a referee, the paths of x,
and ¢, as described by (4.9) and (4.10) for the
grandfathering scheme, and (4.13) and (4.14) for
the trust fund scheme, can also be replicated
within a general two sector (a consumption
goods producing sector and an R&D sector)
growth model framework that describes the
tradeoff relation between investing the labor to
produce the consumption good and to accumu-
late knowledge to augment the future produc-
tive potentiality.

33) A /P’ is added before the time subscript ‘¢’ to
identify variables under the trust fund scheme

- with a public R&D sector.

34) This relationship and that stated in (4.14)
establish since H'* >0, H2*=0, >0 and A*>
1. Notice the establishment of x},>x} also
requires an ad hoc condition (A*—1)ga~"">
BH'*[p§+F*/p§ —H**/[pF".

35) In the following analysis, rather than depend-
ing on the interaction of the three markets we
have discussed, the allocation agency is all-
owed to determine the extraction levels in each
period directly.

36) In “Rio declaration on environment and
development”, adopted at the United Nations
conference on environment and development,
the importance of the international coopera-
tion on the creation of new knowledge is em-
phasized. Principle 9 of the same document
reads “States should cooperate to strengthen
endogenous capacity-building for sustainable
development by improving scientific under-
standing through exchanges of scientific and
technological knowledge, and by enhancing the
development, adaptation, diffusion and trans-
fer of technologies, including new and in-

novative technologies”.

37) “Good initiatives and practices” to date
include the British government’s package of
initiatives relating to the quality of life and
sustainable development titled “A better qual-
ity of life—A strategy for sustainable develop-
ment in the United Kingdom” and the Japanese
government’s polices aiming at providing fund-
ing and incentives for adopting more efficient

energy consumption patterns.
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