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Abstract 
This study has analysed if and when a substitution effect will occur towards pesticides with low 
loads if a differentiated tax is introduced on chemical pesticides used in crop production in 
Sweden. The methodology is based on the pesticide load indicator that was developed in Denmark 
to assess pesticide loads on the environment and farmer health. A load tax levied at 30 SEK/load 
would be the most efficient way to achieve a substitution towards low load pesticides. The result 
presented a decrease in load with 33,8% and a decrease in use of 21,6% with this tax level. This 
study furthermore concludes that the current taxation system in Sweden does not have a steering 
effect on either pesticide use or load. The results additionally show that a reduction in load is not 
necessarily followed by a reduction in use, which highlights why it might be incorrect to tax 
pesticides based on the amount active substance when a reduced risk of pesticide use is the goal.  
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1. Introduction  
On July the 1st 2013, a new tax on pesticides was introduced in Denmark. This tax is differentiated 
and the tax level depends on the properties of the pesticides with respect to its risk for farmer 
health and the environment. The risk is assessed through a new indicator called the pesticide load 
indicator, which is a thorough method to measure the risk of pesticide use. The new tax is 
expected to reduce the pesticide load by 40% by the end of 2015, compared to 2011, without 
posing any financial burden to the farmers. Simultaneously, the overall goal of the Swedish 
governments pesticide strategy for 2013-2017 is to cause a decreasing risk trend in pesticide use. 
Despite this, the use of pesticide has increased since 2003 followed by an increased trend in 
observed environmental hazard, indicating that more harmful pesticides are being used. Current 
legislation and tax system can therefore be argued to be inefficient in meeting the Swedish 
governments goal in reduced risks of pesticide use. This is supported by several investigations that 
have shown that the current tax only to a minor extent affects the use of pesticides and that it is 
insufficient in decreasing the risks that are involved in the use of pesticides (SOU 2003:9). A tax 
differentiation based on pesticide risks to the environment and health has therefore been proposed 
as a solution to this (SOU 2003:9, KemI 2013). Parallel to this, Sweden’s Society for Nature 
Conservation has presented that a parliamentary majority exists for a differentiated tax on 
pesticides to be introduced in Sweden (Naturskyddsföreningen 2014). Considering its 
implementation in Denmark, an analysis of the effects of such a tax to be introduced in Sweden is 
needed. To do so, this study aims to analyse whether there are possibilities for substitution towards 
pesiticides with a lower risk in Sweden and what the tax level should be to accomplish this. Three 
types of taxation systems have been analyzed; (1) The current taxation system in Sweden where a 
tax is levied on the amount kg/l active substance in a pesticide, (2) a taxation system where the tax 
is leveid on the load (risk) indicator of each pesticide and (3) a taxation system on the amount kg/l 
active substance and load (risk) indicator corresponding to the new taxation system in Denmark. 
Consequently three types of simulations has been used to analyse if and when a substitution 
towards pesticide with lower loads occurs. Effects in use, costs for the farmer, tax revenues and 
change in profit for the farmer are also analysed in order to evaluate if a similar tax to the new 
Danish tax on pesticides introduced in 2013 can cause a substitution effect and change pesticide 
loads and pesticide use in Sweden.  
 
The introductory part will present the aim of this thesis. First the objective, research questions and 
hypothesises will be presented. Followed by study context, problem analysis, statement and 
justification of the thesis. It will end with a brief thesis outline.  

1.1 Research Question and Objectives 
Building on the methodology used to describe pesticide loads in Denmark this study intends to 
analyse whether similar tax systems would be an effective tax in Sweden and if similar substitution 
(to low load pesticides) effects can be expected after an implementation of a differentiated tax 
based on pesticide loads. The objective is to, with the help of the Swedish Society for Nature 
Conservation, help spark a debate by showing that an actual substitution effect would occur after 
an implementation of such a tax. This study also intends to analyse if this is a proper tax to be 
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implemented in Sweden in accordance to theory in environmental economics. It will furthermore 
evaluate the current Swedish taxation system and analyse whether it can be argued to have an 
effect on the use and loads of pesticides or not.  
 
Research questions:  

• Are there substitution possibilities and how should the tax be levied in order to accomplish 
this? 

• What tax level is needed to decrease pesticide loads in Sweden? 
• Can a differentiated tax on pesticide load reduce the use of the more harmful pesticides? 
• How will the costs and profit change for the farmers in case of an introduction of a 

differentiated tax based on load? 
• What will be the most efficient taxation system to reduce total load and use considering the 

three tax systems this thesis presents? 
• What is the current pesticide load in Sweden? And what could a reasonable reduction goal 

look like? 
• What might the consequences be for the crops of focus and other crops grown in Sweden 

based on the conclusions of this study? 
 
Hypothesises:  

• A similar tax to the pesticide tax that was introduced in Denmark in 2013 will change 
pesticide loads and pesticide use in Sweden considering the countries similarities to 
Denmark in pest occurrence, crop production and that the two countries belong in the 
same pesticide zone within the EU (northern zone).   

• A substitution effect towards pesticides with lower load will occur when a tax based on 
pesticide loads is introduced. 

• A differentiated tax based on load will have an effect on both the load and use of pesticides.  
• To avoid being out competed by imports (o hurt production in any way) and to reduce 

risks of resistance complementary policies are required aiming to facilitate the farmers 
operations when faced with a higher price on pesticides. 

• The taxation system where a tax is levied on load is the most efficient way to reduce total 
load and use of pesticides compared to the other two taxation systems tested in this study.  

1.2 Scope of Study 
This study is an empirical study that aims to analyse whether there are possibilities for substitution 
towards pesiticides with a lower load in Sweden and what the tax level should be to accomplish 
this. In order to do so the production of autumn wheat and winter oil rapeseed in Skåne, Sweden, 
has been chosen as a case study. It is relevant to analyse the situation in Skåne since almost 60% of 
all pesticides used in Sweden for agricultural purposes is consumed in Skåne. Winter wheat and 
winter oil rapeseed has been chosen as a case study since they are significantly different types of 
crops and both holds the largest area of cultivation within their crop type (cereals and oilseed 
crops). 84 701 hectares of land is used to cultivate winter wheat and 45 777 hectares of land is used 
to cultivate winter oilseed rape in Skåne in 2014 (SCB 2010, Jordbruksverket 2014). Skåne is also a 
relevant in this context since it can be argued that similar crops are being produced and that 
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Skåne experiences similar occurrence of pests as Denmark. In addition to this Sweden and 
Denmark are within the same pesticide zone in the EU (KemI.se - 3). Using the pesticide load 
indicator for Skåne is consequently not argued to be a problem.  

Skåneförsöken has been used as data basis to analyse pesticide use for this thesis. Field 
studies from Skåneförsöken has been selected and analysed. The selection of field studies has been 
performed in consultation with Nils Yngvesson, a consultant at Hushållningssällskapet (The 
Agrarian Society) with knowledge of crop production and pest management. Skåneförsöken uses 
field studies to investigate the most efficient cultivation methods for the agricultural sector in 
Skåne, within current regulatory system. The field studies are impartially evaluated and have deep 
local involvement. Hushållningssällskapet in Skåne is in charge of the field studies and major 
efforts are put on seeking external financing from various sources in order to present a 
comprehensive and broad operation as possible (Skåneförsöken.se). 

Due to lack of statistics in pesticide use in the crops in focus, Skåneförsökens field studies 
have been used to represent the production of winter wheat and oilseed rape in Skåne. The focus 
of this study is the possibilities of substitution and if and when a substitution effect will occur if levying a 
tax on load. An effect in the usage of the pesticides is also expected, but is not the main focus of 
this study.  

This thesis expects the reader to be familiar with basic economics, crop production and 
crop protection. It also assumes an elementary understanding of why pesticides are used and why 
it can be argued that the use and the harmful effects should be reduced.  

1.3 Study Context 
This study was undertaken from 1st of February to the 15th of September 2015 in collaboration 
with Emelie Hansson at the Swedish Society for Nature Conservation (SSNC). The study was 
supervised by Jens-Erik Ørum, senior advisor at Copenhagen University and one of the designers 
of the new Danish tax on pesticides. In order to complete this study a number of external 
consultations with experts has been made; Nils Yngvesson (Hushållningssällskapet – expert in 
Skåneförsökens field studies), Jørgen Schou (Former expert in environmental economics at 
Miljøstyrelsen in Denmark) and Peter Bergqvist at the Swedish Chemicals Agency.  

1.4 Contribution and Limitation of the Study 
This study will contribute with information that can be used for politicians, officials as well as 
people within the civil society to present and evaluate a differentiated tax based on pesticide loads 
and its possibilities to be implemented in Sweden and its possible effect on the environment. By 
comparing loads and use of pesticides with the current tax and the tax proposed in this study, this 
study will contribute to findings that can be used to investigate a full implementation of a 
differentiated tax based on pesticide loads. This study only intends to analyse the effects on the 
introduction of a new tax on pesticides in the production on winter wheat and winter oil rapeseed 
in Skåne. The study limits itself by only using Skåneförsöken as a data source. This study will 
furthermore only look at chemical pesticides used in crop protection. The calculated loads 
measures properties of active substances and the products in question and should not be 
considered a direct measurement of effect or risk. This study focuses on the methodology of the 
pesticide load indicator used in the new Danish tax and if a tax based on load can be used to 
reduce load and the use of pesticide in Sweden.  
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1.5 Problem Analysis, Statement and Justification 
On July the 1st 2013, a new tax on pesticides was put into force in Denmark. The tax is 
differentiated and the tax level depends on the properties of the pesticides with respect to farmer 
health and the environment. The tax is expected to reduce the pesticide load by 40% by the end of 
2015, compared to 2011. The new tax encourages substitution to pesticides with a lower load, thus 
causing a substitution effect.  

The Swedish Society for Nature Conservation (hereinafter referred to as SSNC) is Sweden’s 
largest environmental organization with over 220 000 members across Sweden 
(Naturskyddsföreningen). One of their main activities has long been to review the environmental 
policy programs of the parliamentary parties and to put pressure for promises for future 
environmental actions from these parties. Ahead of the elections in 2014 SSNC released a report 
where the parliamentary parties have a say in where they stand in 18 proposals for a more 
ambitious environmental policy. 8 out of these 18 proposals were shown to have parliamentary 
majority based on the division of votes in the parliament for each party for the previous election 
year (2010).  One of these proposals is the suggestion to introduce an differentiated environmental 
charge on pesticides based on how harmful the products are and where the revenues will be 
returned for increased environmental measures in the agriculture area. This report gives parallels 
to the Danish tax as a successful environmental measure that very well can be introduced in 
Sweden (Naturskyddsföreningen 2014).  

The report made by SSNC justifies this study as it can be shown to exist a need and an 
understanding for such a tax to be implemented in Sweden. This study is also relevant in 
accordance to the Swedish government’s action plan for sustainable use of pesticides for the period 
of 2013-2017 where the overall objective is to cause a decreasing risk trend in pesticide use 
(Landsbygdsdepartementet 2013). A specified goal of reducing the risks for consumer human 
health and the environment furthermore shows the relevance of this study. SSNC has produced 
another report where they reviewed how the Swedish government work to reduce the use of 
pesticides in Sweden. In this report it is concluded that there are reasons to review the current tax 
on pesticides in Sweden if Sweden still intends to be a front leader on the international arena of 
environmental management.  

In 2003 a Government Official Report (SOU 2003:9) investigated the Swedish tax on 
pesticides (at that time 20 SEK per kg/l active substance), stating that the tax only had a minor 
effect in the use of pesticides and a minor effect in decreasing the risks that are involved in the use 
of pesticides. The tax was also deemed to have very little effect in redirecting the use of pesticides 
to less harmful types of pesticides and non-chemical plant protection products. The report 
concludes by proposing an introduction of a differentiated tax to provide incentives for farmers to 
use less harmful pesticides. This notion is also supported in a report (KemI 2013) made by 
Kemikalieinspektionen (the Swedish Chemicals Agency) in 2013. This report supports the notion 
that the current tax system does not provide any strong incentives to switch to low risk products. 
The report furthermore promotes the use economic measurements, such as taxes, as they can 
stimulate innovation and substitution. Correct put taxes can additionally help phase out harmful 
products, improve price signals and act as a complement to existing regulations. The report 
furthermore states that taxes can lower the total costs for society as it enables the industry to reach 
environmental targets in a more flexible manner (SOU 2003:9, KemI 2013).  
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With support from the results of the implementation of the Danish tax, SSNC, the Swedish 
government goals on pesticide use and the Swedish Chemicals Agency the aim for this research is 
to examine if and when a substitution effect will occur if a differentiated tax based on pesticide 
loads is implemented in Sweden on chemical pesticides used in crop production.  

1.6 Thesis Outline 
First the relevant background for this study will be presented in section 2. In section 3 an 
introduction to the economic theory and environmental economic theory will be introduced. This 
will be followed by a thorough methodological part in section 4. In section 5 the results will be 
presented which will be analysed using the economic theory and relevant background information 
in section 6. Section 7 will present the conclusions and suggestions for future research.  
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2. Background 
This section will present an overview of what pesticides are, how pesticide use is measured, 
problems with resistance and Integrated Pest Management. It will furthermore describe the 
relevant situations in Sweden and in Denmark in relation to the respective country’s pesticide 
strategy and tax. It will end with a brief description of the regulation on a EU level.  

2.1 Plant Protection Products  
Chemical plant protection products (from here on called pesticides) are used in agriculture mainly 
for three purposes; weed control (herbicides), insect control (insecticides) and combating fungal 
diseases (fungicides). How much of the pesticides that are used per area unit varies from country to 
country. The differences are partly due to biological factors; countries with warmer climate tend to 
have larger problems with pests, and what type of crop that are grown matters. The management 
and distribution of chemical pesticides in agriculture involves risks towards the environment and to 
human health (Naturskyddsföreningen 2012). Pesticides are used to kill or impede the organisms 
that are considered harmful. The use of pesticides can be hazardous for both the environment and 
human health as the agents are toxic. The risk associated with pesticides depends on the product’s 
toxicity and the probability of exposure (Naturvårdsverket.se). This is why it is important to keep 
track of the use of pesticides, which will be described in the following section.  

2.1.1 How to Measure the Use and Risk of Pesticides  
The statistics on the use of pesticides are usually presented in the amount of active substance in a 
pesticide. This has been argued to be a very blunt measure since different agents have completely 
different dosing. The amount of active substance does furthermore not say anything about the 
harmfulness on the environment and human health. (Naturskyddsföreningen 2012).  

To keep track of the pesticide use in Denmark a measure called Treatment Frequency is used. 
The Treatment Frequency shows on average how many times a farm has been treated with a 
normal hectare dose in relation to pesticide quantities sold per hectare land and year. The 
Treatment Frequency is based on the active ingredient of the pesticide and the recommended 
dosage for the crop in focus. A Treatment Frequency Index (TFI) is used in Denmark to follow the 
trend in Treatment Frequency (ECOTEC 2001).   

In Sweden a similar way to calculate the use of pesticide is called hectare doses. A hectare 
dose is defined as the quantity of active substance used per hectare. The total number of hectare 
doses is calculated by dividing the sold amount active substance with the recommended dose per 
hectare and crop. It is used to illustrate the intensity and magnitude of the use of the product to tell 
how many times a field has been treated. The number of hectare doses is kept track of and in 2012 
4,8 million doses were sold in Sweden. It is a yearly measure of the number of doses the sold 
amount of pesticides could be used for. Below is a graph representing the number of hectare doses 
per hectare of arable land in 1981-2013 in Sweden. 2009 is considered to represent a normal 
dosage level with 1,69. In 2013 the dose per hectare was 1,73 (SCB 2013). 
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Graph 2-1. Number of hectare doses per hectare arable land in 1981-2013 in Sweden (Ibid). 
 
Hectare doses do not describe the complete usage of pesticides, only how much is being sold and 
what the expected usage of the sold amount could be. External effects, such as announced 
increased regulation or taxes, can therefore cause an increase in sales (hoarding), shifting the sold 
amount between individual years. This will however show as an increase in hectare doses. Work is 
being done to introduce a similar treatment frequency index in Sweden such as the TFI that 
involves each pesticide active substance and the use in different crops in order to get a better view 
of the use and to follow the risk trend for pesticide use. (SCB 2010, KemI 2012)  

The pesticide load indicator of a product is a new measurement introduced for the new 
Danish pesticide tax. It measures the load on farmer health, nature and groundwater using three 
indicators named; (1) Human Health, (2) Environmental Fate and (3) Environmental Toxicity. It is 
important to note that the pesticide load indicator measures properties of active substances and 
products, and is not a direct measurement of effect or risk. The pesticide load indicator will be 
further elaborated on in section 4.1 (Danish Government Report 2013). 

To track risk trends over time Kemikalieinspektionen (The Swedish Chemicals Agency) has 
developed two systems; PRI-Nation (pesticide risk indicators at a national level) and PRI-Farm 
(pesticide risk indicators at a farm level). The two systems are based on the same approach to 
increase coherence between the two, but PRI-Nation focuses on monitoring the impact of 
pesticide reduction policies on a national level and PRI-Farm has the purpose to follow up 
pesticide risk trends at individual farms. The indicators for both systems are calculated where data 
on hazard and exposure is scored and combined with use intensity data. Environmental hazard is 
scored by looking at what is called fate and impact on ecosystems whereas human exposure is 
scored by looking at operator health. The following formula is used to calculate the indicators for 
environmental risk and operator health risk for PRI-Nation (KemI 2004); 
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Environment Risk Indicator = 

 
Σ(SQ * RDR-1 * (ET + P + B + M) * AME * TF * MR * LI) 

 
Operator Health Risk Indicator = 

 
Σ(SQ * RDR-1 * OT * FT * TF * AMO) 

 
The terms in the formulas are described below (as described in the report Pesticide Risk Indicators at 
National and Farm Level – a Swedish Approach 2004); 
 

Term Explanation Score Min-Max 

SQ Annual Sold Quantity of an active substance in gram.  
RDR The Recommended Dose Rate in the most representative crop and use 

situation in gram per hectare of an active substance. 
 

ET Environment Toxicity score (aquatic and terrestrial ecotoxicity) is primarily 
based on the hazard labelling of the corresponding products selected to 
represent each active substance. The result is expressed as the sum of score for 
each substance. 

1 to 11 

P The potential Persistence score (based on lab and field DT50soil). To achieve a 
Persistence score between 0 and 5, the following formula is used for mean 
DT50 values; DT50 < 12,5 days = 0 
DT50 ≥ 12,5 and ≤ 216 days = Ln (DT50 / 12,5) / 0,566 
DT50 > 216 days = 5 

0 to 5 

B The potential Bioaccumulation score (based on log Kow and BCF). To achieve 
a Bioaccumulation score between 0 and 5, the following formula is used for 
mean BCF and mean Kow values, expressed as the maximum of either BCF or 
Kow score; 
BCF < 11 = 0 
BCF ≥ 11 and ≤ 7316 = Ln (BCF / 11) / 1,3 
BCF > 7316 = 5 
Kow < 1 = 0 
Kow ≥ 1 and ≤ 6 = Kow � 1 
Kow > 6 = 5 

0 to 5 

M The potential Mobility score (based on Koc). To achieve a Mobility score 
between 0 and 5, the following formula is used for mean Koc values; 
Koc > 370 = 0 
Koc ≥ 30,4 and ≤ 370 = Ln (Koc / 370) / - 0,5 
Koc < 30,4 = 5 

0 to 5 

AME Application Method (Environment exposure) score. 0,5 to 75 
TF Treatment Frequency score is based on the most representative use situation for 

a particular active substance. Substances with more than 3 applications per 
season and crop are assigned a score of 3. 

1 or 3 

MR Monitoring Result score. Substances frequently detected in surface and ground 
water are assigned a score of 3. 

1 or 3 

LI The potential Leaching Index score, derived from Sci-Grow2; 10^(-
2,24+(0,61*RILP))*dose rate (in gram or ml), where RILP (Relative Intrinsic 
Leaching Potential) = log(DT50soil-5)*(4- log(Koc+5)), for active substances 

1 to 10  
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with DT50soil between 6 and 1500 and Koc less than 9995. The dose rates 
used in the calculation of PRI-Nation and PRI-Farm are the recommended 
dose rate (RDR) and the actual used dose rate (UDR), respectively. To achieve 
a Leaching Index score between 1 and 10, the following formula is used; 
Sci-Grow < 5,41 = 1 
Sci-Grow ≥ 5,41 and ≤ 415000 = Ln(Sci-Grow / 1,55) / 1,25 
Sci-Grow > 415000 = 10 

OT The short and long-term Operator Toxicity score related to operator hazard is 
primarily based on the hazard labelling of the corresponding products selected 
to represent each active substance. The result is expressed as the sum of score 
for each substance. 

1 to 73 

FT Formulation Type score. 1 to 30 
AMO Application Method (Operator exposure) score. 0,1 to 10 

Table 2.1. PRI-Nation formula explanation. (KemI 2004) 
 
The score of each term leads to a total score for the environmental risk indicator and operator 
health risk indicator that can be used to follow the trend of the use of pesticides in Sweden. As can 
be seen in the graph below, since 2003 the number of hectare doses (black line) has increased 
steadily despite a small decrease recently. The environmental hazard (green line) follows this trend, 
which could be interpreted as a sign of more harmful pesticides being used. Human exposure (red 
line) has however remained relatively stable. On a longer run both environmental hazard and 
human exposure has decreased with 23 and 73 % respectively. The large fluctuations in 94/95, 
99/00 and 03/04 are examples of situations where the sales do not reflect the actual usage the 
same year and consequently does not show the true hazard (KemI.se - 1).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph 2-2. Risk Index in Sweden (Ibid) 

2.1.2 Problems with Resistance 
Experience from Norway has shown that the introduction of a differentiated tax based on pesticide 
loads on pesticides increases the risk of resistance. In Norway the pesticide tax was increased in 
2005, which resulted in a price reduction in low dose pesticides. The use of these pesticides 
increased which created a situation where the weeds that the herbicides were being used to control 
developed resistance. The solution was to use short-term treatments with high dose herbicides to 
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combat the resistant organisms (Prestvik et al. 2013). A brief review of the concept of resistance is 
therefore needed due to its importance to the conclusions of this study. The risk of resistance when 
designing a tax on pesticides based on load differentiation has also been acknowledged in 
Denmark and emphasize has been given to reduce these effects (Ørum et al 2013). Resistance is an 
organism’s ability to survive a treatment (from pesticides for instance) that under normal 
circumstances would have been controlled by the treatment. Resistance is genetically determined 
and therefore hereditary. In a natural environment there are usually a small number of organisms 
with a lower sensitivity towards pesticides. When a field is treated these organisms are favoured 
and their percentage of the population increases. If these organisms have a large survival capacity 
their percentage of the population will increase and may end up taking over the whole population 
resulting in a complete resistant population. The risk of resistance depends on the pesticide’s mode 
of action and the relevant pest. The risk increases when the pest has several generations per year 
and treatment is being done repeatedly with the same pesticide with equal mode of action. The 
risk of the occurrence of resistance can be minimized through the use of Integrated Pest 
Management, which will be described in the next section (Svenskt växtskydd 2014). 

2.1.3 Integrated Pest Management 
The new Danish tax on pesticides is a part of a larger strategy on pesticide that includes a number 
of benchmarks that describes what the Danish government wishes to accomplish within certain 
areas of interest. The introduction of the tax is consequently complemented with number policies 
to make sure that the goal of the strategy is reached. One of these benchmarks is of particular 
importance for the farmers operations - Integrated Pest Management (IPM). The strategy states 
“anyone who uses pesticides for professional purposes must comply with the principles of integrated pest management” 
(Danish Government Report 2013). Increased educational activities in IPM are therefore an 
important supplement to the new tax. As with the problem of resistance a brief review of the 
concept of IPM is therefore needed due to its importance to the conclusions of this study. IPM 
deals with the sustainable and cautious use of chemical pesticides. It combines different types of 
measurements that aim to combat fungi, insects and weeds. IPM promotes preventive methods, 
continuous monitoring, adaption to needs and continuous follow-ups. The following information is 
gathered from Jordbruksverket.se and Svenskt Växtskydd – Resistens 2014. For insecticide resistance the 
following measurements are promoted;  
 

• Adapt the treatment to when it really is needed.  
• Switch between pesticides with different mode of actions.  
• Use pesticides with a short-term effect.  
• Utilize the natural enemies of the insects.  
• Leave one part of the field untreated. This creates a haven for organisms still sensitive to 

the pesticides and will keep them in the population.  
• Use alternative treatment methods like biological pest control.  

