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Abstract  

Plant pests and diseases can cause considerable impacts on crop yields, and in turn food and feed 
security. Pesticides are one of the most frequent tools used to control or eliminate these pests and 
diseases playing a crucial role to assure food security. However, pesticide use also leads to undesired 
environmental and health impacts. The European Commission´s Joint Research Centre organized a 
workshop in November 2023 to explore innovative alternative business models that are emerging to 
facilitate reductions in pesticide use and risk while minimizing impacts in food security. This report 
summarizes the contributions presented at the workshop covering the legislative framework for 
pesticide reduction, theoretical considerations on pesticide reduction behaviour, examples of new 
technologies and business models being developed and insights from research on their potential to 
facilitate the transition to a low-pesticide use agriculture. The overall message stemming from the 
workshop is that outcome-based services and insurance policies can be key tool to enable farmers to 
achieve this reduction. However, the existing empirical evidence of the performance of these tools is 
still very scarce and these new business models still have to show their potential when upscaling 
from pre-commercial stage.  
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1 Introduction 

Plant pests and diseases can cause considerable impacts on crop yields, and in turn food and feed 
security. Pesticides are used to control or eliminate these pests and diseases. Therefore, they play a 
crucial role in agriculture but can also have environmental and health impacts.  

The EU's Farm to Fork Strategy1 and Biodiversity Strategy2 state that the European Commission “will 
take additional action to reduce the overall use and risk of chemical pesticides by 50% and the use 
of more hazardous pesticides by 50% by 2030. When considering the need to reduce pesticide use, 
the full spectrum of the Efficiency-Substitution-Redesign framework (Pretty, 2018) needs to be 
considered, leading to a new holistic and simple policy framework that engages all actors in the food 
value chain (Möhring et al. 2020). In particular, new ways of combining classic changes in agricultural 
practices and adoption of precision farming techniques (Anastasiou et al. 2023) with other 
interventions need to be considered. This calls for the development of what we call “Alternative 
Business Models” for crop protection based on the provision of services rather than the sale of 
pesticide products (Chappell et al. 2019). In particular, the potential of linking pesticide reduction 
targets with crop insurance had been identified as a promising avenue to overcome the reluctance of 
farmers to reduce pesticide us due to risk and loss aversion (Dalhaus et al. 2020).  

This report puts together summaries of the interventions at the Workshop on Alternative Business 
Models for pesticide reduction held in Seville on 22nd and 23rd of November 2023. Overall, the 
workshop aimed to bring together experts and European Commission staff to exchange knowledge 
and explore new and potential approaches to develop alternative business models for pesticide 
reduction.  

The workshop also intended to achieve the following specific objectives: 

— Showcase examples of innovative business models undertaken by farmers and agricultural 
companies to reduce pesticide use.  

— Explore emerging trends and future prospects in innovative business models.  

— Provide a discussion platform for sharing information on technical questions.  

— Promote collaboration and networking among JRC and the invited experts.  

The rest of the proceedings are structured as follows: First, we present summaries of eleven out of 
the thirteen contributions drafted by the invited experts, following the structure of the workshop. Next, 
we provide a summary of the main conclusions from the discussions, conclusions that have been 
endorsed by all speakers. The report includes as annex the agenda of the event, the speakers’ bios 
and presentations. .    

                                                 

 

1 European Commission. A Farm to Fork Strategy for a Fair, Healthy and Environmentally-friendly. Brussels, COM (2020) 
381final.  

 
2 European Commission. EU Biodiversity Strategy for 2030. Bringing nature back into our lives. Brussels, COM (2020) 380 

final. 
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2 Opening Session 

2.1 EU regulatory framework: past and present 

Gordon Rennick3 

The inception and development of a legal framework to regulate pesticides has historically been a 
reactive process.  To understand the timeframes concerned we must first examine the progression of 
pesticide discovery and identify the key drivers pushing this process forward.  Importantly we must 
then pin-point when and why it was considered necessary to regulate these chemicals.  For 
background and perspective, world population dynamics are ultimately responsible for driving the 
increases in production of food crops, animal feed crops and energy crops.  World population 
estimates for the year 1AD lie somewhere between 170 million and 300 million, with periods of rapid 
growth experienced in the last 2,000 years resulting in a current population of circa. 8 billion people 
and various predictions for the world population to reach 10 billion people by 2050 are generally 
accepted. Consequently, considering the generally accepted population forecasts, considerable 
increases in agricultural productivity will be required over the next 25 years. Therefore, 
commensurate, ecologically sensitive and economically sustainable agronomic developments need to 
be advanced rapidly.  While recent history shows us that we possess the ability through public and 
private, research and innovation, this has largely been chemically and seed trait driven, both of which 
present challenges for the agriculture sector in the current EU political and legal landscape.   

2.1.1 A history of pesticide discovery 

Below is an approximation of when certain active substances were discovered and is only meant as 
an illustration of what periods of our recent past saw the most chemical development but also when 
the awareness of integrated pest management became more important and also discovery and use 
of microorganisms for the control of crop pests.  

Early pesticides primarily included the use of elements or simple compounds and botanicals.  The 
ancient Sumerians utilised sulphur and the early Romans used “amurea” (crushed olive pits) to kill 
insect pests. Necessity, curiosity and scientific and cultural development led to the subsequent 
discovery of other chemical compounds and molecules but also biological organisms for crop 
protection.  It is also important to stress that these new discoveries merely augmented the cultural, 
biological and mechanical control methods already used by the farmers and producers many of which 
are still used today. 

1st generation 

— 2500 B.C. Ancient Sumerians used sulphur compounds to kill insects. 

— 300 B.C.   Chinese recognize phenology (connection between climate and periodic biological 
phenomena).  

— 1101 A.D. The Chinese discover soap as a pesticide (Fatty Acids). 

                                                 

 

3 Directorate General for Health and Food Safety, European Commission. Gordon-William.RENNICK@ec.europa.eu 

 

mailto:Gordon-William.RENNICK@ec.europa.eu
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— 1600's Tobacco infusions (Nicotine), herbs and arsenic used for insect pest control. 

— 1880-1900 Bordeaux Mixture, Mercuric chloride, Paris green (mix arsenic and copper sulphate). 

2nd generation (Synthetic Pesticide Era--1939 to today) 

— 1930's  Trend toward synthesizing new compounds.  

— 1936  Metaldehyde. 

— 1940’s  During WWII both sides work on organophosphates as nerve gases and coincidentally 
discover the insecticidal properties of these chemicals. 

— 1942-1950  Gamma HCH, Thiram, DDT, MCPA & 2,4-D. 

— 1950-1960  Dimethoate, CIPC, Folpet, Demeton S Methyl, Dodine, Mecoprop, Atrazine, Simazine.  

— 1960-1965  Organotins, Chlormequat, Mancozeb, DiQuat, Paraquat, Methiocarb, Chlorothalonil. 

— 1965-1969  Carbofuran, Chlorpyrifos, Benomyl, Phenmedipham, Tridemorph, Desmedipham, 
Ethofumesate, Chlorotoluron, Propyzamide. 

— 1970's  Serious beginning of research on IPM approaches to pest control. 

— 1970 IPU. 

— 1971  Glyphosate. 

— 1973 -1980  Triadimefon, Carbendazim, Difenzoquat, Deltamethrin, Guazatine, Pendimethalin, 
Cypermethrin, Diclofop methyl, Triclopyr, Cymoxanil, Flamprop-M, Metalaxyl, Prochloraz, 
Clopyralid, Triadimenol, Propammocarb, Propiconazole, Fenpropimorph, Esfenvalerate. 

— 1980's  Increase in IPM research & genetic engineering applications in agriculture. 

— Fluazifop P, Mepiquat chloride, Kresoxim methyl, Fluroxypyr, Metsulfuron methyl, Flusilazole, DFF, 
Tribenuron, Thifensulfuron, Cyproconazole, Fenpropidin, Tebuconazole, Cyazofamid, Prosulfocarb, 
Propaquizafop, Fenoxaprop, Difenoconazole, Trinexapac. 

— 1990s  Fluazinam, Imidacloprid, Thiamethoxam, Triflusulfuron-methyl, Azoxystrobin, 
acetamiprid, Epoxiconazole, Ampelomyces quisqualis, Quinoxyfen, Ferric phosphate.  

— 1994  Bacillus subtilis, also 1st Round Up ready soy bean variety developed. 

— 2000s  Pyraclostrobin, Picoxystrobin, Thiacloprid, Prothioconazole, Clothianidin, Fluopyram, 
Proquinazid, Boscalid, Pinoxaden, Chlorantraniliprole. 

— 2010s Isopyrazam, Bixafen, Oxathiapiprolin, Sulfoxaflor, Mefentrifluconazole, fenpicoxamid. 

— 2020s4 Cinmethylin, Bixlozone, Benzobicyclon, Fenquinotrione, Dimpropyridaz, Isoflucypram. 

                                                 

 

4 Not yet approved.  
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2.1.2 A history of pesticide regulation 

The Step 1. 1960-1990   

The Dangerous Substances Directive 

Directive 67/548/EEC also known as “the dangerous substances directive” was one of the earliest 
pieces of chemical legislation.  It applied to both pure chemicals and mixtures of chemical found in 
preparations and listed substances and classes of substances considered to be “dangerous”.  It was 
famously the legal basis from which it was illegal to market products classified as “very toxic” or 
“toxic” to the general public.    

The “Limitations” and “Prohibitions” Directives 

There was really no EU harmonised pesticide regulation until the adoption of Council Directive 
91/414/EEC and its application in 1994.  However, there were some early EU initiatives, among them 
were Council Directive 76/769/EEC (commonly referred to as the imitations directive) which limited 
the amount of certain active substances which could be placed in pesticide products.  Then, in 1979 
Council Directive 79/117/EEC (commonly referred to as the prohibitions directive) was adopted and 
was famously responsible for the banning of mercuric and organo-chlorine compounds.    

The early pesticide residues directives 

The first of the pesticide residue directives was agreed in 1976 in the form of Council Directive 
76/895/EEC relating to the fixing of maximum permissible levels for pesticide residues in and on fruit 
and vegetables.  This was followed some ten years later with the agreement of Council Directive 
86/362/EEC fixing of maximum levels for pesticide residues permitted in and on cereals and Council 
Directive 86/363/EEC fixing of maximum levels for pesticide residues allowed in and on foodstuffs 
of animal origin.   

