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Introduction

This thesis concerns environmental externalities, economic policy and welfare
measurement in dynamic general equilibrium. The main objective is to address
the following questions:
1) What will the appropriate welfare measure look like in an economy, where
the externalities related to environmental damage are not fully internalized?
2) What are the welfare effects of higher emission taxation in an economy
with transboundary pollution?
3) How will external effects related to uncertainty about the future conse
quences of t oday's energy use affect resourc e allocation, and how
can these externalities be internalized?
Paper [1] analyzes, in a numerical model, the welfare effects of introducing
static approximations of P igouvian emission t axes in a dynamic economy. It
also considers the extent to which these taxes can be used to measure (approxi
mately) the value of additions to the stock of pollution in the national account.
Paper [2] concerns international cooperation regarding environmental taxation.
The purpose is to study the welfare effects of agreements between countries to
slightly increase their emission taxes.
Papers [3], [4] and [5] incorporate uncertainty into dynamic general equilib
rium growth models. Paper [3] deals with the global warming problem, where
we assume that given any concentration of greenhouse gases in the atmosphere,
there is a positive probability that the climate becomes widely erratic and un
predictable. Paper [4] offers a theoretical model for analyzing external effects
from the use of nuclear power. Th ese external effects are related to uncertainty
in a fundamental way. T he probability of an accident depends on the daily pro
duction of nuclear energy and on the accumulated stock of rad ioactive waste.
Paper [5] extends the model developed in Paper [4] to a global economy. In
this multi-country economy, one country's choice of nuclear policy is assumed
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to affect the well-being of consumers in other countries.
The remainder of th is chapter is devoted to an overview of issues relevant
to the thesis. It is organized as follows. Section 2 deals with issues related to
social accounting and the theory of exte rnalities. Section 3 concerns environ
mental policy an d focuses on Pigouvian taxation. Section 4 introduces some
basic concepts concerning uncertainty in environmental economics and section
5 includes summaries of the papers.

2

Social accounting and external effects

There is an increasing interest among economists in what is usually called
social accounting. One of th e main targets is to augment the traditional Net
National Product (NNP) measure to obtain a better indicator of welfare. The
background is a general and widespread criticism of the use of t his measure
as an indicator of welfare. For instance, it does not include household work
or consumption of non-priced goods, and more importantly the net investment
concept refers on ly to man-made physical capital. This means that changes
in other important productive resources, such as human, natural resource and
environmental capital, are not considered. If a country harvests non-renewable
natural resources, such as oil or rain forest, the production possibilities in the
future can be severely diminished. On the other hand, investments in human
capital might increase the production capacity in the future, see e.g. Weitzman
(1976), Uzawa (1965), Lucas (1988), Jorgenson and Fraumeni (1992a, 1992b)
and Aronsson and Löfgren (1996).
It has, therefore, been considered important to augment the traditional
NNP measure so as to obtain a better indicator of consumption and capi
tal formation. In Agenda 21, following the 1992 United Nations Conference
on Environment and Development (UNCED 1992), the participating countries
agreed to develop "green" national accounts. Throughout this thesis, the term
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"green" NNP will b e used t o describe a traditional NNP measure augmented
with changes in all productive resources such as, natural resource, environmen
tal and human capital.1 Early empirical contributions in this area were made
by Repetto et al. (1989) and Hultkrantz (1992).
The insight that the "green" NNP can be useful for welfare interpretations
was developed by Weitzman (1976).2 He showed th at in a first best economy,
with constant rate of t ime preference and stationary technology, the current
value Hamiltonian of th e underlying optimization problem is directly propor
tional to the present value of future utility. The current value Hamiltonian
contains information on the utility value of all relevant consumption and cap
ital formation at the time the measurement is conducted and is, therefore,
interpretable as measuring the "green" NNP in utility terms.3 However, it is
important to point out that this result is valid only in a first-best world with
a perfectly competitive economy, complete certainty and with no distortionary
taxes or external effects.
It is clear that externalities induce complications for welfare measurement.
Aronsson and Löfgren (1993, 1995, 1996) show t hat in the presence of exte r
ior other extensions of social accounting e.g. technological progress, distortionary taxes
and distributional objectives, see e.g. Kemp and van Long (1982), Löfgren (1992), Aronsson
(1998) and Aronsson and Löfgren (1999b).
2It has sometimes been argued that a complete NNP concept can be used as a measure of
the maximum sustainable consumption level. This idea is based on the definition of "income".
Income is, following Fisher (1906), the yield on society's capital. Hicks (1939) and Lindahl
(1933), define income as the maximum amount one can consume, without reducing the
stock of capital. The Brundtland Commision, 1987, formulates sustainable development as
" development that meets the needs of the present without compromising the ability of future
generations to meet their own needs17. However, as Asheim (1994) points out, the "Green"
NNP can not be interpreted as a measure of the maximum sustainable consumption level,
since in an economy with heterogenous capital, it is not clear which capital stock should not
be reduced.
3See also e.g. Hartwick (1990) and Mäler (1991).

