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Preface

This report and the model development described herein are parts of the
research programme MARE (MArine Research of Eutrophication)
funded by the Swedish Foundation for Strategic Environmental Re-
search, MISTRA. The objective is to develop a user-friendly decision
support system termed NEST, enabling users to evaluate possible meas-
ures for reductions in nitrate and phosphate loads with respect to costs,
and effects on the Baltic Sea (see: www.mare.su.se).

The main users of NEST are expected to be decision-makers within the
Helsinki Commission (HELCOM), as well as organisations, authorities
and researchers in the Baltic Sea States. Within the NEST model, the user
can assess the most cost-effective measures to achieve targets for im-
proved quality for separate sea basins within the Baltic Sea. The user can
do this by changing various parameters in the system and creating dif-
ferent scenarios.

The first phase of the MARE project began with the development of
NEST 1 in 1999, and the next phase of development of NEST 2 is taking
place from 2002 to 2006. In this second phase the Department of Policy
Analysis at the National Environmental Research Institute in Denmark
(NERI) has become a partner in the MARE-project, being responsible for
the further development of the cost-minimisation model in the NEST 2-
model. The work carried out in this second phase has partly consisted of
reformulation of the model to make it more transparent and enable in-
teractive changes of the cost- and load modelling. Moreover, the data are
updated, and the cost-functions are re-estimated. The data are based on
official statistics from FAO and EUROSTAT, and further reviews of na-
tional data and studies have been included in formulating the cost-
functions as far as they could provide reasonably general and well
documented information.

In this report the model and the actual GAMS programme are docu-
mented. The development of the load-functions has been done in col-
laboration with the drainage basin modelling group. The primary read-
ers of this report are expected to be scientists, expert users and others
with specific interest in the development and assumptions behind the
cost-minimisation model in the NEST system. Further development of
the model should therefore include interactive use of the model with na-
tional experts, testing effects on cost-efficient solutions of changing both
the cost- and load-functions.

We would like to express our gratitude to the Swedish research pro-
gramme MISTRA and the steering board of MARE for financing this
work, and for giving NERI the opportunity to contribute to this part of
the project.



Definition of central terms

Due to the multidisciplinary approach in the project a number of central
terms used are explained in the box below in order to facilitate the read-
ing of the report.

Term Explanation

Total abatement costs (TAC) Total costs of abating emissions (and/or loads) by a certain amount
Marginal abatement costs (MAC) The cost of the last abated unit of emissions (and/or loads)

Unit costs
Opportunity costs
Economic rent
Secondary benefits

Emission

Load

Impact coefficient
Effects (environmental)
Measure

Function

Cost efficient

The average costs per unit (ha, etc.)

Costs resulting form loosing the opportunity to utilise a resource
optimally, e.g. as a consequence of restrictions on agricultural land
use

The residual when all costs except remuneration of /and are sub-
tracted from the production value

Benefits arising for other environmental goods than that subject to
the policy

Outlets of a pollutant, e.g. nitrate, from the source

The amount of a pollutant, e.g. nitrate, reaching the recipient
Coefficient describing the relationship between emissions and loads
Changes in the state of a recipient resulting from changes in loads

Term describing an initiative aimed at reducing (environmental)
effects

Functional form describing the quantitative relationship between e.g.
the scale of implementation of a measure and total abatement costs
(in casu TAC-function)

The policy or mix of measures that fulfil a pre-specified target at the
least costs




Summary

This report documents the revised cost-minimisation model for reducing
nutrients loads to the Baltic Sea. The work is part of the MARE-project
(see www.mare.su.se), and the key issue for the development of the cost-
effectiveness model is to enable consistent modelling of the costs and the
effects on nutrient loads of various measures implemented in the regions
contributing to nutrient loads.

The purpose of the cost-minimisation model is to establish a framework
for prescribing cost-efficient scenarios of reduced nutrient loads to the
Baltic Sea. Nutrient loads derive from emissions both airborne and wa-
terborne but in this work we focus on emissions only from countries
with coastlines adjacent to the Baltic Sea, or with water drainage and
transport to this sea region. Further, it demonstrated how secondary en-
vironmental effects, e.g. climate gas emissions, can be included in the
welfare economic abatement costs.

The geographical boundaries of the model consist of the 9 countries sur-
rounding the Baltic Sea divided into 24 drainage basins. The Baltic Sea is
divided into 8 sea regions enabling setting up regional environmental
standards for each sea regions. The division into drainage basins and sea
regions reflects that emissions from each country contribute differently
to the loads of the different sea regions because of retention, i.e. dilution
and de-nitrification during transport to the sea regions, but also between
the water bodies in the sea regions. Thus, the model solutions reflect re-
gional differences in costs and loads. Cost functions and load reduction
functions are developed for six different measures (establishment of wet-
lands, reduced livestock production, catch crops, reduced nitrogen fer-
tilisation, sewage treatment, and NOx abatement), and for each measure
a maximum level for implementation is defined at the national level.

An essential feature of the model is how the costs are modelled. For so-
me of the measures with limited impact implemented at small scale it
may be reasonable to assume marginal costs to be constant, i.e. the total
costs are a linear function of the abatement level. However this model
operates at national scales with measures which should result in envi-
ronmentally significant changes in the nutrient loads to the Baltic Sea.
Therefore, total costs are likely to be marginally increasing with the scale
of implementation of each measure. This means that the extra cost of re-
ducing loads by one extra unit are increasing, and non-linear costs func-
tions are therefore implemented for those measures where the necessary
data are available. This approach is in line with economic theory and ge-
neral recommendations.

The result is presented as an aggregate cost estimate for the countries in
the Baltic Sea region. However, this should not be interpreted as an indi-
cation of which countries should eventually bear the costs. This is impor-
tant to note when passing the results to policy makers, as the model pre-
scribe how the effort should be mixed in order to reach the least cost so-
lution but not how this solution is reached in a political economic con-
text.



Sammenfatning

Denne rapport preesenterer en revideret model til beregning af omkost-
ningsminimerende strategier til reduktion af neeringsstofbelastninger i
Ostersoen. Arbejdet er udfert som en del af MARE-projektet (se
www.mare.su.se) og det centrale i udviklingen af omkostningsminime-
ringsmodellen er, at gore det muligt at generere konsistente omkostnin-
ger og effekter af neeringsstofbelastningen som folge af reduktionstiltag
implementeret i de lande, der greenser op til Jstersgen.

Formalet med omkostningsminimeringsmodellen er, at give mulighed
for at analysere omkostningseffektive scenarier for reduktion af neerings-
stofbelastningen i Jstersgen. Neeringsstofbelastninger skyldes luft- savel
som vandbarne emissioner, men denne rapport fokuserer kun pad emissi-
oner fra lande med kystlinier tilgreensende Jstersgen eller med eller
transport af spildevand til disse kystomrdder. Endvidere demonstreres
det, hvorledes sekundaere miljoeffekter, fx klimagasemissioner, kan ind-
drages i de velfeerdsokonomiske reduktionsomkostninger.

Modellen omfatter alle de ni lande der omgiver Jsterseen, med en yder-
ligere opdeling af disse til 24 oplande. Ustersoen er opdelt i otte havre-
gioner, hvilket muligger formulering af regionale miljgstandarder for
hver enkelt havregion. Opdelingen i de 24 oplande og de otte havregio-
ner afspejler det faktum at emissionerne fra de enkelte lande bidrager
forskelligt til belastningerne af de enkelte havregioner, bl.a. pa grund af
retention af neeringsstoffer under transport, men ogsa pa grund af trans-
port af neeringsstoffer mellem havregionerne. Modellosningerne afspej-
ler siledes regionale forskelle i omkostninger og belastninger. Omkost-
ningsfunktioner og belastningsreduktionsfunktioner er opstillet for seks
forskellige tiltag (etablering af vddomrader, reduceret husdyrprodukti-
on, efterafgroder, reduceret kveelstofgedning, spildevandsrensning, og
reduktion af NOx-emissioner), og for hvert tiltag defineres en et maksi-
malt omfang for deres implementering.

Et vigtigt element i modellen er, hvordan omkostningerne modelleres.
For tiltag implementeret i lille skala kan det veere rimeligt at antage, at
de marginale omkostninger er konstante, dvs. at de totale omkostninger
er en linezer funktion af implementeringsniveauet. Men denne model er
baseret pa nationalt niveau med tiltag, der kan resultere i markante mil-
jomeessige effekter i Osterseen. De samlede omkostninger vil derfor
sandsynligvis veere marginalt stigende. Dette betyder, at de ekstra om-
kostninger, der er forbundet ved reduktion af belastningen med én eks-
tra enhed, er stigende, og ikke-lineeere omkostningsfunktioner imple-
menteres derfor for de tiltag, hvor den nedvendige information er til-
gaengelig. Denne fremgangsmade er i overensstemmelse med ekonomisk
teori og generelle anbefalinger.

Resultatet af en modelkorsel preesenteres som et aggregeret omkost-
ningsestimat for landene i Ustersoregionen. Dette skal imidlertid ikke
tolkes som en indikation af, hvilke lande der i sidste ende skal afholde
omkostningerne. Dette er vigtigt at holde sig for oje, ndr resultaterne
overgives til administratorer og politikerne, da modellen belyser hvor-



dan indsatsen skal sammenszettes for at opna den mest omkostningsef-
fektive losning, men ikke hvordan denne lgsning opnds i en politisk
sammenheeng, herunder hvordan den finansieres.
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1 Introduction

1.1 Background

Inputs of nutrients, such as nitrogen and phosphorus, to the sea are
natural prerequisites for life, and not environmental problems per see.
Nutrient emissions only become problematic when the inputs increase to
such extents that the original properties or functions of the ecosystem are
affected, and the sea becomes too eutrophic (see www.mare.su.se). In-
tense algae blooms, turbid water with reduced transparency, oxygen de-
ficiency and reductions in the amount and presence of sediment-living
animals may be the severe results of eutrophication. The economic val-
ues of eutrophication of coastal ecosystems, and reductions in the eutro-
phication level, are not investigated very intensively, but studies per-
formed in the Baltic region indicate that the values can be significant
(Elofsson, 2003; Soderquist, 1996, Markovska & Zylicz, 1999). The en-
closed brackish-water Baltic Sea, with its slow water exchange and natu-
ral barriers, is particularly sensitive to eutrophication. However, within
this sea region different effects will dominate in separate parts of the sea
basins due to large differences in natural conditions between the basins,
as well as different loads of nutrients to the basins.

Much is already known about the effects of eutrophication in the Baltic
Sea ecosystems and about the costs of measures to reduce the nutrient
loads. The background for this project, and for the development of a
cost-effectiveness assessment tool, is that there is not one single efficient
measure and solution valid for the entire Baltic Sea. The reason is that it
is not likely that the same measures for reduction of eutrophication can
be applied cost-effectively both in a local coastal area and in the open sea
perspective - specific conditions in different parts of the sea with respect
to both production and natural load conditions must also be considered.
For example, the same set of measures cannot automatically be imple-
mented in the Gulf of Bothnia and in the Southern Baltic, since these ba-
sins have different natural properties. Furthermore, the measures are
connected with different costs in different areas.

In all there are nine countries surrounding the Baltic Sea, and in the cost-
minimisation model 24 drainage basins within these countries form basic
units for the estimation of costs and loads for the different policy meas-
ures relevant for reducing nutrient loads to the Baltic Sea.! The drainage
basins can be seen from the map (Figure 1)

1 The former version of the model consisted of 82 drainage basins in 9 countries. The drainage ba-

sins were formerly termed emitting regions.
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Figure 1 The Baltic Sea, sea regions and drainage basins.

Because of the large scale of the Baltic Sea, MARE divides the entire Bal-
tic into seven sea regions (basins) enabling to set up regional environ-
mental standards for each of these sea regions. The division into sea re-
gions reflects the fact that the emissions from each country contribute
differently to the loads of the different sea regions because of retention,
dilution and de-nitrification during transport to the sea regions, but also
between the water bodies in the sea regions. For example, even though
the unit costs of measures reducing nitrogen emissions may be mini-
mised when implemented in the Polish drainage basins this is not per
see the most cost effective solution for reducing loads to the Danish
straits. This is because the cost-effectiveness of the measure should be re-
lated to the loads and not to the emissions.

1.2 Purpose of the work

The purpose of the cost minimisation model is to establish a framework
for prescribing cost efficient scenarios of reduced nutrient loads to the
Baltic Sea. Nutrient loads derive from both airborne and waterborne
emissions but in this report we only focus on emissions from countries
with coastlines adjacent to the Baltic Sea, or with water drainage and
transport to this sea region.