Step 2. 1991- 2000 

Council Directive 91/414/EEC 

While some Member States (MSs) had active substance evaluation and product authorisation 
programmes, not all had both.  Some MSs had basic systems in place, while others relied on safety 
assessments conducted by other MSs.  However, in view of the increase in discovery of new active 
substances in the 1970s and 1980s, it was clear that a harmonised evaluation system was needed.  
Consequently, Council Directive 91/414/EEC or “91/414” as it was commonly known as, was the first 
real broad scoping attempt at harmonised pesticide regulation in the EU.  It legislated for both active 
substance approval at EU level incorporating a programme of review of active substances already on 
the EU market and a process for evaluation of new active substances.  Importantly, this legislation 
also built a product authorisation process into the framework allowing for risk based assessments to 
be the basis of whether a plant protection product (PPP) could be placed on the market or not.  The 
directive also allowed for authorisation of Plant Protection Products (PPPs) in the MSs for a provisional 
period if the PPP contained new active substances not yet approved in the EU and allowed MSs 
authorise PPPs for a very limited period for emergency use to solve unforeseen plant health and plant 
pest issues.  The directive also prescribed comprehensive data requirements for the production of 
data packages to support both active substance approval at EU level and PPP authorisation at MS 
level (the two-pronged safety approach).  It also incorporated the “uniform principles” which outlined 
how evaluations and risk assessments should be conducted.  Active substance reviews and 
evaluations were carried out by Rapporteur Member States (RMSs) resulting in a “monograph”, with 
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the evaluations being “peer reviewed” by experts form the other MSs.  All in all, quite a leap forward 
for both evaluation standards and EU harmonisation. 

The Dangerous Preparations Directive 

After the groundbreaking adoption and implementation of Directive 91/414/EEC, further 
harmonisation of the classification, packaging and labelling of preparations and products was the 
next logical step.  Directive 1999/45/ EC of the European Parliament and of the Council also known 
as the “dangerous preparations directive” provided harmonised criteria for evaluation of hazardous 
preparations, enabling harmonised classification, packaging and labelling of such of dangerous 
substances and preparations. The scope of the Directive included plant protection products and 
biocides and introduced the classification of "dangerous for the environment".    

Step 3. 2001-2009 

Water Framework Directive  

Aside from the legislative instruments directly relating to pesticides and focusing on particular 
aspects of pesticide approval, use or marketing, there are a number of other legislative strands 
contributing to the regulation of pesticides.  In addition, there are other initiatives planned and at 
various levels of progress such as the nature restoration targets, a pollinators initiative to address 
the decline of pollinators, the listing of pollutants and derivation of Environmental Quality Standards 
within Directive 2000/60/EC, also known as “the water framework directive” (WFD).  Within the ambit 
of the WFD, groundwater and surface water bodies are monitored for possible contamination by 
pesticides.    

General Food Law 

The European Food Safety Authority (EFSA) was established under Regulation (EC) No 178/2002 of 
the European Parliament and of the Council.  Since then, EFSA provides technical and scientific support 
for testing and evaluation of food and feed and importantly gives independent scientific advice to 
risk managers based on risk assessments conducted on pesticides. The European Commission and 
MSs take risk management decisions on regulatory issues, including approval of active substances 
and setting of legal limits for pesticide residues in food and feed (maximum residue levels, or MRLs).  
The regulation also established general principles and requirements of food law and set out detailed 
procedures in matters of food safety.   

Commission Regulation (EC) No 2076/2002 

A mass extinction event in crop protection occurred with the agreement and adoption of Commission 
Directive (EC) No 2076/2002, which detailed hundreds of active substances that could no longer be 
marketed in the EU.  Among the many fold reasons behind the demise of so many molecules was the 
lack of data supporting them in the context of the new data intense review programme, while some 
molecules were just becoming outclassed, some were withdrawn for commercial reasons while others 
were just not toxicologically sound or environmentally acceptable.   

Residues Regulation  

The early pesticide residue directives formed a solid foundation on which to build the existing robust 
system regulating and establishing “Maximum Residue Levels” of pesticides in food and feed 
commodities which in turn underpins consumer confidence in the food we eat today.  Regulation (EC) 
No 396/2005 of the European Parliament and of the Council on maximum residue levels of pesticides 
in or on food and feed of plant and animal origin, essentially brought all previous separate pieces of 
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legislation together under one banner and remains to this day one of the corner stones of food safety 
and off course the pesticide monitoring programmes carried out annually by the MSs serves to 
confirm the proper application of PPPs in accordance with the authorisation issued within the MSs. 

REACH 

After some thirty years of regulating pesticide active substances, Regulation (EC) No 1907/2006 of 
the European Parliament and of the Council concerning the Registration, Evaluation, Authorisation and 
Restriction of Chemicals (REACH), established the European Chemicals Agency, and established a 
system for regulation of “other” chemicals some of which did and do appear as constituent parts of 
PPPs, in the form of emulsifiers, carriers, adjuvants and others.   

Step 4. 2009 to 2023 

The Pesticide Package 

Regulation (EC) No 1107/2009 

Directive 91/414/EEC operated for a productive 15 years, resulting in removal of around 800 active 
ingredients from the EU marketplace and approving many new compounds but most importantly 
harmonising the way in which PPPs were placed on the market in the expanding borders of the EU.  
The increased politicisation of pesticides and a general move towards a more ecologically conscious 
agriculture meant that while the “directive” had embarked on, and largely completed the enormous 
review programme of old active substances, it was time to review and improve the system again.  
This resulted in a shift away from risk based regulation, instead moving toward a hazard based 
system, which to this day embodies a set of cut off criteria which are based on the intrinsic hazard 
properties of the active substances evaluated.  Thus, Regulation (EC) No 1107/2009 of the European 
Parliament and of the Council relating to the placing of plant protection products on the market was 
agreed as part of “the pesticides package”, repealing Council Directives 79/117/EEC and 91/414/EEC.   

Among the changes from Directive 91/414/EEC, were  

— A shift to hazard based approval criteria both for human and environmental health. 

— Introduction of the concept of candidates for substitution & comparative assessment. 

— Introduction of “basic” substances and “Low risk” substances. 

— Zonal authorisation of PPPs. 

— Regulation of “parallel trade”. 

— Provisions on “safeners and synergists”, adjuvants and unacceptable co-formulants. 

— Data protection rules. 

— Avoidance of vertebrate testing. 

— Record keeping and information availability to the public. 

— EFSA manages the peer review of Draft Assessment Reports (formerly known as “monographs”). 

But the basic principle remains unaltered, an active substance can be only be approved if it is 
demonstrated that the substance and its residues, do not have any immediate or delayed harmful 
effects on human or animal health either directly or through drinking water, food, feed or air, or 
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through exposure in the workplace, as a bystander or as a resident or any unacceptable effects on 
the environment.    

Sustainable Use Directive 

While pesticide residues and the placing on the market of PPPs had been regulated for 30 years, 
broadly speaking the use phase of pesticides had not been regulated in a harmonised fashion.  It is 
true to say that the pesticide residue monitoring programme is a tool for determining whether PPPs 
have been used in accordance with the requirements prescribed in the authorisation process and to 
that end at least some harmonised measures existed.  However, individual MSs were left responsible 
for regular testing of pesticide application equipment, training of professional users, advisors and 
distributors, aerial application, handling and storage requirements, restrictions in sensitive areas, 
aquatic areas and areas used by the general public etc.  Therefore, while some MSs had quite 
developed systems in place, others had very little.  Directive 2009/128/EC of the European Parliament 
and of the Council established a harmonised framework for Community action to achieve the 
sustainable use of pesticides (commonly referred to as the sustainable use directive or “the SUD”).  
In addition to the above mentioned subjects, the requirement on MSs to construct a national action 
plan, incorporating quantifiable objectives, goals and timetables and indicators to measure success 
and the requirement to incentivise and ensure the application of the principles of Integrated Pest 
Management (IPM), were two of the more pivotal elements included in the directive.  The SUD remains 
in force today.  

Machinery Directive  

Directive 2006/42/EC also known as the machinery directive was a revised version of the Machinery 
Directive, which was first adopted in 1989.  The revised Directive clarified and consolidated the 
provisions of the Directive with the aim of improving its practical application.  The Directive aimed to 
harmonise the health and safety requirements applicable to and ensure the free circulation of 
machinery on the EU market.  To this end, Directive 2009/127/EC of the European Parliament and of 
the Council, amended Directive 2006/42/EC with regard to machinery for pesticide application, 
establishing minimum requirements for placing on the market. These directives have been 
subsequently superseded by Regulation (EU) 2023/1230 which will enter into force in 2027 

Statistics Regulation 

Regulation (EC) No 1185/2009 of the European Parliament and of the Council set out a common 
framework for the systematic production and collection of statistics on the sales of pesticides and 
use of pesticides which are used in PPPs.  This regulation was adopted as part of “the pesticides 
package” in 2009, however, it has subsequently been superseded by a new regulation on statistics 
on agricultural input and output, Regulation (EU) 2022/2379, now commonly referred to as “SAIO”.  
The regulation allows for annual collection of sales data as was the case with the old statistics 
regulation and has much enhanced requirements for the collection of pesticide use data, with 
coverage exceeding 95% of pesticides used, from 2026, covering in excess of 75% of utilised 
agricultural area.   
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Figure 1. Non-exhaustive schematic of current legislation directly and indirectly impacting plant protection 
products. 
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 Occupational 
Health 

Dir 98/24/EC 
Dir 89/391/EEC 
Dir 2004/37/EC 

     

 Machinery 
Legislation 

Dir 2009/127/EC 

     

 Organic 
Production 
Reg (EU) 

2018/848 

     

  Official Controls 
Reg (EU) 

2017/625 

     

Source: own elaboration. 
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2.2 Sustainable use of pesticide and the Common Agricultural Policy 

Aymeric Berling5  

With its Farm to Fork Strategy6, the Commission has set very ambitious EU targets for the reduction 
of the risk and use of chemical pesticides. The Commission’s proposal for a new Regulation (SUR)7,8 
replacing the current Directive on the sustainable use of pesticides9 provides that the EU targets on 
pesticides are set at EU level and will be translated into national targets. The SUR further proposes 
that the reduction targets are primarily met by generalising the implementation of the Integrated 
Pest Management (IPM) approach. 

IPM is basically about emphasizing the growth of healthy crops with the least possible disruption to 
agro-ecosystems and encouraging natural pest control mechanisms10. Under IPM chemical pesticides 
are to be used only in the last resort after having exhausted various approaches, including 
agronomical practices, monitoring of pests and diseases, use of reduction techniques, use of resistant 
varieties, etc. 

The Common Agricultural Policy (CAP) has a long history of environmental instruments targeting 
farming practices. The first agri-environmental measures were introduced as early as in 1992. The 
subsequent CAP reforms have not only strengthened the existing measures but added new policy 
instruments and increased the budget on which they are set, gradually building what is now known 
as the “green architecture of the CAP”. In the current CAP, having started in 2023, this architecture 
includes a number of very different instruments and many of these instruments are relevant to 
promote the use of IPM by farmers or other beneficiaries of the CAP. 

As a foundation of the CAP green architecture, a large proportion of CAP payments11 are subject to 
conditionality rules, which links these payments to the respect of certain rules originating in the EU 
legislation. There are two types of requirements  in this respect. The first one is the so-called Statutory 
Management Requirements (SMRs), which are a list of relevant provisions (legal obligations) of EU 
Directives and Regulations. This includes the Regulation on authorisation of pesticides and as from 
2023 the SUD. The relevant provisions are about the compliance with the conditions of pesticide use 
specified on the label, the certification for the proper application of pesticides or for the equipment, 
the restrictions on pesticides use in protected areas and the handling and storage of the products and 

                                                 

 

5 Directorate-General for Agriculture and Rural Development, European Commission. Aymeric.Berling@ec.europa.eu 

 
6 https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en 

 
7 https://food.ec.europa.eu/system/files/2022-06/pesticides_sud_eval_2022_reg_2022-305_en.pdf 

 
8 By the time of drafting this text the SUR was still was still standing. The SUR proposal has been withdrawn by the 

Commission due to the position of co-legislators. However the objective of reducing pesticide use and risk remain.    