Introduction and Sum mary of Papers

4

nalities, Weitzman's classical result is not valid. Their general finding can,
somewhat imprecisely, be interpreted as follows; to correctly measure welfare
in a market economy with externalities, one must add the present value of the
marginal external effects to the "green" NNP (or current value Hamiltonian).

3

Environmental policy in d ynamic models

One way to internalize externalities is by u sing Pigouvian taxes.4 These taxes
are named after A. C. Pigou. Working with welfare economics, Pigou realized
that, in order to maximize the social welfare, th ere must be equality between
marginal costs and marginal benefits.5 By those he meant the social marginal
costs and benefits. With negative external effects, the market equilibrium will
be characterized by inefficient resource allocation with too low prices for, and
too large a production of, the externality generating good. By imposing a tax
per unit of activity, equal to the marginal social damage of the externality, the
socially optimal resource allocation is attained.
Pigouvian taxes play a central role in environmental economics. One direc
tion of t his research is represented by t he work of D iamond (1973), Sandmo
(1975), Bovenberg and de Mooij (1994), Bovenberg and van der Ploeg (1994)
and Johansson-Stenman (1997).6 These papers focus on interactions between
environmental policy and existing taxes and analyze issues such as; optimal
taxation, optimal size of th e public sector, and in recent years, the possibility
of a "double dividend".7 In Goulder (1995a), the "double dividend" claim is
4Another

