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Summary

Green taxes have over the past 10 years become a significant part of environmental
regulation in the Nordic countries. The present report is a literature study of the effects
of green taxes with regard to CO2 and pesticides. The authors have identified 68 studies
of CO2-taxes and 20 studies of the pesticide taxes. The report presents a summary of the
results from these studies and assesses the methodologies employed for examining the
effects of the green taxes. The majority of the reviewed studies are ex-ante studies,
which have been carried out in advance of the implementation of the taxes, and which
are often based on simplified economic models. Ex-post studies, which are based on the
actual historical data for the adjustment to the taxes, are relatively few. 20 ex-post
studies of the CO2-taxes have been identified, while there are not any ex-post studies of
the pesticide taxes. With regard to the environmental effects of green taxes, the ex-post
studies can be relied on for the procurement of the most reliable data.
The completed ex-post studies of the CO2-taxes do not present unambiguous results,
because focus and methodology differ. Most studies are partial in their focus and relate
to one or more sectors of the economy. Some studies have been carried out few years
after the introduction of the taxes, and do not present an updated assessment of the
effects of the taxes. To the extent that it is possible to summarise the present knowledge
about the effects of the CO2-taxes, there seems to be indications for relatively marked
effects in Denmark as compared to the other Nordic countries, since Denmark is the
only country whose taxed CO2-emissions have been reduced in absolute figures. With
regard to Norway and Sweden, effects of the CO2-taxes can be identified in particular
sectors in relation to business-as-usual scenarios. Finland’s CO2-tax has not been
comprehensively evaluated ex-post, but has reached a tax level which gives
expectations of measurable effects. The explanations for the marked effects in Danish
industry are partly fuel switch away from coal, partly the recycling of tax revenue for
energy efficiency investments. With regard to the pesticide taxes substantial reforms of
tax bases and tax levels have been implemented in the mid-1990’s, and therefore they
cannot be evaluated ex-post yet. However, the occurrence in several countries of
pesticide hoarding among farmers in response to tax increases seems to indicate that
price sensitivity is not trivial.
The present report also presents an assessment of the different methodologies employed
for the evaluations of green taxes. With regard to the economic models, some
fundamental assumptions, which constrain the possibilities for an assessment of the
dynamic efficiency of the green taxes, are pointed out. It seems particularly problematic
that the models not sufficiently can handle technological innovations and developments,
and that the models assume full economic rationality among the target groups also in
advance of the introduction of the green taxes. The report reviews advantages and
disadvantages of some other evaluation methods, known primarily from political
science and sociology. It is pointed out that different methods may be needed to be
combined in order to analyse the effects of the green taxes. It is also pointed out that
comprehensive panel data bases, with disaggregated data at actor level, can be expected
to provide the best basis for an assessment of the effects of green taxes.
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Sammendrag

Grønne afgifter har igennem de sidste 10 år vundet indpas i miljøreguleringen i de
nordiske lande. Nærværende rapport er et litteraturstudium af effekterne af grønne
afgifter på CO2- og pesticid-området. Der er identificeret ialt 68 studier af CO2-
afgifterne og 20 studier af pesticid-afgifterne. I rapporten foretages en sammenfatning
af resultaterne fra disse studier og en vurdering af de anvendte metoder til at belyse
effekterne af de grønne afgifter. Størstedelen af studierne er såkaldte ex-ante studier,
som er gennemført forud for afgifternes implementering, og som ofte baserer sig på
forenklede økonomiske modeller. Ex-post studier, som baserer sig på de faktiske
historiske data for tilpasningen til afgifterne, er der forholdsvis få af. Der er identificeret
ialt 20 ex-post studier af CO2-afgifterne, mens der ikke findes egentlige ex-post studier
af pesticid-afgifterne. Når det gælder miljøeffekterne af grønne afgifter må ex-post
studierne vurderes til at kunne generere de mest præcise data for effekterne af grønne
afgifter.
De gennemførte ex-post studier af CO2-afgifterne giver ikke entydige resultater, da
fokus og metoder varierer meget. De fleste studier er partielle og omhandler én eller
flere sektorer i økonomien. En del af studierne er gennemført få år efter afgifternes
introduktion, og giver således ikke en opdateret vurdering af afgifternes effekter. For så
vidt som det er muligt at sammenfatte den eksisterende viden om effekterne af CO2-
afgifterne,
synes der at være indikationer for, at specielt den danske CO2-afgifts effekter er
markante i forhold til resultaterne i de andre nordiske lande, idet Danmark er det eneste
land, hvis afgiftsbelagte CO2-udslip er reduceret markant i absolutte mængder. Med
hensyn til Norge og Sverige kan der dog også udpeges effekter af CO2-afgifterne i
bestemte sektorer i forhold til "business-as-usual" scenarier. Finlands CO2-afgift er ikke
evalueret ex-post, men har dog nået et niveau, der giver forventninger om målelige
effekter. Forklaringen på de markante effekter særligt i dansk industri er dels
brændselsskift bort fra kul, dels det forhold, at provenuet fra den danske afgift
tilbageføres til energieffektiviseringer. Med hensyn til pesticidafgifterne er der i midten
af 1990'erne foretaget betydelige reformer af afgiftssystemerne, således at det er for
tidligt at vurdere disse ex-post. Forekomsten af pesticid-hamstring blandt landmændene
i alle de nordiske lande forud for afgiftsforhøjelserne vidner om en ikke ubetydelig
prisfølsomhed på markedet.
Rapporten giver endvidere en vurdering af forskellige metoder til evaluering af grønne
afgifter. Med hensyn til brugen af økonomiske modelværktøjer peges der på en række
grundlæggende antagelser i disse, som begrænser mulighederne for at vurdere de
dynamiske effekter af afgifter. Det er specielt problematisk, at modellerne ikke for alvor
kan håndtere teknologisk udvikling og fornyelse, samt at modellerne antager økonomisk
rationalitet blandt aktørerne forud for afgifternes indførelse. Rapporten gennemgår
fordele og ulemper ved en række andre evalueringsmetoder, som er kendte fra
politologien og sociologien. Der peges på, at det kan være nødvendigt at kombinere
flere forskellige metoder for at kunne belyse effekterne af de grønne afgifter
tilfredsstillende. Endvidere peges der specielt på, at opbygning af omfattende panel-
databaser med disaggregerede tidsseriedata på aktørniveau, må vurderes at give de
bedste muligheder for at vurdere effekterne af de grønne afgifter over tid.
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1. Introduction

The purpose of this report is to summarise the evaluations and studies of green taxes,
etc. that have been conducted in the Nordic countries and to discuss some of the
methodological problems associated with these types of analyses.
Economic instruments started to be used as part of environmental regulations in the late
1980s. Most interest has focused on the CO2 taxes introduced in 1991-92 and they have
been subjected to a particularly large number of evaluations and studies even though
they have only been in existence for a relatively short time. This report provides a
breakdown of studies conducted in the Nordic countries, including evaluations and
studies of pesticide taxes.
Intuitively, we tend to think of evaluation as a very inclusive concept, and it is
unfortunately a widespread misunderstanding that evaluation (utvärdering in Swedish)
is mistaken for assessment of all types of public policy. "Utvärdering är
etterhandsbedömming (Evaluation is judgement after the fact)" according to the
Swedish evaluation expert E. Vedung (1994:18). This does not mean that a policy or
regulation has to have been repealed or amended before it can be evaluated. It means
that the evaluation is conducted after the decision to introduce or amend (in this case) an
environmental tax or tax on a resource.
The OECD distinguishes between ex ante and ex post analyses of economic instruments
in environmental policies. Ex ante forecasts are conducted in advance, often based on
models or other schematic projections. In reality, they are prognoses, or to be more
exact - conditioned scenarios. Ex post evaluation, on the other hand, consists of
analyses conducted afterwards, in other words they are actual evaluations. According to
the authors of an OECD report on evaluations of economic instruments, ex post
evaluations have special qualities because:

"ex-post analysis of the performance of economic instruments in environmental
policy is able to provide more firmly based evidence about key responses
affecting the environmental and economic effectiveness of economic
instruments than can be obtained on the basis of considering theoretical
arguments or ex-ante forecasts (OECD, 1997:32).

A wider range of methods can be applied to ex post evaluation because they are based
on actual historical data. Ex post evaluations are frequently based on interviews,
analyses of specific periods, etc. In practice, the distinction between ex ante and ex post
methods is often blurred; in recent years, economic models have also been used for ex
post evaluations .
This report provides a breakdown of both ex ante and ex post studies of CO2 and
pesticide taxes in the Nordic countries. It focuses on the results of these studies and the
methods used to produced them. The final chapter of the report addresses the question
of the difficulties involved in ex post evaluation. The run-through of the various studies
shows that the methods stretch from economic models to more 'sociological' interview
surveys. Although each method has its strengths and weaknesses, little reference is
made to them by the authors of the individual reports.
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Economic instruments are usually combined with other instruments. Emissions do not
just rise or fall because of regulation; they also undergo an autonomous development
determined by macro-economic and structural variables. Evaluation may, therefore,
require substantial volumes of data, especially if the purpose is to reveal the exact effect
of a tax in relation to a number of other variables.
According to textbooks about environmental economics, one of the main advantages of
using economic instruments is that the authorities do not need to collate detailed
information about production conditions, etc. in the companies being regulated because
the tax provides the polluters with an incentive to reduce emissions to the same
marginal cost per reduced unit. It may, therefore, appear paradoxical that the authorities,
in order to analyse the effect of taxes, often need to collate quite detailed information
about the polluters and, for example, their control costs.
On the other hand, this type of information makes it easier to analyse the precise effects
of the taxes, including the obstacles to achieving the desired impact on the environment.
This information is also needed to evaluate how the taxes, in practice, effect
competitiveness and other socio-economic and distributory variables.
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2. Studies of the effects of CO2 taxes

The Nordic countries pioneered the concept of using economic instruments to combat
Co2 pollution. Denmark, Finland, Norway and Sweden joined the Netherlands1 in
introducing the world's first CO2 taxes in the period 1990-92. The taxes have now been
levied for a whole decade, so it is only natural to try and learn from the studies
conducted in each country in order to promote greater clarity about the various methods.
The study is structured in such a way that the analyses – both ex ante and ex post – are
presented in chronological order in national sections. In certain cases, CO2 agreements
and subsidies have been included because they interact with the tax system.
Each section starts with a short description of the CO2 tax in the country concerned.
CO2 taxes vary greatly from country to country – there is no uniform “Nordic model”
(Malaska, etc. 1997:21.64). The taxes and rates have also been changed regularly, so no
actual comparative analysis of the tax systems has been attempted as it would demand
far more time and space than is available for this study2. The descriptions of the
individual analyses consist of short summaries based on four main questions:

1) Which CO2 taxes are being evaluated?
2) Which effect did the study try to measure – economic or environmental?
3) Which method was used – e.g. ex post evaluation based on interviews, ex ante

model forecast, etc?
4) What conclusions were reached?

At the end of each section, a table outlines the main features of the various analyses.
The CO2 emissions for the individual Nordic nations are listed in table 2.1.

                                                
1 The Dutch introduced a Co2 component to their energy tax in 1990. The Dutch tax was more
of a secondary instrument. Until recently, the primary instrument for reducing CO2 emissions in
the Netherlands was voluntary agreements (Enevoldsen 1998:20-24). In 1999, the tax was made
significantly more wide-ranging (Ministry of Housing, Spatial Planning and the Environment
1998).
2 See Brännlund & Kriström 1999:54ff; Nordic Council of Ministers 1999; see also Paul Ekins
& Stefan Specks, A Database of Environmental Taxes and Charges cf.
http://www.keele.ac.uk/depts/ge/envtaxes/SUMMARY.HTM For an in-depth description
of the tax systems in the four countries until 1993 - see Haugland 1993.
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Table 2.1 CO2 emissions
CO2 emissions (millions of tons) CO2 emissions (tons per capita.*)

Denmark 60 (1998) 11.6
Finland 58 (1997) 11.6
Iceland 2.5 (1997) 9.8
Norway 41 (1997) 9.8
Sweden 57 (1998) 6.7
EU 3,301 (1995) 8.8
OECD 12,086 (1995) 11.1
* Population 1993. 1995 figures for the OECD and EU.

Sources: The Danish Energy Agency 1999c; Ministry of the Environment 1998:58; Statistics Iceland
1999; Statistics Norway 2000a; The Swedish Environmental Protection Agency 1999; The National
Energy Administration 1998b:28

2.1 Denmark
Denmark operates with a target of reducing CO2 emissions by 20% in the period 1988-
2005 (The Ministry of Energy 1990:91). Under the Kyoto protocol, Denmark has also
undertaken to reduce emissions of greenhouse gases, of which CO2 is by far the most
common, by 21% from 1990 levels until 2008-12 (The Ministry of Finance
1999b:chapt.4.2). It should be borne in mind that Denmark and Finland have the highest
CO2 emissions per capita in the Nordic region and that because the Danish energy
system uses such large amounts of fossil fuels, the potential for substituting coal with
less CO2-rich energy forms is proportionally greater (The Energy Authority 1998a:33;
Nordic Council of Ministers 1994:24).
The Danish energy tax system consists of an electricity tax, an energy consumption tax
and a Co2 tax on certain fossil fuels (petrol is exempted). In practice, industry was
exempted from energy taxes and electricity tax until 1996 and because of various
reduction and plough-back schemes only paid a CO2 rate corresponding to approx. 30-
50% of the household rate (the Nordic Council of Ministers 1999:42). When the CO2
tax was introduced in 1992, the household rate was DKK 100/ton CO2.
The so-called energy package in 1996 included a fairly wide-ranging reform of the CO2
tax. Company rates were raised – although certain companies qualify for a reduced rate
if they opt instead to enter into a binding three-year voluntary agreement to reduce
emissions. Multi-level rates were also introduced for industry: the 2000 rates were DKK
25/ton CO2 for heavy industrial processes, DKK 90/ton for light industrial processes
and DKK 600/ton for heating. Households also pay the equivalent of DKK 600/ton
CO2. As mentioned above, the most vulnerable companies can qualify for a
considerably lower rate by voluntarily entering into binding agreements: they are then
subjected to a rate of DKK 3/ton for heavy industrial processes and DKK 68/ton for
light industrial processes. The package also included an SO2 tax of DKK 10/kg. The
state ploughs all of the revenue raised back into business – in particular through lower
payroll taxes (Pedersen (2000); see also Larsen 1999).
In 1997, the state raised additional revenue of DKK 1.7 billion from household CO2
taxes and DKK 2.2 billion from business (Statistics Denmark 1999:152).
According to the OECD, actual Danish CO2 emissions rose by no less than 37% from
1990-96 – much of the rise is, however, explained by electricity exports (OECD
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1999:85). It is also important to remember that 1990 was an exceptionally warm year in
Denmark (measured in degree days), while 1996 was very cold3. Corrected for net
electricity exports and climatic variations, Danish CO2 emissions actually fell by some
4% during the period. From 1990-98, corrected emissions fell by some 8% (the Danish
Energy Agency 1999c). Provisional results show a further reduction in emissions of
1.2% in 1999 (Danish Energy Agency 2000).

The Interdepartmental Energy-Tax Committee 1991
Before CO2 taxes were introduced in Denmark, various ex ante scenarios were drawn
up, including those by the sub-committee established to amend the energy tax system.
The committee analysed the effects on the industrial sector of a number of tax rates,
provided the tax revenue was not ploughed back in the way energy taxes were at the
time. The committee was asked to pay particular attention to effects on competitiveness
(The Interdepartmental Energy-Tax Committee 1991:4).
First, the committee analysed the effect of a general CO2 tax of DKK 100/ton and an
SO2 tax of DKK 15/kg (ibid:38ff). If consumption remained unchanged, the CO2 tax
would generate additional revenue of DKK 2.75 billion; however, a significant shift was
expected away from the most CO2-rich fuels and towards diesel and natural gas. Based
on price estimates from various sources, the committee estimated – with a wide margin
of error – that this model would reduce CO2 emissions by 15%. The committee
expected approximately half of the fall to come from lower energy consumption and the
other half from the shift away from CO2-rich fuels to fuels with a lower CO2 content.
The committee ascertained that the suggested rate would effect different businesses very
differently (ibid:41ff). For example, energy-intensive iron and steelworks and metal
foundries would face an average burden corresponding to 10% of their wage bill
(ibid:47). However, the committee knew that companies would be able to pass on much
of the tax burden in the form of higher prices. Working on the hypothesis that primary
businesses would be able to pass on 5% of the rise in costs, manufacturing companies
35% and trade and service companies 100%, the committee came to the conclusion that
half of the impact could be passed on (ibid:48f). Not surprisingly, the committee
concluded that energy-intensive businesses would become less competitive and certain
companies would relocate abroad. The committee thought that general compensation
schemes were necessary, but found it impossible to devise a compensation scheme that
was capable of compensating more or less accurately without being difficult to
administer (ibid:51). As a result, it also analysed a gradual introduction of a CO2 tax of
DKK 50/ton but that too would have required exemption schemes for energy-intensive
companies and companies facing fierce competition, even though the effect on
competitiveness would, of course, have been less than in the first scenario (ibid:11, 61).
According to the committee, the best solution would have been a co-ordinated
introduction of a tax at EEC level (ibid:13).
The report is not very explicit about the conditions upon which its analyses are based;
for example, it states: “Based on estimates from various sources, we estimate with a
wide margin of error that approx. 15% less SO2 and CO2 will be emitted.” (ibid:41).

                                                
3 Cf. Danish Technological Institute's list of sun-corrected degree days and overcast days. In
terms of overcast days, 1990 was the hottest year from 1936-1998, while 1996 was the coldest
since 1963.
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Danish Economic Council 1993
The Danish Economic Council conducted an ex ante forecast of the socio-economic
costs of meeting the Danish target on the basis of various assumptions. The scenario
consisted of a general CO2 tax of DKK 300/ton CO2 on all sectors, which would not
increase revenue as it would be ploughed back into households and companies via tax
cuts and transfer payments. The simulation was conducted on a general equilibrium
model – GESMEC4 – consisting of 21 company sectors (including 5 energy sectors, one
household sector and one public sector (Danish Economic Council 1993: p.117). The
Council compared this scenario with a highly unrealistic scenario in which force
(administrative instruments) was used to introduce uniform reductions for all uses and
in all sectors, so that everybody would reduce consumption of all types of CO2-rich
fuels by 25%.
Not surprisingly, the analysis revealed that taxes would be a far better socio-economic
solution than administrative instruments and that an international tax would be the best
solution of all (ibid:120,125).
If the tax was only levied on households, much of the negative socio-economic costs
would disappear, however the result would only be a 5.3% reduction in Denmark's CO2
emissions (ibid:126).
Mæng (1995) compared the Danish Economic Council's expectations of the socio-
economic costs of a CO2 reduction with the expectations included in the Energy 2000
action plan (The Ministry of Energy 1990). The Danish Economic Council's top-down
model reached the conclusion that a CO2 reduction would have negative socio-
economic consequences, while Energy 2000's bottom-up model reached the opposite
conclusion (Mæng 1995:2f). This illustrates the width of the margin of error associated
with ex ante forecasts.

Gørtz 1993
Mette Gørtz did an ex ante forecast of the regional effects of higher CO2 tax on business
using AKF - the Institute of Local Government Studies Denmark's regional macro-
economic model5 EMIL, which stresses the effects on international competitiveness.
The main element in EMIL is a Keynesian income-multiplicator model with a built-in
regional input-output model. The model is sub-divided into 21 sectors. The first
scenario involved an increase from DKK 50 to 100 without any rebate schemes, i.e. a
CO2 tax corresponding to the one that consumers paid (Gørtz 1993:7f, 57ff).
This would have resulted in a fall in Danish regional exports and a total of 1,650 job
losses. A certain variation would, however, be expected between the regions, as the
counties in Jutland (minus Århus County) would be relatively badly effected because
there is heavy international demand for their products – the outlook was worst for
Ringkøbing County and Vejle County because their exports are particularly energy-
intensive (ibid:8ff). If the revenue was ploughed back in the form of reductions in state
income tax instead, the combined effect on employment would be a slight rise in jobs.
Three counties would, however, still lose jobs, while those with more wage-intensive
business would make a net gain (ibid:16ff). The total economic effect on business was
expected to be modest. In environmental terms, Gørtz predicted a fall of approx. 2.5%
in emissions as a result of reduced demand for energy (ibid:46f).
                                                
4 For a detailed account of the model, see Frandsen, etc. 1993
5 For a general description of the advantages and limitations of macro-economic models, see the
Danish Economic Council (1990:3-10).
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The Ministry of Finance 1994
When a new Danish government came to power in 1993, it set up a committee – known
as the Dithmer Committee – to look at ways of raising environmental taxes on business.
It was specified that the increase was not to have a negative impact on competitiveness
and that the government expected the committee to study the environmental,
commercial and socio-economic consequences of various alternatives (The Ministry of
Finance 1994a:2f).
Based on a series of assumptions including future economic activity, international
energy prices, increased efficiency and changes to energy supplies, the committee
estimated that the measures in force at that time would cause a CO2 reduction of 15%
from 1988-2005. In other words, a shortfall of 5% in relation to the target of a 20%
reduction during that period. The committee recommended that the least expensive way
of making up the 5% shortfall would be to increase CO2 business taxes (ibid:11, 50f). In
tangible terms, the committee suggested that a tax of DKK 200/ton of CO2 be phased in
from 1996-2000, that the revenue from it be ploughed back into business and that
certain particularly energy-intensive processes could be exempted (ibid:35). The effects
of the proposal were analysed using the macro-economic model ADAM – a sort of
small open economy with a flat LM curve and full long-term crowding-out via
competitiveness (Statistics Denmark 1996a:chapt.3). The committee underlined several
times the wide margin of error associated with ex ante forecasting because of the
difficulties involved in predicting substitution elasticities, but it did proffer a careful
estimate that the CO2 reduction could well turn out to be greater than the expected 5%6

(The Ministry of Finance 1994a:106). The state's additional revenue was calculated at
approx. DKK 7-8 billion. The wide margin of error in ex ante calculations is illustrated
by the fact that, at the same time, the Danish Economic Council calculated a tax burden
of DKK 18 billion would provide a CO2 reduction of 25%; while the EU Commission
calculated a 3-4% reduction with a tax burden of DKK 9 billion. The Dithmer
committee then calculated an effect somewhere between these figures (ibid:105f). One
reason for the differences was the different assumptions about substitution elasticities;
the suppositions vary considerably from analysis to analysis and have a significant
socio-economic effect, so the results will necessarily vary greatly. For example, the
Danish Economic Council and Nationalbanken used models (SMEC and MONA) in
which the foreign trade elasticities were 50% greater than in ADAM (ibid:117, 122).
The committee predicted a modest, probably positive, total effect on employment and
gross national product at factor cost, provided the revenue was ploughed back into
business (ibid:106ff; see also The Ministry of Finance 1994b:enclosure 2). The
committee did, however, predict problems for certain particularly vulnerable industries,
in which it might be necessary to introduce tax exemptions/reductions, so that
companies did not fold or relocate abroad (The Ministry of Finance 1994a:149ff).

The Ministry of Finance 1995
The government’s final proposal for new CO2 taxation was based on considerably
different rates because it wanted to make up the 5% shortfall (cf. above) via a
combination of raised CO2 taxes for business and binding voluntary agreements about
CO2 reductions. The taxes were differentiated according to energy use and companies
could qualify for lower rates if they entered into binding agreements to reduce
                                                
6 For a detailed account of the calculations, suppositions and preconditions that lead to the 5%
figure: see The Ministry of Finance 1994b:enclosure 1.
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emissions. The taxes would be ploughed back, in particular via investment subsidies
and reduced social security contributions (The Ministry of Finance 1995).
Ex ante, the government forecast that the initiatives would reduce CO2 emissions by
4.6%. Of the 4.6% , it estimated that 0.8% would come from the very high tax on
heating, 0.8% from taxes on industrial processes, 1.8% from binding agreements and
investment subsidies, 1.0% was a derived effect of the SO2 tax and 0.2% would come
from fuel taxes on aeroplanes and ferries (ibid:16f). The proposal did not stipulate very
explicitly the deliberations and calculations upon which the estimated effects were
based. Very limited effects were predicted on costs because of the plough-back scheme,
while a positive effect on employment of 2,000 jobs in 2000 was calculated (ibid:19ff).
Individual industries could also expect modest effects, changes of 0.1-0.2% of the
individual sector's income; the most energy-intensive companies in the stone, clay,
glass, food, beverages, tobacco industries, mining, iron and metal industries would,
however, pay approx. 1% of the added value 7 (ibid:23ff).

Shopley & Brasseur 1996
Shopley & Brasseur conducted an ex post evaluation of the effect of investment
subsidies for environmental improvement schemes and focused on the 1993 Danish
energy subsidy programme, which offered up to 50% subsidies to private companies
investing in energy-efficient equipment and technology (Shopley & Brasseur 1996:2f).
Telephone interviews with five large and two small companies, which had invested
between 25,000 and 500,000 ECU in such projects and received a subsidy of approx.
30%, revealed no effect on employment at micro level (ibid:4ff). This was, of course,
because such projects typically involve replacing low-technology equipment with more
efficient equipment that does not require major changes in working procedures. The
companies also commissioned consultants to implement the projects. On macro level,
there were, on the other hand, indications of a slight increase in jobs, due precisely to
the consultants and jobs in the Danish Energy Agency (ibid:6f). The projects had a
positive effect on the environment, as six of the seven companies had reduced energy
consumption by more than 20%. As far as CO2 emissions were concerned, one of the
companies had reduced them by more than 4,500 tons/year, another by approx. 800
tons/year, while the other five had made very moderate reductions (ibid:8f). The
projects also had macro-economic benefits – e.g. lower energy consumption (ibid:10ff).
Shopley & Brasseur conclude that the companies had accepted the scheme in general, as
the number of applicants doubled and the budget tripled from 1993 to 1996 (ibid:12f).

Frost & Jørgensen 1996
On behalf of the Association of Fish Meal and Fish Oil Manufacturers in Denmark,
Frost & Jørgensen (1996) made an ex ante forecast of the effect of the new green taxes
on the profitability of the fishmeal industry. According to the authors, the industry
would be particularly vulnerable to higher green taxes, even if the amount of revenue
ploughed back was increased by means of lower personal taxation, etc. They based this
conclusion on the fact that a very large proportion of the industry's production is
exported, which means the costs cannot be passed on to consumers; the fact that the real
price of fishmeal and oil was falling and on the fact that the industry was very capital-
                                                
7 The added value is the difference between production value and costs of raw materials and
ancillary materials. In others words, the value generated by processing during the production
stage (Statistics Denmark 1996:145).
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intensive and consequently had little to gain from lower personal taxation (ibid:3). The
analysis presumed that the full burden of the taxes could be passed on to the industrial
fishing fleet (ibid:8).
In terms of methodology, the consequences of the green taxes were predicted on the
basis of energy consumption levels in 1994/95 (ibid:16). The result suggested that when
they are fully phased in by 2000, the energy and CO2 taxes would involve extra costs of
DKK 13.6 million per annum for fishmeal producers, corresponding to 0.9% of
turnover. Of this amount, DKK 9 million would be borne by lower profits for the
industrial fleet, whose losses in relation to turnover would rise by 1%. The price to the
fishermen per kilo of fish was expected to fall by 1.4% as a result of the energy and CO2
taxes (ibid:8ff). Because the industry would also incur expenses for environmental
improvement investments, water discharge taxes and the new waste-water tax, Frost and
Jørgensen estimated that it would be difficult to cope with the new taxes because, as
mentioned above, they could not be passed on to consumers.

 Munksgaard & Pedersen 1997
The authors developed a socio-economic optimisation model (EMOP), which is used to
analyse the relationship between socio-economics, consumption of energy and
environmental targets. EMOP is a static input-output model, which conducts ex ante
forecasts of the consequences of meeting a given environmental target. It consists of
314 separate interactions and 256 endogenous variables (Munksgaard & Pedersen
1997:7f).
Munksgaard and Pedersen illustrate its possible uses by simulating two scenarios: a
reference scenario without environmental targets (based on 1992 data) and an
environmental scenario with targets for CO2, NOx and SO2 based on a number of
assumptions, e.g. growth in private consumption and switching fuels in the energy
system. In the environmental scenario, the model selects the best possible consumption
and production compositions and chooses the sectors in which it is most appropriate to
switch to less environmentally detrimental types of energy (ibid:7ff). The analysis
concludes that if the targets were reached in full, it would mean that the public sector,
service industries and manufacturers would increase their share of CO2 emissions, while
the share attributed to the agronomic sector and electricity, gas and district heating
sector would fall (ibid:49). The analysis showed that if these differences between
sectors are allowed for, the impact on gross national product at factor cost would be
much lower than if all sectors were to reduce emissions by the same amount (ibid:67).

The Ministry of Finance 1997
In this report, four ministries painted an overall picture of the conditions facing Danish
business. Measured as a percentage of the wage bill, the Ministry of Taxation estimated
that energy taxes would have a minimal.8 impact on business in general. It was
estimated that the burden of energy taxes on business, after revenue had been ploughed
back, would correspond to 0.25% of the 1998 wage bill. The final burden is even
smaller, as companies are able to pass on much of the tax to the consumers. Individual

                                                
8 Two different versions of table 6 were published in the printed edition of the publication and
in the Internet version, respectively (cf.
http://www.fm.dk/udgivelser/publikationer/erhverv97-1/Erhvervvilk.htm - direkte). The
Internet version contains the correct table but the text does not fit the table (e-mail from Nickel
Pødenphant, The Ministry of Finance, 31-8-99).
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companies may, however, be harder hit. The examples using the macro-economic model
ADAM suggest that the service sector would be able to pass on approx. 70% of green
taxes, while the corresponding figure for the manufacturing sector was approx. 35%
(The Ministry of Finance 1997:24f).

Krarup, Togeby & Johannsen 1997
Krarup, Togeby & Johannsen took a closer ex post look at the 30 energy-intensive
companies, which had entered into voluntary agreements in 1996 to reduce CO2
emissions and conducted in-depth interviews with seven of them. The in-depth
interviews revealed, for example, that the companies considered the three-tier tax rates
to be illogical, random and somewhat bureaucratic (Krarup, Togeby & Johannsen
1997:12). The 30 companies accounted for 32% of industry's total (net) consumption of
energy and the average rebate on the CO2 tax for the individual company with an
agreement was DKK 1.9 million over a three-year period (1996-98). The discount
varied greatly, as some large companies received more than DKK 10 million , while
others received under DKK 500,000. The agreement rebate will grow as the full CO2 tax
rates are phased in. In addition to the 30 companies, 28 other companies had drawn up
declarations of intent about energy savings upon which they reneged, perhaps because
the rebate was not big enough, perhaps because they were able to achieve larger
subsidies for energy savings without an agreement. The 30 companies agreed to some
135 energy-conserving measures – if all were implemented, their total energy
consumption would fall by 1.4%. However, this only converts into a CO2 reduction of
1.1%, as the cuts in natural gas and biomass were relatively higher than those in coal
and fuel oil (ibid:2-5). A paper written by Johannsen & Togeby (1998) states that no
less than 75% of the cuts are attributable to five companies and that most of the projects
would probably have been implemented anyway, even without the agreement system - it
would just have taken a bit longer. The report also states that the Ministry of Finance
expects agreements and investment subsidies in 2005 to reduce CO2 emissions by 1.1
million tons/year – the 1996 agreements, which are with some of the biggest energy
consumers, only gave a reduction of approx. 50,000 tons/year (Johannsen & Togeby
1998:6), so there is a long way to go. However, the incentive to sign agreements will
increase over the next few years as the CO2 tax is fully phased in and larger tax rebates
are offered to companies with voluntary agreements.

Clasen 1998
Clasen focused on the CO2 tax's effect on the individual company, conducting in-depth
qualitative interviews with company managers from seven different companies (large
and small – energy-intensive and non-intensive) in the most important industries.
Clasen deliberately selected “best case scenarios” – i.e. companies which had expressed
interest in environmental matters and energy efficiency (Clasen 1998:25,37). Clasen
concentrated on the actual effect of the taxes (ibid:VII) – in other words it was an ex
post evaluation – because, as the report states, the actual environmental and economic
outcome of actual applied environmental taxes and energy/CO2 taxes in particular are
seldom assessed (ibid:1).
All of the interviewees mentioned the CO2 tax as a factor influencing their decision-
making process when it came to energy efficiency measures (four said it had a major
effect) but it was only one of several variables influencing the process – e.g. energy
intensity was also an important factor – and energy efficiency would have been one of
their goals under any circumstances (ibid:58ff). On the positive side, it was pointed out
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that the tax provided an incentive to bring down resource consumption and had a
positive effect on investment calculations. On the negative side, it was stated that the
differentiated tax system was too complicated and there were too many difficult
discussions with civil servants. One specific problem discussed was that the civil
servants from the Ministry of Taxation lacked technical knowledge of the various
processes in the individual companies and that the taxation of waste heat was
considered a disincentive to improving energy efficiency. The companies thought that a
combination of taxes, agreements and subsidies would be more effective (ibid:62).
Caution has to be exercised when generalising on the basis of such a small survey – e.g.
only three of the seven companies complained about civil servants and it was these
same three companies plus one of the others who stated that the system is too
complicated (cf. ibid:59). Generalisations are also made difficult by the fact that the
report deals with “best case scenarios”. Clasen also planned to apply the analysis to a
wider range of companies at a later stage (ibid:37). The analysis shows, however, that it
can be prudent to differentiate between various types of companies when assessing the
effects of a tax because they react very differently. This conclusion is supported by the
Danish Energy Agency's (1999a) analyses.

Munksgaard, Pedersen & Wier 1998
Analyses of the influence of Danish households on CO2 emissions is very sporadic, so
this report deserves publicity, even though it does not assess any particular tax. The
report consists of an ex post evaluation of the CO2 effect of Danish household energy
consumption from 1966-92 – i.e. the analysis finishes as the CO2 taxes were introduced.
The report differentiates between direct consumption – energy consumed in households
– and indirect consumption – the energy that businesses use to produce the goods and
services consumed in households (Munksgaard, etc. 1998:7). An input-output model
based on historical data from the period was combined with a so-called decomposition
method, which splits the effect up into different variables (ibid:49ff).
The main results of the analysis are that if the business community had not implemented
energy efficiency measures and converted to more energy-friendly fuels, households
would have discharged 16% more CO2 than they did. In fixed prices, household
consumption has grown by 58% from 1966-92 but energy consumption (direct and
indirect) has only risen by 14% and CO2 emission by only 7%. The biggest source of
CO2 pollution in this sector is the consumption of food, which accounts for CO2
emissions of 5-6 million tons/year, corresponding to approx. 10% of total emissions in
Denmark. Divided up into individual factors, the rise in direct consumption was shown
to have increased emissions by 3.9 million tons, changes in the composition of the
energy had cut emissions by 2.6 million tons and changes in the emission factors had
reduced emissions by 0.9 million tons. Growth in indirect consumption has increased
emissions by 8.4 million tons, while a fall in energy intensity in the business sphere has
reduced emissions by 5.7 million. tons (ibid:8ff).
A follow-up report, in which account is taken of the CO2 tax as an explanatory factor,
would be interesting.

Boom 1998
Boom studied three measures implemented in the 1970s and designed to limit energy
consumption. Two of them targeted households: subsidies for energy-conserving
schemes in the home and energy taxes. Their effect on energy consumption was
analysed ex post using an econometric model with a “cointegrated approach”, the
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advantages of which include the fact that both short-term and long-term elasticities can
be estimated (Boom 1998:1). In purely practical terms, Boom calculated the effect by
simulating how the situation would have turned out if the instruments had not been
introduced.
The analysis showed that the measures had considerable effect. The subsidies cut
energy consumption, reducing the amount of energy expended on heating by 20% from
1975-91. The saving had been achieved at a cost of DKK 3.3 billion in subsidies
(ibid:135). Energy taxes gave a reduction of 15% in 1977-91. On aggregate, the two
instruments gave energy savings of 560,000 Tj 1975-91 (ibid:136f).

Krarup & Larsen 1998
This book analyses the effect of agreements, etc. It is a comparative analysis – of
Denmark, Great Britain, Finland, the Netherlands and Sweden – based on interviews,
mostly ex ante, as it is primarily based on the interviewees' expectations (Krarup &
Larsen 1998; see also Krarup 1999).
The study revealed (ibid:94) that none of the five countries had yet reached its targets
but most of them expected to do so. As far as the CO2 effect is concerned, the 1996
Danish agreements were expected to reduce CO2 emissions by 1%; in Finland very
modest effects were expected because of a low level of ambition, while it had not been
possible to calculate effects in Sweden. To the question of whether or not the targets
would have been reached without agreements, the conclusion was that they would have
been partially reached in Denmark and Sweden and probably reached in Finland. All
three Nordic countries registered positive side effects as the agreements helped place
energy on the agenda and the volume of information about potential energy savings
increased.