 
9 https://eur-lex.europa.eu/eli/dir/2009/128/2009-11-25 

 
10 See full EU definition in Article 3(6) of Directive No 2009/128/EC (“the SUD”) 

 
11 They will apply to about 89% of the EU total agricultural area 

 

mailto:Aymeric.Berling@ec.europa.eu
https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en
https://food.ec.europa.eu/system/files/2022-06/pesticides_sud_eval_2022_reg_2022-305_en.pdf
https://eur-lex.europa.eu/eli/dir/2009/128/2009-11-25
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their remnants. The other types of requirements are  defined in the CAP itself in the form of a list of 
standards of Good Agricultural and Environmental Conditions (GAECs). The GAECs are essentially 
minimum standards for farming practices considering objectives related to the environment and the 
climate to be respected by farmers applying for support. A number of the standards are part of the 
IPM principles listed in the SUD. This is the case in particular of the need for farmers to undertake 
crop rotation or to maintain certain areas for biodiversity purpose, obligations which were 
strengthened in the last CAP reform. Under the system of conditionality, failing to respect the legal 
provisions under SMRs or the minimum standards defined under the GAECs may entail a reduction of 
the CAP payments received by the beneficiary, according to a percentage depending on the severity 
of the infringement. 

Building on the foundation of conditionality (the SMRs and the GAECs forming the baseline of the 
green architecture) the CAP includes a number of support schemes helping farmers and other 
beneficiaries to adopt more environmentally-friendly practices such as IPM. A number of these 
schemes compensate or reward these farmers for practices more ambitious than the mere legal 
baseline forming the scope of conditionality (the baseline is also complemented by national 
requirements).  

This is the case in the so-called “first pillar” of the CAP12 with a new instrument of direct support, the 
eco-schemes. Eco-schemes must be made available to farmers by Member States and a determined 
share (25% as a general rule) of the significant budget of direct payments13 must be devoted to 
these schemes. Member States have a wide leeway to define the conditions for benefiting from eco-
schemes, a number of which being relevant to IPM such as ambitious crop rotations or higher share 
of the land managed for biodiversity. Farmers annually commit to eco-schemes on a voluntary basis 
and in return receive annual payments for applying beneficial practices. 

The “second pillar” of the CAP (the Rural Development tier)14 also includes schemes relevant for IPM. 
This is the case of agri-environmental and climate management commitments. These schemes 
operates similarly and with the same objectives as the eco-schemes but, since they are part of the 
Rural Development policy, they reward multiannual commitments. This allows to a certain extent 
more targeted objectives and ambitious practices. For instance, a number of Member States have 
chosen to finance the transition to organic farming with second Pillar management commitments 
while the maintenance of the organic farming practices are supported by first Pillar eco-schemes. 

The CAP “second pillar” also includes schemes supporting the additional constraints for farmers 
entailed by the implementation of the Water Framework Directive or the Nature Directives (Habitat 
and Birds). These constraints may include certain restrictions for the use of pesticides if the Member 
States have decided so. The “second pillar” may also support investments aiming at reducing the use 

                                                 

 

12 The “first pillar” of the CAP is the set of measures financed by the European Agricultural Guarantee Fund (EAGF) on an 
annual basis. It includes income support in the form of payments made directly to farmers (direct payments) and 
other annual direct payments. 

 
13 190 billions euros for the period 2023-2027. 

 
14 The “second pillar” of the CAP is the set of measures financed by the European Agricultural Fund for Rural Development 

(EAFRD) on a multi-annual basis. It includes all rural development measures among which agri-environmental and 
climate commitments. 
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and risks of pesticides, such as precision spraying equipment or pests and diseases monitoring 
devices.  

Under the markets component of the CAP (part of the “first pillar”), operational programmes for the 
fruits and vegetables sector must include environmental expenditure, in particular promoting the 
uptake of IPM in this sector, which is a key user of pesticides. As regards vineyards, the change of 
grapevine varieties to more disease-resistant ones may also for instance be supported by the market 
measure for restructuring and conversion. 

The CAP also requires national authorities to make available to all farmers and other CAP beneficiaries 
Farm Advisory Services (FAS) on a number of issues, including the sustainable use of pesticides and 
IPM. The CAP further requires that the FAS is interlinked with research, final users and all actors of 
the knowledge chain15. The setting up or the use of these advisory services may further be financed 
by the knowledge transfer and information actions measures of the CAP “second pillar”. The 
cooperation between farmers, researchers and advisory services, promoted through the European 
Innovation Partnership (EIP AGRI), is also important and may cover innovative ways to reduce the use 
of pesticides and a number of these initiatives promote IPM. Sharing the knowledge on IPM is at the 
same time a key component of its development and a challenge because of the numerous and varied 
approaches developed. A number of studies and initiatives aim at addressing this challenge16 

The CAP has contributed to significant growth in organic farming, so that in 2020, 9.1% of Utilisable 
Agricultural Area was farmed under organic production systems, compared to 2% in 2000, with 
further financial support possible by the  CAP Strategic Plans (eco-schemes and/or rural development)  
for both conversion to and maintenance of organic farming practices and methods. This financial 
support is based on the principle that the supported production methods go beyond the baseline legal 
requirements, including those of IPM. Organic production among others requires crop rotation and 
severe restriction on which pesticides maybe used. 

Finally, and complementing the CAP, research is also very important for the development of IPM. 
Following on from Horizon 2020, the next research and innovation framework programme Horizon 
Europe continues to support IPM related activities. 

The new CAP and in particular its ‘green architecture’ gives significant additional flexibilities for 
Member States in using and designing the policy instruments to address the needs identified by 
national authorities, including the need to contribute to the sustainable use of pesticides and to 
promote the use of IPM. Member States had to describe in their CAP Strategic Plans how the way they 
have adapted the green architecture to their context can contribute to addressing their needs and 
reaching the Farm to Fork targets and the objectives of the EU legislations. The CAP Plans are 
ultimately approved by the Commission. Besides, a set of common impact and result indicators are 
used for evaluating the performance, with a system of performance review allowing the Commission 
to take remedial actions if needed. 

                                                 

 

15 The concept is defined as the Agricultural Knowledge and Innovation System (AKIS) 

 
16 In this respect, a database hosted by the Commission (Joint Research Center) makes publicly available a number of 

these IPM approaches, including the IPM “crop-specific guidelines” developed by national authorities of Member 
States in implementation of the SUD: https://datam.jrc.ec.europa.eu/datam/mashup/IPM/index.html 



 

16 
 

3 Existing and future business models for crop protection (I) 

3.1 Service-based business models to incentivize the efficient use of 
pesticide in crop protection 

Thomas M Chappell17  

The scale of activities involved in agricultural production varies dependent especially on logistical and 
operational constraints. The geographic size of property, the speed and mobility of machinery, and 
the economics of transport and storage all affect the spatial scale of agricultural operations. 
Challenging agricultural operations is the requirement to align the spatial scale of pest management 
with that of other activities, especially when biological processes governing pest dynamics and 
evolution do not unfold at the scale of human-administered actions. Pest management is most often 
conducted at the field scale: a field owner or lessee ultimately decides whether and how to engage 
in potential pest management activities, and the decision is made at the level of the field. Agricultural 
producers and researchers have explored management at smaller or larger scales than the field, 
through zoned management at the sub-field scale enabled by precision agricultural technology, or 
through area-wide management at the super-field scale enabled by cooperative agreements or 
delegated management. However, incentives encouraging efficiencies at scales greater than the field 
are not as obvious as those affecting field-scale management, and the potential consequences to 
producers with financial interest in their fields encourage risk aversion in localized decision making. 
Whereas the balance of local-scale risk against larger-scale environmental impacts may be seen as 
an optimization problem, there are arguably few if any entities with incentives to optimize a system 
so conceived. As a result, local productivity and crop protection are incentivized at the local level by 
agricultural producers, while distributed environmental impacts such as those resulting from pesticide 
use are engaged by researchers and regulators with the goal of impact reduction. Enforced regulatory 
limits can result in reduced impacts, and producers can innovate to meet potentially competing 
demands of productivity and regulatory constraint on use of pesticides; however, incentives for 
dynamically optimizing pesticide use efficiency do not primarily drive agricultural operations on either 
the production or the impact reduction side. 

Insurance, and the transfer of risk from the individual to a pool, is an important tool for managing 
systems characterized by probabilistic hazards and commensurate losses that can be locally 
expensive. The agricultural producer faces costly threat of crop loss due to local pest occurrence, and 
may manage this risk through the prophylactic use of pesticides. Widespread use of pesticides results 
in widespread environmental and other impacts, in addition to the costs incurred through the logistics 
of pesticide production and use. Importantly, widespread use also results in selection for evolution of 
pest resistance to given pesticides. Absent other means to be protected from local crop loss, producers 
have incentive to protect crops through use of pesticides even if most use can be deemed unnecessary 
post facto. Insurance thus provides a potential mechanism to support balancing the competing spatial 
scales and the probability of pest-caused crop loss, by creating an entity with financial interest in 
managing risk at the relatively larger scale of the pool (many fields), while still supporting maximal 
productivity at the smaller scale of the field. 

                                                 

 

17 Texas A&M University. thomas.chappell@ag.tamu.edu 
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We explore a business model framework that begins by hypothetically changing agricultural pest 
management slightly to be more like urban pest management, in that the provision of a hypothetical 
pest-managing entity is the absence of pest-caused loss, rather than the tools to be used by a 
purchaser for crop protection. This exploration is not novel in identifying insurance as a potential 
mechanism for reaching such an objective, but does provide justification for defining risk pools, 
management objectives, and timelines on the basis of pest ecology, evolution, and monitoring. A 
utility of the exploration is its illustration of incentives affecting parties traditionally involved in 
agricultural pest management. For example, if in one potential scenario an agrochemical company 
agrees with several spatially contiguous producers to provide protection from a given pest group 
(under a defined management plan), then the provider may be able to afford exposure to crop loss 
commensurate to the long-run probability of loss.  If enough pesticide is being wasted at the spatial 
scale engaged by such a provider, then there is opportunity to increase profit at the distributed scale 
while decreasing pesticide inputs. Expected challenges to this otherwise simplistic application of an 
insurance framework to pest management are those of monitoring and rapid response to incipient 
pest threats, especially incipient resistance evolution. For a low-pesticide operation to contain incipient 
invasion (be it typical or an aberration) or incipient resistance evolution will require coordinated 
monitoring/surveillance, conducted by an entity with incentive to optimize its operation. Here, the 
business model framework is extended to combine elements of insurance with elements of public 
health, in which risk is pooled in order to maximize efficiency (and minimize waste), and 
manifestations of hazard are monitored at the pool level in order to contain transmissible occurrences 
of loss to the smallest scale possible. 

