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Alternative decision schemes for coastal water management

Abstract: The purpose of this study is to investigate the relative advantage of two alternative
decentralised decision units for water quality management: jurisdictional and drainage basin.
It is assumed that there is a relatively large coastal water recipient is assumed which can be
divided into several coastal basins. Further, there are transports of pollutants among coastal
basins which constitute spill-over effects among decision regions. There is also a choice
between two decision rules: maximisation of net benefits, or minimisation of costs for
achieving prespecified targets. Analytical results show that relative performance between the
two decentralised decision units depends on asymmetry in pollution benefits, pollutant
transports within and among regions, and choice of decision rule. An application to an estuary
located approximately 100 km south-west of Stockholm, Sweden, shows that the relative
advantage of the jurisdictional (municipality) and drainage basin decision regions depends on
choice of decision rule, and — under maximisation of net benefits — the size of benefits of
water quality changes.

Key words: coastal water management, maximum net benefits, jurisdiction decision,
drainage basin decision.
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1. Introduction

Today, many coastal areas suffer from damages, such as eutrophication, due to excessive
pollutant loads. One challenge for mitigating this problem is provided by the pollutant loads
which follow complex pathways from emission sources to coastal water recipients, and
subsequently within and between marine water basins. Since these pathways do not coincide
with jurisdictional borders, water quality management might be improved by allowing for
decision making at a drainage basin level. Traditionally, environmental policy has been
determined and implemented at the jurisdictional level. This introduces a risk for inefficiency
unless the natural and jurisdictional borders coincide so that the jurisdiction includes all costs

and benefits associated with water pollution.

Inconsistencies between natural and jurisdictional borders were recognised already in the
1960s in, for example, France, where drainage basin water management has been in practice
for several decades (see e.g. Gustafsson, 2000). Moreover, a major change to water
management based on natural borders is at present taking place in the EU. The Water
Framework Directive adopted by the European Parliament and the EU Council in 2000
instructs all member states to identify their individual drainage basins and assign them to
drainage basin districts, to which appropriate administrative arrangements are to be
introduced (EU, 2000). An important integrative feature of the directive is that coastal waters
are also to be associated to the districts. However, the directive does not indicate the desirable
size of the districts, which might result in differences among the member states. In the case of
Sweden, a governmental committee has recently suggested that Sweden is divided into five
drainage basin districts with sizes ranging from 26,056 to 162,160 km® despite that the
number of main drainage basins is considerably greater: 119 (SOU, 2002). While the
committee also considered the option of having smaller districts, as suggested by e.g. the
Swedish Association of Local Authorities, the committee judged that having relatively large

districts would simplify coordination and increase consistency (SOU, 2002).

The purpose of this study is to investigate whether or not the tendency towards letting natural
borders be more influential in policy is a good one to society. Or, more precisely, under what
conditions is social net welfare higher under drainage basin management than under

jurisdictional management? Two decision rules are investigated; maximisation of net benefits



and minimisation of costs for pre-specified targets. The analysis is applied to Himmerfjérden,

an estuary situated 100 km south-west of Stockholm, Sweden.

The study focuses on management of coastal waters. Typical for coastal water pollution is
that, in addition to drainage basins and jurisdictions, pollutant transports between coastal
water basins determine water quality. This means that several drainage basins and/or
jurisdictions can share a common coastal basin and depend on each other through transports
between coastal basins. Studies on management of large-scale water bodies, such as Paulsen
and Wernstedt (1995), Gren et al. (1997) and Turner et al. (1999), investigate policies for
achieving full co-operative solutions, but they do not consider implications of alternative

decentralised decisions.

The environmental economics literature related to location of decisions — environmental
federalism — is usually about one type of decentralisation, viz. the jurisdictional one, and its
efficiency in comparison with that of centralised regulation (e.g. Oates and Scwab 1988;
Fredriksson and Millinet 2002; Levinson 1997; Markusen et al 1995). Jurisdictions are then
assumed to compete with each another for polluting firm location under deterministic
conditions. We also compare centralised and decentralised decisions, but our analysis differs
from the literature on environmental federalism in two respects: two alternative
decentralisation schemes are compared, and competition among decentralised decision units

is excluded.

Another related class of literature is about efficient provision of an international
environmental public good (e.g. Barrett, 1990; Miler, 1991 and 1993; Elofsson, 2002; Hoel,
1992; Kaitala et al., 1995; Folmer and van Mouche, 2000; Gren, 2001; Folmer and van
Mouche, 2002). This paper follows this literature, but instead of one type of players (usually
jurisdictional), two Nash solutions for each of the jurisdictional and drainage basin players are
compared with the co-operative solution. Further, this is made for full and limited discretion

for the players.

Decision units at the centralised and decentralised decision levels are assumed to have full
discretion where they decide on optimal emission/abatement level. The analytical results
show that efficiency losses at the decentralised level depend upon the symmetry among

regions, and their area coverage of marine basins. These results can be compared with those



from the literature on regulation of heterogenous pollutant sources where uniform policies are
compared with differentiated (e.g. Helfand and House 1995; Briannlund and Gren 1999). The
outcomes of these policies depend on symmetry among sources with regard to emission
benefits and environmental damage costs, which also influence the relative performance of

the two decentralised decisions in this study.