Bjørner, Togeby & Christensen 1998
This analysis focused on how Danish policy instruments affected industry's
consumption of energy. In purely practical terms, a very in-depth econometric analysis
was performed of a panel database containing data from 5,605 different Danish
companies from 1983-96 – all companies with more than 20 employees are thus
included. The scale is illustrated by the fact that the database accounts for no less than
90% of industry's energy consumption. The database has been fed with micro-level
information – almost all other analyses of industry's consumption of energy use
aggregated data – about energy consumption, production, turnover, number of
employees, energy prices, taxes, subsidies, refunds, etc. All in all, the database contains
approx. 300 primary variables. The advantage of this is that you have far more varied
data to work with than you do when you use disaggregated data. For example, the
model reaches very different elasticity estimates for electricity and energy than those
generated by what is known as “pooled estimation”; the difference is probably due to
the fact that the micro-panel database makes allowances for the different types of
companies (Bjørner , etc. 1998:7ff).
The report describes the initial results of the extensive analyses.9. As far as pre-1993
energy audit agreements are concerned, the authors’ ex post evaluation is that they limit
electricity consumption by 7% and total consumption of energy by 13% but the result is
based on very sparse data. Other surveys indicate that the effect may be less pronounced
(ibid:10.64ff). Had the companies with agreements paid the tax instead, elasticities
                                                
9 Several studies using this database were planned in 2000.
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suggest that the effect would have been a reduction of 8% in electricity consumption
(Bjørner & Togeby 1999: chapt.7).
It will be very interesting to follow the later work on the database, as it contains far
more extensive data than any previous ex post evaluation in Denmark.

Møllenberg & Pedersen 1998
This ex ante forecast, commissioned and financed by Dansk Erhvervsgartnerforening –
DEG, the Danish market gardeners association, forecast the effect of the CO2 and SO2
taxes in the green tax package on the economics and structure of the horticulture
industry10.
The calculations were based on statistics derived from company accounts, with energy
consumption corrected to reflect a normal winter and with a number of fixed conditions
about prices and taxes on energy. The authors explicitly drew attention to the fact that
data was flimsy in several areas, making the calculations less reliable (Møllenberg &
Pedersen 1998:3).
The estimated cost of the green tax package was DKK 40 million in 2000 (ibid:15f).
However, the net burden was expected to be less heavy, as the chances of the tax on
energy for heating and cultivation being reduced were considered good. The structure of
the industry was also expected to change because the subsidies were mainly targeted at
gas CHP units. CHP systems require a certain scale, so the subsidy scheme favours
large market gardens (another distorting effect was that market gardens in district
heating areas were not eligible for CHP subsidies). The small market gardens were
already the hardest hit because they typically use coal and/or oil, on which tax rates are
high. Finally, small market gardens have less incentive to implement energy
audits/agreements because the agreement discount does not cover the first DKK 10,000.
Structural changes are also expected between various types of market gardens because
the subsidy scheme is more relevant for pot plant gardens than for vegetable gardens.
The conclusion is that redistribution would be required within the industry, as the
smallest units would otherwise be hardest hit. The negative effect is not so great,
however, as a lot of these small market gardens would close within the foreseeable
future anyway because of the owner's age. The taxes increase unit costs but more
effective utilisation of energy audits, increasing company size, etc. have a positive
economic effect, so some market gardens will, in fact, become more competitive in the
international market.

Enevoldsen 1998
Enevoldsen conducted a comparative ex post evaluation of CO2 policy strategies for
industry in the Netherlands, Austria and Denmark. The analysis was based, amongst
other things, on a series of qualitative interviews (Enevoldsen 1998: see also
Enevoldsen 2000). Enevoldsen looked at political effectiveness – did the instrument
produce the desired results in accordance with the targets set for it? – And what tangible
effect did the instrument have on CO2 emissions (Enevoldsen 1998:57)?
As far as Denmark was concerned, Enevoldsen confirmed that industry's emissions fell
at a steady rate from 1991-97 (from 14.7 million tons to 13.7 million tons despite the

                                                
10 The analysis is an update of a working note written by Jensen in 1996 at the request of the
Ministry of Agriculture and Fisheries. The two analyses reach almost the same conclusions
about the economic effect on the sector as a whole. For certain sub-groups the deviations are
greater, however (Møllenberg & Pedersen 1998:5).
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fact that production volume grew rapidly by 27%, but also concluded that it was too
early to say anything about the extent to which Denmark will meet its target of making
up the 5% shortfall (cf. The Ministry of Finance 1994 above). From 1988-97, reductions
in emissions from the industrial sector have only been 3.4%, which may indicate that it
will be difficult for Denmark to reach its overall target of a 20% reduction from 1988-
2005 (ibid:66).
Enevoldsen then looked more closely at whether industry's CO2 reductions 1991-97
were the result of the CO2 instruments. Until 1996, taxes for industry were very low and
there were plenty of opportunities to obtain subsidies, but taxes were raised
substantially in 1996 and supplemented with the option of voluntary binding
agreements. Enevoldsen referred to Shopley & Brasseur's survey (1996, cf. above),
which showed that, on the micro level, the earmarked ploughback of revenue had a
beneficial effect on CO2 emissions and economic efficiency (Enevoldsen 1998:67).
Since 1996, the subsidies have been supplemented with higher taxes and the option of
entering into voluntary agreements - and production-corrected CO2 emissions fell by
5% in 1997. Energy prices were also very stable in the 1990s and have, therefore, had
little impact on the reduction (ibid:67f). Other factors may have played a role: decentral
electricity generation was reorganised, with coal replaced by other fuels, which reduced
industry's CO2 emission from electricity; natural gas was also promoted, so we should
be careful not to overestimate the effect of the CO2 instruments (ibid:68,74). The main
purpose of the Danish instruments is to provide an incentive for energy innovation but
the companies did not think that the CO2 instruments had any special effect on company
investments in the early 90s. This changed when the new instruments were introduced
in 1996 as the companies point out that the taxes now provide a strong motivation to
change energy decisions (ibid:68f). The big advantage of the Danish taxes – unlike the
Dutch ones – is that they are differentiated by carbon content, thus providing an
incentive to change fuel, which is reflected in the fact that oil, coal and coke's shares of
industrial energy consumption have fallen 1991-97, while natural gas’ share has risen
(ibid:69).
Regarding innovations, the study is interesting in the sense that it differentiates between
various types. For example, Enevoldsen pointed out that it is a problem that the Danish
taxes more or less fail to induce “production-technology innovations”, as Danish
companies typically invest in foreign production technology. Another problem is that
technology is rarely spread between Danish companies as they usually communicate
primarily with sister companies, so it would be beneficial to improve joint information
channels (ibid:71ff).
On the comparative level, Enevoldsen reached the conclusion that the Danish industrial
strategy since 1994 has been more efficient than the Dutch and Austrian strategies
because it provides greater incentive to reduce emissions at company level. For the
1990s as a whole, the Austrian information-based strategy has, however, been just as
efficient as the Danish one.

The Ministry of Finance 1998
The Ministry of Finance's assessment of the environmental effects of the 1999 national
budget, an ex ante forecast of CO2 emissions in 2005, was conducted using the macro-
economic models EMMA and ADAM by projecting forward for the period 1996-2005.
The environmental effect was assessed using EMMA – a macro-econometric model of
the Danish energy system. EMMA was developed to estimate CO2, SO2 and NOx
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emissions as an integral part of a macro-economic projection using the ADAM model
(Jespersen, etc. 1999:16ff).
The simulation shows – subject to no new measures on top of those already passed –
that Denmark will achieve a CO2 reduction of 15-16% from 1988-2005 (The Ministry
of Finance 1998:30ff). The failure to reach the target of a 20% reduction is due to high
growth in the transport sector. The intermediate target for this sector is a stabilisation
from 1988-2005 but the simulation shows growth of 25%. If the intermediate target is to
be achieved in the transport sector, fuel taxes and/or road pricing will be required that
corresponds to a tax rate of approx. DKK 2,000/ton CO2 – i.e. almost a 100% increase
in current rates for petrol tax.11 (ibid:9ff, 74).

The Ministry of Finance 1999a
When the energy package was passed in 1995, it was stipulated that the effect of the
new tax rates and the agreement instrument would be evaluated in 1998 (The Ministry
of Finance 1995:5). The result of this work is presented in the Ministry of Finance's
assessment of the impact of green taxes on business (The Ministry of Finance 1999a).
The idea was to calculate the effect of the new instruments on the shortfall (cf. above
The Ministry of Finance 1994) and assess the effect of the instruments used before the
change in 1995; developments in the transport sector were also to be included. The
objective was to simplify the tax system (The Ministry of Finance 1999a:8).
The analysis was conducted using the macro-economic models ADAM and EMMA.
The report is mainly an ex ante estimate, as it consists primarily of a projection of
developments until 2005 – elements of ex post evaluation were, however, also included.
The authors explicitly drew attention to the fact that the effects of the taxes can only be
assessed properly using model analysis (ibid:43), which the TUC found strange in its
consultative statement to the report as the Ministry of Finance had stated in a previous
publication that a statistical analysis would more or less never be satisfactory on its own
and should always be supplemented with more qualitative assessments (TUC 1999:1).
As a result, as the TUC also pointed out, the study only evaluated environmental effects
to a very limited extent. After the EMMA analysis, it was confirmed that the change in
industry taxes in 1995 and the introduction of agreements and subsidies are now
predicted to reduce CO2 emissions by 3.8% in 2005, of which the tax instrument
accounts for 2 %. In 1995, a 3.9% reduction was expected in 2005 (The Ministry of
Finance 1999a:42). This would entail industry living up to the plan. On the other hand,
the transport sector faces major problems, as a 25% rise in CO2 emissions is expected
from 1988-2005. This is problematic as the sector's intermediate target for the period is
stabilisation (ibid:83). Total Danish emissions are expected to fall by 15-16% from
1988-2005 (ibid:92), again implying a shortfall in relation to the target of a 20%
reduction.
The fact that the margin of error is so high in model analyses is illustrated by the fact
that the RISØ Research Centre's INDUS III econometric model calculates that the total
effect of the 1995 energy package will be a 7% reduction, AKF's micro-panel data
analysis (cf. Bjørner, etc. 1998 above) estimates 10%, while EMMA says 5%. In
general, the variation can be attributed to differences in price elasticities (The Ministry
of Finance 1999a:44f).

                                                
11 The margin of error associated with ex ante forecasts of motorists' reactions to economic
instruments is large, however (see The Engineer no. 51 1999, p.8f).
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It is also interesting to note that the Ministry of Finance, in 1998 and 1999, estimated a
15-16% reduction from 1988-2005 because the suppositions about production and
energy technology are different. For example, in 1998 the Ministry of Finance's
calculations showed a trend in energy-conservation of 1.1% p.a. from 1997-2005, while
six months later in 1999 the figure had fallen to 0.8% p.a. from 1997-2005. This
difference is balanced out by other inverse changes – e.g. in 1998 growth in private
consumption was estimated at 2.6% p.a. from 1997-2005, but the figure fell to only
2.1% p.a. in 1999. The rise in the price of imported crude oil was the same (1.3%
p.a.)(The Ministry of Finance 1998:34, 1999a:94). A third publication – The Ministry of
Finance 1999b – estimates 1.9% growth in private consumption 1998-2005; i.e. even
less than the two previous analyses. It also predicts steep rises in oil prices during the
period (5.7% p.a.), but slower growth in energy-conserving measures (0.5% p.a.) (The
Ministry of Finance 1999b:chapt. 4.7). The examples shows how wide the margin of
error is in the suppositions upon which ex ante forecasts are based.
Analysis of socio-economic effects suggested that the energy package would increase
business' energy costs by 0.2% of GDP in 2000, but all of this would be balanced out
through reduced manpower costs, investments, etc. – making the macro-economic effect
insignificant (The Ministry of Finance 1999a:48f). The burden of the CO2 taxes has
been greater than expected but so too has been the level of revenue ploughed back
(ibid:53f). The differentiated rates, which are adjusted for excessive consumption of
energy and maintenance of competitiveness, mean that the 20% of businesses that
account for 70% of energy consumption pay 40% of the taxes (ibid:58f). The study also
shows that manufacturing industry – before investment subsidies and independent
services – was more vulnerable than expected (ibid:64). The report recommends that the
structure of the present tax system and the real tax level be largely retained (ibid:12) so
the goal of simplifying the tax system cannot be achieved.
The Ministry of Finance is not very informative about the methods used to calculate the
administrative costs to companies and authorities but the study was apparently in the
grey zone between ex post and ex ante, as changes are analysed for the period from
1996-2005 (ibid:71ff).12

Overall, the analysis shows that administrative costs to companies vary greatly from
company to company and that the one-off costs associated with the actual tax system
have been significantly greater than the day-to-day expenses.
It also shows that the companies' administrative costs per ton of reduced CO2 varied
between the various instruments. For the tax instrument, the cost was DKK 9-50/ton, for
investment subsidies DKK 10-30/ton and for agreements DKK 30-60/ton. Thus,
measured in terms of tons of reduced CO2 emissions, the highest administrative costs
are associated with the agreement system.
The Ministry of Finance also referred to a study performed by the National Audit Office
that looked at the expected administrative cost per annum of the energy package to the
pubic sector. The study is based on price estimates made by the very same authorities
(The National Audit Office 1998: chapt.4). The total costs were DKK 49.6 million/year;
DKK 15.1 million incurred by the Inland Revenue, DKK 29.5 million by the Danish
Energy Agency and DKK 5 million by the Energy Taxes Board of Appeal. DKK 30
million of company tax revenue is ploughed back into the authorities per annum –
business contributions do not fully cover the administrative costs incurred by the public
sector (ibid; The Ministry of Finance 1999a:70). The National Audit Office survey also

                                                
12 See also the summary of Enevoldsen & Brendstrup 2000 (cf. below).
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showed that neither the Inland Revenue nor the Danish Energy Agency regularly
registers the administration costs of the green tax package, which provoked strong
criticism from the National Audit Office (The National Audit Office 1998:chapt.4). It is
also unfortunate that the actual costs cannot be calculated as this makes future ex post
evaluations difficult. The National Audit Office also criticised the way the authorities
dealt with their responsibilities regarding the green tax package on a number of other
points (ibid:chapt.1).

OECD 1999
The OECD included electricity exports in the Danish CO2 accounts – unlike for
example the Danish Energy Agency 1999b and the Ministry of Finance analyses – and
its ex ante forecast suggested that Denmark would find it extremely difficult to meet its
targets. According to this report, Denmark's CO2 emissions would rise by no less than
37% from 1990-96 (OECD 1999:85). The OECD conceded that a significant proportion
of the rise is due to electricity exports, which vary a lot from year to year, but the
OECD concluded that Denmark would find it extremely difficult to meet the 20% target
for the period 1988-2005. The OECD recommended that Denmark use the OECD's
method of calculating CO2 emissions (ibid:33) and further recommended that the tax be
simplified and raised (ibid:21). Finally, the OECD found that it would be wise to assess
the reduced tax for companies with voluntary agreements – the OECD did not expect
that the reduction would be particularly environmentally efficient as most of these
companies had already launched energy-saving projects (ibid:151).

The Ministry of Finance 1999b
In the Ministry of Finance's Environmental Evaluation of the Finance Bill 2000 the
problem of electricity exports is obvious. Projections using the EMMA model show that
Denmark, corrected for electricity exports, will reduce emissions of greenhouse gases
by 18% from 1990-2010, while reductions in emissions of CO2 on their own will
contribute approx. 14%. If, on the other hand, electricity exports are included in the
accounts, Denmark would only experience a modest reduction of 3% in climate gasses,
which is due in particular to the expectation that electricity exports will rise steeply after
2005 (The Ministry of Finance 1999b:chapt.4.7). One possible solution to the problem
would be to restrict exports in the longer term, which according to Ministry of Finance
estimates would cost approx. DKK 100/ton CO2 in 2010, corresponding to a socio-
economic loss of DKK 1.2 billion in 2010. Thus, the costs of this solution are
significantly lower than if Denmark attempts to meet its targets by raising household
CO2 taxes or by buying quotas abroad. From a global environmental perspective, the
Ministry of Finance did not, however, find it appropriate to limit the electricity sector's
emission level (ibid).

 Jespersen, Mortensen & Rummel 1999
This was an ex ante forecast using the macro-econometric models ADAM and EMMA.
It estimated the macro-economic effects of the targets of 20% reduction in 2005 and
50% reduction in 2030. The use of ADAM and EMMA means that this analysis is
similar to the Ministry of Finance (1998; 1999a; 1999b) analyses, in which the Ministry
estimated a 15-16% reduction from 1988-2005 (The Ministry of Finance 1999a).
However, this analysis was not based on the same preconditions. The Ministry of
Finance (1998) presupposed that the trend towards technical progress in energy-
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conservation would continue at 1.1% p.a. (p.34), corresponding to the historical rate
1988-96. Six months later, (The Ministry of Finance 1999a:94) the figure is 0.8% p.a.
Jespersen, Mortensen and Rummel operate with a far less optimistic scenario, as far as
progress is concerned, on the grounds that improved energy efficiency “does not just
happen”. They only expect progress of, for example, 0.3% in the business sector and
0.5% in the household sector p.a. (Jespersen , etc. 1999:8,25). The authors are very
conscious of the wide margin of error inherent in model analysis and write, for example,
that “ . . . model scenarios are conditioned analyses, which must not be confused with
prognoses” (Ibid, the authors’ italics and underlining).
The model analysis reached the conclusions, for example, that if Denmark continues its
present policy without further initiatives, the country will only achieve a CO2 reduction
of 1.5% from 1988-2005, which is in sharp contrast to the Ministry of Finance
expectation of a 15-16% reduction13(Jespersen , etc. 1999:25; The Ministry of Finance
1998; 1999a). None of these analyses factor electricity exports into the CO2 accounts.
The extremely large variation in the results is due partly to the above-mentioned
differences in the suppositions about the trend in energy-conservation, and partly to
differences in the suppositions about developments in demand components – Jespersen,
etc. expect, for example, more rapid growth in private consumption (Jespersen,
etc.1999:9,25).
According to Jespersen, etc., the target of a 20% reduction in 2005 can only be achieved
via the tax instrument if the CO2 tax is raised by DKK 600/ton CO2 for all businesses
and households until 2005. A rise of that magnitude would result in a tax of DKK
1,200/ton CO2 for households and DKK 690/ton CO2 for light industrial processes
(ibid:21f).
On the other hand, if the tax instrument was combined with a rise in the number of
windmills, an increase of only DKK 100/ton would be required. The authors also
conclude that it is not socio-economics that set the limits for reaching the CO2 target, as
competitiveness, for example, does not need to be reduced, if subsidies are paid for
energy conversions and savings. Certain vulnerable business sectors and elements of
private consumption could, however, be hard hit (ibid:6ff).

Gørtz, Hansen & Larsen 1999
The authors constructed a synthesis, called ECOSMEC, from two general equilibrium
models: the Ministry of Business and Industry’s MobiDK and the Danish Economic
Council's GESMEC, which they used to make an ex ante forecast of CO2 taxes.
ECOSMEC's basic structure was based on MobiDK, which is a static-comparative
model that describes a stationary equilibrium without net investment. Descriptions of
production structures, modelling of private consumption and elasticities in foreign trade
were extracted from GESMEC. The model is calibrated with 1992 as the basic year.
ECOSMEC describes a small open economy, divided into 35 business sectors, with
foreign trade based on free competition (Gørtz, Hansen & Larsen 1999:2.5).

                                                
13 As mentioned above, much of the difference is due to the large variation in the suppositions
about technical progress. The same observation is made in an OECD study, in which six global
models' projections of CO2 emissions until 2100 were compared. The models are based on the
hypothesis that autonomous energy efficiency improvements vary from 0 to 1% p.a. A deviation
of just 0.5 % can cause a deviance in CO2 emissions of as much as 20 billion tons in 2100 (Dean
& Hoeller 1992:7).
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The result of the analysis was that meeting the 20% target implied modest macro-
economic and welfare costs– on the other hand different businesses and different types
of households were hit very differently (ibid:59f). The welfare loss can be partially
counteracted if the revenue is used to reduce other distorting taxes.

The Danish Energy Agency 1999a
The Danish Energy Agency had a very interesting ex post evaluation drawn up of the
agreements entered into 1996-9814 (The Danish Energy Agency 1999a). First, detailed
case studies of 12 companies were conducted based on a number of interviews. It was
hoped that these would create an impression of how the agreement system was received
by companies. Next, a study was made based on 150 standardised telephone interviews
(consisting of 50 questions) with various companies – of which 91 had voluntarily
entered into binding agreements. The intention was to isolate the impact of the
individual agreement on energy efficiency activity. In other words, an evaluation of
output (energy efficiency activity) instead of outcome (energy efficiency) because it
was too early to assess outcome ex post (ibid:11ff). In purely practical terms, the
analysis was performed on a regression model, in which six independent variables
regarding company characteristics and policy instruments were analysed. Regarding the
dependent variable – energy efficiency activity – a target was calculated for the activity
using a factor analysis and the companies were then ranked on a scale from 1 to 5.
From 1996-98, 136 agreements were made with industrial companies and 100 with
market gardens. The agreements for 1996-97 were with companies that covered 45% of
industry's total consumption of energy. In the next few years, it is estimated that this
figure will rise further because the incentive to enter into an agreement becomes greater
as higher CO2 taxes are phased in (ibid:10f).
In the detailed case studies, the Danish Energy Agency calculated that the consultants'
company energy audits did not really contribute new ideas about energy savings, but
their visits did help put energy efficiency on the agenda, which definitely had a positive
effect, including drawing attention to the profitability of investments (ibid:12f). It is,
however, a problem that energy audits are relatively expensive (Togeby, etc. 1999:259).
The assessment of the so-called special surveys, in which projects are studied in greater
depth, was positive, as was the assessment of the energy management systems, even
though implementation of the latter was somewhat sluggish (Danish Energy Agency
1999a:12f).
The regression analysis showed that four company characteristics were significantly
informative in relation to the dependent variable: Big companies tended to be more
active, as were energy-intensive companies, food companies and companies that
prioritise research and development. Regarding the instrument characteristics, the
analysis showed that companies with agreements were significantly more active than
companies without agreements, while companies under the so-called approval scheme
but without agreements exhibited medium activity (ibid:15; see also Togeby , etc.
1999:254ff). 27% of the variation in the activity index was explained by the six
variables mentioned, while nine other variables turned out to be insignificant when
controlled by the other six (Togeby , etc. 1999:256f). Other results worth mentioning
(the Danish Energy Agency 1999a:15ff) were that the agreements have reduced energy
consumption by 1.4% – of which 34% would have been achieved without agreements
                                                
14 For a detailed account of the studies: see Togeby , etc. 1999; and the Danish Energy Agency
1998.
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anyway. In 1999, a 1.7% fall in energy consumption was expected as a result of the
1996-97 agreements. The CO2 effect was calculated at 1.2 % of this, as some projects
would have been implemented even without agreements. It is estimated that the CO2
effect of the 1996-97 agreements will increase to 2.7% in 2005, while the effect of the
1996-2000 agreements is estimated to be 6.3% in 2005. Explicitly, the survey states that
it says nothing about the extent to which agreements are more effective than taxes, but
the results indicate that agreements do have a positive effect (ibid:15).

The Danish Energy Agency 1999b
The main purpose of this report was to monitor Denmark's progress towards its target of
a 20% CO2 reduction in the period 1988-2005. It also presented the various initiatives
launched in extension of the various energy action plans (The Danish Energy Agency
1999b:5). The report included both an ex post assessment of CO2 emissions 1988-97
and ex ante forecasts of developments until 2005 and 2012. The Danish Energy Agency
was not very explicit about the methodology.
The result of the ex post evaluation was that the CO2 emission, evaluated on energy data
corrected for temperature swings and import/export of electricity (as stated above, the
OECD did not correct for import/export) fell by some 6% in the period 1988-97, which
was interesting as the Danish economy grew by more than 20% in the same period
(ibid:10ff). A crystallisation on individual areas revealed, for example, that energy
intensity in the Danish economy fell, which contributed –1.4% CO2/year. Increasing
energy efficiency contributed –0.9%/year and falling CO2 intensity in energy
consumption contributed - 0.8%/year.15. Conversely, the unexpectedly rapid growth in
GDP pulled in the opposite direction, so the fall in CO2 emissions per annum has not
been as great as expected (ibid:11f).
The projection until 2005 was performed subject to no new instruments being
introduced and a number of assumptions have been made about the progress of the
electricity reform agreement after 2003 (ibid:14). The Danish Energy Agency's
projection shows that there will be a shortfall of 3.6 % in 2005 measured in relation to
the 20% target (ibid:16). This is interesting as the Ministry of Finance's projection,
drawn up four months previously, as described above, revealed a shortfall of 5 %. The
difference in these two almost simultaneous projections must be considered as
significant and is a good illustration of the wide margin of error in ex ante analyses. The
Danish Energy Agency's shortfall is less because it calculates slightly slower growth in
business and faster expansion in renewable energy (ibid:16). The Danish Energy
Agency, like the Ministry of Finance, reaches the conclusion that the traffic sector is the
main sinner. The subsidiary goal for the sector is status quo in emissions 1988-2005, but
the projection showed 27% growth, partly due to high economic growth (ibid:16,44).
The energy sector does slightly better than required (ibid:16). It is also interesting that
the effect of energy taxes on households is not calculated (cf. The Danish Energy
Agency 1999b enclosure:37).
In the Kyoto protocol, Denmark committed itself to an average reduction of climate
gasses of 21%, 1990-2012. Denmark has problems meeting its Kyoto target for CO2 on
its own because electricity exports are included in this study (ibid:21f).

                                                
15 The many initiatives in the area are described in-depth in the Danish Energy Agency 1999b
chapt.4-10 + the enclosure.



33

The Ministry of Taxation 1999
The Danish Ministry of Taxation made an interesting comparison which shows what
Danish business pays in energy taxes, compared with what Danish business would have
paid, if it had been subjected to five other countries' energy tax systems. The Ministry of
Taxation draws attention to the fact that account has not been taken of plough-back
measures but they have, however, tried to factor in exemptions and dispensations. The
survey was not adjusted to take account of the composition of the industry and of the
fact that the fuel composition varies a great deal in the different countries (The Ministry
of Taxation 1999 chapt. 7.2).
The conclusion was that Danish business would pay most under the 1999 Danish system
before plough-back measures (approx. DKK 3 billion exclusive engine fuel); the
Swedish system would be a bit cheaper for Danish business (approx. DKK 2.5 billion ),
while the Norwegian system would be much cheaper (approx. DKK 1.8 ) and, for
example, the British system almost insignificant (DKK 0.3 billion ). If the electricity tax
is ignored, the Danish system is, however, cheaper for Danish business than the
Swedish and Norwegian systems. As far a engine fuels are concerned, Danish business
pays less in tax (DKK 6.3 billion ) than it would under the Swedish (DKK 6.8 billion )
and the Norwegian (DKK 8.8 billion ) tax systems (ibid: table 7.2).
The table is an interesting pointer but as no account is taken of the composition of the
industry and the revenue ploughback, it cannot be concluded that Danish business is
harder hit by the taxes than business in the five other countries.

Enevoldsen & Brendstrup 2000
This analysis took an ex post look at the administration and implementation costs that
the CO2 instruments imposed on industry would have on public and private bodies; and
at how the transaction costs of information and technology transfer would affect energy
savings and conversion. The survey was based on interviews and on the Ministry of
Finance's calculations (1999a, cf. above) (Enevoldsen & Brendstrup 2000:20).
One of its conclusions was that the public administration costs for agreements and
subsidies have been less than expected. Originally, the Danish Energy Agency
calculated that the administration would require the equivalent of 43 full-time jobs, but
it turned out that they could make do with 26 because the actual number of agreements
was relatively high (ibid:20f). Differentiated taxes cost companies money to measure
emissions from various sources. The Ministry of Finance estimated these expenses
would be DKK 7-40 million , but forgot to factor in the benefits that the companies
would receive from specialised measurement and, therefore, Enevoldsen & Brendstrup
estimated the expenses to be only DKK 7-15 million (ibid:21f). Conversely, the
companies' administration costs for the agreements, according to the interviews, were
greater than estimated by the Ministry of Finance. Enevoldsen and Brendstrup estimated
DKK 12-25 million , while the official calculations said DKK 7-15 million (ibid:22f).
Finally, the authors estimated costs of DKK 5-10 million in connection with complaints
and sanctions. In this way, they came to the conclusion that total public and private
administration and implementation costs would be DKK 69-105 million/year. If the
CO2 package has the desired effect of a 1.5 million ton reduction p.a., the price of 1 ton
of CO2 reduction is then DKK 45-70, which is less than expected. The reasons for this
include the fact that it is possible to impose sanctions on recalcitrant companies with
higher taxes (ibid:23f). Conversely, as far as agreements are concerned, the costs
involved in finding the right equipment when investing in new technology are so high
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that they constitute a barrier. This is because no joint body exists to communicate
information about energy-related expertise to companies, which means that they have to
find information on the open market, which is more difficult and more expensive. The
Danish companies interviewed overcame some of these barriers by implementing in-
house benchmarking with sister companies abroad. It is doubtful whether a system of
taxes alone would have worked better than the Danish mix of instruments (ibid:26ff).

2.1.1 Summary
The main features of analyses of the Danish taxes are presented in table 2.2.

Table 2.2. Analyses of CO2 taxes in Denmark
AUTHOR METHOD SECTOR MAIN CONCLUSION

The
Interdepartmental
Energy Tax
Committee 1991

Ex ante forecasts Industry General CO2 tax of DKK 100/ton and
SO2 tax of DKK 15/kg provides a 15%
CO2 reduction. As early as a CO2 tax
of DKK 50/ton it would be necessary
to introduce compensation for the
most energy-intensive companies to
safeguard competitiveness.

Danish Economic
Council 1993

Ex ante forecast using
general equilibrium
model.

All General CO2 tax of DKK 300/ton
provides a 25% reduction. An
international tax would be preferable
in socio-economic terms, while
administrative measures would be less
effective.

Gørtz 1993 Ex ante forecast using
the regional macro-
economic input-output
model EMIL

Business Doubling the tax would hit different
parts of Danish business differently –
the total economic effect is modest.
The energy demand is reduced by
2.5%.

The Ministry of
Finance 1994

Ex ante forecasts
Including those using
the macro-economic
model ADAM

Business One estimate shows that Denmark has
an overall shortfall of 5% in relation to
the target of a 20% reduction 1988-
2005. A business tax of DKK 200/ton
is one possibility but would probably
require compensation schemes.

The Ministry of
Finance 1995

Ex ante model
calculations

Business Combined tax and agreement system
provides a 4.6% reduction. Limited
macro-economic effects. Positive
effect on employment of 2,000 jobs.

Shopley &
Brasseur 1996

Ex post.

Telephone interviews
with 7 companies

Business Investment subsidies have had a
positive effect on the environment

Frost & Jørgensen
1996

Ex ante forecast based
on energy
consumption 1994/95

The Fishmeal
Industry

Energy/ CO2 taxes cost the fishmeal
industry DKK 13.6 million/year in
2000. The industry may have difficulty
coping as the taxes cannot be passed
on to the consumers.

Munksgaard &
Pedersen 1997

Ex ante forecast using
static input-output
model (EMOP)

All Optimal implementation of Danish
environmental targets means that the
public sector, service and
manufacturing companies can increase
emissions, while the agro sector and
electricity/gas/district heating sector
can cut theirs.
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AUTHOR METHOD SECTOR MAIN CONCLUSION
The Ministry of
Finance 1997

Ex ante.
Including those using
the macro-economic
model ADAM.

Business Measured as a percentage of the wage
bill, energy taxes had a minimal effect
in general.

Krarup, Togeby &
Johannsen 1997

Ex post.
Focus on 30
companies.
In-depth interviews
with 7

Energy-intensive
companies

If the 30 companies implement 135
measures, it will reduce energy
consumption by 1.4% and CO2 by
1.1%. Most of the measures would be
implemented even without an
agreement but it would have taken
longer.

Clasen 1998 Ex post.
In-depth interviews
with 7 selected “best
cases”

Industry
("best cases")

The CO2 tax is one of several
variables, which has had an influence
on decisions about energy efficiency.

Munksgaard,
Pedersen & Wier
1998

The CO2 effect of
energy was measured
ex post for changes in
usage using an
input/output model.

Households Direct and indirect consumption of
energy rose by 14% from 1966-92 but
CO2 emissions only rose by 7% due to
industrial conversions.

Boom 1998 Ex post effect of
subsidies for energy
savings and energy
taxes.
Econometric model.
Cointegrated approach

Households The subsidies cut energy consumption
on heating by 20% from 1975-91. The
energy taxes reduced energy
consumption by 15% from 1977-91.

Krarup & Larsen
1998

Comparative ex ante
forecast of the effect
of agreements. Based
on interviews about
expectations.

Industry In general, it is expected that the
targets will be reached. In Finland,
Sweden and Denmark, the agreements
have had positive side effects, as they
have helped place energy on the
agenda.

Bjørner, Togeby
& Christensen
1998

Ex post using panel
database with
extensive micro-level
data

Industry 1993 agreements limit electricity
consumption by 7% and total
consumption of energy by 13%. If
they had paid taxes instead, electricity
consumption would have been reduced
by 8%.

Møllenberg &
Pedersen 1998

Ex ante. Market gardening The green package costs the industry
DKK 40 million in 2000. It has a
redistributory effect on the industry in
the sense that it favours large
companies. But the package also has
positive elements.

Enevoldsen
1998

Ex post.
Including qualitative
interviews.
Comparisons with the
Netherlands and
Austria.

Industry Danish industry's emissions are falling
but this is not exclusively due to the
CO2 instruments. The 1996
instruments have a slightly more
motivating effect than the previous
ones.

The Ministry of
Finance 1998

Ex ante using macro-
economic models
(EMMA and ADAM)

All The transport sector will not meet the
target, so Denmark will only manage a
15-16% reduction 1988-2005 (if
electricity exports are not included).
The target can be met by doubling
petrol taxes.
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AUTHOR METHOD SECTOR MAIN CONCLUSION
The Ministry of
Finance 1999a

Ex ante using macro-
economic models
(EMMA and ADAM).
Certain ex post
elements.

All
(though mostly
industry and
transport)

Industry meets its target but the
transport sector does not. Thus, there
is still a shortfall in 2005 – Denmark
will only experience a reduction of 15-
16% for 1988-2005 (if electricity
exports are not included). It
recommends the continuation of
industrial taxes.
Several interesting measurements were
made of the administrative costs.

OECD 1999 Ex ante. All Denmark will find it very difficult to
meet its target in 2005. The Danish
authorities use the wrong method of
calculation for CO2 emissions.

The Ministry of
Finance 1999b

Ex ante using macro-
economic models
(EMMA and ADAM)

All 18% reduction of greenhouse gases
from 1990-2010, if electricity exports
are not included.
3% reduction 1990-2010, if they are
included.

Jespersen,
Mortensen &
Rummel 1999

Ex ante using macro-
economic models
(EMMA and ADAM)

All 1.5% reduction 1988-2005 (if
electricity exports are not included).
The CO2 taxes must be increased by
DKK 600/ton for business and
households if the target is to be met.
The macro-economic effects will be
minimal. Alternative: a general tax rise
of DKK 100/ton is combined with an
increase in the number of windmills.

Gørtz, Hansen &
Larsen 1999

Ex ante using
synthesis model
(ECOSMEC) of two
general equilibrium
models.

The energy sector Meeting the target of a 20% reduction
implies modest macro-economic and
welfare costs but redistribution will
take place within households and
businesses.

The Danish
Energy Agency
1999a

Ex post.
12 case studies.
150 standardised
telephone interviews.
Regression analysis.

Industry. Analysed company energy efficiency
activity as per the agreements. Various
types of companies react differently.
The agreements cut energy
consumption by 1.4% - of which 34%
would have been achieved even
without agreements.

The Danish
Energy Agency
1999b

Ex post and ex ante All Corrected figures show that CO2
emissions fell by 6% from 1988-97 -
while the Danish economy grew by
20%. A projection shows that there is
a shortfall of 3.6 % in relation to the
target. The traffic sector is the sinner.

The Ministry of
Taxation 1999

Comparative analysis
of Danish business'
energy tax payments
compared with what
Danish business
would have paid under
other countries' tax
systems.

Business Danish business pays more in taxes
under the Danish energy tax system
than it would have paid under five
other countries' energy tax systems.
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AUTHOR METHOD SECTOR MAIN CONCLUSION
Enevoldsen &
Brendstrup 2000

Ex post.
Interviews.

Industry Total administrative and
implementation costs are DKK 69-105
million - this is less than expected.
There is no joint body to disseminate
information about technology.

