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Abstract
This paper examines the intergenerational costs and bene…ts of environ-

mental regulation in the context of climate change. We believe this issue has
not been adequately addressed in comparison with the search for e¢ciency-
induced outcomes in the relevant literature. The cost-bene…t analysis em-
ploys a decentralized two-period overlapping generations framework based
on the standard assumptions of the integrated assessment models. This
structure allows us to capture realistic market imperfections arising from
individual heterogeneity and productive activities across generations. On
the policy front, we assume that the Kyoto Protocol, which is the most
prominent global initiative, is strictly binding. Our results from numerical
simulations indicate that the emissions stabilization policy is costly with
some unpleasant implications for current and near future generations. The
bene…ts of the Protocol will not be likely to appear for a long period of
time. Yet, the more detrimental the environmental deterioration is, the
sooner the net bene…t of stabilization policy will be.
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1. Introduction

Over the last decade, climate change primarily stemming from the release of
anthropogenic greenhouse gases (GHGs) into the atmosphere, have brought con-
siderable attention to the study and construction of environmental policies. The
wide range of issues surrounding climate change has correspondingly fueled a
large variety of research which aims to illuminate di¤erent aspects of the prob-
lem. Many analysts in various …elds have been studying potential adverse e¤ects
of anthropogenic GHGs emissions on the earth’s climate and biodiversity while
making policy recommendations based on their research outcomes. Because cli-
mate change is closely connected with economic activities, economists are also
increasingly involved in the relevant debates by pointing out the need for the
thorough formulation of environmentally sensitive policies.1

From an economic perspective, concerns for climate change are well beyond
mere environmental preservation. The dynamic rami…cations of climate change
beg serious deliberations about economic growth, e¢ciency, intergenerational dis-
tribution of the environmental burden versus …scal burden of an environmental
policy, and intergenerational fairness. While there is almost no disagreement in
the credible scienti…c circles that uncontrolled emissions of GHGs will result in
uncompensated environmental damages with some positive probability of a catas-
trophic outcome, proposed stabilization and control policies are spread over a
wide spectrum. In fact, designing a control policy is not a trivial task because of
high degree nonlinearities, inadequacy of data, modeling complexities, di¢culties
of international cooperation, and institutional rigidities in the application. With
these frictions in mind, the analysis of the link between climate change and the
economy entails speci…cally two central questions; ‘What are the potential inter-
actions of climate change and the economy?’ and ‘What should be done over the
passage of time?’

To answer these questions, the common practice in the literature is to cre-
ate a dynamic General Equilibrium framework connecting major economic and
environmental elements and then to use optimization techniques. This type of
modeling is known as ‘Integrated Assessment’ since it combines the scienti…c and

1The ongoing endeavor to understand the scope of climate change through rigorous economic
analysis has generated massive and outpouring of literature in the past decade. Some critical
views on the current standing of the literature and further research directions are summarized
by such studies IPCC (1996), DeCanio et. al., (2000), Laitner et al., (2000), Toman (2000), and
IPCC (2001).
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economic aspects of climate change to evaluate alternative policies.2 Earlier stud-
ies of integrated assessment models (IAMs) have primarily employed the Neoclas-
sical Optimal Growth technique with di¤erent structures broadly falling into two
main categories. First group IAMs focus on exogenously determined control poli-
cies and seek to gauge the impacts of these a priori policies on the environment
and economic aggregates. Essentially, these models take the necessary amount of
reduction recommended by climatologists as given and then specify appropriate
level of carbon and energy taxes with respect to balanced-growth path objectives.
In contrast to …rst group models, the second group IAMs search exclusively for
the optimal policy that achieves Pareto e¢cient outcome. An optimal policy is
naturally expected to balance the costs and bene…ts of environmental control. The
resulting outcomes from two groups of models are reported as the best ones that
one can uniquely obtain by using nonlinear programming techniques at various
levels of sophistication.

Notwithstanding parsimonious speci…cations of IAMs, policy inferences based
on such a modeling as described above has been nevertheless a matter of long
controversy in various respects. One reason for the controversy comes from the
time dimension of the problem which necessitates a more careful designation of
the General Equilibrium approach in order to understand the most likely potential
e¤ects of a control policy operation. In particular, long intervals and lags between
greenhouse impacts and the results of control policies require alternative perspec-
tives on the resource allocation and on the well-being of di¤erent generations. In
this sense, an in…nitely-lived representative agent, which is the pivotal device of
the Neoclassical Growth framework has been subject to severe criticism because
it potentially blurs the distinction between allocative e¢ciency and distributional
fairness [see Marini and Scaramozzino (1995), Azar and Sterner (1996), Chao and
Peck (2000), and Howarth (2000a, 2000b), Gerlagh and Zwaan (2001).] It is also
well known fact that the in…nitely-lived representative agent is technically not
an accurate re‡ection of the real life demographics although its computational
simplicity in the characterization of competitive equilibria is appealing.

The assessment of costs and bene…ts is an inherent part of any policy decision.
In fact, one must realize that policies aiming to protect the environment are
potentially costly in terms of foregone productive economic activities. A restrictive

2Janssen (1998), Kelly and Kolstad (1999), and Schneider and Kuntz-Duriseti (2001) provide
survey studies about the art and issues of integrated assessment modeling. In addition, Nordhaus
(1994) and Nordhaus and Boyer (2000) are the best-known books that give arguably a broad
picture of benchmark key …ndings in this …eld.
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control policy can only be brought upon via some degree sacri…ce in the produced
output. That is, there is an inevitable con‡ict between environmental quality and
economic growth in the environmental policy formulation. Nevertheless, this is
not the only problem, since the answer for who is going to bear the cost of any
policy initiation is also contingent upon the chosen policy. As a matter of fact,
any action for the preservation and improvement of natural systems, habitat, and
eco-systems is likely to place unequal burdens on current and future generations.

Some generations in the future may bene…t from the current mitigation poli-
cies whereas those in the present may be harmed by them. On the other hand,
this bene…t-cost scheme of current and future generations might be reversed if
an environmental laissez-faire approach is adapted. In other words, the adverse
consequences of the climate change are likely to impose large uncompensated
environmental damage on future generations which are yet to be born while envi-
ronmentally sensitive policies cause current generations to su¤er from depressed
capital accumulation. Because future generations cannot simply participate in
today’s market transactions and markets for most environmental negative exter-
nalities are missing, the intergenerational fairness is rather a complex issue in the
climate change debate. In this connection, the critical question is what will be the
transitional behavior of the economy in terms of intergenerational cost imposition
and bene…t acquisition after a particular environmental policy is put into e¤ect?

The intergenerational costs and bene…ts analysis of climate change has not
been adequately addressed in comparison with the e¢ciency inducing policy anal-
ysis in the relevant literature. Pareto e¢cient policy can be achieved when there
are no distortions in competitive markets and all agents have perfect foresights
with their discount rate being equal to the market interest rate. In order to ful…ll
these conditions, IAMs have facilitated the hypothetical social planner approach,
which is based on the maximization premise of a global social welfare function
and comparison of discounted costs and bene…ts of climate change and control
policies. Nevertheless, real world economies are characterized by vast amount of
market imperfections arising from individual heterogeneity and productive activi-
ties. In terms of some normative concerns such as the characterization of discount
rate and the construction of a well de…ned social welfare function, further doubts
on the suitability of the social planner technique have been cast in the climate
change literature.3 Hence, IAMs invoking this framework in search of e¢cient

3For some discussion on the issue, a more interested reader can refer to Burton (1993),
Howarth and Norgaard (1995), Marini and Scaramozzino (1995), Howarth (1996, 2000a), Port-
ney and Weyant (1999), and Laitner et. al. (2000).
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policy formulation does not o¤er an adequate treatment to the questions of inter-
generational welfare. The intertemporal dimensions of climate change certainly
mandate a more realistic analysis for the intergenerational welfare assessment
which should be a central issue in designing control policies.

