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The paper shows that cost-effective involvement of the source location involves utmost difficulty in

practice. Based on the RAINS model, it is recommended that source location should be ignored in a

European market for SO
2
, as is the case in the US Acid Rain Program.The RAINS-model predicts a

cost-saving of 37 percent but an average loss of 2 percent in ecological protection. To overcome this

reduction in protection, we recommend that some of the large cost-savings should be reallocated in

further overall reduction and that the countries suffering the most from introducing the permit-market

should be compensated by receiving extra permits in the initial distribution.

1: Introduction

In what way should source location be incorporated into environmental regulation? This spatial con-

sideration is relevant whenever environmental quality depends on pollutant concentration at a recep-

tor and not directly on the size of emissions at the source.1

Both tradable permits and taxes could be used as cost-effective instruments in this respect. However,

for two reasons, it may be politically more feasible to incorporate the spatial dimension in a permit

market system than in a tax system.

First, a tax approach will require individual taxation for each source in relation to its location. Such

different tax levels may not be politically feasible. In contrast, tradable permits may be based on

grandfathering and concentration standards at chosen receptor sites.2  The distribution rule of

grandfathering allows free, initial distribution and is therefore politically attractive to existing sources

because it lowers costs (compared with a tax solution) and creates a barrier to entry in relation to new

entrants.3

Second, this “ambient” tax would impose the same information burden on authorities but it would

furthermore require a calculation of the size of the tax to allocate concentration permits in a cost-



effective way. Here, the permit market approach requires less information because it generates the

efficient market price itself. 4

Is a grandfathered permit market system for SO
2
 at a EU or European level a realistic possibility? How

can it be implemented in practice? In answering this question, the theoretical problems of overcoming

the source location problem are reviewed in Section 2 before turning to an actual US experience, the

Acid Rain Program, in Section 3. Section 4 considers the possibility of using this experience for

abating SO
2
 in Europe. Finally, Section 5 puts the results into perspective.

2: Permit Markets and Source Location

This section will analyze five permit markets. The first permit market system, Emission Permit Sy-

stem (EPS), ignores source location whereas the second permit market, the Ambient Permit System

(APS), takes source location fully into account. These two clear-cut cases are analyzed in Section 2.1.

The last three alternative trade rules are Pollution Offset (PO), Non-degradation Offset (NO) and

Modified Pollution Offset (MPO). These rules are mixed cases of EPS and APS and are analyzed in

Section 2.2. Section 2.3 summarizes the results.

2.1 EPS and APS

The standard in the EPS is set as an emission level. The EPS deals with emission that affects only one

receptor; emissions from different locations have the same effect. Sources are then free to trade emis-

sion permits on a one-to-one trade ratio within one market. Also, the EPS is easy to administrate.

Administrators do not have to approve each trade because trade ratios are predefined (one-to-one). As

such, EPS is cost-effective for pollutants where source location does not matter, e.g. CO
2
.

However, the EPS may face a substantial loss in cost-effectiveness when dealing with pollutants where

source location does matter. This loss has been judged in the range of two to four times, that is, about

a factor three.5  As will be demonstrated in Section 3, favorable circumstances may still point to the

use of the EPS even in the case of pollutants, such as SO
2
, where source location normally matters.

The emission of a local or regional pollutant results in different concentrations at different receptors

depending on the physical position of the emission point.  If these different concentration contribut-

ions are not taken into account, distant sources, in relation to a given receptor, are punished because

they must pay the same price as closer sources for an emission permit. Consequently, the price of an

emission permit no longer reflects the costs of pollution. Polluters will not have the incentive to locate

at a distance from crowded receptors.





Therefore, the APS sets out to deal cost-effectively with pollutants when location matters. Permits are

distributed (based on a dispersion model) so that the number of permits are maximized at all receptors,

which means that the concentration level matches the threshold of the ambient standard.

This ambient standard in the APS is defined as a concentration level and is monitored at numerous

receptor sites that cover a given, regulated area.6  A market is created for each of the receptors and no

individual approval of trade is necessary as trade ratios are predefined. The trade ratios vary with

source location. Furthermore APS is cost-efficient for any initial allocation of permits and is as such

highly flexible. Let us illustrate how the APS works in the most simple case with two sources and one

receptor.