A lot of ex ante forecasts have been done in Denmark and they make interesting
intellectual experiments, but if the effect of green taxes is to be assessed, ex post
evaluations need to be conducted. As the table shows, a handful of ex post evaluations
have also been conducted of CO2 taxes and CO2 agreements in Denmark and they have
used very different methodologies:
Shopley & Brasseur (1996), Clasen (1998), Krarup, etc. (1997), Enevoldsen (1998), The
Danish Energy Agency (1999a) and Enevoldsen & Brendstrup (2000) are examples of
probably the most common method of evaluation, in which qualitative in-depth
interviews are used.
Bjørner, etc. (1998) is an interesting example of the use of more quantitative data.
According to the plan, the work will result in a very extensive panel database for 1983-
96. The scale of the material makes it possible to use regression analyses and it would,
therefore, be beneficial, if studies continued to collect data for the period after 1996.
The Danish Energy Agency (1999a) is another example of the use of regression
analyses.
Enevoldsen's (1998) analysis is an example of the comparative method, in which
Enevoldsen compares developments in industry's CO2 emissions under different policy
strategies in Denmark, the Netherlands and Austria. The Ministry of Taxation (1999) is
another interesting comparative analysis, even though it is not an ex post evaluation ; it
analyses what specific Danish companies would have to pay, if they were subjected to
other countries' energy tax systems.
Finally, a couple of ex post assessments have been conducted using economic models,
which simulate what would have happened if the instrument had not been introduced
(Munksgaard, etc. 1998; Boom 1998).

2.2 Finland
Energy consumption is high in Finland due to the cold climate and a business structure
that includes a lot of heavy industry and lengthy transport distances. Despite the
importance of atomic power and hydro-electricity, which accounted for 27% and 19%
of total electricity consumption in 1997 respectively, Finland has relatively high per
capita CO2 emissions (Ministry of the Environment 1998:32; The Energy Authority
1998a:33; see also Table 2.3). Finland set itself a target of stabilising CO2 emissions in
the period from 1990-2000 (OECD 1997:176) but is now trying to meet the Finnish
target in the Kyoto protocol instead, i.e. stabilising emissions of climate gasses in the
period from 2008-12 at their 1990 level (Honkatukia 1999a). Emissions of climate
gasses rose by 5.5% from 1990-97 (ENDS Environment Daily 8-4-1998).
Finland introduced the world's first CO2 tax in 1990 on the recommendation of the so-
called Environmental Economy Committee(Miljöekonomikommittén 1989). Energy
production costs are comparatively low in Finland, which makes them an ideal tax
object (Andersen & Liefferink 1996:127). International aviation, shipping and the
refineries, which accounted for 4% of Finnish emissions, were exempted from the tax
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(the Nordic Council of Ministers 1994:28). Peat, an important energy source in
Finland16, was exempted on the grounds that it is a sustainable energy source (Malaska ,
etc. 1997:13) even though it takes a very long time for peat to regenerate. Nevertheless,
the Finnish CO2 tax was the most uniform in the Nordic countries, partly because of the
low level (FIM 7/ton when it was introduced), partly because industry was subjected to
a much lower general energy tax than households and the transport sector (Haugland,
etc. 1992:10; Haugland 1993:16ff).
In 1993, the CO2 tax was doubled to FIM 14/ton as part of a package of tax rises: the
primary purpose was fiscal, i.e. to improve the Finnish economy, so no great impact
was expected on energy consumption and CO2 emissions. In 1993, revenue from the
CO2 tax amounted to approx. FIM 1.5 billion and energy tax revenue amounted to
approx. FIM 6.5 billion (Sairinen 1997:9ff). The energy and CO2 taxes combined to
increase the transport sector's rate from FIM 422/ton CO2 in 1990 to FIM 648/ton CO2
in 1993; the combined increase for industry in the same period was from FIM 8 to FIM
18/ton CO2 (Haugland 1993:16).
Changes were again made in 1994, when the tax was converted to a so-called 75-25
model. The idea was to target primary energy sources as opposed to the final product
(electricity and heating) - 75% of the tax was to stem from its CO2 content and 25%
from its energy content. It was suggested that peat be exempted from regional,
employment and security policy reasons, but a small tax was imposed (Sairinen
1997:10f; Malaska, etc. 1997:12f).
The Finnish tax level was raised in 1994 and 1995, making it higher than the level
suggested by the EU – although exemptions were granted for peat, natural gas and wood
(Sairinen 1997:11). But the European Commission criticised the Finnish tax for taxing
imported electricity but not electricity generated in Finland (ibid:16).
This criticism encouraged Finland to radically alter its tax system.
In 1997-98, the tax system was changed so the tax on fossil fuels for electricity
generation was converted from a fuel tax, to a tax on electricity consumption.
Originally, the household rate was FIM 0.033 per kWh, just over twice the industry rate.
The supplementary heating tax was also transformed into a pure CO2 tax. The rate on 1-
9-98 was FIM 102/ton CO2, which constituted a rise in comparison with the earlier rate
– the tax on natural gas was, however, only FIM 51, while the tax on peat had also
fallen slightly (Ministry of the Environment 1998:40; Nordic Council of Ministers
1999:43, Honkatukia 1997a:13; see also Teir 1999).
The Finnish analyses of CO2 taxes contain very few ex post elements, which is
surprising as it was the first country to introduce the taxes. Several analyses have been
conducted of environmental progress in Finland but the tax itself has not been analysed
directly.
The Ministry of the Environment has, for example, described progress in CO2 emissions
from fossil fuels and peat (Ministry of the Environment 1998:56). In 1990, Finland
discharged 54 million tons of CO2, in 1997 58 million tons – emissions varied greatly
from year to year during the period, from 52 million tons in 1992 to 61 million tons in
1996. The whole of this 9 million ton variation between 1992 and 1996 can be
attributed to the electricity generating sector, whose emissions rose from 30 to 39
million tons of CO2, while industrial and transport/engineering emissions remained
stable. This is a very large rise and it would be interesting to know the reasons for it – is
it perhaps due to the fact that 1992 was a warm year and 1996 a cold one? Or is the

                                                
16 Accounted for 7% of energy in 1997 cf. Ministry of the Environment 1998:32;
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difference linked to the changes made to the CO2 tax from 1993-95 (cf. OECD
1997:69)?
As disclosed below, a lot of good ex ante forecasts have been conducted of the
economic costs Finland faces if it is to meet its target of stabilising emissions at the
1990 level, while there is an unfortunate lack of analyses of how the taxes that have
been implemented are actually working.
One special problem associated with Finnish analyses is the linguistic barrier inherent in
Finnish-language analyses that do not include a Swedish or English summary: e.g.: The
Energy Tax Working Party 1995, The Trade and Industry Ministry 1996 and Pajunen
1996, which, therefore, are not referred to below. Some of our descriptions may appear
a bit terse – e.g. Karas 1995, which otherwise looks interesting – this is because we only
had access to a summary of the analyses.17

Christensen 1991
Christensen 1991 is an ex ante forecast of the effect of stabilising Finnish CO2
emissions in the period 1991-2010. It looks at three different scenarios using the Finnish
Ministry of Finance’s macro-economic model KESSU IV. KESSU IV is a dynamic one-
year model designed for medium-term analyses of economic and structural policy
(Christensen 1991:56ff; Ministry of the Environment 1994:54). Like most macro-
economic models, KESSU IV also has certain defects/simplifications – e.g. the model is
very static on sector level because it does not allow switching of energy sources or
between energy and other inputs – partly because literature on the subject does not agree
about the size of energy-demand elasticities (Christensen 1991:63f). As energy sources
cannot be changed, it is self-evident that it will be a costly business to achieve any
effect on the environment.
The model operates with scenarios that include revenue ploughback and scenarios that
do not include revenue ploughback. It also predicts the effect of any potential
international tax.
According to this model, taxes would have to be very high to stabilise emissions. For
example, the no revenue ploughback scenario requires a general tax of no less than FIM
800/ton CO2 in 2000 (ibid:29), a sharp contrast to the current rate of FIM 102/ton. Other
results generated by the model include a negative effect on GDP of 0.3-0.5% slower
growth p.a., dependent on which scenario is chosen. The trade balance is negatively
influenced by compensation payments to households and is effected more by unilateral
taxes than by international taxes. If the international climate negotiations decide to
include forestation as a CO2 limiter (trees bind with CO2), then the costs of meeting the
Finnish stabilisation target would fall considerably (ibid:1).

Lehtilä & Pirilä 1993
This is another ex ante forecast of the economic consequences associated with meeting
the Finnish stabilisation target. It used the Finnish Technical Research Centre's EFOM
model, which takes into account structural and technological changes in the energy

                                                
17 After the deadline for this report, “Environmental and Energy Taxation in Finland” published
an estimate of CO2 reductions brought about by Finnish energy and CO2 taxation. Its estimate
was a reduction of 4 million tons CO2 compared to a business-as-usual scenario. The authors of
this report have not assessed the methods used in the Finnish report. Source: Economic Council,
Environmental and Energy Taxation in Finland, Prime Minister's Office Publication Series
2000/4.
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system. The analysis came to the conclusion that meeting the stabilisation target in 2000
would be very expensive; the costs associated with the necessary measures would be as
high as FIM 2 billion p.a. in 2000. Extending the nuclear power programme would,
however, cut the costs in half. Not surprisingly, the analysis shows that CO2 taxes are a
more efficient instrument than energy taxes, as far as meeting a CO2 target is concerned.

Salmi, Sourama & Tamminen 1993
This report sums up a number of ex ante analyses, mainly conducted under the auspices
of the Ministry of Finance, the Ministry of Trade and Industry and the Ministry of the
Environment. The purpose of the report was to quantify the impact of environmental
and energy taxes on energy-intensive industry's competitiveness in the short and
medium-long term (Salmi, etc. 1993:2).
The authors refer first to a study by the Business School in Helsinki, which interviewed
17 energy-intensive Finnish export companies (ibid: 8ff). The companies represent the
largest chemical, forestry, metal and food groups – the 17 of them accounted for 22% of
Finland's exported goods in 1991 and for 23% of electricity consumption. The
interviews revealed that if a general international energy tax was introduced, the
companies expect that the total consumption of their products would fall because less
energy-intensive alternatives to their products simply do not exist. However, the timber
industry expects increased demand for recycled paper products. The companies were
also pessimistic about whether a tax would influence the choice of production
techniques. They doubted whether there were still any potential energy savings that had
not been made yet. As such, the companies did not expect that even a rise of 20-50% in
the energy tax would lead to a perceptible fall in CO2 emissions.
The authors then studied the Ministry of Finance's ex ante forecast of the effects of
unilateral Finnish taxes. The analyses used the Ministry of Finance's macro-economic
model KESSU IV supplemented by Oulu University's general equilibrium model
FMS18(ibid:10ff). The scenario consisted of a unilateral phasing in by Finland from
1994-2000 of the oil tax of $10 per barrel proposed by the EU – evenly spread between
oil's energy and CO2 content – and based on fixed wages, fixed exchange rates and no
revenue ploughback. According to KESSU IV, the paper, chemical and base metal
industries would be particularly badly hit in terms of competitiveness, with semi-
manufactured costs rising by approx. 3-4%. On macro-economic level, the effects
would be negative – including an expected loss of 40,000 jobs in the long term (2005).
According to KESSU IV, the tax would lead to approx. 3% lower CO2 emissions in
2000 compared to a base-line scenario. The state technical research centre's overall
model EFOM showed that the costs of the EU tax would not be very large if the revenue
was ploughed back; EFOM estimated 4% lower emissions in 2000. However, Salmi,
Sourama & Tammie were sceptical about the EFOM model's analysis of the effects on
costs in the national economy because the model does not take into account, for
example, the restrictive effects of taxation.
EFOM also estimated that a doubling of the CO2 tax would reduce emissions by 15% in
relation to a reference scenario (ibid:16ff). Compared to an energy tax, such a "pure"
CO2 tax would benefit the paper industry, while it would not have a major effect on the
Finnish economy as a whole whether the tax is based on energy or CO2 content.
According to KESSU IV, a doubling of the tax would lead to a massive rise in
unemployment.

                                                
18 See under Ministry of the Environment 1994
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The effect of an internationally co-ordinated mixed energy and CO2 tax, as proposed by
the EU, was then analysed (ibid: 19ff). In this scenario, the Finnish loss of
competitiveness is only half as large and the macro-economic effects weaker than in the
scenario with unilateral taxes. The tax would, however, cost a large number of jobs. The
paper industry would be hardest hit. On the other hand, if a pure CO2 tax was
introduced internationally, the analysis suggests that Finnish industry would benefit.
Finally, the effect of various revenue plough-back schemes and of various assumptions
about wage trends were analysed (ibid:23ff). The best macro-economic results are
achieved by working with fixed nominal wages, neutralising the pressure on costs by
lowering employers' payroll taxes.
The overall conclusion was that Finland would run a significant risk on the macro-
economic level, if it unilaterally introduced a tax at the rate proposed by the EU, while
an internationally co-ordinated tax would be considerably more sensible (ibid:34f).

Ministry of the Environment 1994
In 1992, the Finnish Ministry of the Environment set up a commission to examine the
potential for using economic instruments in the energy industry. The result of the
commission's work is presented in this report.
The commission's objective was to conduct an ex ante forecast of the effectiveness of
various tax alternatives (Ministry of the Environment 1994:35) and both economic and
environmental effects were analysed.
The economic effect was measured using the Ministry of Finance's KESSU IV model
(cf. above) and Oulu University's FMS model, which is slightly different from KESSU
as it is designed for long-term analyses. FMS seeks equilibrium so that, for example,
foreign trade is automatically balanced and it does not allow profit/loss in the public
sector. The KESSU model allows disequilibrium– it is up to the user to manipulate the
political variables so that equilibrium is achieved, if that is what is wanted (ibid: 54).
The EFOM model (ibid: 45; see also above) was used to measure the environmental
effect.
Simulations in both economic models showed that GDP would not normally be
adversely affected by environmental taxation – problems would only arise at a time of
institutional economic rigidity. The models indicate, however, that Finland would lose
large numbers of jobs if wages were inflexible. Both models suggested that
reimbursement in the form of lower labour market taxation would save these jobs
(ibid:63). The overall conclusion was that Finland would run a significant economic risk
by unilaterally introducing a $10 per barrel oil tax, as proposed by the EU (ibid:12,63).
The negative effects of an international tax would be less severe.
In environmental terms, unilateral implementation would only have a minor impact,
unless the taxes were very high, and in the light of the potential macro-economic costs,
the commission recommended that Finland should not follow the EU Commission's
1992 recommendation that Finland increase its energy taxes fivefold. If Finland is to
raise taxes, it should be as part of an international tax (ibid:63,71).
The authors explicitly draw attention to the fact that the simulation is extremely
sensitive to the external hypotheses applied and changes do not need to be very big
before the results change (ibid:63).
Malaska, etc. (1997:61f) points out that the model analyses in FMS showed a unilateral
rise in CO2/energy taxes and a simultaneous reduction in labour market taxation would
benefit the Finnish economy as a whole, but the environmental economy commission
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was very careful about drawing conclusions – perhaps because they underestimated the
future benefits compared to the present costs in the energy-intensive export industries.

Karas 1995
Karas conducted a comparative study of energy taxation and its effect in Finland and 18
other OECD countries (including Sweden, Norway and Denmark) on behalf of Finnish
industrial organisations.
Karas compared the tax burden on the paper industry, the metal industry and the
chemical industry by comparing the taxes to the increased value of the companies'
industrial production. The result of this analysis was that the Finnish burden in all three
industries was among the heaviest in the OECD countries. Karas also compared the
burden on the whole industrial sector and in this case the report concluded that Finnish
industry faced the heaviest burden when compared to added value (Karas 1995). The
analysis also showed that the burden of energy taxes on Finnish industry was more than
twice as severe as on Swedish industry (Karas 1995 reported in Bragge 1997:89f).
Karas' surprising result is perhaps due to the fact that the costs of CO2 are plotted in
relation to added value, which can vary from year to year. Malaska, etc. (1997) (cf.
below) reaches a completely different result because Malaska, etc. looks exclusively at
how much the companies pay in reality - without comparing it to anything. The
Ministry of Taxation (1999) in Denmark (cf. above) uses the same methods as Malaska,
etc.

The Electricity Tax Working Party 1996
This working group based its study on the tax reforms planned for 1997, which were
expected to replace the tax on fossil fuels with a tax on electricity consumption (The
Electricity Tax Working Party 1996).
The reform was not expected to lead to major changes in the tax burden between
different target groups, but the proportions of different types of fuels would perhaps
change less. Thus, the study predicts a rise in the consumption of coal and a fall in the
consumption of gas and peat.
The working group reached the conclusion that even a 75% reduction in the CO2 tax
would only cause minor changes to CO2 emissions - both in the short and long term.
The reform was not expected to ease the burden on export industry and the group came
to the conclusion that tax exemptions should be considered for industry. The reform
would have some unfortunate side effects, potentially undermining the environmental
effect of the taxation by depressing the market for renewable energy and bio-energy.
Nevertheless, the group ended up recommending conversion to an electricity tax.

Riihelä 1996
The study used a micro-simulation model based on "pooled data" for households in the
period 1966-85 to conduct an ex ante forecast of the effect the reform of energy taxes
was expected to have on household welfare and energy consumption.
The analysis shows that the consumption of indirect energy is spread more unevenly
than the costs. The tax reform was also expected to lead to a reduction in the
consumption of indirect energy. Finally, the tax reform was expected to have a
regressive effect on indirect taxation.
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OECD 1997
The OECD concludes that the effect of the Finnish CO2 tax on the environment would
probably be very modest because the rates are so low. The OECD also identifies the
problems associated with meeting the stabilisation target. As a result, the OECD comes
to the conclusion that new instruments are necessary (OECD 1997:176).
In this connection, it is worth mentioning that according to the Ministry of Trade and
Industry's ex ante forecast, CO2 emissions will rise to 60 million tons in 2000, 65
million tons in 2005 and 70 million tons in 2010 (Ministry of the Environment
1998:56).

Honkatukia 1997
Honkatukia uses what is described as a pseudo-dynamic general equilibrium model of
the Finnish economy to make an ex ante forecast of whether a double dividend would
be reaped by lowering payroll taxes at the same time as energy taxes are raised
(Honkatukia 1997a; see also Honkatukia 1996).
The model's most important feature is that it explicitly takes account of imperfect
competition and allows for endogenous labour supply (ibid:2f). The specific policy
experiments are the same as those performed by the Swedish Green Tax Commission
(see the Swedish section, SOU 1997). The model covers 30 industrial sectors, based on
1990 data, and experiments with revenue ploughback schemes not connected to income
and revenue ploughback schemes consisting of reduced payroll taxes. In this respect, the
model is highly reminiscent of Honkatukia 1999a (cf. below).
The analysis is based on the energy taxes introduced by the 1997 reform.
Not surprisingly, the aggregated results indicate that the new 1997 energy taxes (which
do not include any revenue ploughback component) would not create jobs. The nominal
GDP rises but so do prices. Emissions still rise, while welfare levels probably fall
slightly. The other simulations, all of which include higher CO2 taxes, show that welfare
levels would be improved if Finland reformed its green taxes. In others words, there are
signs that a double dividend could be reaped; however, the benefit is not all that great,
as far as the environmental impact is concerned because the reduction in emissions is
very small. This is due to the fact that, unlike manpower, energy only constitutes a
small proportion of the budget in most industries (ibid:16). Honkatukia draws attention
to the fact that the Norwegian green tax commission found that a double dividend could
be achieved by a reform of green taxes, while the Swedish tax commission did not find
evidence of any double dividend. Honkatukia does not consider these results
contradictory because the economies are different (ibid:1).

Malaska, Luukkanen, Vehmas & Kaivo-oja 1997
In 1997, the Finnish Ministry of the Environment drew up a comparison of Nordic taxes
and included considerations about the effects of Finnish CO2 taxes. For example, it was
calculated that CO2 and energy taxes would raise the price of electricity by an average
of 1.6 p/kWh (Malaska, etc. 1997:27).
The report also includes a comparison of energy-related company taxes in the Nordic
countries. In purely practical terms, the comparison was made by selecting three
specific Finnish companies and then calculating which taxes they would have to pay in
the various Nordic countries. The result was that a nuclear/heating plant paid far less in
taxes in Finland in 1996 than in Denmark, Norway or Sweden. The result was the same
for a paper mill, while a company in the timber sector got off a bit more lightly in
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Denmark than in Finland (ibid:30ff). The general picture was that the Finnish green
energy taxes were the lowest in the Nordic countries (ibid:61). This conflicts with the
results in Karas 1995 (cf. above), which states that Finnish industry was hit more than
twice as heavily by energy taxes as Swedish industry in relation to the increased value
of the companies' industrial production. In 1995, energy tax revenue was put at FIM
2.85 billion (ibid: 39) – of which the paper industry paid approx. 500 million, the
chemical industry approx. 150 million, the metal industry approx. 140 million and other
industries approx. 260 million. For the paper industry, this corresponded to a tax of 1%
of the products' gross value, for the metal industry 0.6% and for the chemical industry
0.4%. According to Bragge (1997:90) a mere eight export companies in the base
industry sector accounted for a whole 75% of industry's total tax bill. A single company
– United Paper Mills – saw its tax bill rise from FIM 20 million to FIM 200 million in
the period 1990-93, while its operating profit rose from FIM 1.4 billion to FIM 2.3
billion.

Pohjola 1997
Pohjola made an ex ante forecast of the macro-economic effects of a scenario in which
Finland meets its CO2 stabilisation target by means of CO2 taxes. A general equilibrium
model was used. The energy sector in the model is modified to take account of the
possibility of a change from CO2- rich fuels to fuels with a lower CO2 content.19

The GDP loss is estimated to be 0.8% and the welfare loss FIM 5.9 billion. Ploughing
back revenue via lower payroll taxes as opposed to lump-sum refunds has a much less
negative effect on GDP, while the effect on welfare would only be slightly less
negative. In electricity and heat production there is a substantial shift from coal and peat
to natural gas as well as a reallocation of production – e.g. paper production is reduced
by 20% in relation to the reference scenario (Pohjola 1997).

Alatalo 1998
Alatalo uses a general equilibrium model to make an ex ante forecast of the macro-
economic effects of a CO2 tax that is high enough to stabilise emissions and is also
ploughed back via lower payroll taxes.
The analysis indicates that the effects are largely dependent on three factors: wages, the
rules for the ploughback scheme and any exemption schemes. A plough-back scheme
with lower payroll tax usually provides the best results, even though there is no
significant double dividend. Tax exemptions would be justified because export industry
must not be unduly affected but would not be justified from an employment perspective
(Alatalo 1998).

Honkatukia 1999
Honkatukia's ex ante forecast is another analysis of the macro-economic costs Finland
faces if it is to live up to the Kyoto protocol, which defines the Finnish subsidiary target
(agreed between the EU countries) as stabilisation of emissions of climate gasses in the
period 2008-12 measured in relation to 1990. As CO2 is by far the most significant
climate gas, the analysis assumes that 90% of the reduction in climate gasses which is
necessary if the target is to be met, will have to come from CO2 reductions (Honkatukia
1999a:2.11; see also Honkatukia 1997b).

                                                
19 For a description of the model see Pohjola 1999 (cf. below)
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Honkatukia uses a relatively advanced general equilibrium model with 1990 as the base
year and calibrates the effects of a business as usual scenario and a number of scenarios
involving a variety of policy simulations. The model includes 31 industrial sectors
(including 6 energy sectors). Each sector is assumed to consist of symmetrical
companies, which use capital, manpower and other sectors' products as inputs in their
production in an internationally competitive economy. Both inter-sectoral and intra-
sectoral exchangeability are included in the model (ibid:7). The production function is
the same between sectors, but substitution elasticities between various inputs and shares
of costs are sector-specific, so the sectors all use different technology (ibid:8). As the
potential exists to change energy sources, changes in emission taxes will influence
energy prices (ibid:9).
The analysis makes a series of assumptions. For example, the labour market is
presumed to be perfectly competitive, which implies full employment. Honkatukia
solves this problem by enclosing an appendix that conducts a simulation of an
imperfectly competitive job market (ibid:42ff). Another assumption is that reduced
taxes on peat and natural gas are retained (ibid:10ff).
The policies used in the simulation are: energy efficiency measures achieved by means
of investment in energy-conserving technology; it is relatively difficult to achieve
improvements in this field as Finland is already very energy efficient; and use of
economic instruments in the form of CO2 taxes. Finland faces a major task, if the
country is to live up to the Kyoto protocol, as analyses show that Finnish emissions will
be approx. 30% higher in the period 2008-12 than 1990 in a business as usual scenario
(ibid:4).
The analysis contains very extensive studies of the macro-economic costs associated
with various mixes of investments in energy efficient technology and CO2 taxes. It also
compares the effects of whether the instruments are introduced unilaterally or bilaterally
and the effects of two different revenue ploughback schemes: lump sum payments and
lower payroll taxes. Finally, it is possible to make comparisons with the effect of not
meeting the target (for example of emissions rising by 20%).
For example, the analysis shows that if investments are not made in more energy
efficient technology and the whole target has to be achieved by a CO2 tax, then the tax
would have to be FIM 419-544/ton CO2. (ibid:23). Another study (Lehtilä & Tuhkanen
1999) comes to the conclusion that a tax of FIM 230 would be enough to meet the target
(Honkatukia 1999a:14).
For the various combinations of instruments, it is possible to read the effect on a whole
series of macro-economic variables. For example, the GDP table (ibid:17,32) shows that
combating CO2 pollution in all the scenarios leads to slower growth than the business as
usual scenario if Finland is to meet its stabilisation target. The smallest GDP loss is
incurred if pollution is fought at multilateral level and if the revenue is ploughed back
via lower payroll taxes. In this context, it is interesting that the GDP loss is greater if the
target is to be met via investments in energy-conserving technology.
The main result of the analysis is that investments in energy efficient technology are a
costly way of limiting emissions. This means that investments in energy-conserving
technology in one sector do not necessarily provide aggregated energy savings if a
country faces binding emission targets. The investments are more likely to allow energy
consumption to be maintained at present levels in energy-intensive sectors, in which it
would otherwise be necessary to reduce consumption dramatically. Here, Honkatukia's
result diverges from the so-called technology-oriented analysis models, in which the
aggregated energy demand is often exogenous and increased energy efficiency,
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therefore, leads to lower demand (ibid:19f). Honkatukia's study shows that increased
energy efficiency may necessitate higher CO2 taxes because further CO2 reductions will
be more costly for companies with energy efficient technology (ibid:20). When targets
are very strict, it is better, on balance, to reimburse lump sums than introduce lower
payroll taxes – the latter does, however, have a positive effect on three of the macro-
economic parameters (ibid). Honkatukia also concludes that domestic costs may be
lower under multilateral CO2 systems, but this is not necessarily always so(ibid). In this
connection, Honkatukia also finds it improbable that the EU countries will adopt a
common policy to combat CO2 emissions as the individual countries are committed to
very different targets, which means they have to implement instruments that will help
meet their specific targets (ibid:4).
In another ex ante analysis, Honkatukia (1999b) looks at the effect of an international
agreement to reduce CO2 by means of the so-called flexible mechanisms described in
the Kyoto protocol (e.g. forestation). If flexible mechanisms are accepted, Finland
would be able to halve the costs otherwise linked to meeting the Kyoto protocol
stabilisation target. If the use of the flexible mechanisms is limited, as proposed by the
EU, the benefit to Finland would probably be reduced.

Pohjola 1999
Pohjola also follows the Finnish tradition and makes an ex ante forecast of CO2 taxes
using a general equilibrium model and focusing on the stabilisation target. However,
unlike Honkatukia (1999), Pohjola estimates that 100% of the reduction in climate
gasses in the current stage will come from reductions in CO2 emissions (Honkatukia
estimates 90% (cf. above)). The model is a recursive dynamic equilibrium model for an
open economy and is capable of taking into account all substitution and income effects
and of making allowances for interaction between all sectors (Pohjola 1999:141f).
For the first time, Pohjola compares the macro-economic effects of stabilising gross
emissions and net emissions, respectively. The gross emission is the CO2 emission
referred to in most analyses (including all those summarised in this report), while net
emissions take account of the so-called carbon sinks20. A carbon sink can, for example,
consist of planting more forests because trees bind CO2. The use of carbon sinks is
included in the Kyoto protocol.
The result of the analysis was that significantly lower CO2 tax would be required to
stabilise net emissions at 1990 level than would be required to stabilise gross emissions.
The difference is not great, however, as far as the welfare effect is concerned, as the loss
in the gross scenario is FIM 5.9 billion in 2010, while it is FIM 5.6 billion in the net
scenario. The big loser in both scenarios is the paper industry (ibid:160f).

2.2.1 Summary
The main features of analyses of Finnish taxes are presented in table 2.3.

                                                
20 In English: Carbon sink
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Table 2.3. Analyses of the CO2 taxes in Finland
AUTHOR METHOD SECTOR MAIN CONCLUSION

Christensen 1991 Ex ante with the macro-
economic, dynamic one-
year model KESSU IV.

All Stabilisation of emissions
1991-2010 requires general
tax of FIM 800/ton 2 in 2000
and no revenue ploughback.
GDP growth will be 0.3-0.5%
lower p.a.

Lehtilä & Pirilä 1993 Ex ante using the macro-
economic EFOM model.

All Meeting the stabilisation
target in 2000 will be
expensive, e.g. approx. FIM 2
billion p.a. in 2000. More
nuclear power would halve the
costs.

Salmi, Sourama &
Tamminen 1993

Ex ante.
Interviews with 17 large
energy-intensive
companies.
Model analysis using
KESSU IV, FMS and
EFOM.

Industry The companies did not expect
higher energy tax to lead to
appreciable falls in CO2
emissions.
Risky to introduce the
proposed EU tax unilaterally.
Finnish industry would
probably benefit from an
international CO2 tax.

Ministry of the
Environment 1994

Ex ante using KESSU IV,
EFOM and the equilibrium
model FMS.

All GDP is not severely effected
but Finland runs a significant
economic risk by unilaterally
introducing high taxation. The
environmental impact of a
unilateral tax is lower.

Karas 1995 Comparative analysis of
energy taxation in 18
OECD countries.
Ex post evaluation of
industrial taxation.

All Finland has by far the heaviest
tax burden in the industrial
sector measured according to
the increase in value accrued
during industrial production.

The Electricity Tax
Working Party 1996

Ex ante forecast of the
planned energy tax reform
(1997).

All A 75% reduction of the CO2
tax will only lead to minor
reductions in emissions.

Riihelä 1996 Ex ante.
Micro-simulation model
based on pooled data.

House-
holds

The tax reform will reduce the
consumption of indirect
energy but the redistributory
effects are small. The reform
has a regressive effect on
indirect taxation.

OECD 1997 ? All The environmental effect is
probably very modest because
rates are low.

Ministry of Trade and
Industry21

Ex ante forecasts ? CO2 emissions rise rapidly
until 2010.

Honkatukia 1997 Ex ante forecast using
general equilibrium model.
Is there a "double
dividend"?

All The 1997 tax levels raise GDP
and prices. Emissions will
continue to rise. Slight welfare
reduction. Welfare could be
improved by green tax reform
- a small double dividend may
be reaped.

                                                
21 Ministry of the Environment 1998:56.;
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AUTHOR METHOD SECTOR MAIN CONCLUSION
Malaska , etc. 1997 Comparative analysis of

Nordic taxes that studied
what three real-life Finnish
companies would have to
pay under the various
countries' energy tax
systems.

Industry Finnish green energy taxes are
the lowest in the Nordic
countries.

Pohjola 1997 Ex ante using general
equilibrium model.

All GDP loss of 0.8% if
stabilisation target met.
Welfare loss of FIM 5.9
billion. Reallocation in
industry. Plough back schemes
could reduce the
disadvantages.

Alatalo 1998 Ex ante using general
equilibrium model.

All A CO2 tax that is ploughed
back via lower payroll-tax is
the best way to stabilise
emissions. There is, however,
no significant double
dividend.

Lehtilä & Tuhkanen
199922

Ex ante. ? If the stabilisation target is to
be achieved, it will require a
tax of FIM 230/ton CO2.

Honkatukia 1999 Ex ante using general
equilibrium model.

All If the stabilisation target is to
be achieved, it will require a
tax of FIM 419-544/ton CO2.
More expensive to meet the
target via investments in
energy-conserving technology.
Good idea to plough back via
lower payroll taxes. If flexible
mechanisms (carbon sink) are
accepted, Finland's costs could
be halved.

Pohjola 1999 Ex ante using general
equilibrium model.

All A far higher Finnish tax would
be required, if carbon sinks are
not accepted internationally.
The big loser under the tax
system is the paper industry.

Very few ex post evaluations appear to have been made of CO2 taxes in Finland23,
which is surprising because Finland introduced the world's first CO2 taxes. Karas (1995)
does contain ex post elements.24Malaska, etc. (1997) has studied what specific Finnish
companies would have to pay if they were subjected to the other Nordic countries'
energy tax systems but it is not really an actual ex post evaluation.

                                                
22 Referred to in Honkatukia 1999.
23 A working group composed of representatives of various ministries and research institutions
is currently looking more closely at environmental taxes. As in most of the earlier Finnish
analyses, the work consists mainly of ex ante forecasts of a potential double dividend if the
green tax system is reformed (ENDS Environmental Daily 10-9-99).
24 Karas 1995 was written in Finnish and we have only read an English abstract so we have not
been able to evaluate the data.
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2.3 Iceland
Iceland does not have a CO2 tax25, which is partly due to the fact that the country has
plenty of CO2-free energy sources at its disposal. In 1996, 68% of Iceland's energy
supply came from geo-thermal sources and hydro-electricity, which means that almost
all electricity generation and heating is covered by these two sources, which do not emit
CO2 and still have considerable unexploited potential (Herbertsson & Benediktsdottir
1998:37f; the Nordic Council of Ministers 1994:28; see also OECD 1993a).
Nevertheless, Iceland's emission of CO2 per capita is not among the lowest in the OECD
– even though it is below average – e.g. it is much higher than Swedish emission per
capita (cf. table 2.1). The emissions are especially discharged by the fishing fleet (33%
of total emissions in 1997), vehicular traffic (29%) and industry (31%). It is difficult to
switch transport fuels, and since fish products and metals also account for approx. 85%
of the country's export income, limitations in emissions from these sectors would have
significant economic consequences (Herbertsson & Benediktsdottir 1998:41; the Nordic
Council of Ministers 1994:28; Statistics Iceland 1999).
In the late 1990s, several energy-intensive companies set up in Iceland, so electricity
generating is expected to rise by no less than 50% over a five-year period, which means
Iceland will have the world's highest energy generation per capita. The country is
especially attractive for the heavily energy-intensive production of aluminium,
fertilisers and ferrosilicium, because Iceland so far only exploits approx. 15% of the
country's potential for generating hydro-electricity. As a result, relocation of this type of
company from the rest of the world to Iceland reduces the global emission of CO2
(Ingeniøren no.41 1999:16). An extension of hydro-electricity is, however, problematic
because it impact on untouched areas of outstanding natural beauty. A new
environmental umbrella organisation was set up in Iceland in 1999 and part of its remit
is protection of untouched areas and reduction of climate gasses. The organisation is
represented by renowned figures like ex-president Vigdís Finnbogadóttir, ex-prime
minister Steingrímur Hermansson and ex-minister of the Environment Júlíus Sólnes
(Daily News from Iceland 21-1-99; see also ENDS Environmental Daily 23-11-99).
The many energy-intensive companies cause problems for Iceland in the international
climate negotiations because the electricity they use may be CO2 free but the actual
industrial processes are not, so quite a substantial rise is expected in Iceland's CO2
emissions in the next few years. According to the Kyoto protocol, the Icelandic
emission of climate gasses in the period 1990 to 2008-12 is allowed to increase by 10%
– at the moment prognoses suggest a 26% rise in the period 1990-2010 and the rise may
well be even bigger (Ingeniøren no.41 1999:16). As a result, Iceland is hesitating to sign
the Kyoto protocol, despite the fact that the 10% increase in emissions constitutes the
easiest terms granted to any industrialised country26. Iceland is the only OECD country,
which has not yet signed the Kyoto protocol27 (Daily News from Iceland 12-12-97, 24-
2-99).

