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Abstract

This thesis consists of five papers, four of them basically concerning
environmental issues, while the fifth paper addresses the issue of measuring
output from the educational sector.

The first paper starts from the fact that industrial activity causes environmental
damage. Therefore, public authorities are called upon to regulate the behavior of
producers by, e.g., legislating maximally allowed emission levels, which give rise
to abatement costs. In this paper, marginal abatement costs (MACs) are estimated
and a procedure to empirically analyze why MACs may vary between producers
is suggested. The main focus is on whether the MACs in the Swedish pulp
industry reveal that differences between counties in, e.g., economical
characteristics, were influential when the authority, during 1983-1990, restricted
12 geographically scattered plants regarding emissions. The result indicates that
county differences were influential.

The second paper analyses and suggests a procedure for testing the Porter
hypothesis. Part of this hypothesis is based on the argument that increased
environmental stringency not only brings a cleaner environment, but also makes
the polluting producers aware of the opportunity of using resources more
efficiently. The particular test suggested considers whether there is a positive
correlation between producers’ technical output efficiency and environmental
stringency, approximated by a regulatory intensity index. It is empirically applied
on 12 Swedish pulp plants during 1983-1990. No support for the Porter
hypothesis is found in this particular case.

The third paper deals with the climate policy issue. Under the Kyoto Protocol, the
European Union agreed to reduce its emission of greenhouse gases by 8 percent in
comparison with the level in 1990. The Burden-Sharing Agreement (BSA) further
redistributes the 8 percent reduction target among the member states. This paper
evaluates the BSA both from an economical and a political perspective, i.e.,
whether cost-efficiency and equity, respectively, were considered when the BSA
was settled. The empirical result indicates that both efficiency and equity were
considered as important to the BSA.

The fourth paper evaluates the Swedish Producer Responsibility Ordinance
(PRO), fully implemented in 1994, which states that sorted out, domestically
collected waste paper, must be recycled by the paper industry and, therefore,
cannot be incinerated by the heating industry in purpose of recovering energy.
The result indicates that this policy has contributed to inefficient waste paper
allocation among some of the paper producers. The result further indicates that the
priority made by the PRO, i.e., that waste paper recycling is preferable to
incineration, should be reconsidered.

The fifth paper relates the empirical attempts of measuring output from the
educational sector to theoretical results about the welfare significance of a
comprehensive Net National Product (NNP) measure. It is shown that economic
theory provides a more focused way of interpreting such output estimates. The
paper also contains estimates of the output from the Swedish educational sector.
Among the results, it is shown that the private gross output value produced by
higher education is approximately 2 percent of GDP. Furthermore, the private rate
of return on investments in higher education in Sweden is calculated to 8.6
percent.
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Introduction

1 INTRODUCTION

This thesis consists of five papers, which can be separated into two categories.
Papers [I] — [IV] focus on different environmental issues, and paper [V] deals

with the problem of estimating output from the educational sector.

The first category of papers, [I]-[IVV], adopts an approach focusing on producer
behavior in the sense that they are based on production theory. Specifically, they
all rely on the concept of productive efficiency in the spirit of Farrell (1957). He
showed that a measure of overall efficiency could be decomposed into technical
and allocative (price) efficiency measures. In papers [I]-[Ill] the production
technology is characterized by a directional output distance function, which
measures technical output efficiency. Some fundamental issues addressed in these
three papers are, e.g., why shadow prices of pollutants may vary across producers,
and how to consider that shadow prices vary across countries when forming a
global environmental policy. Another issue addressed is how environmental
regulations affect technical efficiency, which is related to the Porter hypothesis. In
paper [IV], the technology is characterized by a standard production function. In
this case shadow prices of a particular input is computed and used to study the

pursued environmental policy and its effects on allocative efficiency.

The second category of papers includes paper [V], which focuses on how to
measure output from the educational sector in context of social accounting and
welfare measurement. The basic idea is that education can be thought of as an
investment in human capital that gives a return in term of higher lifetime income.
Therefore, output from the educational sector is measured by the present value of

future income that follows from additional education.