 
To prevent herbicide resistance the following types of measurements is promoted; 
 

• Use alternative methods to keep the weed pressure down. 
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• Crop rotation. Unilateral crop usage can increase the presence of some weeds. The usage 
of other crops can enable for other herbicides to be used or to lower the usage of 
herbicides.  

• Switch between herbicides with different modes of action. Herbicides with the same mode 
of action should not be used year after year.  

• If no adequate effect is expected, be constraint in the use of the herbicides.  
• Treat parts of the field differently if needed.  
• Switch between dose levels to minimize the risk of the different resistance mechanisms.  

 
To prevent fungicide resistance the following types of measurements is promoted; 
 

• Grow crops that are resistant to fungi-diseases in first hand.  
• Decrease the pressure of contamination by allowing different cultivation measures; crop 

rotation, soil tillage, sowing time, population density, adaption of nitrogen fertilization and 
weed treatment.  

• Adjust treatment for when needed, and adjust level of treatment after weather and level of 
infestation.  

• Avoid treatment on strongly established infestation.  
• Limit the number of treatments per season with fungicides with the same mode of action.  
• Mix or switch between fungicides with different modes of action. Decreases the risk of 

resistance development.  
 
(Jordbruksverket.se, Svenskt Växtskydd 2014) 

2.2 The Situation in Sweden  
In 2010 47% of the arable land in Sweden was treated with pesticides. The proportion of the 
treated area varied significantly between different regions based on intensity and crop focus. 
Larger farms also tend to use more pesticides than smaller farms. In southern Sweden, Skåne, a 
large part of the arable land is treated compared to Norrland (the most northern part) where 10 
percent of the area was treated.  This is due to the fact that many pesticide-intensive crops are 
grown in Skåne such as; sugar beets, potatoes and oil seeds. In 2010 almost 60% of all pesticides 
was consumed in Skåne (Landsbygdsdepartementet 2013). The total sales of pesticides for 
agricultural purposes were 1717 tonnes in 2012 (counted as amount kg active substance). The use 
of herbicides is dominant in Sweden, accounting for over 80% (calculated as amount active 
substance sold) of the total amount of pesticides used for agricultural purposes 
(Naturskyddsföreningen 2012). This study has focused on the following pesticide types; herbicides, 
fungicides and insecticides. The distribution between the sales of these pesticides used in 
agriculture is; Herbicides (1450,8 tonnes), Fungicides (199,9 tonnes) and Insecticides (16,9 tonnes). 
The total use of pesticides in Sweden, expressed as the use of the amount active substance per 
hectare, was in 2010 0,56 kg active substance per treated hectare for herbicides, fungicides 0,37 kg 
and insecticides 0,04 kg. In 2012 there were 677 approved chemical pesticides and 203 approved 
active substances in Sweden (KemI 2012).  
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The focus of this study is the cultivation of winter wheat and winter oilseed rape in Skåne. 
Below is a representation of hectare use and pesticide use for crop cultivation in Skåne. The 
numbers are from the season 2009/2010. Winter oil rapeseed is found in the category Rape and 
Turnip Rape.  
 

Pesticide use in Skåne 2009/2010           

  Herbicides   Fungicides   Insecticides   

Crop Hectare Treated 
area 

Treated 
area in 
hectare 

kg/ha tonne Treated 
area  

Treated 
area in 
hectare 

kg/ha tonne Treated 
area  

Treated 
area in 
hectare 

kg/h
a 

tonne 

All 
arable 
crops 

440895 74% 326262 1,16 381,1 53% 233674 0,42 96,5 31% 136677 0,04 5,2 

Cereals 206943 95% 196596 0,73 143,8 84% 173832 0,3 51,5 44% 91055 0,03 2,5 

Winter 
Grain 

122388 96% 117492 0,83 96,9 91% 111373 0,33 36,3 59% 72209 0,03 1,8 

Winter 
Wheat 

100043 97% 97042 0,84 81,8 95% 95041 0,34 31,9 63% 63027 0,03 1,6 

Spring 
Grain 

84554 96% 81172 0,58 47,6 76% 64261 0,24 15,6 23% 19447 0,03 0,6 

Spring 
Barley 

67025 98% 65685 0,59 38,8 79% 52950 0,23 12,3 19% 12735 0,04 0,4 

Rape 
and 
Turnip 
Rape 

41966 97% 40707 1 40,7 25% 10492 0,22 2,3 57% 23921 0,05 1,1 

Potatoe
s 

11430 92% 10516 1,34 14 90% 10287 2,53 26,1 34% 3886 0,06 0,2 

Legumi
nous 
Plants 

9616 95% 9135 0,8 7,3 - - - - 49% 4712 0,13 0,6 

Pasture
, 
Tempo
rary 
Grasse
s, 
Green 
Fodder 
and 
Grazin
gs  

113396 - - - - - - - - - - - - 

Horticu
lture 

7616 56% 4265 2,12 9,1 - - - - - - - - 

Other 
Crops 

14060 64% 8998 0,25 2,2 - - - - - - - - 

Table 2-2. Pesticide use in Skåne 2009/2010 (SCB 2010). 
 
As can be seen in the table above both Winter Wheat and Rape and Turnip Rape covers large 
parts of the arable land in Skåne. Below is the proportion of hectare use relative to all crops 
cultivated in Skåne.  
 

The proportion of hectare use in Skåne 
Winter Wheat  23% 
Rape and Turnip Rape 10% 

Table 2-3. The proportion of hectare use relative to all crops grown in 
Skåne (Ibid) 
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A substantial amount of pesticides is used in particularly Winter Wheat considering its proportion 
of the overall treated area in Skåne. Winter wheat uses 21% of all herbicides, 33% of all fungicides 
and 31% of all insecticides used in Skåne calculated as amount active substance sold. Winter 
wheat furthermore stands for 30% of the total area where herbicides are used, 41% of the total 
area where fungicides are used and 46% of the total area where insecticides are used. Considering 
intensity, the cultivation of winter wheat uses 72% of herbicides relative to all arable crops, 81% of 
fungicides and 75% of insecticides, indicating that there are other more pesticide intensive crops 
grown in Skåne, calculated as kg/ha. Rape and turnip rape uses 11% of all herbicides, 2% of all 
fungicides and 21% of all insecticides used in Skåne calculated as amount active substance sold. 
Rape and turnip rape furthermore stands for 12% of the total area where herbicides are used, 4% 
of the total area where fungicides are used and 18% of the total area where insecticides are used. 
Considering intensity, the cultivation of rape and turnip rape uses 86% of herbicides relative to all 
arable crops, 52% of fungicides and 125% of insecticides, indicating that there are other more 
pesticide intensive crops grown in Skåne except in insecticide use which is more intense than the 
average use for all arable crops. The proportion of pesticide use in the cultivation of winter wheat 
and rape and turnip rape relative to all arable crops cultivated in Skåne can be seen in table 2-4 
below. 
 

Relative pesticide use in winter wheat and rape and 
turnip rape 

     

 Herbicides   Fungicides  Insecticides   
 Hectare kg/ha tonne Hectare kg/ha tonne Hectare kg/ha tonne 
Winter Wheat  30% 72% 21% 41% 81% 33% 46% 75% 31% 
Rape and 
Turnip Rape 

12% 86% 11% 4% 52% 2% 18% 125% 21% 

Table 2-4. Relative pesticide use in winter wheat and rape and turnip rape (Ibid) 

2.2.1 The Current Tax 
The current tax on pesticides in Sweden is an excise tax with a fixed amount per quantity sold. On 
January the 1st 2015 the tax changed from 30 SEK to 34 SEK per kg/l of active substance in the 
pesticide. The tax was introduced in 1984 in order to decrease the use of pesticides for health and 
environmental reasons. Today the goal is idem to the original one. The tax has been raised three 
times, and the latest raise was done to follow the general price trend and the effects of inflation 
since 2004 (Skatteverket.se, Regeringen.se).  

2.2.2 The Swedish Government’s Action Plan 
In the Swedish Government’s action plan for sustainable use of pesticides for the period 2013-
2017, the overall objective is to cause a decreasing risk trend. It further aims to improve 
sustainable pest management through the development and incorporation of integrated pest 
management and various cropping systems such as organic production. The promotion of an 
economically, organically and socially sustainable pest management is central on a long-term 
perspective. Stated goals in the action plan are (Landsbygdsdepartementet 2013); 
 

• Reduce the risks for human health and the environment. 
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• The levels of pesticides in surface- and groundwater should be close to zero, in line with the 
Swedish parliament’s environmental quality goal non-toxic environment until 2020.  

• Residue levels in domestically grown plant foods should be low and not pose a risk for the 
consumer. 

• Risks for professional users of pesticides should be small by taking protective measures and 
develop appropriate operational procedures. 

• Sustainable farming systems, which among other things involves new techniques and 
alternative methods, must be developed and applied to a greater extent in order to reduce 
reliance on chemical pesticides  
(Ibid).  

 
Sweden applies the so-called “produktvalsprincipen” (the substitution principle), which means that 
there is an obligation to not use or sell any harmful chemical products if there are less harmful 
alternatives that are equivalent for the intended purpose. For the principle to be used there is a 
need for substitutes. If there is a possibility for substitution the regulatory authority have the right 
to ban the selling of a product with support from the produktvalsprincipen. This entails that there 
is an existing thorough knowledge of the products use, existing alternatives and if the product is 
replaceable. This type of knowledge is generally very limited for the authority. Many substances 
are incompletely investigated with regards to their health and environmental effects and it is 
therefore uncertain whether they really represent less harmful alternatives to the products that are 
desired to be phased out. Produktvalsprincipen applies to everyone, including consumers. 
However, there is special reason to mark this rule to permit required companies where most of the 
harmful chemicals can be found (KemI 2008). 

2.3 The Situation in Denmark  
The use of pesticides increased with 35% between 2007 and 2011. Similar to Sweden, herbicides 
are the most commonly used pesticide in Denmark. In 2013 68% of the pesticides used were 
herbicides, followed by 19% fungicides and 1% insecticides. The sales in pesticides in kilo per 
hectare the same year were 1,28 kg/ha for herbicides, 0,36 kg/ha for fungicides and 0,03 kg/ha 
for insecticides. In 2013 4199 tonnes (calculated as amount active substance) of pesticides were 
sold in Denmark. The same year 749 different pesticide products were sold. 208 active substances 
were approved in Denmark in 2013 (Miljøstyrelsen 2014, Danish Government Report 2013). 

Using the pesticide load indicator, the current total pesticide load levels in Denmark are as 
follows in table 2-5. The information is gathered from the report Bekæmpelsesmiddel-statistik 2013 
that publishes statistics on pesticide use and loads in Denmark (Miljøstyrelsen 2014).  
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Year Pesticide 
Load 

2007 2,41 
2008 3,43 
2009 2,80 
2010 3,32 
2011 2,92 
2012 4,91 
2013 3,49 

Table 2-5. Pesticide 
Loads in Denmark.  

 
The table below describes the treatment frequency and pesticide loads for each pesticide type in 
the corresponding crops categories that are analysed in this study. The information is gathered 
from Bekæmpelsesmiddel-statistik 2013 (Ibid). 
 

 Barley/Winter 
Grains 

Rapeseed 

Area 737 176 
Relative Area 33% 8% 
Treatment 
Frequency 

  

Herbicides 1,78 2,12 
Plant regulators 0,34 - 
Fungicides 1,46 0,77 

Insecticides 0,69 1,8 

Total 4,27 4,69 
Pesticide Load   

Herbicides 1,72 1,25 

Plant regulators 0,15 0 
Fungicides 1,73 0,56 

Insecticides 1,08 1,51 

Total 4,68 3,33 

Table 2-6. Pesticide use in Danish corresponding crop types.  
 
The expected reduction in pesticide loads in Denmark originates from a report analysing the 
potential reduction in pesticide loads by substitution of agents and the use of IPM from 2013 
(Ørum et al 2013.). This report concludes that the new tax will lead to a reduction in total load 
between 40% to 50%. The report further concludes that this effect will be visible first within a 
couple of years due to hoarding of the pesticide with the largest price increases.  

2.3.1 The New Tax in Denmark 
The design of the Danish tax system on pesticides takes both expected environmental and farmer 
health effects in consideration when deciding the tax level on each pesticide. This means that the 
constitution of each pesticide will affect the end tax level on each product. Following this principle 
the Danish tax is differentiated based on the pesticide load on farmer health and the environment - 
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where the environmental category is divided in two parts; environmental toxicity and 
environmental fate (Miljøstyrelsen 2013).  

The Danish Government has the aim to reduce all damages caused by pesticides to human 
health and the environment. The Danish tax attempts to achieve this by reflecting the load of 
environmental and human health in the tax base for each product. A total of 16 factors are divided 
into three categories that constitutes the environmental and human health load by each product 
(as described in the report; Background and content of the new pesticide tax (ibid);  
 
(1) Environmental toxicity - The effects of the product on non-target organisms; effects on birds, 
fish, daphnia, algae, earthworms etc. (2) Environmental fate and behaviour effect - The 
degradation and accumulation of the product in the environment. The tax base is determined by 
the substances’ persistence, bioaccumulation and risk of leaching to groundwater. (3) Human 
health effect - The risks of the product for users; the possibility of causing damage to foetuses, 
acute toxicity, eye irritations etc. (Ibid). 

The total environmental and health load of a product is the sum of the total score in each 
category. The Pesticide Load Indicators uses the same criteria (ibid). Accordingly the Danish tax 
rates are (as described in the report; Background and content of the new pesticide tax 2013);  
 
(1) 107 DKK/kg or litre of active substance multiplied by the score of the environmental effect. (2) 
107 DKK/kg or litre of active substance multiplied by the score of the environmental fate and 
behaviour effect. (3) 107 DKK/kg pesticide multiplied by the score of the human health effect 
(Ibid)  
 
To calculate the Danish tax for the (1) and (2) categories data from the Pesticide Properties 
Database (PPDB) is used, as this data contains information about the substances properties. The 
(3) category uses the certain product’s classification, formulation and exposure method to calculate 
the tax base. (1), (2) and (3) ultimately carries an equal weight in relation to each other (Ibid).   

The three categories are supplemented by a basic tax that is based on the amount (kg/l) of 
active substance in the product. The basic tax has a rate of 50 DKK/kg or litre of active 
substances and is included in the Danish tax to make certain that no pesticide is tax-free. It will 
also help to reduce the overall use of pesticides irrespective of their properties. The price difference 
between the more harmful and the less harmful pesticides will cause incentives for farmers to 
substitute their use of pesticides to less harmful products due to a higher tax burden on products 
more harmful. It will also cause incentives for development and innovation for pesticides that 
would score low on the total score in all three categories. Which in turn would be products with a 
low risk of harming the environment and human health. As earlier stated the Danish tax is also 
expected to reduce the total pesticide load by 40% from the pesticide load in 2015. Tax revenues 
are also expected to increase, with around 150 DKK (per year) in extra revenue (Ibid). 

Pesticides used in closed systems (such as closed greenhouses) will have a reduced taxation 
level for the (1) and (2) category as the use of these products is not expected to increase the 
exposure of the products outside the greenhouses. The basic tax and the (3) category will however 
stay the same  (ibid). A further elaboration on the methodology behind the tax will be given in 
section 4.1 
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2.3.2 The Danish Government’s Pesticide Strategy 
In 2013 the Danish government released a new strategy on pesticide use that stated the goal to 
reduce pesticide loads by 40% by the end of 2015 (compared to 2011). The sustainable use of 
pesticides and a reduction of the dependency on pesticides are emphasized. As is the pesticide use 
effects on human health, nature and groundwater. The new strategy could be seen as a reaction of 
an increase in the pesticide use with 35% between 2007 and 2011. One main activity to reach the 
goal of a 40% reduction is the introduction of a differentiated tax on pesticides. In addition to the 
new tax the new pesticide strategy contains two types of activities; cross-sectorial initiatives and 
initiatives linked to areas of special interest. The cross-sectorial activities includes; strict approval of 
pesticides, strengthened initiatives to protect groundwater, increased food safety and investments 
in research and technology. Areas of special interests are initiatives aimed at specific target groups; 
Agriculture (farmers, horticulturalists etc.), Public areas (municipalities, regions and their 
governmental institutions), Golf courses and owners of private gardens. In addition to this the goal 
is to integrate the IPM principles into the farmers activities to reduce the need for spraying 
considerably. The new pesticide strategy has a total financing for a three-year period of 253,3 
million DKK, with an annual financing of 84,5 million DKK. It will mainly be financed through 
revenues from the new pesticide tax. But financing will additionally come from fees and 
reallocation of resources from the Ministry of Food, Agriculture and Fisheries and the Ministry of 
Environment (Danish Government Report 2013).  

Denmark too applies a substitution principle in the chemical product area. As in Sweden 
this principle exist to ensure that load is minimized. It means that harmful substances, products or 
processes should be substituted by other less harmful substances, products or processes with the 
same function. If there are several options, the substitution must be made to the substances that 
are less harmful towards the environmental and human health (Miljøstyrelsen.se). 

2.4 EU Regulation and Strategy 
Regulation and legislation on chemical substances, products and goods that are released onto the 
EU market is harmonized within the EU. This means that individual member states cannot apply 
more or less severe requirements than required by the rules. Economical measurements within a 
member state are furthermore allowed if it is not designed as a custom duty, does not discriminate, 
is not designed as state aid and can be considered to be proportionate and appropriate. According 
to the Swedish Chemical Agency environmental taxes do not stand in contradiction to EU 
regulations on chemicals. But considerations to EU law and regulations need to be done. This is 
particularly important for sectors where there are detailed EU regulations. If a member state is 
about to introduce an environmental tax it needs to be notified to the EU and the WTO. Other 
member states and the EU commission will then have the opportunity to leave comments on the 
proposed environmental tax, controlling that EU law is followed. Indirect taxes (on pesticides for 
instance) are an area where the EU can introduce harmonized tax regulations. The purpose of a 
harmonized legislation is to ensure a well functioning market within the EU and to avoid distorted 
competition (KemI 2013).  

EU’s sixth environment action plan includes a thematic strategy on the use of pesticides. 
The objectives in the strategy are (1) Minimize the hazards and risks towards health and 
environment linked to the use of pesticides (2) Improve controls on the use and distribution of 
pesticides (3) Reduce levels of harmful active substances used, in particular by substituting the most 
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dangerous with safer alternatives (4) Encourage low-input or pesticide-free cultivation (5) Establish 
a transparent system for reporting and monitoring the progress made in achieving the objectives of 
the strategy. (European Commission – 1, 2007) 

In a EU directive (2009/128/EG) the EU states that economical instruments can play a 
crucial role to reach the goals of a sustainable use of pesticides. The directive state that the use of 
these instruments should therefore be facilitated and that each member state can decide how these 
instruments can be used without affecting the application of state aid rules. The directive 
recommends national action plans for a sustainable pesticide use that would enable setting 
quantitative goals, targets, measures, timetables indicators to decrease the risks when using 
pesticides. It is furthermore stated that member states should monitor the use of pesticides 
containing particularly harmful active substances and establishing timetables and targets for how 
to reduce these products.  

The EU is divided into three pesticide zones; north, centre and south. These zones have 
compulsory mutual recognition within each zone to facilitate for pesticide manufacturers to get 
their products approved across borders. The idea is that this will be beneficial for the users of the 
products since it will make the pesticides available more quickly. Individual member states do 
however have the ability to ban a product due to certain agricultural or environmental conditions. 
Sweden is a member of the northern zone together with Denmark, Estonia, Finland, Latvia and 
Lithuania. The members of the northern zone and Norway have agreed to collaborate on 
applications for renewed authorization of plant protection products (European Parliament, 
KemI.se - 3).  

The EU has adopted Reach (Registration, Evaluation, Authorization and Restrictions of 
Chemicals) that aims to ensure a high level of protection of human health and the environment. 
The substitution principle also exists within this frameworks and states that when safer alternatives 
can be identified the more harmful chemicals should be replaced with the safer alternatives, similar 
to the principles in Sweden and Denmark (EEB.org).   
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3. Theoretical Framework 
This section will introduce economic theory and environmental economic theory relevant for this 
study that will act as a basis when evaluating the results. It will also introduce earlier research 
within the field of this study as a basis for the analysis. A brief explanation will be given to basic 
economic models as these are the pillars of the more relevant theories used in this study. For 
further readings it is referred to the references. Emphasize will be given to how externalities can be 
internalized through taxation. Miljöekonomi (2012) by Runar Brännlund and Bengt Kriström is 
used as main material for the theoretic part of this study.  

3.1 How to Deal with Environmental Resources  
The starting point in economics is that resources are scarce and that a number of choices arise 
when consideration are given to how these resources should be optimally used. In a perfect market 
economy the market powers will solve the problem of resource allocation. In such a situation there 
is said to be (1) many buyers with a small market share (2) many sellers with a small market share 
(3) no interaction between buyers (4) no interaction between sellers (5) homogenous good (6) 
complete information (7) no external effects (8) no public goods. When any of these points is not 
valid, there is a market failure. In environmental economics it is mainly the two last points (7) and 
(8) that are considered. In a basic model the optimal choice of resources can be described by 
Pareto-optimality. This is a situation where no one can get it better, without anyone else getting 
worse off. Two main characteristics of a perfect market economy are particularly worth 
mentioning, the first and the second fundamental welfare theorem. The first theorem states that in a perfect 
market economy every market equilibrium is Pareto optimal. Consequently the market forces will 
ultimately lead to a Pareto optimal situation and no government intervention is needed. The 
second theorem states that any Pareto optimal situation can be supported by a market equilibrium, 
by appropriately redistributing wealth and letting the market forces do its job. This has given 
support to the idea of government intervention and wealth redistribution policies. This thesis 
follows the notion of the second theorem, which supports the use of economic measures 
(Brännlund et al. 2012). 

3.1.1 External Effects  
The existence of negative external effects is one of the major arguments for state intervention. An 
external effect is a situation where the production of a good has effects on the external 
environment. The effects can be both positive and negative. In a Pareto optimal situation no 
external effects can exist. In Miljöekonomi by Runar Brännlund and Bengt Kriström the authors 
mention the production of paper pulp as an example where the production could have negative 
external effects through discharges into water that causes negative effects for fishing companies. 
One example of a positive external effect could be apple orchards having positive effects for 
beekeepers. Agriculture causes many external effects, both positive (open landscapes) and negative 
(eutrophication). In many cases those that cause a positive external effect does not get any 
compensation for it, similarly no compensation is usually required for those responsible for causing 
negative external effects. A discussion on who should pay for the damages is however required. 
There are two possibilities, either the polluter pays (the Polluter Pays Principle, PPP) or the victim 
pays (the Victim Pay Principle, VPP) for the damage caused from the negative externality. Both 
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principles gives idem results regarding the pollution, but the distribution of the income varies 
(Ibid).  

3.1.2 Public Goods  
A public good is a good that is defined by being non-excludable (impossible to prevent people from 
using it) and non-rivalrous (one persons use of a good does not affect other peoples use of a good). 
Examples could be air quality or knowledge. The existence of public goods is a market failure. For 
a good that is completely public the consumption of this good does not pose a problem since all 
consumers consume equally as much. It is rather a question on how much that should be 
produced. Everyone benefits for every unit of a public good that is produced. A public good is 
characterised by property rights not being well defined (Ibid). Out of an economical rationale, the 
collective goods that are affected by pesticide use are for instance water quality and pollination by 
bees.  