In accordance with recent emerging convention that strongly echoes the impor-
tance of intergenerational fairness in the context of climate change, we employ a
decentralized two-period overlapping generations model and analyze in some detail
the potential impacts of an emission stabilization policy based on the premise of
ongoing international negotiations for global warming. Because of intertemporal
dimensions, this type of modeling is more desirable and appropriate in evaluating
properly the generational burden of preventive and protective policies. Therefore,
one can classify this study within the …rst group of IAMs exploring the e¤ects of
a promising global control policy rather than concentrating on abstract optimal
policy formulation.

Having presented the theoretical framework, we exercise numerical simulations
based on the standard assumptions of leading IAMs. First, we simulate the model
without a mitigation e¤ort and obtain a baseline scenario which is so-called “en-
vironmental laissez faire” or “business–as-usual case” where emissions ofGHGs
remain unregulated. Then, we consider the case in which the Kyoto Protocol is
strictly binding. In this scenario, the emission of GHGs is inde…nitely …xed at the
2000-year level for all the remaining periods. Given the fact that climate change
surrounded by mounting uncertainties has unforeseen e¤ects, we separately take
into account low, moderate, and high damage cases in each scenario.

The purpose of the control policy is to make future generations be able to enjoy
the bene…ts of undamaged environment for their well-being. As is well known, the
decentralized market economy fails to internalize adverse environmental damages
which have the characteristics of pure negative externalities. Thus, an intervention
or control policy is justi…able to attain established environmental standards by
imposing an emission-tax on productive activities. In order to alleviate the cost
of control policy, collected revenues can be returned to those who su¤er from
curtailed output due to the tax burden.4

While numerical results are readily contingent on speci…c assumptions, para-
metric values, and initial conditions, they are certainly informative in illuminating

4A controversial issue in the climate change debate is indeed the analysis of revenue recycling
from the emission tax. Theoretical work indicates that the burden of an emission tax can be
greatly reduced if the revenues from such a tax are used to …nance the cuts in the marginal
rates of existing income taxes.
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the core of the problem.5 In particular, the use of percentage deviation in per
capita consumption to gauge generational well-being enables us to sweep away
skeptical views on the measurement issue. In the parallel of previous benchmark
studies, we …nd that environmental deterioration until the …rst half of the next
century will not be as serious as that of the subsequent periods. Towards the
mid-next century, environmental deterioration will cause the loss of consumption
ranging from 5% to 20 % as compared with current level. Thereafter, more se-
rious impacts from climate change are projected to occur. On the other hand,
the cost of the emission stabilization falls greatly on the current and near future
generations. The stabilization cost reaches its maximum within the …rst half of
the next century. What makes the results interesting is that the generations who
will extensively su¤er from the emissions stabilization policy are not those who
will be su¤ering from environmental deterioration badly. The bene…ts of emis-
sions stabilization policy will be accrued by generations living centuries ahead.
Regardless of the value of a discount factor which is a philosophical debate too
some degree, some generations will have to incur the costs of a control policy if
implemented. In summary, the major implication of this study is that designing
environmentally sensitive polices calls for a careful consideration of intergener-
ational cost and bene…t involvement. Qualitative results from our presentation
will hopefully lead to further research e¤orts involving the political economy of
di¤erent generations with some normative sentiments.

The rest of the paper is organized as follows. In Section 2 we present the model
in a decentralized economy setting. Then, we do numerical analysis based on the
model and discuss the results in Section 3. We deal with some calibration issues
and sensitivity analysis in Section 4. Finally, we make some concluding remarks
in Section 5.

2. The Model Structure

We use a discrete Diamond (1965) type two-period overlapping generations model
to study the intergenerational cost-bene…t aspects of climate change and an en-
vironmental control policy. Although the model builds upon the work of Nord-

5Many researchers have uneasy feelings on the precision of numerical estimates in the climate
change literature [Repetto and Austin (1997)]. Therefore, our objective is to depict a meaningful
picture that manifests qualitatively the essence of the problem rather than drowning the reader
into cluster of numbers.
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haus (1994), Kolstad (1996), and Howarth (1998, 2000a), it di¤ers in certain
respects. In this section, we present the theoretical dynamic integrated model
which provides a basis for our numerical analysis. Because the model deals with
climate-economy interactions, a brief description of the agents’ behavior needs to
be given.

2.1. Individuals

In our model, the world is inhabited by a sequence of overlapping generations
where individuals have a life span of two periods, each of which covers thirty-…ve
years. At the beginning of each period, a new generation is born. This generation
becomes old in the next period and dies at the end of the same period. Therefore,
two generations -young and old- are alive at any point in time. Let N1 (t) and
N2 (t) denote the number of young and old individuals at time t, respectively.
Then, N (t) = N1 (t) +N2 (t) is the total population at time t. Successive young
generations grow at the rate gN (t), which monotonically declines with a constant
decay rate of ±N . Hence, the limiting argument for population implies that lim

t!1
N1 (t) = limt!1 N2 (t). The population then follows the dynamic process.6

N1 (t) = N1 (t¡ 1) (1 + gN (t)) (2.1)

gN (t) = gN (t¡ 1) (1 ¡ ±N) (2.2)

Individual preferences are represented by a logarithmic life cycle utility func-
tion, which implies a unitary intertemporal elasticity of substitution. The argu-
ments of the utility function are a homogeneous consumption good and environ-
mental deterioration. An individual consumes c1 (t) when he or she is young and
c2 (t+ 1) when he or she is old. In addition, both c1 (t) and c2 (t+ 1) are subject to
environmental damage emanating from climate change. While consumption pro-
vides enjoyment, the environmental deterioration as a pure externality reduces the
value of individual consumption. The per capita environmental damage marked

6All growth and depreciation rates presented hereafter are in generational frequency. As-
suming a constant rate over the generational frequency of 35-years, to convert a relavant rate
from generational freqeuency into annual frequency, the following simple operation is executed;

35Q
i=1

(1 + gAN) = (1 + gN) ! (1 + gN)
1
35 = (1 + gAN)

Here gN and gAN re‡ect any growth rate in generational and annual frequency, respectively.
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by d (t) to an individual’s consumption takes a non-linear functional form which
will be explicitly discussed below.

When an individual is young, he or she is endowed with one unit of labor, which
is supplied inelastically to the economy in exchange for a total wage income, shown
by w (t). During the …rst period of life, individuals also save an amount of s (t).
These accumulated assets, rented out to the production sector, provide a before-
tax return of R (t+ 1). At any point of time, the young and old generations face
income taxes denoted by ¿ I (t) and ¿R (t), respectively.

Assuming a strictly positive pure rate of time preference ½, each individual
solves the following life cycle problem:

max
c1(t);c2(t)

u (t) = Log [c1 (t) (1 ¡ d (t))] +
Ã

1
1 + ½

!
Log [c2 (t+ 1) (1 ¡ d (t+ 1))]

(2.3)

s.t.

c1 (t) + s (t) = w (t) (1 ¡ ¿ I (t)) (2.4a)

c2 (t+ 1) = R (t+ 1) (1 ¡ ¿R (t+ 1)) s (t) (2.4b)

Under the assumption that people have perfect foresight for future economic
conditions and prices, the solution to the individual’s problem generates the well-
known Euler equation:

c2 (t+ 1)
c1 (t+ 1)

=
Rt+1 (1 ¡ ¿R (t+ 1))

1 + ½
(2.5)

We can also rewrite the …rst order condition in terms of the optimal saving deci-
sion.

s (t) =
Ã

1
2 + ½

!
[w (t) (1 ¡ ¿ I (t))] (2.6)

which is necessary and su¢cient for an interior optimum since we have a strictly
concave objective function and linear constraints. The next period capital stock
equals the aggregate savings of the current young generation.

K (t+ 1) = N1 (t)
Ã

1
2 + ½

!
[w (t) (1 ¡ ¿ I (t))] (2.7)
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2.2. Firms

The production side of the economy is based on Neoclassical Growth Theory.
An arbitrary large number of competitive …rms combine labor and capital and
produce a homogenous good which may either be sold to consumers or converted
into physical capital. The homogenous good serves as the numeraire for the
economy. However, output is not the only output in the production process.
GHGs emissions also emerge as …rms engage in production.

