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Abstract

Plant pests and diseases can cause considerable impacts on crop vyields, 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.



Authors

Gordon RENNICK, DG SANTE, European Commission
Aymeric BERLING, DG AGRI, European Commission
Thomas M CHAPPELL, Texas A&M University
Antonio VICENT, IVIA

Marius WOLF, Bayer

Marco DE TOFFOL, Bayer

Peter HLOBEN, John Deere

Gabriele MACK, Agroscope

Chantal LE MOUEL, INRAE

Francisco SEBASTIAN, FIA

Baptiste DUBOIS, Groupama

Dimitri LELY, Groupama

Sylvain COUTU, Axa Climate

Niklas MOHRING, University of Bonn

Marianne LEFEBVRE, University of Angers

Yann RAINEAU, Univ. Bordeaux, INRAE

Marco ROGNA, JRC, European Commission

Emilio RODRIGUEZ CEREZO, JRC, European Commission
Jesus BARREIRO HURLE, JRC, European Commission

Manuel GOMEZ BARBERO, JRC, European Commission



1 Introduction

Plant pests and diseases can cause considerable impacts on crop vyields, 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 Strategy® and Biodiversity Strategy? 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 (Méhring 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 22™ and 23 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. .

! 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.



2 Opening Session

2.1 EU regulatory framework: past and present

Gordon Rennick?

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 vyears. 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.

1<t generation
— 2500 B.C. Ancient Sumerians used sulphur compounds to kill insects.

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

— 1101 AD. 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
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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).

2" 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.

2020s* Cinmethylin, Bixlozone, Benzobicyclon, Fenquinotrione, Dimpropyridaz, Isoflucypram.

4 Not yet approved.



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 requlation 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



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 requlating and establishing “Maximum Residue Levels” of pesticides in food and feed
commaodities 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



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.

— Requlation 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 “SAIQO”.
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.

11



Figure 1. Non-exhaustive schematic of current legislation directly and indirectly impacting plant protection

products.
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2.2 Sustainable use of pesticide and the Common Agricultural Policy

Aymeric Berling®

With its Farm to Fork Strategy®, 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)”8
replacing the current Directive on the sustainable use of pesticides® 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 mechanisms'®. 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 payments! 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

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

& 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 req 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
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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 CAP!? 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 payments® 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)!* 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.

13190 billions euros for the period 2023-2027.

4 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 chain®®. 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 challenge®®

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 |n 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
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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 Chappell?’

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 reqgulators with the goal of impact reduction. Enforced reqgulatory
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 Lazaro!®, David Makowski'®, Antonio Vicent®°

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’Estadistica i Investigacio Operativa, Universitat de Valéncia, 46100 Valéncia, Spain.

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

20 Centre de Protecci6 Vegetal i Biotecnologia, Institut Valencia d’Investigacions Agraries (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 requlatory 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 (Garcera
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 (Lazaro 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 Deal’. 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 (Lazaro 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) (Mohring 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: Lazaro et al., 2021).
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3.3 Outcome-based business models for CP reduction

Marius Wolf?! and Marco De Toffol®?

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.

21 Bayer. marius.wolf@bayer.com

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 requlations. 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.qg., broadband access
in rural areas, farm machine connectivity).
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4 Existing and future business models for crop protection (Il)

4.1 Innovations in application technology for crop protection

Peter Hloben?>

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
commaodities. 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 (Al) 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.

25 Deere & Co. HlobenPeter@JohnDeere.com

22


mailto:HlobenPeter@JohnDeere.com

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 commaodities, 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 Al 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 Mack® R. Finger®, J. Ammann®, N. El Benni®
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. Méhring 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, Tanikon, 8356 Ettenhausen, Switzerland.
gabriele. mack®@agroscope.admin.ch

25 Agricultural Economics and Policy Group, Eidgendssische Technische Hochschule Zirich, 8092 Zurich, Switzerland.

26 Agroscope, Research department sustainability assessment and agricultural management, Tanikon, 8356 Ettenhausen,
Switzerland.
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agricultural sector model SWISSland (Mohring 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)
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5.1 European pesticide-free agriculture in 2050

Chantal Le Mouél?”