The rest of this paper is organised as follows. A model for maximising net benefits under
different regional decision systems is presented in section 2. Section 3 contains the

application to Himmerfjérden. The paper ends with a concluding section 4.
2. The model

Two types of decision rules are investigated; maximisation of net benefits and minimisation
of costs for centrally given water quality targets. Three types of regional scales are included,
the central or cooperative scale, drainage basin and jurisdictional. The regional decision units
are assumed to have total discretion over abatement for both decision rules. Separability is
further assumed between water quality and other regional issues such as employment and
income, so that competition among regions for, for example, firm location is excluded (see
e.g. Oates and Schwab 1988; Levinson 1997; Markusen et al 1995; Fredriksson and Millinet
2002; Kunce and Shogren 2002). Although these issues might be of concern, a justification

for excluding them is our focus on different regional scales.

The catchment of the marine recipient contains 4=1,...,m jurisdictions, and d=1,...,p drainage
basin regions. Each emission source is located in one jurisdiction and one drainage basin, with

emission reduction /. Each jurisdiction thus contains emission reductions corresponding to

Zd_J # | and, similarly, each drainage basin includes Zh—ll  total emission reductions. For

.. . . . .. . h Ad
each emission location, we assume there is a cost function for emission reduction, C*(1%"),
which is increasing and convex in /". Further, there is a capacity constraint on each reduction

l_ dh

possibility, , such as a maximum reduction of fertilizers or land use changes. In the long
run, such capacity constraints may not be applicable, but considering the static model used
here there are short run limits to the magnitude of land use changes. For example, assume that
one type of measure is to construct wetlands as nutrient sinks. This can be done in a short

period on land particularly suitable for this purpose like arable land that once was converted



from wetlands. However, to convert other types of land to wetlands may require long time

before it can be regarded as a functioning wetland (see e.g. Mitsch and Gosselink, 1988).

Emission from each source is either discharged into a stream, deposited on land, or emitted
into the air before it enters the coastal water recipient. During the transport from the emission
source to the recipient, the pollutant is subject to transformation, which implies that less of the
pollutant finally enters the coastal water of marine basin i, where i=/,..,s. This transformation
is characterised by stochastic and dynamic processes in the drainage basin, which means that
neither the final deposition into the coastal water nor its timing can be predicted with certainty
(e.g. Gren et al. 2002). Nevertheless, in order to focus on the role of decentralised decision
schemes, these complexities are ignored, and a simple linear relation between emission and
deposition into the coastal water is assumed. It is allowed to vary for different drainage basins
and denoted by %, which gives deposition reduction from a certain emission source into the

coastal water of a marine basin as e”'=p% |,

Total pollutant reductions to a marine basin, 7', can be determined by emission reductions

M _or from all drainage basins T'=%a"%), ¢™. For

from either all its jurisdictions T ZZjaﬁZde
both summations, ¢’ is the transport of nitrogen from basin j to basin i and ¢ is the load
impact of emission reduction at a source located in jurisdiction /# and drainage basin d with
load to marine basin j. It is further assumed that water quality improvements in each basin are
determined by its total load reduction as D'=D'(T'), where D'’>0 and D'”<0 , and that there
exists a value function of water quality improvement for each marine basin, V(D) and V' >0

and 7'”<0 . For simplicity, the regional value function is assumed to constitute a share, v*

where k=d, h. of the total value of damage reduction in a marine basin so that Ve D)=V (D).

Given these assumptions of emission benefits and water quality improvement functions, three
regional decision units are identified: co-operative, jurisdiction and drainage basin. At the co-
operative level the sum of all net benefits, z°, are maximised. The jurisdiction and the
drainage basin decision unit are assumed to maximise their own net benefits, nh, and 7°

respectively.



2.1 Maximisation of net benefits

At the co-operative scale all benefits and costs of pollutant emission reductions are included,

which gives net benefits as

e :i Vi(Di(Ti))_i—C(ldh)

(1
5.t 1" <1
Solving for the optimal choice of either % or d, gives
oC s S
W-i'edh :ZI: VDJ, D;,.a”bd’ (2)
=

where subscripts denote partial derivatives and #” is the Lagrange multiplier denoting the
shadow value of a relatively low cost option. According to (2), the optimal allocation of
emission reductions among emission sources occurs where marginal benefit, the right-hand
side of (2), equals marginal cost. The former includes benefits for all marine basins from a
marginal emission reduction in /. At the co-operative scale, the decision-maker allocates
emissions reductions towards sources with relatively large impact on water quality, i.e. high

marginal benefits, and low marginal costs.

At the jurisdictional or drainage basin scale, a Nash solution is assumed where the decision-
makers maximise net benefits given other regions’ best response emissions. It is assumed that
the decision makers have discretion over abatement only in their own regions, and the net

benefit function of the jurisdiction is then written as
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The right hand side of (3) shows all benefits and costs of emissions reductions in marine
basins, i, for which v >0. Environmental improvements occur from pollutant transport

among basins of concern for the /th region due to emission reduction, 7" in the own region

and also from optimal emission responses to 7" in all other regions, 7. The net benefit

function for the drainage basin, 7, is the same as (3) except for the change in the summation
of benefits from emission reductions from /% to d, and in costs of emission reductions from d

to A.