2.2.1. Emissions

The emission of GHGs as a negative externality is a by product of the production
process. The level of GHG emissions is linearly proportional to the production
of the …nal good. The key element in the linear relation between emissions and
production is the carbon intensity variable, which is denoted by ¾ (t). Because
this variable is equivalent to emissions per unit of gross output, it is also called the
GHG emissions-output ratio. Simply ¾ (t) captures the exogenous natural trend
in the emissions of GHGs over time. The production process without abatement
or control generates the following amount of emissions:7

E (t) = ¾ (t)Y (t) (2.8)

Because the magnitude of GHGs emissions-output ratio has an important im-
pact on the cost estimation of alternative climate policies, its formulation and
exogenous character are open to debate. In order to be consistent with the pre-
vious studies, we assume that ¾ (t) decreases slowly at the rate g¾ (t), which
is called natural decarbonization. The reason for the decline in ¾ (t) is due to
both autonomous energy e¢ciency improvements and natural puri…cation pro-
cess.8 Moreover, the decarbonization rate slows down over time at the rate ±¾ in
accordance with the declining exogenous productivity growth. Even without any
policy intervention, ¾ (t) levels o¤ over time and asymptotically approaches a con-

7Even though we employ the term ‘GHGs’ throughout the paper to represent the anthro-
pogenic emissions of carbon dioxide (CO2), it is truly a broader concept including water vapor,
methane, nitrous oxide, and the chloro‡uorocarbons (CFCs). Yet, CO2 is responsible for the
most of greenhouse e¤ects more than any other GHGs. It is, therefore, an acceptable method
to employ the CO2-equivalent of GHGs.

8Nordhaus (1994 pp. 16 and 69) notes that the estimate of g¾(t) is between -1 and -1.5 %
annually for developed countries and smaller percents for all other countries.
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stant level that is lower than the initial value.9 Considering the discussion above,
the behavior of ¾ (t) and its growth process which is the rate of decarbonization,
g¾ (t) (Nordhaus 1994 pp.15) are as follows.

¾ (t) = ¾ (t¡ 1) (1 + g¾ (t)) (2.9)

g¾ (t) = g¾ (t¡ 1) (1 ¡ ±¾) (2.10)

2.2.2. Production

Each competitive …rm has an equal opportunity to access the technology de-
scribed by a Cobb-Douglas production function. The arguments of the produc-
tion function are aggregate labor, N1 (t), capital stock, K (t), and a total factor
productivity measure, B (t).

Y (t) = B (t)N1 (t)
1¡°K (t)° (2.11)

The production function satis…es the Inada conditions; it is strictly concave
(i:e:; 0 < ° < 1), and increasing in labor N1 (t) and capital K (t). The behavior
of B (t) over time is determined by a technological progress variable, gB (t). Like
the population growth rate (gN (t)) and the decarbonization rate (g¾ (t)), gB (t)
asymptotes to zero over time. That is, gB (t) also has a constant decay rate
denoted by ±B. This assumption follows the convention of slowing productivity
growth in earlier key studies [see Nordhaus (1994) pp.13, Kolstad (1996) pp. 15,
and Howarth (1998) pp. 582.]. Then, B (t) has the following dynamic process.

B (t) = B (t¡ 1) (1 + gB (t)) (2.12)

gB (t) = gB (t¡ 1) (1 ¡ ±B) (2.13)

Because competitive …rms fail to internalize the negative externalities in the
form of GHG emissions caused by their production, the government can require
them to pay an emission tax and/or apply various emission mitigation strategies
in order to correct this market failure. By doing so, the government causes the
relative price of pollution to change, which in turn induces …rms to alter their

9A more detailed discussion for ¾ (t) and the justi…cation of arguments made here can be
found in Nakicenovic et.al. (1998).
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optimizing behavior and internalize some or all of the externalities that they
create. In addition to potential emissions tax ¿E (t), …rms have to pay w (t)
per unit of labor and the Rent (t) consisting of r (t) + ±K per unit of capital for
the production process. Given the technology structure explained above, factor
payments, and an emission tax, …rms solve the following problem:

max
Y

= B (t)N1 (t)
1¡°K (t)° ¡w (t)N1 (t)¡Rent (t)K (t)¡ ¿E (t)E (t) 2.14

Let the term (t) = [1 ¡ ¹ (t)] be the e¤ective tax wedge and ¹ (t) = ¿E (t) ¾ (t)
be the standard control rate. The, one can rewrite the objective pro…t function
by incorporating the emissions generation process as:

max
Y

= (t)B (t)N1 (t)
1¡°K (t)° ¡ w (t)N1 (t) ¡Rent (t)K (t) (2.15)

Because of the Cobb-Douglas technology and perfect competition assumptions,
after tax returns to production factors exactly equal their marginal products.
Pro…t maximization over labor and capital choice implies the following …rst order
conditions:10

°(t)B (t)N1 (t)
1¡°K (t)°¡1 ¡Rent (t) = 0 (2.16a)

(1 ¡ °) (t)B(t)N1 (t)
¡°K (t)° ¡ w(t) = 0 (2.16b)

Obviously, the production factors receive a higher return when an environ-
mental laissez faire approach is accepted comparing to the case in which there is
an attempt to control GHGs emissions.

2.3. The Government

The government always operates a balanced budget.

G (t) = ¿ I (t)N1 (t)w (t) + ¿R (t)N2 (t) s (t¡ 1)R (t) + ¿EE (t) (2.17)
10Note that FOCs can also be written in per capita terms;
°(t)B (t) k (t)°¡1 ¡ Rent (t) = 0
(1 ¡ °) (t)B (t) k (t)° ¡ w (t) = 0
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The addition of tax on the young income neither changes the qualitative results
presented here nor contributes to our point we are trying to make. Hence, we
assume that government expendituresG (t) and the tax rate on the young’s income
¿ I (t) equal zero for all periods to prevent any unnecessary complexity in our
analysis.

2.4. Saving and Consumption Dynamics

The next period’s capital stock is determined by the aggregate savings of the
current young generation as previously given in equation (2:7). Using the equilib-
rium wage payment shown in equation (2:16b), the optimal capital dynamics can
be written as

K¤ (t+ 1) =
Ã

1
2 + ½

!
N1 (t)w¤ (t) (2.18)

K¤ (t+ 1) =
Ã

1
2 + ½

!
(1 ¡ °)¤ (t)Y ¤ (t)

The gross return to capital is R¤ (t) = 1 + r¤ (t) where r¤ (t) = Rent¤ (t) ¡ ±K.
Total payments to the capital stock can be determined by using equation (2:16a).

R¤ (t)K¤ (t) = °¤ (t)Y ¤ (t) + (1 ¡ ±K)K¤ (t) (2.19)

Given the optimal capital dynamics (aggregate savings), we now turn our atten-
tion to the consumption side. The young people’s consumption at t is C¤1 (t) =
N1 (t) c¤1 (t) = N1 (t)w¤N(t) ¡N1 (t) s¤ (t), which results in

C¤1 (t) = N1 (t) c¤1 (t) =
Ã
1 + ½
2 + ½

!
[(1 ¡ °) ¤ (t)Y ¤ (t)] (2.20)

On the other hand, the old people’s consumption at time t is C¤2 (t) = N2 (t) c¤2 (t) =
[1 ¡ ¿¤R (t)]R¤ (t)K¤ (t).11 Using the government’s budget constraint equation
(2:17) and equation (2:19), the total second period consumption can be deter-
mined.12

11As explained previously we introduce an emissions tax to induce …rms to internalize all or
part of the negative externalities that they cause. We assume that emissions tax revenues are
spent on the elderly’s needs. Thus, the emissions tax revenues are incorporated in the second
period consumption to compensate the tax burden they have to carry in the …rst period.

12The second period consumption can be more directly obtained from the feasibility constraint.
That is, C¤

2 (t) =After-tax Output¡After-tax wage payment to young. So,
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C¤2 (t) = Y
¤ (t) + (1 ¡ ±K)K¤ (t) ¡ (1 ¡ °)¤(t)Y ¤ (t)

or

C¤2 (t) = [1 ¡ (1 ¡ °) ¤(t)]Y ¤ (t) + (1 ¡ ±K)K¤ (t) (2.21)

As a result, when a policy of emissions stabilization is put into e¤ect, each young
generation virtually makes transfers to the previous one in the amount of collected
emission-tax revenues then receive a similar transfer from the next generation later
in the second period of life. Per capita consumption at time t can also be de…ned
as

c¤T (t) =
N1(t)
N(t)

c¤1(t) +
N2(t)
N(t)

c¤2(t) (2.22)

Naturally, total consumption at time t is then C¤T = N (t) c¤T (t).