                                                
25 Like the other Nordic countries, Iceland does, however, have a petrol tax (the Nordic Council
of Ministers 1999:51).
26 Iceland (10%), Norway (1%) and Australia (8%) were in principle the only countries, who
received permission to increase emissions. The EU's overall goal is an 8% reduction but there is
substantial variation between the individual EU-countries, e.g. Portugal and Greece are allowed
to increase their emissions quite considerably, while Denmark and Germany have to reduce
theirs substantially (UN 1997:23; Ringius 1999:table 2).
27 However, many of the countries have still not ratified the protocol.
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2.4 Norway
In 1989, Norway became the first country in the world to fix a CO2 target: stabilisation
of emissions until 2000 (The Ministry of the Environment1989:10). Living up to the
target turned out to be difficult and expensive, so the Labour government abandoned it
in 1995 (Aaheim 1998:73; Reitan 1997:317). At the moment, Norway's target is to
restrict emissions of climate gasses to a 1% increase in the period 1990 to 2008-2012,
which is in accordance with the Kyoto protocol goals for the country (The Ministry of
the Environment1999:96). In the period 1990-97, Norway's CO2 emissions rose by just
under 18% (Statistics Norway 2000b). New projections show that without new
measures, Norway runs the risk of growth in CO2 emissions of approx. 40% and a
growth in emissions of climate gasses of approx. 20% in the period 1990-2010 (The
Ministry of the Environment1999:97).
Norway's per capita CO2 emissions are of medium size (cf. table 2.1) and like Iceland
and Finland, the country has an important CO2-free energy source at its disposal in
hydro-electricity, which provides all its electricity generation needs. Hydro-electricity's
potential has, however, been almost exhausted, so further rises in electricity
consumption are expected to be covered by natural gas (Aaheim 1998:65). A major
debate is going on in parliament at the moment about whether or not to build new gas-
fuelled power stations. Opponents would prefer to wait for new, far less polluting
technology, while supporters would like to build two new plants right now (see, for
example, Aftenposten 23-1-00).
In 1991, the CO2 tax level was NOK 257/ton CO2 for natural gas offshore on the
continental shelf, NOK 226/ton CO2 for oil offshore on the continental shelf and NOK
97-113/ton CO2 for heating oil. Coal and charcoal were subjected to CO2 taxes of NOK
124 and 94/ton CO2 respectively from 1992 onwards28. The CO2 tax on petrol is NOK
259/ton CO2. All the taxes have been adjusted upwards since then (NOU 1996-9:198).
Petrol was also subjected to a heavy energy tax, so the rate reached approx. NOK 1,400
NOK/ton CO2. Heating oil was also subjected to an energy tax of more or less the same
level as the CO2 tax, but the energy tax on heating oil was discontinued in 1993
(Haugland 1993:19ff).
The CO2 tax on the continental shelf alone brought in additional revenue of no less than
NOK 2.6 billion in 199529 (NOU 1996-9:197).
On the other hand, extensive exemption schemes were introduced for other industries
and certain particularly energy-intensive industries were granted total exemption from
CO2 taxation, e.g. energy used as a raw material in industrial processes, gas
consumption in refineries on land, air traffic, the fishing fleet and the coastal traffic
fleet. Pulp, paper and the fishmeal industry also paid only half the CO2 tax on heating
oil (the Nordic Council of Ministers 1994:30). In 1995, the exemption schemes meant
that only 60% of the total Norwegian CO2 emission was subject to CO2 tax (The
Ministry of Finance 1998: chapt. 3).
In 1998, the minority Centre Party government tried to introduce a minimum rate of
NOK 100/ton CO2 based on a recommendation from the Green Tax Commission, but a
cross-party opposition majority defeated the proposal (Pedersen (2000)).

                                                
28 95% of the consumption of coal and charcoal was, however, exempted from the tax, as it was
accounted for by the metallurgy industry (Haugland 1993:19).
29 The CO2 tax on the continental shelf is also special in the sense that the Norwegian state is
deeply involved in the production on the continental shelf (see for example the Oil and Energy
Department 1999:13ff).



51

The CO2 taxes per ton of CO2 still varied a lot for those not exempted in 1998: NOK
384 for petrol, NOK 143-168 for heating oil, NOK 139-183 for coal and charcoal and
NOK 336-382 for oil and gas on the continental shelf (ibid).
The 1999 budget increased the tax slightly by including domestic sea and air traffic and
the supply fleet. On the other hand, the government now proposed that the CO2 tax on
the continental shelf be reduced by some 20% (The Ministry of the
Environment1999:100).

Official Norwegian Reports 1992
In the study Towards a More Cost-effective Environmental Policy in the 1990s, the so-
called Environmental Tax Committee was supposed, as far as possible, to assess the
environmental effects of the Norwegian tax system (NOU 1992-3:66) but since the CO2
tax had only been levied since 1991, its effect was not evaluated ex post. The report did
conclude, however, that the tax, like several other environmental taxes, deviated from
the requirements for cost-efficiency, as the rates differed considerably between various
sectors and various fuels (ibid:24,69). Three scenarios were also drawn up, in which
developments were forecast ex ante using Statistics Norway's macro-economic model
MODAG30 and compared with a reference alternative, in which no new measures were
introduced (ibid:127ff; see also 236ff).
The reference alternative showed that emissions would rise by 30% until 2000 with the
oil industry accounting for 60% of the rise. Other calculations showed that unilateral
taxes large enough to stabilise emissions in 2000 would reduce growth in industrial
production by 0.5-1.0% per annum during the period. The economic consequences for
Norway were estimated to depend a lot on international measures – according to the
committee unilateral Norwegian taxes would make little sense (ibid:147ff). In this
context, the report reached the conclusion that it would be much cheaper to reduce
emissions in other countries. Positive effects of the taxes were identified, however,
which were unfortunately difficult to quantify, so the committee put forward a number
of suggestions as to how the existing models and analyses could be improved
(ibid:152ff,236ff).

OECD 1993
OECD (1993b) estimated ex ante that it would be difficult for Norway to reach its target
of stabilising CO2 emissions 1989-2000. Emissions may have fallen by 0.3% 1989-91
but this was probably due to economic recession. Based on 1989 instruments, i.e. before
the CO2 tax was introduced, the OECD estimated that emissions would rise from 35
million tons in 1989 to 41 million tons in 2000, corresponding to a rise of some 17%
(OECD 1993:72f).
This OECD report is a good illustration of the margin of error inherent in ex ante
forecasts, as Norway had already reached the 17% rise in 1997 that the OECD had
calculated it would reach in 2000, and what is particularly remarkable is that the actual
rise of 17% in 1997 came about despite the fact that Norway has levied CO2 taxes since
the early 1990s, which the OECD calculations did not take into account. The OECD
probably underestimated the rapid rate of offshore growth.

                                                
30 See the description below under “Official Norwegian Reports ” 1996.
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ECON 1994
In 1994, the Norwegian Oil Industry Association (OLF) commissioned ECON Energy
and SINTEF to study the socio-economic effects of the CO2 tax on oil and gas
extraction on the Norwegian continental shelf and, more specifically, to assess the tax's
effect on companies' operational and investment decisions (ECON 1994:4). The method
was an ex post evaluation of the measures that the companies on the continental shelf
decided to implement in the period 1991-93 based on interviews with eight companies
about their activities on ten of the fields on the shelf, which covered just under 90% of
production, as well as information from the Norwegian Petroleum Directorate, the
Ministry of Industry and Energy and OLF and SINTEF's model for aggregated
emissions (ibid:21. ECON 1997:6). The analysis showed that emissions per unit of
oil/gas fell by approx. 8% from 1991-93 as a result of the measures implemented during
the period. Of the 8%, approx. 20% (i.e. approx. 1.6 % of the total) could be ascribed to
measures made financially viable by the CO2 tax. When all the measures had been
implemented, the reduction in emissions would have been approx. 9%, of which 30%
could be ascribed to the tax. Somewhere between 70 and 80% of the measures were,
therefore, profitable even without a CO2 tax – several of the companies conceded,
however, that the CO2 tax encouraged them to implement these measures more quickly
as the tax increased the attention paid to energy efficiency. The report pointed out that
there is no great potential for further reductions per unit and that removal or reduction
of the tax would not have any great effect on emissions per unit. On the other hand, it
was estimated that an unchanged tax might curb expansion of the fields (ibid:50).
It is worth noting that the report more or less avoided touching on changes in CO2
emissions for the sector as a whole, merely ascertaining that emissions would probably
rise in future because of increases in total production, greater use of gas and the phasing
out of more fields. From 1990-94, the sector's emissions rose from 6.7 million tons to
7.5 million tons (Larsen & Nesbakken 1997:282).

Official Norwegian Reports 1995
The next public study of the area chose to pay less attention to evaluating the CO2 tax,
partly because the government was preparing an action plan for climatic changes, partly
because the tax had been treated in detail in NOU 1992-3, which is a debatable
conclusion. It confined itself to ascertaining that emissions per unit of oil/gas on the
continental shelf had been reduced and that it was difficult to isolate the effect of the
CO2 tax (NOU 1995-4: section 26.2.1).

Lindeberg 1996
In a feature article in Aftenposten in 1996, Erik Lindeberg31 stated that oil production on
the continental shelf had increased by 55% since the introduction of the tax, while the
sector's emissions only rose by 18% in the same period of time, which could be
attributed, inter alia, to four specific operational decisions upon which the CO2 tax had
exerted great influence. Together, the four measures accounted for a CO2 reduction of 4
million tons, corresponding to 11% of Norway's total emissions. Lindeberg asserted that
there was potential for further reductions in the sector, but the measures would only be
profitable as long as the tax was retained and would not, therefore, be instigated for as

                                                
31 Senior researcher at SINTEF Petroleum Research AS.
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long as various politicians and OLF created uncertainty about the continued existence of
the tax.

Official Norwegian Reports 1996
The primary objective of the Norwegian “green tax commission” was to assess the role
tax and duties could play in the long term to increase employment and improve the
environment (NOU 1996-9:12). The report, which was otherwise relatively in-depth,
did not include any ex post evaluations of the CO2 tax – the majority on the commission
confirmed, however, that more uniform rates would be desirable, partly between
different fuels, partly between different sectors, but with due deference to what other
countries were doing (ibid:79). A series of very extensive ex ante forecasts were made
instead using Statistics Norway's macro-economic model MODAG (see ibid:236), the
general equilibrium model MSG (see ibid:252f) and the OECD's general equilibrium
model GREEN, which divides the world up into 12 regions (see ibid:258) to describe
the consequences of a number of more or less realistic scenarios in relation to a scenario
in which the taxes at the time were continued. MODAG is mainly used for analyses
with a time scale of 1-10 years, while the time frame in MSG is 5-50 years. One
important difference between the models, because of the time frame, is that the
substitution effects are greater in MSG than in MODAG. The estimated effects are
based on the Ministry of Finance reference base for economic developments in Norway
until 2050 (ibid:71ff, 233ff. NOU 1992-3:152).
The main conclusions of the analysis are that a tax reform with more wide-ranging CO2
taxes and lower payroll taxes would lower CO2 emissions in all scenarios, while the
effects on employment would be moderate – under specific wage conditions there may
be a positive effect on employment in the long term. Even though no great effect on
employment is expected, reform would be beneficial if it has a positive environmental
effect. The macro-economic effects are moderate but studies on micro level show that
the effects may be substantial for particular industries and regions (Ibid:72). An ECON
study indicates that a CO2 tax would cause closures in the metal industry, oil refineries
and the chemical processing industry. Conversely, the data indicates that the pulp
industry as a whole would benefit from a green tax reform, despite the fact that one
important component, heating oil, would be more expensive (ibid:314). The report also
concluded that a general Norwegian minimum tax of NOK 50/ton would only lead to
the closure of a few companies but would curb the establishment of companies with
large CO2 emissions (ibid:315). Within a wide margin of error, ECON also concludes
that a unilateral Norwegian tax of NOK 110/ton would close the whole carbide industry
and large parts of the ferroalloy industry (ibid).
The Ministry of the Environment(1997) also contains an ex ante projection – in which
deliberations have also been made about developments in the Norwegian forest because
trees, as we know, bind CO2.
A sub-report to the Green Tax Commission, an ex ante forecast by ECON of some of
the expected “winners” – engineering and commercial services – found that the Ministry
of Finance's expectations of the effects of a green tax reform in these industries were too
optimistic; especially as far as wages are concerned. According to ECON, wage growth
would not be reduced as far as expected by a reduced employer tax because the Ministry
of Finance did not pay enough attention to inverse effects e.g.: increased employment,
improved profitability and stronger competitiveness (ECON 1996:2).
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ECON 1997
ECON conducted a follow-up to its 1994 report for the Ministry of Oil and Energy in
1997(ECON 1997). In other words, another ex post evaluation of the impact of the CO2
tax on shelf companies' investments and operational improvements as far as gas
consumption are concerned. Based on interviews, ECON identified 28 decisions made
1991-96, of which 20 were implemented. The interviews discussed:
1) which measures had been decided upon and whether they were based on a desire to

minimise gas consumption and CO2 emissions
2) revenue and expenditure associated with the decisions
3) the effect in the form of reduced emissions.
Of the 20 measures implemented, 9 would have been viable even without the CO2 tax,
10 had been made financially viable by the tax and one was still not financially viable
even with a CO2 tax. The total effect of the measures has been that the CO2 emissions
from the continental shelf are 8% less than they would otherwise have been; of this 3 %
can be directly ascribed to measures that have become financially viable because of the
CO2 tax. The tax has also drawn attention to measures that would have been financially
viable with or without the tax . Emissions per produced unit were a whole 30% lower
than before the introduction of the tax32.
A certain margin of error is inherent in evaluations of this kind, as the companies
interviewed have an incentive to underplay the significance of the CO2 tax on
investment decisions and to overplay its costs.

Larsen & Nesbakken 1997
Larsen & Nesbakken conducted an ex post evaluation of the impact of the CO2 tax,
applying what is known as a “counterfactual analysis” and using a partial economic
model to look more closely at Norway's consumption of energy and its CO2 emissions
in the period 1987-93 and compared with a situation without CO2 taxes (Larsen &
Nesbakken 1997; see also Larsen & Nesbakken 1995). They focused, firstly, on
emissions from stationary sources in production and service industries on land (i.e. the
oil sector on the continental shelf and transport in the industrial sector were not
included) and secondly, on emissions from stationary and mobile sources in households.
The industry model revolved around switching energy between oil and electricity when
a CO2 tax is introduced and made little of the fact that a tax might reduce total energy
consumption. The model describes each company sector separately – they are not
linked. The analysis used the macro-economic model MODAG. As far as stationary
household consumption was concerned, five combinations of potential heat sources
were studied, while mobile consumption was analysed using the consumption system in
a macro-economic equilibrium model (MSG-EE), in which the demand for various
types of transport were examined in great detail. The model did not allow for changes in
household demand for fuels, but this was not deemed to be a major problem. For the
transport sector, a general equilibrium model was used.

                                                
32 New data from the so-called Environmental Shelf group shows, however, that a problem has
now arisen, as the emissions per produced unit of oil have risen very rapidly in 1998. It had
been hoped to stabilise emissions from oil at a level of approx. 40 kg/m3, but a projection shows
that emissions in 2010 will be approx. 60 kg/m3. As a small consolation, it can however be
ascertained that the Norwegian oil industry does better on the CO2 front than the British and
Russian oil sectors (ENDS Daily 17-12-99).
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Total Norwegian CO2 emissions rose from 34.5 million tons in 1987 to 37.6 million
tons in 1994. The tax's effect on different types of industries varied greatly. For
example, the consumption of energy for heating in the pulp industry would have been
14% higher in 1993 if the taxes had not been introduced due to high substitution
elasticity between electricity and oil, while other industries had very limited energy
substitution (ibid:283-86). On aggregate, the effect of the tax on oil for heating in
industry was a reduction in Norwegian emissions of approx. 0.5% in 1991. The
estimated effect of the tax on total household heating in the period 1987-93 was a fall of
between 0.1 and 0.5%; this low figure is mainly due to the fact that energy consumption
in the sector was not all that high anyway. Finally, the analysis showed that there would
have been 2-3% more private vehicular traffic from 1991-93 if a tax had not been
introduced – on the other hand public transport rose by 0.5%.
The combined effect of the CO2 tax on the analysed sectors was 3-4% lower emissions
1991-93 (ibid:287).

ECON 1998
In this report commissioned by Norwegian Hydro and Statoil, ECON offers one vision
of how national climate policy might be drawn up to reduce global CO2 emissions as far
as possible. (ECON 1998:7). ECON does not conduct any independent analysis in this
report which is based on various empirical and, especially, theoretical studies of taxes.
The report repeats the often stated argument that unilateral taxes for all types of
emissions will make CO2-intensive industry close or relocate abroad. The report refers
to some interesting OECD analyses, which show that even an OECD tax in certain
energy-intensive sectors would not provide any global CO2 reduction because
companies would relocate outside the OECD. Other global model simulations show that
transferable quotas are the instrument that leads to the lowest costs as regards reducing
global emissions (ibid:25f). ECON recommends, therefore, taxes on “non-movable”
emissions (e.g. households and the transport sector), while other measures need to be
imposed on energy-intensive industry (ibid:30f).

The Ministry of the Environment1998
The Ministry of the Environment made an ex ante forecast of how CO2 emissions would
develop until 2010 if no new instruments were introduced (The Ministry of the
Environment1998: chapt.4.2.3).
The macro-economic model MODAG was used and reached the conclusion that CO2
emissions would increase by some 40% 1990-2010 if two new gas power stations were
built as planned. The rise is primarily attributed to the oil sector.
In order to meet the Kyoto protocol's climate gas target for Norway, the country must,
therefore, reduce the emission of climate gasses33 by a whole 12.3 million tons of CO2-
equivalents. If the gas power stations are not built, Norway could "make do" with a
reduction of 10.2 million tons.
According to the Ministry of Finance's (1998) analyses, the effect of a general minimum
rate of NOK 100/ton CO2 for all sectors would be that emissions would fall by 0.6
million tons in the short term and by approx. 2 million tons in the longer term. If the tax
was NOK 200/ton, the emissions from energy-intensive industry would fall
significantly, partly because a lot of companies would close as a result of the tax (The
Ministry of the Environment 1998: chapt.6.2). Large reductions in emissions from oil
                                                
33 CO2 is expected to constitute just under 75% of climate gasses in 2010
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companies on the continental shelf will cost around NOK 1,000/ton of CO2. If
reductions are to be made via the price of petrol, higher taxes will be required – i.e.
around NOK 18-19/l. The conclusion is, therefore, that very wide-ranging taxes will be
needed if Norway is to meet the target and simultaneously continue to exempt certain
sectors from CO2 tax. As a result, the government suggested a minimum rate for all
sectors on NOK 100/ton CO2 (ibid:chapt.6-7) but the proposal was voted down by the
opposition.

Statistics Norway 1998
This ex ante forecast was based on previous analyses of green tax reforms that have
shown a positive effect on employment, which constitutes the largest single element of
any potential welfare gain (Statistics Norway 1998: chapt.12.2). The authors point out
that these previous analyses show that a significant redistribution of the workforce
would ensue between sectors if a green tax reform was passed and that it is problematic
that the analyses presume full mobility of manpower and mobility between sectors. In
reality, mobility is limited, as companies with high CO2 emissions are often located in
remote regions where employment opportunities in companies with lower CO2
emissions are limited.
As a result, an analysis was performed using Statistics Norway's dynamic general
equilibrium model MSG-6, in which immobile manpower and wage rigidity are
accepted. The scenario is a CO2 tax of NOK 700/ton CO2 levied on all types of fossil
fuels and on all sectors. All of the revenue is ploughed back via a reduction in employer
tax. The effect is measured in relation to a scenario in which the CO2 tax remains
unchanged and there is no unemployment.
This analysis suggests a fall in CO2 emissions of 13.3%. Welfare, measured as material
benefits and leisure but excluding positive environmental effects, would be reduced by
0.4%.
On this background, the authors conclude that the positive welfare effect of a green tax
reform will be overestimated unless it takes into account immobility and wage rigidity.
There are still positive environmental effects, however.

Dragsund, etc. 1999
This report from CICERO (Centre for International Climate and Environmental
Research) and DNV - Det Norske Veritas and commissioned by OLF focused on the oil
industry's emissions of CO2, NOx and NMVOC. The objective was to paint an overall
picture of emissions from this sector compared with other sectors in Norway and to
assess the effect of measures already implemented, as well as potential future measures,
in relation to the costs and, finally, in the light of these facts, to discuss the use of policy
instruments in the area (Dragsund etc. 1999:11). In other words, the report contains
elements of both ex post and of ex ante analyses. The data was based exclusively on
historical data from publicly available sources, such as reports, magazines and books
(ibid:12).
The Ministry of the Environment's prognoses (1998) show that CO2 emissions in
Norway will rise from 35.5 million tons in 1990 to 50.6 million tons in 2010, provided
that two planned gas power stations are actually built and no new initiatives taken. In
the oil/gas sector, emissions of 15 million tons are expected in 2010, compared with 8
million tons in 1990 (ibid:16). The 30% reduction in emissions per unit, which are
discussed in ECON 1997, are also mentioned in this study, but Dragsund, etc. draw
attention to the fact that this reduction is not necessarily because of better technology,
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but may also be due to changes in the production pattern in this relatively aggregated
sector (ibid:22). The report described the individual CO2-reducing measures introduced
by companies and stated how great a CO2 reduction they would contribute (ibid:
enclosure A. OLF and RKU are quoted as sources). The costs of the measures were also
analysed and the conclusion was reached that they would fluctuate between an average
of NOK 190 and 350/ton CO2 per measure, depending on the method of calculation
(ibid:28) – clearly a significant difference. If we summarise the measures in which the
costs are less than NOK 600/ton CO2, the potential reduction is approx. 2 million tons
CO2 per annum. If the limit is set at NOK 500/ton, the potential reduction is approx.
700,000 ton CO2 p.a. On the other hand, if the analyses are restricted to measures with
costs below NOK 125/ton, the reduction will be under 100,000 ton/CO2 p.a. (ibid:27f).
The report pointed out that it would be most reasonable to seek CO2 reductions in
sectors not subjected to CO2 taxes – e.g. the processing industry– as this would improve
cost efficiency (ibid:29,43f). The report reached the conclusion that the costs of future
measures in the oil industry would be very high in relation to the opportunities in other
sectors, and many of the measures would only have a marginal effect on CO2 emissions
(ibid:36).
In a report it subsequently drew up for OLF, ECON recommended that the CO2 tax be
repealed or reduced for the oil industry because the sector is heading for a crisis,
especially as a result of low oil prices. The report stresses that the tax has an unfortunate
effect on marginal projects (ECON 1999).
Regarding oil prices, it can now be ascertained that they have risen sharply since the
report was published. In early 1999, a barrel of crude oil cost $ 10-11(ibid) but the price
then rose throughout 1999 and reached $28/barrel in February 2000. This means that oil
is more expensive than during the Gulf War for nine years ago (Børsen 14-02-00).

2.4.1 Summary
The main features in the analyses of the Norwegian taxes are presented in table 2.4.

Table 2.4. Analyses of the CO2 taxes in Norway
AUTHOR METHOD SECTOR MAIN CONCLUSION

NOU 1992 Ex post deliberations.
Ex ante using macro-
economic model
(MODAG)

All The tax is not cost-efficient
because of the differentiated rates.
CO2 emissions will rise by 30%
towards 2000, if no new measures
are introduced.

OECD 1993 Ex ante projection All CO2 emissions will rise by 17%
1989-2000 because of the 1989
instruments

ECON 1994 Ex post
Qualitative interviews
with almost all
producers.

Companies on the
continental shelf

Approx. 1.6% reduced emission in
the sector can be ascribed to
measures triggered by the CO2
tax. In the longer term the
estimate is approx. 2.7%.

NOU 1995 Companies on the
continental shelf

Emissions per unit of oil/gas have
fallen.

Lindeberg 1996 Ex ante and ex post.
Focus on 4 specific
projects.

Companies on the
continental shelf

Together, the 4 measures
accounted for a reduction of 11
million tons, corresponding to
11% of Norway's total emissions
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AUTHOR METHOD SECTOR MAIN CONCLUSION
NOU 1996 Ex ante forecasts using

macro-economic
models

All A green tax reform will lower
CO2 emissions, while the total
effect on employment and the
macro-economy would be
moderate.
The consequences could be
serious for certain industries.

ECON 1997 Ex post evaluation
Qualitative interviews.

Companies on the
continental shelf

Emissions 8% lower than they
would have been without any
measures. Of these, 3 % can be
ascribed to the CO2 tax

Larsen &
Nesbakken 1997

Ex post
“counterfactual
analysis” using partial
economic model
(MODAG and MSG-
EE)

Production and
service industries on
the mainland,
households and
private transport.

Aggregate effect of the tax in the
3 sectors was 3-4% lower
emissions in the period 1991-93

ECON 1998 Ex ante deliberations Especially energy-
intensive industry

Taxes are a good solution for
“non-movable” sources but a bad
idea for energy-intensive industry.

The Ministry of the
Environment -1998

Ex ante using macro-
economic model
(MODAG)

All 40% rise in CO2 emissions 1990-
2010 if no new measures are
introduced. It will be very
expensive to reduce in sectors
already bearing a heavy tax
burden but relatively cheap in tax-
free sectors

Statistics Norway Ex ante using dynamic
general equilibrium
model (MSG 6)

All General CO2 tax of NOK 700/ton,
reduces emissions by 13.3%
compared to a scenario with
unchanged taxes. The welfare
effect of green tax reform is
negative if immobility and wage
rigidity are factored in.

Dragsund , etc. 1999 Ex post and ex ante
analysis of CO2-
reducing measures.
Based on data from
publicly accessible
sources.

The oil industry The economic costs of future
measures are very high compared
with the price of reductions in
other sectors. The environmental
effects are marginal.

Several interesting ex post evaluations have been conducted in Norway.
ECON (1994; 1997) used in-depth qualitative interviews, an ideal approach in sectors
that do not consist of all that many units, which was the case in this context. The
method would require significantly greater resources if, for example, it were applied to
the household sector.
Larsen & Nesbakken (1997) use an economic model to analyse the CO2 taxes, in which
they simulate what would have happened if the taxes had not been introduced, thus
isolating their effect.
Dragsund, etc. (1999) was based exclusively on historical data from public sources such
as reports, magazines and books (ibid:12).
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2.5 Sweden
Sweden has by far the lowest per capita CO2 emissions among the Nordic countries (cf.
table 2.1) because hydro-electricity and nuclear power provide major sources of CO2-
free energy. Nuclear power accounted for approx. 16% of energy consumption in 1994,
while hydro-electricity accounted for approx. 13%, - i.e. almost all electricity generation
was CO2-free (Samakovlis 1998:78,85). In the longer term, the plan is to phase out
nuclear power, which may present Sweden with a problem in terms of living up to the
Swedish government's target of stabilising CO2 emissions 1990-2000 (ibid:85).
Internationally, the Kyoto protocol commits Sweden to maximum increases in
emissions of climate gasses of 4% in the period 1990 to 2008-12. However, the Swedish
government has announced that increases will not be as large as that34.
Swedish CO2 emissions rose by 3.7% from 1990-98, which will make it difficult to
meet the stabilisation target in 2000, and a committee has been set up to work on an
integrated climate strategy35 (ENDS Environment Daily 23-11-99).
Until 1-1-1991, a general energy tax was levied, which was basically the same for all
sectors although particularly vulnerable companies were allowed to apply for rebates.
VAT was also introduced on energy. As a result, prices increased for individual
consumers, but not for the business community, which is able to deduct the VAT (The
Swedish Environmental Protection Agency 1997:47).
In 1991, the energy tax was supplemented by a general CO2 tax of SEK 250/ton in an
attempt to reduce the consumption of fossil fuels. At the same time, the energy tax was
halved, making it a lot lower than the CO2 tax on most fuels; the combined effect of the
tax changes was much higher rates. There was still a lot of similarity between energy
taxation in different sectors, even though energy-intensive industry and market
gardening had much of the tax refunded36. As in Finland, bio-fuels (including peat)
were exempted from the taxes (The Ministry of the Environment 1994:41ff; The
Swedish Environmental Protection Agency 1997:47; Sterner & Löwgren 1994:55ff;
Andersen & Liefferink 1996:129ff) – in 1991, the bio-fuels accounted for 16% of total
energy generation (The Swedish National Energy Administration 1998b:3). In short,
Sweden has had extremely high energy taxation since 1991.
In January 1993, the tax system was extensively reformed and manufacturing industry's
CO2 tax was reduced to 25% of the other sectors and was exempted from the general
energy tax. All in all, manufacturing industry's total energy taxes now corresponded to
only 16-20% of the other sectors’. In sectors that paid the full CO2 tax, the rate rose
from SEK 250 to SEK 320/ton CO2, while manufacturing industry's rate fell from SEK
250 to SEK 80/ton. Fuel used to generate electricity was exempted from the CO2 and
energy taxes – a tax on electricity consumption was introduced instead. As the tax was
now very low, only a small number of companies received refunds, only six were
eligible under the rules in 1996. Manufacturing industry's expenditure on energy and
CO2 taxes fell from SEK 3.6 billion in 1992 to 0.5 billion in 1993 (Pedersen (2000);
(The Swedish Environmental Protection Agency 1997:49).
In 1996/97, manufacturing industry's CO2 tax was raised to 50% of the level in the other
sectors. The tax is adjusted for inflation every year but is, however, still far from the

                                                
34 See for examplehttp://www.environ.se/dokument/fororen/klimat/vaxthus.html
35 The report was due to be published in March 2000.
36 The taxes were to constitute max. 1.7% of the products' sales value in 1991– the rest was to
be refunded. In 1992, the limit was 1.2%. In 1992, 112 companies were eligible for refunds and
received a total of SEK 1.2 billion (The Swedish Environmental Protection Agency 1997:49)
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very high levels of 1991/92 (ibid). Solid bio-fuels are still exempted from the tax, as are
coal and charcoal used in metallurgy processes. Energy-intensive industries are still
eligible for refunds – but the marginal taxation is no longer allowed to be zero37. The
effect is expected to be an increased tax burden on manufacturing industry of SEK 0.5
billion (ibid; The Nordic Council of Ministers 1999:43)

Swedish Government Official Report 1989
As part of the work of the so-called 'environmental tax revision', PROFU conducted ex
ante model simulations on behalf of the Environment and Energy Department. The
analyses used the partial equilibrium model ENMARK and the bottom-up planning
model MARKAL. The econometric energy market model ENMARK (developed by the
Stockholm Business School) simulates energy demand, production and emissions based
on an economy with price elasticities. MARKAL, on the other hand, is not econometric.
It is a planning model for regional energy systems drawn up by the International
Energy Agency (IEA) and is able to point out what ought to be done given a particular
environmental target. As well as linking energy and the environment, the other
advantage of MARKAL is that it makes it possible to describe access to energy raw
materials, energy distribution, large and small scale energy generation and energy
savings. All of this makes it possible, technically and economically, to study the
interaction and competition between all parts of the energy system. It was established
that the simulations have a wide margin of error. It turned out, for example, that the
results of various types of taxes varied greatly, depending on the assumptions made
regarding GDP and income elasticities. In addition, ENMARK cannot factor in
adjustment costs and MARKAL does not, for example, take into account energy-
conserving measures, apart from those concerning electric heating. The purpose of the
calculations was, therefore, more exemplary in nature. (SOU 1989-83:389f; SOU 1989-
84:enclosure 3+4).
One of the results of the very wide-ranging analyses was that CO2 taxes of SEK 250/ton
– combined with, for example, a sulphur tax of SEK 30/kg sulphur – would result in 10-
15% lower emissions in the energy sector, according to MARKAL. ENMARK
simulations suggested 15-20% lower emissions compared to unchanged taxes (SOU
1989-83:259.382f,396). Apart from the environmental effects, the report lists a number
of effects on socio-economics, industrial structures, and competitiveness as well as
redistributory and administrative effects (ibid:405ff).

Swedish Government Official Report 1991
The so-called Hjalmarsson study (SOU 1991-90), whose suggestions were one reason
that taxes were lowered on 1-1-93, conducted ex post and ex ante analyses of the effects
of energy taxes on industrial production, production costs and regional employment.
The survey focused on industry's international competitiveness. It showed that an
average of 3% of marketing gardening's product sales value could be attributed to
energy taxes, which was considered problematic as the manufacturers in the countries
who compete most fiercely – Denmark and the Netherlands – were not as vulnerable.
The same conclusion was reached about the steel industry's competition with four other

                                                
37 The ceiling has now been reduced to 0.8% of product sales value. On the other hand, industry
pays a tax corresponding to 12% of the general level (i.e. 24% of industry's normal level) for the
proportion of the tax that exceeds the ceiling (The Swedish Environmental Protection Agency
1997:49f).
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European countries (ibid:112-115). It was also predicted that the energy-intensive paper
industry would be hard hit. The market gardening industry itself conducted a
provisional analysis for 1991, which showed that the industry would make a profit of
approx. SEK 3 billion but the energy tax would require payments of SEK 1.2 billion –
i.e. a very high percentage of profit. Depending on the nature of the product, the tax
constituted 1-3% of the price (ibid:116f).
The ex ante forecast concentrated on the effect of a complete removal of the industry's
energy taxes (ibid:120ff). In the long term, it would mean a production increase of some
SEK 14 billion, increased exports of just under SEK 14 billion and a positive effect on
employment of some 10,000 jobs (1.5%). This part of the study reached the conclusion
that it would be appropriate to introduce more uniform taxes, more or less the same for
different industries and in different countries (ibid:128).
The Hjalmarsson study has been criticised for not looking at the environmental effects
and the Environment Minister, Olof Johansson, threatened to resign if the proposal to
reduce taxes was passed. Hjalmarsson's reply to the criticism (Hjalmarsson 1992) was
that he had not dealt with the environmental effects because the people involved in
conducting the study agreed that high Swedish energy taxes would lead to lower
Swedish CO2emissions but also expected total global emissions to rise slightly because
of the relocation of energy-intensive industry – an optimal result at national level would
not be optimal on the global level. Based on these observations, it was predicted that a
reduction in Swedish industry's energy taxes would be beneficial to the environment.
However, in retrospect Hjalmarsson thought that it had probably been a mistake not to
conduct an analysis of the environmental consequences.

The Swedish Environmental Protection Agency 1992
This analysis also reviews various ex ante forecasts conducted by PROFU using the
MARKAL model (cf. above).
PROFU's analyses suggested that limiting CO2 emissions in Sweden after the turn of the
millennium would be extremely expensive because of the plan to phase out CO2-free
nuclear power. PROFU's calculations show that a 20% reduction in emissions in the
period 1990-2016 would cost SEK 80 billion, subject to relatively low energy
consumption and compared with a situation in which emissions are not restricted.
However, if energy consumption during the period was relatively high, it would cost
SEK 85 billion just to keep CO2 emissions stable (The Swedish Environmental
Protection Agency 1992:25). Provided energy consumption is high and total
consumption of energy is not influenced by a CO2 tax (i.e. that fuels are merely
substituted), a stabilisation of emissions in the period 1990-2016 would require a
general CO2 tax of no less than SEK 2000/ton CO2 (ibid:26). If Sweden is allowed to
import electricity from neighbouring countries – without it being included in the
Swedish CO2 audit – it would be considerably cheaper to keep emissions stable. In the
scenario with high energy consumption and an import capacity of, for example, 4000
MW, the costs would be “only” SEK 30 billion (ibid).

NUTEK 1994
In 1994, the Swedish Business Development Agency (NUTEK) and PROFU conducted
an ex post evaluation of the CO2 tax 1990-94 and an ex ante forecast of developments
until 2014 (NUTEK 1994).
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The ex post evaluation looked at the CO2 control instruments that were in place 1-7-9438

in all sectors and compared the situation with a scenario in which the 1990 taxes were
continued without introducing separate CO2 taxes. The MARKAL model was fed with
information about net energy needs, traffic, fuel prices, interest rates, tax systems and
details of subsidy programmes (ibid:5ff).
NUTEK reached the conclusion that the changes in control instruments introduced
1991-94 reduced emissions by 3-5% in 1994 compared to a situation in which the 1990
system was continued.
A projection until 2005 showed that emissions would be 20% lower using the 1994
instruments than the 1990 instruments.
In purely tangible terms, the analysis suggests that the consumption of bio-fuels would
remain stable under the 1990 scenario and double with the 1994 instruments. In the
1994 scenario, there is great variation between sectors; industry replaces a lot of its bio-
fuels with fossil fuels because the low tax and district heating producers become the
major users of bio-fuels instead (including the bio-fuels that industry itself produces). It
pays to build heating plants fired by bio-fuels but not to build coal-fired plants under the
1994 instruments. A far as households are concerned, electricity and district heating
replace oil heating to a great extent and energy savings make a bigger impact at the
same time as heat pumps and, to a certain extent, solar power are also used a great deal.
In this context, however, a lot depends on the real rate of interest, e.g. if it is 10%
instead of 5%, a lot of households will retain oil heating instead of investing in new heat
sources.
After 2005, when the decommissioning of nuclear power is planned to be in full swing,
CO2 emissions will rise substantially, so new instruments are needed.

The Ministry of the Environment 1994
This wide-ranging evaluation of a series of green taxes concluded that, in general, the
Swedish green taxes give cause for optimism (The Ministry of the Environment
1994:2ff). Regarding the CO2 taxes, the analysis was based to a great extent on NUTEK
(1994) but independent interviews were also conducted with 50 of the 160 district
heating plants (The Ministry of the Environment 1994:41ff), which reveal that the CO2
tax had a crucial influence on their decisions to change fuels (cf. NUTEK 1994 above).
The report pointed out the problematic effects of industry selling bio-based waste
products to the district heating sector. It might curb industry's incentives to use new
technology with which to treat bio-fuels. According to the National Tax Inspectorate,
administering the tax cost approx. SEK 3 million per annum, which was considered
very little. In the longer term, the estimate is approx. SEK 2 million p.a.