11
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The purpose of this report is to describe the principles of the revised cost
minimisation model, the cost functions, and the data available and data
used in the cost-minimisation model. The cost minimisation model is ba-
sically built on similar principles as the past version developed in the
tirst phase of MARE (cf. Elofsson, 2003), as both model versions are set to
minimise the costs in the Baltic Sea area to fulfil different environmental
targets. But the model itself has changed significantly. All data input of
the model are updated, and the structure of the model has been changed
in order to make the modelling more transparent and to provide facilities
for easy updating. This also enables a transparent implementation of the
estimated load functions based on the results from the drainage basin
model. This specific task has been worked out in close collaboration with
the natural scientists at the universities of Linkdping and Stockholm who
are responsible for the drainage basin model. However, it should be
noted that because of delays in the development of the drainage basin
model the documentation in this paper focuses alone on the economic
content of the model and the environmental economic modelling princi-
ples. The load responses implemented at this time are based on educated
guesses from on Danish and Swedish experiences and a literature re-
view. The assumptions and parameters behind the current load response
modelling are documented in Appendix 1. Once the final drainage basin
specific load functions can be supplied the load response parameters can
be replaced, which in turn may require repeated calibration of the
model.

The paper initially describes the principles of the cost-minimisation
model and the data needed for solving the cost minimisation problem.
Hereafter the policy options or measures are described, and the abate-
ment cost functions for each of the measures in the model are presented.
These functions form the core elements of the model and different speci-
fications of the abatement cost functions are demonstrated and dis-
cussed. The costs are estimated as welfare economic costs. The inclusions
of secondary environmental effects (e.g. changes in climate gas emis-
sions) in the cost estimates are demonstrated for two of the measures in
the model. But due to scarcity of data the present model-version is set
default to estimate the cost-minimisation without these effects.



2 The model

21 The cost-minimisation: objectives and limitations

The starting point of the cost minimisation problem is to decide on the
goals for the reduction of loads in one or more sea regions. The result
from the cost minimisation is presented as an aggregate cost estimate for
all of the countries in the Baltic Sea region, as well as effects distributed
between measures and countries. The model also provides effects in
terms of reduced N and P emissions from sources and drainage basins,
and reduced N and P loads to the sea regions.

However, this should not be interpreted as an indication of which coun-
tries should eventually bear the costs. This is important to note when
passing the results to policy makers, as the model prescribes how the ef-
fort should be mixed in order to reach the least cost solution but not how
this solution is reached in a political economic context. As an example a
scenario may indicate that a huge effort should be put in Poland, but
how this effort is financed, i.e. which countries actually bears the costs, is
a political economic question, which cannot be addressed by a model.

The present version of the cost minimisation model is static comparative
presenting the net effects of changing from one environmental load to
another. Thus, the model does not include time aspects and this is im-
portant when interpreting the results. This is because some measures
may result in a more or less instant reduction in loads whereas others
may have a significant time-lag between the time of implementation and
the time of the resulting changes in loads. Therefore, information on the
timing of the changes in loads needs to be supplied additionally if this
parameter is of importance for the decision making. The influence of
time-lag effects on the cost minimising abatement strategies will be ana-
lysed as part of the economic sub-project and the results are reported
separately.

2.2 The principles of the cost-minimisation model

The cost minimisation problem is formulated as a choice of the cost
minimising mix of policy measures within drainage basins. The cost
minimising mix of measures consists of an optimal mix of measures and
an optimal localisation of the measures, so that a specified goal for re-
ductions of loads to one or more sea regions is obtained to the least total
abatement cost. The minimisation problem is constrained by the exo-
geniously set potential of each policy measure. These limits on the poten-
tial emission reductions of the measures can be explained by the fact that
each measure, e.g. wetlands, has a limited feasibility range within each
drainage basin. Secondly, the implementation range should reflect that
the estimates of costs and emission reductions shall remain coherent
with the assumptions of prices, technology, etc.

13
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The cost minimization problem is a non-dynamic (static) problem de-
scribed by:

min Y ' 744 (x, )
Yo Nz k=1
st. a)

kz_fgf' (xi,p ): T,/’

h' (x,, , )S h" max

Where

Xi, p is the reduction of nutrient load,

) is (nitrogen, phosphorus) in each drainage basin,

g is a function describing the share of reduced emissions emit-
ted from drainage basin i reaching sea region j, and

h; is a function describing the extend of policy measure k im-
plemented when reducing the emissions in drainage basin i.

T; is the target load reduction for sea region j, and

hi¥max  is the maximum emissions reduction of policy measure k im-

plemented in drainage basin i.

In the model the functions g and h are linear in x, saying that there is a
simple linear relationship between emissions from a drainage basin and
the nutrient loads reaching a sea region (function g). Similarly there is a
positive linear effect on nutrient emissions in a drainage basin of imple-
menting a specific policy measure (function h). Therefore the first deriva-
tive for g and h exists and are continuous (g and h are C! functions).

By assumption the gradient for the function h for the drainage basins
that constitutes the active constraints and the gradient for the function g
in all sea regions are linearly independent.

For a solution to the problem, x,* - a specific reduction of nutrient emis-
sions - the necessary conditions for optimality are the Kuhn-Tucker con-
ditions. However, the Kuhn-Tucker conditions only provide possible so-
lutions that are potentially optimal, which means that they are not suffi-
cient for a globally optimal solution. To obtain optimal solutions the
general microeconomic theory on cost functions are applied. Hence total
abatement costs are quasi-convex and all separate cost functions for pol-
icy measures are convex. Because g and h are linear functions and the
objective function is quasi-convex, the Hessian to the Lagrangian is posi-
tive semi-definite and in conclusion the solution is optimal and unique.
The necessary Kuhn-Tucker conditions are given in b) —f).



= = = - T
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The condition in b) ensures optimality, c) and d) are feasibility condi-
tions, e) is the complementary slackness condition and f) is a non-
negativity condition. The vectors Ai and p; are the Lagrangian multipli-
ers; in economic theory often referred to as shadow prices.

2.3 Modelling the cost functions

An essential feature of the model is how the separate costs of each of the
measures are modelled. The cost-function for a given measure can be
written as C(w,y), where w is the factor prices, and y is the given level of
the measure. In the welfare economic assessment the costs constitute the
alternative costs following the resource use from implementing the
measure, the direct costs of implementing the measure and the indirect
costs from secondary environmental effects. We will return to the meas-
urement of these three parts constituting the abatement costs after a
short discussion of the properties of the cost-function.

The general properties of the cost-functions for each of the measures are
assumed to be:

e Non-negativity C(w,y) > 0 for w > 0 and y > 0. Meaning that costs al-
ways will be incurred when implementing a measure.

e No fixed costs C(w,0) = 0. Meaning that the costs associated with a
measure are assumed to vary.

e Monotonicity in y: if y’ 2y, then C(w,y’) = C (w,y). This means that if
the required level of measures increases in order to fulfil a more re-
strictive target, then the total costs at the cost-minimising point will
be higher, with everything else assumed constant.

15
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e Monotonicity in w: if w’ > w, then C(w’,y) = C (w,y). This means that
at factor price w, x is the cost minimising activity level, while at price
w’, x" is the cost-minimising activity level.

e Homogeneity of degree one in prices: C(tw,y) = tC(w,y). This means
that when factor prices are changed, the costs changes with the same
order.

e Concavity: C(w,y) is concave in w. This can be explained rather intui-
tively: If a price of a factor rises, costs will never decrease. If the cost
function is linear the costs will increase at the same rate as the price
increases. If the cost function is not linear, the costs will go up at a de-
creasing rate. The reason being that when one factor-price increases
and the prices of other factors stay the same, cost-minimisation im-
plies that this factor will be substituted by other inputs or activities.

e Continuity: C(w,y) is continuous in w. Continuity means that C(w,y)
changes continuously when w changes; continuity is necessary for the
existence of an optimum.

e If C(w,y) is differentiable, then there is a unique vector x, so that d
C(w, y)/9 wi = xi . Uniqueness of optimum exists if the function is
strictly concave and the constraint is convex.

For more details about the theoretical aspects see Varian (1992).

For some of the measures with limited impact implemented at small
scale it may be reasonable to assume marginal costs to be constant, i.e.
that total abatement costs are a linear function of the abatement level.
However, this model operates at national scales with measures, which
should result in environmentally significant changes in the nutrient
loads to the Baltic Sea. Therefore, total costs are likely to be marginally
increasing with the scale of implementation of each measure. This means
that the extra costs of reducing loads by one extra unit are expected to
increase. One example is construction and restoration of wetlands where
farmers should be expected to choose the areas yielding the least eco-
nomic rent first when converting agricultural land into wetlands. But as
more land is converted into wetlands higher yielding areas need to be
chosen, thus leading to cost increase at the margin.

Non-constant costs can be represented in two ways: constantly increas-
ing (linear form) or increasing at the margin (quadratic or polynomial
form); the former is the usual assumption in theoretical environmental
economic analysis. Using a polynomial form for the total abatement costs
(TAC) curve, the relationship between TAC and marginal abatement
costs (MAC) can be described as shown below.

TAC =k + ax + bx* + ¢x’ =S TAC’= MAC = a + 2bx + 3¢x?

In Figure 2 the three types of marginal cost curves are illustrated.
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Figure 2 Examples of marginal abatement cost curves (arbitrary units).

Choice of coefficients can lead to all three types of marginal cost curves.
For the first curve a=25 and the coefficients b and c are zero. For the sec-
ond curve a=25, b=0,5 and ¢=0. For the third curve a=25, b=1 and ¢=1/30.
Thus, using the non-linear form in the initial modelling gives flexibility
to adjust the cost functions depending on the data available.

The various cost functions hold different properties with respect to solv-
ing the cost minimisation problem stated in Section 2.2. Using the linear
cost function leads to a non-continuous abatement cost curve as the cost
efficient combination measures with respect to reducing loads to sea re-
gion j will be stepwise (MAC are constant). For the non-linear cost func-
tions (resulting in linear or non-linear MAC) the abatement cost curves
may be continuous, however, this will depend on the parameters. Using
cost functions resulting in non-constant MAC has the theoretically ap-
pealing feature that “corner” solutions are less frequent. This has the im-
plication that the model result is less dependent of the model restrictions
that define the potential emission reductions of each measure.

However, estimating non-linear cost functions demands extensive eco-
nomic data of the distribution of the economic rent from e.g. agricultural
holdings in each country represented in the model. For some measures
such cost curves can be estimated roughly based on either assumptions
of a step-wise implementation of cleaning technologies or by generalis-
ing national estimates of relationships between input and production. It
has for example been possible to find national specific yield-functions for
nitrogen application. In other words, for some measures no national spe-
cific data are available. Based on these considerations the cost-minimi-
sation model is initially formulated as a combination of a linear and non-
linear programming model. For those measures where data are available
for estimation of non-linear cost functions or for which point estimates of
costs can be used, those cost functions are build into the model. For
measures where establishment of non-linear TAC functions is not feasi-
ble linear TAC functions are applied. However, in the programming of
the model implementation of non-linear cost functions are made possible
if relevant cost data should be accessible during future revisions.
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Choosing this approach to specify the model leads to the following
minimum data requirements for the cost-minimisation model:

e costs functions for each measure in each country (data specifying the
TAC-functions)

e potential emission reductions of policy measures in each country
(data specifying the load function)

e impact coefficients expressing the share of one unit emission in coun-
try i ending up as load in sea region j

In the current model version the cost-functions and load functions are
specified at drainage basin level. This enables analyses of cost minimis-
ing fulfilment of separate targets for each of the sea-basins receiving
loads of nutrients from a set of drainage basins.



3 Cost-functions for each measure

In this chapter the assessment of the total abatement costs of each of the
measures, which represent the policy options in the model, are de-
scribed. The analysis involves a definition of each measure including its
maximum level of implementation, and description of the cost functions
and the data and estimations leading to the parameters. The model data,
e.g. land use, are presented in Appendix 3. In the current prototype
model version the maximum level of implementation of each measure
are set arbitrarily. However, as for the parameters in the cost and load
functions it is possible to change these default values based on local ex-
pert knowledge.

The definitions of the measures are co-ordinated with the work package
developing the BASIN-SIM model securing consistency between the
economic and environmental estimates, which represent the databases of
the cost-minimisation model. Whenever possible existing cost-functions
for each country are used, and for other measures published cost data
are used to derive cost functions that quantify the costs of implementing
the measures at different scales in each country.

3.1 Description of measures
The measures incorporated in the revised model comprise:

Wetland restoration

Reduced fertiliser use

Introduction of catch crops in agriculture
Livestock reduction in agriculture
Improved treatment of sewage

NOx reduction

7. “Blank” measures

U PN

3.1.1 Wetlands

This involves conversion of agricultural land into wetlands. The antici-
pated maximum feasible number of hectares in each drainage basin (and
country) is estimated based on historical land use statistics for each
country. The maximum area converted into wetlands is assumed to cor-
respond to 5 % of the agricultural area.

3.1.2 Reduced nitrogen fertiliser use

This measure applies to agricultural production and is implemented by a
uniform reduction in fertiliser use on the agricultural area in rotation.
The present average fertiliser application per hectare is estimated by
FAO statistics. The maximum reduction per hectare in each country is set
at 25 % of the initial fertiliser use.
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3.1.3 Catch crops on agricultural land

This measure also applies to agriculture and involves under sowing of
catch crops (e.g. grass) when sowing the ordinary crop (e.g. barley or
wheat). The present acreage with catch crops is estimated by FAO statis-
tics of agricultural land-use, and the feasible acreage with catch crops
and the percentage reduction in N-leaching in each country are set at 1/3
of the agricultural area in rotation.