When maximising the net benefits of the regional decision unit, we obtain

oC s
+6"=>" V"V Dla"b" (4)

dh
o =

The differences as compared to optimal abatement at the co-operative scale are the change in
summation over marine basins, where (4) includes only these basins for which v">0. Since
the number of marine basins belonging to a certain regional decision unit cannot exceed the
total number of basins, total marginal benefit must be smaller at the jurisdictional than at the
co-operative scale. The right-hand side of (4) is then lower than that of (2), which, from the

assumption of a concave benefit function, implies less emission at the co-operative scale.

By comparing first-order condition for optimal cleaning levels under the jurisdictional, /" and

drainage basin regional scales, I, it is found that

121" when Y vV Dia’b" -0 =% V"V Da"b" -6" (5)

J=1 J=1

From (5) it is seen that first- best optimum is obtained under both types of regional decision
scales when marginal benefits from emission reductions plus the shadow values of cleaning
options are the same for all regions. For non-binding cleaning capacity constraints, the
common marginal benefit then creates efficient allocation of emission reductions among
regions. This analytical result can be compared with the impact of perfectly mobile capital,
which may create efficiency among regions being able to tax the immobile labour input (e.g.

Oates and Schwab, 1988).



In the case of equal marginal benefits and non-binding cleaning capacity constraints both
sides of (5) must be the same for all regions. The equality of the right hand side among
regions requires i), identical transport coefficients and marine basins for all decision regions,
which is the same as one single marine basin, or ii) identical and constant marginal benefits
from emission reductions. These requirements are quite restrictive and probably not fulfilled
for any marine water and its catchment. Therefore, it is an empirical issue which decision

scale gives the largest net benefits.

However, one advantage of decision at the regional scale, in the perspective of the region, is
the guarantee of avoiding net losses. A co-operative outcome might very well result in some
region being a net loser, if this region has relatively low pollutant abatement costs and
benefits (e.g. Gren 2001). Depending on the abatement costs and benefits for jurisdictions and
drainage basins, occurrences of net losers in a cooperative solution might differ between
different regional decision scales. If there is at least one net loser, cooperation generating
first-best solution is likely not to occur unless there are binding agreements on compensation

to the net loser.
2.2 Cost effective management

Although benefits from water quality improvements are the aim of many current water
policies, most targets are expressed in reductions in pollutant loads from the mainland to
coastal waters without consideration of transports among water basins. One example is the
ministerial agreement on a 50 per cent reduction of the nitrogen load to the Baltic Sea
(Helcom, 1988). Minimum cost under the cooperative decision scale, C%, for achieving a

certain minimum coastal water target reduction, £, is written as

Min cc=3 crut ©

S.t.
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where k is either d or h. The first-order condition for optimal emission reduction is then

acdh
al dh

+60" =ab” where «a is the Lagrange multiplier on the load target £. Now, only land

pollutant transport coefficients, i.e. 5%, and pollutant abatement costs at the emission sources

determine the optimal solution.

Under regional decision making, emission reduction targets are X, ¢™>E" at the jurisdictional
scale and X, e”>E? at the drainage basin scales. The targets £ and E? are calculated as a
percentage of total load from the 4th and dth region respectively. The total load reduction

from both decision scales then corresponds to the overall reduction E at the cooperative scale.

dh

The optimal conditions for the regional decision scales are +0" =a'b" and

aldh

ath
a dh

+0™ =a"b" at the drainage basin and jurisdictional scale respectively. For this target,

there are no spill-over impacts among regions, and they therefore do not need to take each

others’ decisions into consideration when making their own optimal choices.

For non-binding capacity constraints, the only difference between the conditions for cost
effective solutions between the decision regions is the Lagrange multipliers ¢, ' and o
respectively. The Lagrange multiplier measures the cost for tightening the load target by one
unit, and the larger it is the higher is the cost of achieving the same load targets. Since there
are more abatement locations to choose among at the cooperative decision scale, costs for
achieving the targets under this decision level must be the same or lower than under any
regional decision scale. When comparing the two regional decision scales, their difference is
expressed by o and ¢ respectively, and the size of these Lagrange multipliers is determined
by the costs and availability of measures within their decision territory. When these are the

same, there is no difference between the regional decision scales.
3. Application to Himmerfjarden
In order to make comparisons among different decision levels data are needed on abatement

measures, their costs and impacts on different marine basins. Further, information on

associated values in monetary terms is required. A water which is relatively well investigated



with respect to these data is a bay of the Baltic Sea called Himmerfjarden. It is situated 100
km south-west of Stockholm, Sweden. The relation between nutrients and water transparency
in this estuary has been investigated for approximately 25 years (Elmgren and Larsson, 1997),
and studies of emission sources in the catchment have been made (Johansson, 1989; Scharin
2003). Further, valuation studies of changes in water transparency including this estuary have

been carried out (Soderqvist and Scharin, 2000).