The Swedish Environmental Protection Agency 1995
The Swedish Environmental Protection Agency regularly analyses and reports back on
the CO2 targets (The Swedish Environmental Protection Agency 1995). This report
consists mainly of an ex post evaluation of the district heating, industrial, service and
household sectors' CO2 taxes in the period 1987-94 using in-depth interviews, telephone
surveys and engineering model calculations in MARKAL. Much of the work was
delegated to a project group, in which PROFU, which drew up the NUTEK report (cf.
above), was one of the participants. The report drew extensively on earlier reports39

                                                
38 In principle, this means the 1993 taxes.
39 The main conclusions of these other analyses are summed up (The Swedish Environmental
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(including NUTEK 1994). It predicted a 19% fall in emissions from 1987-94.
According to the MARKAL model, emissions would be approx. 10% lower in 1994
than they would have been if Sweden had continued with the 1990 instruments - in
other words, approx. 60% of the CO2 reductions in the sectors specified could be
attributed to the tax (The Swedish Environmental Protection Agency 1995:1,8,55). This
apparently excellent result was due to the fact that the transport sector was not included.
In actual fact, the CO2 tax would only have lowered emissions by 3-5% points if the
report had chosen to include the transport sector (NUTEK 1994:2).40 Emissions fell in
all other sectors (The Swedish Environmental Protection Agency 1995:1). District
heating plants were very sensitive to the tax, while industry, after the reduction in rates
in 1993, and the household sector. were relatively insensitive. A significant proportion
of the CO2 reduction in the period is due to the fact that the basis year (1987) was a very
cold one. Other factors which contributed to the reduction were energy efficiency and
the transition to district heating in households/the service sector (ibid:1f). State revenue
from the tax has fallen – in 1987 the state enjoyed additional revenue of SEK 13 billion
from the general energy tax. In 1994, gross income from the general energy tax and CO2
tax was approx. SEK 15 billion, which corresponds to SEK 9 billion in 1987 values
(ibid:2). The Swedish Environmental Protection Agency also referred to the control
effects of the 1994 instruments quoted in the NUTEK report (cf. above).
The report mentions the shortage of comparisons between companies' energy-
conserving initiatives and the derived effects, so this area could not be analysed. The
Swedish Environmental Protection Agency did, however, describe the subjective
perceptions revealed during the interviews (ibid:24). The most common perceptions of
the CO2 tax were that it had a fiscal aim and exerted no environmental control on
industry – and that the energy-conserving measures that were introduced, were not
introduced because of the CO2 tax. According to the companies interviewed, the taxes
are short-sighted because the politicians change them at short notice and, therefore, it is
difficult for companies to make long-term decisions about production techniques based
on current taxes (ibid:24ff). The interviews discussed the fact that bio-fuels, because of
differentiation between the sectors, were used mainly for district heating production,
which led to companies using fossil fuels instead rather than being innovative about bio-
fuels. The industrial CO2 tax is so low that it is improbable that it would have pushed
industry in an economically negative direction (ibid:27).
The report took an in-depth look at 15 case studies spread over various sectors
(ibid.30ff). These case studies provide an impression of the tangible effects of the tax on
specific objects. For example, five companies from different industrial sectors were
studied in greater depth. The paper industry had the biggest rise in CO2 emissions – an
increase of 36% per ton of product 1987-94 (ibid:43).

NUTEK 1995
In 1995, NUTEK drew up a report for the Energy Commission, in which it looked at
energy control instruments and their effects (NUTEK 1995).
Ex post evaluation revealed that reductions in industrial CO2 tax since 1-1-1993 have
led to higher consumption of oil. Oil prices fell by 30% in 1993. Industry's oil
consumption fell by 4.4 Twh 1992-94. 2 Twh can be explained by increased production,

                                                                                                                                              
Protection Agency 1995:7).
40 Barde (1999), for example, was not aware of this and merely refers to the fact that the
Swedish CO2 tax had led to a reduction in total emissions of 9% in 1994 (Barde 1999:31)
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1.7 Twh was used to replace lower orders from industrial boilers and roughly 0.7 Twh is
considered to be the effect of the lower tax. The CO2 tax has not provided the reduction
in industrial emissions that was hoped for - but this does not mean that the tax has had
no effect – rather, it seems to suggest that it is changes to energy taxes and the refund
rules that have counteracted the effects of the CO2 tax (ibid:62).
NUTEK also analysed various industries' energy costs in relation to the products' sales
values and added value. This revealed that industry's energy costs as a whole - measured
in relation to sales value - fell from 4.1% in 1980 to 2.5% in 1990. After that, the CO2
tax was introduced and the proportion attributed to energy costs rose slightly to 2.6% in
1992. After that, the tax was raised sharply and the proportion fell to 2.2%. Major
differences exist between the various industries – e.g. mining's energy costs were 7.9%
of sales value in 1993, while the equivalent figure for the graphic industry was only
0.8% that year (ibid:104).
NUTEK also reached the conclusion that taxes have helped make energy-saving
initiatives viable in the household sector, have hastened technical progress towards
more energy-conserving products and limited consumption. Increased petrol taxes had
led to a sharp fall in petrol consumption, while other factors had the opposite effect. In
the district heating sector, the use of bio-fuels for producing heat rose from 10.2 TWh to
12.5 TWh when the CO2 tax was introduced 1991 and increased further to approx. 18
TWh in 1994 (ibid: chapt.1.2.2). One fundamental problem in this sector is the
difficulty of favouring both CHP and bio-fuels (Ibid: chapt.9.5).
Finally, NUTEK used the MARKAL model to make ex ante forecasts of the effects of
energy taxation on the energy system (ibid:75ff).

OECD 1996
The OECD report (1996) is based, amongst other things, on a projection of CO2
emissions to 1990-2005. In this scenario, Sweden has difficulty meeting the target of
status quo for emissions 1990-2000 as they are expected to rise by some 4% until 2000.
However, it is also pointed out that Sweden has one of the lowest CO2 emissions per
capita among the OECD countries (ibid:160f, 173). The OECD's attitude is that rising
emissions in the transport sector need to be addressed (ibid:66f).

Carlsson & Hammar 1996
Älvsborgs County Council commissioned an analysis of the effect of the tax on
industrial emissions because it turned out that industrial emissions in the county began
to rise after tax rates were reduced in 1993. The analysis was conducted in collaboration
with Gothenburg University. It consisted of an ex post evaluation of the effect of the
CO2 tax on the environment from 1992-94 - i.e. an analysis of the emissions before and
after taxes were increased. The study consisted of interviews with the county's contacts
at 25 of the companies which used heavy oil and two other companies, which had high
CO2 emissions. These companies accounted for approx. 90% of emissions in the county
(Carlsson & Hammar 1996:42-44). In the period analysed, industrial emissions in
Älvsborgs County rose by 23% (ibid:26) and the study tried to isolate the effect of the
CO2 tax, e.g. by taking into account changes in production volume and changes in the
general energy tax. The authors draw attention to the risk of interviewees idealising
their own companies' environmental efforts but conclude that this was unlikely to distort
the results greatly as much of the information can be double checked in official statistics
(ibid:43).



65

CO2 emissions from the companies studied rose by 53.5% between 1992 and 1994,
while production increased by 13% – the increase in production explained 22% of the
increase in emissions. The companies did not have a great deal of access to spare
electricity capacity, which explained 3% of the growth in the emissions. A further 8%
of the rise was explained by changes in forms of productions, while 7% was attributed
to “other explanations”. This left 61%, which was explained by the reform of the energy
tax (ibid:51). All of the increased emissions caused by the reform could be attributed to
just 5 of the 27 companies studied, but they were also highly energy-intensive
companies - of the five, the biggest increases in emissions were caused by three paper
companies switching from electricity to oil (ibid:58). Finally, with the help of various
statistics, the authors reached the conclusion that it would not be unreasonable to
assume that the results would be applicable in general to the whole of Sweden
(ibid:59ff).

Swedish Government Official Report 1997
One of the intentions of the so-called Swedish Government Commission on Ecological
Tax Reform's final recommendation was to evaluate the effect of some of the most
important environmental taxes (SOU 1997-11:173ff) but most of the studies in fact
consisted of ex ante forecasts.
The econometric method applied to households was partly based on a model using
aggregated price and consumption data, partly on a model of the price effects on private
consumption and the income effects on individual households - calculated on the basis
of income and expenditure data. Income elasticities were extrapolated from this data
and showed that a CO2 tax of 10% of oil prices - all things being equal – would reduce
consumption by 1.9% (ibid:184). The study showed that taxes on household fuel
consumption are effective from a fiscal point of view as they greatly increase tax
revenues and induce only minor changes in behaviour (SOU 1997-11, the
enclosures:245).
The same approach was used to analyse the tax burden on industry (SOU 1997-
11:190ff). In this context, the scenario involving a doubling of the CO2 tax is interesting
because industry's rate actually was increased from 25% of the general level to 50% of
the general level (cf. Parliamentary Bills 1996/97:29) – it would, therefore, be
interesting to conduct an ex post evaluation of the double tax in the next few years and
compare the effects with the prognoses contained in the ex ante analysis. The ex ante
forecast comes to the conclusion that CO2 emissions will fall by 12% in the sector (of
which the paper industry accounts for 70% of the reduction) – state revenue will
increase by 79% (SOU 1997-11:197). The short-term effect on the transport sector of
doubling the CO2 tax is expected to be relatively minor as people will drive less, while
the long-term effect is deemed more significant – primarily as a result of transition to
car models that use less fuel (ibid:203). Finally, for an overall picture of the Swedish
economy, a very complex general equilibrium analysis with a very wide margin of error
was conducted of a 100% rise in the CO2 tax. The prognosis shows a minor effect on
the environment of less than 1% CO2 reduction, while the state's tax revenues increase
by SEK 11.5 billion (ibid:207ff,321ff; see also SOU 1996–117:293ff). According to the
equilibrium analysis, Sweden cannot expect a double dividend by increasing CO2 tax
and lowering payroll tax. The fact that the general equilibrium model does not factor
unemployment in is a problem, however, as this presumes that the labour market is
perfect. If a tax reform creates job, it is a positive effect, which ought to be taken into
account – based on theoretical and empirical literature about minor reductions in payroll
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taxes, however, no major effect is expected on employment (SOU 1997-11:366; see
also Harrison & Kriström 1997).
The report contains some interesting thoughts about the relationship between
environmental regulation and competitiveness, which help put the debate into
perspective. The question is raised whether there is such a straightforward link between
tough environmental regulation and loss of competitiveness as is so often claimed (SOU
1997-11:217ff; see also Lundberg & Torstensson 1996).
In the short term, certain industries may be hard hit by energy taxes but taxes will
probably not cause a substantial reduction in Sweden's share of world exports, amongst
other things because taxes are just one of many factors that effect exports (SOU 1997-
11:218). As several other studies also show, the taxes are more of a problem on micro
level than on macro level.
The report also adduces that it is difficult to identify an unambiguous link between
competitiveness and environment policies. Some companies actually improve their
competitiveness when tough environmental requirements are imposed: they stimulate
innovative thinking and efficiency (ibid:219). This is underpinned in the report by
quoting Harvard professor Michael Porter, who asserts that strict environment policies
can be a "win-win" strategy – the environment and competitiveness are both improved,
a conclusion Porter reaches by adopting a more dynamic perspective to the relationship
between competitiveness and environment policies than the more static traditional
models. Porter does not conduct a formal test but exemplifies his claim by means of
specific American case studies (ibid:235ff). A Norwegian empirical study (Golombek &
Raknerud 1995) shows that the companies which have been subjected to the toughest
environmental regulation – i.e. the paper, iron and steel industries – have enjoyed higher
revenues and been less prone to closure than other types of companies (SOU 1997-
11:243). This does not verify Porter's hypothesis per se but it does corroborate the idea
that there may be something to it. Statistical data about Swedish productivity shows that
heavily regulated industries – the iron, steel, metal, chemical, plastic and paper
industries – have made relatively positive progress in terms of productivity. Here too,
the temptation to reach bombastic conclusions should be resisted but there is evidence
to suggest that industry's productivity has not deteriorated because of environmental
regulation (ibid:245). Conversely, a Finnish study – Hetemäki 1995 – shows that a
negative correlation does exist between efficiency in production and environmental
regulation in Finnish paper production (quoted in Brännlund & Kriström 1999:44f).

The Swedish Environmental Protection Agency 1997
This major ex post assessment of a number of different environmental taxes points out
that - as well as the direct effect the CO2 tax had on market prices - there was probably a
certain indirect effect as well because the tax increased awareness of the environmental
problems associated with burning fossil fuels (The Swedish Environmental Protection
Agency 1997:53).
The Swedish Environmental Protection Agency noted that it would be difficult to
distinguish between the effect of the taxes if rates were changed and that other control
instruments and general social changes also had an effect, which is one reason why the
Agency looked at the total effect of the CO2 tax and the general energy tax.
The Agency refers to its own 1995 study and NUTEK 1994 and projected them onto the
difference in prices between bio-fuels and fossil fuels for district heating plants and
industry (ibid:54ff). The result was that fossil fuels' share of total district heating
production fell from 36% to 30% after the rates changed in 1993. On the other hand,
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industry increased its energy consumption and the Agency was unable to find reasons
for this other than the reduced rates. Like Carlsson & Hammar (1996), the study reached
the conclusion that it appears to be the timber industry that accounts for almost all of the
growth in energy consumption because it is relatively easy in the short term for this
industry to change fuels. Household demand is, however, less elastic - depending on the
type of heating system - because conversion requires major investment, so domestic
consumption is not as easily influenced as the other sectors by tax increases.
As far as the state's fiscal ambitions with the CO2 tax are concerned, the report
concludes that these have been fulfilled as the tax base can only change slowly because
of the fossil fuels' low price elasticities (ibid:59).
The Swedish Environmental Protection Agency makes many interesting observations
but one general feature of the evaluation is that it does not assess the CO2 tax directly,
preferring to stress trends in energy consumption, etc.41

NUTEK 1997
In 1997, NUTEK and PROFU again made an ex ante forecast of the effect of CO2 tax. It
used the new MARKAL-MACRO model, which combined the technical energy system
(MARKAL) with the rest of the economy (MACRO) in a macro-economic aggregated
increment model (NUTEK 1997:3).
The report compared a situation, in which the 1990 energy tax system continued (i.e.
without CO2 taxes), with a situation in which the 1996 energy rates were applied to a
projection of energy demand until 2030. Not surprisingly, the result was that the 1996
instruments brought about a greater reduction in CO2 emissions than the 1990
instruments; e.g. emissions in 2010 were 26% lower with the 1996 instruments than
with the 1990 instruments (ibid:1). Using the 1996 instruments, emissions in 2030 are
expected to be only approx. 20% lower than with the 1990 instruments but this is
because of higher emissions in both scenarios – measured in absolute figures, the
difference between the emissions in the different scenarios is thus very stable for the
period 2015-30 (ibid:7). The partial results were (ibid:2) that bio-fuel consumption rose
rapidly in the 1996 scenario, particularly due to the production mix in the district
heating sector – conversely, industry's consumption of bio-fuels fell in favour of fossil
fuels. The report calculated that the economy of wind power, electricity and solar power
projects would improve but no major effect was expected until 2015. If nuclear power is
phased out as planned by 2015, wind power will become a competitive alternative in
both scenarios. Households implemented energy-conserving measures faster and the
demand for transport fell faster in the 1996 scenario. Annual GDP growth is only 1.9%
in the 1996 scenario, while it is 1.95% in the 1990 scenario – which means, for
example, that GDP is SEK 25 billion lower in 2010 in the 1996 scenario than the 1990
scenario.

Hill 1998
Hill uses a general equilibrium model to analyse the socio-economic costs associated
with CO2 taxes and quantitative regulation, the costs associated with the exception rules
under the current tax system and the net costs of an environmental tax reform. The

                                                
41 In 1998, the Swedish Environmental Protection Agency published an interesting description
of how the energy system in Sweden would look in 2050 if Sweden were to reduce CO2
emissions by 50-75% (The Swedish Environmental Protection Agency 1998)
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model defines the costs, which are then compared with benefit-estimates for CO2
reduction (Hill 1997:3).
The model is a static general equilibrium model for a small open economy and is very
different from other general equilibrium models that have been used in Sweden. For
example, it does not operate with a negative effect in terms of trade for manufacturing
industry because it is an open economy in which all Swedish industries pay global
market prices. To a far greater extent than, for example, Harrison & Kriström
(1997;1999 (cf. below)) Hill's model also allows for energy substitution, which explains
why the model results in a more positive effect on the environment. The model is
calibrated with 1993 data, a time when industry was subjected to very low CO2 taxes; it
is divided up into 47 sectors – Hill only uses 17 however – and contains 11 different
taxes, of which four are energy and environment taxes (Hill 1997:7,10). Hill explicitly
draws attention to the fact that the benefit estimates for CO2 reduction are subject to
major uncertainties, so several different estimates are used (ibid:12).
The analysis showed that a revenue-neutral unilateral CO2 tax reform with reduced
income tax would have lower costs than quantitative regulation. For example, the costs
of the tax are 9% lower than the costs of regulation, if a target of a 10% CO2 reduction
is to be met in a system that precludes exemptions. The various scenarios all show a
minor positive effect on aggregated employment (ibid:17,20). One interesting result of
the analysis is the conclusion that it is socio-economically beneficial, especially as far as
small reduction targets are concerned, to remove tax exemptions and impose a more
uniform tax. In order to avoid negative effects on employment, manpower can be
subsidised. One problem is, however, that emissions of NOx rise when a uniform CO2
tax is imposed but, all in all, it is still the best solution. The analysis shows that Sweden
could improve welfare levels if CO2 measures cost more than SEK 300/ton (ibid:28).

Harrison & Kriström 1999
This ex ante forecast uses a very wide-ranging “generic” general equilibrium model
with 87 sectors (Harrison & Kriström 1999:63ff). The model is used to describe no
fewer than six different scenarios (ibid:93); in this context it is important to bear in
mind that the authors were not able to include industry's new doubled rates in their
analysis42 (cf. Parliamentary Bills 1996/97:29) as the model is calibrated with 1995
data. This means that the scenarios have already lost much of their relevance. Harrison
& Kriström had an a priori expectation that the CO2 tax would have a major effect,
however, their ex ante forecasts, if they are right, undermine this expectation (Harrison
& Kriström 1999:83), because:
rises in CO2 taxes have little effect on aggregated CO2 emissions. Some sectors will
increase emissions, while others will reduce them. Under certain circumstances the
state's additional revenue will fall.
If, as expected, nuclear power is reduced, the CO2 tax will be more effective, as it
lowers CO2 emissions substantially. This is because of a general fall in energy-intensive
production under this scenario - caused by energy prices rising. But despite a rise in
aggregated welfare costs, average welfare costs of CO2 reductions will fall.
Increasing CO2 taxes cannot be justified for households, if the benefit-estimates for CO2
reductions which are used internationally are to be believed.

                                                
42 The same is true incidentally of Brännlund & Gren 1999 (see below), cf. Brännlund & Gren
1999:114
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A look at the various industries shows that they will be effected differently by a
doubling of the tax (ibid:99).
The ex ante forecast is an interesting intellectual experiment and like SOU 1997-11 (cf.
above) it reaches the conclusion that doubling the CO2 tax would only have a minor
effect. But when it comes to the real political decision-making process, account can be
taken of a number of unwanted effects of the way the actual tax is designed – it is
difficult to pick up all of this in an ex ante analysis.

Brännlund & Gren 1999
The authors assert that they will look more closely at both the CO2 tax's effect on the
environment, and its fiscal effect (Brännlund & Gren 1999:109).
However, this is again an ex ante forecast, this time using a partial equilibrium model
which focuses on price elasticities (ibid:115). As far as industry is concerned, negative
price elasticities are predicted, as expected – higher fossil fuel prices reduce demand.
The effects are small in the short term but in the longer term, elasticities are
considerably higher (ibid:118f). In the household sector, CO2 taxes are shown to be an
effective fiscal measure, at least in the short term, as they lead to highly consistent
levels of additional revenue. Conversely, very high taxes are required if the intention is
to make an impact on the environment (ibid:124).
Two scenarios are then tested which are highly reminiscent of Harrison & Kriström's
(1999), as they are based on the 1995 taxes and simulate a doubling for all sectors and,
in one case, with an additional revenue-neutral reduction of VAT (Brännlund & Gren
1999:125). The result of the scenarios is a moderate effect on emissions – at any rate in
the short term (ibid:134).

Brännlund & Nordström 1999
Brännlund and Nordström made an ex ante forecast of the effect of a 100% rise in
household CO2 taxes without any form of plough-back scheme. They use an
econometric model which uses both micro and macro data. The micro data consists of
approx. 12,000 observations (the latest from 1992) made in Swedish family budget
studies (Brännlund & Nordström 1999:5).
The results of the simulations show, for example, that the average price of petrol rises
by 13%, while heating oil rises 31%. The consumer price index rises by approx. 1%
(ibid:17).
Energy tax payments from the households with the lowest income rise by SEK
628/year, corresponding to 0.7% of disposable income. For the richest households,
payments rise by SEK 993/year – corresponding to 0.3% of disposable income.
Households in the north of Sweden are subjected to bigger rises in payments than the
rest of Sweden measured in SEK, but measured as share of disposable income, the
differences are insignificant (ibid:19). In environmental terms, Brännlund and
Nordström predict a 10% fall in CO2 emissions in the household sector, corresponding
to a 2% fall in total Swedish emissions (ibid:23).
If the revenue is ploughed back by removing VAT on public transport, this would cause
a 30% rise in the demand for public transport, while the demand for other forms of
transport would fall by an average of 7% (ibid:20).

2.5.1 Summary
The main features in the analyses of the Swedish taxes are presented in table 2.5.
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Table 2.5. Analyses of CO2 taxes in Sweden
AUTHOR METHOD SECTOR MAIN CONCLUSION

SOU 1989 Ex ante model
simulations using
ENMARK and
MARKAL.

All CO2 taxes of SEK 250/ton – along
with amongst other things a sulphur
tax – lead to 10-20% lower CO2
emissions in the energy sector.

SOU 1991 Ex post/ex ante effect
on production,
production volume and
regional employment.

Industry Intentions and between countries.
Lowering Swedish industry's taxes
would have a (global) environmental
benefit. Overall objective of more
uniform tax between companies is
removal of the tax which would
generate 10,000 jobs.

The Swedish
Environmental
Protection Agency
1992

Ex ante model
simulations using
ENMARK and
MARKAL.

All Limiting CO2 emissions in Sweden
will be very expensive when nuclear
power is phased out. Electricity
imports can, however, reduce costs
considerably.

NUTEK 1994 Ex post 1990-94 using
the MARKAL model.
Ex-ante 1994-2014.

All 3-5% lower emissions in 1994
compared to a situation using the
1990 instruments.
In 2005, the emissions are 20% lower
than with the 1994 instruments.
Demand for new instruments after
2005.

Ministry of the
Environment 1994

Ex post. Including
interviews with 50
district heating plants.

All The tax has brought about a fuel
change in the district heating sector.
Administration costs have generally
been low (SEK 3 million /year).

The Swedish
Environmental
Protection Agency
1995

Ex post. In-depth
interviews, telephone
surveys and
engineering
calculations.

The district
heating, industry,
service and
household
sectors.

1987-94, emissions in the sectors fell
by 19%. 10% of this can be attributed
to the CO2 tax.

NUTEK 1995 Ex post evaluations .
Ex ante using
MARKAL.

All The lowered taxes in 1993 meant that
industry's use of oil rose by 0.7 Twh
1992-94. Industry's energy costs are
very low compared to the sales value
of its products.
The district heating sector's
consumption of bio-fuels has
increased greatly.

OECD 1996 Ex ante projection All 4% rise in emissions 1990-2000
Carlsson & Hammar
1996

Ex post. 27 interviews
with companies in
Älvsborg County.

Industry Emissions from the 27 rose by 53.5%
1992-94, of which 61% is explained
by energy tax reform. It is probably
possible to generalise for Sweden as
a whole on the basis of this data.

SOU 1997 Ex ante. Econometric
models and a general
equilibrium analysis.
Certain ex post
elements.

All A general doubling of the tax will
only reduce CO2 emissions by 1%.
The state's tax revenues are increased
by SEK 11.5 billion . No double
dividend.
Negative link between tough
environmental regulation and
competitiveness not conclusively
proven.
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AUTHOR METHOD SECTOR MAIN CONCLUSION
The Swedish
Environmental
Protection Agency
1997

Ex post All The tax has increased awareness of
the CO2 problem.
It is especially the timber sector
which has accounted for the growth
in energy consumption.
Household consumption changes
slowly

NUTEK 1997 Ex ante using macro-
economic aggregated
increment model.

All For example, in 2010 emissions
would be 26% lower using the 1996
instruments than using the 1990
instruments.

Hill 1998 Ex ante using general
equilibrium model

All CO2 tax reform involves lower costs
than quantitative regulation. A more
uniform tax would be socio-
economically beneficial. The analysis
shows that Sweden can improve
welfare levels, if CO2 limitations are
worth more than SEK 0.3/kg .

Harrison & Kriström
1999).

Ex ante using general
equilibrium model

All Increases in the CO2 tax have little
effect on aggregated emissions.
However, if nuclear power is phased
out, the tax will have a more
regulatory effect.
Increased household taxes cannot be
justified.

Brännlund & Gren
1999

Ex ante model
simulations

All CO2 tax rises have a moderate effect
on emissions – in the short term

Brännlund &
Nordström 1999

Ex ante with
econometric micro-
/macro model.

Households Doubled tax will reduce the sector's
emissions by 10% but would also
result in the households with the
lowest incomes being hit hardest.

Several ex post evaluations have been conducted of CO2 taxes in Sweden.
The Ministry of the Environment (1994) and the Swedish Environmental Protection
Agency (1995) are examples of the use of qualitative in-depth interviews, while
Carlsson & Hammar (1996) is an example of the quantitative interview method.
In, for example, NUTEK (1994) an economic model is used to simulate how the
situation would have developed without the taxes introduced in recent years. In NUTEK
(1995) on the other hand, a sort of exclusion method is used, in which the proportion of
the increase in oil consumption that cannot be explained by other factors is included
under the effects of the CO2 tax reduction.

2.6 Summary
Politicians and researchers pay a lot of attention to CO2 taxes and this is reflected in the
sheer number of analyses of their effects that have been conducted in the Nordic
countries.
Unfortunately, the vast majority of the studies consist of ex ante forecasts. Ex ante
forecasts are interesting intellectual experiments, however, they are difficult to apply to
actual decision-making processes, as the results and recommendations fluctuate a great
deal depending on the assumptions made about society's future development.
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For example, one ex ante forecast - Jespersen, etc. (1999) - reached the conclusion that
if Denmark were to continue with the present tax system, it would reduce CO2
emissions by 1.5% in the period 1988-2005. However, in two different analyses
covering the same period, the Ministry of Finance (1998; 1999a) predicts a 15-16%
reduction. The scale of these differences is put into perspective by the fact that the same
macro-economic models (ADAM and EMMA) were used for the simulations. The very
different conclusions reached by Jespersen, etc. (1999) and the Ministry of Finance can
be attributed to major differences in their assumptions about trends in company energy-
saving and future developments in demand components. It is also interesting that the
two Ministry of Finance analyses reach the same CO2 result although they are based on
very different assumptions about trends in energy-saving.
The same observation about different studies being based on different assumptions also
applies to Finland. Several of the Finnish ex ante forecasts focus on how high CO2 taxes
would have to be for Finland to live up to its target of stabilising emissions from 1990-
2010. Christensen (1991) finds that a stabilisation 1991-2010 would require a general
tax without any refunds of FIM 800/ton C02 in 2000. Honkatukia (1999) reaches the
conclusion that stabilisation would require a tax of approx. FIM 500/ton, while Lehtilä
& Tuhkanen (1999) believe that FIM 230/ton would suffice.
The margin of error in ex ante forecasts can also be illustrated by an example from
Norway. In the early 1990s, the OECD (1993b) estimated that Norwegian CO2
emissions would rise by 17% in the period 1989-2000, provided no CO2 taxes were
introduced. Taxes were introduced in 1991 – but CO2 emissions still rose by 17% from
1989-1997, partly because only approx. 60% of Norwegian emissions are subjected to
taxation.
These examples exemplify the need for new ex post evaluations of CO2 taxes in the
Nordic countries and the fact that several methods could be applied. At this stage, it is
sufficient to categorise the different methods. A more in-depth discussion of
methodology will be presented in Chapter 4.
Before we divide up the ex post evaluations according to the methods used, it is worth
stating that they do have one common feature: all the studies reach the conclusion that
CO2 taxes do limit CO2 emissions.
The interview-based method, in which qualitative in-depth interviews are conducted
with a small number of companies, is the most common form of ex post evaluation of
CO2 taxes in the Nordic countries. This method was used by Shopley & Brasseur
(1996), Krarup, Togeby & Johannsen (1997), Clasen (1998), the Danish Energy Agency
(1999a), ECON (1994; 1997), the Swedish Environmental Protection Agency (1995),
Carlsson & Hammar (1996), etc.
Another interesting interview-based method consists of surveys in which quantitative
data is collated by random sampling. This method was used by Carlsson & Hammar
(1996), for example. It was also used on behalf of the Danish Energy Agency by
Bjørner, Togeby & Christensen (1998). The method generates a very wide-ranging
panel database with approx. 5,000 companies and more than 300 variables in a time
span from 1983-96. The extensive nature of the material facilitates the use of regression
analyses. The Danish Energy Agency (1999a) is another example of the use of
regression analyses.
NUTEK (1995) used a type of exclusion method in its analysis of the industrial use of
oil 1992-94. The proportion of the rise that the study is unable to explain was deemed to
be mainly an effect of the reduced level of CO2 tax.
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The comparative method is used in Enevoldsen's (1998) comparison of developments in
industrial CO2 emissions under a variety of policy strategies in Denmark, Austria and
the Netherlands. Karas (1995) studies company energy consumption in 18 OECD
countries, measured in relation to the added value of their industrial production. Other
examples of comparative analyses are the Ministry of Taxation (1999) and Malaska ,
etc. (1997), which analyse what specific Danish and Finnish companies would have to
pay if they were subjected to other countries' energy tax systems. These are not actual
ex post evaluations, however.
Finally, in order to separate the effect of the tax, several studies use economic models to
show how the situation would have developed if taxes had not been introduced43 , e.g.
Munksgaard, Pedersen & Wier (1998), Boom (1998), Larsen & Nesbakken (1997) and
NUTEK (1994).

                                                
43 Called counterfactual analysis by Larsen & Nesbakken (1997)
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3. Analyses of pesticide taxes

3.1 General
Various methods are used to regulate the use of pesticides in the Nordic countries. To
reduce the negative impact on the environment and on public health, amendments to
existing regulations have introduced various types of pesticide taxes in the different
countries. The objective has been to finance the regulation and administration costs
associated with the use of pesticides and to provide an incentive to use less of them. The
incentive inherent in a tax on pesticides consists of a direct effect - the tax increases the
cost of the pesticides - and an indirect effect - revenue from the tax is spent, for
example, on researching and developing methods of reducing their impact.
This summary of the analyses of pesticide taxes conducted in the different countries
consists of a general section about the background to the regulation of the use of
pesticides, including a description of national targets; trends in the use of pesticides; the
way pesticide taxes have been designed and an account of the analyses conducted.
Particular emphasis is placed on the conclusions that the analyses reach about the
effects of the taxes on the environment, competitiveness, employment and
administration. It is difficult to assess the environmental impact of pesticides, so
turnover has been used as the measuring stick. Section 3.7 describes in greater detail the
methodological difficulties associated with analysing developments in the use of
pesticides. As the total quantities of pesticides used is often criticised for not being a
particularly exact expression of their environmental and health impact, another
parameter, i.e. frequency of use, is described in greater detail in enclosure 1.
A relatively large proportion of this chapter consists of analyses of the Danish pesticide
tax. The use of pesticides in Denmark constitutes over half of the total consumption in
the Nordic countries44 and has been subjected to relatively high tax rates since 1996.
Another reason for the length of the Danish section is that a recently completed
committee report about phasing out pesticides in agriculture collated a great deal of
information on the subject (e.g. Walter-Jørgensen (ed.), 1999).

3.2 Denmark
In late 1986, the Danish Parliament passed an action plan to reduce the use of pesticides
(The Ministry of the Environment, 1986:1). Quantitative subsidiary targets were also
defined – i.e. of reducing the use of pesticides by 25% before 1990 and by 50% before
1997, compared to the average level from 1981-85. The targets were formulated both as
a reduction in the use of pesticides expressed in the volume of active ingredients and the
frequency of use. The target of a 25% reduction in the volume of active ingredients was
reached in 1991 and had fallen by 47% by 1997.

                                                
44 Enclosure 1 includes a table showing the quantities of pesticides used in the various countries.
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On the other hand, frequency of use, which is considered a better indication of
environmental impact than the volume of pesticides45 used, had fallen by less than 10%
in 1997. The Danish
 Institute of Agricultural and Fisheries Economics (SJFI), 1998:58-59). Unlike the
traditional volume calculation, frequency of use takes account of new low-dosage
agents, which make pesticides more effective and have the same effect in smaller
quantities than the older types. However, corrected for changes in the composition of
the crops resulting from the Danish nitrogen policy - which led to a rise in the number
of evergreen fields in the period concerned and which, all things being equal, will lead
to the use of more pesticides - the frequency reduction was almost 20%. (SJFI,
1998:59).
The Danish pesticide statistics have, however, been criticised for not reflecting the
actual consumption of pesticides, as is the case in Sweden, but rather being a normative
breakdown of the pattern of consumption based on total sales figures and disaggregated
according to the expected treatment of various crops (Schou, 1998:6-7).
One of the overall objectives of the government's draft Pesticide Action Plan II is to
reduce frequency of use as far as possible (The Danish Environmental Protection
Agency, 1999b: 4). The plan of action also proposed a secondary target of reducing the
frequency to under 2.0 before the end of 200246.
Until 1996, a general value added tax of 3% of the retail price was levied on all
pesticides. A further 20% tax was levied on pesticides approved in 1982, i.e. before the
introduction of low-dosage pesticides and sold in quantities of less than 1 kg or 1 litre
for household use. In Damgaard et al (1995:48) the 3% tax was deemed to have been
more of a fee to cover the authorities' costs analysing and approving pesticides. For a
long time, the tax on pesticides levied from wholesalers was, therefore, only a limited
supplement to the other means of regulating pesticides, e.g. approval, research, advice,
requirements on farmers to attend classes in the use of pesticides, spray journals,
inspection of equipment, etc.

Table 3.1 Pesticide tax rates 1982-1998
(% of retail price, incl. tax) June 1982 Aug. 1989 1996-1998 Nov. 1998
Pesticides 3
Pesticides in small volumes 20 20
Insecticides, etc. 27 35
Herbicides and fungicides, etc. 13 25
Wood preservatives, etc. 3 3
Source: Comments on bill no. L 44 of 1 April 1998 presented by the Ministry of Taxation: 3 and 9.

The tax was raised in 1996 and the rates differentiated according to the main groups of
pesticides. When the bill was presented, it was predicted that the tax would lead to a
reduction in the use of pesticides of 5-10% because the costs of using pesticides would
                                                
45 "At the moment, frequency of treatment is the best expression of the impact pesticides have on the

environment" (Comments to bill no. L 186 concerning the pesticide tax: 2335). "The frequency of
treatment is also considered a more relevant measurement of the impact the use of pesticides has on
flora and fauna compared to the traditional volume calculation," (The Danish Environmental
Protection Agency, 1999c:4).

46 Thus, the target for farmers' use of pesticides has changed to reducing the frequency of treatment by at
least 25% in 2002 compared to the average between 1981-85.
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rise by an average of 8-15%. When the pesticide tax was reformed, it was also decided
that the additional revenue should be ploughed back into agriculture by reducing land
taxes, etc. In November 1998, the tax was raised again and it was decided that the
expected additional revenue of DKK 150 million in 1999 should be used to finance
increased expenditure on measures designed to reduce the use of pesticides and to
encourage conversion to organic farming and on research and monitoring, as agreed
during the 1998 budget negotiations (Bill no. L 44 of 1 April 1998 and comments on the
bill:11).