Given their negative impacts on the environment, biodiversity and human health, the use of pesticides
is @ 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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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
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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 Sebastian?®

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.

28 FIA. fsbstian@gmail.com
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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 Coutu?®®

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

29 Axa Climate. scoutu84®@gmail.com
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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. Commaodity 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
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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 commaodities 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

How a Regenerative Agriculture Pilot Integrating Insurance Co Creation Works

Clients: Food & fashion brands, input or technology providers, commodity buyers, coops, developers, traders, investors

Stage 1: Co Creation

Client risk assessment consulting
Identify practice change required

Identify key risks to cover and triggers

Stage 2: Draft Policy

Clarify who purchases premium
Provide plot data, policy for review

Review pricing, revise and finalize

Stage 3: Monitoring

Decision support, control groups in place
Satellite image monitoring

Training on monitoring and practice change

Source: own source
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Stage 4: Claims
Claims filed with premium purchaser
Satellite image and or on-site adjustor check

Payout to premium purchaser

Stage 5: Renewal
End of year renewal

Review of policy

Explore expansion to more growers

Stage 6: Follow Up
Quantify impact on emissions

Revisit practice and monitoring used

Explore scaling to additional farmers
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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 M6hring*°

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, | 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 (Mohring 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 119%. 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

30 Production Economics Group, University of Bonn. mohring@uni-bonn.de
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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, Mohring 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 Lefebvre®!, Yann Raineau2, C ecile Aubert*?, Niklas Mohring®*, Pauline Pedehouraand
Marc Raynal®®

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
550%. 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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33 Univ. Bordeaux, CNRS, BSE, UMR 6060, F-33600 Pessac, France, Toulouse School of Economics (TSE), and GAEL, U.
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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 (Méhring, 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 viticulture®®. 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

36 Grapevine production is globally among the most pesticide-intensive and economically relevant crops, and therefore
represents a key entry point to reduce pesticide use in agriculture. In France, the iconic wine production covers only
3.3% of the agricultural area, but is responsible for 14.4% of total agricultural pesticide use (Butault et al. 2010).
Fungicides represent more than 80% of pesticides used on vines in France (French agricultural ministry 2022).
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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 Rogna®’ 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

37 European Commission’s Joint Research Centre. Marco.ROGNA®ec.europa.eu
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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 Mouél
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 Mohring, 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 vyield 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 | and Il errors. Under type | errors farmers will be applying pesticides when they are
not needed, thus hampering the objective of pesticide use reduction. Under type Il 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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production in Europe. He holds a M.Sc. in computer science from RWTH Aachen University with a
specialization in human-computer-interaction.

Marco De Toffol — Public Affairs Manager EMEA at Bayer. Marco De Toffol currently holds the position
of Public Affairs Manager at Bayer (CropScience division) where he focuses on legislation related to
the sustainable use of plant protection products as well as digital farming. Marco holds a bachelor’s
degree in politics and international relations and a master’s degree in EU studies.

Day 2
Session 1 (Part Il)

Peter Hloben is Product Safety & Compliance Engineer - Crop Care Platform, John Deere Mannheim
Regional Centre, Mannheim, Germany. He is also Chairman of Application Technology project team at
CEMA which deals with EU AT related requlations (Machinery regulation and SUR). (Dr. Agr.) Institute
fur Landtechnik, University of Bonn, Bonn.

Gabriele Mack is the head of the research group “Economic Modelling and Policy Analysis” at
Agroscope in Tanikon, Switzerland. She is an agricultural economist with a PhD from the University of
Hohenheim. Since 25 years, she has been working for Agroscope. Her main research focus is
agricultural policy evaluation and impact analysis.