3.1.3 Property Rights  
A necessary condition for a market to be functioning is well-defined property rights. A seller 
transfers the property rights of a good to the buyer and if it is unclear what the seller is selling it is 
hard to define the market of a good. An important term when discussing property rights is the 
Coarse-theorem which tells that as long as property rights are well defined, voluntary negotiation 
settlements will cause optimal solutions. For this theorem to hold it is necessary that transaction 
costs are low and that there are only two parties in the negotiations. Transaction costs are seen as 
an obstacle to meet an agreement. Property rights are particularly important when it comes to 
environmental resources. The lack of property rights is one of the reasons why it is so hard to 
prevent overfishing of the oceans and to protect the atmosphere, both being public goods with 
badly defined property rights. A common expression to describe this is the tragedy of the commons, 
which describes the situation where each user receives direct benefit of using the resource, but only 
bears a fraction of the cost of its exploitation (Ibid). Problems with property rights in the context of 
this thesis could be air and water quality, pollination, animal welfare etc.  

3.1.4 How to Internalize External Effects  
External effects can be internalized through the use of economic policy instruments or regulation. 
When external effects are internalized a price is put on the external effect that is internalized into 
the price of the originating production causing the external effect. The basic thought behind 
internalization is to give incentives for a behavioural change that is to the benefit for the society. 
Internalization can be done in many ways. One way is to put a price on “the environment” by 
using taxes or fees. Other ways could be to implement a deposit system or create markets that deal 
with the negative externalities - emission markets is a good example of this (Ibid).  

In A Note on Optimal Taxation in the Presence of Externalities (2003) Wojciech Kopczuk argues 
that externalities should be targeted directly through Pigouvian taxation, when the tax is se exactly 
equal to the marginal environmental damage corresponding to the socially optimal level of 
pollution. The presence of negative externalities should be fought with the help of a more general 
Principle of Targeting – meaning that the externality is corrected by targeting its source directly, even 
when other distortionary taxes are present. On a policy level, this means that correcting for 
externalities can be done on an ad hoc basis by taxing the originator of the externality (Panayotou 
1994). Kopczuk further concludes with the following policy prescription that comes in two parts; 
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“correct the externality directly using the Pigouvian tax (imposed on the dirty commodity), then find and apply the 
optimal taxes while ignoring the externality but using prices corrected by the Pigouvian tax and taking into account 
that some revenue is collected by it.” (Kopczuk 2003). 

3.1.5 Price elasticity of demand of pesticides 
Price elasticity of demand is used to discuss price sensitivity. It is a way to measure how demand 
changes when the price of a good changes. A product is elastic when a small change in price results 
in a large change in demand for the product, and a product is inelastic if a large change in price 
results in a small change in demand for the product (Mankiw et al. 2011). The price elasticity of 
demand of pesticides is a very important variable that needs to be discussed in the context of this 
study. Farmers can feel dependent on one pesticide due to high efficiency of the pesticide and 
consequently be close to indifferent to price increases. An introduction of a differentiated tax bases 
on pesticide loads would in that case cause larger tax revenuers but the environmental benefits 
would be small. In a study that reviewed 15 European studies on the price elasticity of demand of 
pesticides it was concluded that the overall price elasticity of demand at farm level where shown to 
be relatively inelastic. But price elasticity of demand for individual pesticide types; herbicides, 
fungicides and insecticides, with a slightly higher elasticity for herbicides. The price elasticity in 
demand for pesticides in cereal production where the highest. The study furthermore concluded 
that a differentiated levy based on environmental hazard on pesticides should be introduced. In 
addition to this a reimbursement system that reimbursed revenues from such a levy to the farmers 
within the EU was proposed to further stimulate behavioural changes of the farmers towards 
pesticides with low loads (Hoevenagel e al.1999). 

3.2 Economic Instruments  
When the market does not send the correct signals, as a result of externalities for instance, there 
could be a need for economic instruments to be used. Instruments come in two forms; (1) 
administrative or technological instruments or (2) economical instruments. Economical 
instruments are intended to give incentives for a behavioural change. A tax on gasoline for 
example gives a higher price on gasoline and hopefully this will give the incentive to reduce the 
amount of gasoline sold (Brännlund et al. 2012).  

Both taxes and subsidies can be used to close the gap between private and social 
costs/benefits. The price of the negative externality, arising from the use of polluting products 
(such as gasoline or pesticides), is not included in the price to use these products. These are social 
costs, such as damages to people’s health and environmental damage. This means that both 
absolutely and in relation to non-polluting products or less-polluting products, the polluting inputs 
and final products are under-priced as they take no consideration of the social costs. The 
consequence is overproduction and overconsumption – the tragedy of the commons occur, which 
results in environmental damage that is higher than the socially optimal level (Panayotou 1994).  

To combat harmful environmental activities a number of strategies and policy instruments 
are used. In Alternative Approaches to Pollution Control and Waste Management by Janis D. Bernstein 
(1993) an overview of the most common strategies and policy instruments to achieve pollution 
control and waste management is presented. Pollution charges (such as taxes) are mentioned as 
particularly appropriate “when the damage from incremental units of pollution can be estimated reliably and 
least appropriate when regulators require certainty in the level of environmental quality achieved” (Bernstein 1993). 
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There are however challenges for pollution charge systems as the more sophisticated the system is, 
the more difficult will it be to implement and to enforce (Ibid).  

In a green paper from the European Commission from 2007 a number of benefits of 
economic measurements are mentioned. Economic measurements are stated to improve price 
signals by internalizing externalities and consequently promote behavioural changes that reduce 
the negative effects on the environment. It is furthermore mentioned that it increases the flexibility 
within the industry to reach environmental goals, which in turn lowers the total costs for society. It 
also gives incentives for innovation in new technology with a lower effect on the environment. 
(European Commission – 2, 2007) 

3.2.1 Environmental Subsidies  
A subsidy is a form of financial assistance from the government. The purpose of an environmental 
subsidy is to give incentives for behavioural change that is more favourable for the environment. 
Subsidies can come in many forms; from concessional loans to investment grants. As opposed to a 
tax, a subsidy could lead to entirely different outcomes. A subsidy sends signals that the particular 
market is profitable, which will attract investors. Whereas a tax provides the opposite signals – that 
the particular market is not profitable and expensive to invest in. High taxes could drive 
companies out of a market. The fundamental difference between the two is therefore found in the 
signals they send to the market. Subsidies do have a positive effect on the short term, but signalling 
that it is an attractive market will on the long term bring more new companies to the market – 
which could lead to more environmental damage on the long run. A subsidy might moreover help 
obsolete technologies to survive and consequently help to conserve an industry. With a tax on the 
other hand such technologies would be phased out and give clear signals to the market both on the 
short- and long term that would be beneficial for the environment. (Brännlund et al. 2012) 

3.2.2 Environmental Taxes  
Environmental taxes can be used to close the gap between private and social costs by setting the 
tax equal to the marginal environmental damage that corresponds to the socially optimal level of 
pollution. This is known as full-cost pricing or a Peguvian tax. The pollution does not reach zero 
with the use of this method, but it reaches an optimal level described by the situation where the 
marginal benefit from reducing the pollution equals the marginal costs. The graph below describes 
this situation. To the left is the situation where the marginal social cost of the externality equals the 
marginal benefit of producing the good. To the right is the situation with an optimal level of 
pollution reduction where the marginal benefit of reducing the externality equals the marginal cost 
of reducing the externality (Panayotou 1994). The optimal point in levying a tax on the load of 
pesticides can therefore be found where the marginal cost of reducing the pesticide load equals the 
marginal benefit of reducing the pesticide load.  
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Graph 3-1. Optimal level of pollution reduction (Ibid). 
 
Environmental taxes can be levied either; (1) on the pollutant itself or (2) on the final product 
related with the negative externality. Levying the tax on the pollutant itself creates the incentive 
and flexibility for the user to reduce its pollution. This is a more effective way then levying the tax 
on the final product related with the negative externality. By levying the tax on the pollutant itself 
gives the incentive for the user to switch to products that are less harmful, as the tax will be 
incorporated (all or some part of it) in the price of the final product depending on the elasticity of 
demand and supply of the product. It can also be structured so that it provides an incentive for 
pollution control. Taxing the pollutant itself is however difficult since (1) it is hard to estimate the 
marginal benefit and the marginal cost curves to decide the optimal pollution level, (2) the taxes 
needs to provide an incentive for change which means that they cannot be too low, but a too high 
tax requires complex tax structures and administrative mechanisms and (3) emission taxation is 
usually much more costly than product taxation. Levying the tax on the final product is a more 
indirect approach that does not provide an incentive for the user to reduce its use of the pollutant 
itself. Rather it works by limiting the production and consumption of the final product or to use 
less of the input. This type of tax is more suitable on consumption-related products as the higher 
price makes consumers aware of the environmental consequences of their choices. To levy a tax on 
inputs or the final product has the positive side of a need of a less complicated administrative 
system. There are no requirements to monitor flows or emissions, the tax can just be collected 
when the good is sold. This type of tax can act as an incentive pollution reduction, but it depends 
on the tax level being high enough and an elastic demand that discourages the consumption and 
consequently the use of the product (Ibid). 

A well-discussed idea is that environmental taxes can cause a situation described by the 
double dividend hypothesis. This means that the environmental tax does not only cause an 
improvement for the environment, but also an improvement in economic efficiency – a double 
dividend. This is if the revenues of an environmental tax are used to reduce other distorting taxes, 
such as the income tax that distorts labour supply. This is referred to as a tax-switching policy. 
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There are three types of double dividends; (1) Weak double dividend – tax revenues from the 
environmental tax is used to lower the other distorting taxes that increase welfare. It excludes the 
value of the improvement on the environment and ignores the possibility of a lump sum payment 
to the tax payers (2) Mid-weak double dividend – tax revenues from an environmental tax is used 
to lower a certain distorting tax which leads to a welfare improvement excluding the value of the 
improvement on the environment (3) Strong double dividend - tax revenues from the 
environmental tax is used to lower the other distorting taxes that generally increase welfare 
excluding the value of the improvement on the environment. (1) occurs if the distorting tax entails 
welfare costs. If an environmental tax is introduced, it is better to use the revenues to lower the 
negative effects of the distorting tax (2) is for a generic distorting tax (3) is for a typical distorting 
tax. (Brännlund et al. 2012). The double dividend is however heavily debated. Jaeger (2012) maps 
out the debate by discussing the potential of environmental taxes revenues in relation to the double 
dividend hypothesis. He concludes that it is a complex matter that arises from two different 
motives; to raise revenue and to internalize externalities, where most economic research has only 
focused on one of these (Jaeger 2012). Others argue that there is a need for more theoretical 
research about when the double dividend does hold and not and that the possibility of double-
dividend outcomes from environmental tax-shifting remains an open question (Sanstad et al. 2000) 
Fullerton and Metcalf (2009) suggests that the validity of the double dividend hypothesis cannot be 
seen as a general principle, in some cases it might work, in others not (Fullerton et al. 2009). 
Others (Shöb 2003) question the strong form of the double dividend as it heavily depends on the 
structure of the economy; “a green tax reform is likely to fail to increase non-environmental welfare in economies 
with functioning labour markets, it may succeed in economies suffering from involuntary unemployment” (Schöb 
2003).  

A redirecting tax switching policy, suggests that the tax revenues from the tax increase is 
redirected and reintroduced within the same sector, this could mean a joint regulation reform that 
increases the support to the affected sector since earmarking of taxes is hard. A tax on pesticides 
(which affect the farmers) would consequently be reinstated, in some form, into the farmers 
operations to minimize the financial strain (due to the increased tax) for the farmers. One example 
of a redirecting tax switching policy is the fee on nitrous oxide (NOx) in Sweden. The fee is levied 
on the amount of released NOx from combustion plants. The fee is then repaid in relation to the 
amount of utilized energy from these plants. This way of taxing nitrous oxide has been proven 
efficient to reduce the release of nitrous oxide in Sweden (Byman et al. 2007). Naturvårdsverket 
(Swedish Environmental Protection Agency) supports this type of tax switching in their report 
Fortsatt Grön Skatteväxling (2004); when a tax increase effect one sector exclusively, it is important 
that the relevant sector is compensated by a re-entry of the tax to relieve the distributional impacts. 
Agriculture is a sector that, for structural reasons, do not benefit immensely from a reduced tax in 
labour. A more efficient way of tax switching would therefore be a reimbursement into the sector 
and the to those affected by the tax increase. (Naturvårdsverket 2004) 

3.2.3 Differentiated taxes 
In a UNEP (United Nations Environment Programme) report Economic Instruments for Environmental 
Management and Sustainable Development (1994) it is described that a differentiated tax structure can be 
used to create incentives for users to switch from polluting products to more environmentally 
friendly products. The differentiated tax can for example redirect the use by charging a higher tax 
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on products that causes higher levels of negative externalities and charging a lower tax on products 
that causes lower levels of negative externalities. This can be a very useful tax when some products 
within the same tax-base cause a larger environmental damage than other products within the 
same category, resulting in distortions and perverse incentives for using these products. For a 
differentiated tax to function there is however a need for substitutes that causes less negative 
externalities. If no substitutes exist the differential causes a distortion. Tax differentiation has the 
purpose to cause incentives for behavioural change and is therefore calculated to be revenue 
neutral. The report further concludes that “a major limitation of a differential VAT in which tax rates very 
with the products pollution coefficients (or environmental damages) is its complexity and cost of administration while 
a simpler tax rate structure might be too blunt an instrument for internalizing environmental costs” (Panayotou  
1994). They continue by stating that great care must be taken in the design of these taxes so that 
the overall tax burden is progressive rather than regressive (Ibid). 

Differentiated tax structures have varied structures. In the UNEP report a couple examples 
of differentiated tax structures is given. Among others a differentiated value added tax between 
products with a negative effect on the environment and products with a positive effect on the 
environment and “a reduction in the annual road tax on cars and an increase in the indirect tax on car fuels to 
create a tax differential between light and heavy car users in order to discourage driving” (Ibid). Other types of 
differentiated tax structures can be found in Costa Rica where a wax differentiation based on 
vehicle characteristics was introduced where it is concluded that the implementation of a 
differentiated tax have significant impacts on the environment (Echeverria et al. 2000). Similar tax 
differentiation was introduced in several European countries during 1985 and 1986 to promote the 
use of “cleaner” cars. In this case it was as a transitional policy to speed up the implementation of 
direct regulations of air pollutions from vehicles. This type of tax differentiation was based on 
pollution characteristics, size of vehicle and/or year of purchase where buyers of “cleaner” cars 
were given a tax advantage paid buy those who bought the “dirtier” cars. Results from this policy 
have been proven to be efficient and aid in speeding up the implementation of regulation in many 
countries (Panayotou  1994). 

Differentiated taxes have increasingly gotten a more important role in environmental 
policies, especially in the OECD countries. Tax differentiation is often used so that it discriminates 
towards energy-intense industries. Many new tax schemes introduced lately involve some type of 
differentiation in the tax rates for households, industrial and commercial sectors (Böhringer et al. 
2003). In addition to Denmark, differentiated taxes on pesticides have earlier been introduced in 
Norway and France that has provided a substitution effect from high-risk products to low-risk 
products. According to the Swedish Chemicals Agency the differentiated pesticide tax in Norway 
resulted in increased sales in low risk products and decreased sales in high-risk products. Which is 
why The Swedish Chemicals Agency reaches the conclusion that tax differentiation based on the 
level of undesirable substances in many cases is an appropriate way to design taxes in the 
chemicals sector (KemI 2013).  
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4. Methodology 
This section will present the methodology used to calculate the pesticide loads, the tax levels, 
expected new prices and the simulations later presented. It will also present a brief methodological 
discussion and the implication of using this methodology.  

To analyse when and how a substitution effect will occur when implementing the 
methodology behind the Danish tax this study has analysed the production of winter wheat and 
winter oil rapeseed in Skåne, Sweden. Three types of pesticides are analysed; herbicides, 
insecticides and fungicides. The result will therefore be presented in seven parts; the result for each 
pesticide type per crop type plus a total result including all parts where field studies have been used 
(with a weight corresponding to each field studies duration counted in the number of years the 
field study has prolonged). The weight gives a higher value to those field studies with a longer 
duration. The more years a field study has prolonged, the more thorough will the result be as 
yearly changes are counted for to a greater extent. The same combinations of pesticides can give 
different yearly results due to changed weather conditions and high or low prevalence of pests. 
This will result in completely different harvests. The more years a field study has prolonged the 
more reliable the average effects will be, as it counts for these changes. A field study with a low 
number of years can for example be the subject of a year with an unusual warm and dry summer. 
More years on a field study minimizes the risks of these effects, which is why more years gives a 
larger weight in the total result.  

A field study is presented with a number of solutions, where each solution represents a 
combination of pesticides (see appendix in section 9 for a complete description of the field studies 
used). The result for each solution presents harvest and (in the herbicide field studies for example) 
each solution effect on the weeds that is tested for. In consultation with Hushållningssällskapet this 
study presents the following assumption for how an economic rationale farmer acts; in addition of 
acting price rational, e.g. choosing the solution that gives the highest profits, the farmers main 
discomfort (due to problems with resistance) is the occurrence of weeds (continuing with the 
herbicide example). Consequently, solutions with a high prevalence of weeds, insects or fungi are 
disregarded as it is assumed that farmers will not choose these solutions. After this screening has 
been made for each field study the farmer is then assumed to choose the solution where the profit 
is the largest - the farmer will act as an economic rationale farmer. It is then possible to run simulations 
with increasing tax rates to test which solutions the farmers will choose based on these assumptions 
when the tax increases – and in other words to analyse whether the farmer will choose another 
solution as the tax increases to a solution with a lower load – and to consequently analyse when 
and how a substitution effect occurs. In this study the economic rationale farmer can only choose 
between the solutions presented in Skåneförsökens field studies used in this study. To end the 
economic rationale farmer will choose the cheapest pesticide combination after first considering the 
prevalence of the pests and its effect on harvest.  

The prices for the different pesticides has been collected from Hushållningssällskapets latest 
report; SKÅNEFÖRSÖK - Försöksrapport 2014 (2014). For the pesticides where no price is reported, 
price is taken from reports from earlier years. If no price has been reported, the pesticide, and 
consequently the solution including this pesticide, has been disregarded. Since the price 
information for most pesticides are from 2014 comparatives are done with regards to the Swedish 
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tax level during 2014; 30 SEK per kg active substance (this thesis consequently does not use the 
current level of 34 SEK per kg active substance, although simulations of this level are performed).  

No field studies have been conducted using insecticides, therefore this result will differ from 
the others and not be a part of the total result. Using Vejledning I Planteværn (Jensen et al. 2015), a 
guide for crop protection in Denmark, and in consultation with an expert at 
Hushållningssällskapet the main pests in winter wheat and winter oil rapeseed was selected. A 
number of insecticides with doses that are deemed equally as efficient towards the pests were 
chosen. With an equal effect from the different insecticides the economic rationale farmer is assumed to 
choose the insecticide with the lowest cost. It can then be analysed whether a substitution effect 
can be found when increasing the tax. 

In the result and the analysis a Baseline will be used. The Baseline is the situation the economic 
rationale farmer would choose levying the tax on 30 SEK per kg/l active substance. The baseline will 
be used for comparative purposes and as a way to try and describe what the economic rationale farmer 
will choose using the current tax system in Sweden where the tax levied on the amount active 
substance in the pesticide.  

This study aims to find an efficient tax level. This is defined as a tax level that causes the 
largest possible substitution effect towards pesticides with a lower load and a reduction in pesticide 
use while at the same time causing the lowest possible financial strain on the farmer.  

4.1 Calculation of load 
To calculate the load on each pesticide the methodology described in The Agricultural Pesticide Load 
in Denmark 2007-2010 (2012) by Miljøstyrelsen is used. Relevant data has been gathered through 
the Pesticide Properties Database and the labels of the products. Load is compromised by three 
parts named; Environmental Fate, Environmental Toxicity and Human Health (measured by 
looking at the risk for the user of the product, consumer risk is consequently not covered by this 
indicator). Each part is given equal weight in the end result. A pesticide contains one or several 
active substances. The active substance is the substance that causes the effect on the pest. In the 
case of environmental fate and environmental toxicity, it is the active substances that are the basis 
for the load score. For the score on human health load the pesticide itself is the basis. 
(Miljøstyrelsen 2012) 
 
Environmental fate is a measurement of the degradation and the accumulation of the product in 
the environment. The score of an active substance is measured by its score in degradation, 
accumulation and leaching. This is then multiplied with the concentration of active substance in 
the pesticide. Table 4-1 below shows what reference values and load factor this score is multiplied 
with in order to get a score on environmental fate load (Ibid). 
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Sub Indicator Code Unit Reference 
Value 

Load Factor (Load per kg 
active substance) 

Degradation 
(persistence) 

P Half-life in soil 
(DT50) in days 

354 2,5 

Accumulation 
(bioaccumulation) 

B Bioconcentration 
factor (BCF) 

5100 2,5 

Leaching 
(mobility) 

U SCI-GROW index 10,91 20 

Table 4-1. Environmental Fate Load.  
 
Here follows an example calculation of pesticide x which contains 0,4 l of the active substance 
propyzamide. Load score on environmental fate for pesticide x is scored as follows;  
 

Load Score = Unit Value/Reference value*Load factor  
 

Environmental Fate Unit 
Value 

Load factor (L 
pr KG active 
substance) 

Reference 
Value 

Load 

Degradation - 
persistence (Soil 
DT50) 

47 2,5 354 0,331920904 

Accumulation - 
bioaccumulation 
(BCF) 

49 2,5 5100 0,024019608 

Leaching - mobility 
(SCI-Grow Index) 

0,0592 20 10,91 0,10852429 

Total    0,464464801 

Table 4-2. Environmental Fate Load. Example Score.  
 

Total score in Environmental Fate*Amount kg/l active substance 
 

0,4644*0,4 = 0,1857 
 

Pesticide x scores 0,1857 in environmental fate. 
 
Environmental toxicity is a measurement of the effects of the product on non-target organisms. 
The score of an active substance is measured by its score on the indicators in table 4-3. This is then 
multiplied with the concentration of active substance in the pesticide. Table 4-3 further shows 
what reference values and load factor this score is multiplied with in order to get a score on 
environmental toxicity load (Ibid). 
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Indicator Unit for reference value Reference 
Value 

Load Factor (Load 
per kg active 
substance) 

Short-term effect       
Birds (Fa) LD50 mg per kg body weight 49 1 
Mammals (Pa) LD50 mg per kg body weight 20 1 
Fish (Fla) LC50 mg per litre water 0,00021 30 
Daphnia (Da) EC50 mg per litre water 0,0003 30 
Algae (Aa) EC50 mg per litre water 0,000025 3 
Aquatic Plants 
(VP) 

EC50 mg per litre water 0,00036 3 

Earthworms (Ra) LC50 mg per kg soil 3,4 2 
Bees ((Ba) LD50 microgram per bee 0,02 100 
Long-term effect       
Fish (Flk) NOEC mg per litre water 0,000115 3 
Daphnia (Dk) NOEC mg per litre water 0,000115 3 
Earthworms (Rk) NOEC mg per kg soil 0,2 2 
   Table 4-3. Environmental Toxicity Load.  

 
Environmental toxicity score for pesticide x is calculated as follows; 

 
Load Score = Reference Value/Unit Value*Load Factor 

 
Environmental 
toxicity 

Unit Load 
factor for 
ord. 
Products 

Reference 
Value 

Load score 

Short-Term     
Birds (Fa) 6600 1 49 0,007424242 
Mammals (Pa) 2500 1 20 0,008 
Fish (Fla) 4,7 30 0,00021 0,001340426 
Daphnia (Da) 5,6 30 0,0003 0,001607143 
Algae (Aa) 2,8 3 0,000025 2,67857E-05 
Aquatic Plants 
(VP) 

1,4 3 0,00036 0,000771429 

Earthworms 
(Ra) 

173 2 3,4 0,039306358 

Bees (Ba) 136 100 0,02 0,014705882 
Long-Term     
Fish (Fik) 0,94 3 0,000115 0,00035771 
Daphnia (Dk) 0,6 3 0,000115 0,000560412 
Earthworms 
(Rk) 

34 2 0,2 0,004120135 

Total    0,078220522 

Table 4-4. Environmental Toxicity Load. Example Score.  
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Total score in Environmental Toxicity*Amount kg/l active substance 
 

0,078220522*0,4 = 0,0312 
 

Pesticide x scores 0,0312 in environmental fate. 
 