Assume that the two sources are identical and that the distance is the sole determinant of how much

each source affects the receptor in terms of concentration contributions. Figure 1 shows how source 2

(S
2
) compared with source 1 ( S

1 
), is located twice as far away from receptor R. This means that S

2

affects R half as much as S
1
 in terms of concentration units when both sources emit the same amount

of emission.

1.   For example, location does not matter for CO
2
 emissions because the assumed damage caused by CO

2
 emissions (global

warming) is solely dependent on the emitted amount. However, it matters for pollutants like SO
2
 and NO

x
. These lead to

acid rain in certain areas, depending on the concentration of the substances, source location and meteorological conditions.
In this way, the abatement of localized pollution, like smog or acid rain, would be a collective good for a specified geographical
area, whereas the prevention of global warming would be a collective good for everyone which would make everybody
better off. The precautions taken in the US permit markets  to avoid the occurrence of ‘hot spots‘ are critical for under-

standing performance, see Svendsen (1997).

2.   See Baumol and Oates (1988:181–88), Tietenberg (1985: ch.4).

3.   See Svendsen (1997).

4.   See Tietenberg (1996; 341–43).

5.   Tietenberg (1995:100).

6.   It is measured in cubic content units, for example SO
2
 (sulfur dioxide) is measured in mg/m3 (air pollution) and

nitrogen in ìmol/litre (water pollution). In contrast, emission contributions can also be monitored in quantity per
time units. For example, CO

2
 can be measured in tons per year because source location is without any importance for

environmental quality. CO
2
 goes up in the air and disperses itself evenly in the atmosphere. It makes no difference whether

a given quantity of CO
2
 is emitted in Denmark or in China.

Figure 1: The Case of Two Sources and One Receptor



Emission units (E) can in this way be ‘translated’ into concentration units (K) by the use of a transfer

or dispersion coefficient, labelled ti.1  In this case, S
2
 is given the transfer coefficient, t

2
 = 0.5. S

1
 is

twice as close so t
1
 = 1.0, see Figure 1.

This means that the two sources must trade at the emission trade ratio 2:1. If  S
1
 wants to sell the right

to contribute 1K, it can sell 2E to S
2
 because at the location of S

2
 2E corresponds to 1K at receptor. So,

1E reduced at S
1
 gives the right to increase emission by 2E at S

2
. If trade moves the opposite way so

that S
2
 wants to sell 1K to S

1
, then it must reduce 2E. If S

1
 is located four times as far away from R, as

is S
2
, then the emission trade ratio will be 4:1.

APS is cost-effective because each source will equalize its marginal costs of reducing 1K to the market

price. Because S
2
 effects receptor R only half as much as S

1 
, it is twice as expensive to reduce 1K at R

at this distance. The individual source’s marginal cost of reducing 1K, MC(K
ed
), is therefore linked by

the transfer coefficient, ti , to the marginal cost of reducing 1E, MC (E
ed
):

 MC (K
ed
) = MC(E

ed
) / ti

Any polluter in the market for concentration permits will be urged to reduce or increase its emission

until its MC(K
ed
) corresponds to the market price. If the MC(E 

ed
) divided by the ti is higher (lower)

than the market price, the source will buy (sell). When the two sources have adjusted their MC(K
ed
) to

the market price, the distribution of concentration permits will be cost-effective in relation to the

ambient standard at receptor R.2  As shown in Appendix 1, APS is cost-effective in the case of many

receptors as well.

Because the number of concentration permits a source needs to establish itself decreases when ti

decreases, the sources get an economic incentive to locate themselves as far away as possible from

receptor and potential “hot spot” areas3 . Therefore, the trade ratio for emission permits varies with

source location. Some areas need extra environmental protection, and the concentration standard at

the receptor can then be adjusted to the desired level of environmental quality.

The APS system has not been used in practice yet, and the potential transaction costs are so high that

it is not likely to happen in the future for two reasons.

First, even if it is possible to register all sources and affected receptors in a regulated area, then authorities



must create a separate market for each receptor. Because these markets are numerous, high transaction

costs must be expected for the individual polluter who must buy its way into numerous permit markets

at varying market prices. A polluter may have to buy permits in a number of different markets and sell

in different markets as well.

Second, there is a risk that some of the numerous markets may only engage few polluters and, as such,

turn out “thin.” A thin market may further raise transaction costs due to potential strategic behavior

and due to difficulties in identifying potential sellers and buyers.4

A more applicable system should therefore attempt to reduce the transaction costs by reducing the

number of markets.5

2.2 PO, NO and MPO

The challenge in terms of  the number of markets has been met by three alternative trade rules that

combine elements from both APS and EPS. These trade rules seek to create only one market without

ignoring the source location as in the EPS-approach.