The remaining part of this introductory chapter is structured as follows. Section 2
presents the fundamentals behind the methodologies adopted in papers [I]-[V].
First, the Shephard output distance function and the directional output distance
function are outlined and compared. The shadow-pricing models associated with
these functions are also described. Second, | will address some issues referring to
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social accounting and welfare measurement in the presence of human capital.

Finally, Section 3 offers a summary and conclusions for each paper.

2 METHODOLOGIES

In this section the fundamentals behind the methodologies in papers [I]-[I11], and

[V] are shortly outlined.

2.1 Output distance functions

Papers [I]-[I11] are based on production theory, where an output distance function

characterizes the technology in each case. Formally, let y = (y,,..., »,,) € RY and
b= (b,,...b,) e R’ be vectors of good and bad outputs, respectively, and let
x = (x;,.,x,) e R’ be a vector of inputs. The technology is theoretically

described by the output possibilities set P(x), which, for a given vector of inputs,

denotes all technically feasible output vectors. Output distance functions can then

be defined on P(x) and, therefore, inherits the properties of the technology.

Fare et al. (1993) employ the output distance function introduced by Shephard
(1970). This function is defined on P(x) as

DS (x, y,b) = ir}f{ﬂ : (%,%) < P(x)} (1)

where the solution, ,8 gives the maximum expansion of both good and bad

outputs. That is, a technically feasible output vector, (y,b), is scaled until it

reaches the boundary of P(x), and ,3 reveals the distance that (y,b) is scaled. In
Figure 1, this is represented by a movement from (y,b) to point B. This means

that the producer is interpreted as becoming more technically output efficient

! paper [IV] is left out since it is based on a rather standard approach. A cost minimization
problem is formulated, given relevant restrictions. Then the resulting first order conditions are
used to define an input shadow-pricing model. Consequently, shadow prices of inputs are derived
from a standard production function.
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when simultaneously increasing both good and bad outputs proportionally.
However, this particular feature can be questioned. An efficiency improvement,
by expanding all outputs proportionally towards the technology frontier, will
indeed bring the producer gains, but this will occur at the same time as creating
additional environmental damage due to larger production of bad outputs. If
reduced production of bad outputs is desirable, the directional output distance
function constitutes an appealing alternative to measuring technical output

efficiency.

Good Output, y

A

g=(gy-8») . P(x)

»
|

Bad Output, b

Figure 1 Output distance functions and shadow-pricing

Fare et al. (2002) employ the directional output distance function, which can be
defined on P(x) as

D(xy,big)=maxif:(y+f-g,.b~f-g,)e P @

where the solution, B*, gives the maximum expansion and contraction of good

and bad outputs, respectively. In this particular case, the vector

g =(g, =1-g, =1) specifies the direction of scaling. In Figure 1, the movement
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from (y,b) to point A is consistent with the distance function in (2). Accordingly,

the efficiency measure gives the extent to which the producer can increase the
production of good outputs and decrease the production of bad outputs. The
efficiency improvement in Figure 1 will in this case bring the producer private
gains. It will also give rise to a cleaner environment due to less production of bad
outputs. In papers [I]-[I1I] the production technology is characterized with the

distance function in (2).

In paper [I1], where the Porter hypothesis is tested, the choice of distance function
may be of particular relevance. The hypothesis says that environmental
regulations lead to more efficient producers. In this context, the usage of the
Shephard output distance function in (1) to compute efficiency scores might be
problematic, since it credits simultaneous expansion of both good and bad

outputs.?

2.2 Shadow-pricing models

In earlier literature, shadow prices of environmental damaging substances have
mainly been calculated to investigate whether the pollutant control requirements,
imposed on producers, are allocating resources efficiently, i.e., promoting cost-
efficiency. These calculated prices have also been used to construct productivity
indices, see, e.g., Pittman (1983) and Reig-Martinez et al. (2001). One of the first
attempts to estimate shadow prices of a pollutant was made by Pittman (1981),
who specified a restricted profit maximization problem, which treats the pollutant
in focus as a conventional input. Fare et al. (1993) present a shadow-pricing

model, where the pollutants are treated as undesirable by-products, i.e., as bad
outputs. Specifically, given that p = (p,,...,p,,) € RY and ¢=(q,,....q,) e R’
represent absolute shadow prices of good and bad outputs, respectively, and that

the shadow prices are derived from the Shephard output distance function in (1),
the shadow-pricing formula can be written as

2 Earlier studies that explicitly test the efficiency part of the Porter hypothesis are Heteméki
(1996b) and Marklund (1999). Other studies that investigate the impacts of environmental
regulation on efficiency, but not in the purpose of explicitly testing the Porter hypothesis, are
Boyd and McClelland (1999) and Hernandez-Sancho et al. (2000).