The drainage basin of Himmerfjirden covers an area of 1268 km®. While this is a small area
in comparison with the drainage basin districts suggested for Sweden, it still includes several
municipalities. Further, the basin is typical with regard to distribution of emission sources,
where point source emissions are usually concentrated in densely populated areas and non-
point source emissions in rural regions. Therefore, while absolute numbers are only valid for

conditions in Himmerfjérden, the results can still be indicative for other, larger areas.

3.1 Brief description of emission sources and transport.

The catchment area and Himmerfjdrden contain five jurisdictions (municipalities), four
marine basins, and eleven drainage basins. However, since these drainage basins are small,
they are grouped into four main drainage basins, see Table Al in Appendix A for a
description. The areas of the drainage basins correspond to coastal basins as defined by sea

bottom tresholds (Engqvist, 1997) according to the map in Figure 1.

The major part of the four main drainage basins is situated west of Himmerfjarden in the
municipalities of Gnesta, Sodertdlje, and Trosa. The rest is located in the municipalities of
Nyndshamn, Botkyrka, and to some extent Sodertélje. Basin 2 is the largest one and includes
parts of three municipalities. Basin 4 is almost to its whole extent found within the
municipality of Sodertélje. Data on the sizes of these municipalities and how large part of
their area that is situated within the main drainage basins are presented in Table A2 in

Appendix A.

Nitrogen loads from each region to the coastal basins include point source emissions from
sewage treatment plants, and non-point source emissions. The latter type of emission includes
leakage from agriculture, forests and atmospheric deposition over the water surface within the

drainage basin. Data on nitrogen loads from the four main drainage basins are available in



Johansson (1989) and Gren et al. (2000). Data on point source emissions from municipalities
can be found in Scharin (2003), but non-point source emissions and loads into coastal waters

need to be calculated.

: Drainage basins Coastal basins I Municipalities

Figure 1.: Regions of the Himmerfjérd catchment. Drainage basin 1 discharges its nitrogen
load into coastal basin D, drainage basin 2 into coastal basin C, drainage basin 3 into coastal
basin B, while finally drainage 4 discharges its nitrogen load into coastal basin A.

In order to calculate nitrogen load from municipalities, each municipality is divided into
several parishes for which crop production data are available (SCB, 1997). In the used
database some parishes were divided into two areas. Most of the parishes had their total area
within one drainage basin, but there were some of which certain parts were located within

another basin than the one observed. Parishes were included that totally or to a large part are



situated within one of Himmerfjdrden’s drainage basins. Those with a major part of their
farmed land within another drainage basin were excluded from the study. In Table Al in
Appendix A, the area for each coastal basin’s drainage basin is described. As can be seen

from this table, 19% of the drainage basin’s area is used for crop production.

However, data on loads to the coastal water from inland non-point sources do not account for
the retention of nitrogen during its transport from sources to coastal waters. Unfortunately,
there are no estimates of retention in the drainage basins. As an approximation of the
retention, we compared data on nitrogen emissions to measurements of nitrogen in the coastal
water (Johansson, 1989, p 36). This results in estimates of nitrogen retention in the different
drainage basins that vary between 0.4 and 0.5. Accounting for the existence of retention from
non-point emission source accentuates the role of the point sources. The latter source accounts

for about 3/4 of the total nitrogen load.

In order to calculate the load from the different coastal zones to the coastal basins, we need
information on nitrogen transports between the coastal basins. In Table A3 in Appendix A, a
coefficient matrix is presented which shows the proportion of the load to a coastal basin that
is being transported to the other coastal basins. The final, or steady state, deposition are
reflected by these proportions of nitrogen transported from basin i to j, i.e. they correspond to

a” in Section 2.

Based on these data, nitrogen loads to the coastal waters, to all coastal basins, and to the own
coastal basins are calculated, the results of which is shown in Table 1. The nitrogen load
refers to emission sources within the catchment region, and does not include atmospheric

deposition from outside emission sources.

Table 1 shows that there are one dominating municipality and one dominating drainage basin
region, Botkyrka and Basin 3 respectively. The reason is that these regions contain the largest
single nitrogen emission source, the Himmerfjdrden sewage treatment plant. It accounts for
about 2/3 of the total load to the coastal waters, see Table A4 in Appendix A. The column ‘N
own basin’ in Table 1 shows the load from emission sources within the region that is
deposited on the marine basin of the decision region. For example, the municipality of

Sodertdlje deposits in total 40.4 tons of N in the coastal basins, of which 5.6 tons are



deposited in the basins where Sodertélje discharges nitrogen directly. Thus, Sodertélje exports

34.8 tons of N to coastal basins of other municipalities.

Table 1: Nitrogen loads from to coastal waters and basins from municipalities and
drainage basins, tons of N per year.

Municipalities: Drainage (and marine) basins:

Regions N coast N basins N own | Regions N coast N basins N own
basin basin
Trosa 52.9 20.9 4.3 1 5.8 3.5 3.5
Gnesta 67.5 57.3 6.4 2 131.7 89.2 15.8
Sodertdlje | 72.6 40.4 5.6 3 616.9 | 194.5 166.7
Botkyrka 593.8 13.6 1.9 4 55.6 25.9 6.1
Nynédshamn | 23.2 180.9 53.0

Total 810.0 313.1 71.2 810.0 313.1 | 1921

3.2 Benefits and costs of nitrogen reductions

In order to conclude whether nutrient abatement measures would involve a net social gain, it
is necessary to quantify the increase in people’s well-being that an improved water quality in
Himmerfjarden would cause. This requires information on biological damage from nitrogen
loads to the coastal basins and also peoples’ preferences of these damages expressed in
monetary terms. Based on this, we can then compare these gross benefits with costs of
nitrogen abatement and calculate the level of abatement which gives the maximum net

benefits for the different solution concepts analyzed in section 2.