Chantal Le Mouél is an economist and senior researcher at INRAE. She initially focused her research
on international agricultural trade and WTO negotiations, before turning her attention to farmers'
production decisions in connection with CAP reforms. More recently, she has focused on global food

48
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He first worked for the French Institute of cereals and forages (Arvalis) as an economic project
manager. Since 2018, he has worked at Groupama Assurance Mutuelles and he is currently in charge
of the climate insurance for crops.
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Niklas Mohring is an Agricultural Economist working on human decision-making in agricultural and
food systems, taking an inherently interdisciplinary approach. His research aims to support food-value
chain actors in the transformation to more sustainable and resilient agricultural and food systemes,
with a specific focus on sustainable plant protection. Niklas is head of the Production Economics
Group at the Agricultural Faculty of the University of Bonn, Germany.

Marianne Lefebvre is associate professor at Angers University, France. She earned her PhD in 2011
from Montpellier University and has then worked 3 years for the JRC in Seville. Her main fields of
research are agricultural and environmental economics, relying mostly on behavioural and
experimental methods. She recently worked on evaluating ex-ante programs targeting transition
towards more environmentally-friendly agricultural practices (including reducing pesticides and water
withdrawals for irrigation). She is a founding and current board member of REECAP (Research Network
on Economic Experiment for the Common Agricultural Policy), and active in the scientific committee
of the natural park of her area.

Yann Raineau works at INRAE (ETTIS/BSE), where he conducts research in agricultural and
environmental economics, with a focus on experimentation and the vine/wine sector in cooperation
with ISVV. He also leads a scientific mission for INRAE on the developing topic of agroecosystem
Living Labs, and has previously worked for public institutions (FR Ministry of Agriculture, Nouvelle-
Aquitaine Region/VitiREV). Yann holds a PhD in Economics from the University of Bordeaux and a
Master's degree in Agricultural sciences from AgroParisTech.

Marco Rogna is an agricultural and environmental economist working in the Micro-Africa team at the
Joint Research Centre in Seville, in the unit D4: Economics of the Food System. Before, he has worked
as Post-Doc at the Hochschule Bochum and at the Free University of Bolzano/Bozen, where he has
conducted research on environmental coalitions and on hail insurance. He has obtained his PhD from
the University of Trento with a thesis on cooperative game theory applied to climate negotiations.
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Annex 2: Slides

What are PESTICIDES ??

Plant Protection Product is comprised of:
Active Ingredient
Co-formulants

Carriers

Anti foaming agents
Adjuvants

Safeners

Saolvents etc..

A few facts........

+DG Health and Food Safety

= Gordon Rennick e + EU review remaved 800+ “old” pesticides..
Eurapean biom
¢ + Currently about 445 actives approved.
+ 71 are micro-organisms
. + 24 are basic substances
What we will look at ....... + 71 are considared low risk’ (27 ME
+ 50 are considered ‘randidates for substitutionjmore hazardous)
« 59 are pending nat being used
+ Drivers of agricultural production..... Pesticide use * Currently commercialising <5 new actives pa
* What are pesticides * New active substances have generally a more positive
= Afew facts profile...
« Abrief history of pesticide discovery #‘asgi-; « EU pracess ultra precautionary
= Abrief history of pesticide regulation n
+ Statistics

What is there to regulate?

= Registration of the peslici

Registration and Marllcetung Regulation (EC} No 110712009

* How the product is used
Sustainable Use Directive 2009/128/EC

* Consumer exposure
Maximum Residue Level Regulation (EC) No 396/2005

Collection of statistics

Requlation [EU) 2022/2379 on statistics on agricultural input and output
|Repraling Regulation (EC] Mo 1185(2005]

i application eguipms
v f&b’i‘lZ?'Ef lae

apgplication)

Drivers of production
« Energy crops
+ Biodwsel, Ethunol, Biomass, CC&S

2006AZES wilh regar

* World population dynamics
« Classification, Packaging and Labellin
i 00T 2ZTEC lenereing

2006(42/EC with rega

e applicatior

* Wealth
= Diets

A history of discovery

» Land availability

tatfons

2 Gulidan Agy
et

Wetlnucks dhrminnge | Toeeadlin for sinn of snueceicide Clissas

| -

Irigatica

HISTORY.