4
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q; :_(é’DS(-) aDS(‘)J (3)

p m 61) j ay m

which is the marginal rate of transformation between the j:#4 bad output and the
m:th good output, MRT;,. Therefore, the shadow price can be interpreted as the

marginal abatement cost (MAC) in terms of decreased production of y, that has
to be met when reducing b, marginally. In this case, the shadow price that counts

for (y,b) in Figure 1 is calculated as the tangent at point B. Other studies using

this shadow-pricing approach are, e.g., Coggins and Swinton (1996), Hetemaki
(1996a), Marklund (1999), Swinton (1999), and Reig-Martinez et al. (2001). Fare
et al. (2002) suggest a shadow-pricing model that is derived from the directional
output distance function in (2), which allows for a different direction of scaling.

In this case, the formula can be written as®

9, =_[8D(') GDOJ (4)

P ob; | 0y,

which reflects the shadow price relation, ¢* — p*, in Figure 1. This means that the

shadow price counting for (y,b) is now calculated as the tangent at point A.

2.3 Welfare measurement in the presence of human capital

Paper [V] is based on the theoretical work of Aronsson and Léfgren (1996). They
address social accounting and welfare measurement in an economy where human
capital is present. To begin with, Weitzman (1976) made a scientific finding
crucial to welfare measurement. He showed that in a perfect foresight
intertemporal economy with a stationary technology and perfect competition, a
comprehensive net national product (NNP) measure is proportional to the present
value of future utility. This result implies that welfare can be measured from

% A similar shadow-pricing model was introduced in Fare et al. (2001). However, on that occasion,
bad outputs were not included.
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variables that are observable (or recoverable) at the time when the measurement is

conducted.

Aronsson and Lofgren (1993, 1995) show that if technological change is
disembodied the comprehensive NNP will still be incomplete as a welfare
measure. In this case, technological change affects future consumption
possibilities and welfare will, therefore, depend on time itself. Aronsson and
Lofgren (1996) state that this incompletion, to some extent, arises from labor
augmenting effects of human capital not being accounted for. They also
emphasize that the comprehensive NNP measure is still incomplete if not adding
the value of the positive externalities that may originate from the stock of human
capital. Within a Ramsey type growth model Aronsson and Lofgren (1996) take
account of these two aspects of human capital and derive a complete
comprehensive NNP measure in utility terms. They specify the production
function such that the stock of human capital affects the marginal productivity of
labor. This means that the consumer’s incentive to invest in human capital follows
from increasing marginal productivity, leading to an increase in the wage rate.
Furthermore, the production function is specified such that the human capital
stock is included as a separate argument. This means that human capital will have
a direct effect on the production. Since the consumer is only paid for his/her input
of labor, there are no reasons to believe that he/she will supply the socially
optimal level of human capital. Therefore, there will be a positive external effect
via the human capital stock in the production function. Furthermore, accumulation
of human capital is, as conventionally, assumed to depend on time spent in

education.

In practice, the return from investments in human capital is measured by the
resulting increase in lifetime income. The positive external effect is overlooked
due to measurement difficulties. Jorgenson and Fraumeni (1992a, 1992b) suggest
a model to empirically measure the output from the educational sector, i.e., the
value of additions to the human capital stock, as an increase in the present value
of lifetime income following additional education. Exactly the same model is
applied in Ahlroth et al. (1997). They present estimates of output from the

educational sector in Sweden. While sympathizing with the general idea of
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measuring output in the manner done in these papers, it is emphasized in paper
[V] that economic theory brings a more focused way of presenting the results,

which adds an important welfare dimension.