2.5. Environmental Dynamics

To close the model, we need to characterize the relation between GHGs emissions
and the evolution of climate change. Admittedly, the environmental dynamics
involves a much more complex system than the simpli…ed framework used in this
study.13 Nonetheless, this framework strips away unnecessary details and su¢ces
to shed light into the costs and bene…ts of environmental policies.

Consistent with the existing literature, we accept that the time path of GHGs
emissions determines future climate conditions. As explained before, the emis-
sion of GHGs is a negative externality that stem from production. The constant
marginal atmospheric retention parameter, ¯ determines the amount of GHGs
that stay in the atmosphere over the long run. The e¤ective concentration of
GHGs in the atmosphere, M (t) measured in billion tons of carbon-equivalent is
an increasing function of emission. The preindustrial stock of M (t) is taken as
590 billion tons of carbon-equivalent to be consistent with previous studies. The

C¤
2 (t) = Y ¤ (t) + (1 ¡ ±K)K¤ (t) ¡ N1 (t)w¤ (t)

Using simply (2:16b), we can obtain (2:21).
13Our description of environmental dynamics follows exactly the one in Kolstad (1996).

13



stock of GHGs in excess of the preindustrial norm is dissipated by a constant
fraction of ±M per generation as this stock di¤uses into the deep ocean and some
other carbon sinks. Overall,M (t) is governed by a …rst order di¤erence equation.

M (t+ 1) = 590 + (1 ¡ ±M) (M (t) ¡ 590) + ¯E (t) (2.23)

The functional relationship between GHGs emissions and environmental qual-
ity is expressed in terms of ground, T (t) and oceanic temperature, O (t) changes.
The increase above the mean ground temperature is a proxy or an index for the
impacts of the global climate change.14 In particular, the ground temperature is
a non-linear function of GHGs concentration. As climatologists frequently state,
this non-linear relation is approximately logarithmic.

T (t+ 1) = T (t) + r1Ln
"
M (t)
590

#
+ r2T (t) + r3O (t) (2.24)

where r1 is the nonlinear e¤ect of GHGs stock, r2 is the general atmospheric
cooling, and r3 is the e¤ect of deep ocean temperature that functions as a carbon
sink. Over time the increasing heat in the atmosphere radiates into the ocean
and causes its mean temperature to rise according to the …rst order di¤erence
equation:

O (t+ 1) = O (t) + r4 (T (t) ¡O (t)) (2.25)

The …nal step is to translate climate change into the actual damage which
consequently harms the individual well-being. Thus, a damage function, which
is quadratic in the temperature change, is introduced to the model. Following
Kolstad (1996), we assume that the damage rises with the square of increases in
ground temperature, output, and two scale deterioration parameters.15

d (t) = ¢

2
4 µ1T (t)µ2h

1 + µ1T (t)µ2
i
3
5

"
Y (t)
CT (t)

#
(2.26)

14As a standard approach in the literature, we approximate the climate change and environ-
mental deterioration through observing the change in the mean level of ground atmospheric
temperature measured in Celsius degree.

15The damage function here approximates the one employed by Kolstad (1996) which speci…es
the individual utility function in a Ramsey type representative agent framework as follows
U = log [c (t) ¡ ¢d (t)] where d (t) = µ1T (t)µ2Y (t)

N(t)[1+µ1T (t)µ2 ] with the same characterization of variables

and parameters.
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µ1, µ2, and ¢ are three important parameters in the damage function formulation.
While µ1indicates the scale e¤ect of damage, µ2 captures the nonlinear impact of
the climate change. Because there are enormous uncertainties about the extent
to when large damage from climate change will take place and by how much, a
de…nitive model of valuation of environmental quality for individual well-being is
extremely di¢cult. Therefore, another scale parameter,¢, is employed to capture
various intensities of environmental degradation from climate change. In other
words, ¢ allows us to control di¤erent possibilities of climate change. The higher
its value, the more detrimental the e¤ect of climate change will be.

The ratio, Y (t)
CT (t)

in the damage function deserves some discussion. Since we
assume a strictly concave utility function, the individual’s well-being is strictly
increasing in consumption.16 As more output is devoted to private consumption,
the adverse e¤ects of climate change in the damage function will be reduced.
Therefore, the intrinsic assumption here is that the damage from climate change
is intensi…ed as more output is allocated to the formation of intermediate and
other durable goods.

3. Numerical Simulations

In this section, we examine the response of a decentralized market economy to
a control policy by numerically calibrating the model outlined in the previous
section. Our objective is to achieve concrete qualitative propositions in intergen-
erational costs and bene…ts aspects of climate change rather than the sole presen-
tation of quantitative aggregates obtained from simulations. We employ some key
parameters and initial conditions based on the key studies by Nordhaus (1994),
Kolstad (1996), and Howarth (1998, 2000a) to make our results comparable to
theirs.

In particular, we analyze two scenarios which are the uncontrolled environ-
ment without any regulation and the controlled environment with the emissions
stabilization at 2000 level. Furthermore, we assume that there are three potential
states of the nature determined by the scale parameter in the damage function
¢ = 1, ¢ = 2:5, and ¢ = 5 which corresponds that climate change has little, mod-

16Because this study abstain from some normative issues surrounding climate change litera-
ture, a real economy interpretation of individual well being is also adopted. The assumption
throughout the paper is that per capita consumption is the …rst-degree indication for the indi-
vidual well being.

15



erate, and big problems, respectively.17 Any value of the scale parameter above
the high damage case results in catastrophic consequences of climate change, the
possibility of which has recently been given some credits in the climate change
literature [Gjerde et. al., (1999) and Moretto and Tamborini (1999).] Under the
speci…ed assumptions, economic aggregates converge to a steady state in each
scenario after the passage of ten generations or 350 years. Thus, if we accept
the years between 2000-2035 as the initial period or short run, the year 2350 and
beyond constitutes the long run in our simulations.

Given any state of nature, the important task is to …nd some measures which
specify the cost of environmental deterioration and the bene…t of control that are
incurred by di¤erent generations. This task can be e¤ectively handled by express-
ing the cost of environmental degradation and the gain from control in terms of
percentage change in the per capita consumption level. That is, the percentage
deviation of per capita consumption reduced by either mere environmental dam-
age or emissions stabilization from the per capita consumption level that would
occur in the absence of climate change provides an instrument to project the
cost-bene…t schemes of alternative scenarios.

Because of highly conjectural modeling, average monetized consumption levels
which are primary welfare measures in the existing literature might give a mis-
leading gauge of individual well-being [see Roughgarden and Schneider (1999),
Howarth (2000b) pp. 23, Nordhaus and Boyer (2000) pp.71.] Moreover, deci-
sion analysis grounded on monetary labeling has some meaning if the range of
physical, biological, and social outcomes is completely quanti…able [IPCC (1996)
pp. 62-65.] Not can every impact from climate change especially those related
to biodiversities and social amenities be easily materialized by using monetary
units. By means of a consumption deviation instrument, we are, therefore, able
to attain a monetary-free demonstration of the cost-bene…t projections of di¤erent
scenarios. As a result, we believe that this method depicts more illustratively the
evolution of successive but disconnected generations’ well-being.

The term that we designate for this purpose is the generational consumption
deviation, (GCD). The term ‘generational consumption’ indicates the weighted
and discounted life time per capita consumption as explicitly shown below. De-
pending on whether the control policy is in e¤ect or not, we have two versions of
GCD. GCDWOC (t) measures the percentage per capita consumption loss when
the environment is let go without regulation, while GCDWC (t) measures the im-

17The parametric speci…cation of environment lies within the range of those assumed in Kol-
stad (1996).
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pact of control once a control policy is put into e¤ect.