3.2 Reducing fungicide use in agriculture with decision support systems 

Elena Lázaro18, David Makowski19, Antonio Vicent20 

Annual sales of pesticides in the European Union (EU) amounted to almost 360,000 tonnes, with a 
46% share of fungicides as the most sold group (Eurostat, 2021). Even with the deployment of 
resistant cultivars and integrated control strategies, fungicides still contribute heavily to plant disease 
control in conventional farming (Oliver and Hewitt, 2014). Even organic systems, although promoted 
for their environmental benefits, also depend on fungicides. In these systems, the amounts applied 
are sometimes high to compensate for lower efficacy (Tam and Holb, 2015). Recently, new fungal 
plant diseases have emerged worldwide associated with the globalization of trade and environmental 
change (Fisher, 2012), thus further increasing farmers’ dependency on fungicides. Nevertheless, their 
use in agriculture has been associated with growing environmental (Ballabio et al., 2018) and public 
health (Perlin et al., 2017) concerns.  

To promote more sustainable agricultural systems, EU Directive 2009/128/EC established several key 
principles to reduce pesticide use, fostering the adoption of prevention measures, non-chemical 
control methods, and chemical compounds with lower environmental impacts. Importantly, according 

                                                 

 

18 Departament d’Estadística i Investigació Operativa, Universitat de València, 46100 València, Spain. 

 
19 INRAE, Applied Mathematics and Computing Unit (UMR 518) INRAE AgroParisTech Université Paris-Saclay, 75231, Paris, 

France 
20 Centre de Protecció Vegetal i Biotecnologia, Institut Valencià d’Investigacions Agràries (IVIA), 46113, Moncada, Valencia, 

Spain. vicent_antciv@gva.es 
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to this Directive, any control intervention should in principle be based on field monitoring and trigger 
thresholds in order to reduce doses and treatment frequencies, thus limiting the risk of the 
development of pathogen resistance. The willingness to reduce the use of pesticides and especially 
fungicides was again highlighted in the ‘from farm to fork’ strategy of the European Green Deal, 
which targets a reduction in the use of chemical pesticides by half by 2030 (European Commission, 
2021). Nevertheless, despite this regulatory framework, the amount of fungicides sold annually in 
the EU increased by up to 11% in the period 2011–2018. 

Fungicide use in agriculture can be slightly reduced with improved spray application methods (Garcerá 
et al. 2020), but to achieve a more substantial reduction a drastic decrease in the number of 
applications is essential. Decision support systems (DSSs) have been put forward as tools to 
substantially lower pesticide application frequency. In contrast to calendar-based fungicide programs, 
DSSs allow farmers to schedule fungicide applications based on an observed or a predicted risk of 
disease and thus spray only when necessary (Gent et al., 2013). Numerous field experimental studies 
have been carried out to assess the performances of DSSs for different crops, diseases, and regions. 
However, to date, the whole set of data obtained in these experiments has not been compiled and 
subjected to rigorous statistical analysis to quantify the benefits resulting from the use of DSSs.  

Our meta-analysis of 80 independent experiments conducted worldwide indicated that, for a given 
fixed number of fungicide sprays, DSSs were as effective as calendar-based programs (or more so) 
in reducing disease incidence for a wide range of crop species, fungal pathogens, types of fungicide 
and regions (Lázaro et al., 2021). When the number of sprays was halved, the resulting increase in 
disease incidence was greatly mitigated with a strategy based on DSSs rather than on calendars (Fig. 
1).  

Our analysis thus shows that DSSs are essential tools for reducing fungicide use while limiting plant 
health risk and may help achieve the goals of the European Green Deal7. In addition to reducing the 
economic cost and environmental impact of disease control, the reduction in the number of sprays 
resulting from the use of DSSs also decreases the risk of developing resistance, thereby prolonging 
the effective life of the fungicides (Lázaro et al., 2021). Ensuring the credibility of DSSs is essential 
to overcome producers’ aversion to perceived risks and thus make their application more widespread 
(Rossi et al, 2019) (Möhring et al., 2020). 
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Figure 2. Reduction in the number of fungicide sprays and difference in disease incidence between decision 
support systems (DSS) and calendar strategies (Source: Lázaro et al., 2021). 

 

Source: own elaboration. 

3.3 Outcome-based business models for CP reduction 

Marius Wolf21 and Marco De Toffol22 

3.3.1 Bayer Crop Science strategy: Outcome-based models 

Over the past few years, Bayer Crop Science has pioneered outcome-based business models to drive 
the shift from selling inputs to selling outcomes. This has led to the development of several new 
digitally-enabled business models that are currently in development or shortly before commercial 
launch. Focusing on outcomes represents a significant shift for Bayer, its partners and customers: 
Outcomes would be something that farmers, distributors or food chain partners value directly. Typical 
examples would be yield, maximum residue levels for crop protection products or mycotoxins, or 
disease damage levels on a crop.  In these models, Bayer does not simply sell seeds or crop protection 
products but rather a guaranteed performance. If the result is not achieved (i.e. the outcome falls 
below the agreed result), Bayer compensates farmers, thus effectively sharing or even removing input 
risks for farmers. For this presentation, we are focusing on cereal crops (wheat and barley) and 
maximum acceptable disease damage as an outcome. 
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22 Bayer. marco.detoffol@bayer.com 
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3.3.2 Key challenges for cereal farmers 

With a production of 150 million tons per year, wheat and barley are among the most important crops 
in the EU. However, crops are constantly under thread from various fungal diseases with septoria 
tritici, fusarium, stripe rust and leaf rust being some of the most common and critical ones. Untreated, 
those diseases can cause up to 50% of yield loss. With an average yield of 7.9 t/ha and a wheat price 
of ~290€/ton, any loss of yield due to fungal diseases has significant economic impacts for a grower. 
Fungicide treatments are a well-established way to mitigate these risks. With typical treatment costs 
ranging between 30-50€/ha (including fungicide products, labor and energy), the economic incentive 
will lead growers more towards applying fungicides rather than skipping or reducing a treatment.  

Especially in situations where the disease risk is somewhat unclear, growers are likely going to err on 
the side of caution and rather apply than skip a treatment. However, due to societal and regulatory 
pressure on reducing the use of crop protection products, growers are looking for better solutions that 
will allow them to meet these expectations and comply with existing and future regulations, while 
also ensuring good yields and farm profitability. 

3.3.3 Bayer’s PreDiMa offer 

In order to help growers balance agronomy, farm profitability and sustainability in a better way, Bayer 
is currently developing an offer under the working title “PreDiMa” (Predictive Disease Management). 
This offer includes three key elements: 

1. Field specific recommendations: Growers will get a science-based recommendation for each 
field whether or not they should apply a fungicide. This includes disease risks for each disease, 
growth stage and weather information. 

2. Fungicide delivery: Appropriate fungicides will be delivered as needed for each spray 
application.  

3. Financial guarantee: The package will be offered at a fixed price per ha with no additional 
charges even for high-disease years. Performance of the program will also be guaranteed, 
with growers receiving a payment if disease levels are above defined thresholds. 

The offer is designed to help growers achieve stable and predictable yields while improving 
sustainability and farm profitability. The solution will be delivered using custom-made digital tools 
(accessible via web and mobile phone), Bayer’s FieldView ecosystem and selected technology and 
commercial partners. It is currently in a pre-commercial testing phase. 

3.3.4 Benefits 

Bayer has been testing the new offer through market research, customer tests, field trials and 
simulations with generally favourable results. Some key benefits have been emerging as a result of 
these initiatives which could help align interests between growers, regulators and value chain 
partners: 

1. Fixed price per ha for an effective disease management (outcome) eliminates economic 
incentive for higher volumes of crop protection. In this model, there is an aligned interest to 
use minimal amounts of crop protection necessary to secure yield. 

2. Performance guarantee ensures grower confidence in the solution’s performance. It ensures 
risk coverage and economic incentive that disease is sufficiently controlled. 
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3. Digital ecosystem enabled by FieldView supports growers to fulfil legal obligations regarding 
electronic record keeping of crop protection application, while minimizing their administrative 
burden. Automated documentation of fungicide applications and justification of interventions 
can be ensured. Sharing this documentation is straightforward upon growers’ request. 

3.3.5 Enabling policy framework 

Outcome-based models can contribute to strengthening the sustainability of agriculture in the EU 
(across the three pillars: economic, social, environmental) in line with the Green Deal and Farm to 
Fork objectives. An enabling policy framework can be crucial to untap their full potential and promote 
their adoption. While testing these solutions and getting feedbacks from partners, we have identified 
certain levers and open questions which policymakers may explore or take into consideration when 
designing relevant policy initiatives and legislation. 

Public incentives: Will there be any form of incentive for farmers to change their practices and shift 
towards models like the one proposed? (e.g., via financial mechanisms rewarding farmers for their 
sustainability performance or via inclusion in products’ sustainability schemes/labeling). 

EU-wide independent certification: Some countries (e.g., France) have already established certification 
for (crop protection) recommendation services. However, there is currently no standardization for 
certification processes across EU countries and unclear regulations. A harmonized EU-wide 
certification scheme would reduce costs and complexity of certifying these models in different 
member states, while allowing to prove their sustainability credentials. 

FVC specifications: Marketing standards required by certain food value chain actors often include 
extralegal requirements which restrict what plant protection products farmers can apply to their crops. 
This poses more and more challenges to farmers who are already facing an erosion of active 
ingredients available and need to manage pest resistance.  What initiatives can be put in place to 
favor a shift towards the adoption of outcome-based programs instead? 

Digitalization of EU agriculture: Digital solutions are the foundation for outcome-based and 
sustainability-focused business models. Public actors have a key role to play in ensuring that the 
technical foundations and basic infrastructure are developed and incentivized (e.g., broadband access 
in rural areas, farm machine connectivity). 
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4 Existing and future business models for crop protection (II) 

4.1 Innovations in application technology for crop protection 

Peter Hloben23  

The presentation provided by Deere & Co which is one of the leading members of the European  
Agricultural Machinery Industry (CEMA) during JRC workshop dealt the machinery industry alignment 
with EU Farm-to-Fork Strategy objectives related to plant protection products (PPP) use reduction, 
current key-challenges in crop protection, overview of the state-of-the-art of application technologies, 
detailed explanation of the See&SprayTM system which allows site-specific application of herbicides, 
future needs for data sharing used for documentation of the application tasks and with the industry 
proposal for future incentive programs for the support and early adoption of modern spray 
technology. 

4.1.1 Farm-to-Fork and Key-challenges in crop protection 

The agricultural industry has already several times stated that is aligned with the Farm-to-Fork 
objectives related to reduction of PPP use and risk by 50% by 2030 and committed to supply modern 
technologies that will allow reaching this goal without sacrificing the demanded production of food 
commodities. Beside meeting the EU objective we have identified other challenges which the growers 
must deal with in the current agricultural practice and for which the spraying technologies must be 
developed, among these belongs: growing problems with resistances against herbicides and 
fungicides, reduced portfolio availability of approved PPPs, more and tighter application restrictions, 
biological effectiveness while meeting up to 95% (in some sensitive areas up 99%) drift reduction, 
narrower operating windows to spray at optimum timing and higher complexity and more expertise 
required for spraying. 