3 SUMMARIES OF PAPERS

Paper [I]: Analyzing Interplant Marginal Abatement Cost Differences: A

Directional Output Distance Function Approach

The purpose of this paper is to compute and evaluate shadow prices of bad
outputs. The background is that many types of human activities have negative
side effects on the environment. These effects may be due to produced bad
outputs, i.e., undesirable by-products from different production processes.
Therefore, to limit the environmental damages, public authorities are called upon
to regulate the performance of polluters. If environmental regulations force
producers to increase the sharpness of their abatement efforts, they also face
increased abatement costs that can be studied. For instance, computed shadow
prices, i.e., marginal abatement costs (MACs), of bad outputs, can be used to find
out which factors that influence the regulatory authority’s stringency of

environmental regulations to be imposed on polluters.

In this paper, the Swedish pulp and paper industry during 1983-1990 is being
studied. To limit the emission into the water, the regulatory authority, which by
law was prescribed to consider the polluters’ technological possibilities of abating
and the sensitivity to emissions in the affected surrounding environment, granted
each producing plant permits that specify maximally allowed emission levels.*
However, during the handling of each such case, area residents and other parties
concerned were allowed to express their views, which possibly introduced
additional factors which may influence the amount of finally granted permits and,
therefore, the MACs.” This paper seeks the answer to whether also regional

differences, in, e.g., economical characteristics, were important when the

* The Swedish Environmental Protection Agency (2003).
% The National Licensing Board for Environment Protection (2003).

7
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authority restricted 12 geographically scattered pulp plants with respect to

emissions.

As a first step, shadow prices, reflecting MACs of oxygen-demanding substances
and suspended solids, are computed for each pulp plant and compared to each
other through non-parametric tests. These tests reveal that MACs vary
significantly between plants. The approach adopted to compute the shadow prices
originates from Fére et al. (2002). The model is founded on production theory,
where technology is represented by the directional output distance function, from
which the shadow prices are derived. The distance function is specified as a
quadratic flexible functional form and estimated by a linear programming
technique. In a second step, the computed MACs are regressed on a set of
variables in an attempt to explain their variation across plants. Hypotheses
concerning variables such as regional tax base and population density, and
variables describing the situation on the regional labor market, are suggested.
Also, fixed and time specific effects are modeled. The fixed effects are included
to capture the effects from factors prescribed by environmental law, such as
differences across plants regarding technological possibilities to abate, and the

sensitivity to emissions in the affected surroundings, where each plant is located.

The result indicates that there are regional factors, not regulated by environmental
law, which may influence the actually pursued environmental policy. For
instance, the larger the relative size of the pulp and paper industry in the county,
the lower the MAC of suspended solids for plants located in that county. This
indicates that these plants were targets of laxer environmental regulation. Also, a
higher county population density seems to have created opportunities for people
to influence the actual policy pursued. This study shows that population density
had different influences on the two types of emissions. In the case of oxygen-
demanding substances, the density contributed negatively to the plants’ MACs,
indicating that plants located in counties with higher density were targets of laxer
environmental regulation. On the other hand, in the case of suspended solids, the
density contributed positively to the plants’ MACs. That is, plants located in
counties with higher population density were more stringently regulated.
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Paper [Il]: Environmental Regulation and Firm Efficiency: Studying the
Porter Hypothesis using a Directional Output Distance Function

This paper is devoted to proposing a procedure to empirically test the Porter
hypothesis, introduced in Porter (1991) and further developed in Porter and van
der Linde (1995). The dominating argument of the hypothesis is that
environmental regulation not only increases environmental quality, but also
provides information, which makes the producers more aware of state of
productivity and possibilities to improve competitiveness. The productivity

change is divided into an efficiency change and a technological change.®

The procedure suggested is general in the sense that it can be applied to any
production process at the firm, industry, or country level. It provides a tool to
study the efficiency part of the Porter hypothesis, which argues that producers use
resources inefficiently and that environmental regulation sends signals about these
inefficiencies and induces producers to change their behavior. The hypothesis
may be empirically analyzed by testing whether there is a positive significant
correlation between producers’ technical output efficiency and environmental

regulation.’