Trade takes place with emission permits, and the source location is incorporated through an individual

and administratively set trade ratio before trade begins. This trade ratio individually defines the exchange

rate between emissions reduction (from the selling source) and emissions increase (from the buying

source).

Thus, if a polluter wants to establish itself or to increase its emissions, it must ensure that one or

several other polluters reduce emission to such an extent that no concentration standards are exceeded.

To ensure that standards are met at receptor sites, the authorities must base their individual trade ratio

judgments on well-developed dispersion models for the pollutant.6

The three trade rules, which will be examined in turn, are:7

1) Pollution offset (PO)

2) Non-degradation offset (NO)

3) Modified pollution offset (MPO)

Pollution offset (PO) allows trade with emission permits as long as no concentration standards are

exceeded at chosen receptors in the regulated area. In this way, the PO system does not require, as was

the case in the ARP, that the regulator calculates a distribution of permits that will maximize the

number of allowable permits at each receptor. In principle, an arbitrary distribution rule like

grandfathering can be used because sources can always obtain additional permits from the environmental



authority as long as the standard is not violated at any receptor point. PO will therefore be cost-

effective after trade no matter the initial distribution of permits, because the free access to free “excess”

permits will maximize the number of permits at receptors.

On the other hand, this ‘first-come-first-serve’ principle means that PO cannot fix the existing

environmental quality. The first polluter to participate in the PO can use the ‘excess’ amount of con-

centration for free and decrease environmental quality, because concentration will rise at non-exceeded

receptors. Even though no ambient standards are violated, this option may be problematic for two

reasons.

First, there is a risk that sources may affect receptors without monitors or that sources build high

smokestacks so that excess emissions are transported by local winds to receptors outside the regulated

area8 .

Second, environmentalist groups have traditionally opposed any deterioration in environmental quality.

Pollution has been perceived as a sin. At present, this situation has changed somewhat due to improved

monitoring techniques and dispersion models. Also environmentalist groups have changed their atti-

tude and are now actively promoting the use of economic instruments in environmental regulation.9

The two other trade rules, the NO and the MPO, were both introduced to remove the risk of a decrease

in environmental quality by setting a minimum requirement for the trade ratio. Thereby, they add trade

restrictions on top of the PO and generate market and price for any excess amount of concentration.

The NO tries to ration the excess amount of permit rights in relation to an emission constraint: no

increase in emissions must take place after trade. That is, the buying source is never allowed to emit

more than the selling source has reduced – not even in the cases where no concentration standards are

exceeded.

The MPO is designed so that concentration contributions at all chosen receptors do not increase after

trade. This rule fixes the environmental quality on at least the same level as before the trade. It means

that the selling source must reduce its emissions to such an extent that the increase in emissions

(caused by the buying source) does not cause increased concentration at any chosen receptor.

So far, the costs by using NO and MPO has only been estimated in two surveys. These concern the

reduction of certain particulates in the St. Louis region and Baltimore, respectively, and suggest that

the NO minimizes costs the most. The NO is estimated to be about 10% more expensive than the ideal

APS result. On the other hand, the MPO is estimated to be about 70% more expensive than the PO

approach.10

But even though the trade rules minimize costs more than the traditional CAC approach, these studies

are problematic. The performance in NO and MPO depends on how close the initial distribution of



permits is to the maximum of allowable permits at all the receptors – the closer, the better.

In addition to the uncertainty concerning cost-effectiveness for NO and MPO, the trade rules may also

lead to significant transaction costs because a buying source may have to engage several other selling

sources in order not to violate the threshold limits of any receptor site. As the administratively-set

trade ratio (based on dispersion models) still depends on how far the selling sources are located from

the receptor site, it may - as was the case in the ARP - be hard for the buying source to orient itself in

the market. Again, transaction costs are high.11

2.3 Summary

In summary, the choice between the five permit market systems is not easy. APS can guarantee



both cost-effectiveness and environmental quality at relatively low administrative costs, but trans-

action costs to polluters are high. So are the transaction costs in the three trade rules, PO, NO and MPO

together with high administrative costs.