4.1.2 State-of-the-art of application technologies 

In the future, the crop protection will be much more automated, precise, need based and selective to 
address major agronomical, economic, and ecological challenges. The recent developments within the 
sensor technology, Artificial Intelligence (AI) and deep learning offer completely new possibilities for 
recording field variability and identifying everything from diseases, insects, weeds, to individual 
plants. It is just desired and obvious to combine the sensors with the application technology. Such 
systems already nowadays presented in the agricultural practice, e.g. the high productive spot sprayer 
See&SprayTM which can analyze area of to 196 m2 within 200 ms by cameras mounted on the spray 
boom and treat it at speed of 19 km/h. Beside these high-end technologies there are other key 
technologies which can significantly contribute to the higher precision of application of the PPP 
application hence to their overall reduction, and which can acquired by the smaller farms. These 
technologies are e.g.: GNSS based boom section or individual nozzle control, task controller (ISOBUS), 
GNSS receiver, targeted row or band spraying, automatic boom height and tilt adjustment, PWM 
controlled nozzles, etc.    
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4.1.3 Data & connectivity  

To ensure connectivity and seamless data exchange between the machines and grower’s farm 
management system is essential for more targeted and selective manner application as well as for 
the general acceptance of these novel technologies. The new communication standards incl. 
incorporation of legal requirements for data privacy and ownership is currently being developed by 
the Agricultural Industry Electronic Foundation which has in the past successfully introduced the 
ISOBUS standard. The main content of the information transferred will be related to pest infestation, 
target and as- applied maps for each individual field, decision advice from specialized applications 
and decision support systems e.g. weather data, plant production product data. This information flow 
will require an access to a 5G telecommunication networks especially in the rural areas.  The cost for 
the communication equipment and the connectivity fees will be certainly not negligible part of the 
operational costs of the production system and could be in scope of the incentives programs.                    

4.1.4 Scope of future incentives programs  

In general, the agriculture industry supports the free market based on fair business conditions and 
healthy competition between producers. Only the offered product features and quality and grower 
needs shall be the driver for acquisition decisions. Nevertheless, we also recognize the current 
situation of most of the growers e.g. low redemption prices of commodities, increase cost of all input 
materials which blocks the quicker update of the machinery fleets and acquisition of new equipment 
and services which will contribute to reduction of PPP usage. The targeted incentives programs may 
help here. The financial amount shall be linked to the number of hectares managed / treated in a site-
specific way rather than to support the growers by covering of the acquisition costs for the new 
equipment or field kits upgrades directly.  Such incentives could cover the contractor’s service costs, 
the software upgrades (note please that e.g. the weeds/diseases recognition AI models and decision 
tools will have to be regularly updated), fees for mobile internet network coverage with 5G bandwidth, 
license fees for GNSS, FMIS and other service apps e.g.  Weather forecast, scouting, field registers.   

The new incentives programs could be based also on a conditional principle where the receiver of the 
financial support will have to commit to share data e.g. as-applied maps with the authoritative bodies 
which will check that the plan protection products were applied in a way which is compliant with the 
valid regulations.  

Regarding the financial support of the insurance programs, there can be offered special insurance 
conditions, or interest rates for those growers who are using targeted application technology to cover 
the potential risks arising from e.g. modelling of pest prediction, weather, and seasonal pest effects. 
Such programs will certainly gain an interest by the growers, will reduce the level of uncertainty, and 
will help to un-lock the rapid uptake of the novel technologies that contributes to the reduction of 
PPP use. 
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5 Modelling policies towards pesticide-free agricultural production 
systems 

Gabriele Mack24, R. Finger25, J. Ammann20, N. El Benni26 

Published in:  

Mack, G., Finger, R., Ammann, J., El Benni. N., (2023). Modelling policies towards pesticide-free 
agricultural production systems. Agricultural systems. Volume 207 (2023), 103642. 
https://doi.org/10.1016/j.agsy.2023.103642 

 

The use of pesticides implies negative effects on human health and the environment and is therefore 
under big political debate. In 2021, the people of Switzerland voted on two popular initiatives that 
intended to ban all chemical synthetic pesticides resp. to restrict all direct payments to pesticide-free 
production (Schmidt et al., 2019; Finger, 2021). Although both initiatives were rejected, the reduction 
in pesticide risks without harming food security and farmers’ income is a key policy goal in 
Switzerland. Switzerland aims to reduce pesticide risks by 50% until 2027 compared to the average 
of the years 2012–2015 (BLW, 2021). After the initiation of private schemes to support pesticide 
free production (e.g. Möhring and Finger 2022), a national scale agri-environmental scheme for 
pesticide-free, non-organic production systems on arable land in Switzerland was launched 2023.  

The aim of this study was to ex-ante investigate the adoption potential and impacts of this policy. 
Our study is the first national-scale study on the implications of adopting a pesticide-free, non-organic 
crop production system by using Swiss crop production as an illustrative example. We also provide 
methodological innovation, e.g. regarding the assessment of so far non-existing pesticide-free 
production systems coherently in bio-economic models.   

Therefore, an ex-ante impact assessment at the national scale was conducted. The assessment 
combined qualitative and quantitative methods and linked databases from different sources.  First, a 
Delphi study was conducted to assess expected crop-specific yield losses when farmers switch from 
currently intensive (all types of pesticides are applied) resp. extenso (insecticide and fungicide free 
cropping systems) to pesticide-free (but non-organic) systems. Second, based on national data 
repositories, a database on changes in crop-specific machinery costs and labour requirements 
resulting from the adoption of pesticide-free cropping systems was built for typical Swiss arable 
cropping systems. Third, farmers’ decisions to adopt voluntary pesticide-free direct payment 
programmes were determined using 1,907 bio-economic single-farm optimisation models. These 
models reflect the heterogeneous farm sample of the Swiss FADN farms. Data records on expected 
yield losses and changes in machinery costs, as well as labour requirements, were implemented in 
the 1,907 farm optimisation models. All optimisation models were part of the agent-based 

                                                 

 

24 Agroscope, Research group Economic modelling and policy analysis, Tänikon, 8356 Ettenhausen, Switzerland. 
gabriele.mack@agroscope.admin.ch 

 
25 Agricultural Economics and Policy Group, Eidgenössische Technische Hochschule Zürich, 8092 Zurich, Switzerland. 

 
26 Agroscope, Research department sustainability assessment and agricultural management, Tänikon, 8356 Ettenhausen, 

Switzerland. 

mailto:gabriele.mack@agroscope.admin.ch


 

25 
 

agricultural sector model SWISSland (Möhring et al., 2016), which allowed us to upscale model results 
to the national scale. 

The modelling results show that the extent of crop-specific yield losses has an especially significant 
effect on the adoption rate of pesticide-free cropping systems (Fig 1). The impacts of introducing 
voluntary direct payments for pesticide-free production at the national scale imply reduced food 
(volume) and calorie production but only minimal reductions in the production value, especially due 
to expected higher prices for pesticide-free products. The effects on farmers’ income are small, as 
participation in pesticide-free production is compensated with direct payments and higher prices and 
often implies cost reduction in labour and machinery due to non-use of pesticides. To establish large-
scale production systems between conventional and organic cropping systems and, thereby, reduce 
trade-offs resulting from both extremes, policy schemes need to be flexible, allowing the adoption of 
a pesticide-free paradigm for some parts of the crop rotation but not necessarily entire crop rotations. 

Figure 3. Adoption of pesticide-free direct payment programmes for single crops. Percentage of pesticide-
free (but non-organic) area in Switzerland under the different scenarios (year 2027)  

 

Note: * For sugar beets and potatoes, the direct payment programme for pesticide-free crop systems allows specific 
herbicide and fungicide treatments. 

High-loss scenario: 10% highest   

Medium-loss scenario: Average         yield losses due to pesticide-free were assumed based on the Delphi study.  

Low-loss scenario: 10% lowest 

Source: own elaboration. 
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5.1 European pesticide-free agriculture in 2050 

Chantal Le Mouël27  

Given their negative impacts on the environment, biodiversity and human health, the use of pesticides 
is a major issue for the sustainability of agriculture and food systems. Launched by INRAE at the 
request of the priority research program “Growing and protecting crops differently” (PPR-CPA), the 
aim of the “European chemical pesticide-free agriculture in 2050” foresight study is to open up a 
research, policy and public debate on the possibility of building a chemical pesticide-free agriculture 
in the future, considering that it could be a major lever for improving the sustainability of European 
food systems.  

The “European chemical pesticide-free agriculture in 2050” foresight study (Mora et al. 2023) 
combines a scenario planning approach to imagine scenarios of European chemical pesticide-free 
food and agriculture, a backcasting approach at European level and in four European regions, and a 
simulation approach based on a biomass balance model to assess the impacts of these scenarios on 
production, trade, land use and GHG emissions. 

The foresight study proposes three scenarios, which include three future of crop protection without 
chemical pesticides, based on plant immunity, plant holobiont and microbiomes, and the role of 
landscape in regulating pests (Fig. 1). The first scenario explores the development of robotics and bio-
inputs and the related changes in global food chains. The second scenario explores the mobilization 
of holobionts and microbiomes at all stages of European food chains. The third scenario explores 
landscape management and the relocation of food chains. Model simulations of the scenarios suggest 
that it is possible to develop such agriculture in Europe while maintaining, or even improving, the 
European trade balance in calories, and reducing GHG emissions from European agriculture. 

Figure 4. The three scenarios of European pesticide-free agriculture in 2050 
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Source: Lucile Wargniez.  

 

Our scenarios and simulation results show that a European transition towards chemical pesticide-
free agriculture is possible and achievable. It will require strong involvement from all the actors of 
the food chain, beyond cropping systems, changes all along the food supply chains and food markets, 
and a coherent set of European public policies on agriculture, food, health, environment and trade to 
support the transition. Such scenarios are not just a sectoral issue but also a societal choice and a 
global environmental choice. 
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More information and access to all deliverables: https://www.inrae.fr/en/news/european-pesticide-
free-agriculture-2050 

https://www.inrae.fr/en/news/european-pesticide-free-agriculture-2050
https://www.inrae.fr/en/news/european-pesticide-free-agriculture-2050
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6 Linking pesticide reduction and insurance products: theory, 
institutions and experiences 

6.1 Implications of PPP reduction on insurance: some basic concepts 

Francisco Sebastián28 

6.1.1 Introduction: Understanding the mechanisms of insurance  

Insurance, at its core, operates as a mechanism to mitigate risk and provide financial protection 
against unforeseen events. Insurers assess risks and pool resources by collecting premiums from 
policyholders. In return, they offer coverage against potential future losses, thus spreading the 
financial impact across a collective pool of insured individuals or entities. 

Insurance pricing is not arbitrary; it is a meticulously calculated process. Actuaries and underwriters 
analyse factors such as historical data, risk probabilities, and statistical models to determine 
appropriate premiums that accurately reflect the risk exposure.  