3.1.4 Reduced livestock density

This measure applies to agricultural livestock production. The present
livestock production is estimated based on FAO statistics, and the maxi-
mum reduction in livestock production in each country is set at 80 %, es-
timated based on FAO-statistics of agricultural livestock.

3.1.5 Improved sewage treatment

The baseline for this measure is the number of person equivalents (PE)
not connected to municipal waste water plants. The costs and load ef-
fects are estimated based on assumptions of various improvements in
terms of investments in sewage treatment technology. The maximum
constraints of the measure are set as 20% of the number of PE not con-
nected to municipal waste water plants.

3.1.6 Reduced NOy emissions from fossil fuels

This measure involves installation of de-NOx units at large power plants.
The maximum scale of the measure is set at a reduction of 1,000 tonnes
for each country.

3.1.7 Blank measures

A number of “blank” measures are implemented in the model in order to
enable developments and updates of the model by inclusion of more
measures. Thus, if desired and if the necessary data is available it will be
simple to add new measures to the model at a country level basis.

3.2 Components of the cost measurements

Costs of each of the policy measures are represented by the change in
welfare economic rent to society caused by implementing the measure.
The reduction in economic rent includes three components. The first is
the opportunity costs, which represent the loss in economic rent from
changing the initial resource use, e.g. the change of land use from agri-
culture to wetlands.? The second component is the costs of establishing
the new activity, e.g. the construction costs of wetlands comprising in-
vestment costs, operational costs and maintenance costs. This also in-
cludes any income from the new activity. The third is the possible secon-
dary benefits. An example is the reduction in climate gas emissions re-
sulting from establishment of wetlands.

* A description of the agricultural economic reference which are the basis of model-
ling opportunity costs of crop and livestock production are given in appendix 2.



Calculation of the total abatement costs (loss of economic rent) of imple-
menting measure k in drainage basin i (7. AC,k) is described in the for-

mula below.

TAC! = OCf + ICf + MC! + OPC! - (SEB! +I)

Where

oC’ is the opportunity costs
Ic ,.k is the investment costs
MC*t is the maintenance costs

1

OPC! is the operational costs
SEB,.k is the value of the secondary environmental effects

k . .
I is the income or costs saved

All calculations are presented as annual values. Costs only occurring in
one period, e.g. investment costs are transformed into average annual
costs using the formula below.

—F I+r)"r,
ICr =TIC! #
1+r)" -1
Where
IC! is the average annual investment costs of implementing

measure k in drainage basin 1

TIC ,k is total investment costs in period 0 of implementing measure

k in drainage basin i
Ti is the discount rate in drainage basin (country)
n is the depreciation period of the investment

The discount rate is set as default at 3 % p.a. The depreciation period de-
pend of the type of the investment, but is set as default at 20 years.

In the model drainage basins are the geographical unit for implementing
the single measures. This is done to enable integration of the results from
the drainage basin model into the cost minimisation model. In the para-
meterization of the model, data has not been available to reflect differ-
ences in cost functions between the drainage basins within one country.
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3.3 Wetlands®

The costs of this measure occur when agricultural land is withdrawn
from production and converted into wetlands. Therefore the first cost
component is the agricultural opportunity costs expressed as the value of
the yearly economic rent from the current land use. Additional to this,
administrative costs may be expected as well as construction costs from
use of machinery and labour if drainage needs to be dismantled or exca-
vation is needed. Finally, establishment of wetlands will lead to secon-
dary benefits in terms of reduced ammonia and climate gas emissions
and benefits related to use and non-use values. These are addressed later
in the report.

In order to reflect the non-constant MAC in the cost modelling empirical
evidence for variations in economic rent among farmers is needed. Such
information can either be obtained by farm scale modelling or estimated
based on individual farm account statistics. An example of modelling of
economic rents at farm level has been done in Schou (2003a) for a study
area of 1,000 hectares located in Jutland, Denmark. These data have been
used for estimations in order to indicate the functional form of the op-
portunity cost curve for converting agricultural land into wetlands.

In the following the estimation of functions for agricultural opportunity
costs from wetland restoration is explained. The design and the OLS* es-
timates of the cost function are shown below.

Wetlands: TAC(x) = ax” + bx
TAC(ha) = 0.06075-ha* + 214.781- ha,
R*=0.97

The estimation includes quadratics, which offers a simple way to capture
the increasing marginal cost of restoring wetlands. The marginal cost or
simply the slope of the graph (Figure 3) is given by the 1st derivative and
the estimation results are shown in Figure 3 and Table 1.

dT A C wetlands
dha

=2ax+b=0.1215*%x+214.781

3 A description of the agricultural economic reference in each country can be found in appendix
2. The data are used for assessing the economic rent from crop production an livestock produc-

tion and, thus, the opportunity costs of these activities.

4 OLS is short for ‘Ordinary Least Squares’, which is the common procedure for estimation in

linear models.
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Figure 3 Estimated agricultural opportunity costs from wetland restoration for wetland
restoration (OC).

Table 1 Agricultural opportunity costs, parameter estimates and test-statistics.

Estimate Standard error t-value
A 214.781 4.523 47.490
B 0.061 0.022 2.770
N 250.000
R2 0.970

A number of assumptions concerning: 1) linearity in parameters, 2) ran-
dom sampling, 3) zero conditional mean, 4) no perfect collinearity, and
4) homoskedasticity, must be met in order to have BLUE-estimators.
BLUE is an acronym for ‘Best Linear Unbiased Estimator’, which means
that a linearly estimated parameter is unbiased and has the smallest
variance among alternatives. The model of agricultural opportunity costs
violates two of the assumptions. It regards the assumptions of no collin-
earity between the independent variables and that of homoskedasticity.
The latter causes difficulties when testing the significance of the esti-
mates. The first difficulty is due to the relative small estimate of ‘a” com-
pared to the relative large estimate of ‘b” and it causes bias in the esti-
mates. Although this implies violation of assumption 3) it can be dis-
cussed whether it is enough to discard the estimations of the parameters.
The fit of the estimates are very high and the model is in accordance with
the intuition. In addition it is worth noting that a linear relationship be-
tween income and property size imposes the same amount of bias in the
estimator.

The assumption of homoskedasticity is tested with a Breusch-Pagan test.
This test requires a second regression of the squared residuals obtained
from the first regression, on the independent variables. The test-statistics
are shown in Table 2.

Table 2 F-statistics.

F-value p-value

Agricultural opportunity costs 75.67 <0.0001

The heteroskedasticity test, based on the F-distribution, is shown in Ta-
ble 3 and the p-value is computed using Fi, k1. The F-value is as high as
75.67 and it is not possible to reject the hypothesis of heteroskedasticity.
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In Table 3 the heteroskedasticity robust standard errors, the robust T-
tests plus the robust LM-test of the wetlands model are shown. It is clear
from the table that testing the model with heteroskedasticity robust
standard errors make evidence against the model specification. The er-
rors are now larger, which make the t-statistics smaller and the p-values
larger.

Table 3 Heteroskedasticity robust standard errors in the wetlands restoration model.

Robust standard errors t- value p-value
A 9.162611 23.44 <0.0001
B 0.073238 0.83 0.408
F-value 891.44

The square term may be excluded or at least a parameter value in the
critical area is observed 41 % of the time. By accepting Ho or in other
words by including the square term in the model, it is exposed to a type I
error; that is rejecting the hypothesis even if it is true. Overall it is not
possible to exclude both independent variables because of the F-value of
multiple exclusion restrictions.

Obviously the estimation of wetlands restoration causes the problem of
heteroskedasticity and furthermore robust testing shows that the square
term might be excluded. It is important to keep in mind that only the
testing of the estimators is affected; although it is not a sign of bias or in-
consistency of the estimator, OLS is no longer BLUE. The quadratic
model specification for wetlands is chosen anyway because of its high
R?-value, and because the quadratic form captures the intuition of in-
creasing returns to scale. Furthermore, without having actually shown it
the fact is that of various model specifications the quadratic form is the
better in an attempt to satisfy the assumptions as good as possible. An-
other model design implies other and stronger assumption violations
and among the tested models the quadratic function exhibits the best fit
with the available data. In other words, the quadratic design is the best
compromise among the alternatives.

The estimated functions are meant to fit each country. This is done by a
simple calculus. The known country specific factors are: mean income on
landed property for crop production and livestock, plus total size of cul-
tivated land and total amount of livestock. Therefore the interval and the
mean value of the country specific functions are known. The functions
are then calculated by finding in the estimated model, e.g. 5 % of the to-
tal area and the corresponding percentage of income. It is easy then to
impose the same percentage correspondences on the specific countries.
The scaled functions are shown in Table 4.

A study by Soderqvist (2002) where costs of wetland reestablishment are
estimated based on Swedish experiences report that total costs are dis-
tributed with 16 % on loss of agricultural production (approximated by
the compensations paid), 24 % on administrative costs and 60 % on con-
struction costs. Thus, the lump sum construction costs are estimated to
approximately 92,500 SEK per hectare converted (1997-prices; own calcu-
lation based on Soderquist, op cit.). An important result from the Swed-
ish study is the identification of a large administrative effort related to
establishment of wetlands, which both relates to the need for spatial



planning prior to the wetland establishment and the need for identifying
landowners and negotiating compensations.

Table 4 The scaled OC functions for crop production.

OC function parameters

A B
Denmark 1,595 - 10° 442
Estonia 1,388 - 10° 128
Finland 1,060 - 10° 243
Germany 0,253 - 10° 446
Latvia 2,863 - 10° 73
Lithuania 0,127 - 10° 46
Poland 0,088 - 10° 167
Russian fed. 0,007 - 10° 167
Sweden 2,848 - 10° 926

A recent Danish analysis performed as preparation of the third Danish
Water Action Plan (Jacobsen et al., 2004) estimates the lump sum costs to
the administration of establishing wetlands to about 66 € per hectare
(2001-prices). Construction lump sum costs are estimated on ad hoc basis
to 250 — 625 € per hectare. Compared with the estimated compensations
of 6 7,500 € per hectare in Jacobsen et al., op cit. construction costs and
administrative costs in the Danish study only account for approximately
6 and 1 % of the total costs, respectively.

These studies indicate that the construction costs of establishing wet-
lands may be highly site dependent. For example if wetlands can be con-
structed by simply abandoning drainage pipes or by stopping maintain-
ing drainage canals construction costs may be low. Another issue leading
to country variations in construction costs is differences in labour costs
and the availability of machinery. It seems that the construction costs in
relation to the wetlands in the Swedish study may be high compared
with the possibilities in for example the large estuaries in Poland or rees-
tablishment of wetlands in drained river valleys.

The estimates of administrative and construction costs are therefore done
on a country basis so that the results of Soderqvist (op cit.) are used for
Sweden and the results in Jacobsen (op cit.) are used for the other coun-
tries. In order to reflect differences in labour costs etc. administrative and
construction costs are estimated as a fixed fraction of the loss in eco-
nomic rent from agricultural production based on the percentage cost
distributions stated above. The results are shown in Table 5.
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Table 5 Estimated loss of economic rent from agriculture, construction costs and ad-
ministration costs of establishing wetlands, annual values in 2001-prices.

Country Construction costs Administration costs
€/ha €/ha
Denmark 28 5
Estonia 8 1
Finland 15 3
Germany 28 5
Latvia 5 1
Lithuania 3 0.5
Poland 11 2
Russian fed. 11 2
Sweden 583 233

Source: Own calculations.

Denoting the number of hectares agricultural land converted into wet-
lands as x the TAC function can be specified as:

TAC(x) = ax® + bx + cx + dx

TAC(x) is the total costs of reducing the number of hectares with crop
production in rotation with x hectares. a and b are constants specifying
the opportunity costs of crop production, cf. Table 4, c and d are con-
stants specifying the construction costs (c) and administrative costs (d) of
establishing wetlands, cf. Table 5.

3.4 Reduced livestock production

This measure applies to agricultural livestock production. The method
for calculating the opportunity costs is similar to that applied to wet-
lands, only economic rent from livestock production is used. The oppor-
tunity costs of reducing livestock production were also tested for being
marginally increasing following the same arguments as those for estab-
lishment of wetlands. A TAC function has also been estimated for this
measure using the Danish data set. The TAC function is estimated for
both pigs and cattle, and in both cases the estimations resulted in a linear
specification of the TAC function:

TAC(x) = ax
Where

TAC(x) is the total costs of reducing the number of livestock with x
heads

a is a constant specifying the opportunity costs of livestock
production

The parameters of the country specific cost functions are shown in Table
6.



Table 6 Average unit costs from reduced livestock hold.