No studies of benefits from nitrogen abatement are available for Himmerfjarden exclusively.
However, there are data from one benefit study carried out in 1998 for the whole Stockholm
Archipelago, of which Himmerfjirden is one part. This study followed a contingent valuation
approach. A random sample of adult inhabitants in the Stockholm region received a
questionnaire. They were asked to state their willingness-to-pay (WTP) for a nutrient
abatement programme that would improve the water quality in the archipelago, see Soderqvist
and Scharin (2000) for details. In the valuation scenario, it was said that the programme

would involve measures in agriculture and at sewage treatment plants. The results of the



programme were quantified as follows: The water transparency in the inner and central parts
of the archipelago would on average increase about 1 metre in 10 years. This would mean
that, for example, in the inner parts of the archipelago, the sight depth would increase from

the present average of about 1 metre in summers to about 2 metres in 10 years.

Assume now that the inhabitants in Himmerfjarden’s catchment area are only concerned
about the water quality in Himmerfjdrden, not in any other part of the Stockholm archipelago.
This assumption allows a computation of aggregate WTP for a 1-metre increase in water
transparency in Himmerfjirden by multiplying the number of adult inhabitants in the
catchment area by the mean WTP of those respondents who lived in this area. It is true that
people living in Himmerfjarden’s catchment may very well care also for the water quality in
other parts of the archipelago. However, in order to obtain at least indications on the size of
the benefits for a water quality improvement in Himmerfjdrden, we consider this assumption

to be the most reasonable way to use the existing data set.

65 of 1,840 respondents turned out to be inhabitants in Himmerfjirden’s catchment area.
They had a mean WTP of SEK 69 per month (std. dev.: 95; median: 50). Since this indicates a
close similarity to the corresponding estimate for the whole survey (mean: 71; std. dev.: 115;
median: 50), we stick to the results obtained for the whole survey as a basis for aggregating
WTP, see Soderqvist and Scharin (2000) for details. Taking into account non-respondents by
using results from a follow-up survey and protest answers to the valuation scenario, this
results in a present value of aggregate WTP of SEK 19-32 million per year, see Table 2.

When asking about whether the respondents were willing to pay anything for the nutrient

(3 2 (13

abatement programme, they could choose between “yes, definitely”, “yes, probably” and
“no”. The lower end of the aggregate WTP interval corresponds to a conservative case where
the WTP of those respondents who answered “yes, probably” were assumed to have a zero
WTP. An aggregate WTP of SEK 32 million corresponds to a case when the stated WTP

amounts of those who responded “yes, probably” were included in the computation.



Table 2: The aggregate WTP for a reduced eutrophication in Himmerfjarden

Case Mean WTP per|Aggregate Aggregate Aggregate WTP,
adult resident, | WTP* year 1,|WTP, present|present  value
yvear 1, SEK SEK million valueb, SEK | per year,SEK

million million
Conservative 436 239 193.8 19.4
Non- 725 39.7 322 32.3
conservative

? The population is the 54,800 residents of age 18-75 years in Himmerfjarden’s catchment area
® Time horizon: 10 years (as specified in the valuation scenario). Discount rate: 4 %

In order to relate the estimated WTP to nitrogen loads, we use Férlin’s (2002) estimated
relationships between nitrogen load and concentrations of nitrogen and between nitrogen
concentration and water transparency. These calculations are based on measurements at a
station located in coastal basin 3, with an average water transparency of 6 m. The estimated
relationship between nitrogen concentration in mg/m’ (C,), and nitrogen load in tons of

nitrogen (N) is

C,=02N+275

The estimated relationship between C, and water transparency measured as Secchi depth in

metres (S), for the same station is

log S =4.754—1.641 log C,

Calibration 1s made at the average water transparency of 6 m for each basin. When calculating
the water transparency and, hence benefit functions, from nitrogen reductions at the
jurisdictional scale when jurisdictions share the same marine basin, benefits are allocated

according to nitrogen load. The resulting equations are presented in Appendix B.

When estimating costs of nitrogen reductions, three classes of measures are included: (1)
improvement of the cleaning capacity of point sources, (2) reductions in nonpoint source
emissions at the emission sources, and (3) construction of wetlands as nitrogen sinks. One
type of point source mitigation measure is included: improvement of the nitrogen cleaning

capacities at the sewage treatment plants. It is assumed that the associated cost corresponds to



SEK 15/kg N reduction from sewage plants. Three types of nonpoint source emission
reduction measures are considered: reductions in the use on nitrogen fertilizers, cultivation of
catch crops, and construction of wetlands. Catch crops are sown at the same time as the
ordinary crop but continue to grow, and thereby make use of residual nitrogen in the soil,
when the ordinary crop is harvested. The unit cost per kg N reduction for catch crops is
assumed to amount to SEK 20. Costs of nitrogen fertilisers reductions in each drainage basin
are calculated as associated losses in profits, see Appendix C. Wetland construction costs are
based on calculations in Bystrom (1998), which gives a total cost, consisting of opportunity

cost of land plus management cost, which together amount to SEK 7420 per hectare.