Human health is measured by the risk of the product for users. The score is measured by the 
number of risk phases. Each risk phase corresponds to a risk point and a load score presented in 
table 4-5 (Ibid). 
 
Risk phases relating to human 
health 

Hazard statements with respect to human health Risk points, 
inherent 
properties 

Load 
(Load per 
kg product) 

R22 Harmful if swallowed  
R37 Irritating to the 
respiratory system  
R38 Irritating to skin  
R65 Harmful: may cause lung 
damage if swallowed  
R66 Repeated exposure may 
cause skin dryness or cracking 

Acute Tox. 4, H302: Harmful if swallowed STOT 
SE 3, H335: May cause respiratory 
irritation Skin Irrit. 2 H315: Causes skin irritation 
Asp. Tox. 1, H304: may be fatal if swallowed 
and enters airways EUH066: Repeated exposure 
may cause skin 
dryness or cracking 

Score 10 0.033 

R20 Harmful by inhalation  
R21 Harmful in contact with 
skin  
R36 Irritating to eyes 

Acute Tox. 4, H332: Harmful if inhaled Acute 
Tox. 4, H312: Harmful in contact with 
skin Eye Irrit.2 H319: Causes serious eye 
irritation 

Score 15 0,05 

R43 May cause sensitisation 
by skin contact 

Skin sens. 1 H317: May cause an allergic skin 
reaction 

Score 20 0,066 

R33 Danger of cumulative 
effects  
R67 Vapours may cause 
drowsiness and 
dizziness 

STOT SE 3, H336: May cause drowsiness or 
dizziness 

Score 30  0,1 

R25 Toxic if swallowed  
R42 May cause sensitisation 
by inhalation 

Acute Tox. 3, H301: Toxic if swallowed Resp. 
Sens. 1 H334: May cause allergy or 
asthma symptoms or breathing difficulties if 
inhaled 

Score 50 0,166 

R64 May cause harm to 
breastfed babies 

Lact., H362: May cause harm to breast-fed 
children  

Score 50 0,166 

R23 Toxic by inhalation  
R24 Toxic in contact with skin  
R28 Very toxic if swallowed  
R34 Causes burns Carc. Cat. 
3:  
R40 Limited evidence of a 
carcinogenic effect  
R41 Risk of serious damage to 
eyes Xn;  
R48 Harmful: danger of 
serious damage to 
health by prolonged exposure 
Rep. 3;  

Acute Tox. 3, H331: Toxic if inhaled Acute Tox. 
3, H311: Toxic in contact with skin Acute Tox. 2, 
H300: Fatal if swallowed Skin Corr. 1B H314: 
Causes severe skin burns 
and eye damage Carc. 2, H351: Suspected of 
causing cancer 
(possible route of exposure) Eye Dam. 1 H318: 
Causes serious eye damage STOT RE 2, H373: 
May cause damage to 
organs through prolonged or repeated 
exposure (possible specific organs/route of 
exposure) Reper 2, H361 (possibly f and/or d): 
Suspected 

Score 70 0,233 
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R62 Possible risk of impaired 
fertility Rep. 3;  
R63 Possible risk of harm to 
the unborn 
child Xn;  
R68 Harmful: possible risk of 
irreversible 
effects Mut. 3;  
R68 Possible risk of 
irreversible effects 

of damaging fertility or the unborn child 
(possible specific effect/exposure route) STOT SE 
2, H371: May cause damage to 
organs (possible specific organs/route of 
exposure) Mut. 2, H341: Suspected of causing 
genetic 
defects (possible route of exposure) ' 

  Acute Tox. 2, H330: Fatal if inhaled Acute Tox. 
2, H310 Fatal in contact with skin Acute Tox. 1, 
H300: Fatal if swallowed 

Score 85 0,283 

R26 Very toxic by inhalation  
R27 Very toxic in contact with 
skin  
R35 Causes severe burns  
R39 Danger of very serious 
irreversible effects Carc. 1/2;  
R45 May cause cancer Mut. 
1/2;  
R46 May cause heritable 
genetic 
damage T;  
R48 Toxic: Danger of serious 
damage to 
health by prolonged exposure  
R49 May cause cancer by 
inhalation Rep. 1/2;  
R60 May impair fertility Rep. 
1/2;  
R61 May cause harm to the 
unborn 
child 

Acute Tox. 1, H330: Fatal if inhaled Acute Tox. 
1, H310 Fatal in contact with skin Skin Corr. 1A, 
H314: Causes severe skin burns 
and eye damage STOT SE 1, H370: Causes 
damage to organs 
(possible specific organs/route of exposure) Carc. 
1A/B, H350 (poss. i): May cause cancer 
(possible route of exposure) Mut. 1A/B; H340: 
May cause genetic defects 
(possible route of exposure) STOT RE 1, H372: 
Causes damage to organs 
through prolonged or repeated exposure 
(possible specific organs/route of exposure) Reper 
1A/B, H360 (poss. F/f and/or D/d): May 
damage fertility or the unborn child (possible 
specific effect/route of exposure) 

Score 100 0,33 

Table 4-5. Human Health Load.  
 
Since the formulation of the product is significant to the risk for the user the following score is 
applied for the products different formulations. The score on human health load is multiplied with 
the exposure factor to get the final score on human health load (Ibid). 
 

Formulation  Exposure 
Factor 

Powders that must be dissolved in water before use, and liquids (high exposure on 
mixing) 

1,5 

Other formulations including; Ready-to-use solution bags, granulates, pellets, 
water-soluble tablets, insecticide sticks or other solid formula, water-soluble 
bags, pesticides for seed treatments for industrial use, gas cartridges, etc. 

1 

Table 4-6. Exposure factors for users of pesticides.  
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Human score for pesticide x is calculated as follows; 
 

Load Score = Load*Exposure Factor 
 

Human 
Health 

Risk points, 
inherent 
properties 

Load (L pr KG 
product) 

Exposure 
factor 

Load 

R40 70 0,233 1 0,233 
R22 10 0,033 1 0,033 
Total    0,266 

Table 4-7. Human Health Load. Example Score.  
 

Total score in Human Health = 0,266 
 

Pesticide x scores 0,266 in human health. 
 
Total Load is the sum of the pesticides score on each three parts of the load; environmental fate, 
environmental toxicity and human health. The example calculation of pesticide x would therefore 
get a total score in load; 
 

Score Environmental Fate + Score Environmental Toxicity + Score Human Health 
 

0,1857 + 0,0312 + 0,266 = 0,48 
 

Total load of pesticide x is 0,48.  

4.2 Pesticide Price Calculations 
To calculate the expected price for the pesticides, prices have been gathered from Skåneförsökens 
report from 2014 (Skåneförsök 2014). To calculate the new taxes the current tax has been 
removed. Calculations on load for each pesticide has then been made in order to get a number on 
load for each pesticide. It is then possible to calculate new prices for different tax rates using the 
current taxation system in Sweden (levying a tax on the amount active substance), the current 
system in Denmark (levying a tax on the amount active substance and total load) and levying a tax 
purely on load.  
 
Below follows an example calculation for Bacara, which has a total load of 7,0329. In 2014 Bacara 
was sold for 385 SEK/l. With a load tax at 30 SEK/load Bacara will cost 585 SEK/l. New tax 
amount; 30*7,03 = 210,9.  
 

Product Price
/Unit 

Unit Active 
Substance 

Tax Price 
Without 
Tax 

New 
Tax 

Tax 
Increase 

Price with 
new tax 

Price 
Increase 

Total 
Load 

Amount 
Active 
Substance 

Bacara 385 l Diflufenik
an (100g) 
Flurtamon 
(250g) 

10,50 374,50 210,99 2009% 585 152% 7,03 0,35 

Table 4-8. Pesticide load score. Load tax.   
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Levying a basic tax at 34 SEK per kg/l active substance will however increase the price for Bacara 
briefly from 385 to 386 SEK/l. New tax amount; 34*0,35 = 11,9. 
 

Product Price
/Unit 

Unit Active 
Substance 

Tax Price 
Without 
Tax 

New 
Tax 

Tax 
Increase 

Price with 
new tax 

Price 
Increase 

Total 
Load 

Amount 
Active 
Substance 

Bacara 385 l Diflufenikan 
(100g) 
Flurtamon 
(250g) 

10,50 374,50 11,90 113% 386 100% 7,03 0,35 

Table 4-9. Pesticide load score. Basic tax.   
 
Levying a Basic and Load tax at 30 SEK per kg/l active substance plus 30 SEK per load increases 
the price from 385 to 596 SEK/l. New tax amount; 30*0,35+30*7,03 = 221,49.  
 

Product Price/
Unit 

Unit Active 
Substance 

Tax Price 
Without 
Tax 

New 
Tax 

Tax 
Increase 

Price with 
new tax 

Price 
Increase 

Total 
Load 

Amount 
Active 
Substance 

BACARA 385 l Diflufenikan 
(100g) 
Flurtamon 
(250g) 

10,50 374,50 221,4
9 

2109% 596 155% 7,03 0,35 

Table 4-10. Pesticide load score. Basic and load tax.   
 
The result in section 5.1 will present the complete expected price changes when levying a tax on 
load.  

4.3 Tax Calculations and Substitution Effect 
Here follows an example calculation to demonstrate how the economic rationale farmer acts and how 
the substitution effect has been identified. In the example calculation the field study L5-3021 of 
herbicide use in the cultivation of winter wheat from year 2010 is used. Below the price and load 
for each pesticide used in the field study is presented. To allow for simulations where new 
additions of tax levels the current tax level (30 SEK per kg/l active substance) have been removed 
from each product, consequently the prices in this example are without any tax set on the 
products. Load tax is therefore 0 SEK.  
 

Pesticide Price Load 
Bacara 375 SEK/l 7,0329/l 
Fox 265 SEK/l 2,26128/l 
Starane XL 155 SEK/l 0,56137/l 
Express 6,025 SEK/gr 1,51500/kg 
Starane 182 SEK/l 0,63918/l 
Vtm (Biowet) 48 SEK/l 0/l 
Table 4-11. Price and Load for pesticide use in field study L5-3021 2010. Load tax 0 SEK.  

 
One solution in the field study was excluded since no price information was available for the 
substances; ANR 0601 and NA0803. All solutions were deemed effective in its effect on weeds. 
Prices on winter wheat has been gathered from Hushållningssällskapet and the costs are solely 
based on the cost of the pesticides. Following the assumption that the farmer is profit maximizing 
the economic rationale farmer will choose solution “D” with the highest profit (14873 SEK/ha) 
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corresponding to the load factor 2,39. As can be seen in the table below this solution (load 2,39) is 
not the solution with the combination of pesticides that results in the lowest load – “G” (0,40).  
 

Table 4-12. L5-3021 2010. Load tax 0 SEK. 
 
The columns describes; 1st Column – year and pesticide combinations used in each solution, Harvest 
kg/ha – the harvest presented as kilo per hectare, Weeds – the prevalence of weeds in relation to a 
an untreated field, Sales Price – the expected sales price per hectare, Costs – the expected costs per 
hectare, Profit – the expected profit per hectare, Profit Increase – the expected profit increase in 
relation to an untreated solution per hectare, Profit Change – measured as change in profit in 
relation to baseline where a negative number represents the loss in profit per hectare and a positive 
number represents the extra profit per hectare, Load – the sum of the load of the pesticide 
combinations used per hectare.  
 
The tables below depict the same field study but with a load tax levied at 70 SEK per load in each 
pesticide. First is a representation of the new price and load of each pesticide with a load tax on 70 
SEK plus the old price to compare with.  
 

Pesticide Old Price New Price Load 
Bacara 375 SEK/l 867 SEK/l 7,0329 
Fox 265 SEK/l 422 SEK/l 2,26128 
Starane XL 155 SEK/l 194 SEK/l 0,56137 
Express 6,025 SEK/gr 6,13 SEK/gr 1,51500 
Starane 182 SEK/l 226 SEK/l 0,63918 
Vtm (Biowet) 48 SEK/l 48 SEK/l 0 

Table 4-13. Price and Load for pesticide use in field study L5-
3021 2010. Load tax 70 SEK.  

 
Following the same assumptions as before, the most profitable solution is now “G”, which is the 
rationale choice and the load for this solution are 0,40. A substitution effect has occurred with a loss in 
profit of 25 SEK per hectare (profit change) for the farmer.  
 
 
 

2010 Harvest 
kg/ha 

Weeds Sales 
Price 

Costs Profit Profit 
Increase 

Profit 
Change 

Load 

A. Untreated 8850 100 13570 0 13570 0 0 0 
B. 0,75 l Bacara 1)  9647 7 14791 280 14510 940  

8 
5,2746
75 

C. 1,0l Fox 1) + 0,5 l 
Starane XL 2) 

9735 2 14927 342 14585 1015  
16 

2,5419
65 

D. 0,3 l Bacara 1) och 
0,5 l Starane XL 2) 

9824 1 15063 189 14873 1303  
5 

2,3905
55 

E. 0,3 l Bacara 1) och 1,0 l 
Starane XL 2) 

9824 1 15063 267 14795 1225  
6 

2,6712
4 

G. 1,5 tab Express + 0,6 l 
Starane + 0,1 l vtm 2)   

9735 6 14927 181 14745 1175 3 0,4005
5175 
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2010 Harvest 
kg/ha 

Weeds Sales 
Price 

Costs Profit Profit 
Increase 

Profit 
Change 

Load 

A. Untreated 8850 100 13570 0 13570 0 0 0 
B. 0,75 l Bacara 1)  9647 7 14791 650 14141 571  

-361 
5,2746
75 

C. 1,0l Fox 1) + 0,5 l Starane 
XL 2) 

9735 2 14927 361 14565 995  
-162 

2,5419
65 

D. 0,3 l Bacara 1) och 0,5 l 
Starane XL 2) 

9824 1 15063 357 14706 1136  
-163 

2,3905
55 

E. 0,3 l Bacara 1) och 1,0 l 
Starane XL 2) 

9824 1 15063 454 14608 1038  
-181 

2,6712
4 

G. 1,5 tab Express + 0,6 l 
Starane + 0,1 l vtm 2)  

9735 6 14927 209 14717 1147  
-25 

0,4005
5175 

Table 4-14. L5-3021 2010. Load tax 70 SEK 
 
This procedure has been followed when producing the result that this study basis its analysis on. 
Simulations with increasing tax levels have been done applying the current tax method in Sweden, 
using the load indicator and a combination of both the load indicator and kg/l active substance. 
To take yearly differences (different weather, prevalence of a pest, harvest etc.) in account the field 
studies used have lasted between 3 to 11 years. The result for each field study is therefore 
presented as the average effect for the number of years it has progressed. See the appendix in 
section 9 for a complete description of the field studies used in this study.  

4.3.1 Tax calculations using the Danish load indicator 
To calculate the effects using the Danish load indicator, a tax is levied on the load indicator of 
each product. The tax is then increased in order to analyse when and how a substitution effect will 
occur. This is called a Load Tax.  

4.3.2 Tax calculations for current tax in Sweden  
To calculate the effects using the current tax method in Sweden a tax has been levied on the kg/l 
active substance of each pesticide. The tax is then increased in order to analyse when and how a 
substitution effect will occur. In the analysis of the current tax in System tax levels beyond 100 
SEK kg/l active substance is not counted for as this is deemed as a too large increase in tax level. 
This assumption will not be followed in the other types of analyses since these tax systems are 
significantly different from the current tax system in Sweden. This is called a Basic Tax.  

4.3.3 Tax calculations using both load indicator and kg/l active substance 
To calculate the effects using the load indicator and kg/l active substance (as is done in Denmark) 
a tax is put on the kg/l active substance of each pesticide plus a tax on the load indicator of each 
product. To reduce the number of tax combinations (different tax levels on both kg/l active 
substance and load gives a vast amount of different combinations to calculate) the tax put on the 
kg/l active substance is set to be 30 SEK per kg active substance, as this is the tax used during the 
year the prices for the pesticides has been collected. The tax is then increased in order to analyse 
when and how a substitution effect will occur. This is called a Basic and Load Tax.  
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4.4 Methodological discussion 
It is not possible to do a complete analysis of when and if a substitution effect will occur with a load 
tax for two reasons. The first is the starting point of the methodology that the farmer acts as an 
economic rationale farmer. This is an assumption about the behaviour of the farmer and it is not 
possible to know whether this fully represents the reality, but it is this study’s model to try and 
describe reality and the assumption have been created in consultation with experts at 
Hushållningssällskapet who knows farmer behaviour. The other reason is the lack of statistics in 
pesticide use in the production of winter wheat and winter oilseed rape. As with the first problem, 
Hushållningssällskapet has been a major help to overcome this problem as their field studies can 
be used to describe reality and consequently enables testing the hypothesises and answering the 
research questions of this study.  
 To decide how the farmers choose pesticide combinations, this thesis introduces the 
baseline. Baseline is defined as the level of load, costs, tax revenues and treatment frequency 
obtained by the pesticide combination the economic rationale farmer would choose with the current 
taxation system in Sweden. This is needed for comparative purposes in the result when analysing 
the changes after introducing new tax levels and tax systems. Consequently, the results of this 
study build on what level the baseline has and it is therefore needed to be a comprehensive and 
bulletproof assumption. Baseline has been developed together with experts at 
Hushållningssällskapet, the supervisor of this thesis and economic theory and is therefore argued to 
be a valid assumption for how an economic rationale farmer would act. 

It has furthermore not been possible to complete the full aim of this thesis, as 
Hushållningssällskapet does not produce any, for this study useful, field studies in insecticides. 
Consequently only four out of six expected types of field studies have been analysed. To tackle this 
problem the main pests in winter wheat and winter oil rapeseed has been selected as earlier 
described. This is argued not to cause any problems due to similar country characteristics and the 
use of Swedish prices on the pesticides used. Consultations with Hushållningssällskapet have also 
been done in order to make sure that the pesticide dosage is concurrent to pesticide doses in 
Sweden. The insecticide use in the area used as a case study is low compared to the use of 
herbicides and fungicides, which could be used to argue that the lack of a comparable analysis for 
insecticide use in this study is acceptable. Many insecticides do however have a very large load on 
the environment and human health, which needs to be kept in mind in the analysis.  

The field studies used in this study have prolonged 3, 4, 6 and 11 years. This is to take 
yearly differences in account and the result will only present the average effect for the number of 
years a field study has progressed. This assumption means that field studies with more years should 
be more reliable. To take this into account a weight corresponding to the number of years is used 
in the total result. Field studies with fewer years are thus compensated with the field studies 
containing more years and the differences in years progressed is consequently not argued to be a 
problem. The field studies can be accessed through Skåneförsökens website by using the 
corresponding field study numbers presented in the result.  

The field studies used in this study covers periods ranging from; 2003-2009, 2009-2012, 
2012-2014 and 2002-2013. This means that the possible load levels described will depict past use 
of pesticides and not present load levels. This is a situation, where for instance Butisan Top and 
Nimbus CS where approved, which can explain somewhat larger pesticide loads. A study however 
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needs to analyse past data in order to make conclusions about the future, this is consequently not 
argued to be a problem.    

Information on load for the pesticides and active substances has mainly been gathered 
from data received from the supervisor of this thesis. In addition to this, pesticide loads have been 
calculated where relevant information has been missing. Information has then been gathered from 
the Pesticide Properties Database and each products label where all relevant information has been 
available to calculate load.  

The price for winter wheat and winter oilseed rape varies a lot. To tackle this, this thesis 
have counted with a constant price on wheat on 1533 kr/tonne based on an assessment från Nils 
Yngvesson at Hushållningssällskapet; Kvarn/brödvete 1600 kr/tonne, Brännerivete 1550 
kr/tonne and Fodervete 1450 kr/tonne resulting in an average price on 1533 kr/tonne. The 
average price on winter wheat carries equal weight to the three price categories above since the 
difference between the three price categories are not too high and will not affect the average price 
too much. The prices on winter oil rapeseed has been set to be 3080 SEK/tonne according to the 
price on oilseed rape on the 4th of June. The information was received from 
Hushållningssällskapet.  
 This thesis assumes that there are no other costs for the farmers than the cost of pesticides. 
This is argued to be a valid assumption since costs for labour and input is assumed to be equal no 
matter what combination of pesticide the farmer chooses. In addition to this, this study takes no 
account of whether a treatment is profitable or not. The analysis is furthermore completed using 
products with price information available. This means that the analysis has been completed with 
some products that are not permitted today. However, the purpose of this study is to show the 
effects of proposed tax methods, and the result will hopefully show that these products should not 
be used.  
 Since this study has been completed in Denmark, using the methodology behind the new 
Danish pesticide load indicator and tax this study has consequently used TFI as a measure of 
pesticide use. This is argued not to be a problem since both TFI and hectare doses (the Swedish 
counterpart) indicators measures how many times a field has been treated with a normal dose 
based on the active ingredients in the pesticide and the recommended dosage, which means that 
they measure the same thing. Graph 2-1 in section 2.1.1 presents the number of hectare doses 
used per hectare arable land in 1981-2013 in Sweden. 2009 is considered to represent a normal 
dosage level with 1,69. In 2013 the dose per hectare was 1,73. These levels corresponds well to the 
levels found in this study presented in section 5.2.3, which validates the use of TFI as a measure of 
use.   
 This study calculates pesticide loads using the pesticide load indicator that was developed 
in Denmark. The current way to measure load in Sweden is performed using an indicator called 
PRI-Nation and PRI-Farm, where PRI-Nation measures the risk at a national level and PRI-Farm 
and individual farm level. These indicators contain similar information to the pesticide load 
indicator, but differ in some ways. The pesticide load indicator contains three parts; environmental 
fate, environmental toxicity and human health. PRI-Nation has two parts; environment risk and 
operator health risk, where the indicators in environment risk contains information of what can be 
found in both environmental fate and environmental toxicity in the pesticide load indicator. 
Environmental fate in PRI-Nation is scored by looking at the same variables as for the pesticide 
load indicator; bioaccumulation, leaching and persistence, but differs in how the sub indicators are 
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scored. Operator health risk in PRI-Nation (or human health as it is named in the pesticide load 
indicator) is also scored in a similar way as it is based on the hazard labelling of the product, the 
formulation type and application method and consequently only analyse the risk for the user of the 
product, but also differs in how the sub indicators are scored. When it comes to environmental 
toxicity scores within the PRI-Nation it is based on the hazard labelling of the corresponding 
products selected to represent each active substance. The pesticide load indicator is more detailed 
in this area since it analyses risk levels for a large number of organisms. Overall, the pesticide load 
indicator can be argued to be more comprehensive measurements since it can measure risk from 
pesticide level to farm level to a national level. Due to the similarities of the two indicators the 
pesticide load indicator can be argued to fulfil Swedish standards of monitoring risk levels and that 
it can be used to analyse risk of pesticide use in Sweden. The pesticide load indicator can 
furthermore be adapted to Swedish conditions as load factors and indicators within the pesticide 
load indicator easily can be changed. Additionally, this is an economic study and will therefore not 
evaluate how in detail the risk measurements are different to each other. 

The similarities between the two indicators implies that the Swedish risk indicator could 
have been used as an indicator to internalize the external effects of pesticide use in Sweden and 
consequently incorporate this into a tax. This would however be difficult since this is an 
economical study and it would be hard to give appropriate weights to the different sub indicators 
in the Swedish risk indicator and furthermore learn how to transform these numbers into a tax. 
This is an assessment that has already gone through thorough evaluation in Denmark making it a 
methodology easy to use and replicate. It furthermore facilitates comparisons between the two 
countries, which motivates the use of the pesticide load indicator.  
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5. Results  
This section will present how the expected price change will be for pesticides used in Sweden when 
levying a tax on pesticide load and if and when a substitition effect will occur. Any corresponding 
changes in load and use will also be presented. All results are based on the acts of the economic 
rationale farmer in order to analyse when and how a substitution effect occurs. The graphs presents the 
result in relation to baseline and per hectare. The total result will end with a couple of graphs 
depicting the effect of the most efficient taxation system 

5.1 Pesticide Prices 
The following presentation describes how the prices of pesticides are expected to change when 
levying a tax on load. A load tax on 30 SEK/load is used for exemplifying reasons. The table 
presents the following information; 
 

• Product – The name of the pesticide.  
• Price/Unit – The current price of the pesticide in Sweden (prices from 2014) 
• Type – Type of pesticide 
• Price with new tax – New expected price on pesticide levying a tax on the products 

load. 30 SEK/load.  
• Price Increase – Expected price increase in relation from the old price.  
• Total Load – The load of the pesticide.  
• Amount active substance kg/l – The amount of active substance presented as kg/l 

amount.  
• Comments – Any relevant comments.   