6.1.2 Non-life insurance pricing dynamics  

Here we aim to delve deeper into the mechanisms behind non-life insurance pricing. We will explore 
the rationale behind these methods and investigate the impact of various changes, be it in the 
frequency or severity of events, while also highlighting the significant influence of ruin risk on pricing 
strategies. 

By understanding the underlying principles and dynamics of insurance, we pave the way to 
comprehend the nuances of non-life insurance pricing and its intricate relationship with risk, 
frequency, severity, and financial stability. 

1. Rationale and Methods in Non-Life Insurance Pricing 

We will commence by exploring the rationale behind the methods employed in non-life insurance 
pricing. This section will highlight the fundamental principles and methodologies used in determining 
the premiums and structures in this sector. 

2. Impact of Changes in Frequency: Independent vs. Non-Independent Events 

A critical factor in non-life insurance pricing understands the impact of changes in frequency. We will 
take a closer look at how independent and non-independent events influence this, shedding light on 
the dynamics when such events occur and their implications for pricing structures.  

3. Impact of Changes in Severity: Focus on Catastrophic Events  

Another significant facet of our discussion will revolve around changes in severity, specifically 
focusing on catastrophic events. We will analyse how these events can dramatically affect the 
insurance landscape, exploring the implications for pricing structures and risk management. 
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4. Ruin Risk and its Influence on Pricing 

Ruin risk is a substantial concern in the insurance realm. This section will elucidate how the possibility 
of financial ruin influences pricing strategies and risk assessment within the non-life insurance sector.  

6.2 Helping wine and spirits producers deliver on regenerative agriculture 
goals and pesticide reduction with adaptation consulting and 
transition insurance 

Sylvain Coutu29 

6.2.1 Introduction 

Axa Climate is committed to helping to de risk the transition to regenerative agriculture, helping to 
reduce the 23% of GHG emissions from agriculture and protecting biodiversity. As part of these 
efforts, we have developed transition insurance products, working with spirits producers, cooperatives, 
input providers and individual farmers to provide coverage for practice change. This helps to de risk 
cost intensive efforts including reducing pesticide use or introducing bio control, which can initially 
reduce yield and impact revenues for the grower. 

6.2.2 The challenge 

New business models are needed to deliver more sustainable use of pesticides regulation as outlined 
in proposals that aims to slash pesticide use in half by 2030 in the EU due to increasing concern from 
consumers and the need for GHG emissions reduction. Wine and spirit producers are committed to 
introducing more sustainable agricultural practices, working to certify winegrowers for higher 
environmental standards. Incentives are needed to engage cooperative winegrowers to invest in more 
environmental practices to make the cognac sector more sustainable and deliver on halving carbon 
emissions per bottle by 2030 and reaching Net Zero carbon emissions by 2050. Convincing farmers 
to introduce bio control given the risk of disease outbreak and potential revenue loss is challenging. 
Increased exposure to drought and floods makes changing practices even more difficult but necessary 
to improve carbon sequestration and reduce pesticide usage. Due to the more volatile weather 
conditions, growers tend to be conservative and overprotect their vineyard by applying pesticide more 
frequently and in larger amount than necessary. Existing insurance schemes do not incentivize wine 
growers to reduce input use. 

6.2.3 The solution 

Climate Risk Exposure Assessment  

The client’s sustainability, risk and agronomy teams work closing with Axa Climate’s agriculture 
consulting, insurance, science, and data science teams to quantify risks. This involved better 
understanding exposure to climate risk in their supply chain and how to help their suppliers to adapt. 
This process examines how changing temperatures will require them to adapt their crops in the 
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coming years using climate models to assess the impact on yield up to 2030. Increases in drought, 
fire, flood, frost, wind, and pests make it increasingly important for grape growers to understand 
these risks and how to proactively manage them. 

Transition insurance 

Their risk team invested in transition insurance covering potential yield loss for winegrowers provided 
by Axa Climate. The insurance premium covering reduction in yield due to disease following 
introduction of bio control is a policy renewed on a yearly basis.   

Co Creation 

Co Creation of the solution with the client is an important part of developing the right business model. 
This involved a series of workshops to better understand the risk related with a change of the 
frequency and type of treatment. The impact of changing practice on the occurrence of downy mildew, 
powdery mildew and black rot was assessed working closely with their agronomy team. 

Premium Calculation 

The premium is based on size and value of land covered, with the value of wine growing regions in 
France is quite high. The yield loss for specialty crops and vineyards might reached very high levels 
(up to 60%) in years with challenging weather conditions. It is important to use historical data to 
quantify the impact that the reduction of fungicide usage could have on disease development and 
related yield losses. Historical yield data is analysed looking at the client own experimental data and 
combining it with publicly available data. A premium to be paid per hectare can then be calculated.  

Payment and Claims Process 

The premium is paid by the spirit producer to cover their growers. A ceiling is placed on the amount 
of the payout and a deductible defined. Claims are paid to the spirit producer directly to distribute to 
individual growers. On-site inspection is used to measure field disease occurrence to efficiently trigger 
claims. Payout of claims is expected to increase adoption by more winegrowers. This process could 
potentially be further optimized and digitized with the use of satellite imagery, sensors or MRV 
solutions with further research.  

Decision Support Tool  

The introduction of a decision support tool to verify the grower use a well-planned biocontrol strategy 
is a critical success factor. This process around the decision support tool is defined by the company’s 
agronomy team in collaboration with the national institute for viticulture. Wine growers receive 
recommendation on the usage of biocontrol depending on the local weather condition and the 
forecast. They are able to report the different treatments applied (biocontrol) and can check if this 
complies with the guidelines provided. This decision support tool and the insurance solution helps to 
reduce the amount of conventional chemical treatment of up to 90%. 

Key Benefits 

The expectation is that more farmers engage in the transition from using conventional to biocontrol 
treatment. Greater acceptance of transition to bio control following claims payment is also expected. 
Optimization of best practice sharing on sustainable practices and quality control between growers is 
another benefit. Potential decrease in the cost of inputs is another potential benefit. More grape 
growers are expected to be certified in the national standardization scheme for pesticide reduction in 
part due to the insurance incentive. Combined with additional fertilizer and soil management 
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practices, emissions reduction that can be reported on to meet scope three emissions and Science 
Based Targets is also possible though this needs to be carefully quantified. 

Who Can Benefit 

Transition insurance can be beneficial to row crops and specialty crops for individual farmers or 
cooperatives of a certain scale. Around 5000 hectares (for row crops) or more is ideal given the 
underwriting work involved. Commodity buyers can pay the premium for their suppliers as an incentive 
to help them to deliver on GHG emission reduction or regenerative agriculture goals. 

6.2.4 Transition insurance case studies overview 

Table 1. Transition Insurance Case Studies Overview 

Clients Transition Insurance Projects 

Wine producer increasing growers introducing bio 
control with disease outbreak coverage. 

Challenge: Risk of disease outbreak when switching 
to bio control inputs 

Solution: Covering disease outbreak for grape 
producers supplying the wine industry  

Benefit: Greater acceptance of transition to bio 
control following claims payment 

Methodology: In field disease occurrence 
measurement, Introduction of decision support tool 
to verify biocontrol use 

Cooperative scaling transition program introducing 
more eco-friendly agriculture practices. 

Challenge: Convincing growers to change practices 
and participate in transition program 

Solution: Yield reduction coverage following 
implementation of cover cropping, nitrogen 
reduction, residue management 

Benefit: Maintaining grower participation and trust 
in cooperative 

Methodology: Yield comparison between transition 
and reference groups 

Input provider helping farmers receive “No Pesticide 
Residue Label” with revenue loss insurance. 

Challenge: Encouraging farmers to change pesticide 
practices 

Solution: Commercial guarantee to cover potential 
revenue loss for farmers using new pesticide 
protocol for soft wheat  

Benefit: Incentivize farmers to adapt pesticide use 
and increase revenue 

Methodology: Definition of clear agronomic 
guidelines and verification of the absence of 
pesticide residue 

Source: own source 

 



 

33 
 

6.2.5 Recommendations 

1. Clearer pan European standards are needed to define requirements for labels such as no 
pesticide use. Similar harmonization of organic, regenerative, or emissions reduction labels 
or standards are also needed to make it easier for growers and consumers to understand.  

2. Education and Training support for the food industry, farmers, and consumers to help them 
to understand how to reduce pesticide use and to introduce more regenerative practices 
would help to scale these initiatives. 

3. Insurance subsidies condition to sustainable agriculture practice and/or subsidies to 
agriculture insurance products supporting the agriculture transition. EU farm subsidies 
scheme could help to encourage more farmers to adopt these practices by helping to de risk 
the process. 

4. Funding to help to support pesticide reduction pilots to reduce the use of inputs could help 
to de risk the process for farmers who are reluctant to change practices. This could include 
a guarantee to make sure there is a buyer for these commodities on the market or grants.  

5. Support for scientific research is also needed to help to further digitize the monitoring of 
pesticide use and modelling to show how this affects biodiversity and soil health. 

Figure 5. How Regenerative Agriculture Pilot Integrating Insurance Co Creation Works 

 

Source: own source 
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7 What have agricultural economists found out about linking 
insurance and PPP reduction? 

7.1 Crop insurance and pesticide use in European Agriculture. 

Niklas Möhring30 

Reducing the harmful effects of agricultural pesticide use on the environment and human health, as 
well as reducing income risks for farmers, are both top priorities for agricultural policy.  

The From-Farm-to-Fork strategy of the European Union, for example, envisions ambitious pesticide 
use and risk reduction targets. At the same time, we have seen a rise in publicly funded agricultural 
insurances (Dalhaus et al., 2023) after changes in the regulation of premium subsidies in the Common 
Agricultural Policy (Regulation (EU) 2021/2115). 

In my talk, I will explore the link between (subsidized) crop insurance and pesticide use. Given the 
recent policy developments, this is key in order to align agricultural policy objectives, and additionally 
provide insights in the role of risks for farmer’s uptake of (service-based) plant protection solutions. 

In an article in Agricultural Systems (Möhring et al., 20202), we analysed the relationship between 
crop insurance and pesticide use in European agriculture, using France and Switzerland as examples. 
We found that crop insurance is associated with an increase in pesticide expenditure of between 6% 
and 11%. The magnitude of the effect and the underlying mechanisms were specific to each country. 

At the time, in both France and Switzerland, hail and multi-risk insurance made up the bulk of crop 
insurance used. However, these countries differed in terms of insurance system, agricultural systems 
and agricultural policy. In Switzerland, insurance mostly comprises of hail and multi-peril insurances. 
In addition, insurance covering extreme weather conditions such as drought and heavy rain is 
becoming increasingly popular. Crop insurance is not currently subsidized in Switzerland. French 
insurance, on the other hand, receives substantial support from the EU's Common Agricultural Policy, 
up to 65% of the premium in 2020. Contracts cover a range of weather-related risks, and most crops 
are insured, including grassland. In 2018, more than 70,000 French farms took out crop insurance 
policies, representing over 4 million hectares and 30.5% of usable agricultural land. 