3.3 Maximum net benefits

Maximum net benefits under the various solution concepts are calculated by use of the Gams
software (Brooke et al., 1998). We first present maximum net benefits for the co-operative
case, when the entire catchment is the decision unit. Table 3 presents estimates for the two
cases of estimated benefits of water quality improvements, SEK 19 million per year

(conservative estimate) and 32 million per year (non-conservative estimate).

Table 3 Net benefits in millions of SEK per year for different decision units under co-
operative solutions

Municipalities: Drainage basins:

Regions 19 32 Regions 19 32
Trosa 1 649 2703 Basin 1 87 279
Gnesta 5100 9598 Basin 2 7969 14 483
Sodertélje 3367 4174 Basin 3 8 894 24 733
Botkyrka -2 749 3 860 Basin 4 2076 1744
Nyndshamn | 11 644 20 873

Total 19 011 41 208 19 026 41 239

Total net benefits are more than doubled for the higher marginal value of water quality
improvement. This is due mainly to the larger marginal value; there is only a slight decrease
from 278 tons of N to 275 in total load to all coastal basins. This is, in turn, explained by the

large proportion (90 per cent) of abatement by Himmerfjarden sewage treatment plant. The



fact that the plant is situated in the municipality of Botkyrka also explains why Botkyrka

experiences negative net benefits in the conservative benefit case.

Maximum net benefits for the two regional decision systems, at the municipal or drainage
basin level, are calculated by inserting the first-order optimality conditions (4) as restrictions
for each regional maximisation of net benefits in the optimisation program. The results are

presented in Table 4.

Table 4: Net benefits in millions of SEK per year for different decision units under
jurisdictional and drainage basin decisions

Municipality decisions: Drainage basin decisions:

Regions 19 32 regions 19 32
Trosa 89 289 Basin 1 87 280
Gnesta 51 162 Basin 2 2713 8 088
Sodertdlje 2 1 895 Basin 3 8 642 21769
Botkyrka 4 2417 Basin 4 960 2 395
Nynéshamn 6 478

Total 152 5241 12 402 32532

For both decision regions, total net benefits are — as expected — less than those of the co-
operative solution. In the conservative case, only one region at each scale, Trosa and Basin 3,
carries out abatement. For both these regions, the impact on the own region is relatively large
so that marginal benefit equals marginal cost at a positive abatement level. The relative
advantage of the two regional decision systems remains for the non-conservative case.
Abatement then takes place in two municipalities, Trosa and Botkyrka, and in one drainage
basin, Basin 3. The reason for the differences in total net benefits is that the lowest cost
options are available to a relatively large extent in Basin 3. This means that decision at this
scale includes all nitrogen reduction benefits and costs, where benefits from reduced nitrogen
transports are obtained also in other basins. The municipalities of Botkyrka and Nynédshamn
are both located in Basin 3, but they capture only a part of nitrogen reduction benefits, which

reduces overall nitrogen reductions.

Another interesting result is that Botkyrka would gain from the non-cooperative solution in

the conservative case, and Basin 4 would make a gain from not co-operating in the non-



conservative case. If co-operation is legally possible, this is thus more likely to occur at the
basin scale for the lower value of water quality improvements and at the municipality scale at
the larger value of water quality improvements. This result is similar to that of Gren (2001),
where it is shown that the distribution of net gains among Baltic Sea countries in co-operative

and non-cooperative solutions depends on how much water quality improvements are valued.

3.4 Minimisation of costs

The countries surrounding the Baltic Sea have made an agreement on reducing nitrogen loads
to the Baltic Sea by 50 per cent (Helcom, 1988). It was not specified whether each country
should make such a reduction, or if it could be made on an overall level. As demonstrated in
Gren et al. (1997), total costs increase by four times if each country reduces its load by 50 per
cent, as compared to an overall reduction. The main reason is the differences in abatement

costs among countries.
The 50 per cent nitrogen reduction target is also used here to show differences in outcomes

between the two regional scales, see Table 5.

Table 5. Minimum costs for a 50 per cent nitrogen reduction under regional and
co-operative decision scales

Municipalities: Drainage basins:

Regions Cooperation Regional Regions Cooperation  Regional
Trosa 0 1476 Basin 1 0 160
Gnesta 0 3580 Basin 2 0 5678
Sodertdlje 0 3133 Basin 3 8 099 6 169
Botkyrka 8 099 5952 Basin 4 0 2247
Nyndshamn 0 849

Total 8 099 14 990 8099 14 254

Due to the dominating role of discharges from and the low abatement costs at Himmerfjarden
sewage treatment plant, the region where this plant is situated makes all required abatement in
the coordinated solution. This solution is about 40 per cent less expensive than regional

decision-making where each region minimises its cost for a 50 per cent nitrogen reduction.