 
Skåneförsökens report from 2014 comes with a list of pesticides used in for crop protection in 
Sweden. It also contains price information on the pesticides. Prices using the different tax systems 
and tax levels have been calculated from this list. See section 4.1 and 4.2 for how the calculations 
have been performed. The table below describes what the prices could be for the pesticides if a tax 
on 30 SEK/load would be implemented. The table describes this for 12 insecticides, 21 fungicides 
and 53 herbicides. The average expected price increase for insecticides is 28%, for fungicides 2% 
and for herbicides 8%. This corresponds to the different levels of load for the pesticides that can be 
seen in the table below.  
 
Product Price

/Unit 
Unit Type Price with 

new tax 
Price 
Increase 

Total 
Load 

Amount 
active 
substance 
kg/l 

Comments 

Wetting Agent 
(Biowet) 

48 l Oil and 
Wetting 
Agent 

48 100% 0,00 0,00   

PG26N  56 l Oil and 
Wetting 
Agent 

56 100% 0,00 0,00   

Rapeseed Oil 
Super 

42 l Oil and 
Wetting 

42 100% 0,00 0,00   
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Agent 
Mero 84 l Oil and 

Wetting 
Agent 

84 100% 0,00 0,00 Assumed 
same price as 
Renol 
according to 
Hushållnings
sällskapet 

RENOL  84 l Oil and 
Wetting 
Agent 

84 100% 0,00 0,00   

CERONE  216 l Growth 
Regulation 

218 101% 0,56 0,48   

CYCOCEL 
PLUS  

42 l Growth 
Regulation 

38 91% 0,33 0,46  

MODDUS 250 
EC  

506 l Growth 
Regulation 

503 99% 0,14 0,25  

TERPAL  150 l Growth 
Regulation 

142 95% 0,21 0,46   

TRIMAXX  488 l Growth 
Regulation 

488 100% 0,18 0,18   

AVAUNT  814 l Insecticide 913 112% 3,45 0,15   
BISCAYA 499 l Insecticide 522 105% 1,00 0,24   
FASTAC 50  109 l Insecticide 267 245% 5,33 0,05   
KARATE 2,5 
WG  

190 kg Insecticide 278 146% 2,95 0,03   

TEPPEKI  2 g Insecticide 2 100% 0,28 0,50 Price from 
2012 

MAVRIK 2F 399 l Insecticide 476 119% 2,80 0,24   
MOSPILAN  964 kg Insecticide 972 101% 0,48 0,20   
PIRIMOR  649 kg Insecticide 727 112% 3,09 0,50 Only 

dispense peas 
and beans 
2014 

PLENUM 
50WG  

945 kg Insecticide 941 100% 0,38 0,50   

STEWARD 
30WG  

3 g Insecticide 3 107% 6,74 0,30   

SUMI-ALPHA 
5FW 

204 l Insecticide 379 186% 5,88 0,05  

SLUXX 
SNIGEL 

74 kg Insecticide 75 101% 0,02 0,00   

ACANTO  400 l Fungicide 417 104% 0,82 0,25   
AMISTAR  405 l Fungicide 405 100% 0,26 0,25   
ARMURE  583 l Fungicide 592 102% 0,60 0,30  
BARCLAY 
BOLT XL 

268 l Fungicide 285 106% 0,80 0,25   

CANTUS  829 kg Fungicide 846 102% 1,06 0,50   
COMET PRO 326 l Fungicide 343 105% 0,78 0,20   
CYMBAL 45 
WG  

345 kg Fungicide 349 101% 0,58 0,45   

FLEXITY  731 l Fungicide 745 102% 0,77 0,30   
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KAYAK  224 l Fungicide 226 101% 0,38 0,30  
MAXIM 100 
FS  

983 l Fungicide 985 100% 0,15 0,10   

MIRADOR  367 l Fungicide 367 100% 0,26 0,25   
MONCEREN 
250 SL  

319 l Fungicide 319 100% 0,26 0,25  

PRESTIGE FS 
370  

812 kg Fungicide 828 102% 0,90 0,37   

PROLINE  590 l Fungicide 596 101% 0,46 0,25   
RANMAN 
TOP(+0,75 L 
oil )  

474 l Fungicide 474 100% 0,15 0,16   

REVUS 378 l Fungicide 373 99% 0,07 0,25   
SHIRLAN  497 l Fungicide 509 102% 0,91 0,50   
SIGNUM 6 g Fungicide 6 100% 0,77 0,33  
SPORTAK EW  290 l Fungicide 299 103% 0,79 0,51  
STEREO  152 l Fungicide 153 100% 0,33 0,31   
TILT 250 EC  285 l Fungicide 301 106% 0,78 0,25   
REGLONE  135 l Herbicide 154 114% 0,83 0,20   
ROUNDUP 
MAX  

143 kg Herbicide 133 93% 0,36 0,68  

SAFARI 50 DF 8 g Herbicide 8 102% 5,27 0,50   
SPITFIRE 180  187 l Herbicide 201 107% 0,64 0,18  
SPITFIRE XL  158 l Herbicide 172 109% 0,56 0,10  
STARANE 180 
S 

187 l Herbicide 201 107% 0,64 0,18   

STARANE XL 158 l Herbicide 172 109% 0,56 0,10   
TOMAHAWK 
180 

177 l Herbicide 191 108% 0,64 0,18   

ALLY 50 ST 110 Table
t 

Herbicide 144 131% 1,64 0,50   

ALLY CLASS 
50 WG 

5 g Herbicide 5 100% 1,34 0,50   

COUGAR 275 l Herbicide 277 101% 0,67 0,60 Price from 
2013 

ARIANE S 88 l Herbicide 95 108% 0,49 0,26   
ATLANTIS 
OD 

392 l Herbicide 397 101% 0,15 0,01   

ATTRIBUT 
TWIN 

318 ha Herbicide 337 106% 1,37 0,75   

BACARA 385 l Herbicide 585 152% 7,03 0,35   
PRIMUS 2288 l Herbicide 2297 100% 0,37 0,05 Price from 

2012 
BASAGRAN 
SG 

758 l Herbicide 751 99% 0,64 0,87   

BETANAL 
POWER 

230 l Herbicide 226 98% 0,18 0,32   

BETASANA 
DUO 

128 l Herbicide 131 103% 0,28 0,16   

BOXER 126 l Herbicide 122 96% 0,65 0,80   
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BROADWAY  2 g Herbicide 2 100% 0,28 0,09   
BUTISAN 
TOP 

435 l Herbicide 940 216% 17,34 0,50 Ban since 
2015 

CALIBAN 
DUO 

1 g Herbicide 1 100% 0,35 0,18   

CALLISTO 423 l Herbicide 423 100% 0,10 0,10   
CDQ SX 4 g Herbicide 4 100% 1,00 0,33   
CENTIUM 36 
CS  

1713 l Herbicide 1719 100% 0,55 0,36   

DIFLANIL 500 
SC 

717 l Herbicide 741 103% 1,30 0,50   

ETHOSAT  266 l Herbicide 272 102% 0,72 0,50   
EVENT 
SUPER  

344 l Herbicide 358 104% 0,52 0,07   

EXPRESS 50 
SX 

6 g Herbicide 6 101% 1,52 0,50   

FENIX 263 l Herbicide 302 115% 1,91 0,60   
FOCUS 
ULTRA  

156 l Herbicide 157 101% 0,15 0,10   

FOX 279 l Herbicide 332 119% 2,26 0,48   
FOXTROT 299 l Herbicide 313 105% 0,52 0,07   
GALERA  974 l Herbicide 1034 106% 2,33 0,33   
GALLUP 
BIOGRADE 
360 

53 l Herbicide 46 88% 0,14 0,36   

GOLTIX SC  308 l Herbicide 309 100% 0,73 0,70   
GRATIL 8 g Herbicide 8 101% 2,09 0,75   
HARMONY 
PLUS 50SX 

5 g Herbicide 5 105% 7,53 0,50   

HARMONY 
PLUS 50T 

38 tablet Herbicide 38 101% 7,53 0,50 Price from 
2010 

HARMONY 
50 SX 

8 g Herbicide 9 104% 10,59 0,50   

HUSSAR 2 g Herbicide 2 101% 0,39 0,05   
KEMIFAM 
POWER 

230 l Herbicide 226 98% 0,18 0,32   

KERB FLOW 
400  

343 l Herbicide 346 101% 0,50 0,40   

LEGACY 500 
SC 

717 l Herbicide 741 103% 1,30 0,50   

LEXUS 50 WG 11 g Herbicide 11 100% 0,68 0,50   
MAISTER 
inkl MAISOIL 

4 g Herbicide 4 100% 0,63 0,31   

PLATFORM 
50 wg 

3 g Herbicide 3 101% 1,26 0,50 Price from 
2009 

MATRIGON 
72 SG 

3 g Herbicide 3 103% 3,47 0,72   

MCPA 750  88 l Herbicide 96 110% 1,03 0,75   
MONITOR  15 g Herbicide 15 101% 3,72 0,80   
NIMBUS 292 l Herbicide 612 210% 10,95 0,28 Ban since 
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2015 
NUANCE 
75WG 

7 g Herbicide 7 101% 2,24 0,75   

Table 5-1. Expected pesticide prices.  

5.2 Tax Simulations 
In the subsequent sections simulations using three types of taxation has been tested;  
 
1. Load Tax - Simulations levying a tax on each pesticide’s load. 
2. Basic Tax - Simulations using the current taxation system in Sweden. Tax is levied on the 

amount kg/l active substance.  
3. Basic and Load Tax - Simulations using the new Danish tax system. Tax is levied on each 

pesticide’s load and its amount active substance.  
 
The result will be given in tables depicting the effect of different tax levels on load, costs, tax 
revenue and profit change. Graphs will be presented in the total result. All results are presented as 
the effect per hectare. The tables will present the following information;  
 
• Tax – The different tax levels levied on load or amount active substance.  
• Load – The expected load of the tax level.  
• Costs – The expected cost of the tax level.  
• Tax Revenue – The expected tax ravenue of the tax level.  
• TFI – The expected Treatment Frequency of the tax level. Describes expected changes in 

pesticide use.  
• Profit Change – The expected profit change each tax level. Defined as the difference 

between baseline and the change in profit for that tax level. A negative number represent the 
loss in profit in relation to baseline, and a positive number represents the extra profit in 
relation to baseline.   

 
The graphs will present the following;  
 
• Load Reduction – The effects on load by an increased tax. 
• TFI Reduction -  The effects on treatment frequency by an increased tax.  
• Cost Increase – How the costs for the farmer will change with a reduction in load.   
• Profit Reduction – The change in profit for the farmer with a reduction in load.   

5.2.1 Field Studies in Winter Wheat 
This section presents the results that were found in the winter wheat field studies. Results in 
herbicide-, fungicide- and insecticide use are illustrated.  

5.2.1.1 Herbicide use in Winter Wheat - L5-3021 
L15-3021 is field study on weed control in winter wheat. Field studies from 11 years, 2002-2013 
(excluding 2012), have been used in the result. It includes combinations of the following herbicides; 
Express 50 SX, Platform, Harmony Plus, Primus, Cougar, Bacara, Gratil, Starane 180, Starane 
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XL, Ally Class, Hussar, Lexus, Fox and Broadway. There has been a sales ban on Cougar since 
2012.  
 
Table 5-2 below represents the effects of a tax on load. Baseline has the load 2,9, costs per hectare 
253 SEK, Tax revenue per hectare 5 SEK and a TFI on 0,973 per hectare. Increasing the tax on 
load quickly causes a substitution effect towards pesticides with lower loads. It decreases the load 
with 42% already at a load tax on 30 SEK. The TFI do however increase with 9,6% at this level. 
30 SEK/load further means a cost of 278 SEK per hectare, a tax revenue of 51 SEK per hectare, 
and a loss in profit (profit change) with 47 SEK per hectare. Substitutions towards pesticides with 
lower loads continues the higher the tax rate, but with much larger costs and profit change. After a 
load on 30 SEK/load the marginal benefit of increasing the tax level decreases heavily. This tax level 
can therefore be argued to be the most efficient since it entails only minor increases in costs for the 
farmer.  
 

Load Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit 

Change 
Baseline 2,90 253,21 5 0,973 0 
15 1,82 272,76 27 1,156 -23 
30 1,69 278,26 51 1,067 -47 
45 1,69 303,66 76 1,067 -72 
60 1,69 329,07 102 1,067 -98 
75 1,51 340,15 113 1,119 -110 
90 1,51 362,84 136 1,119 -132 
105 1,48 385,37 156 1,103 -152 
120 1,48 407,62 178 1,103 -174 
135 1,48 429,86 200 1,103 -197 
150 1,48 452,11 222 1,103 -219 
165 1,48 474,35 245 1,103 -241 
180 1,48 496,59 267 1,103 -263 
195 1,48 518,84 289 1,103 -286 
210 1,30 502,34 273 1,155 -270 
225 1,30 521,87 293 1,155 -289 
240 1,30 541,4 312 1,155 -309 
255 1,30 560,93 332 1,155 -329 
270 1,11 536,75 301 1,176 -298 

       Table 5-2. Herbicide use in winter wheat. Load Tax. 
 
Table 5-3 presents the effects of a tax on the amount kg/l active substance. Increasing this tax 
have no effect in either load or TFI, it only increases costs and profit change.  
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Basic Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit 

Change 
0 2,90 247,78 0 0,973 5 
15 2,90 250,49 3 0, 973 3 
30 2,90 253,21 5 0, 973 0 
34 2,90 253,94 6 0, 973 -1 
45 2,90 255,93 8 0, 973 -2 
60 2,90 258,65 11 0, 973 -5 
75 2,90 261,36 14 0, 973 -8 
90 2,90 264,08 16 0, 973 -10 
100 2,90 265,89 18 0, 973 -12 

            Table 5-3. Herbicide use in winter wheat. Basic Tax.  
 
Table 5-4 below presents the effects of a tax levied on the amount kg/l active substance (at 30 
SEK kg/l active substance) and on load. It has similar effects as the effect purely levied on load but 
it shows larger costs and larger profit change.   
 

Basic and Load Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit 

Change 
Baseline 2,90 253,21 5 0, 973 0 
15 1,82 276,92 32 1,156 -27 
30 1,69 282,23 55 1,067 -51 
45 1,69 307,63 80 1,067 -76 
60 1,69 333,04 106 1,067 -102 
75 1,51 344,01 117 1,119 -113 
90 1,51 366,7 140 1,119 -136 
105 1,48 388,99 159 1,103 -156 
120 1,48 411,24 182 1,103 -178 
135 1,48 433,48 204 1,103 -200 
150 1,48 455,73 226 1,103 -222 
165 1,48 477,97 248 1,103 -245 
180 1,48 500,22 271 1,103 -267 
195 1,48 522,46 293 1,103 -289 
210 1,30 505,84 277 1,155 -273 
225 1,30 525,38 296 1,155 -293 
240 1,30 544,91 316 1,155 -312 
255 1,30 564,44 336 1,155 -332 
270 1,11 539,97 304 1,176 -301 

        Table 5-4. Herbicide use in winter wheat. Basic and Load tax.   

5.2.1.2 Fungicide use in Winter Wheat - L9-1050 
L9-1050 is field study on Septoria Tritici in winter wheat. Field studies from 3 years, 2012-2014, 
have been used in the result. It contains combinations of the following fungicides; Proline, Comet 
Pro, Sportak EW, Armure, Tilt and Acanto.  
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Table 5-5 below represents the effects of a tax levied on load. Baseline has the load 0,6061, costs 
per hectare 614,9 SEK, Tax revenue per hectare 8,4 SEK and a TFI on 1,48 per hectare. A 
substitution effect occurs first at a tax rate of 210 SEK lowering the load with 12,4% to 0,53 and 
TFI with 6,6% to 1,383. At a tax rate of 210 SEK the costs for the farmer is lowered but the profit 
change is higher. The substitution only gives minor changes in load. This can be due to the fact 
that baseline does not show a high level of load making a substitution effect hard to occur. No 
change in TFI was found.  

Load Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit 

Change 
Baseline 0,6061 614,933 8,4 1,48 0 
15 0,6061 615,62 9,09 1,48 -0,69 
30 0,6061 624,71 18,18 1,48 -9,73 
45 0,6061 633,8 27,27 1,48 -18,87 
60 0,6061 642,89 36,36 1,48 -27,96 
75 0,6061 651,99 45,45 1,48 -37,05 
90 0,6061 661,08 54,54 1,48 -46,145 
105 0,6061 670,17 63,63 1,48 -55,24 
120 0,6061 679,26 72,72 1,48 -64,335 
135 0,6061 688,35 81,81 1,48 -73,43 
150 0,6061 697,44 90,9 1,48 -82,525 
165 0,6061 706,53 99,99 1,48 -91,62 
180 0,6061 715,63 109,08 1,48 -100,715 
195 0,6061 730,78 118,17 1,48 -109,78 
210 0,5311 600,44 111,54 1,383 -104,44 
225 0,5311 608,4 119,5 1,383 -112,4 
240 0,5311 616,37 127,47 1,383 -120,37 
255 0,5311 624,34 135,44 1,383 -128,34 
270 0,5311 632,3 143,4 1,383 -136,3 

   Table 5-5. Fungicide use in winter wheat. Load tax.  
 
Table 5-6 presents the effects of a tax on the amount kg/l active substance. Increasing this tax 
have no effect in either load or TFI, it only increases costs and the profit change. 
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Basic Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit 

Change 
0 0,6061 606,53 0 1,48 8,4 
15 0,6061 610,73 4,2 1,48 4,2 
30 0,6061 614,93 8,4 1,48 0 
34 0,6061 616,05 9,52 1,48 -1,12 
45 0,6061 619,13 12,6 1,48 -4,2 
60 0,6061 623,33 16,8 1,48 -8,4 
75 0,6061 627,53 21 1,48 -12,6 
90 0,6061 631,73 25,2 1,48 -16,8 
100 0,6061 634,53 28 1,48 -21 

   Table 5-6. Fungicide use in winter wheat. Basic tax. 
 
Table 5-7 below presents the effects of a tax levied on the amount kg/l active substance and on 
load (at 30 SEK kg/l active substance). It has similar effects as the effect purely levied on load but 
the substitution effect occurs at a tax rate of 195 SEK. But there are larger costs and larger profit 
change.  
 

Basic and Load Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit 

Change 
Baseline 0,6061 614,93 8,4 1,48 0 
15 0,6061 624,02 17,49 1,48 -9,09 
30 0,6061 633,11 26,58 1,48 -18,18 
45 0,6061 642,2 35,62 1,48 -27,27 
60 0,6061 651,29 44,76 1,48 -36,36 
75 0,6061 660,39 53,85 1,48 -45,45 
90 0,6061 669,48 62,94 1,48 -54,54 
105 0,6061 678,57 72,04 1,48 -63,63 
120 0,6061 687,66 81,13 1,48 -72,72 
135 0,6061 696,75 90,22 1,48 -81,81 
150 0,6061 705,84 99,31 1,48 -90,9 
165 0,6061 714,93 108,4 1,48 -99,99 
180 0,6061 724,03 117,49 1,48 -109,08 
195 0,5311 599,57 110,67 1,38 -103,57 
210 0,5311 607,54 118,64 1,38 -111,54 
225 0,5311 615,5 126,6 1,38 -119,50 
240 0,5311 623,47 134,57 1,38 -127,47 
255 0,5311 631,44 142,54 1,38 -135,43 
270 0,5311 639,4 150,5 1,38 -143,40 

      Table 5-7. Fungicide use in winter wheat. Basic and Load tax. 
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5.2.1.3 Insecticide use in Winter Wheat 
The following insecticides have been used in the results, Fastac 50, Karate 2,5 WG, Mavrik and 
Teppeki. These insecticides are used to control aphids. The doses of these insecticides used to 
calculate load are deemed equally efficient towards pests. Table 5-8 depicts how the load changes 
when a tax is levied on each insecticides load indicator. The table describes a situation when a 
Load Tax is introduced.  The load falls at a tax rate of 105 SEK, from 0,799 to 0,59 but the TFI 
increases slightly from 0,6 to 0,666. Again the load and TFI does not follow each other. No effect 
was found using a Basic Tax or Load and Basic Tax.  
 

Load Tax 
Tax Load TFI Costs 

0 0,7994325 0,6 16,12 
15 0,7994325 0,6 28,11 
30 0,7994325 0,6 40,1 
45 0,7994325 0,6 52,09 
60 0,7994325 0,6 64,09 
75 0,7994325 0,6 76,08 
90 0,7994325 0,6 88,07 

105 0,590702 0,66 99,87 

Table 5-8. Insecticide use in winter wheat. Load tax. 

5.2.2 Field Studies in Winter Oil Rapeseed 
This section presents the results that were found in the winter oil rapeseed field studies. Results in 
herbicide-, fungicide- and insecticide use are illustrated.  

5.2.2.1 Herbicide use in Winter Oil Rapeseed - L5-8000 
L5-8000 is field study on weed control in winter oil rapeseed. Field studies from 6 years, 2003-
2009, have been used in the result. It contains combinations of the following herbicides; Nimbus 
CS, Butisan Top, Kerb, Matrigon. Butisan Top and Nimbus CS were recently put on a sales ban 
by the Swedish Chemicals Agency (KemI.se – 2). The prevalence of weeds where very high in 
most of these field studies and both Butisan Top and Nimbus CS scores very high in load which 
explains the particularly high load levels in this field study.  
 
Table 5-9 represents the effects of a tax on load. Baseline has the load 26,2, costs per hectare 736,5 
SEK, Tax revenue per hectare 23,3 SEK and a TFI on 5,5 per hectare. Increasing the tax on load 
quickly causes a substitution effect towards pesticides with lower loads. It decreases the load with 
33%, from 26,2 to 17,6, already at a load tax on 30 SEK. The TFI also decreases with 38% from 
5,5 to 3,4. 30 SEK/load further means a cost of 1072 SEK per hectare, a tax revenue of 527,4 
SEK per hectare, and a loss in profit (profit change) with 508,9 SEK per hectare. Substitutions 
towards pesticides with lower loads continues the higher the tax rate, but with much larger costs 
and profit change.  After a load on 30 SEK/load the marginal benefit of increasing the tax level 
decreases. This tax level can therefore be argued to be the most efficient. 
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Load Tax 
Tax Load Costs Tax Revenue TFI Profit 

Change 
Baseline 26,2 736,5 23,3 5,5 0 

15 19,7 885,0 263,7 3,1 -275,06 
30 17,6 1072,0 527,4 3,4 -508,94 
45 17,6 1335,0 791,0 3,4 -772,62 
60 16,9 1547,0 1013,6 3,9 -996,05 
75 16,9 1801,0 1266,9 3,9 -1249,44 
90 16,9 2054,0 1520,3 3,9 -1503,82 

105 16,9 2308,0 1773,7 3,9 -1756,22 
120 16,9 2561,0 2027,1 3,9 -2009,94 
135 16,9 2814,0 2280,5 3,9 -2263,33 
150 16,9 3068,0 2533,9 3,9 -2516,72 
165 16,9 3321,0 2787,3 3,9 -2770,11 
180 16,9 3575,0 3040,7 3,9 -3023,5 
195 16,9 3828,0 3294,1 3,9 -3276,89 
210 16,9 4081,0 3547,5 3,9 -3530,28 
225 16,9 4335,0 3800,8 3,9 -3783,67 
240 16,9 4588,0 4054,2 3,9 -4037,06 
255 16,9 4841,0 4307,6 3,9 -4290,45 
270 16,6 5014,0 4478,6 4,8 -4461,48 

  Table 5-9. Herbicide use in winter oil rapeseed. Load tax.  
 