These difficulties lead us to consider the potential use of a “third-best-solution”, namely the EPS, for

policy-making. As Tietenberg laconically puts it: ‘one way to deal with the spatial complexity of

pollution control is to ignore it’.12

The five permit markets are summarized in Tables 1 and 2 below:

1.   This transfer coefficient represents source i’s concentration contribution, as determined in practice by a number of
factors other than distance, such as geographical position, size of smokestack, meteorological conditions (wind speed, wind

direction, etc). See Tietenberg (1985).

2.   See Tietenberg (1996:339-41) who also gives an illustrative numerical example of EPS and APS.

3.   There will be a certain, fixed number of permits available at receptor R as defined by the ambient standard. Due to
supply and demand, more sources will demand emission permits in cities or industrial areas. Therefore, the concentration
permit price will be higher there than in areas with fewer sources. Also, if the protection of a given receptor is insufficient,

the transfer coefficient can be raised.

4.   See Klaassen (1996) who introduces the RAINS model with 547 receptors, i.e. markets, in the context of trade among

38 countries.

5.   A more specified critique of the APS is found in Baumol and Oates (1988: 183–85) and Tietenberg (1985:60–64).

6.   Surveys indicate that the sufficient local monitoring of receptors for an American average city requires 9–10 monitoring

stations, Ludwig et al. (1983).

7.   The concepts of pollution offset, non-degradation offset and modified pollution offset were first introduced by Krupnick,

Oates and Van de Verg (1983), Atkinson and Tietenberg (1982) and McGartland and Oates (1985), respectively.

8.   Note that this risk is also present in the APS.

9.   See Svendsen (1997: ch. 5) concerning this change in attitude among environmentalists and Klaassen (1996) concerning
the new “RAINS” model for calculating SO

2
 concentration contributions in Europe. The main results from the RAINS

model are listed in Section 4.3.

10.   See Atkinson and Tietenberg (1984) and McGartland and Oates (1985).

11.   Stavins (1995). Such administrative constraints can block an active market with simultaneous and multilateral trades,
which would allow all increases and reductions among sources in relation to the concentration standards. The claim, that a
concentration norm must not be violated before trade in each individual trade, is a far stronger condition than a simultaneous
and multilateral setting, in which multiple trade activities will equalize each other and create balance (Atkinson and Tieten-

berg 1991).

12.   Tietenberg (1985:64). As Svendsen (1997: Chapter 4) shows, the use of PO, NO and MPO has in general been
unsuccessful in the US permit market systems whereas the EPS has been applied successfully. A number of  dynamic effects
are not known. For example, if an area without pollution adopts the MPO system, it means a ban on economic development
(McGartland and Oates 1985:222). So, in certain instances, a redefinition of the standard may be relevant so that it is less
stringent than the existing level of environmental quality.



Table 1: The Design of Five Tradable Permit Systems for Incorporating Source Location.

Source:  Tietenberg (1985;1993), Krupnick, Oates and Van de Verg (1983), Atkinson and Tietenberg (1982) and McGart-
land and Oates (1985), Klaassen (1996), Baumol and Oates (1988).

Table 2: Theoretical Assessment of Five Tradable Permit Systems for Incorporating Source Location.
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*) Actual ecosystem protection compared with target level.

1.   Tietenberg (1985:64). As Svendsen (1997: Chapter 4) shows, the use of PO, NO and MPO has in general been
unsuccessful in the US permit market systems whereas the EPS has been applied successfully. A number of  dynamic effects
are not known. For example, if an area without pollution adopts the MPO system, it means a ban on economic development
(McGartland and Oates 1985:222). So, in certain instances, a redefinition of the standard may be relevant so that it is less
stringent than the existing level of environmental quality.



3: US Acid Rain Program

The US Acid Rain Program (ARP) from 1990 is a case where the EPS is actually used to deal with a

regional pollutant, namely SO
2
. Why has this been possible and can this experience be transformed to

the case of SO
2
-abatement in Europe?

The ARP allows 1,000 major electric utilities all over the US to trade SO
2
 permits. The 1,000 plants

are owned by roughly 200 public utility companies, which are the potential trade partners in the market.

Historical emission rights have been grandfathered and the overall target level is 50% SO
2
 reduction.

Market performance has been successfull with much trade activity and unexpectedly low permit prices.

Property rights to permits have been well-defined, strictly enforced, and sources have been allowed to

trade freely without administrative approval of each trade. Ignoring source location in this way has

kept transaction costs at a minimum.1

ARP ignores the risk of hot spots (violations of ambient standards) created by SO
2
 emissions for two

reasons.2  First, total SO
2
 emission will be reduced by 50% in a 10-year period (from 1990 to 2000).