The total cost is approximately 5 per cent larger for municipality decision unit scales than for
drainage basin scales. The reason, as demonstrated in section 2, is the higher availability of
low cost abatement measures in each of the basins as compared to each of the municipalities.
This result is similar to that of maximisation of net benefits, where these are larger at the
drainage basin decision-making. However, one difference is the divergences in costs for the
region, which undertakes all required abatement in the case of co-operation, i.e. Botkyrka and
Basin 3 respectively. In the minimum cost decision rule, the loss from changing from regional
decision making to the cooperative scale is larger for the municipality decision scale than for
the drainage basin decision scale. It thus seems as if the results indicating relative advantages
of basin scale decision-making in the case of a minimum cost decision rule are relatively

robust as compared to the net benefit maximisation decision rule.

4. Conclusions

The main purpose of this paper was to make an analytical and empirical investigation of the
role of two types of regional decision units for efficient and cost effective water quality
management of a relatively large coastal region: municipality and drainage basin scales. The
entire region was used as a reference scale since all benefits and costs of emission reductions
are included in decisions at this scale. Efficiency can be reached at both regional decision
scales either under the highly restrictive condition that benefit and cost functions are the same
in all regions, or if all regions cooperate. Cost effective pollution reduction is obtained if the
marginal cost functions for reducing pollutant loads to the marine basins are the same. If none
of these circumstances prevails, differences in divergences from the first best solution
between the two regional scales depend on asymmetry between decision regions with regard
to environmental benefits and costs of emission reductions, and the regions’ coverage of

marine basins within their territory.

In our application to Himmerfjarden estuary, the same abatement measures were assumed in
the decision regions. As a consequence, differences in abatement costs among decision
regions depend on various conditions for transports of nitrogen from the emission sources to
the coastal waters, and on availability of abatement capacity for different measures.

Environmental benefits from emission abatement were based on estimated relations between



nitrogen emissions and water quality — measured as water transparency — and on a contingent
valuation study on changes in water transparency. The results showed that the total net
benefits are higher under drainage basin decision for both a conservative and a non-
conservative estimation of the benefits of water quality improvements. It was also
demonstrated that costs for a 50 per cent nitrogen reduction are lower at the drainage basin
scale. However, under a cooperative scale, there is a net loser under a jurisdictional regional
division, but not for any drainage basin authority. Thus, although net benefits and abatement
costs are at the advantage for the drainage basin decision scale, cooperation among regions to

reach first-best optimum is less likely for this regional scale.

Needless to say, the analysis and the application to Himmerfjirden involve several
simplifying assumptions. For example, the analysis assumed separability between water
policy and other regional issues. In practice, various regional policy issues are likely to be
linked and balanced against each other, and there might be a risk for lax water regulation (e.g.
Oates and Schwab, 1988). If these impacts vary among different decentralised decisions, their
relative performance would be affected. Also different types of uncertainty may affect the
results, such as stochastic pollutant transports and asymmetric information among the
regulator and regulated firms. The existence of asymmetric information is likely to increase
total costs since the regulator may have to pay informational rents to firms with relatively low
costs. On the other hand, this may be an important argument in favour of delegation of
decisions due to the better use of information at different scales. If this occurs, efficiency
losses as calculated in this study can be outweighed by reduced uncertainty of environmental

impacts of emissions.

The difficulty of obtaining data is demonstrated by the many assumptions necessary for
calculating net benefits of nitrogen reductions to Himmerfjirden under various regional
decision systems, despite the fact that this estuary is relatively well investigated with regard to
pollutant transports. The results show that the advantage of the two regional systems may
change depending on assumed benefits from water quality changes. It was also demonstrated
that the likelihood of cooperation among regions differs depending on the choice of decision
rule: maximisation of net benefits or minimisation of costs for pre-specified targets. It could
therefore be worthwhile to make further efforts to collect data on coastal basin pollutant

transports, biological impacts and economic valuation of water quality improvements when



designing efficient or cost effective programmes for pollutant reductions to coastal and

marine waters.
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Appendix A. Details about Himmerfjarden catchment

Table Al. Studied drainage basins and municipalities

Dra'inage Area, fni’ Arable land Mu@icipalitie; within

basin drainage basins

1 96.0 13.7(14%) Trosa
Gnesta(64,2%),

2 570.0 102.5 (18%) Trosa(19,6%),
Sodertilje(16,2%).
Nynishamn(60%),

3 317.4 65.2 (23%) Botkyrka(40%).

4 284.9 62.3 (22%) Sodertdlje

Total 1268.3 243.7 (19%)

Source: Calculations based on SCB (1992, 1995, 1997, 1998) and SMHI (1998).

Table A2. Municipalities in Himmerfjard catchment

Municipality | Total Area within a | Arable land | Arable land
area, km’ | drainage basin within drainage
basin
Botkyrka 196.4 148.9 (76%) 32.0 27.4
Sodertélje 675.5 377.5 (56%) 116.5 78.7
Nyndshamn | 356.5 168.5 (47%) 59.7 37.8
Gnesta 460.5 365.5 (79%) 82.5 66.5
Trosa 207.9 207.9 (100%) 33.5 335
Total 1896.8 1268.3 (67%0) 324.2 243.9

Source: Calculations based on SCB (1992, 1995, 1997, 1998) and SMHI (1998).