GCDWOC (t) =
Ã
Cucd (t) ¡ Cuc (t)

Cuc (t)

!
100 (3.1)

GCDWC (t) =
Ã
Ccd (t) ¡ Cuc (t)
Cuc (t)

!
100 (3.2)

These GCD measures involve basically three di¤erent de…nitions of weighted
and discounted life time per capita consumption. First, Cuc (t) is the generational
per capita consumption of the generation born at time t as if there was no damage
coming from the climate change and naturally no need for any control policy. On
the other hand, Cucd (t) represents the generational per capita consumption when
the consumption is subject to the damage of environmental deterioration without
any attempt for control. Finally, Ccd (t) stands for also the generational per capita
consumption when the consumption is subject to the damage of environmental
deterioration and a control policy is in e¤ect.

Cuc (t) = W1(t)c¤1(t) +W2(t)
Ã

1
1 + ½

!
c¤
2
(t+ 1) (3.3)

Cucd (t) = W1(t)cuc¤1
(t) (1 ¡ d(t)) +W2(t)

Ã
1

1 + ½

!
cuc¤
2

(t+ 1) (1 ¡ d(t+ 1))(3.4)

Ccd (t) = W1(t)cc¤1 (t) (1 ¡ d(t)) +W2(t)
Ã

1
1 + ½

!
cc¤
2
(t+ 1) (1 ¡ d(t+ 1))(3.5)

The superscripts “uc” and “c” denote if the per capita consumption is associated
with the uncontrolled or controlled case, respectively. The subscript “d” indicates
the per capita consumption is impaired due to the damage coming from climate
change. W1 and W2 are the weights quantifying the importance of the …rst pe-
riod and the second period consumption levels in the life time total per capita
consumption.

Notice that GCDWOC (t) re‡ects solely the e¤ects of environmental damage
on the per capita consumption whereas GCDWC (t) captures both harmful and
bene…cial e¤ects of control policy on the per capita consumption. The bene…t
of control policy is the reduction in the intensity of damage whereas the cost
of control is ultimately the restricted output due to the emission tax. In order
to …nd out the net result of a control policy, one needs to untangle these two
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combined e¤ects in GCDWC (t). In fact, one can obtain the net impact of climate
change on an individual’s well-being easily if GCDWOC (t), solely representing the
damage from climate change, is subtracted from GCDWC (t). In this direction,
the term NGCD (t) serves to illustrate the net change in the generational per
capita consumption level when a control policy is implemented.

NGCD (t) =
Ã
Ccd (t) ¡ Cucd (t)
Cuc (t)

!
100 (3.6)

So long as NGCD (t) is positive, the control policy is e¤ective in providing
net bene…ts and in avoiding the dreadful consequences of climate change. Other-
wise, the control policy actually generates net costs. That is, the loss in actual
consumption under the controlled environment exceeds the environmental bene-
…t of stabilizing emissions. As a result, those generations experiencing a positive
value of NGCD (t) will be fortunate to enjoy relatively higher consumption levels,
whereas the others facing a negative value of NGCD (t) will be at the opposite
side in terms of net gain from the implementation of the control policy. These
generational consumption measures will be the …rsthand tools in presenting the
results of simulations discussed in the following two subsections.

3.1. Uncontrolled Environment

The …rst case is the uncontrolled run in which there is no e¤ort to control the evo-
lution of climate. This run delivers a base case that matches the core quantitative
results of the benchmark studies under their business-as-usual scenario. The simu-
lation results are summarized in table 3:1. Even though there are naturally some
modest divergences because of modeling dissimilarities, the results obtained in
this section are quite similar to the ones reported by previous benchmark studies.

Table 3:1

In this scenario, the GHGs concentrations rise substantially from 778:70 billion
tons of carbon equivalent in 2000 to 1; 795:67 billion tons in 2350, which in turn
causes dramatic increase over the mean global temperature of atmosphere from 1:7
0C to 3:4 0C in the middle term, and to the detrimental level of 9:0 0C in the long
run. Based on our device to measure the cost of environmental degradation, [i.e.,
GCDWOC (t),] figure 3:1 depicts the loss in per capita consumption level under
the three damage cases. In the short run, the cost of environmental deterioration
is equivalent to 1:39% loss of year 2000 level consumption whereas this ratio rises
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as high as 33:20% in the long run when we assume moderate damage scenario
(i.e., ¢ = 2:5).
Figure 3:1 signi…cantly explains the intuition behind the results of leading

IAMs which seek to …nd e¢cient stabilization policy. As stated before, an e¢-
cient stabilization policy is the one which equates the marginal cost to the dis-
counted future bene…ts of emission control. IAMs considering only the next 150
years report that there is no need to apply aggressivecontrol policies [Nordhaus
(1994), Kolstad (1996), Nordhaus and Boyer (2000).] That perfectly makes sense
for the time horizon under investigation. It is clear from the …gure that the en-
vironmental damage resulting from climate change for the coming 150 years will
not be as serious as that of subsequent periods. Therefore, it is not surprising to
report low emission tax rates and non-aggressive control suggestions in e¢ciency
seeking policy analysis as Nordhaus and Boyer (2000 pp174) whose results cover
the periods up to 2105 put forward:

“... an e¢cient climate change-policy would be relatively inexpensive and would
slow climate change surprisingly little.”

However, if one stretches the time horizon, it is obvious from the …gure that
the adverse e¤ects of climate change will become more severe in terms of the
consumption loss, and the results will become divergent from those found in the
studies considering only near future [Nordhaus and Boyer (2000 pp 178).] There-
fore, the larger the the emissions projection of baseline scenario in the future is,
the more GHGs emissions must be reduced in the short and near terms.

Another implication of the baseline scenario is about the sustainability of en-
vironmental quality. Irreversible damages emanating from climate change might
culminate up to the point where some quintessential environmental amenities are
destroyed and in turn the human life becomes endangered. In this situation,
even the improved life standards from the conventional growth process cannot
obliterate the catastrophic consequences on the well-being. Hence, given the im-
plications of business-as-usual scenario, the next step is then to analyze the impact
of a control policy and compare these results with those which are presented in
this subsection.

3.2. Controlled Environment

The motivation for emissions control policy is to reduce the negative impacts
of climate change. In this case, we analyze the potential e¤ects of the Kyoto
Protocol of December 1997, which is the most prominent intermediate objective
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in global climate control initiatives.18 Under the Kyoto Protocol, the parties agree
to take measures to limit emissions and promote adaptation to future climate
change impacts. More speci…cally, the Protocol will commit Annex I countries
to reduce their collective emissions by at least 5% compared to 1990 levels with
each country facing a speci…c limit.19 Even though it is not easy to agree on
a common course of action and to expect faithful compliance across countries,
the ultimate objective of the Protocol is to stabilize GHGs emissions at a level
that would prevent dangerous interference with the climate system. With the
recognition of challenges surrounding compliance, we consider the target of the
Protocol as a long run objective that the binding standards ordain a stabilization
of GHGs emissions at the year 2000 level for the all the remaining periods. Table
3:2 represents the major result from the simulation of this control policy scenario.

Table 3:2

In the case of control, the GHGs concentrations rise from 778:70 billion tons
of carbon equivalent in 2000 to 1; 551:19 billion tons in 2350 whereas the GHGs
emissions are permanently …xed at 410 billion tons of carbon equivalent. In ac-
cordance with the reduction in the increase of GHGs concentration, the change
in the global mean temperature of atmosphere rises from 1:7 0C to 3:27 0C in the
middle term, and to somewhat a detrimental level 7:4 0C in the long run. The
time path of the e¤ective control rate, [¹ (t) = ¿E (t)¾ (t)], is shown in figure 3:2.
The e¤ective control rate is decreasing over time due to improvements in energy
e¢ciency which are captured by the declining GHGs-output ratio variable, ¾ (t).
It is evident from the …gure that declining ¾ (t), representing the autonomous
energy e¢ciency improvements, has very strong implication for the estimation of
control costs [see DeCanio et. al., (2000 sec. II).] As ¾ (t) moves faster towards
lower levels, which implies faster energy e¢cient technological improvements, the
amount of emissions to be mitigated will also approach lower levels.

