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Aim

• The aim of the study is to describe how a 
proposed discharge permit fee system can 
generate cost effective reductions in the 
agricultural sector.

• This study evaluates the effect of one possible 
new measure for reducing nitrogen loads, 
introducing mandatory discharge permits for 
crop cultivation as one component of a proposed 
discharge permit system. 
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Presentation outline

• Background: reduction targets
• Proposed discharge fee system
• Results: 3 crop permit scenarios

– net and gross N load reductions (catchment
level)

– gross N load reductions (regional level)

– permit demands and prices (catchment)

• Conclusions
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Institutional framework

• Water Framework Directive
– Rules concerning the quality of water
– Water EQS for surface water, groundwater and 

protected areas are to be decided by December 2009
• Nitrates Directive 

– states minimum requirements for reducing nitrogen 
losses (nitrate losses) from agriculture 

• Baltic Sea Action Plan (BSAP)
– Ministers of the Environment of the Member States of 

HELCOM have adopted an action plan to drastically 
reduce pollution to the Baltic Sea and restore its good 
ecological status by 2021.
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BSAP reduction targets
National annual nutrient load reduction targets for 

nitrogen and phosphorus
Phosphorous
(tons)

Nitrogen (tons)

Denmark 16 17 200

Estonia 220 900

Finland 150 1 200

Germany 240 5 600

Latvia 300 2 600

Lithuania 900 11 800

Poland 8 800 62 400

Russia 2 500 7 000

Sweden 290 21 000
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Sources of nitrogen discharges
in Sweden
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Swedish agriculture: 
economic instruments

• Taxes on nitrogen and cadmium content in 
fertilizers

• Financial support for reducing nutrient losses 
from agriculture:

– buffer strips

– reduced nitrogen leaching (cover crops and 
spring tillage)

– wetlands and ponds.
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Why new instruments?

• Eutrophication still a problem
• Current policies have not generated cost-

effective reductions 
• Diffuse sources need to be included to 

reach the targets of the Baltic Sea Action 
Plan (BSAP)

• Water framework directive stresses the 
use of price politics
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Proposed discharge fee system

• After a review of alternatives, the Swedish EPA 
in December 2008 proposed a design for a fee
system to reduce eutrophication of the Baltic 
Sea based on the composite market model.
– SwEPA (2009). Proposal for a Permit Fee System for 

Nitrogen and Phosphorus. Swedish Environmental 
Protection Agency, Report 5968, June 2009.

– Collentine, D. (2006) Composite market design for a 
Transferable Discharge Permit (TDP) system, Journal 
of Environmental Planning & Management 49(6), 929-
946
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Composite Market Model
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• Discharge permit fees in the permit market 
are based on the marginal cost of 
abatement in the contract market

• Reduction targets can be set by regulation
and achieved at least cost

• Makes possible
– incremental implementation, permit allocation, 

source caps

Composite Market Model
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Crop discharge permits

• Three scenarios in the study
1. Crop permits for potatoes
2. Crop permits for potatoes and winter
rape seed
3. Crop permits for potatoes, winter rape
seed and spring and winter cereals
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Crop discharge permits

• Two spatial scales in the study:
– Regional scale: Coastal areas of Southern 

Sweden (611,000 ha cultivated land), five
complete production zones, estimated N 
gross load (root zone, edge of the field)

– Catchment scale: Rönne River catchment
(55,000 ha cultivated land), three partial
production zones, estimated N net load to the 
Baltic Sea
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Estimated N load reduction

• Change in leaching: minimum difference in 
leaching between the permitted crop and 
the next highest non-permit use 
– For example if permits are only required for 

potato cultivation then any other use is 
possible, 

– the crop with the next highest expected 
leaching is winter rape seed, 

– it is possible (but not likely) that all fields in 
potato production could be sown in rape seed
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Leaching coefficients

• Calculated with the SOIL/SOILN models
(SOILNDB)

• Production zones (22 in Sweden) 
– normalized climates (20 year series)

– expected yields

– fertilization (rates and timing, manure)

• Soil types (10 types)
• Previous crops (rotation)
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Leaching coefficients N kg/ha* 

* Region 1b

212840ley

354355fallow

364249winter wheat

414857sugar beets

384448rye

435164spring wheat

455468spring barley

485770oats

576880winter rapeseed

718598potatoes

loamsandy loamloamy sand
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Results: Southern Sweden

• Production regions 1a-b, 2a-b and 3 
– 611,000 ha cultivated land 

– low retention (0-20%)

• Scenario 1: gross 316 tons N
• Scenario 2: gross 560 tons N
• Scenario 3: gross 1,474 tons N
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Rönne River Catchment

96-001

9696--002002

96-003

96-00496-007

96-005
96-006
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Results: Rönne River 

• Scenario 1: permits for potatoes (860 ha)
– gross 8.9 tons N and net 5 tons N

• Scenario 2: permits for potatoes and 
winter rape seed (767 ha)
– gross 15 tons N and net 8.7 tons N

• Scenario 3 permits for potatoes, winter
rape seed and cereals (23,000 ha)
– gross 138 tons N and net 95 tons N
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Rönne River permits

8777844Loam

8788845Sandy loam

131213131378Loamy sand

96-00796-00696-00596-00496-00396-00296-001Potatoes

Scenario 1: permits N kg per ha

1111101loam

4444422Sandy loam

1111101Loamy sand

Rape seed

8788845Loam

131112121367Sandy loam

141214141478Loamy sand

96-00796-00696-00596-00496-00396-00296-001Potatoes

Scenario 2: permits N kg per ha
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Rönne River: Supply of permits

• Earlier study contract market: catch crops and 
spring tillage programs (Collentine, 2005)
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Rönne River: Cost of permits

• Scenario 1: lowest abatement cost
– Lowest cost 5 tons, spring tillage on loamy

sand in 96-007 (6.9 tons), 3.77 €/kg
– Potato yield: 41 tons/ha
– Permit price, loamy sand in 96-007, high net

load (13 kg N/ha): 49 € /ha
– 1.19 € /ton of potatoes (0.0019 € /kg)
– Permit price, sandy loam in 96-002, low net

load (5 kg N/ha): 15.08 € /ha
– 0.36 € /ton of potatoes (0.00036 € /kg)
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Rönne River: Cost of permits

• Scenario 1, highest abatement cost
– Highest cost, catch crops on loam in 96-002, 

13.90 € /kg

– Permit price, loamy sand in 96-007, high net
load: 180.71 € /ha

– 4.41 € /ton of potatoes (0.00441 € /kg)

– Permit price, sandy loam in 96-002, low net
load: 55,60 € /ha

– 1.35 € /ton of potatoes (0.00135 € /kg)
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Conclusions

• Possible to estimate the reduction in N 
leaching from implementing crop permits
– Reduction from compensating measures

– Reduction from redistribution of crops

• Allows flexibility in response to regulation
(cost of permits)

• Imposes a ceiling (cap) on source which
can be lowered by including more crops
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Conclusions

• Crop permits as a possible measure
– Easy to monitor

– More effective with soil type (top soil)

– Comparative total effect on regional scale:
• Scenario 2 (560 tons) more than national wetlands

program (480 tons)
• Scenario 3 (1474 tons) similar to that for cover

crop/spring tillage program for all of Sweden (1560 
tons)
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Thank you for your attention! 
Questions? Comments?