policy instrument is quantity control, for instance by a market for tradeable

permits. Under perfect certainty, the same result will be achieved as with Pigouvian taxes,
see Baumol and Oates (1988).
5See, Pigou (1920).
6These studies are routinely performed in static models, even if there are some extensions
to intertemporal analysis. See for instance, Jorgenson and Wilcoxen (1993), Goulder (1995b),
and Aronsson (1999).
7See for instance, Bovenberg and de Mooij (1994), Pearce (1991), Poterba (1993) and
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divided into: weak, intermediate and strong form. The weak form is defined as:
"By using revenues from the environmental tax to finance reductions in mar
ginal rate of an excisting distortionary tax, one achieves cost savings relative
to the case where the ta x revenues are returned to taxpayers in lump-sum fash
ion". Not su rprising, the weak claim receives wide sup port both theoretically
and from numerical simulations. The strong forms imply that the substitution
of environmental taxes for typical distortionary taxes involve a zero or negative
gross cost. 8 The simulation results for the stronger forms are mixed.9
Other parts of t he literature have focused on the intertemporal, and some
times irreversible, consequences of envi ronmental damage. Many environmen
tal externalities axe intertemporal and the Pigouvian tax system must, there
fore, be forward looking.10 For instance, since the late 1980s it has been a public
concern that the man-made emission of ca rbon dioxide may, over tim e, cause
an increase in the average temperature of the atmosphere.11 A problem is that
it has proved to be very difficult to estimate the economic and other impacts
from global warming. Turning back t o the discussion about Pigouvian taxes,
it is clear that the policy m aker's problem is not easily solved, since in order
to be able to construct the correct Pigouvian tax at time t, the policymaker
needs information about the future marginal damage from global warming in
Oates (1991).
8The intermediate case implies that it is possible to find a distortinary tax, such as the
revenue-neutral substitution of the Pigouvian tax for t his tax that does not involve positive
costs.
9For a survey, see e.g. Goulder (1995a).
10See, e.g. Aronsson and Löfgren (1993, 1995, 1996, 1999). They deal with accounting
problems in market economies and show how to design the correct dynamic Pigouvian taxes
in order to internalize the external effects and to valuate the depletion of environmental
capital.
nIn 1990, the Intergovernmental Panel on Climate Change (IPCC) issued its first climate
report, where the climate models predicted that the mean temperature on the globe had
already risen by 1.3°C to 2.3°C, since the late 19th century, see e.g. Houghton et al. (1990).
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the first best optimum, presumably not available at time t. One way of dealing
with this problem is suggested by Aronsson and Löfgren (1999a). Their idea is
to repeatetedly approximate the Pigouvian emission tax with an emission tax
based on static willingness to pay information.
Another related issue is the global nature of greenhouse warming and other
environmental externalities. Pollution (e.g. sulphur) can easily travel with the
wind over c ountry borders and the radioactive dust, resulting from a nuclear
accident, does not respect the borders of neighb oring countries. This was ob
vious after the nuclear accident in Chernobyl, where the radioactive dust was
spread with the wind over lar ge parts of northern and central Europe. For
instance, in Norway three years after the accident, 30% of all cattle were still
contaminated by radioactive exposure.12
The global nature of environmental externalities adds additional complica
tions in trying to reach socially o ptimal solutions and most previous studies
have analyzed this kind of problem in the form of a differential game between
countries. Frequently, the noncooperative Nash equilibrium is made the al
ternative to the "first best" cooperation.13 Such Nash-games imply that each
country solves a national command optimum problem, in which the domestic
welfare effects of its particular environmental damage have become fully inter
nalized. Therefore, only the externalities resulting from transbounary pollution
will remain uninternalized in equilibrium. As will be shown in this thesis, the
Pigouvian taxes required to make the decentralized economy support the noncooperative Nash equilibrium or the first best cooperative solution, are not
easily implemented in practice. It is, perhaps, more reasonable to assume that
countries agree upon smaller cooperative projects instead of t rying to imple
ment a first best cooperative equilibrium. For instance, following the climate
12See,
13See

Faure and Skogh (1992).
for instance, Mäler (1989), Barrett (1990, 1994), Carraro and Siniscalco (1993), Cesar

(1994), Tahvonen (1994) and Mäler and de Zeeuw (1995). For a survey see, Missfeldt (1996).
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report from IPPC in 1990, the UN decided to call an environmental summit,
which was held in Rio de Janeiro, 1992. At that meeting, the participating
nations agreed to achieve a stabilization of the emissions of carbon dioxide at a
level that would prevent interference with the climate system.14

15

The com

monest way to achieve this reduction in emissions in the respective countries,
is by using taxes on CO2 emissions. 16

4

Uncertainty in environmental economics

This thesis addresses the likelihood of two different types of environmental
catastrophes. In Paper [3], we are dealing with the global warming problem,
where emissions of greenhouse gases might create a climate catastrophe. Papers
[4] and [5] are dealing with the risks associated with the use of nuclear power.
These three papers have a lot in common; they involve the probability of
catastrophic consequences of economic behavior, where t he probability of such
a catastrophe is verysmall. In addition, these consequences may be irreversible,
are driven by the actions of humans and will affect a large number of people in
the same way.17
The effects of th e risk for a catastrophic environmental collapse were first
examined in the influential paper by Cropper (1976).18 As an application of
14The