Dubgaard 1987
A report by Danish Institute of Agricultural and Fisheries Economics for the Danish
Environmental Protection Agency using various models to calculate the effects of
pesticide taxes of DKK 100 and DKK 200 per standard dose (frequency of use) for
agriculture. Converted to a value-added tax, this corresponds to an average tax of 60%
or 120% of the market value of pesticides in the period 1987-1989.
The main conclusion is that pesticide taxes can be levied without substantial distortion
of production and that pesticides taxes are easy to administer (Dubgaard, 1987:16).
In a damage threshold model, the price sensitivity is based on farmers' behaviour being
rational and optimised. As damage threshold models were originally designed to
determine the best possible operating costs for pesticide needs on individual farm level,
the report uses an "aggregated" damage threshold model to analyse the effects of a
pesticide tax at national level by describing the use of pesticides on various crops for the
total agricultural industry as if it was one single farm.
The effects of a pesticide tax are also calculated on the basis of the demand for
pesticides using an econometric model based on historical data about farmers' actual
behaviour as far as production and factors for the period 1971-85 are concerned.

Table 3.2. Effects of pesticide taxes on overall frequency of use
Overall frequency of
use(%)

Tax (60%) Tax (120%)

Damage threshold model �21 �43
Econometric model �47 �87
Source: Dubgaard (1987:78-79)

Table 3.2 reveals that a 60% tax in the damage threshold model would reduce the
overall frequency of treatment by some 20%, while a 120% tax would result in a
reduction of just under 45%. In this model, the total effects of a tax on pesticides are
divided up into a price effect ("damage threshold effect"), which is calculated by the
model, calculations of a reduction in use of insecticides on corn based on quantified
studies and, finally, a prediction of a tax-induced technology effect, as it is accepted that
a tax on pesticides will encourage the use of new technology.
Based on the estimates in the econometric model, a 60% tax would reduce frequency of
use by more than twice the effect calculated by the damage threshold model. The 47%
reduction in frequency also takes account of the fact that the frequency of treatment
with herbicides is expected to be reduced by 32%, while the frequency of treatment with
fungicides and insecticides is expected to fall by 70%. The econometric model predicted
that a 120% tax would reduce the total frequency of treatment with pesticides by 87%
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and that the use of fungicides and insecticides would cease completely. However, this
result is not considered realistic and is more of reflection of how ill-suited econometric
models are to calculating the effects of such major price changes (Dubgaard, 1987:79).
Table 3.3. Price sensitivity when using pesticides
Total production
cost elasticity

Herbicides Fungicides Insecticides

Damage threshold
model
- spring barley
- wheat

�0.07-�0.08 �0.61-�0.67
�0.4-�0.35

Econometric model �0.69 �0.81 �0.81
Source Dubgaard (1987:40)

Table 3.3 reveals that the differences in the calculated effects of taxes on pesticides in
the two models is partly due to their estimated total price elasticity. In the table, price
sensitivity when using pesticides is expressed by the pesticide's total price elasticity and
the considerable difference in price elasticities in the two models is partly due to price
elasticities in the econometric model being estimated for the use of the pesticides as a
whole, whereas the damage threshold model provides estimates for various cereals. In
the damage threshold model, the price elasticity for fungicides in spring barley at the
two tax levels corresponds to the price elasticity calculated for fungicides and
insecticides combined in the econometric model, whereas combating fungi in wheat
seems to be a bit less price sensitive than in spring barley and for fungicides and
insecticides in general (Dubgaard, 1987:57-58).
Because of the data upon which the econometric model is based, the results primarily
reflect the fact that the results in the damage threshold model probably do not
overestimate the effects of a tax on the use of pesticides (Dubgaard, 1987:10-11).
Walter-Jørgensen (1999: 45-46) also considers the elasticities in Dubgaard's
econometric model to be high in relation to other studies e.g. Gren (1994) (see section
3.6.).

Table 3.4. Agricultural revenue
Agricultural
revenue (DKK
million)

Tax (60%) Tax (120%)

Without
ploughback

With
ploughback

Without
ploughback

With
ploughback

Agricultural
revenue

�700 �1,200-�1,300

Source: Dubgaard (1987:83)

Agriculture's annual loss at a pesticide tax level of 120% without any plough back of the
revenue is estimated to be DKK 1,200-1,300 million, which corresponds to a loss of 10-
15% of the gross domestic product at factor cost in plant production (Dubgaard,
1987:83). By ploughing tax revenue back, the impact is, however, reduced significantly.
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In general, the report concluded that the estimated price elasticities are associated with
significant uncertainty but that the models point in the same direction nevertheless.
However, the lack of data limits the explanatory potential of the analyses and the
importance of technological innovation as a result of a pesticide tax and the aggregation
of pesticides in main groups means that the effects of the taxes are interpreted carefully
as an indication of the fact that the use of pesticides is extremely price sensitive
(Dubgaard, 1987:40-41, 66 and 90).

Rude 1992
This report from the Danish Institute of Agricultural and Fisheries Economics tries to
describe developments in the use of pesticides until 2004 as well as the potential for
influencing developments by using pesticide taxes, etc. (Rude, 1992: 7)
In this report, which is a re-assessment and an update of Dubgaard (1987), the effects
are also assessed of introducing a tax on pesticides of DKK 100 and DKK 200 per
standard dose, which, converted to a value-added tax, is predicted to correspond on
average to a tax of 60% and 120% of the market value of pesticides in the period 1987-
198947 (Rude, 1992:70).
Like Dubgaard (1987), this report uses an "aggregated" damage threshold model to
determine the optimal treatment needs from an operational and financial perspective,
after which projections are made to 1995 and 2004 based on 1990 data and using a
linear programming model48 that calculates changes in crop composition.
According to Rude (1992:16) the analyses suggest that taxes on pesticides can be
designed and implemented in such a way that the use of pesticides is reduced without
drastic financial effects on agriculture and without distorting the sector even further.

Table 3.5. Effects of pesticide taxes on the overall frequency of treatment
Overall frequency of
treatment (%)

Tax (60%) Tax (120%)

Starting point �13 �20
After 5 years �16 �24
After 15 years �19 �28
Source: Rude (1992:71)

Table 3.5 reveals that depending on the time frame, a tax of 60% of the market value
would lead to a 13-19% reduction in total frequency of use, while a tax of 120% would
have an effect of 20-28%. However, the total reduction also covers a significant
difference in the effects of the taxes on the various main groups of pesticides: taxes are
expected to have an impact on the frequency of treatment with fungicides and
insecticides, while the use of herbicides is expected to be less sensitive to taxation
(Rude, 1992:75). Apart from technological innovation, which in itself is expected to

                                                
47 For insecticides, which are generally cheaper than the other pesticides, the taxes - converted to a

value-added tax – corresponds to 125-150% and 275-300% of the market value, respectively (Rude,
1992:70).

48 According to Walter-Jørgensen (1999:47) linear programming models to describe structural changes -
apart from analyses of the use of pesticides when choosing pre-determined crop rotations – are rarely
used to describe the demand for pesticides
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lead to a 1% p.a. improvement in the efficiency of the use of pesticides, a tax-induced
technological reduction in pesticide consumption is also assumed (Rude, 1992:41).

Table 3.6. Agricultural revenue
Plant production
revenues (DKK
million)

Tax (60%) Tax (120%)

Without
ploughback

With
ploughback

Without
ploughback

With
ploughback

Starting point �615 �35 �1,185 �135
After 5 years �640 �60 �1,175 �145
After 15 years �550 �80 �975 �145
Source: Rude (1992:77-78)

Ploughing tax revenue back into agriculture is expected to reduce the economic effects
of a pesticide tax substantially. Converted, the limited fall in agriculture's total annual
revenue 49 of DKK 80 and 145 million respectively after 15 years corresponds to an
average loss of approx. DKK 35 and 60 per hectare (Rude, 1992: 78).
The report concludes that a tax levied on the wholesale price of pesticides – which the
model presupposes - would be difficult to administer, as is the actual pesticide tax
(Rude, 1992:87).

The Ministry of Finance 1994
A report by an interdepartmental committee of civil servants ('the Dithmer Committee')
about the effects of green taxes on business also analyses the effects on agriculture.
Based on the calculations in Rude (1992), the report calculates that a tax on pesticides
of approx. 1/3 of the price will have an appreciable effect on the environmental impact
(The Ministry of Finance, 1994:319). However, a minor increase in the tax is calculated
not to have unintentional effects and the committee recommends, therefore, a minor
increase in the pesticide tax. The committee recommended that pesticide tax increases
should include a differentiation between the four main groups of pesticides50, which did
in fact happen in 1996. The report describes how the loss of income caused by a
pesticide tax would be significantly reduced by ploughing the tax revenue back into
agriculture in the form of reduced property taxes, etc. – which again in fact happened in
1996 - and which is considered to be the least problematic solution in relation to the
EU's rules for state subsidies (The Ministry of Finance, 1994:320-321).

Bager and Søgaard 1994
In two major questionnaire surveys for the Ministry of Agriculture and the Danish
Environmental Protection Agency, Bager and Søgaard (1994) use an agricultural-
sociological approach to describe farmers' attitudes to the use of pesticides and the
factors that effect their decisions about using them 51. The report attempts to estimate
                                                
49 The loss consists of loss of profit, tax revenues and investment costs (The Ministry of

Finance, 1994:318).
50 Insecticides, herbicides, fungicides and growth regulation agents.
51 The surveys covered almost 2,000 interviewees and had a response rate of 61% (Bager and Søgaard,

1994:31).
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developments in the use of pesticides based on the farmers' own evaluations of the costs
of pesticides and the environmental impact of herbicides from 1990 to 1993. Their
responses show that farmers estimated that the environmental impact in the period fell
by 8-10%, depending on the method of questioning, which is only half as much as the
reduction in the use of pesticides calculated by the traditional method which measures
the total volume of active ingredients or frequency of use (Bager and Søgaard, 1994:54-
55).
The study also reveals that over half of the farmers spent less than 6% of their total
operating costs on pesticides in 1993 (Bager and Søgaard, 1994:152). The tax of 3% of
the retail price on pesticides in the early 1990s seems, therefore, only to have had a
limited effect on agriculture's costs and on the environment52.

Jensen and Stryg 1996
Agriculture is usually presented as a single sector, even though in practice there are
often regional differences in pest control needs depending on, for example, geography
and farming methods (Rude, 1992:35). This report by the Royal Veterinary and
Agricultural University (KVL) and the Institute of Local Government Studies -
Denmark (AKF) attempts to calculate the regional economic effects on agriculture of
introducing a tax on pesticides of DKK 200 per standard dose, or what would
correspond to a value-added tax of 120% of the market value. It also tried to assess the
environmental impact of the tax. The direct effects on agriculture of the pesticide tax in
2000 were calculated using a linear programming model (the KVL model) after which
the results were entered into a macro-economic model (the AKF model)53 in order to
calculate the derived economic effects of the tax on the regions (the counties) in
Denmark (Jensen and Stryg, 1996:11).

                                                
52 This also emerges from the comments to bill L 44 presented by the Minister of Taxation on 1 April

1998: "The previous tax had no effect on agriculture's use of pesticides …" (p. 3).
53 The AKF model is a Keynesian income multiplicator model based on an input-output model. Its

historical data dates back to 1970 (Jensen and Stryg, 1996:62-63).
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Table 3.7. Effects of a tax on pesticides
Effects of a tax on pesticides (%) Tax (120%)

Without
ploughback

With ploughback

Plant production �2
Agriculture's production value �0.5-�1.4
Total production value �0.05
Agriculture's gross national product at
factor cost

�4-�9 �4-�3

Total gross national product at factor cost �0.14
Total effect on employment �0.02554

Tax revenue (DKK million) 780
Pesticide use (estimate)55

�40 �40
Source: Jensen and Stryg (1996:27-29, 41-44 and 50-60)

Table 3.7 reveals that the effects of introducing a 120% pesticide tax are very small
outside the agricultural sector. Because of the limited effects of introducing the tax, the
study came to the conclusion that the tax which was actually introduced (at rates of 13
and 27% ) would only have a minor economic impact and that the actual reduction in
pesticide use caused by the tax was significantly lower than the approx. 40% estimated
in the analysis (Jensen and Stryg, 1996:9). On the basis of the KVL model, it is not
possible to conclude that the effects of the actual 1996 pesticide tax of 13% and 27%
will be correspondingly lower, however the report does conclude that the effect will be
under 10% (Jensen and Stryg, 1996:46-47).

Svendsen, Søgaard and Just 1997
As part of the evaluation of the 1986 pesticide action plan, major qualitative
questionnaire surveys were conducted on behalf of the Danish Environmental
Protection Agency about the use of pesticides in agriculture (Svendsen et al., 1997).
The studies try to reveal farmers' attitudes and actual behaviour in relation to a
reduction in the use of pesticides.
The questionnaire survey, which covered all Danish plant breeding consultants56,
reveals that economic incentives play a significant role in farmers' environmental
behaviour. According to the survey, 71% of the consultants think that the desire to save
on pesticide costs is one of the three most important reasons why farmers go beyond
legal requirements when it comes to environmental improvements and that costs are the

                                                
54 "The effects on employment are extremely small, as the biggest fall in activity takes place in

agriculture, where the employment level remains more or less unchanged in relation to the KVL
model." (Jensen and Stryg, 1996:45).

55 KVL was unable to provide information about the effects of a tax on the use of pesticides, so an
estimate of pesticide use after the introduction of a tax was made based on 1992 data (Jensen and
Stryg, 1996:28).

56 The questionnaire survey involved 346 plant breeding consultants and had a response rate of 57%.
The responses are believed to be representative of the country's consultants as a whole (Svendsen et
al., 1997:10).
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single most important motive compared with other possible answers57 (Svendsen et al.,
1997:30, 89).

Danish Institute of Agricultural and Fisheries Economics (SJFI) 1998
SJFI (1998) uses a traditional environmental-economic analysis to evaluate pesticide
regulation in agriculture and compares various incentives to reduce the environmental
impact of pesticide use. The way the present pesticide tax is levied – as a value-added
tax - is criticised for only providing an economic incentive to switch from expensive to
cheap pesticides, which does not necessarily imply a less detrimental environmental
impact. Thus, the tax is not thought to encourage changes in the mix of pesticides used
or technological development towards less environmentally detrimental pesticides,
which is often thought to be one of the main arguments in favour of using taxes to
regulate their use (SJFI, 1998:68).

Ørum 1999
Ørum (1999) is a consultants report to the Pesticide Committee58. It uses an operating
costs model for pesticide use 59 to evaluate the consequences of a total or partial phasing
out of pesticides for various types of farms categorised according to their location in
clay or sandy soil, respectively. The model performed a series of sensitivity analyses of
the influence on pesticide use of the actual taxes on pesticides combined with a fall in
corn prices of 30% in relation to the prices in 1995/96. For resource reasons, the
calculations were only performed for one type of farm (plant breeding on clay soil), as
farms on clay soil are expected to be hardest hit. The calculations come to the
conclusion that pesticide taxes will lead to a 25% increase in herbicide and fungicide
prices and a 50% increase in the price of insecticides. The price rises are slightly lower
than the tax rates actually introduced on pesticides because the full effect of the taxes is
not expected to be passed on in prices. The sensitivity calculations reach the conclusion
that pesticide taxes combined with lower corn prices will lead to a significant reduction
in the use of pesticides of 40-50%. (Ørum, 1999:48-50).

3.3 Finland
According to the OECD (1996c:159), the Finnish target is to reduce the annual use of
pesticides by 50% in the mid-1990s compared to the average volume of pesticides sold
between 1987 and 1991. After that, the target is a substantial reduction in the use of
pesticides60. From 1990 to 1997, pesticide use in agriculture measured as kilos of active
                                                
57 By comparison, this motive was easily the second most important in The Farmer and the Environment

(Svendsen et al., 1997: 30).
58 In 1997, Parliament set up a committee of independent experts to assess the total consequences of

phasing out the use of pesticides in agriculture (known as 'the Bichel committee' after the committee's
chairman or 'the Pesticide Committee').

59 The DØP model (Operating Economics for Pesticides) is a linear programming model which
calculates the best possible use of agricultural land and pesticides from a financial and economic
perspective. The purpose of the model is to calculate the direction and size of the effects of phasing
out pesticides (Ørum, 1999:13).

60 "Average use of pesticides, calculated as effective ingredients, was 2,000 metric tons per year in the
period 1987-1991 (…) The targeted reduction is to halve the annual mean volume of pesticides used
in the above-mentioned by the mid-1990s. Substantial reductions in usage should continue thereafter"
(OECD, 1996c159).
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ingredients fell from 1,994 tons to 998 tons, corresponding to a reduction of 50%
(Statistics Finland, 1998:51). Much of the reduction in the quantities used is ascribed to
the transition to new low-dose agents (OECD, 1996c:157)61. They are more effective as
pesticides, so smaller quantities achieve the same effect. The reduction in tonnage does
not, therefore, mirror a corresponding reduction in the health and environmental impact.
Finland introduced a pesticide tax in 1988 which was designed to finance the control
and registration costs associated with the use of pesticides (OECD, 1998:32). However,
it was more of a fee than an actual environmental tax.62. The tax, which is levied on
pesticide dealers, is an added value tax. It was originally 2.5% of the previous year's
turnover of pesticides but was raised to 3% in 1998.63(Nordic Council of Ministers,
1999: 110).
Table 3.8. Pesticide tax rates 1988-1998
(% of the previous year's turnover) 1988-1997 1998
Pesticides 2.5 3
Source: Nordic Council of Ministers (1999: 110)

No analyses of Finnish pesticide taxes were traced. This may be partly to do with the
purpose of the tax and its limited size and revenue effect. From 1995 to 1997, the tax
raised FIM 6 million (Nordic Council of Ministers, 1999:111).

3.4 Iceland
Iceland has introduced a volume-based pesticide tax of 0.038 ECU per kg (Nordic
Council of Ministers, 1999:81-82).

Table 3.9. Pesticide tax rates 1998
(ECU per kg) 1998
Pesticides 0.038
Source: Nordic Council of Ministers (1999:81-82)

No evaluations of the Icelandic pesticide tax were traced, which may be partly to do
with the low rate and revenue level.

3.5 Norway
In 1989, the Norwegian parliament passed its Plan of Action to reduce pesticide use
(1990-94) as far as possible/justifiable64 (The Ministry of Agriculture , 1998a:6). The

                                                
61 "This is partly caused by the fact, that since 1982, new low-dose herbicides have been approved for

weed control. Their quantity per ha. is only a fraction compared to the conventional phenoxy acid
herbicides" (OECD, 1996C:157).

62 In OECD (1997b:123) the pesticide tax is referred to as a 'pesticide fee' under 'administrative
environmental charges'.

63 According to RP 141/1997 the Finnish government proposed to raise the pesticide tax to 3.5%.
64 "Parliament asks the government to present a five-year action plan aimed at bringing the agricultural

use of pesticides down as far as justifiable" (The Ministry of Agriculture , 1998a:6). In OECD
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main target of the new action plan (1998-2002) is to reduce the various risks inherent in
pesticide use by 25%. (The Ministry of Agriculture , 1998b:46-47)65.
From 1985 to 1996, pesticide use measured in kilos of active ingredients fell from 1,529
tons to 706 tons, corresponding to a reduction of 54%. (The Ministry of Agriculture ,
1998a:25-26). Pesticide use fell until 1991 and has remained relatively stable since then
apart from 1995 and 1998 when sales rose rapidly. The rises in 1995 and 1998 are often
explained away with the claim that advanced warning of increases induced hoarding
(see for example The Ministry of Agriculture (1998a: 25) and The Ministry of
Agriculture (1999:1)).
The general reduction in pesticide use is thought to be mainly due to a transition to low-
dose agents (The Ministry of Agriculture, 1998a: 25)66, i.e. pesticides that are more
effective and achieve the same effect with smaller quantities. As a result, the reduction
does not reflect a corresponding reduction in the health and environmental impact but
rather an indication of whether pesticide use is rising or falling (Statistics Norway
(1999:4).
Pesticide use in Norway is regulated by an environmental tax introduced in 1988 to
provide an incentive to reduce use. However, the tax was not introduced because of its
direct impact on pesticide use but to finance a number of environmental initiatives67

(Berg, 1995:305). A regulatory fee was also introduced in 1988, revenue from which is
used to finance the costs associated with the regulation and approval of pesticides
(NOU, 1992-3:84).

Table 3.10. Pesticide tax rates 1988-1998
(% of
wholesale
price)

1988 1989 1990 1991-
1995

1996-
1997

1998 March
1999

Environment
tax

2 8 11 13 15.5 15.5 New tax
system

Regulatory
fee

? ? 6 668 7 9

Source NOU (1992-3: 85), The Ministry of Agriculture (1998a:32-33) and The Ministry of Agriculture
(1998b:42)

The environmental tax takes the form of a value-added tax levied on wholesalers and
was originally 2% of the wholesale price. It has subsequently been raised and in 1998
constituted 15.5% of the wholesale price. Since 1989, annual income from the

                                                                                                                                              
(1996c:292) the target is formulated in English as: "The reduction should be as far as possible", while
in Sæthe et al. (1999:208) it is formulated as "… to reduce pesticide use in agriculture as much as
justifiable".

65 The methods used to measure the change in risks must be based on the volume of pesticides, the area
treated, exposure and the health and environmental impact of the pesticides (The Ministry of
Agriculture , 1998b:47).

66 "An important cause of the fall is the introduction of low-dose agents which are used in very small
quantities per unit in relation to previous ones," (The Ministry of Agriculture , 1998a:25).

67 "This is not a general environment tax, but a way of procuring extra financial resources to improve
environmental protection measures (…) An environment tax on pesticides would make it possible to
plan warning systems and reduce pesticide use " (Bill no. 1 (1987-88) for the 1988 Budget) (quoted in
Berg (1995:305)).

68 NOU (1992-3: 85).
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environmental tax on pesticides has been approx. NOK 20 million. Even though the
revenue has not been earmarked for environmental initiatives since 1991, the proportion
ploughed back during the period 1989-1994 was still approx. 90%. (The Ministry of
Agriculture , 1998a:32-33).
Future Norwegian pesticide taxes will also consist of an environmental tax and a
regulatory fee, but as of March 1999 the regulatory fee has been imposed as a regular
tax per normal dose (tax based on area/dose) of NOK 1.4 per hectare, while the
environmental tax will be changed in future and raised in general as it is differentiated
into 7 different categories according to the pesticide's health and environmental impact.
The base rate for the environmental tax is NOK 1.5 (Hofstad, 1999:1).

Table 3.11 Pesticide tax 1999
1999

1 Spray/ingredients 0
2 Mordanting agents, etc.69 1/2
3 Pesticides with low environmental and

health risk
1

4 Pesticides with low environmental and
high health risks and pesticides with
high environmental and low health risk

4

5 Pesticides with high environmental and
health risk

8

6 Concentrated pesticides for non-
commercial purposes

50

7 Off-the-shelf pesticides for non-
commercial purposes

150

Source The Norwegian Agriculture Inspection Service (1999: 7) and Schou and Streibig (1999:9)

Official Norwegian Reports (NOU) 1992
In an extensive survey of Norwegian environmental policies in the early 1990s it was
calculated that the environmental effects of the environmental tax on pesticides had
been limited hitherto because of the relatively low tax rate and the fact that it was a
general value-added tax and did not differentiate between pesticides' health and
environmental impacts (NOU, 1992-3:84). According to the committee behind this
report, a tax that reflects the pesticide's health and environmental impact would be more
cost-efficient and the committee recommended that the tax be differentiated according
to the impact of the pesticides (NOU, 1992-3:203), which did in fact happen when the
tax was amended in 1999.

Official Norwegian Reports 1996
In late 1994, a green tax commission was set up to evaluate the role taxes might play in
efforts to promote a cleaner environment and higher employment. The Commission's
recommendation (Green Taxes - a policy for a better environment and high
employment) states that the environmental tax on pesticides until 1994 may have had an

                                                
69 'Seed treatment pesticides and biological products' (The Norwegian Agriculture Inspection Service,

1999: 7).
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effect on the reduction of almost 30% since 1988. However, much of the reduction is
ascribed to the transition to more concentrated pesticides and better spraying techniques.
The report also found that the plan of action for reductions in the use of pesticides
(1990-94) may have helped reduce use (NOU, 1996:210).

Prosjektforum AS 1997
As part of the evaluation of the plan of action (1990-94) to reduce pesticides,
Prosjektforum AS conducted a questionnaire survey in 1997 on behalf of the Ministry
of Agriculture in order to record changes in farmers' attitudes and actions relating to
pesticide use. Among the producers who had sought production subsidies in 1996, 50
were selected from 10 different industries, and of the 500 producers selected, 333
responded. Of those, 297 had not changed their production in the last five years. The
survey shows a clear link between the size of the farm and the proportion of its area that
is sprayed. The farmers believe that they used significantly less quantities of pesticides
in 1997 than in 1992 and that the most important reason for the changes in pesticide
consumption is better knowledge of the pesticides, although an approval course and the
costs of spraying are also stressed as important factors (Prosjektforum AS, 1997:4).

The Ministry of Agriculture 1998a
One of the main conclusions in this evaluation of the plan of action for a reduction in
the use of pesticides (1990-94) is that it is not possible to measure the effects of the
individual measures. Even though the intra-ministerial working party behind the
evaluation thought that most of the measures have had a positive effect, the pesticide
taxes were not thought to have had a particularly special effect on pesticide use. One
important effect of the environmental tax seems, however, to be that revenue from the
tax has helped to finance various other environmental initiatives (The Ministry of
Agriculture , 1998a: 33). The limited nature of the effect of pesticide taxes on actual
consumption is contradicted, however, by the fact that a warning of a small increase in
the environmental tax from 13% in 1995 to 15.5% in 1996 is thought to have
encouraged hoarding. From 1994 to 1995, pesticide sales rose by 8%. (The Ministry of
Agriculture , 1998a:25-26).
The fact that the pesticide tax was imposed as a value-added tax was criticised in the
report for favouring cheap pesticides (as opposed to more expensive ones) which are not
necessarily associated with a greater health and environmental impact. Developing new
and less environmentally detrimental pesticides also entails an expensive research and
development process, so they cost more than old types. However, the committee felt
that the disadvantages of a value-added tax should be assessed in relation to the
advantages of the tax, including the fact that it is easy to administer (The Ministry of
Agriculture, 1998a:33).

The Ministry of Agriculture 1998b
In 1998, the working group that evaluated the plan of action for a reduction in the use of
pesticides (1990-94) also presented a proposal for a new five-year action plan to reduce
the risks involved in using pesticides (Action Plan for Safer Pesticide Use (1998-2002)).
Based on the results of the pesticide monitoring programme, the working group reached
the conclusion that there is a need for a further reduction and one of the working group's
recommendations was, therefore, a significant increase of the environmental pesticide
tax over a five-year period and a change from a value-added tax to a tax per normal
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dose differentiated according to the pesticide's health and environmental impact (The
Ministry of Agriculture, 1998b:8-9 and 41-46).
The 1998 tax level was thought to be too low on its own to have a critical impact on
decisions to spray compared with the threshold damage and expected damage costs. For
the environmental tax to have an independent effect on the use of pesticides, the study
came to the conclusion that it would be necessary to increase the pesticide tax by what
corresponds to a seven or eightfold increase compared with the existing level. It also
recommended that the increased tax revenue (expected to be NOK 100 million after
reductions in use) be ploughed back into agriculture to finance measures with direct
environmental impact (The Ministry of Agriculture , 1998b:45).
The working group also came to the conclusion that a new tax system that better reflects
the health and environmental impact of pesticides would be more complicated to
administer than the existing tax system but that after a brief transitional phase the
increased costs of the conversion would only be NOK 0.2 million per annum,
corresponding to 1% of the total costs of the implementation of the plan of action or
0.2% of pesticide tax revenue (The Ministry of Agriculture, 1998b:42 and 53).

3.6 Sweden
In 1987, when passing the first agricultural pesticide action plan, the Swedish
Parliament decided that the use (measured in kilos of active ingredient) should be
reduced by 50% in 1990 in relation to the average for 1981-85. In 1989, the parliament
changed the target to a reduction of 75% in 1996. Turnover was reduced by 65% in
1996 in relation to the average from 1981-85.70. According to SOU (1994-82:116-117)
the number of standard doses had, however, only fallen by 5-10% on cultivated land
since the early 1980s due to the transition to more effective low-dose agents. The plan
of action for 1997-2001 does not include fixed quantitative goals for reductions.
Instead, the target is formulated as a continued reduction in the health and
environmental risks of pesticide use71. If the previous target of a 75 % reduction is not
achieved in 2001, the government will consider raising the pesticide tax72.
Pesticide use in Sweden is regulated by various means. In order to reduce the
environmental and health risks of pesticide use, a pesticide tax was introduced in 1984.
Apart from the environmental tax, a price regulation tax was also introduced on
pesticides in 1986.73.
The environmental tax, which takes the form of a volume tax per kilo of active
ingredient, was originally SEK 4 per kilo. It was raised in 1988 and 1994 and it is now
SEK 20 per kilo. The price regulation tax was originally SEK 29 per standard dose but
it was subsequently raised to SEK 46 per standard dose early in 1991. In 1992, the price
regulation tax was reduced to the original SEK 29 per standard dose and later
completely abolished.

Table 3.12. Pesticide taxes 1984-1998
(SEK per kilo
active

Jul. 1984 Jul. 1988 Nov. 1994

                                                
70 Bill 1997/98:2 (section 14.3) (http://www.riksdagen.se)
71 Bill 1997/98:2 (section 14.3) (http://www.riksdagen.se)
72 Bill 1997/98:2 (section 14.3) (http://www.riksdagen.se)
73 Apart from the environmental and price regulation taxes, which are related to the use of the pesticides,

Sweden also levies a registration tax on pesticides.
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ingredient)
Environmental
tax

4 8 20

(SEK per
hectare dose 74)

1986-1989 1990 1991 Jul. 1992 Dec. 1992

Price regulation
tax

29 38 46 29 0

Source: The Swedish Board of Agriculture (1996:72)

In 1995, the pesticide tax changed to an environment tax as there is no longer any direct
link between the level of the revenue raised and reinvestment of the revenue in other
environmental projects (The Swedish Board of Agriculture, 1996:72).

Swedish Government Official Report 1990
This report concluded that the relatively low pesticide taxes in 1990 had only had a
limited direct effect on pesticide use. Despite the complex nature of the question and
inadequate data. the study found, based on rough calculations, that the taxes have
caused a reduction in the use of insecticides and fungicides - motivated by operating
costs - of less than 2%. 75. Apart from the direct effect on the use of pesticides by
increased cost prices, the taxes were thought to have had an indirect effect on pesticide
use as a result of advice and information campaigns financed by revenue from the tax
(SOU, 1990:460-463).

The Swedish Board of Agriculture 1992
In 1992, The Swedish Board of Agriculture conducted a survey of the effects of the
environmental and price regulation taxes on pesticides, which constituted an average of
5% and 20% of the price of pesticides respectively in 1991 (The Swedish Board of
Agriculture 1992:37).
In its evaluation, The Swedish Board of Agriculture attempted to estimate the effects of
the tax on the use of pesticides by calculating the volume of pesticides that would have
been used in 1991, if there had been no taxes on them ("the 0 alternative"). Subject to a
price elasticity on herbicides of between �0.2 and �0.576, the Swedish Board of
Agriculture calculated that the use of pesticides in 1991 would have been 76-181 tons
higher without pesticide taxes. This corresponds to the direct effect of the taxes meaning

                                                
74 A hectare dose is in SOU (1990:459) defined as the recommended volume for a treatment.
75 "The effect of the taxes on consumption of chemical pesticides is difficult to define, partly because the

problem is complex and there is a lack of data. We have, however, made rough calculations on the
basis of, for example, statistics about the most important infestations in different crops and regions.
The calculations suggest that the taxes imposed so far, on the basis of operational cost motives, had
engendered a reduction of 2% in the spraying of insecticides and fungicides." (SOU, 1990:463).

76 The price elasticity is calculated on the basis that a reduction of 1% in product prices would reduce
herbicide use by 0.2-0.5%. (The Swedish Board of Agriculture 1992:35-36). However, this is not a
calculation of the pesticide consumption's price sensitivity as, for example, in Dubgaard (1987 and
1991), which tried to calculate a price elasticity for pesticide demand in the traditional way with the
help of data about average pesticide treatment per hectare and average pesticide costs per treatment
for the period 1971-1985.
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a reduction in the use of pesticides of 4-10%. (The Swedish Board of Agriculture,
1992:37-40).
The Swedish Board of Agriculture (1992:42-43) comes to the conclusion that pesticide
taxes are not particularly cost-effective because a reduction of 1 kilo in pesticides is
estimated to cost agriculture SEK 500-1,000 whereas a corresponding reduction in the
use of pesticides as a result of advice, research and development is estimated to cost
only SEK 50-70.

Gren 1994
Gren (1994:70) is based on time-series data for agriculture's input and output prices and
the volume of pesticides used from 1975 (or before) to 1989 and concludes that it would
take a pesticide tax of SEK 257-553 per kilo of active ingredient (depending on
pesticide price sensitivity) to meet the target of reducing pesticide use by 50%. A tax of
SEK 257 per kilo estimated on the basis of high cost elasticities is predicted to cause the
price of herbicides, fungicides and insecticides to rise by 97%, 99% and 17%,
respectively. (Gren, 1994:167).
The study also calculates that the target of halving the pesticide use could be achieved
in a cost-efficient manner by a pesticide tax but that farmers' incomes would be reduced
by SEK 440-858 million. Such a reduction in farmers' incomes of 11-21% is
significantly higher than it would be if other means of regulating use were used instead
(Gren, 1994:169-171).

The Swedish Board of Agriculture 1996
The Swedish Board of Agriculture (1996), which consists of a proposal for an action
programme to reduce the effects of using pesticides on health and the environment until
2001, estimates that 1/3 of the present reduction in the use of specific pesticides can be
ascribed to a reduction in agricultural areas, 1/3 ascribed to a reduction in the use of
pesticides and 1/3 to the transition to low-dose agents (The Swedish Board of
Agriculture, 1996:25).

Gren 1996
This expert report to the Tax Reform Committee (SOU 1996-117) conducted a partial
analysis of the fiscal income and positive impact on the environment of introducing a
tax on pesticides of 50% of their cost to agriculture.
The most important assumptions upon which the calculations are based are listed in
table 3.13, in which the price elasticities stem from Gren (1994) and the pesticide
quantities are from 1993.

Table 3.13. Most important data assumptions
Herbicides Fungicides Insecticides

Price elasticity �0.97 �0.34 �0.15
Tons of active ingredient 1,131 242 15
Value (SEK/kg active
ingredient)

350 260 3,060

Source: Gren (1996:189)
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According to the econometric calculations, the revenue raised from a 50% tax on
pesticides would be SEK 225 million p.a. and the use of pesticides would fall by 45%.
The positive environmental impact of the reduction is expected to be SEK 1,100 p.a.
However, the report stresses that the experiment of expressing environmental gains in
monetary terms is subject to a very wide margin of error and should, therefore, be taken
with a pinch of salt (Gren, 1996:171).

Table 3.14. Effects of a pesticide tax
Tax (50%)

Income (million SEK) 225
Pesticide use (%) �45
Net environmental gain (million SEK) 1,100
Source: Gren (1996:193)

OECD 1996a
OECD (1996) is an account of the member countries' environmental performance,
which reaches the conclusion that in 1990 Sweden had reached its original target of a
50% reduction in agricultural pesticide use without any negative socio-economic costs77

(OECD, 1996a:175).

The Swedish Environmental Protection Agency 1997
Based on The Swedish Board of Agriculture (1992), the Swedish Environmental
Protection Agency (1997: 75-76) estimates that pesticide taxes have been too low to
have a sustainable regulatory effect on pesticide use. On the other hand, it calculates the
indirect effects of the taxes to have had a certain impact, as revenue from the tax has
helped finance advice, research and development programmes.
The administrative costs of the pesticide tax are estimated to have been approx. SEK
4,000 in 1994/1995, which corresponds to around 0.01% of the tax revenue of SEK 30
million (The Swedish Environmental Protection Agency, 1997:73)78.

3.7 Discussion
It is difficult to assess the environmental and health impact of pesticide use. As Bager
and Søgaard (1994: 52) shows, any assessment of progress is necessarily associated
with a number of methodological difficulties:

1) There are many different types of pesticides
2) New ones are developed all the time, while others are discontinued
3) Existing pesticides are now being produced in more concentrated form
4) The need for pesticides varies significantly from season to season and from area to

area

                                                
77 "… without net economic costs".
78 "The tax revenue 1994/95 was approx. SEK 30 million. The administration costs of levying the tax are

estimated to be approx. SEK 4,000 per annum, which corresponds to approx. 0.01% of the total
income," (The Swedish Environmental Protection Agency, 1997:73).
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The large number of pesticides and the complex nature of their use means that an
aggregation of pesticides makes it difficult to assess their health and environmental
impact, and even a classification of pesticides in the four main groups (insecticides,
herbicides, fungicides and growth regulation agents) is often too rough. These
methodological difficulties make it difficult to maintain the "all things being equal"
assumption in the attempt to estimate price sensitivity for pesticide use. According to
Schou (1998:6-7), it is also difficult to define the basis upon which to make decisions
about regulation of the use of pesticides in, for example, Denmark, because there are no
real consumption statistics for pesticides, which would make it possible to shed light on
the interrelationship between agricultural production and pesticide use. Finally,
regulation by means of a pesticide tax is made even more complex by the fact that there
is no clear link between the environmental impact and the possible tax revenue (active
ingredients, standard dose, value) (Damgaard et al., 1995:48).
Some analyses also stress that it is only possible to analyse price sensitivity for the use
of pesticides with the help of an econometric model or by using threshold damage
models to evaluate the effects of a pesticide tax (Rude, 1992:107). As can be seen in
this chapter, these models are being criticised because of the wide margins of error
associated with estimating price elasticities and the fact that there can be major
variations in the results when the two models are applied to the same studies (for
example Dubgaard (1987)) and when they are used to compare different studies (for
example Dubgaard (1987) and Gren (1994)). A more general criticism of the use of
models is also that the results, of course, reflect the assumptions fed into the models
(Walter-Jørgensen, 1999:55).
In previous studies, pesticides were treated the same way as other means of production
(factor inputs), but in more recent analyses, pesticides have been treated as pest control
measures that increase the potential total production and it has been recognised that
their use is usually an either/or decision (Walter-Jørgensen, 1999:45).