Pigs Cattle

€/head €/head
Denmark 59 295
Estonia 68 162
Finland 59 282
Germany 53 196
Latvia 57 130
Lithuania 22 47
Poland 38 111
Russian fed. 38 111
Sweden 47 194

It should be noted that reductions in livestock production and, thus, the
production of manure may result in derived reductions in the economic
rent from crop production either because of reduced N input or extra
costs to N fertiliser use. This is not reflected in the cost estimates for re-
duced livestock production. In order to reflect this, the cost estimates
should be added a cost component reflecting that extra fertiliser applica-
tion is needed in order to compensate the lost nutrient input from ma-
nure. However, this requires specific knowledge on the utilisation of nu-
trients in the manure applied in each country, and this is currently not
available.

3.5 Reduced nitrogen fertiliser use
Because of the ongoing attention on nitrogen emissions from agriculture
a large number of studies of the costs of reducing nitrogen application

have been published. The economic modelling of nitrogen application is
done using the principle in the formula below.

n,(n) — pCI‘Opycl”Up (n) _pl’ln _C

Where

n(n) is the economic rent per hectare

n is the nitrogen input per hectare

p“” and p" is the price on crops (output) and nitrogen input
vy (n) is the yield response function

C is fixed costs per hectare

The maximum profit resulting from input of nitrogen can then be de-
ducted by differentiating the equation with respect to n. Then the opti-
mal nitrogen inputs are found where:

=0

crop
aﬂ'(l’l) -0 pcrop af (}’l) _ pn
on on

27



28

(Cf. e.g. Varian, 1992).

In the following the notions of n; and 72 are used. n; and n> are different
levels of applications of nitrogen fertilisers and in the current model-use
n1 will be identical with the nitrogen input in the reference scenario. 17 >
n2. By subtracting the profit from the application of n, from the profit of
the initial application of fertiliser the opportunity cost from lost yield is
calculated. The costs of reducing nitrogen input is dependent on both the
current level of economic rent from crop production (and thus, yields
and factor productivity) and the relative modelled marginal costs. TAC
per hectare is then:

crop

A]Z'(nl,nz) — (p ycr()p (nl)_ pnnl)_ (pcr()pyyr()p (nz) _ pnnz)

Where A7, (n,n,) is the loss in economic rent per hectare agricultural

land in rotation in drainage basin i

Note first that all other costs than those to N fertilisers are assumed con-
stant and, thus, are netted out in the equation. Note secondly that the

first part of the equation (7, ) is a constant depending of the initial nitro-
gen fertiliser application. This relationship is illustrated in Figure 4.
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Figure 4 Profit function and initial profit from nitrogen fertilizer application.

The intuition behind this figure is the following: in the initial situation no
fertiliser is reduced and the application of fertiliser is found where the
two curves cross. In Figure 4 the application of nitrogen is 90 kg/ha.
Note that the input of nitrogen is not at an optimal level and that the par-
ticular country could gain from an increase in fertiliser use. Compared to
the optimal situation the marginal cost at the initial point is larger in
Figure 4 making it even more expensive to reduce the application of ni-
trogen. The shaded area in the figure is the opportunity cost from reduc-
ing nitrogen application and the total area corresponds to a full reduc-
tion. This straightforward relationship can be captured directly by letting
the initial profit line be a horizontal axis representing the reduction of
fertiliser application per hectare. Thereby Figure 4 is literally reversed
and the opportunity cost function is shown in Figure 5.
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Figure 5 Opportunity cost from reducing the application of fertiliser.

The opportunity cost function is assumed to be a second order function
of the form.

_ 2

OCi,fertﬂizcr =a- A}’l + b : An

Where OC, 1., is the opportunity cost from reducing the appli-
cation of nitrogen fertiliser

aand b are cost function coefficients

An is the reduction of fertiliser in kg/ha

3.5.1 Yield functions

Basically two types of models can be used for assessing the marginal
abatement costs, a programming model or an econometric model. The
programming models are commonly used in agronomy as it is based on
yield-response functions. Yield response functions are derived from field
trials showing the relationship between yields and nitrogen application.

The second methodology for establishing a quantitative relationship be-
tween profits and nitrogen application is using econometric estimations
on observed data, e.g. farm account statistics. This technique is used in
for example Jensen (1996) and has the advantage that it reflects actual re-
corded farm behaviour. The drawback of the methodology with respect
to this analysis is that econometric studies and the relevant data are not
found in all countries and further, methodologies and data sources vary
between studies making them incommensurable.

Therefore we choose to use a yield-response based programming model
for assessing the marginal costs of reduced fertiliser use. It is seen that
the production intensity varies significantly between the different coun-
tries. Thus, the marginal costs of reducing fertiliser use are also expected
to vary between countries, as especially the farmers in the Baltic coun-
tries operate at a different point of the yield response curve than farmers
in Germany and Denmark.
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In various studies (Mortensen 2000) the notion of a second order poly-
nomial representing the yield response curve is suggested. The yield re-
sponse curve is given as

y(n)=k+a-n+b-n’

Where
y(n) is the yield response function, hkg/ha
n is nitrogen input, kg N/ha

Based on a literature survey yield response functions have been identi-
fied for most of the countries in the model. Table 7 shows the results in
terms of the parameters of the second order polynomial representing the
yield response curve. For those countries where no yield response curves
were found, the parameters from the neighbouring countries have been
used; se Table 7 notes below.

Table 7 Yield response functions for spring barley. The response curve is a second or-
der polynomial.

Country k A b

Denmark’ 34.7 0.345 -0.00133
Estonia® 31.3 0.167 -0.00083
Finland® 10.1 0.529 -0.00173
Germany* 33.3 0.520 -0.00270
Latvia® 31.3 0.167 -0.00083
Lithuania® 31.3 0.167 -0.00083
Poland’ 31.3 0.167 -0.00083
Russian fed.® 31.3 0.167 -0.00083
Sweden® 27.1 0.224 -0.00065

Source: Mortensen, J.R., 2000 + personal communication.
Source: See 6.

Source: Backman, S., Vermeulen, S. & Taavitsainen, V-M., 1997.
Source: Kéhn,W. et al., 2000

Source: See 6.

Source: Lazauskas S, Vaisvila Z. & Matusevicius K. (1995).
Source: See 6.

Source: See 6.

Source: von Blottnitz, H. et al., 2004 + personal communication
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Using Denmark as an example the second order response curve is illus-
trated in Figure 6.
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Figure 6 Yield response curve for Danish spring barley.

The figure shows the Danish nitrogen/yield function for spring barley:
y(n) =34.72+0.3457-0.0013n"

The marginal yield response function is:

¥ (n)=0.345-0,0027n

The marginal revenue of fertiliser use is shown in Figure 7. As seen the

optimum (marginal economic rent = 0) is found at 111 kg N per hectare,
and the marginal costs of reducing N application are increasing.

Marginal economic rent
Pc=12 €/h kg, Pf=0.57 €/kg
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Figure 7 Marginal revenue of increased N application.

In Table 8 the average fertiliser use per hectare arable land and the aver-
age number of livestock (pigs and cattle) are shown for each country
based on FAO agricultural statistics.

It is seen that the intensity of fertiliser use measured per hectare varies

significantly between the countries. This is due to differences in the pro-
duction intensity and to variations in the sources of total nitrogen input
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in agriculture, in casu the substitution between nutrient input from fertil-
isers and manure. Common for all countries the total nitrogen input is
higher than total N fertiliser input. The difference occurs as manure also
contributes to the total nitrogen input. Thus, the total effective nitrogen
input is calculated as:

Ny =N +un,

Where

n,, is total effective nitrogen application

ng is total effective nitrogen applied with fertilisers

n, is total nitrogen applied with manure

u is the utilisation of nitrogen in manure measured relative to ni-

trogen applied with fertilisers.

Table 8 Average agricultural fertiliser use (N) and livestock hold per hectare.

Country Cultivated  Agricultural Number of livestock
area fertiliser per hectare
use

1000 ha Kg N/ha Pigs Cattle
Denmark 2,214 90 5,8 0,8
Estonia 3,787 42 0,5 0,4
Finland 1,985 75 0,6 0,5
Germany 1,574 152 2,2 1,2
Latvia 7,329 20 0,2 0,2
Lithuania 5,901 34 0,4 0,3
Poland 21,515 62 1,4 0,4
Russian fed. 6,385 9 1,4 2,1
Sweden 3,757 74 0,7 0,6

Source: Own calculations based on FAOSTAT (2004).

A special case is Estonia, Latvia, Lithuania and the Russian federation
where the use of fertiliser has declined significantly since the liberalisa-
tion of their economies in the mid-1990s. However, in recent years fertil-
iser use show a tendency to increase. For these countries it may seem
problematic to apply the measure due to the low initial input level and
for the same reason the marginal costs of the measure are likely to be
high as the current input is way below the agronomic-economic opti-
mum. Using 2001 as baseline this issue should be reflected in the mar-
ginal reduction costs. This stresses the need for applying a long term EU-
enlargement scenario where the cost-effective scenarios are developed
based on the expectations of intensified agricultural production in Esto-
nia, Latvia, Lithuania (and Poland) resulting from their inclusion in the
CAP (EU Common Agricultural Policy).

The countries of Estonia, Latvia, Lithuania and the Russian federation
has also had significant reductions in their livestock production follow-
ing the liberalisation of their economies in the mid 1990’s, and the same
considerations are relevant as mentioned above.



The costs of reducing nitrogen input are dependent of both the current
level of economic rent from crop production (and thus, yields and factor
productivity) and the relative modelled marginal costs. Generally the
lowest relative unit costs of this measure are found for the countries with
a high nitrogen input and the highest costs for the countries with a low
nitrogen input. The two exceptions are Lithuania, for which the low eco-
nomic rent in crop production strikes through, and for Denmark, where
the current regulation of the total nitrogen input to 90% of the optimal
level leads to relatively high costs of further reductions in the nitrogen
input.

All of the results for reduced nitrogen application have been presented
per hectare, as the yield response functions are developed to analyse ef-
fects of changes in cropping intensity on a given area. When analysing
the aggregated costs of the measure on a country or drainage basin scale
the TAC will be a function of both the change in intensity and the area
for which this change occur. Therefore the change in economic rent re-
sulting from the change in cropping intensity needs to be multiplied by
the total area on which the intensity changes. In this analysis this is as-
sumed to be the total agricultural area in rotation in each drainage basin.
The costs of reducing nitrogen fertiliser application from n; to n1 kg N

per hectare (7AC,(n,, n,) ) can now be calculated as:

TACi(n,,n, )= Az, (n,,m,)A" = (a-An+b-An* A7 = OC, 10 A”

i, fertilizer =i
Where

Al is the hectares of agricultural land in rotation in drainage ba-

7

sin 1

As A,.r is held constant in the model analysis the TAC can be calcu-
lated by use of the formula above.

3.6 Catch crops on agricultural land

This measure also applies to agriculture and involves under sowing of
catch crops (e.g. grass) when sowing the ordinary crop (e.g. barley or
wheat). The catch crops have a positive effect on yields due to the extra
nutrients withheld in the soil of which some are accessible to the crops in
the following season. On the negative side extra costs are expected be-
cause of extra costs to seeds and possibly increased weed problems. Dan-
ish estimates show that catch crops reduce the economic rent from cash
crops by about 10 percent, and this estimate is used at a country basis in
this analysis. Thus, the costs per hectare can be calculated directly from
the estimated economic rent in crop production (Table 10).

The highest costs are seen for Denmark and Germany and the lowest for

Latvia and Lithuania. No secondary effects are expected from this meas-
ure.
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Table 9 Estimated costs of catch crops on arable land.

Country Current economic Reduction in
rent economic rent
€/ha €/ha

Denmark 431 43,1

Estonia 125 12,5

Finland 237 23,7

Germany 435 43,5

Latvia 72 7,2

Lithuania 44 4,4

Poland 163 16,3

Russian fed. - 16,3

Sweden 155 15,5

Source: Own calculations.

3.7 Reduced NOx emissions from fossil fuels

The precise interpretation and implementation of this measure needs to
be discussed further with respect to the potential emission reductions
from possible measures.

Cost estimates can be derived from Illerup et al. (2002) where a number
of initiatives for reducing NOx emissions from cars and power plants are
analysed. The measures analysed and the results are shown in Table 11.

Table 10 Estimates of annual total socio-economic costs for different NOx reducing
measures.

Technology Reduction costs, € per tonne
NOx

Offshore wind turbine farms 73

Installation of de-NOx units at large power plants 17

EGR-filter installation in heavy duty vehicles 96

Electrical vehicles 1,688

Source: lllerup et al. (2002)

As seen the lowest reduction costs are found for installation of de-NOx
units at large power plants followed by substituting coal fired power
plants by offshore wind turbines and EGR-filter installation in heavy
duty vehicles.

In the following installation of de-NOx units at large power plants is
chosen as the abatement technology representing the NOx — measure as
this measure also is the one with the largest emissions reduction poten-
tial. Thus for a power plant producing 350 MW the emissions reduction
amounts to 3,230 tonnes NOx per year (Illerup et al., 2002).

3.8 Improved sewage treatment
There are several matters that should be taken into consideration when

analyzing the costs of establishing or upgrading treatment plants, e.g.
the dimension of the treatment plant and ambition for environmental



treatment. In order to show the variability in the costs a number of ex-
amples are developed. The examples are based on information from the
report Kriiger (2001) and Winther et al. (2004). However, the estimates
are considered transferable to other countries.