OECD, Eastern Europe and the former Soviet Union agreed to stabilize their CO2

emissions at the 1990 level by the year 2000.
15Another example of international cooperation concerning environmental policy is the
Kyoto agreement, 1997. In the treaty following this summit, the developed countries agreed
to further reduce their CO2 emissions with 5.2 percent. The reduction will, if im plemented,
be achieved by: the European Union and Switzerland (-8 percent), United States (-7 percent),
Canada, Japan, Hungary and Poland (-6 percent), Russia, Ukraine and New Zeeland (1990
level). Norway may increase their emissions (+ 1 percent), Australia (4- 8 percent) and
Iceland (+ 10 percent).
16See, SOU 1997:11.
17See for in stance, Chichilnisky (1998).
18Kamien and Schwartz (1971) introduced the probability of a random collapse or break
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her framework, Cropper analyzed nuclear accidents. She assumed that the
radioactive waste produced by nuclear power is relatively harmless until it
reaches a critical concentration level. Once this level is reached, the result can
be catastrophic. At any point in time, whether or not a catastrophe will occur,
will depend on whether the nuclear waste stock is larger than the critical level.
The uncertainty in this model is due to the assumption that the threshold level
is unknown.
The idea to incorporate the probability of an environmentally related catastro
phe into economic analyses has been further elaborated by Clark and Reed
(1994), Reed and Heras (1992) and Tsur and Zemel (1998).19 Contrary to
Cropper (1976), these papers work in terms of c onditional probabilities of a
catastrophe instead of using density functions defined on the critical concen
tration level. For instance, in Clark and Reed (1994) the probability of a
catastrophe at time t, conditional on that the catastrophe has not occured be
fore time £, is a function of th e pollution stock level, which is a state variable.
Two important propositions are made by Clark and Reed (1994):
" The optimal equilibrium pollution stock and consumption level in an environ
ment in which there is a risk of catastrophic collapse
a. will be great er than those prevailing in the corresponding risk-free world
if the risk does not depend on pollution stock, and
b. will be less t han those in the corresponding risk-free world if the risk
increases with increasing pollution stock, and the marginal hazard rate at
the equilibrium is suitably large".
These results are very interesting, since they imply that an exogenous risk
for a catastrophe, will lead to less conservative behaviour than in a risk-free
down into the economic literature. In their paper, they dealt with problem of machine
maintenance and replacement.
19Other important contributions are made by; Heal (1984, 1990), Reed (1989) and Conrad
(1992).
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world, while an endogenous risk may probably mean more conservative behav
iour than in the risk-free world. This is closely related to the patience and
impatience effects that will be discussed in this thesis.

5

Summaries of the Papers

Summary of Paper [1]
Pigouvian taxes are, in general, very difficult to implement in practice. Pa
per [1] concerns static approximations of a Pigouvian emission tax, where the
approximation is based on the instantaneous marginal willingness t o pay to
reduce the stock of pollution. The theoretical framework was originally devel
oped in Aronsson and Löfgren (1999a). The purpose of their paper is to study
whether this approximation of th e Pigouvian tax can be used to improve the
welfare level in comparison with an uncontrolled market economy, and whether
it provides a close enough approximation of the value of additions to the stock
of pollutio n to be useful in the context of social accounting. Even if the tax is
frequently revised, so as to capture the possibility that the preferences might
change over tim e, the approximation will usually give rise to measurement er
rors, the magnitude of which cannot be determined on theoretical grounds.
Therefore, first best accounting principles can not, in general, be applied in the
controlled market economy.
My research problem is to study the static approximation of the Pigouvian
tax numerically. Two questions are particulary important; (i) will t he static
approximation of t he Pigouvian tax improve the welfare level i n comparison
with the uncontrolled market economy, and (ii) can we use the tax to mea
sure the value of ad ditions to the stock of pollution in the context of social
accounting?
The numerical analysis is based on the SEEP-model, developed in Nordhaus
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(1995). This model is extended with a consumption externality generated by
sulpur pollution20. Environmental quality is assumed to be a function of t he
stock of sulphur.
When environmental quality is assumed to be linear (or close to linear)
in the stock of po llution, the economy controlled by the approximation of th e
Pigouvian tax will generate emissions close to the socially optimal. Further, the
tax seems to be a reasonably accurate approximation of the value of additions to
the stock of poll ution. Increased non-linearity between environmental quality
and the stock of pollution hampers the performance of t he approximation of
the Pigouvian tax. This can partly be counteracted by more frequent revisions
of th e tax.