Drivers of production

[T

e T ——

TllEm V7

10— m?n — ) — ] ——
Totnl (A e b e e #77 L5A 1880 LS RIAL RDE T +
- 50 w
e e e = - <]
ot e A brief history (1st generation)
T oo e A A A LA + 2500 B.C,
- <ot = Ancient Sumerians used sulfur compounds to kill insects
+ 300 B.C
. Chinese gni: ion bet climate and periodic biological
frm phenomenal
+ 1101 AD.
The Chinese discover soap as a pesticide (Fatty Acids)
* 16005
What are PESTICIDES ?? Tobacco infusions (Micotine), herbs and arsenic become the major materials used for insect
pest control
. o - 1746 Nicotine
* Plant Pr * Biocidal Products - 1828 Pyrethrum
Products + 1848 Rotenone, Sulfur...lime sulfur
- 1880 Bordeaux Mixture
Definition~ ition~ + 1850 Marcuric chloride
Befink + 1900 Paris green (mixture of arsenic and copper sulfate jused for the control of Colorado
Fungicides Disinfectants | Detergents | soaps potato beetle
Herbicides Preservatives for wood etc -
Insecticides Fungicides, radenticides etc. Not
Moalluscicides used for agricultural purposes.
Etc..... Any product not covered by PPR.
Veterinary, Cosmetic or REACH
legislation
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A brief history (2nd Generation)

synthetic Pesticide Era—1939 to today

©19206s  Bacillus thuringiensis

* 1930 trend toward synthasizing naw compaounds
+ 1936 Metaldehyde

+ 1940°s During WWII both sides workon and coinc
discover the ici i hemical:
1942 Gamma HCH, Thiram
+ 1944 Dot ‘Silent Soring’ 1s Now Nodsy Semaee
194547  MCPA & 2,40 e e o e
+ 1950’5 early 60's "The Graan Revelution” o
+ 1951 Dimethoate, CIPC
« 1952 Folpet

+1884  Demeton Mathyl

1967 “Dangerous Substances Directive”
Directive 67/548/EEC

[ AL FRRRAL CF T TUROPEA ST Tt

Cousen. papcmE

o 7 Jans 1T
A " ; .
JESNReT L i i e R e
SIS
THE COUMCIL OF THE BUBCHIAR ICONOMIC  Dimstive wmam b ronricond o the approsiearion s
COMMUNTTY, ok relirin 1s dingrsaas adbsties,

Dadine, Macoprop, Atrazine, Simazine
Organoting
Chlormeguat & Mancozeh

e
Easapea
Feoy

Listed

sl 1o
s Ectromc
180 e,

af

1962 DiQuat & Paraquat, Mathiocarh Silent Spring It was famausty the legal basis from which it was illegal to market products classified as “very taxic”

+ 1964 Chisrothalonil -
+ 196566 Carbofuran & C i i ieus not EU app

A brief history (Modern times)

« 1968 Benormyl, Phenmedipharm

= 1968 i i l F

+ 1970's Seri ing of research on IPM ap, P |

+ 1070 L]

* 1871 Glyphosate

= 1973-1980 Triadil = il i i i in, €, in, Diclefop
methyl, Triclopyr, Cymoxanil, Flamprop-M, Metalaxyl hil Clopyralid, Triadi ILP

= 1980' I i B gonati it i lications in

* 1981 Fluazifop P, Mepiquat chloride

« 19E3 i yEy methyl

« 1984 Flusilazole

- 1985 DFF, Tribanuren, Thifensulfuran

+ 1086 cyp I propidi

« 1987 i

= 1988 Fenoxaprop, Difancconazole

* 1969 Trinexapac

e — m|

A brief history (Modern times)

- 1990 Imidacloprid, Thiamethaxam

+ 1991 Triflusulfuron-mathyl,

+ 1992 Azexystrobin, acetamiprid

©1903  Epoxiconazole

1994 Bacillus subtilis

Ampelomyoes quisqualls, Flufenacet

1999 Picolinafan
+ 2000 Pyraclostrobin, Picoxystrobin, Thiacloprid
o P

2002 p

* 2006 Boscalid, Pinowaden, Chlorantraniliprola,
+ 2010 lsopyrazam

+ 2011 Binafen

+ 2013 Sulfoxafior

+ 2016 Oxathiapiprolin, Sulfoxafior

+ 3016-to date i

i imin, Bixlozone, Ci i -
RO M
B TURE

Mustard seeds powder

Salix spp. cortex
Sodium chioride (Salt)

A step back in time
Approved

Beer

Clayed charcoal
Diammonium phosphate
Equisetum arvense L.