In the following examples of different treatments plants with different
dimensions and their associated costs are given in Table 12. The esti-
mated costs are annualized yearly costs in 2004-prices and the terminol-
ogy refers to: M = Mechanic; B = Biological; N = Nitrification; D = Deni-
trification; and K = Chemical.

Table 11 Estimates of annual total costs for different sewage treatment technologies
and sizes of treatment plants, €.

Technology Investment OandMm? Total annual  TAC per PE
costs costs”
2,000 PEY
M 325,000 9,750 31,595 16
M+K 475,000 22,500 54,428 27
M+B+N 625,000 33,750 75,760 38
M+B+N+K 875,000 37,500 96,314 48
M+B+N+K+D 1,000,000 46,250 113,466 57
30,000 PE
M 2,437,000 82,500 246,339 8
M+K 3,375,000 226,854 448,104 15
M+B+N 3,937,000 243,750 527,163 18
M+B+N+K 7,125,000 478,914 872,664 29
M+B+N+K+D 7,500,000 450,000 954,120 32
100,000 PE
M 5,875,000 206,250 601,144 6
M+K 8,125,000 625,000 1,171,130 12
M+B+N 10,000,000 725,000 1,397,160 14
M+B+N+K 15,000,000 1,125,000 2,133,240 21
M+B+N+K+D 18,750,000 1,312,000 2,572,800 26

1) The investment costs are annualized using 3% p.a. and a depreciation period of 20
years.

2) Operation and maintenance costs
3) One PE (person equivalent) corresponds to 0,2 m® per day or 72 m® per year.

As seen in the table above the price per PE is increasing as the type of
plant gets more complex and advanced. Furthermore, it is seen that the
costs per unit are decreasing as the plant size increases for every type of
plant.

The technologies applied are assumed to be M+B+N. In the further
analysis it is assumed that all investments are done in sewage treatment
plants dimensioned to process the largest multiplier of the amount of un-
treated waste water. Thus, for example for Poland where the amount of
untreated waste water corresponds to 750,000 PE per year treatment
plants are assumed to be dimensioned to 100,000 PE, where as for Den-
mark, where the amount of untreated waste water corresponds to 44,000

PE per year treatment plants are assumed to be dimensioned to 30,000
PE.

Based on information on the number of PE not connected to treatment
plants (HELCOM, 2004), an assumption of a average yearly production
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of N and P per PE of 4,38 kg N/PE and 1,095 kg P/PE (Winther et al.,
2004), expected rates of removal for N and P of implementing the
M+B+N technology of 80 percent for N and 60 percent for P (own esti-
mate based on Winther et al. op cit.), and the costs in table 12, the abate-
ment costs are estimated.



4 Examples of secondary environmental
effect

4.1 Definition

Regulating nitrogen emissions from agriculture also influences other en-
vironmental pressures such as emissions of ammonia and climate gasses.
In addition regulations result in changes in land use, which directly in-
fluence the supply of goods related to biodiversity and landscape. From
a socio-economic point of view these secondary benefits should be re-
flected in the cost estimates.

As these secondary benefits are closely related to the fulfilment of coun-
tries” obligations, e.g. under the recently implemented Kyoto protocol
and the EU Habitat Directive, there is also an increased administrative
attention to include them in policy analyses. When preparing the third
Danish Aquatic Action Plan in 2003-04 an attempt was therefore made to
quantify the secondary environmental effects in terms of air emissions
and include these in the economic analysis using the shadow price ap-
proach. Secondary benefits resulting from changes in biodiversity and
landscape were, however, not considered.

In this section we demonstrate how secondary environmental effects can
be included in the cost measures. Due to uncertainties in data and meth-
odologies the assessments are only made for the measures wetlands and
reduced livestock hold. The estimates should be seen as examples on
how secondary benefits can be included in cost measurements, but is not
exhaustive as some of the other measures lead to secondary benefits that
are not analysed here.

4.2 Wetlands

The establishment of wetlands leads to a number of other (secondary)
environmental effects besides reducing nitrogen and phosphorous
losses. These encompass changes in air emissions, changes in biodiver-
sity and recreational goods. With respect to biodiversity and recreational
goods the benefits are expected to be highly site specific and country de-
pendant. Further, estimates of the benefits are only available for a small
number of goods and countries, making the use of benefit transfer not
feasible. Therefore, in this analysis we only include secondary benefits
from reduced ammonia and climate gas emissions, as the scale other
types of benefits are site specific to an extend which makes general bene-
tit transfer problematic; see Schou & Birr-Pedersen (2005) for further dis-
cussion.

When agricultural land is drained the organic layers are decomposed
leading to emissions of CO,. Similarly conversion of drained land into
wetlands is expected to lead to accumulation of CO; in the soil. Estab-
lishment of wetlands may also lead to increased air emissions in terms of
CHy (methane) and N2O (laughing gas). The effect on methane occurs
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due to a change in the balance between methane formation and methane
oxidation, and laughing gas is a by-product of nitrification.

The total effects on climate gasses have been estimated based on a litera-
ture survey as part of the preparation of the third Danish Aquatic Action
Plan (Petersen, 2004). The effects were given as min, max and mean in or-
der to reflect the large variations to be expected between locations and,
thus, the uncertainty related to general estimates (Table 12).

Table 12 Estimated effects on climate gas emissions from establishment of wetlands, kg
COz-equivalents/ha per year.

Emission Mean estimate Min estimate Max estimate
Carbon -14,670 -33,000 -11,000
Methane 8,560 1,680 19,600
Laughing gas -2,780 -13,150 0

Total effect -8,880 -44,470 8,600

Note. Negative values represent a reduction in emissions.

The estimated mean effect on climate gas emissions is an annual reduc-
tion of 8,900 kg CO»r-equivalents per hectare. Variations in soil types, hy-
drology and management are estimated to lead to variations ranging
from a reduction of 44,500 kg CO,-equivalents per hectare to an increase
in emissions of 8,600 kg COz-equivalents per hectare.

In order to include the secondary effects in the cost estimates it is neces-
sary to attach values to the physical effects. These should reflect the
marginal benefit of reducing the environmental impact resulting from
each type of emission or from providing one extra unit of the environ-
mental goods.

With respect to air emissions an extensive work has been done in the Ex-
ternE project in deriving estimates of the marginal damages resulting
from energy related air emissions (ExternE, 2005). In the ExternE analysis
two different models are used for analysing the damages resulting from
scenarios of global warming. The overall marginal damages calculated
by the two models are in good agreement whereas variations are found
with respect to the different damage components (ExternE, 2003, p 65).
Also the damage estimates were subject to a sensitivity analysis and
based on this a range of marginal damage estimates from 3,8 to 139 € per
tonnes COz-equivalents in 1995-prices were deducted. Within this inter-
val the suggested range for the aggregate marginal damages of climate
gas emissions were 18 to 46 € per tonnes COz-equivalents. No mean es-
timate is given, which reflects the significant uncertainty related to the
climate scenarios and the resulting marginal damages.

Therefore it can be discussed if the inclusion of the effects on climate gas
emissions is priced meaningfully by use of the very uncertain estimates
of marginal damages. As a number of countries have taken initiatives to
reduce climate gas emissions an alternative way of pricing the effects is
the shadow price method. Using the shadow price approach the value of
derived environmental emissions is estimated by the marginal costs of
reducing the emissions. In the optimal economic world marginal reduc-
tion costs and marginal damages should correspond, but in a more real-
istic second best policy setting the shadow price reflects society’s (or the



politicians) willingness to pay for reducing the uncertain damages result-
ing from global warming. This is the drawback of the method seen from
an economic theoretical point of view.

The approach can only be applied for including secondary benefits. Fur-
ther, it requires an explicit target for reducing the emissions, and the ex-
istence of a cut-off price or estimates of the marginal willingness to pay
for reducing the emissions.

Estimates of the future compliance costs (or “cut off prices”) for the
European Union have been carried out by the Commissions given a
number of policy constraints (European Commission, 2003). The scenar-
ios range from no possibilities of applying the measures of Joint Imple-
mentation (JI) and Clean Development Mechanism (CDM) in the Kyoto
Protocol to allowing for the use of these measures to the full extend. The
resulting price estimates range from 11 - 26 € per tonnes CO»-equivalent.

For the EU countries no restrictions were put on the use of JI and CDM,
and therefore the cut off price of 11 € per tonnes COz-equivalent is used
as shadow price for reduction of climate gasses. Combining this price
with the mean reduction in climate gas emissions from establishment of
wetlands (Table 12) of 8,881 COsz-equivalents per hectare the resulting
secondary benefit is estimated to 98 € per hectare.

Combining this benefit from climate gas reductions with the opportunity
costs, the net costs of establishing wetlands can be derived for the single
countries. It is found that for most countries the net costs of establishing
wetlands are negative. But for Latvia and Lithuania the measure repre-
sents a net benefit as the secondary environmental benefits exceed the
costs of establishing wetlands. The argument is that the reduced climate
gas emissions can be traded with other countries that have high costs of
complying with the Kyoto-commitments, and thus, represent a welfare
economic benefit (option value) to the two countries.

4.3 Reduced livestock production

Reduction of husbandry production leads to a number of other environ-
mental effects including reductions of ammonia and methane emissions
and these secondary benefits are included in the net unit costs using the
shadow price method. The measure has recently been analysed in Schou
et al. (2004) and here the effects on ammonia emissions and climate gas
emissions are shown in Table 13.

Table 13 Effects on ammonia emissions and climate gas emissions from reduced live-
stock hold.

Livestock type Ammonia Climate gas reduction
KG N/LU Kg/LU

Pigs 31.5 1,300

Cattle 17.4 2,800

Note. One Livestock Unit (LU) corresponds to a production of 100 kg N in manure. In the
analysis it is assumed, that N in fertilisers substitutes the reduction in N input from ma-
nure.

Source: Schou et al., 2004.
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In order to include these secondary effects in the cost estimates an eco-
nomic value needs to be attached to the physical effects. With respect to
climate gas reductions the same shadow price is used as the one used for
wetlands, i.e. 11 € per tonnes CO»-equivalent. Also, the shadow price
approach can be used for reduced ammonia emissions, but here it does
not seem reasonable to use a uniform price as the problem of eutrophica-
tion from ammonia deposition varies across countries. In a case study by
Schou (2003b) a shadow price of approximately 1 € per kg NH4 estimated
based on the Danish Ammonia Action Plan, but obviously this value is
not valid for all of the 7 countries. Therefore the effect on ammonia emis-
sions is not included in the cost estimates.



5 Example: Reducing aggregate N loads
by 160,000 tonnes

The starting point of the cost minimisation problem is setting the target
for reduction in loads in one or more sea regions. To keep the example
simple only reduction of nitrogen (N) is included in this scenario, but the
model is capable of including simultaneous reduction of phosphorous
loads in the environmental target. The targets used in the example are an
aggregate reduction of 160,000 tonnes N distributed to Bothnian Bay
20,000 tonnes N; Bothnian Sea 25,000 tonnes N; Baltic Proper 30,000 ton-
nes N; Gulf of Finland 30,000 tonnes N; Gulf of Riga 25,000 tonnes N;
Danish Straits 10,000 tonnes N; Kattegat 20,000 tonnes N.

Table 16 shows the results in terms of costs distributed between coun-
tries and measures given exogenous target reductions in each sea region;
a spreadsheet with the full results of the model run are available on re-
quest. With respect to the reduction in emissions and loads, two points
should be stressed. First, because of the flow of nutrients between sea re-
gions the aggregate modelled reduction is larger than the aggregate tar-
get (323,000 vs. 160,000 tonnes N). Secondly, because of the inter-
connection of the sea regions and synergy effects related to increased
metabolism of nutrients when loads are reduced, the actual reduction in
the loads are higher than the reductions in emissions from sources
(323,000 vs. 184,100 tonnes N) even though retention during transport of
the nutrients in the drainage basins are included in the load-response
modelling (see Savchuk, 2004).

Table 14 Example of scenario run: Costs distributed by measures and countries, 1000 €.