Summary of Paper [2]
Environmental externalities are often of a global nature. The polluting be
havior in one country frequently affects t he well-being of c onsumers in other
countries. These situations call for some form of international cooperation.
Instead of pooling thei r resources in an effort to implement a first best cooper
ative equilibrium, it is probably more realistic to assume that countries agree
on smaller projects, where the purpose is to increase welfare i n comparison
with the initial equilibrium.
The purpose of Pa per [2] is to analyze the welfare effects of a n agreement
between countries to slightly increase their emission taxes. The analysis is
conducted in a dynamic general equilibrium setting, where the use of energy
gives rise to a stock of pol lution, and the pollution stock accumulated by one
particular country is assumed also to affect the welfare of consu mers in other
countries. In comparison with most previous studies on international environ
mental policy, t he alternative to cooperation will be an imperfectly controlled
20This

model formulation was introduced by Brock (1977).
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market economy, which do es not necessarily coincide with the outcome of a
noncooperative Nash game between the countries.
In the context of a "one-country economy" with a pollution externality,
welfare normally increas es monotonically with the emission tax as long as the
tax is smaller than the value of the marginal externality. This insight can, in
general, not be carried over to a "multi-country economy". Even if the first best
cooperative equilibrium is welfare superior to any other equilibrium, a small
step towards the first best cooperative equilibrium does not necessarily increase
the overall or global welfarelevel. Given that one country increases its emission
taxes, it is not, in general, clear how t his will affect the production decision in
the other country. Therefore, to be able to determine the welfare effect from
a marginal increase in the respective countries ' emission taxes, we would need
further information regarding how the the environmental policy undertaken by
each country affects the production decision of th e other countries.
Summary of Paper [3]
The purpose of pa per [3] is to integrate dynamic and stochastic features into
the global warming problem. We provide a framework where alternative policy
measures can be analyzed. The attractiveness of forest as a carbon sequester
is analyzed as an application of our model. The stock of greenhouse gases
is assumed to affect the model both directly, by reducing the production of
final goods and by increasing/decreasing forest growth21, and indirectly by
introducing a probability for a climate catastrophe.
We deri ve a decentralized equilibrium, where the emission of g reenhouse
gases are a side effect of the production of final goods, and discuss the ap
propriate Pigouvian taxes as make the decentralized economy reach a socially
optimal resource allocation. We develop a numerical model to simulate the
21 It

is not clear how an increased stock of greenhouse gases will affect forest growth and

we will, therefore, treat various cases in the analysis.

Introduction and Summar y of Papers

12

behavioral consequences of th e probability for a climate catastrophe. We also
perform a sensitivity analysis with respect to the discount rate and effects on
forest growth.
Introducing an endogenous probability for a catastrophe leads to a more
patient behavior than in the risk-free case. This can also be interpreted such
as, introducing a positive probability for a catastrophe, seems to enforce a
sustained consumption path. Because of the long time span involved, this kind
of model is very sensitive to the level of the discount rate. By varying the social
rate of tim e preference, we find that a higher discount rate will lead to more
consumption at present (i.e. more impatience) and thereby an increased risk
for a climate catastrophe.

