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The elements required by organisms.The 11 green elements
account for 99.9% of the mass of most organisms.
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Carbon Cycles

< Inorganic carbon released through respiration
may be taken up quickly through
photosynthesis. The organic carbon fixed may
be respired again quickly by plants.

+ Organic carbon stored in deposits of coal, oll,
or peat is not readily accessible and may
remain in storage for millions of years.

+ Inorganic carbon may also be taken out of -
circulation for millions of years by precipitation
as calcium carbonate in aquatic systems.
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« |f greenhouse gases continue to rise at the
current rate, between 2030 and 2050, the
average temperature on Earth will rise by
about 1.5°C to 10°C.
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Martin H. Larsson, Katarina Kyllmar, Lars Jonasson and Holger Johnsson

Estimating Reduction of Nitrogen Leaching from
Arable Land and the Related Costs

The EU Water Framework Directive will require river-basin
management plans in order to achieve good ecological
status and find the most cost-efficient nitrogen (N) leach-
ing abatement measures. Detailed scenario calculations
based on modeling methods will be valuable in this regard.
This paper describes the approach and an application with
a coefficient method based on the simulation model
SOILNDB for quantification of N leaching from arable land
and for prediction of the effect of abatement scenarios for
the Rénnea catchment (1900 km?) in southern Sweden.
Cost calculations for the different measures were also
performed. The results indicate that the individual meas-
ures—cover crop and spring plowing, late termination of
ley and fallow, and spring application of manure—would
only reduce N leaching by between 5% and 8%. If all
measures were combined and winter crops replaced by
their corresponding spring variants, a 21% reduction in N
leaching would be possible. However, this would require
total fulfilment of the suggested measures.

I'he abatement costs for reduction of diffuse N losses from
agriculture i the Nordic countries exhibit large differences
because of the use of different calculation methods, measures
explored, soil tvpes, agricultural production, etc. A nonlinear
optimization model was used to find the least-cost solution for
reduction of N transport to the sea from southern Sweden
(16). It was found that for a 21% reduction in N transport to
the sea, the cost of the combined measures (reduced
fertilization, cover crops, and spring plowing), was approxi-
mately USS$5.60 kg™ N decrease if the production was
unchanged. However, when agricultural subsidies were elimi-
nated and production was allowed to adjust to the new
conditions, the social abatement cost was calculated to be

USS$1.9 ke™! decrease in N transport. The main reason for
this negative cost is that crop production would not be
profitable without subsidies in many areas. The effect of
different taxation scenarios on N leaching has been studied n
Denmark using the farm-optimization model FASSET (17,
18). The social abatement cost for a 100% tax on mineral
fertilizer (USS0.8 kg™' N) was estimated to vary between
1852 3 118811 ke™' N decrease. For

annroximatelv and
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Berit Arheimer, Marianne Lowgren, Bodil Charlotta Pers and Jorgen Rosberg

Integrated Catchment Modeling for Nutrient
Reduction: Scenarios Showing Impacts,
Potential, and Cost of Measures

A hydrological-based model (HBV-NP) was applied to
a catchment (1900 km?) in the southem part of Sweden.
Careful characterization of the present load situation and
the potential for improved treatment or reduced soil
leaching were analyzed. Several scenarios were modeled
to find strategies to reach the Swedish environmental
goals of reducing anthropogenic nitrogen load by 30%
and phosphorus load by 20%. It was stated that the goals
could be reached by different approaches that would
affect different polluters and social sectors. However, no
single measure was enough by itself. Instead, a combi-
nation of measures was necessary to achieve the goals.
The nitrogen goal was the most difficult to attain. In order
to be cost-effective, these measures should be applied to
areas confributing the most to the net loading of the sea.
This strategy could reduce the costs by 70%—-80% when
compared with implementing the measures in the entire
catchment. Integrated catchment models may thus be
helpful tools for reducing costs in environmental control
programs.

give the best available background imformation to decision
makers about the impact of remedial measures.

Several examples of scenario modeling that illustrate the
effect of nutrient reduction strategies have been reported
recently for the catchment scale. However, these are either
focused only on detailed agricultural measures without in-
cluding other sources (e.g. 3-5) or mnclude several sources but
very generalized assumptions regarding the agricultural meas-
ures that were used (e.g. 6 9). These studies include scenano
modeling to mmvestigate the probable effect of recent farming
changes, e.g. because of economic change (10), or to estimate
natural background nutnent loads (11). None of the studies
mention any economic calculations or considerations about
cost-effectiveness. Some examples of economical calculations
coupled to nutrient leaching models can be found for arable
land {e.g. 12, 13) and on the national scale linked to marine
basins (e.g. 14). In previous Swedish studies in the VASTRA
program (15), costs have been calculated for scenarios (16, 17),
but not for the purpose of achieving cost-effectiveness.

In this study we applied the HBV-NP model (18) in the
Ronned catchment in southern Sweden. The aim was to quantify
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WHARIR (Sulfur cycles)
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Sulfur in Coal and Oil Deposits

« |ron sulfide (FeS) commonly associated with

Coal gh et ISR AN FREdBtes to sulfate,
ENV{IREMH BInRECRIBASLer to form sulfuric acid,

associated with acid mine drainage

«oxidation of sulfides in coal and oil releases sulfates into
atmosphere, which then form sulfuric acid, a component of
acid rain
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