Fructose Sodium kydregen corboncte (baking powder)
Sucrose Sunflower il

Hydrogen peroxide ® &® Urtica spp.(nettle juice)

Lecithins & Vinegar (O] é

Onion oil @ & Whey

A history of regulation

j’ﬁ PESTICIDES :

This i onlty half the story......

HISTORY.

=

#HALF
25TORY

or “toxic” to the genaral putlic.

1976 “Limitations directive” Directive

e L L
50 wacking quid i rocpid o dxmer

ety bl 1wyt
81 remmilechaing ol pelp wwd pupent
111 e pedu:

servems camn procten cuem:
Resinclions take the form of controlled use s
Minority of casesa comphele ban o orbermbe e poicobo ad Scodo.

1978 “Prohibitions directive” Directive
79/117/EEC

The early pesticide residue directives
76/895/EEC, 86/362/EEC & 86/363/EEC

B L da Ol Jor of s Bupasa Commasiias e

v e e v s v s e okt et bk s
i gt 3 0 Tty sty 4 cpane
[y

et i 8 e the Arkmmces ke b Msber

COMMISSION REGULATION (EC) No

2076/2002
ned
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91/414 [ L
Council Directive 91/414/EEC

Naw BCIVE SUDSIANCES BE0OVENY

+ Aclive sub for new active

+ Rewviaw programme for ewsting actives substances

» Product autharisation risk besed assessments

+ Data requrements bath AS and

* “uniform principles” which outlined how evaluations and

risk assessments should be conducted

Active substance raviews and evaluations ware caried

out by Rapportewr Member States (RMSs) resultingin

a ‘monegraph”,

= Evaluaions being “peer raviewed" by experts from the
other Mamber States.

General Food Law

Regulation (EC) No 178/2002

Establishment of EFSA... s
Technical and scientific support *

Independent scientific advice ta risk managers Y e fs a -
Approval of active substances European Food Safety Authority
Setting of legal limits for pesticide residues in food and feed (MRLs)

REACH
Regulation (EC) No 1907/2006

Establishment of ECHA..
Registration, Evaluation, Authorisation and Restriction of
Chemicats (REACH)

Regulation of *other” chemicals some of which did and do
appear as canstituent parts of PPPs, in the form of
emulsifiers, carmers, adjuvants efc

Registration
Evaluation
Authorisation and
Restriction of
Chemicals

Pesticide Residues Regulation
Regulation (EC) No 396/2005
Builtan ea-ly pes!icide residue directives
Establshmant of MALs
Underpins consumer confidence

Residue monileing pragrasmme

2021 Rasults
(L]

B were taben for the I EERIRINONIE
L} TTE ]

The raw numbers (EU)

1970s 1500+ actives
1578 “Prohibitions directive” Council Directive 79/117/EEC
1590s 1000+ actives identified for review.
17 EU Review Programme (4 stages) 1992.......- BOO non approvals
27 EU Review Programme “AIR™ 2007 -40 non approvals
-40 approvals + New

Currently - 445 approvals
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The Pesticide Package

* Regulation (EC) No 1107/2009 i eesisess
= Directive 2009/128/EC ..
*Regulation (EC) No 1185?2009 it

Regulation (EC) No 1107/2009
conceming the placing of PPPs on the market and repealing Council
Directives 79/117/EEC and 91/414/EEC

. A shift to hazard based approval criteria bath for human and enviranmental health
Intraductian “candidates for substitutian”
of *basic" and “Low risk”
Zanal autherisation of PPPs and Mutual Recagnition
Regulation of “paralkal trade”

. Prossions an “safeners and synergists’, adjuvants and unacceptable ca-farmulants
. Data protectian rules
. Awidance of verlebrate te

Record keeging and infarmation availagility ta the pubic
EFSA manages the peer review of Draft Assessment Reparts (farmerly known as
*monographs”)

How a new PPP comes to market in the EU

7 serple steps) .