Technical output efficiency is first estimated using a methodology that originates
from Fére et al. (2002). The production technology is represented by the
directional output distance function, which is defined to credit a simultaneous
expansion of good outputs and contraction of bad outputs. The distance function
is further specified using a quadratic flexible functional form and computed by a
linear programming technique. Then, by regressing the obtained efficiency scores
on environmental regulatory stringency, approximated by a regulatory intensity
index that measures the difference between the unconstrained and the maximally
allowed emission rate, the Porter hypothesis is explicitly tested.

® The Porter hypothesis has been heavily criticized by economists who argue that the hypothesis
lacks theoretical foundation, see, e.g., Palmer et al. (1995). However, there are also theoretical
papers that partly find support for the hypothesis, see, e.g., Xepapadeas and de Zeeuw (1999),
Mohr (2002), and Ambec and Barla (2002).

" The empirical relationship between environmental policy and technological change is left aside.
However, Jaffe et al. (2002) provide a thorough guide to the literature on this topic. See also Jaffe
et al. (1995).
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The suggested test procedure is applied on 12 Swedish pulp plants during 1983-
1990. The result shows no support for the Porter hypothesis. That is, the test
provides no evidence that environmental regulation made the pulp plants more
resource efficient during the period under study. However, the opposite cannot be

concluded either, i.e., that regulation made the plants less resource efficient.

Paper [I11]: What is Driving the EU Burden-Sharing Agreement: Efficiency
or Equity?

This paper provides an analysis of the European Union (EU) greenhouse gases
(GHGS) policy. The Climate Convention was signed in 1992 with the objective to
stabilize concentrations of GHGs. Explicit objectives and measures to be taken
were settled in Kyoto, resulting in the adoption of the Kyoto Protocol in
December 1997. Under the Protocol, EU committed itself to reduce the emission
of 6 GHGs by 8 percent during 2008-2012, in comparison with the 1990 level. It
was further agreed that EU could redistribute the assigned GHGs reduction target
among the member states. The Climate Convention gave no clear guidelines on
how to accomplish the redistribution, but emphasized the importance of equity
and cost-efficiency. Which national circumstances that should be considered were
much discussed. However, the Triptych study (Phylipsen et al., 1998) served as an
advisory document and possibly influenced the final outcome. The Triptych study
suggests that emissions are ‘equitably’ redistributed among countries if national
circumstances such as population size and growth, standard of living, economic
structure, energy efficiency in power generation, and climate are taken into
account. However, how to actually redistribute GHG emission changes was
agreed politically among the EU member states in 1998, and is referred to as the
Burden-Sharing Agreement (BSA).® It resulted in a differentiation of the EU
GHGs emission reduction target, where half of the member states reduce their
emissions and the rest stabilize, or even are allowed to increase, emissions. The
BSA was reaffirmed by joint ratification of the Kyoto Protocol in 2002, where it

became binding international law.

® The Commission of the European Communities (2000).

10
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Many economic analyses, following the adoption of the Kyoto Protocol, have
focused on analyzing the market for GHGs emission trading. The main conclusion
of these studies is that trading improves cost-efficiency, lowering the cost of
implementing the Protocol. Overviews of such studies are provided in Metz et al.
(eds.) (2001), and in Weyant and Hill (eds.) (1999). Jointly for these studies is
that they do not question the BSA, but take it for granted. However, Eyckmans et
al. (2002) question the BSA, and they conclude that even if richer member states
have been assigned relatively high abatement efforts and poorer ones are allowed
to emit more, this differentiation does not go far enough. A disadvantage of their
analysis is, however, that it covers only CO, emissions from state energy use. In
paper [I11] the analysis covers total state emissions of GHGs in accordance with
the BSA, and the main purpose is to evaluate the BSA from both an economical
and a political perspective. This means performing hypothesis tests of whether

cost-efficiency and equity, respectively, were considered in the BSA settlements.