And, since damage from acid rain is due to cumulative emissions rather than the level of emissions in

a given year, fluctuations will neutralize each other. Second, the relationship, between the location of

old and ‘dirty’ utilities (with low marginal reduction costs) and wind direction (west to east), means

that newer and cleaner utilities situated elsewhere will pay these dirty units to reduce, that is they will

buy the permits from the dirty units. The environmental quality is, therefore, expected to improve in

large east coast cities, like New York.

For these two reasons, no hot spots are to be expected in the critical east coast cities and other vulne-

rable areas. Because the dominant winds in the US blow from west to east, and because the area most

sensitive to contamination by acid rain is the Adirondacks lakes region of New York state, it may be

so, that, for example, a utility in New York should not be allowed to reduce emissions and sell its

permits to a utility in Ohio. Such trade would decrease the environmental quality in the New York area

and could perhaps violate the ambient standards. In this case, the State of New York has to make its

own decisions, because the EPA will not review individual trades. One-way trade, where the dirty

utilities in the mid-west sell to the eastern utilities, is what the program is designed for.3  In this way,

two zones exist. A utility in the eastern zone may only be allowed to sell permits to another utility in

that zone; it may not be allowed to sell them to a source in the mid-west because then the ambient

standards in the eastern zone could be violated.

Note that even though sources can trade freely, they will still have to comply with local technology-

based standards. States will still apply the most stringent technology-based standards for new or modified

sources, which makes it impossible for new sources to circumvent the standards by trade.4  The location

of sources with high and low marginal reduction costs and wind direction in the US and Europe is



further discussed in Appendix 3.

4: Acid Rain Abatement in Europe

Is it possible to ignore source location in Europe as well? Can the EPS system be used for SO
2

reduction in Europe, as was the case in the US ARP, or is the loss of benefits by doing so too heavy? In

Europe a different approach to cope with the problem of acid rain has been applied. Sections 4.1 and

4.2 describe the sulfur protocol on which grandfathering is to be based, whereas Section 5 lists the

results from the RAINS-model.

4.1 Making of a new protocol.5

Two new elements are embedded in the Second Sulfur Protocol (SSP)6 . The first element was to use

differentiated emission reduction, basing the extent of emission reductions on the susceptibility of the

natural ecosystems to acid deposition. The second element is Joint Implementation (JI): however,

there was no firm commitment to JI. Parties to the protocol may, at a session of the executive body7 , in

accordance with rules and conditions which the Executive body shall elaborate and adopt, decide

whether or not two or more parties may jointly implement the obligations set out in annex II (the

national ceilings).

The ultimative goal is to reduce emissions so that critical loads (CL) levels are not exceeded8. As a

first step towards this goal the intention was that the difference between the sulfur deposition in 1990

and the five-percentile CL9  should be reduced by at least 60 percent (year 2000) in a cost efficient way,

subject to the condition that countries carry out at least reductions that they were planning to undertake

anyway. The current reduction plans (CRP’s) are called the A5 scenario.

The CRP’s imply an average European cutback of 45 percent compared with the 1980 level. The A5

scenario would require an average reduction of 59 percent of the 1980 levels. Although A5 served as

the reference point, further negotiations led to a slightly different schedule for the emission ceilings.10

The data are reproduced  in Appendix 2.

4.2 The second Sulfur Protocol.



The reason for this change in the schedule for emission ceilings is that several countries did not  agree

to carry out the required reductions in the year 2000. Some countries postponed the reduction until

2005 or 2010, some did not sign the protocol at all and some just signed up for smaller reductions.

Assuming that countries do as planned in their CRP’s, the SSP implies a total 46 percent reduction in

2000 compared with 1980 levels, 49 percent in 2005 and 55 percent in 2010. Thus, differentiated

national emission ceilings are one of the two tiers of the SSP. In principle, these ceilings were based on

an effect-oriented (CL-based) approach11 combined with political negotiations. The second tier of the

protocol is a source-based approach consisting of technology standards for new large combustion

plants and fuel standards specifying the maximum sulfur content in gas oil.