Wetland NFertilizer LandUse Cattle Pigs Sewage NOx Total
DE 0 14.303 0 0 0 0 35 14.337
DK 0 2.957 0 0 0 0 52 3.009
EE 16.424 28.282 16.366 4.095 0 0 52 65.220
Fl 11.059 72.395 14.089 120.087 30.812 5.164 52 253.658
LT 0 31.013 8.568 0 0 0 17 39.599
Lv 14.691 34.326 17.405 33.977 0 0 35 100.433
PL 0 113.390 115.642 0 0 0 52 229.085
RU 0 14.090 26.376 0 0 0 35 40.501
SE 7.198 3.163 12.563 10.786 2.978 4.368 74 41.131
Total 49.373 313.919 211.010 168.945 33.790 9.532 405 786.974

The intuition behind the results in the table is that each country in suc-
cession utilizes the measure with the smallest marginal cost until the tar-
gets are reached. Generally NOx from power plants reduction is the
measure resulting in the least costs. However, due to the low potential of
reducing nitrogen loads of this measure, they only contribute marginally
to the reduction. The least costs within agriculture are found for reduced
tertiliser use, followed by wetlands and land use changes (catch crops).
The reduction of nitrogen from livestock has the largest marginal cost
and therefore cattle- and pigs reductions are employed as the last meas-
ures in the model. It is also seen that different measures are selected in
the different countries; this reflects the difference in marginal costs. For
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example reduced fertiliser is not chosen in countries with a low initial
fertiliser use, because this implies high marginal costs. Comparing the
costs with the environmental effects it is seen that the per unit reduction
cost of aggregate N loads are 2.4 € per kg N. In order to get an impres-
sion of the validity of the estimates, the reduction costs in terms of € per
unit of reduced N emission (N leaching) can be compared to the results
from the economic evaluation third Danish Aquatic Action Plan
(Jacobsen et al., 2004). This analysis showed per unit reduction costs for
N emissions for Denmark of 3.2 € per kg N (or 24 DKK per kg N) for the
measure reduced fertiliser use (this can not be deducted from the table).
Results of Jacobsen op cit. show marginal reduction costs of reducing fer-
tilizer use by an extra 10% in addition to the already implemented 10%
cut (20% all in all) of 28 DKK per kg N. Thus, compared to those analyses
performed to support the third Danish Aquatic Action Plan, the level of
reduction costs seem reasonable.

It should be noted, that the current model version works under the as-
sumption that both costs and load effects occur at the same time. This
may not be the case in the real world, and therefore an additional version
of the cost-minimisation model has been programmed enabling the set-
ting of time-lags between the implementation of a measure and the oc-
currence of the load effects. The effects of time-lags on the cost minimis-
ing abatement strategies are reported in a separate paper (Moller, Neye
and Schou, 2006).

When presenting the results to policy makers it should be stressed that
although the result is presented as an aggregate cost estimate for the
countries in the Baltic Sea region this should not be interpreted as an in-
dication of which countries that eventually should bear the costs. This is
important to note when passing the results to policy makers, as the
model prescribes how the effort should be mixed in order to reach the
least cost solution but not how this solution is reached in a financial and
political economic context.
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Appendix 1: The load response modelling

This appendix describes the principles of the load modelling in the cost
minimisation model, and the parameters used at present. The parame-
ters are derived from a literature survey of studies dealing with aggre-
gate or general effects on N and P emissions resulting from changes in
agricultural production and retention of N and P during transport in
streams and lakes.

Steps in the load modelling

The aim of the load response functions is to express the quantitative rela-
tionship between the scale of implementation of measure for reducing
nutrient emissions in a given drainage basin and the change in nutrient
loads to a given sea region. First a number of central terms when describ-
ing the load response relationships are explained in the table below.

Table. A1.1 Central terms [denotation of the function]

Emission [e] Outlets of a pollutant, e.g. nitrate, from the source

Retention [rt] Expresses the share of emissions degraded or withheld during
transport to the recipient

Load [I] The amount of a pollutant, e.g. nitrate, reaching the recipient

Impact coefficient [b]  Coefficient (together with the retention) describing the relation-
ship between emissions and loads

Effects [ef] Changes in the state of a recipient resulting from changes in
loads

Measure Term describing an initiative aiming at reducing (environmental)
effects

Denoting the scale of implementation of measure k in drainage basin i
x! the first functional relationship to be quantified is the change in emis-

sions: e,k = fl.k (xl.k ) . Note that the emissions function will be specific for

each measure (k) and may be specific with respect to drainage basins too
(e.g. depending of soil types and climate).

Knowing the change in emissions resulting from a specified implementa-
tion of measure k, the change in loads from drainage basin i to sea region

j can be denoted: l; =1- rty)bl./el.k .

Because of transport of nutrients between the sea regions the impact co-
efficient is an important input to the minimisation problem.

Knowing the change in loads to sea region j the final effects, e.g. in
transparency, are quantified by: ef, = f (l,lj( ). This last step is not part of

the economic model, but is added as a satellite-model.
Definitions of measures and parameters in the load functions

The measures incorporated in the revised model are:



Wetland restoration

Reduced fertiliser use

Introduction of catch crops in agriculture
Livestock reduction in agriculture
Improved treatment of sewage

NOx reduction

AN N

First the measures are described quantitatively and then the parameters
of the emissions functions ef‘ = f,k (x,k) are presented. Note that the func-
tion for a given measure is assumed to be the same for all drainage ba-
sins, i.e. £, = £} = f¥. Last, the retention coefficients are presented for

the combination of countries and sea regions.
Wetlands

This involves conversion of agricultural land into wetlands. The feasible
number of hectares in each drainage basin (and country) is estimated
based on historical land use statistics.

The measure is only relevant in third and fourth order streams in rela-
tion to agricultural production. This is reflected by estimating the maxi-
mum (potential) hectares to be concerted into wetlands as a fraction of
the agricultural area. As a starting point conversion of wetlands are as-
sumed to take place on maximum five percent of the agricultural area.

For this measure x is the number of hectares agricultural land converted
into wetlands.

For each hectare converted into wetland 100 kg/ha of nitrogen is re-
duced and 5 kg/ha for phosphorus (Ministeriet for Fodevarer, Landbrug
og Fiskeri, 2003a & b).

Reduced nitrogen fertiliser use

This measure applies to agricultural production and is implemented by a
uniform reduction in fertiliser use on all of the agricultural area in rota-
tion.

Emission effects of reduced fertiliser use are calculated as a fixed fraction
of the change in nitrogen input, but as the fraction is dependant of nitro-
gen input the coefficients vary between countries. The fractions used are
from Finish Environmental Institute report no. 524, 2002: Evaluation of
the implementation of the 1988 ministerial declaration regarding nutrient
loads reduction in the Baltic Sea area.

For this measure x is the reduction in nitrogen application measured in
kg per hectare of agricultural area in rotation.

The maximum reduction in each country is set at 25 percent, estimated
based on FAO-statistics of agricultural land use and fertiliser use.

The reduction of nitrogen by fertilizer reduction is measured by the dif-
ference between the initial level of fertilizer use pr hectare and the new
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level multiplied by the size of arable land. The reduction coefficient is 33
percent.

NLoadReductionFertilizer = 0.33 * (IniNFertilizerUse - NFertilizerUse) *
Arable(ha)

Catch crops on agricultural land

This measure also applies to agriculture and involves under sowing of
catch crops (e.g. grass) when sowing the ordinary crop (e.g. barley or
wheat).

For this measure x is the number of hectares agricultural land with catch
crops.

The feasible hectares with catch crops are set as 1/3 of the agricultural
area in rotation, estimated based on FAO-statistics of agricultural land
use.

For each hectare catch crops result in a nitrogen emissions reduction of
3.5 kg/ha. The coefficient is assumed to be the same for all countries as it
mainly involve reduction of leaching after harvest and, thus, reduces the
leaching from organic nitrogen mobilised in the period between harvest
and sowing.

NLoadReductionLandUse = 3,5 * LandUseChange
Reduced livestock hold
Cattle

This measure applies to agricultural livestock production. The measure
only relates to nutrient leaching resulting from application of manure on
the field. In the current model an average of 17% of total N production
and 3% of total P production is assumed to be emitted to water bodies.
The emission per animal can therefore be calculated based on the nutri-
ent production per animal. Claesson and Steinneck (1991) show an inter-
val between 75 and 115 kg N/year and 13 and 18 kg P/year for dairy
cows with a yearly milk production of 5,000 and 9,000 DKK per year. For
non-dairy cows the levels are approx. 38 kg N and 4 kg P.

In this analysis the emission coefficients are estimated based on the fig-
ures of Claesson and Steinneck (1991) and the average milk production
per cow according to FAOSTAT in order to reflect differences in produc-
tion intensity. For other cows the emissions are assumed to be at the lev-
els stated by Claesson and Steinneck (1991). As the cost functions are es-
timated for an “average” cow the emissions are calculated for the same
unit by assuming a distribution of the cattle stock of 80% dairy cows and
20% other cows.

The data and coefficients used are shown in the table below.



Table A1.2 N emissions per “average” cow. Assuming 80% dairy cows and 20% other
cows. All figures are in kg per animal per year.

Country Production Average nutrient Emission
production coefficient

Dairy cows Other cows

Denmark 96 32 84 14
Estonia 74 32 67 11
Finland 94 32 83 14
Germany 85 32 75 13
Latvia 64 32 58 10
Lithuania 62 32 57 10
Poland 63 32 58 10
Russian fed. 47 32 45 8
Sweden 102 32 89 15

Source: FAOSTAT; Claesson and Steinneck (1991); and own calculations.

Pigs

For pig sows with piglets the yearly output is 26 kg N and 10 kg P, for
slaughter pigs the output is 9 kg N and 2 kg P. The distribution of the pig
stock is assumed to be 30% slaughter pigs and 70% other pigs. This re-
sults in an average nutrient production per pig of 21 kg N and 8 kg N.
Using the emissions ratios of 17 % for N and 3 % for P this leads to emis-
sions coefficients of 3,6 kg N and 0,2 kg P per pig.

Table A1.3 P emissions per “average“ cow. Assuming 80% dairy cows and 20% other
cows. All figures are in kg per animal per year.

Country Production Average Average
nutrient emission
production coefficient

Dairy cows Other cows

Denmark 16 5 14 0,4
Estonia 13 5 12 0,4
Finland 16 5 14 0,4
Germany 15 5 13 0,4
Latvia 12 5 11 0,3
Lithuania 12 5 10 0,3
Poland 12 5 11 0,3
Russian fed. 10 5 9 0,3
Sweden 17 5 15 0,4

Source: FAOSTAT; Claesson and Steinneck (1991); and own calculations.

For this measure x is the number of heads with pigs and cattle. Pigs and
cattle are modelled separately.

The maximum reduction in livestock hold in each country is set at 80
percent, estimated based on FAO-statistics of agricultural livestock.
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Improved sewage treatment

This measure is as a starting point based on the number of PE (person
equivalents) producing untreated municipal waste water.

For this measure x is the extra number of PE (person equivalents) whose
waste water will change from no treatment to undergo M+B+N-
treatment.

The maximum amount being treated is set to 20 percent of the PE not
connected to waste water treatment in the reference. The technologies

applied are assumed to be M+B+N, which are resulting in a removal of
80 percent of the N and 60 percent of P. The N and P content in the waste

water are estimated based on emission coefficients (ejV ; ef,) ) of 4,38 kg N

per PE and 1,095 kg P per PE (Winther et al., 2004). Thus the N and P
removal and, thus, changed emissions (AN, AP) can be modelled as:

AN =0.8¢"x and AP =0.6e’x

Reduced NOx emissions from fossil fuels

This measure involves installation of de-NOx units at large power plants.
For this measure x is the amount of NOx abated.

The maximum scale of the measure is set arbitrarily 1,000 ton per year.
Retention and dilution coefficients

For those measures where the nutrients are transported through streams
before reaching the sea retention will occur. The retention of nitrogen be-
fore entering the sea regions varies from one drainage basin to another.

The amount of nitrogen in a sea region from a drainage basin is calcu-
lated using a drainage basin specific coefficient.

) 7.
AL =Ae' (1-—),
! 100
where AL is the change in loads,
Ae} is the change in emissions from drainage basin i,

7, is the retention in drainage basin i measured in percent.

The river retention coefficients are all taken from the PLC-4 report of
HELCOM as reported in the table below.



Table A2.4 Retention coefficients.

Parameter NRetentionLand(l) ‘Retention of nitrogen in
drainage basin (percent)

P N
DE_BP 60 34
DE_DS 60 34
DK_BP 1,8 10
DK_DS 1,8 10
DK_KT 1,8 10
EE_BP 36 23
EE_GF 36 23
EE_GR 36 23
FI_BB 26 29
FI_BS 26 29
FI_GF 26 29
LT_BP 23 09
LV_BP 40 45
LV_GR 40 45
PLO_BP 38 44
PLO_BP 38 44
PLO_BP 38 44
RU_BP 60 60
RU_GF 60 60
SE_BB 28 24
SE_BP 28 24
SE_BS 28 24
SE_DS 28 24
SE_KT 28 24

Source: HELCOM (2004)

Note that the issue of large cities (e.g. St. Petersborg) is not reflected, as
some of the waste water from here is emitted directly into the Baltic Sea.
Retention will be low for these sources.

For NOx the amount for emissions that eventually will deposit on the sea
regions are modelled using a set of country specific dilutions coefficients.

The calculation routine is similar to that used for retention.

The emission reductions are equal to the coefficients from the model in
NEST1 shown in table A1.5.
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Table A1.5 Dilution coefficients for NOx.

Country Percent
Denmark 14.9
Estonia, Baltic Proper 4
Estonia, Gulf of Finland 9.56
Estonia, Gulf of Riga 6
Finland 3.43
Germany 5.51
Latvia, Baltic Proper 8
Estonia, Gulf of Riga 8.36
Lithuania 9
Poland 5.73
Russian fed. 2.07
Sweden 11

Source: NEST 1



Appendix 2: Agricultural economic
reference

Table A.2.1 shows the value of agricultural output and economic rent for
the countries included in the cost-minimisation model except for the
Russian federation for which data have not been retrieved. The data in-
clude both crop and livestock production. The calculation of economic
rent corresponds to the method shown for calculating the unit costs, if
the value of the secondary environmental effects is excluded.