Variables used to perform the equity tests are chosen on the basis of the Triptych
study and are readily available. However, the marginal abatement cost (MAC)
variable, used to test the cost-efficiency hypothesis, must be computed. Therefore,
as a first step, aggregate production data are used to compute MACs for each of
the 15 EU Member States in each year of the period 1990-2000. A shadow-
pricing model approach, suggested by Fare et al. (2002), which includes
estimation of the directional output distance function, is adopted for that purpose.
Furthermore, the distance function is estimated by using both a Corrected
Ordinary Least Squares (COLS) technique and a Linear Programming (LP)
technique, the latter suggested by Fare et al. (2002).° Finally, in a second step, the
hypothesis tests are made possible by regressing the BSA emission change figures
on the MAC and equity variables, together with other variables that potentially
had an influence on the BSA.

A general conclusion drawn in paper [111] is that efficiency did not rule out equity,

and vice versa, when settling the BSA. For instance, the results indicate that

® The COLS approach is used in Lovell et al. (1994), where a Shephard output distance function is
estimated. Also, regarding the COLS estimator, see, e.g., Greene (1993).

11
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efficiency arguments may have had an influence on burden-sharing, i.e., indicate
that EU Member States with higher MACs of GHGs were assigned easier
emission change requirements, and vice versa. Furthermore, the results also
indicate that equity arguments may have been important, i.e., indicate that
countries with lower standard of living, in terms of consumption, were assigned

easier emission change requirements.

Paper [IV]: Reuse or Burn? Evaluating the Producer Responsibility of Waste
Paper

The purpose of this paper is to evaluate the Swedish Producer Responsibility
Ordinance (PRO), which prioritizes material recycling and, e.g., explicitly states
that sorted out, domestically collected waste paper must be recycled by the paper
industry and, therefore, cannot be incinerated by the heating industry. The history
on the policy and the handling of waste paper in Sweden goes back to the mid-
seventies, and is described in detail in Samakovlis (2001). However, the
Packaging Committee presented new guidelines in 1991 for handling the waste,
with the purpose of harmonizing with the EU Commission on packaging waste.
These guidelines gave material recycling the highest priority. The resulting PRO
in Sweden was gradually introduced in 1992, and fully implemented in 1994.%°
For the PRO to work, Swedish producers established package waste corporations,
responsible for ensuring that collections are organized and goals reached.™ In
every municipality, these corporations select responsible contractors, which
collect, sort, and bundle the waste paper, and then sell it to the paper industry.*
To finance the activities invoked by the PRO, a weight-based fee is levied on
packaging for producers to pay, which, according to Foélster (2000), is transferred

to the consumer through higher product prices.”* On the other hand, the

1 Regulated by government provisions SFS 1994:1235 (packaging) and SFS 1994:1205
(newspapers, etc.).

11 For paper, the companies are Svensk Kartongatervinning AB (paper and cardboard packages),
RWA Returwell AB (corrugated cardboard packages), Pressretur AB (waste paper, i.e.,
newsprint, etc.).

2 |IL Recycling and Stena Returpapper are respectively contracted in 194 and 70 of 289
municipalities (Forpackningsinsamlingen, 2000).

3 The cost for one household due to higher product prices is evaluated to being around 140
SEK/year.

12
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corporation responsible for newsprint, Pressretur AB, claims that the producers

carry the whole cost (Palm, 2000).

If successful, the PRO forces the Swedish paper plants to reuse all the
domestically collected waste paper. However, the other option of incinerating
waste paper to recover energy could be appealing, especially to sparsely
populated areas, far from waste paper using plants.** Heating plants also argue
that increased waste paper recycling implies a lower energy supply. They consider

waste paper to be a relatively energy-rich fuel.”

The economic literature on the PRO is scarce. However, Radetzki (1999) found
that the PRO is very cost-inefficient and that a considerable net burden is put on
society for small environmental improvements. From other literature such as life-
cycle studies, that investigate environmental impacts throughout a product’s life
from raw material acquisition, through production, use, and disposal, e.g.,
Virtanen and Nilsson (1993), IIED (1996), and Finnveden and Ekvall (1998), it
cannot be determined whether recycling or incineration is better from an

environmental perspective.