The critical point in this scenario is the performance of the Kyoto Protocol
on generational well-being. Using our device to measure the e¤ects of a control
policy [i.e., GCDWC (t),] one can observe the potential consequences of the Kyoto

18The full text and some satisfactory discussion of the Kyoto Protocol can be found at
http://www.unfccc.de/ and http://cop4.unfccc.de/kp/kp.html.

19The Kyoto Protocol institutes speci…c numerical limits for GHGs emissions which will be
presumably complied by Annex I consisting of essentially high income OECD, Eastern Europe,
and most former Soviet Union countries within the …rst decade of 21st century [Haites and
Aslam (2000).]
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Protocol from figure 3:3. This …gure intuitively shows that the gross cost is
larger when the climate change is projected to be more serious. However, the
gross cost itself does not tell the whole story about generational losses and gains
since it contains both the cost and bene…t aspects of stabilization. As we have
discussed above, NGCD (t) enables us to see the net impact of a control policy.
Figures 3:4, 3:5, and 3:6 display how the Kyoto Protocol will a¤ect generational
well-being for low, moderate, and high damage cases, respectively.

The stabilization of the emissions have obviously huge costs for the current
and near future term generations who will be facing increasing consumption loss
until approximately the middle of the next century. On the other hand, the …gures
reveal that the bene…ts of the control policy will not appear until the middle of
the 23rd century at the earliest possibility. So, the main lesson from these …gures
is that the control policy will make the current and middle term generations worse
o¤ but will make the long term generations better o¤.

Another important implication from these …gures is that the more detrimental
the e¤ects of climate change, the earlier the bene…ts of control will show up.
Therefore, the urgency for a control policy will be more apparent when the climate
change is expected to be more harmful.

Based on the …gures of consumption deviations, we can conclude that there
is clearly no ‘free lunch’ per se in the climate change analysis. That means the
stabilization of the emissions requires some degree sacri…ce from the long run
growth objectives. The imposition of an emission tax will crowd out the capital
stock and reduce the potential growth of output. Figure 3:7 displays well the
potential cost of stabilization policy in terms of loss in output over time. Overall
the abatement cost for the pure stabilization will be enormous scale harming
sizeable living standards.20 Once again these …ndings are also consistent with the
results reported in the previous studies. As Nordhaus and Boyer (2000 pp175)
genuinely state that:

“Policies that have near-term carbon taxes in the $100 per ton range, such as
those associated with the Kyoto Protocol, are almost sure to fail a cost-bene…t test
because they impose excessive near term abatement.”

This discussion naturally leads us to the intergenerational cost imposition and
20This dreadful picture of output loss may create various incentives for green technology

innovations that result in greater improvements in emissions intensity than has been observed
before. Therefore, the high cost of stabilization policy may not be so wide of the mark when
we consider the possibility of entrepreneurial response to the incentives to innovate new carbon
saving or energy e¢cient technologies beyond autonomous improvements.
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bene…t acquisition debate. The cost of a stabilization policy will fall predomi-
nantly on the current and near future generations while the positive outcomes of
the stabilization policy will be accrued by those generations living centuries ahead.
In other words, granting the undamaged environment will enhance the well-being
of far future generations and substantially reduce the current and near future
generations’ well-being. If we let the environment go without any control e¤ort,
then current and near future generations will not be seriously a¤ected from the
climate change but those generations in the far future will be dreadfully a¤ected.
Moreover, there are serious concerns about catastrophic impacts of climate change
once some certain thresholds are passed by. Huge uncertainties surrounding the
climate system make the stakes are very high. Then, we need to also evaluate our
model in terms of the soundness of its predictions. This is the goal of the next
section.

4. Sensitivity Analysis

It is very well known that the analysis of the interaction between economic activ-
ities and climate change is aggravated by vast amount of uncertainties.21 Because
of the intrinsic problems regarding some obscure variables and parameters, there
are still considerable scienti…c uncertainties about the dynamics of climate and
economic systems. Therefore, despite the continuous improvements in scienti…c
knowledge, the current stance of our understanding the nature of climate and
economic systems is considered to be far from absolute precision [see IPCC Re-
port (2001).] In particular, the cluster of uncertainties increases extensively with
spatial and temporal scale in the climate change analysis. Long time intervals and
inertia cause a myriad of uncertainties about not only many underlying dynamic
processes but also social impacts and proper valuation of the damage emanating
from climate change. Even though the existence of uncertainties does not nul-
lify the need for decision and policy analysis, this fact certainly complicates the
matter a great deal.

This section follows a conventional procedure and gives some idea on the sen-
sitivity of our projections. The main purpose is to depict a picture displaying the
impact of uncertainty about some important parameters and initial conditions on
the overall results.22 The method we employ for the sensitivity analysis is similar

21Some issues and brief summaries of the treatment of uncertainties in climate change litera-
ture can be found in Kelly and Kolstad (1999) and Schneider and Kuntz-Duriseti (2001).

22Even though we recognize that uncertainties are very critical in shaping the environmental
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to doing a comparative static analysis where a single problem speci…cation is al-
lowed to vary at a time while holding all other speci…cations are held constant in
the model. In brief, the approach pursued here involves identifying the order of
magnitude impacts of uncertainty for each parameter and initial condition under
consideration.

The …rst stage for the sensitivity analysis is to de…ne an alternative “high”
value for each of the parameter or initial condition.23 These investigated pa-
rameters and initial conditions are capital share [°], initial population growth
rate [gN (2000)], decay rate in the population growth rate [±N ], initial produc-
tivity growth rate [gB(2000)], decay rate in the productivity growth rate (±B),
the pure rate of individual time preference (½), initial GHGs emissions-output
ratio [¾(2000)], initial the rate of decarbonization [g¾(2000)], decay rate in the
rate of decarbonization [±¾], the removal rate of GHGs concentration [±M ], the
atmospheric retention ratio of GHGs concentration [¯], and the damage function
parameters [µ1andµ2]. Unless there is a well established alternative speci…cation,
we accept the high value as the 90th percentile of the cumulative subjective prob-
ability distribution of that parameter or initial condition while the central value
is the 50th percentile. We also determine some representative (target) variables
on which changes of the uncertain parameters and initial conditions have poten-
tial e¤ects. Representative or target variables are total production [Y ], per capita
consumption [cT ], the e¤ective concentration of GHGs in the atmosphere [M ], the
increase above the mean ground temperature [T ], the e¤ective control rate [¹],
generational consumption deviation in the uncontrolled environment [GCDWOC ],
generational consumption deviation in the controlled environment [GCDWC ], and
net generational consumption deviation when a control policy is in e¤ect [NGCD].

The next step is the characterization of a sensitivity index, Ivi, which measures
the deviation of a target variable in the sensitivity run from the value of the base
run. Ivi stands for the sensitivity index of vth test parameter belonging to the
ith target variable. Let XSi be the test value of the ith target variable in the
sensitivity run and X¤

i be the base value of the ith target variable. Then, Ivi as
a reminiscence of standard deviation can be de…ned as follows:

Ivi = 1
12

X

t

"µ
XSi ¡X¤i
X¤i

¶2
#0:5

8 v; i (4.1)

where indices are such that

policies, a complete treatment of uncertainties is well beyond the current study.
23Our sensitivity analysis method closely follows the one used by Nordhaus (1994, ch6).
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v = f°; gN(1965); ±N ; gB(1965); ±B; ½; ¾(1965); g¾(1965); ±¾; ±M ; ¯; µ1; µ2g
i = fY; cT ; M; T; ¹; GCDWOC ; GCDWC ; NGCDg
Let us also de…ne a relative weight, wvi to correctly assess the contribution of

each individual target variable to the overall uncertainty in the sensitivity run of
a speci…c vth test parameter or initial condition.

wvi =
IviP
i
Ivi

8 i for given v (4.2)

Finally, the overall index of uncertainty for each v is given by the following
equation.

IV =
X

i
wviIvi 8 v (4.3)

Because we have two main simulations which are the uncontrolled case and the
controlled case, there are two di¤erent overall index representations of uncertainty
coming from the test run of each v. In the following table 4:1, IV¡ UC and
IV¡ C express the overall sensitivity measures for the vth test parameter or
initial condition in the uncontrolled case and controlled case, respectively.24 In
particular, the values over 1 indicate that the results are quite sensitive to this
parameter or initial condition.