Measured per hectare the average economic rent in agriculture varies
from 1,000 €/ha in Denmark to 110 €/ha in Latvia indicating significant

differences in production intensity as well as outputs.

Table A2.1 Agricultural output and economic rent 2001.

Country Output Economic Output Economic
rent rent
M€ M€ € per ha' € perha’
Denmark 8,348 2,288 3,640 1,000
Estonia 475 149 700 220
Finland 4,288 881 1,960 400
Germany 41,454 9,236 3,510 780
Latvia 587 208 320 110
Lithuania 1,067 189 3,640 650
Poland 13,421 3,610 0,960 260
Russian fed. - - - -
Sweden 4,710 828 1,750 310
SUM / Average 74,350 17,389 1,544 361

1) Per hectare arable land
Source: Own calculations based on Eurostat (2003) and FAO (2004).

However, the figures shown in Table A2.1 cannot be used directly as
they include the economic outcome from both crop and livestock pro-
duction, and the measure is assumed only to reduce the production po-
tential in crop production. The estimates of economic rent are not di-
vided into livestock and crop production by Eurostat, but this is done
with respect to total production value. However, this cannot directly be
used for splitting economic rent into crop and livestock production, if the
cost structure is different. A review of Danish farm account statistics
from 1991 to 2002 shows that economic rent corresponds to 6 percent of
the total production value in the crop production and 8 percent of the to-
tal production value in the pig production but with large year-to-year
variations.

Therefore, as a rough estimate, economic rent in the agricultural sector is
divided into livestock and crop production based on the share of each
sector to the total value of production. In Table A2.2 the estimates are
shown at a country basis.
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Table A2.2 Estimated economic rent in livestock and crop production 2001, M €.

Country Value of production Economic rent
Livestock Crops Share of Livestock Crops
livestock
Denmark 4,707 3,673 57% 1,300 987
Estonia 172 226 43% 64 85
Finland 1,340 1,932 41% 361 520
Germany 17,967 22,569 44% 4,094 5,142
Latvia 183 318 37% 76 132
Lithuania 343 751 31% 59 129
Poland 5,359 9,222 37% 1,327 2,283
Russian fed. - - - - -
Sweden
---------- 1,970 2,015 49% 409 418
SUM / Aver-
age 32,041 40,606 44% 7,669 9,720

Source: Own calculations based on Eurostat (2003).

Also, economic rent is divided between pigs and cattle based on the
share of the total production value resulting from each livestock type.
Results are shown in Table A2.3.

Table A2.3 Estimated economic rent in livestock production 2001, M €.

Country Value of production Economic rent
Pigs Cattle Share of Pigs Cattle
pigs
Denmark 2,848 1,859 61% 787 514
Estonia 62 110 36% 23 41
Finland 282 1,058 21% 76 285
Germany 6,147 11,820 34% 1,401 2,693
Latvia 62 121 34% 26 50
Lithuania 132 211 38% 23 36
Poland 2,917 2,442 54% 722 605
Russian fed. - - - - -
Sweden 431 1,539 22% 90 320
SUM / Average 12,881 19,160 40% 3,083 4,586

Source: Own calculations based on Eurostat (2003).

The total estimated economic rent from the two types of livestock pro-
duction is transferred into unit costs by dividing loss in economic rent by
the number of animals. The economic rent per hectare from crop produc-
tion is calculated by dividing the total economic rent from crop produc-
tion by the agricultural area. Results are shown in Table A2.4.



Table A2.4 Economic rent per hectare and per head of livestock, 2001-prices.

Country Pig production Cattle production Crop
production”
€/head €/head €/ha
Denmark 59 295 431
Estonia 68 162 125
Finland 59 282 237
Germany 53 196 435
Latvia 57 130 72
Lithuania 22 47 44
Poland 38 111 163
Russian fed. - - -
Sweden 47 194 155
Average 38 89 202

1) Per hectare arable land.
Source: Own calculations based on Eurostat (2003) and FAO.
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Appendix 3: Data in the model

Data structure

In the model the Baltic Sea is divided into seven sea region (Table C1 in
this appendix) surrounded by nine countries (Table C2 in this appendix).
The sea regions are sub-divided into a total of 24 drainage basins (Table
C3 in this appendix). The classification of drainage basins and the geo-
graphical linkage to sea regions and countries correspond more or less to
the classification used in PLC-4 (HELCOM, 2004). In the current model,
six different measures are available for reducing nutrient load to the Bal-
tic Sea (Table C4 in this appendix); the model, however, has been pre-
pared for the inclusion of two more measures as two blank measures are
included in the programming (‘blank1” and ‘blank2’). In the remainder of
this appendix variables referring to these blank measures will be disre-
garded as they carry no information relevant for the model (i.e. they are
basically set to zero).

List of input data

In the following the data needed to run the model is listed. The ‘content’
column contains a brief verbal description of the data input, the “unit’
column specifies the unit in which the data is entered while the “parame-
ter’ column states the parameter name attached to the data in GAMS. Fi-
nally, the ‘reference’ column specifies where the data used in the present
model can be found.



Table A3.0 Model input data.

Content Unit Parameter Reference

Target load reduction of nitrogen in each sea Ton NTargetLoadReductionSea To be specified prior

region (S) to each run of the
model.

Target load reduction of phosphorus in each sea  Ton PTargetLoadReductionSea To be specified prior

region (S) to each run of the
model.

Area of drainage basin Ha DrainageBasinArea Table A3.5 in this
appendix

Arable land in catchment area (at drainage basin  Ha LandCover (ARABLE) Table A3.5 in this

level) appendix

Initial holdings of cattle in catchment area (at 100 heads Cattle Table A3.5 in this

drainage basin level) appendix

Initial holdings of pigs in catchment area (at 100 heads Pigs Table A3.5 in this

drainage basin level) appendix

Content of nitrogen from cattle in drainage basin ton N/100 heads NLoadRedCoeffCattle Table A3.7 in this
appendix

Content of nitrogen from pigs in drainage basin ton N/100 heads NLoadRedCoeffPigs Table A3.7 in this
appendix

Content of phosphorus from cattle in drainage ton P/100 heads PLoadRedCoeffCattle Table A3.7 in this

basin appendix

Content of phosphorus from pigs in drainage ton P/100 heads PLoadRedCoeffPigs Table A3.7 in this

basin appendix

Base loads of nitrogen in sea regions Ton NBaselLoadSea Table A3.6 in this
appendix

Base loads of phosphorus in sea regions Ton PBaselLoadSea Table A3.6 in this
appendix

Initial amounts of untreated waste water at coun- m3 WasteWater Table A3.10 in this

try level appendix

Nitrogen load reduction by sewage treatment percent NLoadRedCoeffSewage Table A3.14 in this
appendix

Phosphorus load reduction by sewage treatment  percent PLoadRedCoeffSewage Table A3.14 in this
appendix

Average content of nitrogen in waste water ton/m3 NLoadCoeffSewage Table A3.14 in this
appendix

Average content of phosphorus in waste water ton/m3 PLoadCoeffSewage Table A3.14 in this
appendix

Dilution of nitrogen by installing de-NOx units Percent NLoadRedNOx Table A3.16 in this
appendix

Retention of nitrogen at drainage basin level percent NRetentionLand Table A3.13 in this
appendix

Retention of phosphorus at drainage basin level percent PRetentionLand Table A3.13 in this
appendix

Load transport of nitrogen between sea regions - NLoadFlow Table A3.11 in this
appendix

Load transport of phosphorus between sea re- - PLoadFlow Table A3.12 in this

gions appendix

Nitrogen load reduction by wetland restoration ton/ha NLoadRedCoeffWetland Table A3.15 in this
appendix

Phosphorus load reduction by wetland restora- ton/ha PLoadRedCoeffWetland Table A3.15 in this

tion appendix

Nitrogen load reduction coefficient for fertilizer percent NLoadRedCoeffFertilizer Table A3.15 in this

reduction appendix

Nitrogen load reduction coefficient for land use ton/ha NLoadRedCoeffLandUse Table A3.15 in this

change appendix

Measures control — specify which measures that 0/1 variable MeasuresControl Table A3.17 in this

are available for use at drainage basin level appendix

Restriction for reduction of fertilizer percent MAXFertilizerReduction Table C9 in this ap-

pendix
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Average application of nitrogen fertilizer

Price of nitrogen fertilizer

Average price of crops

Cost calculation factors for reduction of fertilizer
use

Secondary benefits of reduced fertilizer use
Restriction on wetland restoration

Cost calculation factors for wetland restoration

Secondary benefits of wetland restoration

Restriction on land use change —i.e. use of catch

crops
Cost calculation factors land use changes

Secondary benefits of land use changes
Restriction on sewage treatment

Cost calculation factors for sewage treatment
Secondary benefits of sewage treatment
Restriction on livestock reductions

Cost calculation factors for livestock reductions
Secondary benefits of livestock reductions
Restriction on NOx reduction

Cost calculation factors for NOx reduction

Secondary benefits of NOx reduction

kg/ha
€/kg

€/hkg

percent

percent

percent

percent

ton

IniNFertilizerUse
NFertilizerPrice

CropPrice

MAXW etlandRestoration

MAXLandUseChange

MAXSewageTreatment

MAXCattleReduction /
MAXPigsReduction

MAXNOXxReduction

Table A3.8 in this
appendix

Table A3.8 in this
appendix

Table A3.8 in this
appendix

See the specific cap-
tor in the report
Set to zero in the
current model
Table A3.9 in this
appendix

See Tables 1 and 6 in
the report

Set to zero in the
current model
Table A3.9 in this
appendix

See Table 10 in the
report

Set to zero in the
current model
Table A3.9 in this
appendix

See Table 13 in the
report

Set to zero in the
current model
Table A3.9 in this
appendix

See Table 6 in the
report

Set to zero in the
current model
Table A3.9 in this
appendix

See table 11 in the
report

Set to zero in the
current model
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List of tables

A3.1 Sea regions
A3.2 Countries

A3.3 Drainage basins
A3.4 Measures

A3.5 Baseline information at drainage basin level on aspects related to
agricultural production.

A3.6 Base loads of nitrogen and phosphorus in sea regions

A3.7 Nitrogen and phosphorus load reduction coefficients for cattle and
pig reductions in drainage basins.

A3.8 Baseline information regarding fertilizer use.

A3.9 Restrictions on the use of measures — maximum limits for the appli-
cation of the measures.

A3.10 Amounts of untreated waste water at drainage basin level.
A3.11 Load transport coefficients of nitrogen between sea regions
A3.12 Load transport coefficients of phosphorus between sea regions
A3.13 Retention of nitrogen and phosphorus in drainage basins
A3.14 Loads and load reductions for sewage treatment.

A3.15 Load reduction coefficients for the measures wetlands, fertilizer
and land use.

A3.16 Dilution of nitrogen by installing de-NOx units

A3.17 Measures control — Restrictions for implementation of measures.

Table A3.1 Sea regions in the model.

Sea region Abbreviation
Bothnian Bay BB
Bothnian Sea (incl. the Archipelago BS
Sea)

Baltic Proper BP

Gulf of Finland GF

Gulf of Riga GR
Danish Straits (Western Baltic and The DS
Sound)

Kattegat KT
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Table A3.2 Countries included in the model.

Country Abbreviation
Germany DE
Denmark DK
Estonia EE
Finland Fl
Lithuania LT
Latvia LV
Poland PL
Russia RU
Sweden SE

Table A3.3 Drainage basins.

Drainage Basin Abbreviation
‘Germany — Baltic Proper’ DE_BP
‘Germany — Danish Straits’ DE_DS
‘Denmark — Baltic Proper’ DK_BP
‘Denmark — Danish Straits’ DK_DS
‘Denmark — Kattegat’ DK_KT
‘Estonia — Baltic Proper’ EE_BP
‘Estonia — Gulf of Finland’ EE_GF
‘Estonia — Gulf of Riga’ EE_GR
‘Finland — Bothnian Bay’ FI_BB
‘Finland — Bothnian Sea’ FI_BS
‘Finland — Gulf of Finland’ FI_GF
‘Lithuania — Baltic Proper’ LT_BP
‘Latvia — Baltic Proper’ LV_BP
‘Latvia — Gulf of Riga’ LV_GR
‘Poland Coast — Baltic Proper’ PLC_BP
‘Poland Oder — Baltic Proper’ PLO_BP
‘Poland Vistula — Baltic Proper’ PLV_BP
‘Russia — Baltic Proper’ RU_BP
‘Russia — Gulf of Finland’ RU_GF
‘Sweden — Bothnian Bay’ SE_BB
‘Sweden — Baltic Proper’ SE_BP
‘Sweden — Bothnian Sea’ SE_BS
‘Sweden — Danish Straits’ SE_DS
‘Sweden — Kattegat’ SE_KT

Table A3.4 Measures for reducing nutrient loads to the Baltic Sea.