Paper [1V] questions the PRO and suggests that recovering energy by incinerating
waste paper must be considered as an attractive alternative when forming
environmental policy. The point of departure is straightforward; as long as there
exists no unambiguous scientific conclusion regarding whether recycling or
incineration is better from an environmental perspective,® it is reasonable to
assume that the environmental net effects from the two alternatives are equal.
Therefore, the environmental effects can be disregarded and a PRO evaluation can
be limited to analyzing its effects on waste paper allocation. First, to determine

whether the PRO has affected waste paper allocation in the Swedish paper

¥ Kiruna, e.g., in northern Sweden, transports waste paper to paper plants in southern Sweden at
the same time as it imports waste paper to supplement the energy needs of the local heating plant
(Rutegard, 1999).

1> Generally, as the waste paper content increases, the quality of municipal solid waste as a fuel
improves (Svedberg, 1992). Energy from incinerating waste paper would be a clean source of
energy, if some of the chemicals and heavy metals used in the pulp, paper and board, and printing
process were replaced with more benign materials (Virtanen and Nilsson, 1993).

16 See, e.g., Finnveden and Ekvall (1998).

13
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industry, waste paper shadow prices, reflecting marginal user values, are
calculated for a period before the PRO implementation and for a period after. The
shadow prices can then be compared with the actual prices paid in each period,
which is done by using bootstrapped confidence intervals for the shadow prices.
The results indicate that the shadow prices for plants using small quantities of
waste paper were lower than the observed market prices during 1992-1996." The
difference is interpreted such that the PRO policy forced these particular plants to
use more waste paper than they otherwise would have done, being a source of
inefficient waste paper allocation. Second, to evaluate the hierarchy of waste
paper recycling being preferable to incineration, waste paper shadow prices are
calculated for both the Swedish paper and heating industries.’® The results show
that there was no significant difference between the two industries’ marginal
valuation of waste paper before the implementation. Therefore, the priority of
recycling all the collected waste paper, instead of letting part of it be used to

recovering energy, should be reconsidered.

Paper [V]: On Output of the Swedish Education Sector: Additional Remarks

The main purpose of this paper is to relate the empirical attempts of measuring
output from the educational sector to theoretical results about the welfare
significance of a comprehensive Net National Product (NNP) measure. Basically,
referring to Aronsson and Lofgren (1996), the comprehensive NNP is derived for
a perfect foresight intertemporal economy, where human capital is present and
gives raise to a positive externality. Within this framework, the welfare
contribution from the educational sector is valued as the private return of an
increase in the stock of human capital, plus the external effects arising from an
addition to the stock of human capital. The private return is the increase in
lifetime income due to additional education. The fundamental idea is then that
part of the output from the educational sector can be estimated as the present

value of the future income it generates.

17 paper plants were divided into small waste paper users (using 5000-69000 ton waste paper) and
large waste paper users (using 70000-360000 ton waste paper).

18 Shadow prices are calculated only for the period before the PRO implementation, since after the
implementation all domestically collected waste paper is recycled.
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For the purpose of estimating the increase in the present value of lifetime income
from a small investment in human capital, an empirical approach originating from
Jorgenson and Fraumeni (1992a, 1992b) is used.’® The estimating procedure is
performed on data from the Swedish Standard of Living Survey (LNU), which is a
household panel-data base containing data collected in 1968, 1974, 1981, and
1991. It contains individual data on, e.g., wages, number of hours worked, and the
number of years of schooling. These data are used to estimate a wage equation,
where the number of years of schooling approximates the human capital stock.
This equation is combined with a ‘number of hours worked’ equation and a
‘probability to work’ equation in order to estimate the gain in terms of future

income from an additional year in education.

The outcome of the estimating procedure shows that the private gross output
value produced by higher education is approximately 2 percent of GDP.?
Furthermore, by finding the interest rate which makes net output equal to zero, the
private rate of return on investment in higher education is calculated to 8.6
percent, which corresponds reasonably well with earlier attempts to calculate the
private rate of returns to higher educations in Sweden.? It is worth emphasizing
that the external effects from the educational sector are not measured by the
adopted empirical method. It is possible that the contribution to welfare from the

externalities associated with human capital is extensive.

19 Details regarding the model specification are available in Léfgren and Marklund (1996).

20 High school and university/college are referred to as higher education.

2! See, e.g., Edin et al. (1993). They calculate the rate of return both before and after taxes and
subsidies. However, they do not calculate output at the product wage (including the employer’s
wage tax). This means that the figures are not directly comparable.
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