3.8. Summary
Pesticide taxes have been structured differently in the various Nordic countries. In
Denmark, Finland and Norway, they have been value-added taxes, and in Iceland and
Sweden volume taxes. In 1999, the Norwegian pesticide tax was, however, changed to a
tax per normal dose and the tax differentiated according to the health and environmental
risk inherent in the various pesticides.
Even though there have been major reductions in the volume of pesticide use in the
Nordic countries since the early 1980s, there have been some extreme years when the
turnover has risen rapidly and these rises have often been linked to advanced warnings
of increases in pesticide tax rates. However, the general reduction is widely accepted to
be due to a transition to low-dose agents, i.e. pesticides that are more effective and,
therefore, have the same effect when smaller quantities are used. The reduction does
not, therefore, reflect a corresponding reduction in the health and environmental impact
of pesticide use.
As this chapter shows, a number of studies have been made of pesticide taxes in the
Nordic countries (Denmark, Norway and Sweden). In all three countries, the taxes have
been studied as part of evaluations of national pesticide action plans or of general
environmental taxes, but independent surveys have also been conducted of the effects of
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the taxes using threshold damage models (Denmark) or econometric models (Denmark
and Sweden).
On the other hand, actual ex post evaluations only seem to have been conducted of the
existing taxes on pesticides (Denmark and Sweden). As OECD data shows that
pesticide taxes have only been introduced in the four Nordic countries (OECD,
1997a:20) it is unlikely that ex post evaluations of pesticide taxes in other countries will
be found.
The ex post evaluations show that the effects of pesticide taxes have been limited so far.
This is partly due to the fact that tax rates have been relatively low for a long time and
the fact that it will not be possible to assess the effects of the raised taxes on pesticides
in Denmark in 1996 and 1998, and in Norway in 1999, for some years.
Most of the ex ante forecasts conclude that economic measures such as taxes are cost-
effective. The Swedish Board of Agriculture's (1992: 42-43) ex post evaluation of the
Swedish pesticide tax concludes that the tax is less cost-efficient than advice, research
and development campaigns because this study, unlike many other ex ante forecasts, is
based on the assumption that the information is perfect.
Other analyses show significant variations in the results – again due to the assumptions
upon which they are based. It is, however, possible to compare these ex ante forecasts
with corresponding analyses of taxes on pesticides in, for example, the Netherlands and
Germany. Pesticide taxes were analysed on various levels and the results of the studies
at crop rotation and farm level are often included in the model calculations on a more
aggregated sector or national level.
According to Walter-Jørgensen (1999:44) regulation of pesticide use is a relatively new
field of research. The limited number of analyses is also explained by the analytical
difficulties associated with the fact that pesticides include several main groups of agents
(insecticides, herbicides, fungicides and growth-regulation agents), and that these
groups in turn cover a broad range of agents used on specific crops. The fact that
pesticides are also a form of treatment and not a means of production in the traditional
sense also makes it more difficult to determine the most economical use. According to
Christensen and Schou (1998) - a study of financial analyses of pesticide use - the
diversity of products is the most serious problem associated with determining the
demand for pesticides according to various price assumptions (Walter-Jørgensen,
1999:44).
As well as quantitative studies of agricultural pesticide use, a few qualitative surveys
have also been conducted using extensive questionnaire surveys (Bager and Søgaard
(1994); Prosjektforum (1997); Svendsen et al. (1997)), in which attempts have been
made to reveal farmers' actual attitudes and actions.
The literature used in this report does not reveal any examples of the use of general
equilibrium models to calculate the derived effects on the economy as a whole of
introducing a tax on agricultural pesticides. In recent years national economic models
have, however, been developed for agriculture in the Nordic countries and in future it is
planned to link them to international models, for example, under EU auspices and use
them to study environmental questions (SOU, 1998:108). In Denmark, a general
equilibrium model AAGE (Agricultural Applied General Equilibrium) was used to
analyse the sectoral and socio-economic consequences of phasing out of pesticides in
Danish agriculture (Jacobsen and Frandsen, 1998), but even though the model includes
agricultural spending on pesticides (Jacobsen and Frandsen, 1998:12) it has apparently
not been used to make separate calculations of the business and socio-economic effects
of pesticide taxes.
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Enclosure 1

This section describes developments in the use of pesticides in the Nordic countries
since the early 1980s. Due to the introduction of low-dose agents in the period and
differences in the strength of the pesticides, the total quantities used are, however, not a
particularly adequate expression of their environmental and health impact.
Developments in another parameter, i.e. the frequency of treatment, is, therefore,
described in greater depth79.

Table 3.15. Pesticide turnover in the Nordic countries
Tons
(of
active
ingred
ient)

1981-
1985

1990 1990
Target

1991 1992 1993 1994 1995 1996 1996
Target

1997 1998

DK 6,972 5.650 5,22980 4,628 4,566 4,103 3,919 4,809 3,669 3,487 3,675 3,619
FIN 2,44481 1,994 1,688 1,340 1,208 1,272 1,036 912 1,00082 998 1,164
ICE
NOR 1,52983 1,184 771 781 764 862 931 706 -84 754 955
SWE 4,52885 2,450 2,264 1,925 1,593 1,531 2,025 1,307 1,613 1,132 1,677 1,688

Source: Hynninen and Blomqvist (1999:500), The Swedish Board of Agriculture, 1996:24, The National
Chemicals Inspectorate (1999:38), The Ministry of Agriculture (1998a:26-29), The Norwegian
Agriculture Inspection Service (1999:2), The Danish Environmental Protection Agency (1999:22), The
Danish Institute of Plant and Soil Sciences (1997:122) and Statistics Finland (1998:51)

A closer analysis of the quantities of pesticides used in the Nordic countries based on
table 3.15 shows that:
There has been a significant reduction in the quantities of pesticides used in all the
countries.
There have been extreme years in Denmark, Norway and Sweden - the three countries
with the highest pesticide taxes – when sales rose substantially.
Denmark accounts for over half of the total quantities used in the period.

                                                
79 "As there are a very large numbers of agents, aggregated goals are needed. As the strength of the

agents varies there is no point in measuring in kilos or litres (...) The "frequency of use" target is one
option but there is no obvious better choice." (Kærgård, 2000 47).

80 The target was to reduce total pesticide consumption by a minimum of 25% before 1 January 1990
(The Ministry of the Environment, 1986 970).

81 1980.
82 "Average use of pesticides, calculated as effective ingredients, was 2,000 metric tons per year in the

period 1987-1991 (…) The targeted reduction is to halve the annual mean volume of pesticides used
in the above-mentioned by the mid-1990s. Substantial reductions in usage should continue thereafter"
(OECD, 1996c:159).

83 1985 (The Ministry of Agriculture , 1998a:29).
84 Norway does not have a quantitative target for the reduction in pesticide use but the Norwegian

parliament passed an action plan, which states a target of reducing agricultural pesticide use as far as
possible (The Ministry of Agriculture , 1998a:6), while the various risks associated with using
pesticides are to be reduced by 25%. (The Ministry of Agriculture , 1998b: 46-47).

85 According to The Ministry of Agriculture (1998a: 29) the Swedish reference period is 1980-85.
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Since the early 1980s, the total quantity of pesticides used in the Nordic countries has
been more than halved. Compared to 1990, the use of pesticides in 1998 has been re-
duced by 34%. The smallest percentage reduction has been in Norway, where pesticide
use from 1990 to 1998 has been reduced by 19%. A more adequate reflection of
developments is, however, the 36% reduction from 1990 to 1997, as 1998 is a special
case because of the advanced warning of tax changes in 1999. In Sweden, the quantity
of pesticides used has fallen by 31% from 1990 to 1998, while pesticide use in Denmark
fell by 36% from 1990 to 1998. The biggest percentage reduction in pesticide use has
been in Finland, i.e. 42% from 1990 to 1998.
Although pesticide use has been reduced in general since the early 1980s, several years
have seen rises, apparently linked to the pesticide taxes. In the Norwegian Agriculture
Inspection Service (1998:1) the 7% rise in turnover of pesticides in Norway in 1997 in
relation to 1996 is explained by the advanced warning of an increase in the regulatory
fee from 7 to 9% as of 1 January 1998. That the turnover of pesticides in Norway rose
by a further 27% from 1997 to 1998 is also explained by the advanced warning of the
introduction of the new tax system in 1999 (The Norwegian Agriculture Inspection
Service (1999:1) and The Ministry of Agriculture (1999:1)). In Denmark, pesticide
turnover rose significantly in 1995, which according to the Danish Environmental
Protection Agency (1999c:5) and Statistics Denmark (1999:7) was due to the intro-
duction of a tax on pesticides for agriculture as of 1996. In Sweden, pesticide turnover
rose in 1994, which in Statistics Sweden (1999a:3) and The National Chemicals
Inspectorate (1999:9) was linked to an increase in the environmental tax at the end of
the year from SEK 8 to 20 per kilo of active ingredient.
From 1990 to 1998, the use of pesticides in Denmark constituted over half of the total
quantities used in the Nordic countries(52%). In Sweden, the use was around 1/5 (21%),
while the use in Finland and Norway was 1/6 (16%) and 1/10 (10%).
Instead of exclusively concentrating on developments in the quantities of pesticides
used, studies in Denmark prefer to use the frequency of treatment as a parameter for
analysing developments in their environmental and health impact. However, as
frequency of use does not seem to be used particularly often elsewhere, it has been
difficult to find comparable information for the other Nordic countries.

Table 3.16. Frequency of pesticide use in the Nordic countries
Freq.
of use

1981-
1985

1990 1990
Targ
et

1991 1992 1993 1994 1995 1996 1996
Targ
et

1997 1998

DK
(new)

2.67 3.56 2.0 2.93 2.73 2.57 2m5
1

3m4
9

1.92 1.3 2.45 2.27

DK
(old.)

2.63 2.40

Source: Statistics Denmark (1992:13) and Statistics Denmark (1999:5, 19)

Table 3.16 shows that the frequency of use calculation changed in Denmark in 1997
(The Danish Environmental Protection Agency, 1999a:23-24). After this change, the
new method showed that frequency of use rose by 6-7%.
Tables 3.15 and 3.16 show that there is great difference between whether developments
in the use of pesticides are calculated according to volume or frequency of use. While
the quantities of pesticides used in Denmark have been reduced by 48% in 1998 in
relation to the annual average for the period from 1981-1985, the frequency of use
calculation using the old method shows a reduction of 10%, while the reduction
calculated according to the new method is 15%.
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4. Summary of the effect of green taxes
and methodological deliberations about
ex post evaluation

4.1. Effects of green taxes
This report summarises a total of 68 studies of CO2 taxes and 20 studies of pesticide
taxes in the Nordic countries. The majority of the studies consist of ex ante forecasts.
Only a small number of actual ex post evaluations based upon historical data have been
conducted of the effect of the taxes. While no real ex post evaluations of pesticide taxes
have been identified, a total of 20 of this type were found for CO2 taxes. This difference
has to be seen in the light of the fact that CO2 taxes have been around for about a
decade, while pesticide taxes are a more recent innovation, at any rate at levels that can
reasonably be expected to make an impact. There follows a brief summary of what can
be deduced from the ex post evaluations about the effects of the Nordic CO2 taxes.
Finland was the first country to introduce a CO2 tax (1990) but no ex post evaluation
has yet been conducted. It should be borne in mind that the rate for the tax has been
relatively low and its objectives have been primarily fiscal. However, structural changes
and rate increases in recent years mean that the tax has now reached a level at which it
can reasonably be expected to begin to exert an influence on CO2 emissions.
Sweden has taxed industrial energy since the early 1970s and started to monitor and
register energy savings and changes in industrial processing shortly afterwards. The
Swedish CO2 tax has, however, had a chequered career. After a very high level in 1991-
92, the rate was reduced heavily in 1993. Even though it was regulated upwards in
1996, the net effect of the Swedish stop-go policy has been that the total energy-tax
burden on the industry is the same now as it was in the 1980s. The net effect of the CO2
tax has been a conversion from traditional energy taxes to taxes based on the CO2
content of fuels. Household CO2 taxation has, however, increased. Consequently, it is
no great surprise that it is difficult to demonstrate any significant impact on absolute
CO2 emissions. CO2 emissions are estimated to be approx. 3-4% lower because of the
tax than they would have been in a business-as-usual scenario but in absolute quantities
there has been a minor rise.
Norway's CO2 emissions are strongly influenced by the offshore industry (the oil
industry), and Norway has successfully levied Scandinavia's highest CO2-taxation on
business activity in this sector. According to reports from ECON, emissions are
estimated to be 30% less per produced unit as a result of measures which the tax has
either made profitable or to which it has drawn attention. In mainland Norway,
industrial processing energy is exempt from the CO2 tax, which means that the effects
are measurable in the household and transport sectors in particular. Only one dated
analysis exists, which shows that emissions in the early years of the tax were reduced by
3-4% in relation to a business-as-usual scenario. In absolute quantities, however,
Norway's CO2 emissions have risen considerably since 1991.
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Denmark is the only country able to boast an absolute fall in CO2-emissions – but even
then only if emissions in electricity exports to the other Nordic countries are deducted
from the total. Unlike the other Nordic countries, Denmark ploughs back much of the
revenue from the CO2 tax to subsidise energy savings. Since 1993, industrial processing
energy has been taxed but half of it has been at reduced CO2-tax rates on condition that
the companies entered into voluntary binding agreements about streamlining. The
Danish CO2 tax is the one that has been most regularly analysed but the estimated effect
depends on the method of analysis. Analysis based on particular periods show that
industry's CO2 emissions have been reduced by 7%, while production has increased by
27% in the 1990s. Based on a variety of models and analyses, the Ministry of Finance
(1999) calculated that the tax (along with agreements and the ploughing back of tax
revenue in the form of subsidies) from 1996-2005 would lead to a reduction of at least
10% in businesses' energy consumption, possibly more. This corresponds to a reduction
in total Danish CO2 emissions of 3.8% in 2005. However, the Ministry of Finance did
not take stock of the reductions achieved in 1999 and no estimates exist of the effects on
households. CO2 tax is not levied on the transport sector.

4.2. Potential reactions to green taxes
A look at all the analyses conducted shows that there is great variation in the methods
used. They range from interview-based studies with limited statistical generalisation
value to the use of economic models, which produce relatively exact attempts to
evaluate the effects of the taxes. The most satisfactory results are achieved by
combining quantitative and qualitative data, but analyses designed to evaluate the
effects of the taxes accurately generally require a lot of data. While ex ante forecasts can
be processed within well-defined model-economic traditions, the deliberations about
methods regarding ex post evaluations appear to deserve closer thought and
development.
Ideally, the purpose of green taxes is to achieve a situation in which the pollution
reaction is optimal, i.e. in which marginal pollution triggers marginal profit at its source.
However, such values seldom underpin the structure of environmental taxes; the
methods of defining such values remain underdeveloped and the method of defining
them is time-consuming and demands considerable resources. In practice, the so-called
"standard-price fixing method" is used (Baumol and Oates, 1971), according to which
the tax is fixed according to expectations of achieving a political target, e.g. a reduction
of x% in pollution from y. In environmental-economy theory, the tax is typically
processed through a simplified partial analysis involving one company and one type of
emission, and potential reactions to a tax consist of a simple choice between production
or pollution control.
Diagram 4.1. (cf. Goldstone, 1982) details a wider range of potential reactions to green
taxes, which can be derived from the neo-classical paradigm. The paradigm assumes
that the tax is an environmental one levied on an industrial emission or product and that
the potential reactions are varied over four categories and 10 variables. The list makes
no pretence of being exhaustive but does indicate that it will often be appropriate to
assess wider effects than merely the environmental effects of a tax. On micro-level, it is
necessary to assess the reactions of industry and consumers, on macro-level it is
necessary to assess structural and distributory effects. In practice, it can be said that the
assessment criteria have thus expanded from merely including environmental effects
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and turnover effects, to also include the effects of, for example, employment, income
distribution, competitiveness and technological progress.

Diagram 4.1 Potential reactions when evaluating green taxes (Goldstone,
1982)

Ultimately, it is, of course, the environmental effects of a tax that will often attract the
greatest interest during an evaluation. But to be able to interpret and explain the effect
on the environment, a certain knowledge is needed of the other adjustment mechanisms
outlined in diagram 4.1. On top of that, some of the political interest in the effects of
green taxes can also be attributed to interest in possible negative effects on other
parameters than the environment.
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There follows an assessment of a number of different methods of ex post evaluation of
regulatory economic measures.

4.3. Economic models for ex post evaluation
Economic models are used more and more for advanced analysis of environmental and
energy measures. Economic modelling makes it possible to provide decision makers
with information in advance, e.g. about expected environmental effects and socio-
economic consequences, which may be important for the political decision-making
process. Models are being extended all the time, e.g. as satellite models for well-known
macro-economic models, making it possible to conduct integrated environmental-
economic evaluations.
As a new innovation, economic models are also used in ex post evaluation of green
taxes. As far as CO2 is concerned, Danish input-output model-based analyses are
mentioned by Munksgård, Pedersen and Wier (1997); the Ministry of Finance (1999)
and in Norway by Larsen and Nesbakken (1997).
Input-output models are the most widespread in energy and environment research and
make it possible, albeit relatively mechanically, to describe the consequences of
environmental taxes on production and consumption. General equilibrium models take
the feedback effects into account and better describe the long-term effect of particular
measures, i.e. within a 20-30 year time scale, as it is assumed that the economy will
move towards a new equilibrium.
According to the Cambridge economist Terry Barker (1996:245) a good model is
characterised by high prediction value and the credibility of the following seven
qualities;
1. Consistency: the treatment of the various parts of the system has to be internally
consistent. It is an advantage to base a model on an empirically consistent statistical
basis.
2. Transparency: the relations between the various variables have to be clearly defined.
Good models are coherent. It should be possible to put labels on specific variables and
relationships.
3. Wide-ranging: a good model ought to be wide-ranging and varied in so far as the
relevant variables for the analytical purpose are concerned. Even though it can facilitate
understanding to use constant variables, the model will only function reasonably if it
represents the most important dimensions of the problem.
4. Spatial and time-limited: models which assume that economic activity takes place in
split seconds without time dislocations limit the ability to understand economic activity,
especially over a long time span.
5. Operational: a good model is updated and used regularly and its parameters are
revised with due deference to new research results. They are based on official and
accessible data and not data produced specially for the purpose.
6. Documented and reproducible: it may seem superfluous to mention but the
documentation and specification of the models used is often sparse.
7. Relevant scale: the purpose of modelling is to simplify and abstract but it has to be
done on the relevant scale and in a way that directs attention at critical problems and
questions.
Models involve a number of obligatory simplifications, which means that the results
must be treated with caution. Their strength lies in analysing the effects of green taxes
in advance, as they provide a basis upon which to assess the direction and to a certain
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degree also the scale of the probable effects. Without entering into a general discussion
about models, central problems involved in the use of models in the environment and
energy front for ex post evaluation do need to be pointed out.
Use of Leontieff's production function in normal input-output models entails that the
models cannot in principle take into account changes in composition factors as a
reaction to taxes. In the model, the tax is added on, e.g. as a supplement to energy prices
and passed on to the end consumer. This means that the models are often incapable of
dealing satisfactorily with a wider set of potential reactions, which are outlined above,
and which are demanded by the decision makers. Thus, it is a well-known weakness
that models do not take into account changes in technology, for example, in the form of
improved energy or material use as a reaction to taxes. This is regrettable, since
substitution among factors and dynamic efficiency are part of the very theoretical
foundation for green taxes. As far as analyses of socio-economic effects are concerned,
the principle limitations of input-output modelling mean that these tend to be valued as
negative or as the environmental-economic textbook would have it: "there is a tendency
for input-output models to overstate the effects of cost changes" (Perman, Ma and
McGilvray, 1996:356). It also deserves to be mentioned that special input-output
models do not incorporate central elements of the neo-classical theory, including
assumptions about the players optimising their use and maximising their profit.
General equilibrium models are based on the neo-classical foundation and are
increasingly used for environmental and energy analyses. Criticism of these models is
often related to criticism of the neo-classical paradigm. The models assume a point of
departure in economic equilibrium and that the reaction to economic changes will be a
new equilibrium with unchanged employment levels. This hypothesis makes it difficult
per se to quantify the effects of green taxes on employment levels. No transaction costs
are linked to the move from one equilibrium to the next and institutional rigidities that
may obstruct the new equilibrium are ignored. The general equilibrium models facilitate
substitution but when specifying elasticities typical non-convex relationships are
assumed (i.e. that the elasticity, for example, for pesticide use is the same irrespective of
whether it is the first or last decentile). It goes without saying that the models also
assume that the players are rational and have access to perfect information. The rational
player assumption is particularly problematic with environmental costs, which have
traditionally been inadequately priced or not priced at all. General equilibrium models
might be said to operate with a more ideal picture of the economy than input-output
models, which have a better empirical foundation.
A whole lot of effort has been put into improving models in the environmental and
energy fields – e.g. in the input-output models, attempts have been made to describe
substitution between factors endogenously as part of a development process within the
model.
Ex post evaluations of regulatory economic measures will (in principle) generate fresh
historical data and facilitate a more precise result than ex ante forecasts. The question is,
however, with what precision the new data can be used in the models?
Larsen and Nesbakken (1997) introduce a relatively advanced 'counterfactual analysis'
in which three sector models are calibrated with the actual historical data for energy
consumption and subsequently analysed with and without a CO2 tax. The work is based
on Statistics Norway's acknowledged model tradition. It is pointed out that the company
model contains sector-specific equations for the consumption of electricity and fossil
fuels as a function of prices and total energy consumption. It is stipulated that the model
only allows substitution between oil and electricity, not reduction in energy demand as a
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result of the CO2 tax (p. 278), i.e. making energy more efficient. The model describes
each company sector separately, they are not linked, so it must be presumed that market
structure adjustments cannot be described. Regarding the model for households, it is
pointed out that it does not allow for changes in fuel, for example, from oil to
electricity, but the conclusion reached is that the effect of this restriction on the final
result is balanced out by other restrictions in the model. Finally, a general equilibrium
model is used for the transport sector.
It is evident that Larsen and Nesbakken's work is based on the existence of ready-made
sector-specific models, which are sufficiently detailed to cope with important aspects of
the potential reactions within energy consumption, but it is also evident that important
limitations and simplifications have to be acknowledged even in this relatively
advanced model. Especially the question of technological change/development and
associated energy efficiency and of more general market adjustments as a result of the
tax cannot be described within the framework chosen and are, therefore, not included in
the analysis.
Ex post evaluation of regulatory economic measures can only be conducted with the
help of models, in which there is extensive data, which on a disaggregated level links
economic and physical/environmental considerations. For that reason alone, the use of
models will be limited to fields in which statistical and model traditions have been
developed, especially energy, but to a certain degree also agriculture. The models are
probably the only opportunity to conduct ex post evaluation of socio-economic
consequences, however, they should not be used uncritically to assess the environmental
effects or the precise effect on the environment of the taxes. Alternatives do exist.

4.4. Political science methods of ex post evaluation

Interview-based method of ex post evaluation .
Several of the ex post evaluations used an interview-based method, in which a small
number of companies were studied and their response to the taxes elicited through in-
depth interviews. Regarding the CO2 tax in Denmark, Shopley and Brasseur (1996);
Krarup, Togeby and Johansen (1997) and Clasen (1998); for Norway ECON (1994;
1997); and for Sweden the Ministry of the Environment. (1994); The Swedish
Environmental Protection Agency (1995) and Carlsson and Hammar (1996).
The advantage of the interview-based method is that it is possible to generate relatively
accurate and detailed information about how individual companies have adjusted to the
tax situation. This information can be both qualitative (e.g. assessment of
administration, interaction with authorities, effect of various regulatory measures) and
quantitative (data for development in production and environmental impact, key
financial data, etc.). This makes it possible to shed light upon a number of the variables
mentioned in diagram 4.1. For example, Sweden's Ministry of the Environment found
that there had been a fuel switch in the timber industry towards more CO2 rich fuels as a
result of the differentiation of the tax. Clasen (1998) found that there was a great
difference in the reaction patterns between different industries. ECON could accurately
identify technology options in the Norwegian offshore industry and assess the tax's
significance on them.
A central question regarding the interview-based method is how the companies are
selected and the extent to which they are representative. In most cases, it will not be
possible to generalise statistically on the basis of the results. ECON is the most
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representative study as it looks primarily at the offshore industry. Krarup, Togeby and
Johansen only evaluated companies covered by the Danish tax agreement system, and
could , therefore, draw conclusions about this group of companies. Clasen chose 7
companies, which could reasonably be expected in advance to have a positive attitude to
energy efficiency (best cases), so the choice may be described as deliberately
disproportionate and the possibilities for generalisations, therefore, limited.
Even though the interview-based method makes statistical generalisation impossible in
a number of cases , it can form the starting point for what it is known as analytical
generalisation, cf. case-study methodology (Yin, 1984). The foundation is in this case
so-called replication logic, in which explicit expectations or hypotheses are first fixed
for the results expected from the case studies and are subsequently qualified and
modified with due deference to the results of the in-depth interviews. If assumptions can
be set up for specific results on the basis of a consistent theoretical basis (e.g. of the
type: small and medium-sized companies are not expected to react to CO2 tax because
of transaction costs), and this can be replicated, then the hypotheses can be said to be
corroborated.
Nevertheless, based on this method it is often difficult to generate exact evaluations of
the effects of a tax. Decision makers often demand information such as "how much has
tax x reduced emission y", so this can only be considered a serious deficiency. On top of
that, this method can only describe the socio-economic and market adjustment effects in
general phrases.

Survey analysis and panel-data with statistical tests.
A more formalised version of the interview-based method is actual surveys that involve
collating quantitative data from a set of respondents in a closely monitored random
sampling.
The survey method is well-known in the social sciences and is used, for example, by
psephologists. Like the economic models, it presupposes extensive data on
disaggregated level but where the economic models extract this from statistical
databanks, the survey method is normally based on procuring original data for this
purpose.
An interesting example of the use of the survey method is Carlsson and Hammar, 1996,
which looked at all the energy-intensive companies in one Swedish county. As well as
interviews, quantitative data about the companies analysed was also calculated.
Arguments are advanced for methods by which the tendencies revealed by the study
could be scaled up to fit Sweden as a whole.
Statistical tests can be used as an extension of the interview or company-based method,
primarily regression analysis when assessing the effects of a tax.
One difficulty associated with the survey method is obtaining definitive before-and-after
data. Information about company emissions will typically have to be corrected to take
account of developments in production. The companies do not always file the relevant
information in a form that makes it possible for them to respond directly to the
questions in a survey. In a study of the timber and furniture industry's VOC emissions it
was difficult to place the consumption of surface treatment substances in relation to the
total treated surface, as the company's own product calculations were purely pecuniary.
So more in-depth co-operation with the company is often needed in order to procure the
necessary data and this places certain requirements on motivation, etc. to contribute to
the survey. Where so-called green accounts exist or environmental regulation has been
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implemented (EMAS, ISO, etc.), it will often be easier to procure data but this also
entails the risk of unintentional bias creeping into random samples.
It may, therefore, be necessary to invest considerable resources in building up panel
data over a longer period. An interesting example of this approach is the work taking
place in Denmark under the auspices of the Danish Energy Agency to build up a
detailed panel database of approx. 5,000 companies and more than 300 variables in a
timescale starting in 1983 (Bjørner, Togeby and Christensen, 1998). The database
makes it possible, for example, to assess the assumptions about elasticity that have to be
factored into ex ante model simulations.
With a database of this size, it will be relatively easy to run statistical tests, for example,
regression analysis, in relation to various hypotheses about the effect of the tax and
other variables that may influence emissions, respectively. Multiple regression analysis
in particular facilitates quantitative analysis of the effect of a tax in relation to other
variables in play. The use of regression analysis presupposes, however, qualitative
analysis of the relevant relationships, as it is a purely statistical test. It can be
ascertained, therefore, that there are fewer bindings in the use of statistical tests on a
panel database than in the use of calibrated economic models for ex post evaluation
because a priori assumptions that simplify reality must not be made. Conversely, the
more complex data structure means that it would be barely possible in practice to
account for all the variations in the data material.

Comparative method
Comparative analysis based on studies of specific periods requires less data. The
comparative method can, for example, entail comparison between various industries in
the same country, between regions or between countries. An elementary aspect of the
comparative method is defining simple periods of time for the development in the
dependent variable (the emissions) and a number of relevant independent variables.
One example of comparative analysis is Enevoldsen (1998) which analysed
developments in industrial CO2 emissions in Denmark, the Netherlands and Austria as
influenced by various regulatory systems and with and without taxes.
Comparative analysis can be organised as a "most-similar-cases design", whereby the
effect of a number of independent variables can be kept constant. The analysis can be
detailed by comparing with sub-units, e.g. benchmarking of emission/unit of GDP in the
same industries in different countries. The comparative analysis will often be
underpinned by qualitative data, e.g. from interviews. A comparative analysis can also
be organised in such a way that it evaluates the effect of a tax on adjacent industries
within the same regulating system (country).
The comparative method is as sophisticated in terms of data as model-economic tools or
panel databases but can on the other hand extrapolate quite extensively from a relatively
limited set of data. As there will often be major variations in the data in comparative
analyses compared to the marginal changes that can be studied as reactions to tax
changes in a single country, comparative analysis also makes it possible to generate
greater knowledge of elasticities. One obvious subject for comparative analysis that
might be mentioned is an evaluation of the effects of motor tax on private vehicles. But
comparative analysis can also be useful for ex post evaluation of taxes in areas where
there is little data available or the data is difficult to work with, and areas in which, on
the face of it, it should be a simple enough process to assess the development in two
countries with and without a particular tax.
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4.5. Conclusions about choice of methods, including when
resources and data are limited
There is no general answer to the question of which method should be used. It depends
on the potential reactions the study aims to reveal, what data is available about the tax
and how the data and the area are to be analysed.
In relation to some of the more sophisticated methodological deliberations there are also
practical deliberations regarding obtaining relevant data, e.g. customs and tax
authorities often do not have data for the tax in an accessible form and data is routinely
destroyed after a particular period of time (in Denmark 5 years).
It is tempting to use economic models with which decision makers can take stock of
current developments and generate prognoses of future developments. There have to be
major misgivings about the use of models for ex post evaluation because of the
assumptions and restrictions that characterise them. Sophisticated models are required
for all the relevant sectors, as well as in-depth calibration with the historical data to
make sure that the models generate valid results.
Panel data procured from surveys allows for analyses that are more receptive to the
whole palette of potential reactions. The method requires relatively large quantities of
resources and data and will, therefore, like the economic models require significant
investment but once a panel database has been generated, it can also be used for more
general analyses of developments in a given area, thus providing a return not only in
terms of analysing taxes.
In relation to the urgent need for evaluations of a number of taxes that often emerges
from the ad-hoc and hasty way studies are commissioned, it must be pointed out that
more qualitative methods such as in-depth interviews and comparative time-scale
analyses can in fact provide results that the state administration can actually use. In-
depth interviews in particular can have inappropriate side effects, cause administrative
problems, etc., which it may be relevant to define and clarify. Comparative analyses can
be seen as a form of benchmarking, i.e. a relatively rough comparison, not unlike the
one used in a number of other administrative areas outside the environment and energy
area.
As the palette of green taxes is now quite large, more qualitative methods may be
relevant in cases where sufficient data is not available, and investment in obtaining and
the maintenance of such data is not an option.



106



107

Bibliography

Aftenposten.
Alatalo, Johanna, 1998, Hiilidioksidiveron kaksoishyöty-vaikutus [Koldioxidskatten och

den dubbla vinsten], Helsinki: ETLA, The Research Institute of the Finnish
Economy.

Andersen, M.S. & Liefferink, D., 1996, ”The domestic politics of carbon-energy
taxation” pp. 111-140 in The New Member States and the Impact on
Environmental Policy. Final Report to the Commission (DGXII), Part I, Århus:
Dept. of Political Science, Aarhus University.

Bager, Torben og Villy Søgaard, 1994, Landmanden og miljøet - holdninger og adfærd
belyst ved en spørgeskemaundersøgelse, Esbjerg: Sydjysk Universitetsforlag

Barde, Jean-Philippe, 1999, "Environmental Taxes in OECD Countries: an overview"
pp.19-50 in OECD, Environmental Taxes - Recent Developments in China and
OECD Countries, Paris: OECD.

Barker, Terry, 1996, Space-time economics, Cambridge: Cambridge Econometrics.
Baumol, William J., & Wallace E. Oates, 1971, "The Use of Standards and Prices for

Protection of the Environment", The Swedish Journal of Economics, Vol. 73, No.
1, pp. 42-54.

Berg, Eivind, 1995 "Miljøavgifter i jordbruket i Norge", pp. 305-311, in Nordiska
skattevetenskapliga forskningsrådet (1995).

Bjørner, Thomas Bue & Mikael Togeby, 1999, Industrial Companies’ Demand for
Energy Based on a Micro Panel Database – Effects of CO Taxation and
Agreements on Energy Savings, ACEEE - summer study 1999, Saratoga Springs,
New York: American Council for an Energy-Efficient Economy.

Bjørner, Thomas Bue, Mikael Togeby & Jan Christensen, 1998, Industrial Energy
Demand - a Micro Panel Data Analysis, Copenhagen: AKF Forlaget.

Boom, Jan-Tjeerd, 1998, "Danish Energy Policy 1966-1991: A Cointegration Analysis
of Some Policy Measures" pp.129-38 in International Association for Energy
Economics, Experimenting with Freer Markets: Lessons from the Last 20 Years
and Prospects for the Future, Conference Proceedings Volume I, Quebec:
Université Laval, Département d'économique, GREEN.

Bragge, Johanna, 1997, Premediation Analysis of the Energy Taxation Dispute in
Finland, Helsinki: Helsinki School of Economics and Business Administration.

Brännlund, Runar & Bengt Kriström, 1999, The Scope for Nordic Co-ordination of
Economic Instruments in Environmental Policy, Copenhagen: Nordic Council of
Ministers.

Brännlund, Runar & Ing-Marie Gren, 1999, "Green Taxes in Sweden: A Partial
Equilibrium Analysis of the Carbon Tax and the Tax on Nitrogen in Fertilizers"
pp.109-35 in Brännlund & Gren (eds.), Green Taxes. Economic Theory and
Empirical Evidence from Scandinavia, Cheltenham, UK & Northampton, MA,
USA: Edward Elgar.

Brännlund, Runar & Jonas Nordström, 1999, Carbon Tax Simulations Using a
Household Demand Model, Umeå: Umeå University.

Børsen.
Carlsson, Andreas & Henrik Hammar, 1996, Energiskatters påverkan på industrins



108

koldioxid- och svavelutsläpp, Vänersborg:
Älvsborgs County Council, Planning and Environment Department.
Christensen, Arne, 1991, Stabilization of CO2 Emissions – Economic Effects for

Finland, Helsinki: Ministry of Finance.
Christensen, Tove og Jesper S. Schou 1999, Oversigt over økonomiske analyser af

landbrugets pesticidanvendelse, (SJFI - Working Paper no. 6/1999), Copenhagen:
Statens Jordbrugs- og Fiskeriøkonomiske Institut.

Clasen, Gesa, 1998, A Framework for Innovation: Corporate Responses to Applied
Energy/CO Taxes in Denmark, Rotterdam: Erasmus Studiecentrum voor
Milieukunde.

Daily News from Iceland.  (jf. http://www.icenews.is//daily1.html).
Damgaard, Jørgen Holm, Hansen, Benny Hjortkær og Jens Holger Helbo Hansen, 1995,

"Dansk juridisk och ekonomisk nationalrapport" in Nordiska skattevetenskapliga
forskningsrådet Miljöskatter, pp. 5-81.