Table A3. Coefficient matrix, share of total load to basin i transported to basin j

From/to Basin D Basin C Basin B Basin A
Basin D 0.11 0.29 0.10

Basin C 0.03 0.27 0.11

Basin B 0.09 0.12

Basin A 0.60

Source: Calculations based on Engqvist (1997).



Table A4. Land area and nitrogen sources in Himmerfjarden region

Area Non-point  Direct Total N
km? emission  emission
Coastal basins A,
drainage basin 4:
Bréanningedn 58 6.3 - 6.3
Vaskabicken 10.7 0.3 0.3
Jarnadn 92.3 349 0.3 35.2
Enebyén 32.9 7.5 2.5 10.0
Hol6én 30.9 17.5 - 17.5
Morko 55.1 16 16
Lake Mailaren 155 155
Total A: 240.3
Coastal basin B,
drainage basin 3:
Fitunadn 73 50 54 55.4
Saxbroan 100 39 0.6 39.6
The Himmerfjard
sewage treatment
plant 572.0 572.0
Total B: 667.0
Coastal basin C
drainage basin 2:
Tullgarnsén 18 16.1 16.1
Trosaén 587 167.6 167.6
The Trosa sewage 15.7 15.7
treatment plant
Total C: 199.4
Coastal basin D
drainage basin I:
Orholmsan 29 25.6 25.6
Atmospheric 91 91
Total D: 116.6
Total 1223.3

Source: Calculations based on SCB (1992, 1995, 1997,1998, 2002a, 2002b), SMHI 1998, and
Johnsson & Hoffman (1997).



Appendix B. Secchi depth equations at the drainage basin and the
municipal scales

Coastal basins

Basin D: SP = 62193*(279+0.022*N") "1 599013
Basin C: S¢=74981*(281+0.054*N)"**1 - 598919
Basin B: SB = 66903*(290+0.024*NP) "4 _ 5 98724
Basin A: S* = 60610%(275+0.12*N*) 04! _ 5.99546

Municipalities

Trosa: ST=8+0.196%S¢

Gnesta: SY =0.64*S¢

Sodertdlje:  S°=S"+0.164*S°"
Botkyrka: SP=0.9*s”
Nynidshamn: SN =0.1*S®



Appendix C. Cost functions for nitrogen fertiliser reductions

The costs of reducing the use of nitrogen fertiliser from current level, N* is calculated as the
associated changes in producer surplus, by means of the nitrogen demand function. The
nitrogen demand function is assumed to be linear according to

N=a-bP (C1)

where P is the price of nitrogen. The values of a and b are found by applying results from
estimated nitrogen demand functions in Gren and Brénnlund (1995). The study contains
estimates of nitrogen demand in different Swedish regions. The results from the Milar region
are applied here since Himmerfjdrden drainage basin is a part of that larger region. The
estimated elasticity is -0.34, that is

NP _ 934 (C2)
oP N

For given values of P and N we can solve for b in (C2) since from (C1) we have that
-b=0N/AP. Then, for the same given P and N we can also solve for @ in (C1).

The net producer surplus at the given values of P* and N* is then simply calculated as the
integral of the inverted demand function (C1) minus the cost of fertilisers at the price P*,
according to

N* N*
PS*= [ PAN= [ (ab™ -b"'N - P¥)dN (C3)
0 0

The cost of reducing N from the level of N* is calculated as PS* minus the net producer
surplus at N, which gives

N*
TC= [ (ab™ -b"'N - P¥)dN (C4)
N

Cost functions according to (C4) are calculated for the 10 drainage basins in Table A4, with a
further division of Trosadn into three jurisdictions. Common assumptions for all regions is
that the nitrogen demand elasticity is -0.34, the nitrogen fertilizer price, P*, is SEK 6.79/kg N
(in 1998), and that the nitrogen fertilizer use amounts to 105 kg N per hectare (SCB 2002a,b).
The total initial use of nitrogen, N* will then differ between the three regions according to
their area of arable land. The estimated quadratic cost functions, measured in thousands of
SEK, for the different drainage basins and regions are then



Fitunaan:
Saxbroan:
Bréanningean:
Vaskabécken:
Jarnaan:
Enebyan:
Hol164n:
Tullgarnséan:
Trosaan:

Trosa

Gnesta

Sodertilje
Orholmsan:

TC = 3485 — 25.4N + 0.04331(N),
TC = 1615 — 25.4N + 0.05587(N)’,
TC = 1449.4— 25.4N + 0.10417(N)’,
TC = 334 — 25.4N + 0.45168(N)’,
TC = 2626 — 25.4N + 0.05748(N)?,
TC = 1474 — 25.4N + 0.10423(N)’,
TC = 1480 — 25.4N + 0.10204(N)’,
TC = 1088 — 25.4N + 0.13866(N)’,

TC = 3485 — 25.4N + 0.04331(N)*
TC = 11393 - 25.4N + 0.01325(N)*
TC =2880 - 25.4N + 0.0524(N)’
TC = 556 — 25.4N + 0.2516(N)’.
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