Agriculture in both countries is diverse in terms of production systems, farm types and sizes. On 
average, however, Swiss agriculture is characterized by a greater number of smallholders, more 
mountainous regions and greater importance of grassland than in France. Although agricultural 
policies differ in Switzerland and France, farmers in both countries are subject to public policies aimed 
at reducing the risks associated with pesticide use. 

In the analysis, we consider the two main channels of interaction in the way crop insurance and 
pesticides are applied. Firstly, insurance may induce farmers to modify pesticide use per hectare for 
a given crop/production system ("intensive margin effect"). Secondly, insurance can induce farmers to 
modify their land-use decisions, which are closely linked to pesticide use ("extensive margin effect"). 
It is important to take both these effects into account in the analysis, as pesticide use levels vary 
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greatly from one crop to another (average pesticide use on fruit, for example, can be ten times higher 
than on some field crops). Induced changes in land use decisions can therefore have a significant 
effect on pesticide use levels. 

At the extensive margin, insurance may lead to a switch to crops that are economically riskier, or a 
switch from grassland to cropland - these riskier crops are generally also associated with higher 
(chemical) input use. At the intensive margin, decisions on crop insurance and pesticide use are 
primarily linked to their relationship with economic risk. If pesticides reduce these risks, pesticide use 
and crop insurance can substitute each other, meaning that taking out insurance would reduce 
pesticide use. On the other hand, if pesticides increase these risks, pesticide use and crop insurance 
may be complementary, meaning that taking out insurance would increase pesticide use. The 
literature on this subject is ambiguous, making the direction of the intensive margin effect an 
empirical question (see, for example, Möhring et al. 2020b). 

In our empirical analysis, we study farmers' decisions regarding insurance purchase, land use and 
pesticide use - and their interdependencies. We use panel data series at farm level in France and 
Switzerland. We take into account potential intensive and extensive margin effects (focusing on land 
use in grassland and crops), as well as a large set of control variables, including farm and farmer 
characteristics, weather conditions and exposure to climatic risks, such as hail. 

Our results show that without insurance, pesticide expenditure would be 6% lower in France and 11% 
lower in Switzerland. The mechanisms differ: while the extensive margin effect (changes in land use) 
dominates in Switzerland, the intensive margin effect (pesticide use per hectare) dominates in France. 
We attribute the differences in mechanisms to the higher share of temporary grassland in Switzerland 
and the higher insurance subsidy in France.  

Our results show that providing crop insurance can lead to increased pesticide use. However, this does 
not mean that crop insurance is an inappropriate risk management tool for agriculture. On the 
contrary, it is an essential tool for farmers' risk management and is gaining in importance. However, 
we point out that there may be unintended side-effects that need to be taken into account. From a 
governmental point of view, our results reveal the risks associated with subsidizing crop insurance, 
as it can thwart other environmental objectives. Thus, if insurance is subsidized, even greater financial 
resources may be needed to achieve environmental objectives. Our findings thus underline the need 
for careful evaluation of crop insurance support policies. We therefore need to develop sustainable 
insurance solutions that are good for both farmers and the environment. Finally, our results clearly 
highlight the need for a holistic vision of agricultural policy, in order to propose tools and instruments 
adapted to the different objectives and actors of agricultural policy. 
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7.2 Green insurance for pesticide reduction: acceptability and for French 
viticulture. 

Marianne Lefebvre31, Yann Raineau32, C´ecile Aubert33, Niklas Möhring34, Pauline Pedehouraand 
Marc Raynal35 

The authors thank Max-R´egis Ogounchi and Adrianne Moreau for their help in programming the 
survey, the REECAP network for providing initial feed-back during the “check before you collect” 
webinar, as well as participants to the FRIES webinar organized by ETH. They acknowledge funding 
by R´egion Pays de Loire (project BEHAVE) and the support of the Grand Plan d’Investissements 
d’Avenir through the program Territoires d’Innovation (PIA VitiREV) as well as support of the French 
National Research Agency (ANR) under the grant 20-PCPA-0010 (VITAE). Access to some confidential 
data, on which is based this work, has been made possible within a secure environment offered by 
CASD – Centre d’acc`es s´ecuris´e aux donn´ees (Ref. 10.34724/CASD). 

 

Green insurance is an innovative tool to help producers manage (perceived) risks of transitioning to 
more environmentally-friendly crop management strategies. It is not yet part of the agricultural policy 
toolbox nor is it marketed privately on a large scale. We here investigated the best design, uptake 
determinants and potential pesticide reduction from green insurance for a decision support system 
(DSS) for pesticide reduction in grapevine production. This is an important example, as pesticide use 
reduction is high on the agricultural policy agenda and grapevine production is a major contributor to 
global pesticide use. For our analysis, we conducted a Discrete Choice Experiment with 412 French 
vine growers. We find that 45% to 58% of growers are likely to subscribe to green insurance, with 
differences across contract types and prices. Producers transitioning to organic production are the 
most interested in the contract. All types of producers exhibit on average lower interest for group 
contracts and index-based insurance than for the traditional individual loss-based contract. Using 
data from field experiments on DSS performance in reducing fungicide use, we estimate that adopters 
could reduce their fungicide use by 35% on average and a quarter of the producers by more than 
55%. Our results suggest that green insurance could be a cost-effective tool to advance ambitious 
pesticide policy goals, and more broadly, support the transformation to more environmentally-friendly 
farming practices. 

Decision support systems (DSS) for farmers to optimally time applications according to actual local 
disease pressure have the potential to reduce pesticide use while maintaining yield levels (Pertot et 
al. 2017; Chen et al. 2020; Anastasiou et al. 2023). However, their uptake is often low. One important 
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reason is that expected risks of yield losses are perceived as higher when adapting management 
strategies (Shtienberg 2013; M¨ohring, Wuepper, et al. 2020). 

Green insurance, which insures potential yield losses when switching practices, is not currently 
included in policy toolboxes, despite its potential to increase farmers’ uptake of DSS-based crop 
protection strategies. With green insurance, the insured producer receives financial compensation in 
case of yield losses caused by the failure of best management practices (here the inability of the DSS 
to contain diseases). If producers have biased perceptions regarding the effects of new practices on 
the level and variability of yields or profits (Feather and Amacher 1994), green insurance could help 
them revise these perceptions by allowing them to try these practices risk-free (Mitchell and Hennessy 
2003; Aubert et al. 2020). In other risk areas, it has been shown that sub-optimal insurance levels 
are observed when agents face an explicit or implicit cost to discovering the true probability of losses, 
but public subsidy can trigger optimal insurance decisions (Kunreuther and Pauly 2004). It suggests 
that subsidy to green insurance could be needed. Compared to agri-environmental schemes (AES), 
subsidizing green insurance can be more cost-effective since public support is triggered only for 
actual losses (Baerenklau 2005), and the level of support required to induce participation by risk-
averse producers does not need to include a risk premium.  

A few green insurance contracts have been experimented with in the US and in Europe. But these 
experiments have only been conducted on a small scale, with no proper measure of cost-efficiency 
nor evaluation of the levers to increase acceptability. A fundamental challenge is to design insurance 
products that will be adopted by a large range of farmers, will actually lead to best management 
practices’ adoption and are more cost-efficient than other instruments (Hazell and Varangis 2020). 
Ex-ante evaluation is thus important for industry and policy to develop products and supporting 
programs that are attractive to producers. Such (subsidized) risk management tools for pesticide use 
reduction may have a high global relevance - in the EU as well as beyond (Möhring, Kanter, et al. 
2023). 

Here we assess the effect of different insurance designs on acceptability, as well as the potential 
impact of a subsidized green insurance, targeting fungicide use in French viticulture36. We conducted 
a large discrete choice experiment with 412 French grapevine growers on the uptake and design of 
the insurance and combine it with field experimental data on the pesticide use reduction potential. 
We evaluate acceptability of both loss-based and index-based insurance, since the latter is perceived 
as having a large potential, also in developed countries, to contribute to better farm-level risk 
management and more efficient use of natural resource (Dalhaus, Musshoff, and Finger 2018). 

We find that between 45% and 58% of the vine growers are likely to subscribe to the green insurance, 
depending on contract design and prices. Producers transitioning to organic certification are more 
interested in the contract. This result suggests that green insurance could – in addition to intensive 
margin effects on pesticide intensity – also have extensive-margin effects: it could help reduce 
pesticide use by supporting transitions to organic farming. Clear preferences emerge for contract 
design: all producers exhibit less interest for group and index-based contracts. Using data from field 
experiments on the DSS impact on fungicide use, we estimate that adopters could reduce their 
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fungicide treatments by 35% on average. A quarter of them can reduce their fungicide treatments by 
more than 55%. The chosen set-up would entail higher potential subsidy costs, compared to existing 
policy tools in France, but also a higher pesticide reduction potential. 

7.3 Choosing between Insurance and Protecting Devices: The Case of Apple 
Farmers in South Tyrol. 

Marco Rogna37 European Commission’s Joint Research Centre 

The dependence of agricultural output from weather conditions is one of the main sources of 
revenues volatility in agriculture (Moss and Shonkwiler, 1993; Ray et al., 2015), differentiating it from 
other economic sectors. The strategic importance of agriculture, accompanied by a structural 
weakness of this sector – the income of agricultural entrepreneurs is sensitively lower than the 
income of entrepreneurs in other productive sectors (European Commission, 2015) – have encouraged 
efforts in order to stabilize or, at least, sensibly smooth, agricultural incomes. 

Insurance has been one of the first proposed method to reach this goal. Although theoretically 
effective, given that systemic weather effects induce a high-correlation among individual farms' risk 
exposure, private insurance markets are generally unsustainable (Miranda and Glauber, 1997). This 
has lead to a strong state interventionism in such markets, usually characterized by a variable 
subsidization of insurance premia. The contrast between the need of supporting such instrument and 
the risk of distorting the market has attracted the attention of academic researchers. Interest that 
has been further fostered by the puzzling scarce adoption rate of agricultural insurance despite the 
high level of subsidization, this last reaching even 70% of premia in either the United States and the 
European Union (Coble et al., 1996). In particular, the elasticity to premium and the determinants of 
farmers’ demand for insurance have been the main object of empirical investigations. First in the US, 
i.e. Goodwin and Kastens (1993); Just and Calvin (1994); Coble et al. (1996); Smith and Baquet (1996), 
and, subsequently, in the EU: Finger and Lehmann (2012); Falco et al. (2014) and Santeramo et al. 
(2016). 

If the determinants of agricultural insurance adoption have been largely investigated both 
theoretically and empirically, the effect of alternative hedging strategies has been generally 
overlooked. At best, they have been included in the mentioned empirical investigation on insurance 
adoption. Crop diversification, for example, generally regarded as an alternative risk management 
practice, has been found to significantly decrease the demand for insurance: e.g. Nieuwoudt et al. 
(1985); Barnett et al. (1990) and Finger and Lehmann (2012). The effect of disaster relieve programs, 
also supposed to have a competing effect with insurance, has been tested by Smith and Baquet 
(1996) and Finger and Lehmann (2012), with the former finding a complementary role whereas the 
latter confirming the theoretical expectation. 