Danmarks Miljøundersøgelser, 1993, Miljø og samfund - en status over udviklingen i
miljøtilstanden i Danmark, (Faglig rapport fra DMU nr. 93), Roskilde: Danmarks
Miljøundersøgelser (DMU), Afdeling for Systemanalyse.

Danmarks Statistik, 1992, Landbrugets anvendelse af pesticider i planteavlen 1981-
1991, Miljø 1992:3 (Statistiske Efterretninger), Copenhagen: Danmarks Statistik

Danmarks Statistik, 1996a, ADAM - En model af dansk økonomi. Marts 1995,
Copenhagen: Danmarks Statistik.

Danmarks Statistik, 1996b, Statistisk tiårsoversigt 1996, Copenhagen: Danmarks
Statistik.

Danmarks Statistik, 1999a, Pesticidsalget og pesticidanvendelsen i landbrugets
planteavl i 1998, Miljø og energi 1999:24 (Statistiske Efterretninger),
Copenhagen: Danmarks Statistik.

Danmarks Statistik, 1999b, Miljøstatistik 1999, Copenhagen: Danmarks Statistik.
Dean, Andrew & Peter Hoeller, 1992, Costs of Reducing CO2 Emissions: Evidence from

Six Global Models, Paris: OECD.
Det tværministerielle energiafgiftsudvalg, 1991, Delrapport fra det under styregruppen

vedrørende energiafgifter nedsatte udvalg om erhvervslivets beskatningsforhold
på energiområdet.

Det Økonomiske Råd, 1990, SMEC - Modeldokumentation og beregnede virkninger af
økonomisk politik, Copenhagen: Det Økonomiske Råd.

Det Økonomiske Råd, 1993, Dansk Økonomi, Copenhagen: Det Økonomiske Råd.
Dragsund, E., K. Aunan, O. Godal, G.P. Haugom & B. Holtsmark, 1999, Utslipp til luft

fra oljeindustrien. Tiltak, kostnader og virkemidler, Oslo: CICERO, University of
Oslo (internet version downloaded from CICERO’S homepage 27-8-99:
http://www.cicero.uio.no/cgi-bin/order/publikasjoner.cgi).

Dubgaard, Alex, 1987, Anvendelse af afgifter til regulering af pesticidforbruget,
(Rapport nr. 35), Copenhagen: Statens Jordbrugsøkonomiske Institut.

ECON, 1994, Virkninger av CO2-avgift på olje- og gassutvinning i Norge. Delrapport 4:
Sammendrag og hovedkonklusjoner, Oslo: ECON.

ECON, 1996, Grønn skatt: Virkninger på verkstedsindustrien og forretningsmessig
tjenesteyting, Oslo: ECON.

ECON, 1997, CO2-avgiftens betydning for CO2-utslipp på norsk sokkel, Oslo: ECON.
ECON, 1998, Avgiftenes rolle i klimapolitikken, Oslo: ECON.
ECON, 1999, Perspektivanalyse. Rammebetingelser og verdiskaping på norsk sokkel,

Oslo: ECON.



109

Elskattearbetsgruppen, 1996, Sähköverotyöryhmän muistio [Elskattearbetsgruppens
rapport], Helsinki: Ministry of Finance.

ENDS Environment Daily. May be downloaded from http://www.ends.co.uk/envdaily/.
Energiministeriet, 1990, Energi 2000 – handlingsplan for en bæredygtig udvikling,

Copenhagen: Energiministeriet.
Energimyndigheten, 1998a, Energiläget 1998, Stockholm: Energimyndigheten.
Energimyndigheten, 1998b, Energiläget i siffror. Energy in Sweden - Facts and figures

1998, Stockholm: Energimyndigheten.
Energiskattearbetsgruppen, 1995, Energiaverotyöryhmän muistio III - Teollisuus ja

sähkö ympäristö-perusteisessa energiaverotuksessa [Industri och el i
milojöbaserad energibeskattning], Helsinki.

Energistyrelsen, 1998, CO2-aftalernes betydning for virksomhedernes energiadfærd -
belyst gennem 5 cases. Baggrundsrapport til Evaluering af energiaftalernes
effekt, Copenhagen: Energistyrelsen.

Energistyrelsen, 1999a, The Danish Agreements on Energy Efficiency, Copenhagen:
Energistyrelsen.

Energistyrelsen, 1999b, Opfølgning på Energi 21. Status for energiplanlægning,
Copenhagen: Energistyrelsen.

Energistyrelsen, 1999c, CO2-emissioner - faktiske. Downloaded from:
http://www.ens.dk/statistik/98/tab4_emission.htm.

Energistyrelsen, 2000, CO2-udledningen faldt igen i 1999. Downloaded from:
http://www.ens.dk/nyt/presse/2000/energistat.htm.

Enevoldsen, Martin, 1998, Joint Environmental Policy-Making and Other New
Abatement Strategies for Industrial CO2 Pollution. Austria, Denmark and the
Netherlands, Environmental Sociology Publication, Wageningen: Agricultural
University.

Enevoldsen, Martin, 2000, "Industrial Energy Efficiency" in A.P. Mol, V. Lauber &
J.D. Liefferink (eds.), The Voluntary Approach to Environmental Policy: Joint
Environmental Policy-making in Europe, Oxford University Press, forthcoming.

Enevoldsen, Martin & Stefan Brendstrup, 2000, "Considering Feasibility and
Efficiency: The Danish Mix of CO2 Taxes and Agreements" in Rolf Ulrich
Sprenger & Mikael Skou Andersen (eds.), Market-based Instruments for
Environmental Management, Edward Elgar, forthcoming.

Finans- og tolldepartementet, 1998, Grønne skatter (Stortingsmelding nr.54 1997/98),
Oslo.

Finansministeriet, 1994a, Grønne afgifter og erhvervene, Midtvejsrapport fra
embedsmandsudvalget om grønne afgifter og erhvervene, Copenhagen:
Finansministeriet.

Finansministeriet, 1994b, Grønne afgifter og erhvervene - materiale til møderækken
med erhvervs- og miljøorganisationerne, Copenhagen.

Finansministeriet, 1995, Erhvervene og energien, Copenhagen: Schultz Information.
Finansministeriet, 1997, Erhvervslivets vilkår, Copenhagen: Schultz Information.
Finansministeriet 1998, Miljøvurdering af Finanslovsforslaget for 1999, Copenhagen:

Schultz Information.
Finansministeriet, 1999a, Evaluering af grønne afgifter og erhvervene, Copenhagen:

Schultz Information.
Finansministeriet, 1999b, Miljøvurdering af Finanslovsforslaget for 2000, Copenhagen:

Finansministeriet. Internet version downloaded 2-9-1999 from:
http://www.fm.dk/udgivelser/publikationer/miljovurdering1999/index.htm.



110

FN, 1997, Kyoto Protocol to the United Nations Framework Convention on Climate
Change.

Frandsen, Søren E., Jan V. Hansen & Peter Trier, 1993, GESMEC - en dokumentation
af DØRS' generelle ligevægtsmodel og CO2-beregninger i Dansk økonomi maj
1993, (working paper 1993:1), Copenhagen: Det Økonomiske Råds Sekretariat.

Frost, Hans & Henning P. Jørgensen, 1996, "Grønne" afgifters og miljøforbedrende
investeringers økonomiske betydning for fiskemelsbranchen, Esbjerg: Sydjysk
Universitetsforlag.

Goldstone, J., 1982, ”Response options for evaluating the consequences of pollution
charges” 185-192, in Mann, D., (ed.), Environmental policy implementation,
Lexington: D.C. Heath.

Golombek, R. & A. Raknerud, 1995, Environmental Regulations on Manufacturing
Employment: A Microeconometric Study on Norwegian Data, Mimeo, Foundation
for Research in Economics and Business Administration.

Gren, Ing-Marie 1994, "Regulating the Farmers' use of Pesticides in Sweden", pp. 153-
173, in Opschoor; Hans and Kerry Turner (eds.) Economic Incentives and
Environmental Policies - Principle and Pratice, Dordrecht: Kluwer academic
Publishers.

Gren, Ing-Marie, 1996, "Intäkter och miljövinster av skatter på handelsgödsel och
bekämpningsmedel", pp. 167-203 in Statens offentliga utredningar (1996),
Expertrapporter från Skatteväxlingskommittén (Statens offentliga utredningar
1996:117), Stockholm, Statens offentliga utredningar, Finansdepartementet

Gørtz, Mette, 1993, Regionale konsekvenser af CO2-afgiften for erhvervene,
Copenhagen: AKF Forlaget.

Gørtz, Mette, Jan V. Hansen & Mette Larsen, 1999, CO2-skatter, dobbelt-dividende og
konkurrence i energisektoren: Anvendelser af den danske AGL-model ECOSMEC,
Copenhagen: Det Økonomiske Råd.

Handels- och Industriministeriet, 1996, Energiaverojen vaikutus polttoainevalintoihin
[Energiskattens effekter vid val av bränsle], Helsinki.

Harrison, Glenn W. & Bengt Kriström, 1997, "Carbon Taxes in Sweden" pp.43-195 in
SOU 1997-11 (bilagedel).

Harrison, Glenn W. & Bengt Kriström, 1999, "General Equilibrium Effects of
Increasing Carbon Taxes in Sweden" pp.59-108 in Runar Brännlund & Ing-Marie
Gren (eds.), Green Taxes. Economic Theory and Empirical Evidence from
Scandinavia, Cheltenham, UK & Northampton, MA, USA: Edward Elgar.

Haugland, Torleif, 1993, A Comparison of Carbon Taxes in Selected OECD Countries,
OECD Environment Monographs No. 78, Paris: OECD.

Haugland, Torleif, Åmund T. Lunde & Kjell Roland, 1992, A Review and Comparison
of CO2 Taxes in the Nordic Countries, Lysaker: The Fridtjof Nansen Institute.

Herbertsson, Tryggvi Thor, & Sigridur Benediktsdottir, 1998, "Iceland: Fish Stocks,
Geothermal Power and Desertification" pp.33-47 in Hans Aage (ed.),
Environmental Transition in Nordic and Baltic Countries, Cheltenham (UK) &
Northampton (MA, USA): Edward Elgar.

Hetemäki, L., 1995, Environmental Regulation and Production Efficiency: Evidence
from the Pulp Industry, Helsinki: Mimeo, Finnish Forest Research Institute.

Hill, Martin, 1998, Green Tax Reform in Sweden: The Second Dividende and the Cost
of Tax Exemptions, Stockholm: Economics Department - Stockholm School of
Economics & Beijer Institute.

Hjalmarsson, Lennart, 1992, "Lyssna på Olof Johansson!" p.A4 in Dagens Nyheter 5-2-



111

1992.
Hofstad, Ole T.,1999, "Nytt avgiftssystem på plantevernmidler",

(http://midtnorsk.landbruk.no/nyhe..990614_Plantevernforskrifter.html)
Honkatukia, Juha, 1996, Are there Double Dividends? Simulation Results from a

Dynamic, Imperfectly Competitive CGE-Model for Finland, Helsinki: Helsinki
School of Economics and Business Administration.

Honkatukia, Juha, 1997a, Are there Double Dividends in Finland? The Swedish Green
Tax Commission Simulations for Finland, Helsinki: Helsinki School of
Economics and Business Administration.

Honkatukia, Juha, 1997b, Taxes, Tradable Permits, and the Macroeconomic
Consequences of Emission Control Policies for Finland, Helsinki: Helsinki
School of Economics and Business Administration.

Honkatukia, Juha, 1999a, The Effects of Energy Saving on the Costs of Abatement
Policies in Finland, Helsinki: ETLA, Elinkeinoelämän tutkimuslaitos, The
Research Institute of the Finnish Economy. (draft).

Honkatukia, Juha, 1999b, Kioton mekanismien käytön rajoittamisen vaikutukset
suomeen [Begränsningen av Kyoto-mekanismernas användning;
samhällsekonomiska effekter i Finland], Helsinki: ETLA, The Research Institute
of the Finnish Economy.

Hynninen, Eija-Leena og Hans Blomqvist, 1998, ”Pesticide Sales in Finland in 1997” in
Kemia-Kemi 25 (1998) 6, pp. 513-516.

Hynninen, Eija-Leena og Hans Blomqvist, 1999, ”Pesticide Sales in Finland in 1998” in
Kemia-Kemi 26 (1999) 6, pp. 498-500.

Ingeniøren.
Jacobsen, Lars-Bo og Søren E. Frandsen 1999, Analyse af de sektorøkonomiske

konsekvenser af en reduktion i forbruget af pesticider i dansk landbrug,
Konsulentrapport til Pesticidudvalget, (SJFI Rapport nr. 104), Copenhagen:
Statens Jordbrugs- og Fiskeriøkonomiske Institut.

Jensen, Anette Østerby, 1996, CO2- og SO2-afgifternes indflydelse på
gartnerierhvervets økonomi, Copenhagen: Ministeriet for Fødevarer, Landbrug og
Fiskeri – Statens Jordbrugs- og Fiskeriøkonomiske Institut.

Jensen, Thomas og Poul Erik Stryg 1996, Regionale økonomiske konsekvenser af
miljøafgifter i landbruget, SØM publikation nr. 12, Copenhagen: Amternes og
Kommunernes Forskningsinstitut, AKF Forlaget.

Jespersen, Jesper, Jørgen Birk Mortensen & Rasmus Rummel, 1999, Bæredygtig
energianvendelse og økonomisk vækst. Hvad skal der til? - Hvad koster det?
Nogle konsekvensberegningergennemført ved hjælp af Makro- og miljømodellerne
Adam og Emma. Research Paper no. 1/99, Roskilde: Institut for
Samfundsvidenskab og Erhvervsøkonomi, Roskilde University.

Johannsen, Katja & Mikael Togeby, 1998, "The Danish CO2 Tax on Trade and
Industry"  in InterSEE: Interdisciplinary Analysis of Successful Implementation of
Energy Efficiency in the Industrial, Commercial and Service Sector, VOL. II.
Wuppertal Institute for Climate Environment Energy, Energieverwertungsagentur
E.V.A, AKF,  Institute of Local Government Studies - Denmark, Fraunhofer
Institute for Systems Analysis and Innovations Research, Institute for Psychology
- Christian Albrechts University Kiel. Contract JOS3-CT95-0009. JOULE III.

Jordbruksverket, 1992, Miljöavgifter - Bekämpningsmedel, handelsgödsel (Rapport
1992:41), Jönköping: Jordbruksverket.

Jordbruksverket, 1996, Förslag till handlingsprogram för att minska hälso- och



112

miljöriskerna vid användning av bekämpningsmedel till år 2001. Rapport från
Statens jordbruksverk och Kemikalieinspektionen, (Rapport 1996-2), Jönköping:
Jordbruksverket.

Jørgensen, Lise Nistrup, 1997a, "Effekter af handlingsplanen" in Pesticidanvendelsen i
dansk landbrug 1987-1996 (SP rapport nr. 11), pp. 27-40, Tjele: Statens
Planteavlsforsøg (SP) Forskningscenter Foulum.

Jørgensen, Lise Nistrup, 1997b, "Pesticidanvendelse og handlingsplaner i andre
europæiske lande og OECD" in Pesticidanvendelsen i dansk landbrug 1987-1996
(SP rapport nr. 11), pp. 75-80, Tjele: Statens Planteavlsforsøg (SP)
Forskningscenter Foulum.

Karas, Jaakko, 1995, Energiaverotuksen kansainvälinen vertailu – Selvitys
energiaverotuksesta ja sen kohdistumisesta eri kulutussektoreille Suomessa ja
eräissä muissa OECD-maissa [International Comparison of Energy Taxation],
Energy Federation of Finnish Industries.

Kemikalieinspektionen 1999, Försålda kvantiteter av bekämpningsmedel 1998, Solna:
Kemikalieinspektionen.

Krarup, S., M. Togeby & K. Johannsen, 1997, De første aftaler om
energieffektivisering. Erfaringer fra 30 aftaler indgået i 1996 (working paper),
Copenhagen: AKF Forlaget.

Krarup, Signe & Anders Larsen, 1998, Energieffektivisering gennem aftaler,
Copenhagen: AKF Forlaget.

Krarup, Signe, 1999, "Voluntary Agreements in Energy Policy" pp.109-17 in European
Environment 9.

Kærgård, Niels, 2000, ”Fremtidens landbrug og pesticiderne” in Samfundsøkonomen nr.
1/2000 (Temanummer om pesticider, landbrugsproduktion og miljø), pp. 44-47.

Landbruksdepartementet, 1998a, Evaluering av handlingsplanen for redusert bruk av
plantevernmidler, Oslo: Landbruksdepartementet
(http://www.dep.no/ld/publ/vern/eval/ld.htlm).

Landbruksdepartementet, 1998b, Handlingsplan for redusert risiko ved bruk av
plantevernmidler (1998-2002), Oslo: Landbruksdepartementet
(http://www.dep.no/ld/publ/vern/vedtak/).

Landbruksdepartementet, 1999, Forbruk av plantevernmidler,
(http://hotell.nextel.no/landbruksdepartementet/tall/html/forbruk_plantevernmidle
r.html).

Landbrukstilsynet, 1998, Omsetningsstatistikk for plantevernmidler 1997,
(http://www.landbrukstilsynet.no/dokument.cfm?m_id=82&d_id=414).

Landbrukstilsynet 1999, Statistikk over omsett mengde plantevernmiddel for 1998,
(http://www.landbrukstilsynet.no/dokument.cfm?m_id=87&d_id=0).

Larsen, Bodil Merethe & Runa Nesbakken, 1995, "Norske CO2-utslipp 1987-93. En
studie av CO2-avgiftens effekt" pp.13-22 in Økonomiske analyser 4/95.

Larsen, Bodil Merethe & Runa Nesbakken, 1997, "Norwegian Emissions of CO2 1987-
1994" pp.275-90 in Environmental and Resource Economics 9.

Larsen, Hans, 1999, "Energy Taxes – The Danish Model" pp.259-301 in OECD,
Environmental Taxes - Recent Developments in China and OECD Countries,
Paris: OECD.

Lehtilä, Antti & Pekka Pirilä, 1993, Suomen energiaperäisten hiilidioksidipäästöjen
vähentäminen ja verot sen ohjauskeinona [Strategies and costs for reducing CO2
emissions in Finland], Espoo: Technical Research Centre.

Lehtilä, A. & S. Tuhkanen, 1999, Integrated Cost-Effectiveness Analysis of Green-



113

House Gas Emission Abatement, VTT Publications 374.
Lindeberg, Erik, 1996, kronik i Aftenposten 11-1-96: "CO-avgiften virker i

petroleumssektoren". (Internet version may be downloaded from
www.aftenposten.no/bakgr/kronikk/jan96/0111kron.htm).

LO, 1999, Høringssvar vedr. "Evaluering af grønne afgifter og erhvervene", LO.
Lovforslag nr. L 186 af 7. marts 1995 til lov om afgift af bekæmpelsesmidler. (Lov nr.

416 af 14. juni 1995).
Lovforslag nr. L 44 af 1. april 1998 til lov om ændring af lov om afgift af

bekæmpelsesmidler og lov om ændring af forskellige punktafgiftslove
(Afgiftsforhøjelse m.v.).

Lundberg, Lars & Johan Torstensson, 1996, "Skatteväxling och internationell
konkurrenskraft" pp.245-92 in SOU 1996-117.

Malaska, P., J. Luukkanen, J. Vehmas & J. Kaivo-oja, 1997, Environment-Based
Energy Taxation in the Nordic Countries. Comparisons by Energy Source and a
Review of the Finnish Discussion, Helsinki: Ministry of the Environment.

Miljö- och Naturresursdepartementet, 1994, Så fungerar miljöskatter!, Stockholm:
Fritzes.

Miljöekonomikommittén, 1989, Ympäristönsuojelun taloudellinen ohjaus [Ekonomisk
styrning av miljövården], Helsinki: Miljöministeriet.

Miljøministeriet 1986, Miljøministerens handlingsplan for nedsættelse af forbruget af
bekæmpelsesmidler, (Bilag til betænkning om lovforslag vedr. kemiske stoffer og
produkter), pp. 967-978.

Miljøstyrelsen 1999a, Bekæmpelsesmiddelstatistik 1998, (Orientering fra Miljøstyrelsen
nr. 5 1999), Copenhagen: Miljøstyrelsen.

Miljøstyrelsen 1999b, Udkast til Pesticidhandlingsplan II, Copenhagen: Miljøstyrelsen,
Miljø- og Energiministeriet.

Miljøstyrelsen 1999c, Behandlingshyppighed - før, nu og i fremtiden, (Notat fra
Miljøstyrelsen), (Miljø- og Planlægningsudvalget, alm. del - bilag 498),
(http://www.folketinget.dk) .

Miljøverndepartementet, 1989, Miljø og utvikling : Norges oppfølging av
Verdenskommisjonens rapport (Stortingsmelding nr.46 1988/89), Oslo.

Miljøverndepartementet, 1997, Norway’s second National Communication under the
Framework Convention on Climate Change, Oslo.

Miljøverndepartementet, 1998, Norges oppfølging av Kyotoprotokollen
(Stortingsmelding nr.29 1997/98), Oslo.

Miljøverndepartementet, 1999, Regjeringens miljøvernpolitikk og rikets miljøtilstand
(Stortingsmelding nr.8 1999/2000), Oslo.

Ministry of Housing, ”Spatial Planning and the Environment” 1998, National
Environmental Policy Plan 3, Holland.

Ministry of the Environment, 1994, Interim Report of the Environmental Economics
Committee – Environment Related Energy Taxation, Helsinki: Ministry of the
Environment.

Ministry of the Environment, 1998, Finland’s Natural Resources and the Environment
1998, Helsinki: Ministry of the Environment & Statistics Finland.

Munksgaard, Jesper & Jørgen Rahbæk Pedersen, 1997, Miljømål og samfundsøkonomi
– en optimeringsmodel med CO2-, SO2 og NOx-restriktioner, Copenhagen: AKF
Forlaget.

Munksgaard, Jesper, Klaus Alsted Pedersen & Mette Wier, 1998, Miljøeffekter af privat
forbrug, Copenhagen: AKF Forlaget.



114

Mæng, Henning, 1995, CO2-reduktion, Samfundsøkonomi og EDB-modeller – Fra
toppen og ned eller fra bunden og op?, Ålborg: Aalborg Universitetsforlag.

Møllenberg, Steffen & Henrik B. Pedersen, 1998, Grønne afgifter, energitilskud og
gartnerierhvervets økonomi, Copenhagen: Ministeriet for Fødevarer, Landbrug og
Fiskeri – Statens Jordbrugs- og Fiskeriøkonomiske Institut (internet version may
be downloaded from: www.sjfi.dk).

Naturvårdsverket, 1992, Modellstudier av att begränsa koldioxidutsläppen. Underlag til
Rapport 4120: Åtgärder mot klimatförandringer, Solna: Naturvårdsverket.

Naturvårdsverket, 1995, Utvärdering av koldioxidskatten - har utsläppen av koldioxid
minskat?, Stockholm: Naturvårdsverkets Förlag.

Naturvårdsverket, 1997, Miljöskatter i Sverige - ekonomiska styrmedel i miljöpolitiken,
Stockholm: Naturvårdsverkets Förlag.

Naturvårdsverket, 1998, Energiläget år 2050, Stockholm: Naturvårdsverkets Förlag.
Naturvårdsverket, 1999, Utsläpp av koldioxid i Sverige 1980-1998. Downloaded from:

http://www.environ.se/index.php3?main=/dokument/fororen/klimat/klimat/co2sv.
html.

Nordisk Ministerråd, 1993, Nordens miljø - tilstand, udvikling og trusler, (Nord
1993:109), Copenhagen: Nordisk Ministerråd.

Nordisk Ministerråd, 1994a, The Use of Economic Instruments in Nordic Environmental
Policy, TemaNord 1994:561, Copenhagen.

Nordisk Ministerråd, 1994b, Strategier og kostnader ved å oppnå klimapolitiske mål i
Norden, Copenhagen: Nordisk Ministerråd.

Nordisk Ministerråd, 1999, The Use of Economic Instruments in Nordic Environmental
Policy 1997-1998 (TemaNord 1999:524), Copenhagen: Nordisk Ministerråd.

Nordiska skattevetenskapliga forskningsrådet, 1995, Miljöskatter, Nordiska
skattevetenskapliga forskningsrådets skriftserie (NSFS 32), Uppsala: Iustus Förlag
AB.

NOU 1992-3, Mot en mer kostnadseffektiv miljøpolitikk i 1990-årene, Oslo.
NOU 1995-4, Virkemidler i miljøpolitikken, Oslo.
NOU 1996-9, Grønne skatter - en politikk for bedre miljø og høy sysselsetting, Oslo.
NUTEK, 1994, Utvärdering av styrmedel och stöd för begränsning av koldioxidutsläpp

i Sverige, Stockholm: NUTEK.
NUTEK, 1995, Styrmedel inom energiområdet, Stockholm: NUTEK.
NUTEK, 1997, Styrmedlens inverkan på koldioxidutsläppen. Beräkningar med

MARKAL-MACRO modellen, Stockholm: NUTEK.
OECD, 1993a, OECD Environmental Performance Reviews – Iceland, Paris: OECD.
OECD, 1993b, OECD Environmental Performance Reviews – Norway, Paris: OECD.
OECD, 1996a, Environmental Performance Reviews: Sweden, Paris: OECD.
OECD, 1996b, Activities to Reduce Pesticide Risks in OECD and Selected FAO

Countries - Part I: Summary Report, (OCDE/GD(96)121), Paris: OECD.
(http://www.oecd.org//ehs/ehsmono/07e69625.pdf).

OECD, 1996c, Activities to Reduce Pesticide Risks in OECD and Selected FAO
Countries - Part II: Survey Responses, (OECD/GD(96)122) Paris: OECD
(http://www.oecd.org//ehs/ehsmono/07e69687.pd).

OECD, 1997a, Evaluating Economic Instruments for Environmental Policy, Paris:
OECD.

OECD, 1997b, Environmental Performance Reviews Finland, Paris: OECD.
OECD, 1998, The Environmental Effects of Reforming Agricultural Policies, Paris:

OECD.



115

OECD, 1999, OECD Environmental Performance Reviews – Denmark, Paris: OECD.
Olje- og Energidepartementet, 1999, Norsk petroleumsvirksomhet (Faktahefte), Oslo.
Pajunen, Johanna, 1996, Ympäristöperusteinen energiaverotus suomessa –

varjoneuvotteluanalyysi teollisuuden ja ympäristönsuojelijoiden näkökannoista
[Environmental Energy Taxation in Finland – Premediation Analysis on Positions
of Industry and Environmentalists], Helsinki: Helsinki School of Economics.

Pedersen, Anders Branth, (udkommer år 2000), "Design af grønne afgifter i Norden –
CO2afgifterne og alliancen mellem kapital og arbejdere" in Politica.

Perman, R., Ma, Y. and McGilvray, J., 1996, Natural resource and environmental
economics, London: Longman.

Pesticidudvalget, 1999a, Rapport fra underudvalget om produktion, økonomi og
beskæftigelse, Copenhagen: Miljø- og Energiministeriet.

Pohjola, Johanna, 1997, CO2-päästöjen vähentämisen kansantaloudelliset vaikutukset:
Tuloksia polttoainerakenteen muutokset huomioonottavasta CGE-mallista [De
samhällsekonomiska effekterna av CO2-utsläppens minskning: Resultat av en
almänjämviktsmodel med endogen bränslesubstitution], Helsinki: ETLA, The
Research Institute of the Finnish Economy.

Pohjola, Johanna, 1999, "Economywide Effects of Reducing CO2 Emissions: A
Comparison Between Net and Gross Emissions" pp.139-168 in Journal of Forest
Economics 5:1.

Projektforum AS, 1997, Rapport til Landbruksdepartementet: Spørreundersøkelse i
forbindelse med Handlingsplanen for redusert bruk av plantevernmidler, Ås:
Projektforum AS.

Reitan, Marit, 1997, "Norway: a case of "splendid isolation"" pp.287-330 in Mikael
Skou Andersen & Duncan Liefferink (eds.), European environmental policy. The
pioneers, Manchester & New York: Manchester University Press.

Rigsrevisionen, 1998, Beretning om indførelse, administration og kontrol af den grønne
afgiftspakke, Copenhagen.

Riihelä, Marja, 1996, Energiapanosten verotuksen vaikutus kotitalouksien välillisen
energian kulutukseen ja hyvinvointiin [Effects of Indirect Energy Taxation on
Households' Consumption of Indirect Energy and Welfare], Helsinki: Government
Institute for Economic Research.

Riksdagens Propositioner 1996/97:29, Höjning av koldioxidskatten för industrin och
växthusnäringen, Stockholm.

Ringius, Lasse, 1999, The European Community and climate protection – What's behind
the "empty rhetoric"?, Oslo: Cicero.

Rude, Søren, 1992, Pesticidforbrugets udvikling - landbrugs- og miljøpolitiske
scenarier, (Rapport nr. 68), Copenhagen: Statens Jordbrugsøkonomiske Institut

Sairinen, Rauno, 1997, The Formation of the CO2-Tax Policy in Finland 1989-1996,
Hut, Finland: The Centre for Urban and Regional studies/University of
Technology.

Salmi, Sari, Heikki Sourama & Eero Tamminen, 1993, Energi- och miljöskatternas
effekter på den finländska industrin, Helsinki: Finansministeriet & Statens
Tekniska Forskningscentral.

Samakovlis, Eva, 1998, "Sweden: Nuclear Phasing Out, Acidification and Green Taxes"
pp.78-93 in Hans Aage (ed.), Environmental Transition in Nordic and Baltic
Countries, Cheltenham (UK) & Northampton (MA, USA): Edward Elgar.

Schou, Jesper S., 1998, Undersøgelse af landbrugets pesticidanvendelse - Metode, data
og resultater (SJFI Working Paper no. 13/1998), Copenhagen: Statens Jordbrugs-



116

og Fiskeriøkonomiske Institut.
Schou, Jesper S. og Jens C. Streibig, 1999, "Pesticide Taxes in Scandinavia" in

Pesticide Outlook (December 1999) (In press).
Shopley, Jonathan & Delphine Brasseur, 1996, Conference on Environmental Economic

Policies: Competitiveness and Employment. Summary Report on Two Micro-
Economic Case Studies in the Field of Business and the Environment
(konferencepaper), Bruxelles: Arthur D. Little.

Skatteministeriet, 1995, Forslag til lov om afgift af bekæmpelsesmidler. Lovforslag nr.
L 186 af 7. Marts 1995.

Skatteministeriet, 1999, Erhvervslivets skattemæssige rammevilkår, Copenhagen:
Skatteministeriet.

SOU 1989-83 (Statens offentliga utredningar), Ekonomiska styrmedel i miljöpolitiken.
Energi och trafik. Delbetänkande av miljöavgiftsutredningen, Stockholm:
Allmänna Förlaget.

SOU 1989-84 (Statens offentliga utredningar), Ekonomiska styrmedel i miljöpolitiken.
Energi och trafik. Bilagedel, Stockholm: Almänna Förlaget.

SOU 1991-90 (Statens offentliga utredningar), Konkurrensneutral energibeskattning.
Betänkande av utredningen om översyn av reglerna om skattenedsättning för
industrin och växthusnäringen m.m., Stockholm: Almänna Förlaget.

SOU 1996-117 (Statens offentliga utredningar), Expertrapporter från
Skatteväxlingskommittén, Stockholm: Fritzes.

SOU 1997-11 (Statens offentliga utredningar), Skatter, miljö och sysselsättning.
Slutbetänkande från Skatteväxlingskommittén, Stockholm: Fritzes.

SOU, 1990-59 (Statens offentliga utredningar), Sätt värde på miljön! Miljöavgifter och
andra ekonomiska styrmede, Stockholm: Statens offentliga utredningar.

SOU, 1994-82 (Statens offentliga utredningar), Förstärkta miljöinsatser i jordbruket -
svensk tillämpning av EG:s miljöprogram, Stockholm: Statens offentliga
utredningar, Jordbruksdepartementet.

SOU 1996-117 (Statens offentliga utredningar), Expertrapporter från
Skatteväxlingskommittén, Stockholm: Statens offentliga utredningar,
Finansdepartementet.

SOU 1997-11 (Statens offentliga utredningar), Skatter, miljö och sysselsättning
(Slutbetänkande från Skatteväxlingskommittén), Stockholm: Statens offentliga
utredningar, Finansdepartementet.

SOU 1998-108 (Statens offentliga utredningar), Analysera mera,
(http://jordbruk.regeringen.se/propositionermm/sou/pdf/sou98_108.pdf),
Stockholm: Statens offentliga utredningar.

Statens Jordbrugs- og Fiskeriøkonomiske Institut, 1998, "Pesticidregulering i
landbruget" in Landbrugets økonomi - Efteråret 1998, pp. 57-77, Copenhagen:
Statens Jordbrugs- og Fiskeriøkonomiske Institut.

Statens Planteavlsforsøg, 1997, Pesticidanvendelsen i dansk landbrug 1987-1996, (SP
rapport nr. 11 1997), Tjele: Statens Planteavlsforsøg.

Statistics Finland, 1998, Finland's Natural Resources and the Environment 1998,
(Environment 1998: 9 C), Helsinki: Statistics Finland.

Statistics Iceland, 1999, Statistical Yearbook of Iceland 1999, Reykjavik. Downloaded
from: http://www.statice.is/statistic/stat.htm.

Statistisk Sentralbyrå, 1998, Naturressurser og miljø 1998, Ad Notam Gyldendal.
Statistisk sentralbyrå, 1999, Naturressurser og miljø 1998, (Kap. 7, Jordbruk),

(http://www.ssb.no/emner/01/nrm1998/kap07.shtml).



117

Statistisk Sentralbyrå, 2000a, Utslipp til luft efter kilde. Downloaded from:
http://www.ssb.no/vis/emner/01/04/10/luft/tabell/t_a_ki.shtml.

Statistisk Sentralbyrå, 2000b, Utslipp av CO2 etter kilde. Downloaded from:
http://www.ssb.no/emner/01/04/10/luft/tabell/t_co2ts.shtml.

Statistiska centralbyrån, 1999a, Bekämpningsmedel i jorbruket 1998. Beräknat antal
doser, (Mi 31 SM 9901), (SCB, Programmet för miljöstatistik), Stockholm:
Statistiska centralbyrån.

Statistiska centralbyrån, 1999b, Bekämpningsmedel i jorbruket 1997/98. Förbruk i
åkergrödor, (Mi 31 SM 9902), (SCB, Programmet för miljöstatistik), Stockholm:
Statistiska centralbyrån.

Sterner, Thomas & Marianne Löwgren, 1994, "Environmental Taxes; a cautious start in
Sweden" pp.46-67 in Thomas Sterner (ed.), Economic Policies for Sustainable
Development, Dordrecht m.fl.: Kluwer Academic Publishers.

Svendsen, Søren V., Søgaard, Villy and Flemming Just, 1997, Landmanden,
konsulenten og pesticidforbruget - afdækning af holdninger og adfærd omkring
nedsat brug af bekæmpelsesmidler, (Arbejdsrapport fra Miljøstyrelsen nr. 100
1997), Copenhagen: Miljøstyrelsen, Miljø- og Energiministeriet.

Sæthe, May-Guri, Ørpen, Hege M. og Trond Hofsvang, 1999, ”Action programmes for
pesticide risk reduction and pesticide use in different crops in Norway” in Crop
Protection 18 (1999), pp. 207-215.

Teir, Gustav, 1999, "(Environmental) Energy Taxes: The Experience of Finland"
pp.303-308 in OECD, Environmental Taxes - Recent Developments in China and
OECD Countries, Paris: OECD.

Togeby, Johannsen, Ingerslev, Thingvad & Madsen, 1999, Evaluations of the Danish
Agreement System, ACEEE - summer study 1999, Saratoga Springs, New York:
American Council for an Energy-Efficient Economy.

Vedung, E., 1994, Utvärdering i offentliga sektorn: problem och lösningar, Ds
1994:117, Stockholm: Civildepartementet.

Vedung, Evert, 1997, Public Policy and Program Evaluation, New Brunswick (US) &
London (UK): Transaction Publishers.

Walter-Jørgensen, Aage (ed.), 1999, Rapport fra underudvalget om produktion,
økonomi og beskæftigelse, (Rapport udarbejdet til Pesticidudvalget), Copenhagen:
Miljø- og Energiministeriet.

Ørum, Jens Erik, 1999, Driftsøkonomiske konsekvenser af en pesticidudfasning -
optimal pesticid- og arealanvendelse for ti bedriftstyper i udvalgte scenarier,
Konsulentrapport til Pesticidudvalget, (SJFI Rapport nr. 107), Copenhagen:
Statens Jordbrugs- og Fiskeriøkonomiske Institut.

Aaheim, Asbjørn, 1998, "Norway: North Sea Oil, Resource Rents, and Long-Term
Policies" pp.63-77 in Hans Aage (ed.), Environmental Transition in Nordic and
Baltic Countries, Cheltenham (UK) & Northampton (MA, USA): Edward Elgar.