Table 5-10 below presents the effects of a tax on the amount kg/l active substance. Increasing this 
tax have no effect in either load or TFI, it only increases costs and profit change.  
 

Basic Tax 
Tax Load Costs Tax Revenue TFI Profit 

Change 
0 26,2 713,0 0,0 5,5 23,32 
15 26,2 725,0 11,7 5,5 11,66 
30 26,2 736,5 23,3 5,5 0 
34 26,2 740,0 26,4 5,5 -3,11 
45 26,2 748,0 35,0 5,5 -11,66 
60 26,2 760,0 46,7 5,5 -23,32 
75 26,2 771,0 58,5 5,5 -34,98 
90 26,2 783,0 70,0 5,5 -46,64 
100 26,2 791,0 77,8 5,5 -58,3 

  Table 5-10. Herbicide use in winter oil rapeseed. Basic tax. 
 
Table 5-11 presents the effects of a tax levied on the amount kg/l active substance (30 SEK per 
kg/l active substance) and on load. It has similar effects as the effect purely levied on load but it 
has larger costs and larger profit change.  
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Basic and Load Tax 
Tax Load Costs Tax Revenue TFI Profit 

Change 
Baseline 26,2 736,5 23,3 5,5 0 

15 19,7 906,0 316,2 3,1 -295,64 
30 17,6 1090,0 545,8 3,4 -527,36 
45 17,6 1299,0 763,1 3,4 -791,04 
60 16,9 1565,0 1031,0 3,9 -1013,55 
75 16,9 1796,0 1260,7 3,9 -1266,94 
90 16,9 2045,0 1509,5 3,9 -1520,33 

105 16,9 2294,0 1758,3 3,9 -1773,72 
120 16,9 2543,0 2044,6 3,9 -2027,11 
135 16,9 2791,0 2255,9 3,9 -2280,5 
150 16,9 3040,0 2504,6 3,9 -2533,89 
165 16,9 3289,0 2753,4 3,9 -2787,28 
180 16,9 3538,0 3002,4 3,9 -3040,67 
195 16,9 3845,0 3311,6 3,9 -3294,06 
210 16,9 4035,0 3565,0 3,9 -3547,45 
225 16,9 4284,0 3748,6 3,9 -3800,84 
240 16,9 4533,0 3997,4 3,9 -4054,23 
255 16,9 4782,0 4246,2 3,9 -4307,62 
270 16,6 5031,0 4495,0 4,8 -4478,23 

  Table 5-11. Herbicide use in winter oil rapeseed. Basic and Load tax. 

5.2.2.2 Fungicide use in Winter Oil Rapeseed - L15-8440 
L15-8440 is field study on mainly Dark Leaf Spot and Sclerotinia Disease in winter oil rapeseed. 
Field studies from 4 years, 2009-2012, have been used in the result. It contains combinations of the 
following fungicides; Acanto, Amistar, Cantus, Proline and Sportak EW.   
 
Table 5-12 represents the effects of a tax levied on load. Baseline has the load 0,436, costs per 
hectare 345,75 SEK, Tax revenue per hectare 7,2 SEK and a TFI on 0,8176 per hectare. A 
substitution occurs first at a tax rate of 180 SEK lowering the load with 15,8% to 0,367 and TFI 
with 1,4% to 0,8176. At a tax rate of 180 SEK the costs is 417 SEK per hectare, tax revenues 78 
SEK per hectare and profit change at 60 SEK per hectare. Again, baseline is at a low level, which 
might explain why there is a slight drop in load. Important to note is that, according to 
Skåneförsöken, fungi treatment in winter oil rapeseeds have rarely been profitable. 
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Load Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit Change 

Baseline 0,436 345,75 7,256 0,8176 0 
15 0,436 345,04 6,545 0,8176 0,71 
30 0,436 351,58 13,09 0,8176 -5,83 
45 0,436 358,12 19,63 0,8176 -12,37 
60 0,436 364,67 26,18 0,8176 -18,91 
75 0,436 371,22 32,72 0,8176 -25,45 
90 0,436 377,76 39,27 0,8176 -31,99 

105 0,436 384,31 45,81 0,8176 -38,53 
120 0,436 390,85 52,36 0,8176 -45,07 
135 0,436 397,4 58,9 0,8176 -51,61 
150 0,436 403,94 65,45 0,8176 -58,15 
165 0,436 410,49 71,99 0,8176 -64,69 
180 0,367 417,03 78,54 0,80625 -60,47 
195 0,367 423,58 85,08 0,80625 -65,98 
210 0,367 430,12 91,63 0,80625 -71,5 
225 0,367 436,67 98,17 0,80625 -77,01 
240 0,367 443,21 104,72 0,80625 -82,53 
255 0,367 449,76 111,26 0,80625 -88,04 
270 0,367 456,3 117,81 0,80625 -93,56 

  Table 5-12. Fungicide use in winter oil rapeseed. Load tax.   
 
Table 5-13 below presents the effects of a tax on the amount kg/l active substance. Increasing this 
tax have no effect in either load or TFI, it only increases costs and profit change.  
 

Basic Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit Change 

0 0,436 338,49 0 0,8176 7,25 
15 0,436 342,12 6,545 0,8176 3,62 
30 0,436 345,75 7,256 0,8176 0 
34 0,436 346,71 8,22 0,8176 -0,96 
45 0,436 349,37 10,88 0,8176 -3,62 
60 0,436 353 14,51 0,8176 -7,25 
75 0,436 356,63 18,14 0,8176 -10,88 
90 0,436 360,26 21,76 0,8176 -14,51 
100 0,436 362,68 24,18 0,8176 -16,93 

Table 5-13. Fungicide use in winter oil rapeseed. Basic tax. 
 
Table 5-14 presents the effects of a tax levied on the amount kg/l active substance and on load (at 
30 SEK kg/l active substance). It has similar effects as the effect purely levied on load but the 
substitution effect occurs at a tax rate of 165 SEK. But there are larger costs and larger profit 
change. 
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Basic and Load Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit Change 

Baseline 0,436 345,75 7,256 0,8176 0 
15 0,436 352,29 13,8 0,8176 -6,54 
30 0,436 358,82 20,34 0,8176 -13,09 
45 0,436 365,38 26,89 0,8176 -19,63 
60 0,436 371,93 33,43 0,8176 -26,18 
75 0,436 378,47 39,98 0,8176 -32,72 
90 0,436 385,02 46,52 0,8176 -39,27 
105 0,436 391,56 53,07 0,8176 -45,81 
120 0,436 398,11 59,61 0,8176 -52,36 
135 0,436 404,65 66,16 0,8176 -58,90 
150 0,436 411,2 72,7 0,8176 -65,45 
165 0,367 417,74 79,25 0,80625 -60,67 
180 0,367 424,29 85,79 0,80625 -66,18 
195 0,367 430,83 92,34 0,80625 -71,70 
210 0,367 437,38 98,99 0,80625 -77,21 
225 0,367 443,92 105,43 0,80625 -82,73 
240 0,367 450,47 111,98 0,80625 -88,24 
255 0,367 457,01 118,52 0,80625 -93,76 
270 0,367 463,56 125,07 0,80625 -99,27 

   Table 5-14. Fungicide use in winter oil rapeseed. Basic and Load tax. 

5.2.2.3 Insecticide use in Winter Rapeseed 
The following insecticides and have been used in the results; Biscaya OD and Plenum 50 WG. 
These insectecides are used to fight Meligethes aeneus (Pollen Beetle). The doses are deemed 
equally efficient towards the pest. Table 5-15 below depicts how the load changes when a tax is 
levied on each insecticides load indicator. No effect was found using a Basic Tax, Load Tax or Load 
and Basic Tax. Table 5-15 below presents the effects of using a Load Tax. Load starts at a very low 
level that might explain why no reduction is observed.  
 

Tax Load TFI Costs 

0 0,057375 0,999936 139,5 
15 0,057375 0,999936 140,4 
30 0,057375 0,999936 141,2 
45 0,057375 0,999936 142,1 
60 0,057375 0,999936 142,9 
75 0,057375 0,999936 143,8 
90 0,057375 0,999936 144,7 

105 0,057375 0,999936 145,5 
Table 5-15. Insecticide use in winter oil rapeseed. Load tax.   
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5.2.3 Total Result 
This section presents the total effects on all calculations made on all field studies (thus excluding 
insectecides) for the different crop types. The total result contains 4 types of field studies. Each field 
studies is given a weight corresponding to the number of years each field studies has been 
prolonged (a total of 24 field studies).  
 
Table 5-16 below represents the effects of a tax on load. Baseline has the load 8 per hectare, costs 
per hectare 435 SEK, Tax revenue per hectare 11 SEK and a TFI on 2,13 per hectare. Increasing 
the tax on load quickly causes a substitution effect towards pesticides with lower loads. It decreases 
the load with 33,8%, from 8 to 5,3, already at a load tax on 30 SEK. The TFI also decreases with 
21,6% from 2,13 to 1,67. 30 SEK/load further means a cost of 532 SEK per hectare, a tax 
revenue of 160 SEK per hectare, and a profit change with 151 SEK per hectare. Substitutions 
towards pesticides with lower loads continues the higher the tax rate, but with much larger costs 
and profit change. TFI decreases for a time, but increases at large tax rates. After a load on 30 
SEK/load the marginal benefit of increasing the tax level decreases. This tax level can therefore be 
argued to be the most efficient since it entails only minor relative increases in costs for the farmer. 
 

Load Tax 
Tax Load Costs Tax 

Revenue 
TFI Profit Change 

Baseline 8,0 435 11 2,13 10 
15 5,9 481 81 1,63 -79 
30 5,3 532 160 1,67 -151 
45 5,3 612 239 1,67 -231 
60 5,1 679 309 1,79 -300 
75 5,1 750 380 1,82 -371 
90 5,1 825 456 1,82 -448 

105 5,1 901 530 1,81 -522 
120 5,1 977 606 1,81 -598 
135 5,1 1053 682 1,81 -674 
150 5,1 1129 758 1,81 -749 
165 5,1 1204 833 1,81 -825 
180 5,0 1280 909 1,81 -899 
195 5,0 1357 985 1,81 -975 
210 4,9 1397 1041 1,82 -1031 
225 4,9 1472 1116 1,82 -1105 
240 4,9 1546 1190 1,82 -1180 
255 4,9 1620 1243 1,82 -1254 
270 4,8 1655 1295 2,04 -1284 

  Table 5-16. Total result. Load Tax.   
 
Table 5-17 presents the effects of a tax on the amount kg/l active substance. Increasing this tax 
have no effect in either load or TFI, it only increases costs and profit change.  
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Basic Tax 
Tax Load Costs Tax Revenue TFI Profit Change 

0 8,0 424,0 0,0 2,1 10,5 
15 8,0 429,4 5,8 2,1 5,3 
30 8,0 434,7 10,6 2,1 0,0 
34 8,0 436,2 12,0 2,1 -1,3 
45 8,0 439,9 15,9 2,1 -5,2 
60 8,0 445,3 21,2 2,1 -10,4 
75 8,0 450,4 26,5 2,1 -15,6 
90 8,0 455,8 31,7 2,1 -20,9 

100 8,0 459,4 35,3 2,1 -25,5 

Table 5-17. Total result. Basic Tax.   
 
Table 5-18 below presents the effects of a tax levied on the amount kg/l active substance and on 
load. It has similar effects as the effect purely levied on load but it has larger costs and larger profit 
change.  

Basic and Load Tax 
Tax Load Costs Tax Revenue TFI Profit Change 

Baseline 8,0 434,7 10,6 2,1 0,0 
15 5,9 490,1 98,0 1,6 -88,7 
30 5,3 540,8 168,3 1,7 -159,6 
45 5,3 606,9 236,5 1,7 -239,4 
60 5,1 687,3 317,3 1,8 -308,9 
75 5,1 752,3 382,3 1,8 -379,9 
90 5,1 827,2 457,2 1,8 -455,8 

105 5,1 901,9 530,4 1,8 -530,4 
120 5,1 976,5 614,4 1,8 -606,2 
135 5,1 1051,0 679,7 1,8 -681,9 
150 5,1 1125,6 754,3 1,8 -757,7 
165 5,0 1200,3 829,0 1,8 -831,6 
180 5,0 1275,0 903,6 1,8 -907,2 
195 5,0 1347,5 991,3 1,8 -980,9 
210 4,9 1389,4 1049,5 1,8 -1039,0 
225 4,9 1462,7 1106,4 1,8 -1113,2 
240 4,9 1536,0 1179,7 1,8 -1187,4 
255 4,9 1609,3 1252,9 1,8 -1261,6 
270 4,8 1662,4 1302,8 2,0 -1292,0 

Table 5-18. Total result. Basic and Load Tax.   

5.2.3.1 The Load Tax 
The Basic Tax has been shown to have no effect on load and treatment frequency. The Load Tax 
and Load and Basic Tax has similar effects, but the Load Tax invloves less costs and a lower profit 
change for the farmer. The following section will look more closely at this taxation system as it can 
be deemed the most efficient to reduce load with lowest costs and lower profit change. Graph 5-1 
further describes the substititon effect. It shows load on the y-axis and tax-rate on the x-axis. As 
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earlier stated, the marginal effect on load change of increasing the tax declines drastically after 30 
SEK/load.  
 
 

         

Graph 5-1. Total Result. Load Reduction. 
 
Graph 5-2 illustrates the change in treatment frequency with a tax increase with regards to 
baseline. A tax increase lowers the treatment frequency at an initial state, but treatment frequency 
increases slightly at higher tax rates, not over the initial level however. The lowest treatment 
frequency is found at a tax rate of 15 SEK/load. As for all field studies how the treatment 
frequency changes varies a lot. For the herbicide field study for winter wheat for example, which 
showed a large decrease in load, the treatment frequency increased. This implies that the 
treatment frequency and load level does not necessarily correlate which can be explained by the 
fact that it is load that is the focus of this study and that use is only measured by the amount active 
substance in the pesticide.  
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Graph 5-2. Total Result. TFI Reduction. 
 
Graph 5-3 below illustrates the cost increase per hectare for the farmer (y-axis) and load (x-axis) 
with an increasing tax rate based on load. Baseline has a load of 8 and a cost of 435 per hectare. 
The marginal effect on load reduction is much higher for lower tax rates. At 30 SEK/load it starts to 
deplete, and only minor improvements in load is made but with much higher costs. Levying a load 
tax at 30 SEK/load implies a cost increase of 22% compared to baseline but reduces load with 
33,8%.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph 5-3. Total Result. Cost increase.  
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Graph 5-4 below depicts the profit change for each load level. It depicts profit reduction (y-axis) 
and load (x-axis). Lowering the load to 5,3 (with a load tax at 30 SEK/load) implies lowered profits 
compared to baseline with 151 SEK. After 30 SEK/load the marginal effect on load reduction 
deplets.  
 
 

Graph 5-4. Total Result. Profit reduction.  
 
The result shows that there are substitution possibilities towards pesticides with lower loads in 
Sweden. A load tax with a tax level at 30 SEK/load would, according to the results in this study, be 
the most efficient way to achieve a substitution towards pesticides with a lower load that would 
subsequently reduce use and overall load. The result furthermore illustrates that levying a tax on 
active substance (basic tax) has no steering effect in either load or treatment frequency. As for 
levying a tax on load and the amount active substance (basic and load tax) it shows similar results as 
for levying the tax on load (load tax), but with higher costs and larger profit change for the farmers. 
Additionally, the result illustrates that a differentiated tax on pesticide load is an efficient method 
to reduce the load and use (measured as TFI) of the more harmful pesticides, causing some 
changes for the farmers in costs (22% more expensive) and changes in profit (in average 151 SEK 
less profit than baseline). The change in price for the pesticides corresponds to the different levels 
of load in the pesticides where the average price increase for insecticides is 28%, fungicides 2% 
and herbicides 8% with a load tax at 30 SEK/load.  
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6. Analysis  
The results will be analysed using the economic theory described in section 3. Furthermore, the 
results will be put into the context of Swedish regulations and relevant background information 
presented in section 2.  

To start, the treatment frequency observed in this study (2,13 at baseline and 1,67 with a 
load tax at 30 SEK/load) is concurrent with the treatment frequency gathered from the Swedish 
Chemicals Agency (1,73). The similar numbers of treatment frequency in this study and official 
numbers of treatment frequency is a sign that the observed loads in this study are an accurate 
attempt to describe pesticide load levels in Sweden.  

Pesticide use causes negative external effects through its effect on the environment and 
living beings. The pesticide load indicator is a way to measure the effects of these externalities. The 
load indicator helps to capture the external effect and creates the possibility to internalize this 
effect into the price of the pesticide through taxation. By incorporating the load indicator in the 
tax, the social effects of using the pesticides are internalized. The new Danish tax on pesticides is 
one way of internalizing an externality as a price is put on the load (the negative externality). Thus 
is the originator of the externality internalized through the price and incentives for behavioural 
change is given that will be of benefit for society. The differentiated tax based on pollution level 
can be a very useful tax when some products within the same tax-base cause a larger 
environmental damage than other products within the same category, resulting in distortions and 
perverse incentives for using these products as described in section 3.2.3. This is a situation that 
very well describes the use of pesticide in Sweden today. By putting correct prices on the pesticides 
it will reveal the true price of the use of the pesticide. The matter is however complicated since the 
presence of negative external effects arising from pesticide use affects public goods such as water 
quality and biodiversity, which are also areas with no well-defined property rights. These are 
signals of a situation where there is a large risk of overconsumption and the situation described by 
the tragedy of the commons. It is evident that the market does not send correct price signals in this 
situation. The question of who should pay for this pollution arises in accordance to the polluter 
pay principle. There can be argued to be three stakeholders that are directly affected by a load tax 
which will lead to slightly higher prices; (1) The producer of the pesticide (2) The user of the 
pesticide and (3) The end consumer. The direct polluter is the farmer who gets to pay the price for 
pollution in this case. Following the notion of the economic rationale farmer, the farmer would always 
choose the cheapest solution with the lowest possible weeds or pest occurrence. A differentiated tax 
would alter farmers demand for substitutes with a lower load causing a promotion of low load 
pesticides, with higher prices on pesticides with a higher load, giving incentives to the producer for 
innovation in substitute products with equal efficiency but with a low load. The differentiated tax 
based on pesticide loads can in turn be argued to be beneficial for the end consumer as it increases 
transparency and makes the social costs visible in the price of the pesticide.  

The differentiated character of the tax is a way of creating incentives for the users of the 
pesticide to switch to products with a lower load, implying that there is a need for substitutes with 
a lower load for this to work. The result showed that there are possibilities for substitution in the 
production of winter wheat and winter oil rapeseed, implying that a differentiated tax on pesticides 
would work. Differentiated taxes have been implemented in Denmark, France and Norway where 
sales in low risk products has increased and sales in high-risk products have decreased. However it 
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is important to remember of what was explained in section 3.2.3; that if there are no possibilities 
for a substitution towards pesticides with equal efficiency the tax risk only being harmful for the 
farmers, as it risks to increase the costs for the farmers if they feel or are in fact dependant on the 
one pesticide they are using. It is possible that this would on a large scale hurt production of the 
crop in question, as it would not make it profitable to grow these types of crops. Less strict 
pesticide regulation in other countries would in this case pose a threat to production, when 
regulation changes nationally. If an input in the production of a product increases, the total cost of 
the production increases. If regulation in other countries is left unchanged, there is a risk that 
products from these countries will be relatively cheaper and risk to out compete the national 
production. However, when a farmer is being faced with higher prices on pesticides a substitution 
to only other chemical pesticides is not the only option. Other options such as mechanical weed 
control, increased activities in the principles of IPM, and organic farming are some of the options 
to reduce pesticide loads and use of pesticides further.  

The result showed that most clear substitution effects were found in the herbicide field 
studies for both winter wheat and winter oil rapeseed where a reduction in pesticide loads of 42% 
in winter wheat cultivation and 33% in winter oil rapeseed cultivation was observed. In Sweden 
and in the focus area of this case study Skåne however, many other crops are cultivated and a 
discussion on how these crops would be affected is needed. Considering the intensity (kg/ha) and 
the treated area of pesticide use in the other crops cultivated in Skåne it becomes clear that 
insecticides are not that widely used and that treated area and intensity does not differ that much 
from the cultivation of winter wheat and winter oil rapeseed. Indicating that similar effects will be 
seen in these areas. The only diverting crop type is leguminous plants in the production in Skåne 
which has an intensity of 0,13 kg/ha indicating that the insecticide use for this crop type might be 
particularly struck by a load tax. It is however important to keep in mind that insecticides typically 
demonstrate the highest loads, indicating that only small doses are very potent and have a large 
effect on the environment and human health. Considering fungicides the range of use is 
widespread over crop type when it comes to treated area, ranging from 25% in rape and turnip 
rape and 95% in winter wheat. However the intensity is somewhat similar with one big exception, 
potatoes. Potato cultivation has an intensity of 2,53 kg/ha of fungicides used, which indicates that 
this is a sector that would be struck by a differentiated tax on pesticides. It is however important to 
note that the average price increase on fungicide were only 2%, indicating that the price and 
consequently cost increase for the farmer will not be that high. Herbicides are the most common 
pesticide and are widely used in Skåne with similar treated areas and intensities for the different 
crop types. Again however, potatoes have large use intensity in 1,34 kg/ha indicating that they 
might be affected by a new taxation system. Though numbers of intensity can be useful and an 
indicator of how much pesticides are used in the cultivation of a certain product, it is important to 
note that intensity and load does not necessarily correlate. High numbers in intensity could for 
instance mean that pesticides with a low load but a high concentration of active substance are 
being used. This is also supported by the result of this study that demonstrated that treatment 
frequency and pesticide loads does not necessarily have to follow correlate (see table 2-2 in section 
2.2 for a complete description of pesticide use in Skåne).  

This study has analysed three types of taxation systems; (1) Load Tax (2) Basic Tax (3) Load 
and Basic Tax. The load tax was shown to be the most efficient taxation system in order to reduce 
load and use of pesticides with the lowest possible financial strain on the farmer. By levying the tax 
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on the pollutant itself (the load indicator) it creates incentive and flexibility for the user of the 
pesticides to reduce their use of pesticides with higher loads. As explained in section 3.1.5 however, 
this depends on the price elasticity of demand of the pesticides. If a farmer feel or are in fact 
completely dependant on pesticides with a high pesticide load the farmer will be particularly struck 
by a differentiated tax based on pesticide loads. In addition to this it will lead to a larger tax 
revenue stream and that no environmental impact will be made, since there is no substitution 
towards pesticides with a lower load. The substitution effect that was observed in the result indicates 
that there is an elastic demand for pesticides as they are able to substitute the baseline solution to 
solutions with a lower load. That pesticides are indeed elastic is supported by the review report on 
15 studies in price elasticity of demand in pesticides cited in section 3.1.5. Section 3.2.2 
furthermore showed that there are some difficulties in levying the tax on load – the pollutant itself. 
(1) it is hard to estimate the marginal benefit and the marginal cost curves to decide the optimal 
pollution level, (2) the tax needs to provide an incentive for change, which means that it cannot be 
too low, but a too high tax requires complex tax structures and administrative mechanisms and (3) 
emission taxation is usually much more costly than product taxation. The pesticide load indicator 
provides an easy but comprehensive framework to use for monitoring pesticide load that is 
applicable within a taxation system. The optimal pollution level would be given by the pesticide 
combination with the lowest load that corresponds to a price that the farmer is willing to pay. The 
tax level of 30 SEK/load was considered an efficient level to give incentives for change. The load 
tax would furthermore mean a high initial cost, as it would need to be implemented in the tax 
structure, but once in place it would work as it currently does, with minor adjustments needed 
every time a new pesticide is introduced. However, as emphasized in Potentiel reduktion i 
pesticidbelastning ved substitution af midler og anvendelse af IPM (2013) on the short-term preventive 
actions to avoid resistance might include higher costs.  