Note that the JI-arrangement “at best” can be regarded as a bilateral trading market. Bohm(1994)

argues that it is not likely that a JI-arrangement will evolve into a trading market. Consequently, in

order to create a more efficient emission trading market, a system like the US ARP, based on EPS

should be adapted as discussed in section 3. Here property rights to permits are fully defined and

enforced. Let us henceforth consider the implications of an EPS-trading scheme in Europe with no

technology standards and where permits are tradable without any restriction. Permit holdings are to be

grandfathered and devaluations are to take place in the year 2000.

5 Results and implications of simulation.

In this section we try to analyse the implications of applying the design of the ARP in Europe. This

will be done by use of simulation results reported by Klaassen(1996).

Summarized below is the conclusion of simulations using the RAINS-model for trading in one Europe-

wide zone (EPS) as in the US ARP subject to the condition that the total volume of emission is

constant. Four main results can be derived using this model. First, cost savings will be as high as 37%

of the costs of the Second Sulfur Protocol. Second, total emission stays  the same. Third, the ecosystem

protection is only 2% lower. Fourth, the number of countries with less protection than in the SSP is 20.

The 37% cost saving is only possible if the trading-market is fully competitive and trade is simultaneous.

Under more realistic circumstances, less saving will be obtained, especially due to the fact that trading

will probably rather be bilateral. On the other hand, if there is some uncertainty regarding the national

abatement-cost functions, cost saving might be even higher and due to the fact that an EPS-trading

scheme is an incentive-based instrument,  cost-saving might increase substantially in the longer run.

There are two major differences between US’ ARP and an EPS based system in Europe. The location



of old sources with high marginal reduction costs and the number of participants in the market. Let us

look at these two differences in turn.

First there is a difference in the direction of the wind relative to the hot spots. In the US, hot spot areas

were favorably located in relation to the old electric utilities with high marginal reduction costs. In

contrast, Europe faces the opposite situation because reduction will mainly take place in the east and

not in the west, as was the case in the US. Increased emissions in western Europe part may create new

hot spots in the eastern part because the wind blows from the west to the east.

Wind direction gives rise to a lowering of the ecosystem protection by 2%. The 2% average decrease

in environmental damage is, however, unequally distributed. Countries like Austria (46 instead of 74

percent protected), Finland (77 instead of 92) Germany (23 instead of 46), The Netherlands, Sweden

and Switzerland experience considerably less protection. This leads Klaassen (1996) to the conclusion

that the EPS is not politically acceptable. The inherent flexibility in the permit system can, however,

overcome this problem: The grandfathered system has an obvious advantage in that it allows the

possiblity of using the initial allocation of the permits to compensate the countries that are expected to

experience excess environmental damage.

This new allocation could change the ecosystem-protection as well. The EPS approach does not fix

existing environmental quality when the initial allocation of permits changes. Our suggestion is to use

the RAINS model to sort out possible allocations that, if possible, at the same time have compensatory

and non-degradating environmental effects. The estimated cost savings are so great that a lower total

emission increasing the ecosystem protection is possible by re-investing the cost savings. Due to the

cost saving of the EPS, it may as well be possible to implement the original and more ambitious total

reduction of 59% defined in the A5 scenario.

Second, concerning the number af market participants, only 26 countries have signed the SSP. In the

RAINS model 38 participants are included (compared with the US market with 200 participants). The

more participants, the more likely it is that the market will be competitive. It is obvious that the initial

market participants will be countries. However, in the longer run, more participants can be obtained by

using smaller units than countries. Trading between national governments represents a relatively small

departure from conventional negotiations that assigned targets among nations.

However, more cost savings could be obtained by letting the directly affected agents be the participants.

The increased number of participants in the market makes a well-functioning market more likely.

Also, is it not clear whether the abatement efforts within a nation is pursued in a cost-effective manner.12

In the US ARP, the trade base is the single electric utility company. A similar market could be designed

in the case of Europe.



6 Perspective

The EPS corresponds in principle to a uniform tax on emissions. However, a grandfathered EPS per-

mit market may be politically more attractive to polluters because it lowers costs and creates a barrier

to entry. To collect taxes, and find a politically acceptable way of refunding these tax collections, is

hardly possible.

The EPS for SO
2
 reduction in Europe seems only to induce a minimal reduction of the overall ecosystem

protection, despite the fact that the EPS ignores the source location. Furthermore, there are two main

reasons why the EPS is still attractive despite the fact that it induces a 2 percent drop in the overall

ecosystem protection: First, it provides large cost savings which could be re-allocated in further over-

all emission reduction, and hence increase the ecosystem protection. Cost savings are especially great

if the technological standards implied in the SSP are removed. In the longer run, the design of the

market should be changed so that trade takes place at a lower level than between countries, because

this would increase cost-saving even further. Second, Re-allocating the initial permits so as to

compensate potential losers would make the EPS-approach politically even more attractive.