Table 4:1

For both uncontrolled and control cases, the results seem to be sensitive to the
capital share, the decay rate in the population growth rate, the decay rate in the
productivity growth rate, and the coe¢cients in the damage function. Therefore,
one can infer that a major part of uncertainty arises from the economic system.
This conclusion re‡ects the similar concern which is frequently pronounced in the
literature. Because GHGs emissions are proportional to output which in turn
depends on productivity, capital stock, and labor force, a change in any of these
variables will certainly a¤ect the path of climate change. All other things being
equal, the larger the capital accumulation, the higher the population growth, and
the faster the productivity growth, the greater the rate of economic growth and
the more severe will be the damage from climate change.

24Sensitivity analysis is just performed for a moderate damage case ¢ = 2:5, since the other
values of ¢ only suggest a scaling e¤ect and not a change in the qualitative implications.
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Indeed, climate change is intrinsically envisaged to be a problem in large part
caused by exogenous population and productivity growth. In order to control
these exogenous e¤ects, as is the case in the current study, previous studies gen-
erally assume population and productivity dynamics increase exogenously at a
decreasing rate. Therefore, only concentration can be imputed to the restriction
of capital accumulation along the transition. Nevertheless, Kelly and Kolstad
(2001) show that the predictions of climate change are quite sensitive to the as-
sumptions of declining population and growth rates. Gerlagh and van der Zwaan
(2001) also point out the importance of demographic structure on the results from
climate change. In particular, they emphasize that the results are highly sensi-
tive to the interest rate which in turn depends on the demographic structure and
environmental policy. In addition to arguments made by these studies, our sen-
sitivity analysis also indicates that the capital share is potentially an important
determinant in the outcomes of climate change.

5. Concluding Remarks

Integrated assessment models focusing on the e¢cient policy formulation have
dominated the climate change policy debates. Because market imperfections have
been completely suppressed by the social planner assumption in these models,
they have shed little light on the intergenerational costs and bene…ts assessment.
Nonetheless, concerns about intergenerational fairness in the context of climate
change are becoming a central subject matter in the relevant literature. Increasing
number of researchers consent that the di¤erential welfare e¤ects of climate change
need to be elaborated by using a more realistic framework. As such, the present
paper investigates the speci…c problem that how climate change and a stabilization
policy will a¤ect di¤erent generations during the transition once a control policy
is introduced.

A decentralized two-period overlapping generations model is set forth as a the-
oretical foundation. The analysis of this kind is not only quite novel but also more
expedient in the intergenerational well being assessments of climate change than
the standard practice of monetized cost-bene…t discounting through conjoint use
of social planner and representative agent. By means of a decentralized overlap-
ping generations structure, the externalities arising from individual heterogeneity
and productive activities are realistically incorporated in the model.

The Kyoto Protocol of December 1997 is taken as the objective of a global
climate control policy. Numerical simulations are carried out under the stan-
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dard assumptions of the link between environment and the global economy. Even
though a fundamental block of studies in the climate change literature is about
pure quantitative appraisal of the consequences of climate change and a control
policy, the numerical estimates still remain rather scanty and con…dence intervals
are even harder to delineate because of inherent uncertainties about modeling
economic and climate systems. In particular, assigning monetary values to poten-
tial impacts is just likely to provide no more than a crude metric. In this sense,
we are more concerned about the qualitative implications of our results rather
than the absoluteness of the numerical estimates in accordance with the frequent
pronunciation of cautions on conjectural results in the climate change modeling.

Introducing consumption equivalence measures in deviation formswhich are
monetary free units allows us to assess e¤ectively the potential adverse e¤ects of
climate change and the emission stabilization policy. In the baseline simulation,
we consider an environmental laissez-faire approach or business-as-usual scenario.
The results from this scenario con…rm the core implications of previous studies
in the literature. The environmental deterioration will not be a predominant
problem for the individual well-being until the mid-21st century. However, the
loss of consumption from climate change will become increasingly severe for the
rest of the future generations. In order to see the e¤ects of a control policy, we
then consider the most likely global initiative -the Kyoto Protocol- which roughly
aims emission stabilization at the current level. The results from this scenario
indicate that very tight near term reins in the emissions of GHGs will place large
mitigation costs upon current and near future generations who are not in fact
going to feel seriously the negative impacts of climate change. Those generations
living after the 23rd century will be enjoying the results of the control policy. As
one would expect, the higher the intensity of damage from climate change, the
more desirable the control policy.

A strand of literature pays attention only to the upcoming periods covering
100-150 years. They conclude that e¢cient policies require small emissions tax
and low control rates. This result perfectly makes sense for the time under con-
sideration. Nevertheless, generations thereafter will face with tremendous welfare
loss from climate change when there is no control policy initiative. On the other
hand, another stream of literature considers fairly extended time periods with
a benevolent social planner assumption. With the help of rather low or no dis-
count rate assumption, they obtain huge bene…ts from the control policy. Then,
social planner can distribute the net bene…ts across generations and reduce the
tax burden on those generations who have to pay. Nonetheless, the benevolent
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social planner assumption is certainly not innocent in this context if we seriously
consider the disconnectedness of generations.

The model makes a clear argument on the highly controversial issue of cost-
bene…t discounting, which is a philosophical debate at some degree in the liter-
ature. That is, regardless of the value of a discount factor -whatever that may
be-, some generations will have to incur the costs of climate control if any imple-
mented. To the some degree, the model also makes a point on the sustainability
debate through indicating that irrevocable damages in the long run may cease the
human life if no measure is taken along the way. Even the increased consump-
tion levels cannot compensate the loss of crucial environmental amenities, and
eventually catastrophic consequences become unavoidable. However, the positive
probability of a catastrophic outcome and the high costs of control policy would
yield new pro…table opportunites in the development of abatement goods and
more energy e¢cient instruments. Because green technology related R&D could
in principle reduce the dreadful costs of emission mitigation, a natural direction
for further research is to include endogenous model of technological change.

In brief, we face with an intergenerational welfare and risk sharing dilemma.
Costs of emissions mitigation matter a great deal as do costs of climate change.
If we want to stabilize the emissions of GHGs to control climate change, it will
be costly in terms of foregone economic growth for some generations. The costs
of climate control policy fall greatly on the current and near future generations
whereas the bene…ts of stabilized environment will be accrued by those generations
who will live perhaps centuries ahead. There are yet to be no e¤ective mechanisms
or the risk sharing related to climate change. To distribute the risks of climate
change, the quest for new insurance mechanisms is also warranted. If we repeat
the major message of this study that designing environmentally sensitive polices
calls for a careful consideration of intergenerational welfare analysis, which leads
to further research e¤orts involving the political economy of di¤erent generations
with some normative sentiments.
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       Table 3.1 
 

 ∆∆∆∆ = 1 - Low ∆∆∆∆ = 2.5 - Moderate ∆∆∆∆ = 5 - High 

Year Short 
Run 2105 Long 

Run 
Short 
Run 2105 Long 

Run 
Short 
Run 2105 Long 

Run 
Population  [109 
people] 6.067 10.92 11.67 6.067 10.92 11.67 6.067 10.92 11.67 

WOCGCD   [% ∆ / 
Generation] 

-0.55 -2.28 -14.36 -1.38 -5.70 -35.90 -2.77 -11.4 -71.8 

WCGCD  [% ∆ / 
Generation] 

N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 

NGCD 
[ WOCWC GCDGCD − ] 

N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 

Control Rate [µ] N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 
GHGs Emiss. [109 
tons CO2/35-year] 409.39 463 379.5 409.39 463 379.5 409.39 463 379.5 

GHGs Concent.-M 
[109 tons CO2] 

778.7 1,497.3 1,697.8 778.7 1,497.3 1,697.8 778.7 1,497.3 1,697.8

Mean Temperature 
[Celsius Degree] 1.7 3.44 9.42 1.7 3.44 9.42 1.7 3.44 9.42 

 
 
 



 

 