Summary of Paper [4]
Uncertainty is an important characteristic of nuclear power. In this paper we
integrate this uncertainty with the theory of economic growth. The analysis is
based on a Ramsey-type growth model,22 where the conditional probability of
à nuclear accident is endogenous and depends on present and previous actions
of the energy producer. The energy market is treated as a competitive market
where the external effect is closely r elated to the risk for a nuclear accident.23
Compared with Cropper (1976), this approach is clearly different. In her model,
uncertainty depends on an unknown threshold level for nuclear waste, whereas
the risk for a nuclear accident in Paper [4] is formulated in terms of a hazard
function. With this formulation, the conditional probability of an accident is
a function of th e production of nuclear energy and of th e stock of radi oactive
waste fuel.
22In

modified form, this model also appears in Blanchard and Fischer (1989) and Barro

and Sala-I-Martin (1995).
23Nordhaus (1995) analyzes the Swedish energy market, when the probability of a nuclear
accident is neglected.
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The main purpose of the paper is to compare the resource allocation in
imperfectly controlled market economies with the socially optimal resource al
location and to highlight potential market failures arising from uncertainty.
We also derive the Pigouvian tax on nuclear energy such that the controlled
market economy reproduces the socially optimal resource allocation. The use of
nuclear power affects the probability of an accident, both directly by the daily
production of energy, and indirectly via the stock of radioactive waste fuel.
Therefore, the Pigouvian tax must take into account all sources through which
energy production gives rise to uncertainty. In case the corrective policy is not
optimal, we derive cost-benefit rules in order to examine the welfare effects of
policies designed to increase or decrease this tax. An interesting result here is
that a market economy controlled by a small tax on nuclear energy, is always
welfare superior to the uncontrolled market economy.
As a complement to the theoretical analysis, we also simulate a numerical
version of the model. One purpose with these simulations is to illustrate how the
socially optimal resource allocation is affected by an endogenous probability for
an accident. Another purpose is to compare the resource allocation resulting in
an uncontrolled market economy with the socially optimal resource allocation.
The simulations suggest that, in the uncontrolled market economy, the con
sumer is more impatient and consumes more in the present time and accumu
lates less physical capital than is socially optimal. The intuition is that the
energy production and the accumulation of nuclear waste are exogenous from
the point of view of the consumer in the uncontrolled market economy. This
means that there is no "patience effect" involved, since the consumer simply
reacts to exogenous increases in the utility discount rate.
The numerical model is also used to analyze the welfare consequences of
constant (or time independent) taxes on nuclear energy. The simulations indi
cate, that by carefully designing a constant tax on nuclear energy, the welfare
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level c an be improved considerably, compared with the uncontrolled market
equilibrium.
Summary of Paper [5]
The purpose of pa per [5] is to examine nuclear energy output in a differential
game framework. The analysis involves two countries with different nuclear
technologies, one being relatively safe and the other relatively less safe. The
framework developed in Paper [4] is here extended to a multi-country economy,
where the risk for a nuclear accident caused by the use of nuclear energy in one
country affects the well-being of consumers in the other country. The numerical
analysis is based on a general equilibrium model, where the deterministic part
of th e model originates from the SEEP-model of Nor dhaus (1995).
I study a variety of inte ractions between the countries where: (i) they act
as imperfectly controlled market economies; (ii) there is a noncooperative Nash
open loop equilibrium; and (iii) a cooperative equilibrium. The uncontrolled
market economy constitutes the reference case. This is clearly different f rom
most previous studies of environmental policy in a differential game context,
where the noncooperative Nash-game is usually made the reference point.24
The numerical results suggest that both the uncontrolled market economy and
the noncooperative Nash solution imply that more nuclear energy is produced
than is socially optimal. Compared with the uncontrolled market economy,
cooperation is beneficial for both countries. The safe country only marginally
decreases its use of nuclear energy and benefits from the large decrease in the
use of nuclear energy in the less safe country. The less safe country will have a
smaller increase in welfare because of the relatively small reduction in nuclear
energy use in the safe country.
A uniform increase of nuclear energy taxes will i ncrease welfare in both
24See,

e.g. Mäler (1989), Barrett (1990, 1994), Carraro and Siniscalco (1993), Cesar (1994),

Tahvonen (1994) and Mäler and de Zeeuw (1995). For a survey see, Missfeldt (1996).
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countries compared with the uncontrolled market economy. However, initially
starting from the noncooperative Nash equilibrium, the welfare effects from
increased nuclear energy taxes are not clear-cut.
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