The results from the RAINS model indicates that the EPS is a realistic possibility for reducing SO
2
 in

Europe. Further research may therefore seek to uncover the potential SO
2
 market structure in Europe.

If grandfathering in an EPS system is to be based on the sulphur protocol from 1994, how will the

permits then be distributed among countries? Is strategic behavior likely in the market?

Another obvious possibility would be to allow trade among electric utilities in Europe just like the

case in the US ARP. By doing this, the market is likely to turn out more competitive including multi-

lateral and simultaneous trade.

As the protocol does not mention the possibility of the SO
2
 market, some countries may be opposed to

the idea as it has not been agreed upon. In that case, a first step towards a European SO
2
 market could

be taken by the EU. Deciding on a grandfathered market is easier than deciding on the use of taxes due

to the EU unanimity rule for fiscal measures. In a grandfathered permit market no financial transfers

between member states and the EU are implied. A permit market has therefore no fiscal character and

may as such be settled upon by majority rule.
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Appendix 1: APS and Cost-effectiveness in the Case of Many Receptors.

For a APS-model to be well-functioning, we need the following three sets of assumptions::

1) Assumptions about the market: All participants cost-minimize, the permit price is exogenous, and
so is the environmental standard for the polluting sources.

2) Assumptions concerning the control: All emissions can be monitored, and an effective enforcement-
system disables the participants from cheating.

3) Informational assumptions: A transfer coefficient-matrix exist, which is accepted by all participants,
and to which all participants have free access.

The connection between the emission and the resulting increase in concentration is given by:

1.   See Svendsen (1997).

2.   Seeing that SO
2
 is a regional pollutant for which source localization determines environmental quality, this spatial

dimension should in fact be calculated into the tradable permit system, as shown above and in Svendsen (1997: Section
3.4). The ARP simply chooses to ignore this very complex problem and, therefore, loses some cost-effectiveness for this
reason. The only exception in the ARP is the special ‘Class I areas’ (National Parks, Wildernesses and Forests) where
plants may face additional reduction requirements (Kete 1992:85). See also Ferrall (1991), Portney (1990) and Project 88

(1988).

3.   Interview, November 12, 1994: Claire Schary, Acid Rain Division, EPA.

4.   See Svendsen (1997a) concerning the different types of emission standards in the US tradable permit systems.

5.   Section 4.1-4.3 are based on Klaassen (1996).

6.   Formally signed by 26 countries in Oslo June 1994.

7.    Executive Body: “The supreme policymaking assembly, which represents all contracting parties and meets at least

annualy to review the implementation of the convention and to adopt a work plan” Klaassen (1996: 188).

8.    Critical loads level: The maximum levels of deposition below which no damage to sensitive ecosystems occurs.

9.   Five-percentile CL: reduction in deposition needed to protect 95 per cent of all ecosystems in each singular grid.

10.   Klaassen (1996) lists these burden sharing agreements.

11.   The RAINS (Regional Acidification Information and Simulation) model includes a dispersion-matrix stipulating the
flow of acidifying pullutants from source regions in Europe to environmental receptors. The model covers 38 source
regions in Europe. The analysis of deposition is performed for 547 land based receptor sites with a regular grid size of 150

x 150 km.

12.   For more evidence on this issue, see Burtraw (1993).
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A cost-minimizing allocation of reduction responsibility equals the solution to
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The first order condition for optimality requires that:

ë
i
 is the shadow-price on pollution restriction at receptor i, indicating how much the objective function

changes when the restriction is weakened with one unit and can be interpreted as a measure of the
importance of this restriction on the polluters’ costs.The interpretation of the first order condition is
that in the cost efficient allocation each emitting source must equalize its marginal reduction cost by a
weighted sum of the marginal concentration cost at every receptor influenced by its emission, where
the weights are ë

i
. When we take the location into consideration, the results obtained from the

uniform pollution case saying that each source’s marginal abatement costs should be equalized in
optimum is no longer valid. This is a consequence of the fact that we now have to incorporate the
individual sources’ deposition loads at every receptor.