Measure ‘Abbreviation’
Restoration of wetlands ‘Wetland’
Reduced fertilizer use ‘Fertilizer
Sowing of catch crops ‘Land Use’
Reduced livestock — i.e. cattle and/or pigs — production ‘Livestock’
Improved sewage treatment — i.e. treatment of currently ‘Sewage’

untreated wastewater
Reduced NOx emissions from fossil fuels ‘NOy’




Table A3.5 Baseline information at drainage basin level on aspects related to agricul-
tural production.

Drainage Area of Arable land Holding of Holding of
Basin Drainage in catchment cattle in catch- pigs in catch-
basin (ha) area (ha) ment area ment area
(in 100 heads) (in 100 heads)
DE_BP 1.194.626,4 849.038,2 79.014 140.163
DE_DS 977.330,9 726.007,2 67.565 119.852
DK_BP 158.232,7 124.374,4 1.046 6.677
DK_DS 1.616.247,7 1293.071,9 10.877 69.422
DK_KT 959.372,6 803.082,4 6.756 43.116
EE_BP 607.090,6 214.460,3 144 154
EE_GF 6.548.995,9 3.283.813,7 2.212 2.365
EE_GR 1.133.668,1 469.263,6 316 338
FI_BB 13.429.516,5 907.529,9 5.323 6.528
FI_BS 4.665.868,2 536.894,9 3.149 3.862
FI_GF 5.256.098,1 357.041,4 2.094 2.568
LT_BP 9.668.453,9 5.901.063,7 8.978 9.361
LV_BP 1.711.925,6 1.000.097,7 517 553
LV_GR 12.245.271,4 6.325.031,0 3.267 3.496
PLC_BP 2.557.861,4 1537556,7 4.350 12.245
PLO_BP 11.758.900,9 7551183,1 21.366 60.139
PLV_BP 19.289.917,6 12410135,0 35.114 98.836
RU_BP 1.999.657,6 1507573,7 65.918 42.965
RU_GF 31.010.206,9 4903513,4 214.405 139.749
SE_BB 12.885.781,3 155395,9 695 792
SE_BP 8.312.104,4 1734091,4 7.759 8.839
SE_BS 18.018.565,2 566713,2 2.536 2.889
SE_DS 289.727,4 246605,5 1.103 1.257
SE_KT 7.164.749,8 1060018,9 4.743 5.403

Table A3.6 Base loads of nitrogen and phosphorus in sea regions.

Sea region Base load of Base load of
nitrogen (ton) phosphorus (ton)
BB 69.893 3.451
BS 82.666 3.670
BP 293.236 16.046
GF 113.561 6.029
GR 70.076 2.209
DS 41.739 1.415
KT 73.696 1.814




Table A3.7 Nitrogen and phosphorus load reduction coefficients for cattle and pig reduc-
tions in drainage basins; specifies the content of nitrogen/phosphorus from cattle/pigs in
each drainage basin (ton N/P per 100 heads).

Drainage Nitrogen load Nitrogen load Phosphorus Phosphorus

Basin reduction reduction load reduc- load reduc-
coefficient for  coefficient for tion coeffi- tion coeffi-
cattle pigs cient for cient for pigs
cattle
DE_BP 1,3 0,36 0,04 0,02
DE_DS 1,3 0,36 0,04 0,02
DK_BP 1,4 0,36 0,04 0,02
DK_DS 1,4 0,36 0,04 0,02
DK_KT 1,4 0,36 0,04 0,02
EE_BP 1,1 0,36 0,04 0,02
EE_GF 1,1 0,36 0,04 0,02
EE_GR 1,1 0,36 0,04 0,02
FI_BB 1,4 0,36 0,04 0,02
FI_BS 1,4 0,36 0,04 0,02
FI_GF 1,4 0,36 0,04 0,02
LT_BP 1,0 0,36 0,03 0,02
LV_BP 1,0 0,36 0,03 0,02
LV_GR 1,0 0,36 0,03 0,02
PLC_BP 1,0 0,36 0,03 0,02
PLO_BP 1,0 0,36 0,03 0,02
PLV_BP 1,0 0,36 0,03 0,02
RU_BP 0,8 0,36 0,03 0,02
RU_GF 0,8 0,36 0,03 0,02
SE_BB 1,5 0,36 0,04 0,02
SE_BP 1,5 0,36 0,04 0,02
SE_BS 1,5 0,36 0,04 0,02
SE_DS 1,5 0,36 0,04 0,02
SE_KT 1,5 0,36 0,04 0,02

Table A3.8 Baseline information regarding fertilizer use.

Country Initial fertilizer use Price of nitrogen Average price of
—average applica- fertilizer (€/kg) crops (€/hkg)
tion of nitrogen
fertilizer (kg/ha)

Germany 133 0,57 12
Denmark 90 0,57 12
Estonia 42 0,57 12
Finland 75 0,57 12
Lithuania 34 0,57 12
Latvia 20 0,57 12
Poland 62 0,57 12
Russia 9 0,57 12

Sweden 74 0,57 12




Table A3.9 Restrictions on the use of the measures — maximum limits for the application
of the measures (in the current model identical limits are set for all drainage basins, but
the model allows specific limits to be set for each drainage basin).

Measure Restriction/Limit

‘Wetland’ Maximum extent of wetland restoration is set to 25% of the
area of arable land

‘Fertilizer Maximum level of reductions set to 25% of initial use

‘Land Use’ The extent of under sowing with catch crops is restricted to be
available for 33% of the area of arable land

‘Livestock’ For cattle the maximum level of reductions is set to 80% of
initial holdings.
For pigs the maximum level of reductions is set to 80% of
initial holdings.

‘Sewage’ The limit for improved sewage treatment is set to 20% of the
initial amount of untreated waste water

‘NOx’ The maximum reduction obtainable through application of the

NOx measure is set to 1000 ton for each drainage basin

Table A3.10 Number of PE not connected to urban wastewater treatment.

Drainage Basin

PE

DE_BP
DE_DS
DK_BP
DK_DS
DK_KT
EE_BP
EE_GF
EE_GR
FI_BB
FI_BS
FI_GF
LT_BP
LV_BP
LV_GR
PLC_BP
PLO_BP
PLV_BP
RU_BP
RU_GF
SE_BB
SE_BP
SE_BS
SE_DS
SE_KT

1,560,000
1,740,000
82,400
3,100,000
1,500,000
10,000
1,265,000
295,000
9,825,700
1,387,970
2,536,330
3,404,400
276,000
1,978,000
4,560,000
12,920,000
20,520,000
878,000
8,000,000
390,000
4,100,000
1,123,000
625,000
2,136,000

NOTE: For now the data are the total number people in the drainage basins. These will
be substituted with the number of PE not connected to urban sewage treatment as soon
data are delivered from the drainage basin group.
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Table A3.11 Load transport coefficient of nitrogen between sea regions.

BB BS BP GF GR DS KT
BB 0,05 0,95 0 0 0 0 0
BS 0,11 0,14 0,75 0 0 0 0
BP 0 0,26 0,26 0,11 0,03 0,34 0
GF 0 0 0,75 0,25 0 0 0
GR 0 0 0,66 0 0,34 0 0
DS 0 0 0,40 0 0 0,03 0,57
KT 0 0 0 0 0 0,40 0,6

Table A3.12 Load transport coefficient of phosphorus between sea regions.

BB BS BP GF GR DS KT
BB 0,62 0,38 0 0 0 0 0
BS 0,11 0,24 0,65 0 0 0 0
BP 0,26 0 1 0,28 0,04 0,42 0
GF 0 0 0,81 0,19 0 0 0
GR 0 0 0,90 0 0,10 0 0
DS 0 0 0,41 0 0 0,04 0,55
KT 0 0 0 0 0 0,33 0,67

Table A3.13 Retention of nitrogen and phosphorus in drainage basins (percent).

Drainage Basin Retention of nitrogen Retention of phosphorus

DE_BP 34 60
DE_DS 34 60
DK_BP 10 1,8
DK_DS 10 1,8
DK_KT 10 1,8
EE_BP 23 36
EE_GF 23 36
EE_GR 23 36
FI_BB 29 26
FI_BS 29 26
FI_GF 29 26
LT_BP 0,9 2,3
LV_BP 45 40
LV_GR 45 40
PLC_BP 44 38
PLO_BP 44 38
PLV_BP 44 38
RU_BP 60 60
RU_GF 60 60
SE_BB 24 28
SE_BP 24 28
SE_BS 24 28
SE_DS 24 28

SE_KT 24 28




Table A3.14 Loads and load reductions for sewage treatment.

Drainage Basin

Average content in waste

Load reduction by sewage

water (ton/PE) treatment (%)
Nitrogen Phosphorus Nitrogen Phosphorus
DE_BP 0,00438 0,001095 80 60
DE_DS 0,00438 0,001095 80 60
DK_BP 0,00438 0,001095 80 60
DK_DS 0,00438 0,001095 80 60
DK_KT 0,00438 0,001095 80 60
EE_BP 0,00438 0,001095 80 60
EE_GF 0,00438 0,001095 80 60
EE_GR 0,00438 0,001095 80 60
FI_BB 0,00438 0,001095 80 60
FI_BS 0,00438 0,001095 80 60
FI_GF 0,00438 0,001095 80 60
LT_BP 0,00438 0,001095 80 60
LV_BP 0,00438 0,001095 80 60
LV_GR 0,00438 0,001095 80 60
PLC_BP 0,00438 0,001095 80 60
PLO_BP 0,00438 0,001095 80 60
PLV_BP 0,00438 0,001095 80 60
RU_BP 0,00438 0,001095 80 60
RU_GF 0,00438 0,001095 80 60
SE_BB 0,00438 0,001095 80 60
SE_BP 0,00438 0,001095 80 60
SE_BS 0,00438 0,001095 80 60
SE_DS 0,00438 0,001095 80 60
SE_KT 0,00438 0,001095 80 60
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Table A3.15 Load reduction coefficients for the measures wetlands, fertilizer and land use.

Drainage Basin Nitrogen load re- Phosphorus load Nitrogen load re- Nitrogen load reduction
duction by wetland  reduction by wetland duction coefficient  coefficient for land use
restoration ton/ha restoration ton /ha for fertilizer pct change ton/ha
DE_BP 0,1 0,005 33 0,0035
DE_DS 0.1 0,005 33 0,0035
DK_BP 0.1 0,005 33 0,0035
DK_DS 0.1 0,005 33 0,0035
DK_KT 0,1 0,005 33 0,0035
EE_BP 0,1 0,005 10 0,0035
EE_GF 0,1 0,005 10 0,0035
EE_GR 0,1 0,005 10 0,0035
FI_BB 0,1 0,005 10 0,0035
FI_BS 0,1 0,005 10 0,0035
FI_GF 0,1 0,005 10 0,0035
LT_BP 0,1 0,005 10 0,0035
LV_BP 0,1 0,005 10 0,0035
LV_GR 0.1 0,005 10 0,0035
PLC_BP 0.1 0,005 10 0,0035
PLO_BP 0,1 0,005 10 0,0035
PLV_BP 0,1 0,005 10 0,0035
RU_BP 0,1 0,005 10 0,0035
RU_GF 0,1 0,005 10 0,0035
SE_BB 0,1 0,005 10 0,0035
SE_BP 0,1 0,005 10 0,0035
SE_BS 0,1 0,005 10 0,0035
SE_DS 0,1 0,005 33 0,0035
SE_KT 0,1 0,005 33 0,0035

Table A3.16 Load reduction coefficients for NOx measure.

DE_BP 5.51%
DE_DS 5.51%
DK_BP 14.9%
DK_DS 14.9%
DK_KT 14.9%
EE_BP 4%
EE_GF 9.56%
EE_GR 6%
FI_BB 3.43%
FI_BS 3.43%
FI_GF 3.43%
LT_BP 9%
LV_BP 8%
LV_GR 8.36%
PLC_BP 5.73%
PLO_BP 5.73%
PLV_BP 5.73%
RU_BP 2.07%
RU_GF 2.07%
SE_BB 11%
SE_BP 11%
SE_BS 11%
SE_DS 11%

SE_KT 11%




Table A3.17 Measure control.

M_WETLAND M_LANDUSE M_LIVESTOCK M_SEWAGE

M_NOX

DE_BP
DE_DS
DK_BP
DK_DS
DK_KT
EE_BP
EE_GF
EE_GR
FI_BB
FI_BS
FI_GF
LT_BP
LV_BP
LV_GR
PLC_BP
PLO_BP
PLV_BP
RU_BP
RU_GF
SE_BB
SE_BP
SE_BS
SE_DS
SE_KT
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This report documents the revised cost-minimisation model for reducing
nutrients loads to the Baltic Sea. The work is part of the MARE-project,
and the key issue for the development of the cost-effectiveness model is
to enable consistent modelling of the costs and the effects on nutri-ent
loads of various measures implemented in the regions surrounding the
Baltic Sea.
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