           Table 3.2 
 

 ∆∆∆∆ = 1 - Low ∆∆∆∆ = 2.5 - Moderate ∆∆∆∆ = 5 - High 
Year Short 

Run 
2105 Long 

Run 
Short 
Run 

2105 Long 
Run 

Short 
Run 

2105 Long 
Run 

Population  [109 
people] 

6.067 10.92 11.67 6.067 10.92 11.67 6.067 10.92 11.67 

WOCGCD   [% ∆ / 
Generation] 

-0.55 -2.28 -14.36 -1.38 -5.70 -35.90 -2.77 -11.39 -71.80

WCGCD  [% ∆ / 
Generation] 

-7.76 -45.98 -4.38 -8.55 -47.68 -21.56 -9.88 -50.51 -50.26

NGCD  [% ∆ - 
( WOCWC GCDGCD − )] 

-7.21 -43.70 -10.02 -7.17 -41.98 14.34 -7.11 -39.12 21.54 

Control Rate [µ] 0.074 0.072 0 0.074 0.072 0 0.074 0.072 0 
GHGs Emiss. [109 
tons CO2/35-year] 

410 410 410 410 410 410 410 410 410 

GHGs Concent.-M 
[109 tons CO2] 

778.7 1,497.3 1,697.8 778.7 1,497.3 1,697.8 778.7 1,264.2 1,568.1

Mean Temperature 
[Celsius Degree] 

1.7 3.27 8.0 1.7 3.27 8.53 1.7 3.27 8.0 

 

 



 

 

    Table 4.1 
 

 

 Uncontrolled Case - ∆∆∆∆=2.5 Controlled Case - ∆∆∆∆=2.5 
Test 
Parameter  

Iv - UC  Y cT M T GCD 
WOC 

Iv - C  Y cT M T µµµµ GCD 
WC 

NGCD

γγγγ 1.1534 1.3965 1.5103 0.6487 0.2990 0.7694 0.7445 
 

0.4210 0.4938 0.1983 0.1646 0.4940 0.8987 1.1387 

gN (1965) 0.0590 0.0860 0.0011 0.0405 0.0220 0.0432 0.3830 0.0004 0.0748 0 0 0.2651 0.1649 0.5481 

δδδδN 0.9014 1.3781 0.1773 0.5263 0.1826 0.3935 2.4861 0 0.4073 0 0 0.8770 0.9933 3.5422 

gB (1965) 0.3894 0.4941 0.4939 0.2285 0.1174 0.2510 0.8829 0.1140 0.1189 0.0530 0.0451 0.6572 0.5109 1.3328 

δδδδB 2.2371 2.727 2.699 0.8262 0.2282 0.5104 1.5789 0.0805 0.0873 0.0380 0.0322 0.9183 0.9921 2.2630 

ρρρρ 0.3806 0.1320 0.0296 0.0668 0.0039 0.5276 0.2447 0 0.1287 0 0 0.3479 0.3565 0.5902 

σσσσ (1965) 0.0620 N.A. N.A. 0.0154 0.0096 0.0370 0.0496 0.0004 0.0003 0.0458 0.0425 0.0013 0.0293 0.0670 

gσσσσ (1965) 0.1458 N.A. N.A. 0.0617 0.0171 0.0669 0.7863 0.1826 0.1797 0.0423 0.0357 0.5757 0.4111 1.2343 

δδδδσσσσ 0.0292 N.A. N.A. 0.0335 0.0167 0.0314 0.3248 0.0613 0.0584 0.0050 0.0042 0.2779 0.1378 0.4789 

δδδδM 0.1237 N.A. N.A. 0.1380 0.0695 0.1368 0.0670 N.A. N.A. 0.1269 0.0810 0 0.0733 0.1373 

ββββ 0.1372 N.A. N.A. 0.1148 0.0878 0.1763 0.1114 N.A. N.A. 0.1027 0.0927 0 0.0634 0.1494 

θθθθ1 0.9137 N.A. N.A. N.A. N.A. 0.9137 0.6165 N.A. N.A. N.A. N.A. N.A. 0.3133 0.7442 

θθθθ2 0.9987 N.A. N.A. N.A. N.A. 0.9987 1.1682 N.A. N.A. N.A. N.A. N.A. 0.3512 1.3766 



 

 

FIGURE-1
The Impact of Climate Change in the Uncontrolled Environment
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This figure shows the loss in per capita consumption level under the three different
damage scenarios. It is clear from figure that the environmental damage resulting from
climate change for the next 150 years will not be as serious as that of subsequent
periods. Therefore, it is not surprising to report low emission tax rates and non-
aggressive control suggestions for the near future while seeking efficiency inducing
policy analysis.



 

 

FIGURE-2
The Evolution of the Effective Control Rate - µµµµ
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This figure shows the time path of the effective control rate, ( )tµ which takes the form

that ( ) ( )ttE στ . The effective control rate signifies how much output will be crowded out in
the case of control policy. The effective control rate is decreasing over time due to
improvements in energy efficiency which are captured by the declining GHGs-output ratio
variable, ( )tσ .
 



 

 

FIGURE-3
The Impact of Emissions Stabilization in the Controlled Environment
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This figure shows the potential consequences of the Kyoto Protocol associated with impact
of climate change. The cost of control is larger when the climate change is projected to
be more serious. The stabilization of the emissions have obviously huge costs for the
current and near future term generations who will be facing increasing consumption loss
until approximately the middle of the next century. However, the gross cost itself does
not tell the whole story about generational loss and gain since it contains both the cost
and benefit aspects of stabilization.



 

 

FIGURE-4
Percentage Per Capita Consumption Change in the Controlled Environment

(Low Damage Case)
 

2 0 7 0 2 1 4 0 2 2 1 0 2 2 8 0 2 3 5 0

T i m e

- 6 0  

- 5 0  

- 4 0  

- 3 0  

- 2 0  

- 1 0  

1 0  

2 0  

 

L o w−N G C D

L o w−G C DW C

L o w−G C DW O C

%
C
h
a
n
g
e

 

 

( ) ( ) ( )
( ) 100 x 
tC

tCtCtGCD uc

ucuc
d

WOC ��
�

�
��
�

� −=   ( ) ( ) ( )
( ) 100 x 
tC

tCtCtGCD uc

ucc
d

WC ��
�

�
��
�

� −=   ( ) ( ) ( )
( ) 100 x 
tC

tCtCtNGCD uc

uc
d

c
d

��
�

�
��
�

� −=  

This figure shows the net impact of a control policy when climate change is projected to
bring about low damage. This figure reveals that the benefits of the control policy will
not appear until the beginning of the 24th century under low damage assumption. So, the
main lesson is that the control policy will make the current and middle term generations
worse off but will make the long term generations better off. The generations living up
to 24th century will lose from the implementation of control policy.  



 

 

FIGURE-5
Percentage Per Capita Consumption Change in the Controlled Environment

(Moderate Damage Case)
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This figure shows the net impact of a control policy when climate change is projected to
bring about moderate damage. This figure reveals that the benefits of the control policy
will not appear until the middle of the 23rd century at the earliest possibility. So, the
main lesson is that the control policy will make the current and middle term generations
worse off but will make the long term generations better off.



 

 

FIGURE-6
Percentage Per Capita Consumption Change in the Controlled Environment

(High Damage Case) 
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This figure shows the net impact of a control policy when climate change is projected to
bring about high damage. This figure reveals that the benefits of the control policy will
not appear until the beginning of the 23rd century at the earliest possibility. Comparing
to the low and moderate damage cases, the implication from this figure is that the more
detrimental the effects of climate change, the earlier the benefits of control will show
up. Therefore, the urgency for a control policy will be more apparent when the climate

change is expected to be more harmful.



 

 

FIGURE-7
Percentage Output Loss in the Controlled Environment
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This figure displays the cost of stabilization policy in terms of loss in output over
time. Overall the abatement cost for the pure stabilization will be enormous scale
harming sizeable living standards. This high cost of stabilization policy may not be so
wide of the mark when we consider the possibility of entrepreneurial response to the
incentives to innovate new carbon saving or energy efficient technologies beyond
autonomous improvements. 
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