What is the optimal behaviour of an agent? The agent has two options. He can either buy permits and
emit accordingly, or he can choose to abate. If he decides to buy permits for e.g. emitting one unit
more, he has to buy permits at every receptor influenced by his emission. Assuming that the price at R

j

is given by p
j
, the total costs of emitting one unit amounts to ΣJt

ij
 p

j.
 Abating one unit costs MC

j
(u

j
).

Note that t
ij
 is constant, p

j
 is exogenous and MC

j
(u

j
) is increasing in u

j
. As a consequence, if MC

j
(

j
)<ΣJt

ij

p
j
, he will not abate at all, otherwise he will abate until MC

j
(

j
) = ΣJt

ij
 p

j
 and will buy permits afterwards.

It is important to note that as the permits are receptor specific, a market has to be established at every
receptor. In the case of the European Acid rain problem, an APS would require no less than 547
separate markets

Appendix 2: National Ceilings in the Second Sulfur Protocol.

1980
SO2

CRP
(Kton)

Scenario
A5Rains
Change(%)

Second sulfur protocol
     2000                2005            2010               2000                2005          2010
      SO2               (Kton)                                 Change (%) over 1980

Countries
 -1

-2

-3

-4

         -5

        -6

           -7

     -8

-9

Albania*



 101

138

+31

-

           -

         -

            -

      -

  -

Austria

390

78

-80

78

-

—

-80

-

-

Belarus*

740

456

-38

456

400

370

-38

-

-

Belgium

828

430

-77

248

232

215

-70

-72

-74

Bulgaria

2050

520

-74

1374

1230

1127

-33

-40

45

Czech Republic

2257

-

-72

1128

902

632

-50

-60

-72



Slovakia

843

-

-72

337

295

240

-60

-65

-72

Denmark

448

176

-87

90

-

-

-80

-

-

Estonia*,Latvia*,Lithuania*

621

435

-86

-

-

-

-

-

-

Finland

584

116

-80

116

-

-

-80

-

-

France

3348

1210

-80

868

770

737

-74

-76

-78

Germany

7494

990

-90

1300

990

-

-83

-87

-



Greece

400

595

+49

595

580

570

+49

+45

+43

Hungary

1632

1094

-68

898

816

653

-45

-50

-60

Ireland

222

240

-41

155

-

-

-30

-

-

Italy

3800

1976

-73

1330

1042

-

-65

-73

-

Luxembourg

24

10

-58

10

-

-

-58

-

-

Moldovia*

330

231

-30

-

-

-

-

-

-



Netherlands

466

106

-77

106

-

-

-77

-

-

Norway

140

70

-76

34

-

-

-76

-

-

Poland

4100

2600

-66

2583

2173

1397

-37

-47

-66

Portugal*

266

294

+11

304

294

-

+14

+11

-

Romania*

1800

2592

-41

-

-

-

-

-

-

Russian Federation

7161

4400

-38

4400

4297

4297

-38

-40

-40



Spain

3319

214

-55

2143

-

-

-35

-

-

Sweden

519

100

-83

100

-

-

-80

-

-

Switzerland

136

60

-52

60

-

-

-52

-

-

Turkey*

860

2887

+238

-

-

-

-

-

-

Ukraine

3850

1696

-56

2310

2310

2310

-40

-40

-40

UK

4898

2552

-79

2449

1470

980

-50

-70

-80



Former Yugoslavia

1300

1576

-22

-

-

-

-

-

-

Croatia

150

-

-40

133

125

117

-11

-17

-22

Sloveni a

230

-

-45

130

94

71

-45

-60

-70

Rep of Yugoslavia*

920

-

-13

-

-

-

-

-

-

Total

56227

-59

-46

-49

-55

* indicates a non-signatory country
Source: Klaassen (1996)

Appendix 3: Wind Direction and Location of Sources in the US and in Europe.

It is important to know why the European EPS leads to a decrease in Europe-wide ecosystem protection.
This is because it shifts emission reduction toward countries in eastern Europe with low marginal



costs (especially Bulgaria, Rumania, Turkey and Ukraine), enabling increases in emission in Scandinavia
and western Europe. Because the predominant winds are western and because ecosystems in Eastern
European countries are less sensitive than ecosystems in Scandinavia, the Alpine regions, or the Net-
herlands, emission reductions would tend to take place there, where they are less necessary to protect
the environment. This contrasts with the US Acid Rain Program (ARP) where reductions are expected
to take place in the upwind direction, while the most sensitive ecosystems are placed downwinds and
especially in the Northwestern area of the US.