The role of alternative hedging strategies is, in our humble opinion, much more relevant than the 
attention it has received until now. Understanding if an alternative hedging strategy is likely to be 
preferred by high risk rather than low risk bearing farmers is of crucial importance since, in the former 
case, it could play in favour of insurance actuarial soundness whereas, in the second case, the 
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opposite would hold. Moreover, this is of clear interest for the allocation of public contribution. It could 
be more cost-effective to divert part of the premium subsidy towards alternative hedging strategies 
if these are preferred by high risk bearing farmers whereas discouraging instruments could be 
introduced for alternative strategies potentially undermining actuarial soundness.  

Although interesting, this result is plagued by several simplifying assumptions required to keep the 
model tractable. In order to obviate to this problem, a simulation using real data is performed. In 
particular, data related to apple growers in the region of South Tyrol, where the risk of hail is relatively 
high, have been collected from the FADN-RICA (Farm Accountancy Data Network) database and from 
the South Tyrolian association for the protection against weather shocks (“Hagelschutzkonsortium” or 
HSK). A representative agent-based simulation has been performed. This has substantially confirmed 
the results of the theoretical model, except for risk aversion whose role in shifting preferences 
between insurance and anti-hail nets is reversed. The simulation further serves to quantify the 
certainty equivalent expected utility for the different hedging strategies, and their differences, for 
various parameter values. 

From our analysis it results that anti-hail nets, being preferred by high risk farmers, are potentially 
beneficial for the actuarial soundness of the hail insurance market. It could then be wise to rethink 
the EU subsidy policy that, at the moment, only focuses on insurance premia and completely 
disregards anti-hail nets. However, the negative externalities of anti-hail nets, that have a strong 
impact on the landscape, must be taken into consideration when considering the possibility to 
incentivize this hedging instrument. 
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8 Conclusions 

There seems to be a widespread consensus that reducing pesticide use is a desirable objective 
irrespective of the fate of the different legislative initiatives taken at EU level. Even in the absence 
of a Sustainable Use Regulation, the Convention on Biological Diversity maintains an internationally 
recognised aspirational target. In particular its target #7 “Reduce Pollution to Levels That Are Not 
Harmful to Biodiversity”. As part of the monitoring framework for the Kunming-Montreal Global 
Biodiversity Framework, a headline indicator on “pesticide environmental concentration” (indicator 7.2) 
has been proposed. The specific details of how this indicator will be measured are being designed by 
an expert group lead by the Food and Agricultural Organization of the United Nations. 

The feasibility and magnitude of the reduction remains a contentious issue (Schneider et al. 2023). 
However, what becomes evident of the discussions during the workshop is that for whatever reduction 
innovative solutions will be needed. These are already being developed by the classic agents in the 
agricultural eco-system (machinery and input suppliers) but also by some that would not come to 
mind when thinking about pesticides (insurance companies, data analytics companies).  

However, if these new business models are to deliver on their promise there are several key aspects 
that need to clarified or better understood.  Building on the closing statements by Chantal Le Mouël 
and Emilio Rodriguez-Cerezo the following main messages can be put forward.  

1. Data on pesticides are scarce and its availability key to design better policies. Without data 
we cannot design or evaluate pesticide reduction strategies.  

(a) We need a more comprehensive understanding of the relationship between 
pesticide use and yields. In this sense, improved data availability on pesticide use 
and the linking of accounting data and biophysical and climatic characteristics 
becomes key. 

(b) We also need to better understand pesticide use risk both for farmers and society. 

(c) We need an agreement on common metrics for analysis, in particular for the 
measurement of pesticide use. In particular, the societal objective is to reduce risk, 
with use being an actionable proxy in absence of robust risk measurement.  

(d) The data needs to be accessible by all actors involved, when thinking about data 
availability data sharing, ownership and confidentiality needs to be included in the 
equation to design an optimal pesticide data environment. 

(e) Without this data most of the alternative business models presented in the workshop 
will not work. 

2. While much focus has been given to the costs of the transition to a low pesticide agricultural 
sector, we still lack quantitative estimations  of the benefits of the change. Benefits that need 
to be better quantified include increased biodiversity and how the ecosystem services 
provided by enhanced biodiversity can partly offset pest pressure. 

3. Combining the first two issues, pesticide reduction research should aim to develop a marginal 
abatement curve (MAC) for pesticides. Similar to greenhouse gas mitigation, such a MAC 
would allow comparing and ranking different pesticide reduction strategies.  
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4. The different business models discussed in the workshop have focused mostly on famers and 
upstream actors in the value chain.  Downstream agents such as processors and retailers 
also have a role to play in the transition to a lower pesticide use food system. Examples of 
such initiatives include low-pesticide systems developed by retailers and processors (Finger 
and Möhring, 2024). 

5. Crop protection provided by pesticide use can be partly substituted by other management 
practices. Pesticide reduction must be accompanied by other changes in agricultural 
management that mitigates yield loss, in particular a more strict application of Integrated 
Pest Management guidelines.  

6. New business models should not exclude more traditional economic tools such as taxation 
based on internalization of external costs. The Danish example shows that such traditional 
economic instruments deliver significant pesticide use reductions (Nielsen et al. 2023). 

7. Most of the new business models rely in the use of digital support systems (DSS) that enhance 
the efficiency in pesticide use. The data of DSS needs strong validation so trust in them 
increases. Moreover, accountability for errors in DSS needs to be embedded into contracts for 
both type I and II errors. Under type I errors farmers will be applying pesticides when they are 
not needed, thus hampering the objective of pesticide use reduction. Under type II errors 
farmers will fail to control the pest thus incurring into additional yield losses.  

8. New business models generate new relationships between and across agents, which up to 
now have worked on a bilateral basis. A farmer would purchase insurance from a company, 
pesticides from another one and machinery from a third one. We need to understand how 
this multilateral relationship is going to work.  

9. Business models such as those presented in the workshop could also be applied for natural 
pest control. The incentives for such an extension needs to be considered.  

The renewed interest in developing pesticide reduction strategies and business models in the last five 
years has been driven by the legislative process in the EU. While international commitments begin to 
be a driving force (see above) it is not clear that this thriving environment will remain. Most of the 
participants believe that this will be the case, which is also the wish of the editors of these proceeding. 
However only time will allow assessing whether this is the case.  

Overall, this workshop has shown that the different agents in the food system (farmers, cooperatives 
input suppliers, financial institutions) have the possibility of setting up alternative business models 
for pesticide reduction. Outcome-based services and insurance policies can help farmers, with an 
accompanying adequate policy (e.g. subsidies), to achieve this reduction. However, the existing 
empirical evidence of the performance of these tools continue at a pre-commercial stage and/or it is 
based on field experiments. Further research is needed combining case studies with experimental 
data.      
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Annex 3: Agenda 

AGENDA OF THE WORKSHOP ON ALTERNATIVE BUSSINESS MODELS FOR PESTICIDE REDUCTION 

22&23 November 2023 

Seville (Spain), Edificio Expo (Room Machado) 

Organizer: European Commission’s Joint Research Centre 

DAY 1: 22 November 
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20 min Welcome and background Alessandra Zampieri, JRC 
20 min EU Regulatory framework Gordon Rennick, SANTE  
20 min The sustainable use of pesticides and  the Common 

Agricultural Policy (CAP) 
Aymeric Berling, AGRI 

15:00-15:15 Break (15 minutes) 
15:15-17:00 Session 1 (Part I): Existing and future business models for crop protection 

Chair: Manuel Gómez-Barbero (JRC) 
30 min Service-based business models to incentivize the efficient 

use of pesticide in crop protection 
Thomas M Chappell, Texas A&M 
University 

30 min Decision Support Systems Antonio Vicent, IVIA 
30 min Outcome-based business models for CP reduction Marius Wolf, Bayer 
15 min  General discussion All 

Self-paid dinner at Restaurant Manolo León-GUADALQUIVIR, C/ Guadalquivir 8, Sevilla 
DAY 2: 23 November 
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Chair: Manuel Gómez-Barbero (JRC) 

30 min  Innovations in Application Technology for Crop Protection Peter Hloben, John Deere 
30 min Modelling policies towards pesticide-free agricultural 

production systems 
Gabriele Mack, Agroscope  

30 min European Chemical Pesticide-Free Agriculture in 2050 Chantal Le Mouël, INRAE  
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11:00-12:45 Session 2 : Linking pesticide reduction and insurance products: theory, institutions and experiences 

Chair: Jesús Barreiro-Hurle (JRC) 
30 min How do non-life insurers think? Francisco Sebastian, FIA 
30 min Insurance policy to cover yield losses from diseases in 

vineyard along with reducing pesticides use 
Baptiste Dubois & Dimitri Lely, 
Groupama 

30 min Regenerative Agriculture Insurance Solutions 
 

Sylvain Coutu - AXA Climate  

15 min General Discussion All 
12:45-14:00 Break (1 hour 15 minutes) 
14:00-16:15 Session 3 : What have agricultural economists found out about linking insurance and PPP reduction? 

Chair: Emilio Rodríguez-Cerezo  (JRC) 
30 min Can insurance increase the willingness of farmers to 

reduce pesticide use? Experimental evidence from 4 EU 
countries 

Jesús Barreiro-Hurle, JRC 

30 min Crop insurance and pesticide use in European Agriculture Niklas Mohring, University of Bonn 
30 min Green Insurance for Pesticide Reduction: Acceptability and 

Impact for French Wine Growing 
Marianne Lefebvre, Universty of 
Angers & Yann Raineau, INRAE 

30 min The Interaction between Insurance and Protective Devices: 
The Case of Apples Producers in South Tyro 

Marco Rogna, JRC  

15 min General Discussion All 
16:15-16:30 Break (15 minutes)  
16:30-17:00 Concluding Remarks 

15 min  Chantal Le Mouël, INRAE 
15 min   Emilio Rodríguez-Cerezo, JRC 

 



 

 

 

  

Getting in touch with the EU 

In person 

All over the European Union there are hundreds of Europe Direct centres. You can find the 
address of the centre nearest you online (european-union.europa.eu/contact-eu/meet-us_en). 

On the phone or in writing 

Europe Direct is a service that answers your questions about the European Union. You can 
contact this service: 

— by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 

— at the following standard number: +32 22999696, 

— via the following form: european-union.europa.eu/contact-eu/write-us_en. 

 

Finding information about the EU 

Online 

Information about the European Union in all the official languages of the EU is available on the 
Europa website (european-union.europa.eu). 

EU publications 

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free 
publications can be obtained by contacting Europe Direct or your local documentation centre 
(european-union.europa.eu/contact-eu/meet-us_en). 

EU law and related documents 

For access to legal information from the EU, including all EU law since 1951 in all the official 
language versions, go to EUR-Lex (eur-lex.europa.eu). 

   

             
              

https://european-union.europa.eu/contact-eu/meet-us_en
https://european-union.europa.eu/contact-eu/write-us_en
https://european-union.europa.eu/index_en
https://op.europa.eu/en/publications
https://european-union.europa.eu/contact-eu/meet-us_en
https://eur-lex.europa.eu/
https://data.europa.eu/en
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