As for the double dividend hypothesis, this is highly debated area and this study deters 
from making any conclusions based on this. It is however important to comment on this since tax 
switching has been a part of the debate of the use of environmental taxes. The hypothesis state that 
environmental taxes can cause double dividends where there is an improvement in economic 
efficiency and an improvement in the environment, since the introduction of the environmental 
tax is used to reduce a distorting tax, such as income taxes. In section 3.2.2 it is described that, the 
agricultural sector is a sector that, for structural reasons, do not benefit immensely from a reduced 
tax in labour. Therefore a more efficient way of tax switching would be some sort of 
reimbursement to the sector that is affected by the tax. Complementary regulation is carefully 
done in Denmark where the introduction of the new tax was included in the Danish government 
new pesticide strategy that also included increased activities in cross-sectoral initiatives and 
initiatives linked to areas of special interest for the government such as increased educational 
activities in the IPM principles to reduce the need of pesticides. This way of working is also 
supported by the Swedish Environmental Protection Agency. The result shows that the farmers 
would not directly benefit from a tax levied on load as the cost would increase with 22% and their 
profit would decrease on average 151 SEK per hectare with a tax rate of 30 SEK/load. Therefore 
a reimbursement of some sort to the farmers affected by the tax can be argued to be needed. The 
introduction of a new tax might also lead to a higher dependency on certain pesticides and a larger 
risk of resistance. This is evident from the Norwegian experience explained in section 2.1.2. This 
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emphasizes the need for complementary measures, such as increased activities in IPM that 
promotes sustainable farming system. 

When introducing a tax rate at 30 SEK/load it would on average increase the prices for 
insecticides with 28%, fungicides with 2% and herbicides with 8%. This corresponds to the load 
levels the different pesticides show. Nimbus CS and Butisan Top are two pesticides used in the 
field studies exhibiting high pesticide loads. These two pesticides were recently banned by the 
Swedish Chemicals Agency, which illustrates that there are other ways of regulating harmful 
pesticides. A thorough regulation system that bans the use of the more harmful pesticides might be 
a more efficient system in controlling the use of harmful pesticides. The substitution principle 
explained in section 2.2.2 can also act as a support for the use of less harmful products.  

The Swedish government has an action plan for the sustainable use of pesticides for the 
period 2013-2017. This action plan among others state that the government should work for a 
decreasing risk trend for human health and the environment, mitigating the risks for professional 
users and that sustainable farming systems should be promoted. The result demonstrates that a 
load tax could decrease both load and use in Sweden. It would furthermore be more in line with the 
goal of mitigating the risks for professional users of pesticides since the risk of operator health is 
included in the pesticide load indicator and consequently in the price of the pesticide. If a tax 
would be introduced together with a policy that promotes the use of IPM it would furthermore 
assist the Swedish government to reach the goal of promoting more sustainable farming systems. 
The result indicates that the current taxation in Sweden system does not have a steering effect in 
reducing the use or load of the pesticides, which follows earlier evaluations of the tax. This signals 
that the current taxation system has no effect on the goals set up by the government. The basic and 
load tax that is used in Denmark proved to have an effect on both load and usage, but with a higher 
costs and profit change for the farmer, indicating that a the optimal taxation system, out of the 
three analysed, would be to only levy a tax on load.  

The EU’s sixth environmental action plan includes a thematic strategy on the use of 
pesticides that has the following objectives; (1) Minimize the hazards and risks towards health and 
environment linked to the use of pesticides (2) Improve controls on the use and distribution of 
pesticides (3) Reduce levels of harmful active substances used, in particular by substituting the most 
dangerous with safer alternatives (4) Encourage low-input or pesticide-free cultivation (5) Establish 
a transparent system for reporting and monitoring the progress made in achieving the objectives of 
the strategy. A tax based on the pesticide load indicator would be beneficial to the goal of 
minimizing the hazards and risks towards health and environment linked to the use of pesticides. It 
would furthermore improve the control as it gives an easy and comprehensive framework to 
analyse the risk of the pesticide. It additionally encourages substitution towards safer alternatives 
and encourages low-input cultivation. It would also enable a more transparent and easy monitored 
pesticide use. As EU acknowledges the use of economical instruments to reach the goals of a 
sustainable use of pesticides, a differentiated tax system based on pesticide load could be argued to 
be very well in line with EU policy which is needed for a potential implementation of a tax.   

The present pesticide load in Sweden can be seen in graph 2-2 in section 2.1.1 and is 
described by the risk indicator PRI-Nation. But the present pesticide load level using the pesticide 
load indicator is unknown. The observed total load in baseline was 8 and with a load tax levied at 
30 SEK/Load it could be reduced to 5,3. This level is comparable to what was observed in 
Denmark in 2012 (4,91). In 2013 (the latest available statistics) the pesticide load in Denmark was 
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3,49. And in 2011 (which is the base year for the 40% reduction in load) the level was 2,92 
meaning that the expected level in 2015 is 1,752. It is however important to keep in mind that only 
two types of crop types have been analysed in this study that could explain any disharmony in the 
numbers. For the specific crop types analysed in this study the load in Denmark is for winter wheat 
(category barley and winter grains); 1,72 (herbicides), 1,73 (fungicides) and 1,08 (insecticides), for 
winter oil rapeseed (category rapeseed); 1,25 (herbicides), 0,56 (fungicides) and 1,51 (insecticides). 
The corresponding load levels found in this study before substitution was for winter wheat; 2,9 
(herbicides), 0,6 (fungicides) and 0,8 (insecticides) and for winter oil rapeseed; 26,2 (herbicides), 
0,43 (fungicides) and 0,06 (insecticides). The corresponding load levels after substitution was for 
winter wheat; 1,69 (herbicides), 0,6 (fungicides) and 0,8 (insecticides), for winter oil rapeseed; 17,6 
(herbicides), 0,43 (fungicides) and 0,06 (insecticides). This suggests that pesticide loads could be 
reduced only in herbicide use in winter wheat cultivation (2,9 to 1,69) and herbicide use in winter 
oil rapeseed cultivation (26,2 to 17,6) by levying a tax on 30 SEK/load. Substitution in fungicide- 
and insecticide use in both crop types where found at higher tax levels except for insecticide use in 
winter oil rapeseed cultivation where no substitution effect was observed.  

A load reduction goal in Sweden needs to pay mind to how it affects both the farmers, risk 
of resistance and governmental pesticide goals. The result of this study shows that a tax levied at 
30 SEK/Load could reduce the load on average with 33,8% with some financial strain on the 
farmers. The load reduction is in line with Swedish goals and priorities. This study have not 
however assessed whether this level leads to a situation where pesticides with a larger risk of 
resistance is used. The new tax in Denmark is expected to reduce pesticide loads with 40%. The 
goal of a 40% reduction was assessed to be a reasonable goal as there where possibilities for 
substitution where this level could be reached without any financial strain on the farmer (Ørum  et 
al 2013). In Sweden this would not be possible due to the existing low tax levels on pesticides. This 
further gives reasons for complementary actions to minimize the financial strain for the farmers. 
As explained in section 3.2.3 tax differentiation has the purpose to cause incentives for behavioural 
change and is therefore calculated to be revenue neutral. This is not described by the result of this 
study, which emphasizes the use of complementary actions further.  

Denmark has a thorough base of pesticide statistics that describes where the pesticide load 
is the largest at crop level. The three categories of the pesticide load indicator furthermore means 
that it is possible to assess where the risks of for instance environmental toxicity is the largest and 
relate this to the pesticide types being used. This should be possible in Sweden as the risk indicator 
can be used to assess risk on individual pesticides. Current risk assessment in crop production can 
be made on farm level using PRI-Farm or by using numbers of intensity that does not visualize the 
complete risk of pesticide use. A differentiated tax based on environmental and health risk needs to 
be based on an indicator. The three parts in the pesticide load indicator is given equal weight and 
is consequently given equal importance. When designing a tax based on an indicator, this type of 
weighing is importance since it signals what is prioritised. A larger weight on environmental 
toxicity signals that it is more important to reduce pesticides with a large load in environmental 
toxicity. The indicator that is used in Sweden to monitor environmental and operator health risks 
could also be used as a basis of a differentiated tax based on pesticides loads. In the design of a new 
tax on pesticides in Sweden there needs to be a discussion on what is prioritised. Using PRI-Nation 
as an example, it consists of two parts; environmental risk and operator health risk. These sub 
indicators could be given equal weight if they are to be included in a tax, but the sub indicator 
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environmental risk could be given a much larger weight in the design and it would consequently 
have completely different effects on the prices and consequently the use of pesticides. What 
priorities, goals and largest areas of problems in Sweden needs to be assessed and it would 
consequently be up to the policy makers what weight is given to which sub indicator. 
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7. Conclusion and Suggestions for Future Research 
The result and the analysis answered all research questions of this study. The result and analysis 
furthermore strengthened the hypothesises stated at the beginning. Using the production of winter 
wheat and winter oil rapeseed in Skåne as a case study the result and analysis has shown that a 
similar tax to what was introduced in Denmark in 2013 could be introduced in Sweden, resulting 
in reduced pesticide loads and pesticide use. The pesticide load indicator that this study has used 
as a basis for the calculations has many similarities with the risk indicator currently used in Sweden 
but is a more detailed and comprehensive indicator of risk. When designing a differentiated tax 
based on pesticide loads in Sweden, the Swedish risk indicator could however be used to 
internalize the environmental risk of using pesticides. Denmark and Sweden carries many 
similarities and are joined in the same pesticide zone within the EU, making a comparison 
between the two possible. Three taxation systems were tested to analyse if a substitution towards 
pesticides with a lower risk were to be found and which of these systems that would have the 
largest effect on load and use; (1) The current taxation system in Sweden where a tax is levied on 
the amount kg/l active substance in a pesticide, (2) a taxation system where the tax is leveid on the 
load indicator of each pesticide and (3) a taxation system on the amount kg/l active substance and 
load indicator corresponding to the current taxation system in Denmark. A substitution effect 
towards pesticides with a lower load was found using taxation systems (2) and (3). A tax levied on 
load (2) was deemed to be the most efficient way to reduce total load and use of pesticides, with 
least financial strains on the farmers. The most evident effect was found in the field studies using 
herbicides where the load was reduced with 42% in winter wheat cultivation and 33% in winter oil 
rapeseed cultivation. Herbicides account for 80% of the pesticides use in Sweden, indicating that a 
tax levied on load would cause a major shift and a substitution towards pesticides with a lower 
load. The result in this study furthermore supports the recommendations in the EU Green Paper 
(European Commission – 1, 2007) stating that price signals can be improved by internalizing 
externalities and that this action can promote behavioural changes that reduces the negative effect 
towards the environment. The Green Paper emphasizes economic measurements as a 
complementary tool that increases the flexibility within an industry to reach governmental goals.  

The total result (the average effect based on all subparts in the result) presented a decrease 
in load with 33,8% and a decrease in use of 21,6% with a load tax at 30 SEK/load. This indicates 
that a reasonable reduction goal in Sweden could be somewhere around 30% in load reduction 
followed by a reduction in use. This level would furthermore mean increased tax revenues with 
160 SEK per hectare, a treatment cost of 532 SEK per hectare for the farmers and a profit change 
of 151 SEK in less revenue for the farmer per hectare. This indicates that the new tax would be 
followed by an increase in tax for the farmers described by higher costs and less profit. A new 
taxation system also implies higher administrative costs. This will however only be an initial cost 
because there is a need to calculate load for the pesticides used. Some costs in increased preventive 
resistance actions could however occur. Since the pesticide load indicator is a definite number, 
there is no need for continuous calculation other when new pesticides enter the market. 
Consequently, a tax levied on load can also be argued to be a uniform tax based on load due to the 
definite number of the load indicator implying that no additional administrative burdens will be 
introduced once such a tax is in place.  
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Because substitution effects could be presented a reduction in load is not surprising, since 
the tax is levied on load. The more unexpected results described in this study is that it would 
reduce use and that the basic tax did not have any effect on either load or use and did not result in 
any substitution effect. This implies that the current taxation system does not have a steering effect 
in use and consequently is not an efficient measurement to reduce the risk for health and 
environment in Sweden. This conclusion is in line with conclusions from a government official 
report (SOU 2003:9) on taxes on fertilizers and pesticides. There are however other ways to 
reduce the use and load of pesticide use. The introduction of mechanical weed control, education 
in IPM, increased organic farming or stricter regulation could all have an effect on both use and 
pesticide loads. The question is if a tax is a more efficient measure to reach the goal of a reduced 
use and risk. Due to the findings in this study and support from earlier studies the recent tax 
increase (from 30 SEK to 34 SEK per kg/l active substance) can be argued to only affect the 
farmer negatively. If there is a political will to increase a tax that has no effect on the use and load 
of pesticides but only a negative effect for the farmers, there should be a political will to introduce 
a new tax with a negative financial effect for the farmer and a positive effect on the use and load of 
pesticide use.  

The larger financial strain on farmers could be reduced through complementary policies 
supporting the farmers. This way the increased tax revenues are reinstated within the agricultural 
sector. Experience from Norway has shown that there could be a need for an increased support to 
the farmers to minimize the risk of resistance. These complementary policies would need to focus 
on for instance integrating the principles of IPM in the farmers operations or to promote organic 
farming and mechanical weed control. Options that become more attractive with a price increase 
with pesticide use. It is furthermore important to remember that the use of pesticides is dependant 
on a number of things where only one of these factors is price (including taxes). Other factors are 
crop type, resistance, special cultivation conditions and the presence of weeds and pests. For 
instance has the reduction of nitrogen use resulted in an increased use of pesticides indicating that 
complementary policies covering other areas is needed (SOU 2003:9). The experience from 
Norway shows that a differentiated tax based on pesticides loads increases the risk of resistance 
weeds and pests. This is a very important aspect that needs to be kept in mind when designing a 
differentiated tax based on pesticide loads. There is a risk that the substitution towards lower load 
pesticides described in the result in this study also means that these are pesticide with an increase 
risk of resistance. This worry is also expressed in an investigative report on possible substitution 
effect in Denmark prior to the introduction of the new tax (Ørum  et al 2013). This report state 
that a substitution towards a few low load products, there is a risk that these products are used to 
such an extent that the pests develop resistance or reduced susceptibility. It could lead to a 
situation where the higher load products are being put into use again or that the crop no longer 
cannot be grown profitably. Prevention of resistance may therefore on the short term be costly and 
require special advisory efforts.  

The results show that a reduction in load is not necessarily followed by a reduction in use. 
This is because they measure different things, which highlights why it might be incorrect to tax 
pesticides based on amount active substance when a reduced pesticide load is the goal. Policy 
makers will need to keep this in mind when discussing what is most important; a reduction in 
pesticide use or substitution towards low load pesticides. It furthermore illustrates the fact that the 
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substitution effect to lower load pesticides does not depend on the use of pesticides, but more on 
what type of pesticide is being used.  

For further research, this study suggests that a similar analysis should be made on a 
national level covering more crop types to consider the overall effects in Sweden. This should be 
coordinated nationally in order to evaluate a differentiated tax system based on pesticide loads in 
Sweden. An adaption of the pesticide load indicator to Swedish conditions and priorities needs to 
be analysed – or if an integration of PRI-nation into the Swedish tax system is a more realistic 
option. There is furthermore a need to develop similar ways to measure use and load of pesticides 
within the EU to facilitate comparative studies. More research is also needed if increased 
regulation or economical measurements is the best way to control the use and load of pesticides. 
This study would also have benefited from more comprehensive statistics in crop cultivation and 
pesticide use in Sweden, which is why it is recommended to further strengthen the statistical base 
on risks in pesticide use on crop and product level. Consequently this study calls for more detailed 
statistics in pesticide use to facilitate for future studies. This study has not evaluated the specific 
pesticides and their individual risk of resistance attached to the use of them. This is something that 
would be needed in a future analysis of the introduction of differentiated tax based on pesticide 
loads.  
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9. Appendix 
Below follows a complete description of the field studies used in this study. Each field study is 
presented with the number of solution that is used. Where no load is presented relevant 
information was missing. These solutions have consequently not been used in the result.  
 

L9-1050 
Year/Field Study Harvest 

kg/ha 
Harvest 
Relative 
Numbers 

Sales 
Price 

Costs Profit Load TFI 

        
2012        
1 Untreated 11340 100 17388 0 17388 0 0,00 
2 P+CP - 0,4+0,3  11660 103 17879 333,8 17545 0,41968 0,74 
4 P & Ar 0,4 - 0,4  11850 104 18170 469,2 17701 0,42334 1,46 
5 P & P 0,4 - 0,4  11770 104 18047 472 17575 0,3704 1,00 
6 P+CP & Ar 
0,4+0,3 - 0,4  

11640 103 17848 567 17281 0,65782 1,70 

7 P+CP & P 
0,6+0,3 - 0,4  

11810 104 18109 687,8 17421 0,69748 1,49 

8 P+CP & P 
0,4+0,3 - 0,6  

11830 104 18139 687,8 17452 0,69748 1,49 

9 P+Sp & P 
0,2+0,5 - 0,4  

11740 104 18001 499 17502 0,67528 1,25 

10 P+Sp & P 
0,4+0,5 - 0,4  

11820 104 18124 617 17507 0,76788 1,50 

11 P+Sp+CP& P 
0,4+0,5+0,3 - 0,4 

11630 103 17833 714,8 17118 1,00236 1,74 

14 Sp+P+CP & 
P+CP 
0,5+0,3+0,3 - 
0,4+0,3  

11810 104 18109 753,6 17355 1,19054 1,85 

15 Ar+CP - 
0,4+0,3  

11520 102 17664 331 17333 0,47262 1,20 

        
2013        
1 Untreated 9330 100 14306 0 14306 0 0,00 
2 P+CP 0,4+0,3 9920 106 15211 333,8 14877 0,41968 0,74 
3 Ac + T & Ac+P 
0,25+0,4 
0,25+0,4 

10200 109 15640 550,04
8 

15090 0,906325 1,80 

8 P+CP & P 
0,4+0,3 0,6 

10350 111 15870 687,8 15182 0,69748 1,49 

9 P+Sp & Ac+Ar 
0,4+0,5 0,3+0,6 

9990 107 15318 850,8 14467 1,185965 2,74 

10 P+Sp & Ar 
0,4+0,5 0,4  

10240 110 15701 614,2 15087 0,82082 1,96 

11 P+Sp & P 
0,2+0,5 0,4  

10180 109 15609 499 15110 0,67528 1,25 

12 P+Sp & P 
0,4+0,5 0,4  

10100 108 15487 617 14870 0,76788 1,50 

13 Sp+P+CP& 
P+CP 
0,5+0,3+0,3 
0,4+0,3 

9970 107 15287 753,6 14534 1,19054 1,85 
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16 Ar +CP 
0,4+0,3 

10090 108 15471 331 15140 0,47262 1,20 

        
2014        
1 Untreated 9860 100 15119 0 15119 0 0,00 
2 Proline + 
Comet Pro 
0,4+0,3  

10100 102 15487 333,8 15153 0,41968 0,74 

5 Proline + 
Sportak & 
Proline 0,4 + 0,5 
0,4  

10320 105 15824 617 15207 0,76788 1,50 

6 Proline + 
Comet Pro & 
Armure 0,4 + 0,3 
0,4  

10350 105 15870 567 15303 0,65782 1,70 

7 Proline + 
Comet Pro & 
Proline 0,4 + 0,3 
0,4  

10350 105 15870 569,8 15300 0,60488 1,24 

8 Proline + 
Comet Pro & 
Proline 0,4 + 0,3 
0,6  

10690 108 16391 687,8 15704 0,69748 1,49 

11 Acanto + Tilt 
& Acanto + 
Proline 0,25 + 
0,4 0,25 + 0,4  

10170 103 15594 550,04
8 

15044 0,906325 1,80 

12 Proline & 
Acanto + Armure 
0,4 0,25 + 0,4  

10280 104 15763 569,2 15193 0,628402
5 

1,71 

13 Proline + 
Sportak + Comet 
Pro & Proline 0,2 
+ 0,5 + 0,3 0,4  

10250 104 15717 596,8 15120 0,90976 1,49 

14 Proline + 
Sportak + Comet 
Pro & Proline 0,4 
+ 0,5 + 0,3 0,4  

10500 106 16100 714,8 15385 1,00236 1,74 

15 Proline + Tilt 
+ Comet Pro & 
Proline 0,4 + 0,5 
+ 0,3 0,4  

10230 104 15686 712,36 14974 0,99363 2,24 

16 Proline + 
Sportak + Comet 
P & Proline + 
Comet Pro 0,3 + 
0,5 + 0,3 0,4 + 
0,3  

10300 104 15793 753,6 15040 1,19054 1,85 

 
L5-3021 
Year/Field Study Harvest 

kg/ha 
Harvest 
Relative 
Numbers 

Weeds 
Relative 
Numbers 

Sales 
Price 

Costs Profit Load TFI 

         
2002         
A. Untreated 8720 100 100 13371 0 13371 0 0,00 
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B. 1,2 l Duplosan 
Meko 1) 

9330 107 6 14307  14307   

C. 1,5 tab 
Express + 0,6 l 
Starane + 0,1 
Lissap. B 3) 

9418 108 9 14440 184,95 14255 0,4005
5175 

1,47 

D. 2,0 tab 
Express + 40 g 
Platform 

9418 108 3 14440 215 14225 0,0731
05 

1,29 

E. 2,0 tab 
Express + 40 g 
Platform 

9330 107 2 14307 215 14092 0,0731
05 

1,29 

F. 1,0 tab 
Express + 20 g 
Platform 

9330 107 6 14307 107,5 14199 0,1388
15 

4,97 

G. 2,6 tab 
Harmony Plus + 
40 g Platform 3) 

9418 108 9 14440 223,85 14216 69,967
308 

1,63 

H. 1,0 tab 
Express + 0,1 l 
Lissap. B. 1) + 
1,5 tab Express + 
40 g Platform 3) 

9418 108 2 14440 242,45 14198 0,0787
8625 

1,54 

I. 80 g Harmony 
Class 3) 

9330 107 12 14307  14307   

J. 0,1 l Primus + 
0,1 l Lissap. B. 3) 

9243 106 9 14173 233,6 13939 0,0365
25 

1,00 

K. 0,1 l Primus + 
40 g Platform 3) 

9418 108 5 14440 353,2 14087 0,0869
05 

1,33 

L. 1,5 l NA0201 3) 9418 108 29 14440  14440   
M. 1,0 l NA0202 
+ 0,1 l Primus 3) 

9505 109 2 14574  14574   

N. 0,75 l Cougar 
1) 

9243 106 4 14173 205,92 13967 0,5039
25 

1,05 

O. 0,75 l Bacara 
1) 

9505 109 4 14574 288,75 14285 5,2746
75 

0,75 

P. 
0,6lCougar+20g
Gratil+0,1lLissa
p.B.3) 

9505 109 12 14574 324,336 14250 0,4448
4 

1,84 

Q. 
0,5lBacara+20gG
ratil+0,1lLissap.
B.3) 

9418 108 6 14440 352,1 14088 3,5581
5 

1,50 

R. 0,15 Lotus + 
1,0 Duplosan 
Meko 1) 

9418 108 4 14440  14440   

S. 0,25 Lotus + 
2,0 Duplosan 
Super 2) 

9330 107 7 14307  14307   

T. 70 g Tooler 
(BAS 635 00 H) + 
0,1 l DP-
vätmedel. 3) 

9418 108 24 14440  14440   

U. 125 g Tarok 
(BAS 641 01 H) + 
1,0 l Citowett 
2000 3) 

9330 107 6 14307  14307   
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2003         
 A. Untreated 7790 100 100 11945 0 11945 0 0,00 
B. 1,2 l Duplosan 
Meko 1) 

8024 103 29 12303  12303   

C. 1,5 tab 
Express + 0,6 l 
Starane + 0,1 l 
Lissap. B. 3) 

7868 101 7 12064 184,95 11879 0,4005
5175 

1,47 

D. 2,0 tab 
Express + 40 g 
Platform 1) 

8024 103 10 12303 215 12088 0,0731
05 

1,29 

E. 1,0 tab 
Express + 20 g 
Platform 1) 

8102 104 12 12422 107,5 12315 0,1388
15 

4,97 

F. 2,0 tab 
Express + 40 g 
Platform 3) 

8102 104 9 12422 215 12207 0,0731
05 

1,29 

G. 2,6 tab 
Harmony Plus + 
40 g Platform 3) 

8024 103 9 12303 223,85 12079 69,967
308 

1,63 

H. 50 g Ally Class 
3) 

8102 104 4 12422 264,5 12158 0,0667
5 

1,14 

I. 0,1 l Primus + 
0,1 l Lissap. B. 2) 

8024 103 12 12303 233,6 12069 0,0365
25 

1,00 

J. 0,1 l Primus + 
40 g Platform 3) 

7946 102 5 12184 353,2 11830 0,0869
05 

1,33 

K. 0,75 l Cougar 
1) 

7946 102 9 12184 205,92 11978 0,5039
25 

1,05 

L. 0,75 l Bacara 
1) 

8180 105 5 12542 288,75 12253 5,2746
75 

0,75 

M. 
0,6lCougar+20g
Gratil+0,1lLissa
p.B.3) 

8024 103 2 12303 324,336 11979 0,4448
4 

1,84 

N. 
0,5lBacara+20gG
ratil+0,1lLissap.
B.3) 

8180 105 5 12542 352,1 12190 3,5581
5 

1,50 

O. 0,15 Lotus + 
1,0 Duplosan 
Meko 1) 

8024 103 16 12303  12303   

P. 0,25 Lotus + 
2,0 Duplosan 
Super 2) 

7946 102 11 12184  12184   

Q. 70 g Tooler 
(BAS 635 00 H) + 
0,1 l DP-
vŠtmedel. 3) 

7946 102 14 12184  12184   

R. 125 g Tarok 
(BAS 641 01 H) + 
1,0 l Citowett 
2000 3) 

8024 103 7 12303  12303   

S. 0,5 Starane + 
0,3 Cougar 1) 

7868 101 7 12064 175,868 11888 0,5211
6 

1,04 

T. 0,5 Starane + 
0,5 Cougar 3) 

8102 104 8 12422 230,78 12192 0,6555
4 

1,32 

         
2004         
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A. Untreated 6930 100 100 10626 0 10626 0 0,00 
B. 1,5 tab 
Express + 0,6 l 
Starane + 0,1 l L. 
B. 3)  

7277 105 14 11157 184,95 10972 0,4005
5175 

1,47 

C. 2,0 tab 
Express + 40 g 
Platform 3) 

7277 105 22 11157 215 10942 0,0731
05 

1,29 

D. 50 g Ally Class 
3) 

7277 105 7 11157 264,5 10893 0,0667
5 

1,14 

E. 0,75 l Cougar 
1) 

7138 103 22 10945 205,92 10739 0,5039
25 

1,05 

F. 0,75 l Bacara 
1) 

7277 105 7 11157 288,75 10869 5,2746
75 

0,75 

G.0,3lBacara1) 
+120gChecker+0
,1L.B.3) 

7277 105 6 11157  11157   

H. 150 g Hussar 
+ 0,1 L. B. 3) 

7207 104 9 11051 261,3 10790 0,0581
025 

0,75 

I. 0,6 l Cougar + 
20 g Gratil + 0,1 l 
Lissap. B. 3) 

7207 104 5 11051 324,336 10727 0,4448
4 

1,84 

J. 0,6 l Bacara + 
20 g Gratil + 0,1 l 
Lissap. B. 3) 

7207 104 6 11051 324,336 10727 0,4448
4 

1,84 

K. 0,15 Lotus + 
1,0 Duplosan 
Meko 1) 

7069 102 40 10839  10839   

L. 0,25 Lotus + 
2,0 Duplosan 
Super 2) 

7138 103 14 10945  10945   

M. 0,1 l Primus + 
0,1 l Lissap. B. 2) 

7138 103 18 10945 233,6 10711 0,0365
25 

1,00 

N. 0,1 l Primus + 
0,3 l Cougar + 
0,1 l L. B. 3) 

7346 106 7 11264 315,968 10948 0,2380
95 

1,42 

O. 0,1 l Primus + 
0,1 l Lissap. B. 3) 

7207 104 19 11051 233,6 10817 0,0365
25 

1,00 

P. 10 g Lexus + 
0,3 Bacara + 0,1 
L.B. 1)  

7207 104 3 11051 226,6 10824 2,1167
1 

0,52 

 Q. 0,5 Cougar + 
1,0 Arelon. 1)  

7277 105 5 11157  11157   

         
2005         
A. Untreated 7410 100 100 11362 0 11362 0 0,00 
B. 
1,5tabExpress+0
,6lStarane+0,1lvt
m3) 

8077 109 17 12385 184,95 12200 0,4005
5175 

1,47 

C. 50 g Ally Class 
3) 

8077 109 14 12385 264,5 12120 0,0667
5 

1,14 

D. 0,75 l Cougar 
1) 

8299 112 15 12725 205,92 12520 0,5039
25 

1,05 

E. 0,75 l Bacara 
1) 

8522 115 8 13066 288,75 12778 5,2746
75 

0,75 

F. 0,5lBacara1) 
+100gHussar+0,
5lRenol.3) 

8299 112 1 12725 405,5 12320 3,5551
85 

1,00 
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G. 150 g Hussar 
+ 0,5 l Renol 3) 

8151 110 8 12498 298,5 12200 0,0581
025 

0,75 

H. 0,3lBacara 
+100gHussar+0,
1lvtm3) 

8151 110 17 12498 291,3 12207 2,1486
05 

0,80 

I. 
0,6lCougar+20g
Gratil+0,1lvtm3) 

8003 108 10 12271 324,336 11947 0,4448
4 

1,84 

J. 
0,6lBacara+20gG
ratil+0,1l vtm3) 

7929 107 12 12157 390,6 11767 4,2614
4 

1,60 

K. 0,15 Lotus + 
1,0 Duplosan 
Meko 1) 

8373 113 19 12839  12839   

L. 0,25 Lotus + 
2,0 Duplosan 
Super 2) 

8225 111 16 12612  12612   

M. 0,5Bacara1)+ 
0,1lPrimus+0,1lv
tm2) 

8596 116 1 13180 426,1 12754 3,5529
75 

1,50 

 N. 0,5 Bacara 1) 
+ 1,2 l Starane 
XL 3) 

8225 111 1 12612 382,1 12230 4,1900
94 

1,93 

O. 10 g Lexus + 
0,3 Bacara + 0,1 
vtm 1)  

8447 114 2 12953 226,6 12726 2,1167
1 

0,52 

P. 0,5 Cougar + 
1,0 Arelon. 1)  

8596 116 6 13180  13180   

Q. 1,5 tab 
Express + 1,2 l 
Duplosan Meko 
+ 0,1 vtm 3) 

8003 108 25 12271  12271   

R. 
10gLexus+0,3Ba
cara+0,1vtm1) 

8373 113 12 12839 226,6 12612 2,1167
1 

0,52 

         
2006         
A. Untreated 7650 100 100 11730 0 11730 0 0,00 
B. 
1,5tabExpress+0
,6lStarane+0,1lvt
m3) 

8186 107 17 12551 184,95 12366 0,4005
5175 

1,47 

C. 0,25 Bacara 1) 
o 50 g Hussar + 
0,5 l Renol. 3) 

8339 109 4 12786 223,75 12562 1,7775
925 

0,50 

D. 
0,5lBacara1)o100
gHussar+0,5lRe
nol.3) 

8415 110 1 12903 405,5 12498 3,5551
85 

1,00 

E. 0,3 l Bacara + 
100 g Hussar + 
0,5 l Renol. 3) 

8033 105 7 12317 328,5 11988 2,1486
05 

0,80 

F. 0,3 l Bacara + 
150 g Hussar + 
0,5 l Renol. 3) 

8109 106 5 12434 414 12020 2,1679
725 

1,05 

G. 0,25 l Bacara 
1) o 0,075 l 
Primus + 0,1 vtm 
2) 

8339 109 3 12786 272,65 12513 1,7856
1875 

1,00 
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H. 0,25 l Bacara 
1) o 1,0 l Starane 
XL 3) 

8568 112 3 13138 254,25 12883 2,3195
95 

1,44 

I. 3,0 tab DPX-
CDQ + 0,1 vtm 3) 

8339 109 16 12786  12786   

J. 
1,5tabExpress+1
8gEagel+0,1lvtm
3)3) 

8262 108 23 12668  12668   

K. 2,5 l Verigal D 
3) 

8109 106 23 12434  12434   

L. 1,25 l Verigal 
D + 0,05 Primus 
3) 

8109 106 14 12434  12434   

M. 1,25 l Verigal 
D + 100 g Hussar 
3) 

8109 106 12 12434  12434   

         
2007         
A. Untreated 8210 100 100 12589 0 12589 0 0,00 
B. 
1,5tabExpress+0
,6lStarane+0,1lvt
m3) 

10016 122 13 15358 184,95 15173 0,4005
5175 

1,47 

C. 0,3 Bacara 1) 
o 50 g Hussar + 
0,5 l Renol. 3) 

10016 122 1 15358 243 15115 2,1292
375 

0,55 

D. 
0,3lBacara1)o100
gHussar+0,5lRe
nol.3) 

9934 121 0 15232 328,5 14904 2,1486
05 

0,80 

E. 0,3 l Bacara + 
100 g Hussar + 
0,5 l Renol. 3) 

9688 118 4 14855 328,5 14526 2,1486
05 

0,80 

F. 0,3 l Bacara + 
150 g Hussar + 
0,5 l Renol. 3) 

9688 118 3 14855 414 14441 2,1679
725 

1,05 

G. 1,25 l Verigal 
D + 1,5 l Arelon 
2) 

10098 123 6 15484  15484   

H. 1,0 l Verigal D 
+ 1,0 l Arelon 2) 

10180 124 5 15610  15610   

I. 
1,5tabExpress+1
8gEagle+0,1lvtm 
3) 

9934 121 12 15232  15232   

J. 3,0 tab DPX-
CDQ + 0,1 vtm 3) 

9524 116 9 14603  14603   

K. 0,25 l Bacara 
1) o 0,075 l 
Primus + 0,1 vtm 
3) 

10180 124 0 15610 272,65 15337 1,7856
1875 

1,00 

L. 0,25 l Bacara 
1) o 1,0 l Starane 
XL 4) 

10098 123 0 15484 254,25 15230 2,3195
95 

1,44 

         
2008         
A. Untreated 10460 100 100 16039 0 16039 0 0,00 
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B. 0,75 l Bacara 
1)  

11506 110 4 17643 288,75 17354 5,2746
75 

0,75 

D. 0,3 l Bacara 1) 
och 0,075 l 
Primus + 0,1 vtm 
3)  

11401 109 1 17482 291,9 17190 2,1372
6375 

1,05 

E. 0,3 l Bacara 1) 
och 0,5 l Starane 
XL 4)  

11506 110 1 17643 194,5 17448 2,3905
55 

0,90 

E. 0,3 l Bacara 1) 
och 1,0 l Starane 
XL 4)  

11506 110 3 17643 273,5 17369 2,6712
4 

1,49 

G. 1,5 tab 
Express + 0,6 l 
Starane + 0,1 l 
vtm 3)  

11192 107 23 17161 184,95 16976 0,4005
5175 

1,47 

         
2009         
A. Untreated 8630 100 100 13233 0 13233 0 0,00 
B. 0,75 l Bacara 
1)  

9579 111 3 14688 288,75 14400 5,2746
75 

0,75 

C. 0,3 l Bacara 1) 
och 0,5 l Starane 
XL 2) 

9752 113 1 14953 194,5 14758 2,3905
55 

0,90 

D. 0,3 l Bacara 1) 
och 1,0 l Starane 
XL 2) 

9666 112 1 14821 273,5 14547 2,6712
4 

1,49 

F. 
1,5tabExpress+0
,6lStarane+0,1lvt
m2)M  

9493 110 7 14556 184,95 14371 0,4005
5175 

1,47 

G. 15 g ANR 0601 
+ 0,1 l vtm 3) 

9234 107 27 14159  14159   

H. 15 g ANR 0601 
+ 0,6 l NA0803 + 
0,1 l vtm 3) 

9407 109 15 14424  14424   

         
2010         
A. Untreated 8850 100 100 13570 0 13570 0 0,00 
B. 0,75 l Bacara 
1)  

9647 109 7 14791 288,75 14503 5,2746
75 

0,75 

C. 1,0l Fox 1) + 
0,5 l Starane XL 
2) 

9735 110 2 14927 358 14569 2,5419
65 

1,26 

D. 0,3 l Bacara 1) 
och 0,5 l Starane 
XL 2) 

9824 111 1 15063 194,5 14868 2,3905
55 

0,90 

E. 0,3 l Bacara 1) 
och 1,0 l Starane 
XL 2) 

9824 111 1 15063 273,5 14789 2,6712
4 

1,49 

G. 1,5 tab 
Express + 0,6 l 
Starane + 0,1 l 
vtm 2) M  

9735 110 6 14927 184,95 14742 0,4005
5175 

1,47 

H. 15 g ANR 0601 
+ 0,6 l NA0803 + 
0,1 l vtm 3) 

9647 109 14 14791  14791   
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2011         
A. Untreated 5410 100 100 8295 0 8295 0 0,00 
B. 0,75 l Bacara 
1)  

5410 100 6 8295 288,75 8007 5,2746
75 

0,75 

C. 0,3 l Bacara 1) 
och 0,5 l Starane 
XL 2) 

5626 104 8 8627 194,5 8433 2,3905
55 

0,90 

D. 0,3 l Bacara 1) 
och 1,0 l 
Mustang Forte 4) 

5140 95 4 7881  7881   

E. 2,0 l Roxy 1) o 
15 g Crossfire + 
0,6 l Flurost. 2) 

5735 106 5 8793  8793   

F. 2,0 l Roxy 1) o 
15 g Crossfire + 
0,1 l Diflanil + 
0,6 l Flurost. 2)  

5951 110 3 9125  9125   

G. 70 g Aliance 2) 
+ 0,7 l Starane 
180 3) 

5735 106 6 8793  8793   

H. 1,5 tab 
Express + 0,6 l 
Starane + 0,1 l 
vtm 2) M 

5572 103 13 8544 184,95 8359 0,4005
5175 

1,47 

         
2012          
A. Untreated 11050 100 100 16943 0 16943 0 0,00 
B. 0,75 l Bacara 
1)  

11824 107 4 18129 288,75 17841 5,2746
75 

0,75 

C. 0,3 l Bacara 1) 
och 0,5 l 
Mustang Forte 2) 

11713 106 2 17960  17960   

D. 0,3 l Bacara 1) 
och 1,0 l 
Mustang Forte 3) 

11603 105 7 17791  17791   

E. 1,5 l Boxer + 
0,1 l Legacy 1) o 
11,25 g Trimmer 
+ 0,6 l 
Tomahawk 3) 

11934 108 1 18299  18299   

F. 11,25 g 
Express + 0,6 l 
Starane + 0,1 l 
vtm 2) M. 

11603 105 34 17791 184,95 17606 0,4005
5175 

1,47 

         
2013         
A. Untreated 9600 100 100 14720 0 14720 0 0,00 
B. 0,75 l Bacara 
1)  

9984 104 19 15309 288,75 15020 5,2746
75 

0,75 

C. 0,3 l Bacara 1) 
och 85 g 
Broadway + 0,5 l 
PG26N 3) 

9600 100 0 14720 298,2 14422 2,1340
474 

1,00 

D. 0,3 l Bacara 1) 
o 165 g 
Broadway + 0,5 l 
PG26N 3) 

9504 99 0 14573 443,8 14129 2,1568
026 

1,65 
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E. 0,3 l Bacara 1) 
o 1,0 l Primus XL 
3) 

9984 104 0 15309  15309   

F. 1,5 l 
Boxer+0,1 l 
Legacy 1) o 11,25 
g Trimmer + 0,6 
l Tomahawk + 
0,1 vtm 3) 

9888 103 2 15162  15162   

G. 11,25 g 
Express + 0,6 l 
Starane + 0,1 l 
vtm 2)  

9696 101 106 14867 184,95 14682 0,4005
5175 

1,47 

         
2014        
1. Untreated 8050 100 25 12343 0 12343 0 0,00 
2. 0,75 l Bacara 
1) 

9499 118 76 14565 288,75 14276 5,2746
75 

0,75 

3. 0,3 l Bacara 1) 
och 1,0 l Primus 
XL 3) 

9741 121 98 14935  14935   

4. 1,5 l Boxer + 
0,1 Legacy 1) och 
0,05 l Saracen + 
0,56 l Starane + 
0,05 l Legacy 3)  

9821 122 99 15059  15059   

5. 11,25 g Epress 
SX + 0,6 Starane 
+ 0,1 l vtm 2)  

9419 117 87 14442 184,95 14257 0,4005
5175 

1,47 

6. 11,25 g 
Express SX +1,5 
l CA 2697 + 0,1 l 
vtm 3)  

9258 115 88 14195  14195   

7. 11,25 g 
Express SX +1,5 
l CA 2192 + 0,1 l 
vtm 3)  

9419 117 88 14442  14442   

 
L15-8440 
Year/Field Study Harvest 

kg/ha 
Harvest 
Relative 
Numbers 

Sales 
Price 

Costs Profit Load TFI 

        
2009        

1. Untreated 4029 100 12408 0 12408 0 0 
2. 1 l Acanto 4100 102 12628 400 12228 0,82025 1 
3. 1 l Amistar 4099 102 12624 405 12219 0,26075 1 
4. 0,5 l Amistar 4070 101 12536 202,5 12333 0,130375 0,5 
5. 0,5 l Cantus 4795 119 14769 414,5 14354 0,52775 1 
6. 0,25 l Cantus 4101 102 12632 207,25 12425 0,263875 0,5 
        

2010        
1. Untreated 3953 100 12175 0 12175 0 0 
2. 1 l Acanto 4184 106 12888 400 12488 0,82025 1 
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3. 1 l Amistar 4166 105 12830 405 12425 0,26075 1 
4. 0,5 l Amistar 4163 105 12822 202,5 12619 0,130375 0,5 
5. 0,5 l Cantus 4808 122 14810 414,5 14395 0,52775 1 
6. 0,25 l Cantus 4180 106 12874 207,25 12667 0,263875 0,5 
        

2011        
1. Untreated 4147 100 12773 0 12773 0 0 
2. 1 l Acanto 4150 100 12782 400 12382 0,82025 1 
3. 0,25 l Cantus 4190 101 12905 207,25 12698 0,263875 0,5 
4. 0,5 l Cantus 4199 101 12932 414,5 12517 0,52775 1 
5. 0,35 l Proline 4887 118 15051 206,5 14844 0,16205 0,4375 
6. 0,7 l Proline 4157 100 12804 413 12391 0,3241 0,875 
        

2012        
1. Untreated 4267 100 13143 0 13143 0 0 
2. 0,25 l Cantus 4530 106 13952 207,25 13745 0,263875 0,5 
3. 0,5 l Cantus 4561 107 14049 414,5 13635 0,52775 1 
4. 0,35 l Proline 4444 104 13688 206,5 13482 0,16205 0,4375 
5. 0,5 l Amistar + 
0,5 l Sportak 

4597 108 14158 347,5 13810 0,527855 0,8332
25 

6. 0,35 l Amistar + 
0,35 l Proline 

4583 107 14115 348,25 13767 0,253312
5 

0,7875 

 
L5-8000 
Year/Field 
Study 

Harvest 
kg/ha 

Harvest 
Relative 
Numbers 

Weeds 
Relative 
Numbers 

Sales 
Price 

Costs Profit Load TFI 

         
2003         

1. Untreated 3730 100 100 11488 0 11488 0 0 
2. 2 l Butisan 
S  

3954 106 5 12178  12178   

3. 3 l Nimbus 
CS  

4066 109 26 12522 876 11646 32,84 9,00 

4. 2 l Butisan 
Top  

3917 105 9 12063 870 11193 34,68 4,00 

5. 2 l Butisan 
Top  

3954 106 15 12178 870 11308 34,68 4,00 

6. 3 l Butisan 
Top  

3917 105 11 12063 1305 10758 52,02 6,00 

7. 2 l Butisan 
Top + 0,9 l 
(123,75 gr) 
Matrigon 

3991 107 12 12293 1255 11038 35,11 4,74 

8. 1 l Kerb 3879 104 15 11948 343 11605 0,50 0,80 
9. 1 l Kerb + 
1,5 l (206,25 
gr) Matrigon 

4066 109 13 12522 984 11538 1,21 2,04 

         
2004         

1. Untreated 4120 100 100 12690 0 12690 0 0 
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2. 2 l Butisan 
S  

4326 105 19 13324  13324   

3. 3 l Nimbus 
CS  

4367 106 7 13451 876 12575 32,84
1146

7 

9 

4. 2 l Butisan 
Top  

4326 105 13 13324 870 12454 34,68
075 

4 

5. 2 l Butisan 
Top  

4202 102 9 12943 870 12073 34,68
075 

4 

6. 3 l Butisan 
Top  

4326 105 15 13324 1305 12019 52,02
1125 

6 

7. 2 l Butisan 
Top + 0,9 l 
Matrigon 

4367 106 15 13451 1255 12196 35,10
9677

4 

4,742
203 

8. 1 l Kerb 4285 104 29 13197 343 12854 0,496
4 

0,8 

9. 1 l Kerb + 
1,5 l Matrigon 

4161 101 19 12816 984 11832 1,211
279 

2,037
005 

         
2005         

1. Untreated 3770 100 100 11612 0 11612 0 0 
2. 2 l Butisan 
S  

4222 112 29 13005  13005   

3. 3 l Nimbus 
CS  

4411 117 12 13586 876 12710 32,84
1146

7 

9 

4. 2 l Butisan 
Top  

4562 121 14 14050 870 13180 34,68
075 

4 

5. 1 l Butisan 
Top  

4222 112 45 13005 435 12570 17,34
0375 

2 

6. 1,5 l 
Butisan Top  

4260 113 45 13121 653 12469 26,01
0562

5 

3 

7. 2 l Butisan 
Top 

4336 115 31 13353 870 12483 34,68
075 

4 

         
2006         

1. Untreated 3660 100 100 11273 0 11273 0 0 
2. 2 l Butisan 
S  

4026 110 27 12400  12400   

3. 2 l Nimbus 
CS  

4099 112 20 12626 584 12042 21,89
4097

8 

6 

4. 3 l Nimbus 
CS 

4099 112 13 12626 876 11750 32,84
1146

7 

9 

5. 1,5 l 
Butisan Top  

4063 111 51 12513 653 11860 26,01
0562

5 

3 

6. 2 l Butisan 
Top  

3953 108 47 12175 870 11305 34,68
075 

4 

7. 1,5 l 
Butisan Top  

4026 110 46 12400 653 11748 26,01
0562

5 

3 

8. 2 l Butisan 
Top 

4136 113 36 12738 870 11868 34,68
075 

4 

         
2007         
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1. Untreated 4260 100 100 13121 0 13121 0 0 
2. 2 l Butisan 
Top 

4303 101 16 13252 870 12382 34,68
075 

4 

3. 1,5 l 
Butisan Top 

4345 102 27 13383 653 12731 26,01
0562

5 

3 

4. 2 l Nimbus 
CS 

4260 100 25 13121 584 12537 21,89
4097

8 

6 

5. 3 l Nimbus 
CS 

4430 104 19 13646 876 12770 32,84
1146

7 

9 

6. 1,5 l 
Butisan Top  

4345 102 38 13383 653 12731 26,01
0562

5 

3 

7. 2 l Butisan 
Top  

4388 103 19 13514 870 12644 34,68
075 

4 

         
2009         

1. Untreated 3900 100 100 12012 0 12012 0 0 
2. 2 l Butisan 
Top 

4602 118 26 14174 870 13304 34,68
075 

1 

3. 0,33 l 
NA0808 

4563 117 35 14054  14054   

4.0,25 l 
NA0808 + 1 l 
Matrigon 

4563 117 38 14054  14054   

5. 2 l Nimbus 
CS 

4602 118 25 14174 584 13590 21,89
4097

8 

0,566
6 

6. 3 l Nimbus 
CS  

4641 119 10 14294 876 13418 32,84
1146

7 

0,849
9 

7. 2 l Butisan 
Top  

4758 122 22 14655 870 13785 34,68
075 

1 

 