1. Dmcovery f -
Aftar 10-15 years.. '
€150-300 millian
lab et Bl trials

pe—
4. PearRaviowed by 6 MSs snd EFSA

seTpte steps)
6. Approval of PPP by pach M5

or Mut Recog from 1 MS o another
7 wenple steps!

7. Launch!

Risk based in 91/414/EEC to hazard based......in Reg 1107

+ Hazard based “cut-off” criteria
* human and environmental
* Derogation®

“#Actives classified as Carcinogenic, Mutagenic or Reprotoxic Cat 1 or 2

“Endocrine disruptors

“+Actives classified as Carcinogenic Cat 3 and
Reprotoxic Cat 3 ‘

< Actives classified a POP or a FBT or a vPvB

Directive 2009/128/EC

establishing a framework for Community action to achieve the

sustainable use of pesticides
MNational Action Plans — to reduce risks ﬂ
* USEREDUCTION TARGETS — 1%ar 0%

Training & Certification - advisors, distributors, users

Inspection & certification of application equipment — now 3 vears

Aerial Application — prohibition / restriction

Restrictions to profect — aquatic eny; sensitive areas, schools

Handling & storage of pesticides, packaging & remnants

= IPM — compulsory since 2014




National Action Plan

I you fail to plan,
you plan to fail.”

« Culmination of all measures in the directive

* Clear quatifiable goals and objectives

Farmer Training
Training : N
*Spray operatives (professional users)
* Distributors (storekeepers)

* Advisors

Inspection of application equipment
*Harmonised standards

*Inspected at least 1 year in 3 since
2020

Aerial Spraying

* General prohibition

« Derogation in certain circumstances where
no viable alternatives exist

* Product choice
« Application technique

* Mitigation measures

Reduction of pesticide use or

specified areas

E.L
e

NATURA 200

Indicators (Article 15)

National indicators and Harmenised Risk Indicators

Member States shall

- calculate HRIs using statistical data collected under EU
legislation.

- Identify trends in use of certain active substances

- Identify priorities such as certain crops, actives,
practices or regions etc...

Integrated Pest Management

“means careful consideration of all available plant protection
methods and subsequent integration of appropriate measures
that discourage the development of populations of harmful
organisms and keep the use of plant protection products and
other farms of intervention to levels that are economically and
ecologically justified and reduce or minimise risks to human
health and the ervironment

‘Integrated pest management’ emphasises the growth of a healthy
crop with the least possible disruption to agro-ecosystems and
encourages natural pest control mechanisms®
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Mechanical

1PM Cultural

=

hemcial

Integrated Pest Management

General Principles (annex i mir 2008/ 128/EC)

+ Prevention/suppression of key pests, diseases an.

eds hoice of =
Cultivars, cultivation techniques, nutrition and imigatian pra tion of natural enemies

ces, protes
+ Harmful organisms must be monitored
servations, farecasting and early dizgnosis‘waming systems, advice from professionally
4 advisars
+ Based on the monitoring the user has to decide whether and when -
tu apply plant umte:tlon Mmeasures, o
opes and climatic conditions

. Sustalnahle blnluglcal, physical and other non-chemical methods
must be preferred to chemical methods if shey provide satisfactory pest contral

* Pesticides applied shall be as specific as possible for the target with

least side effects on human health, NTOs and the environment.

+ Keep the use of PPPs and other forms of intervention to levels that are

absolutely necessary
by reduced doses, reduced application frequency, partial applications, RESISTANCE

+ Where the risk of resistance is known and level of pest requires

repeated application of PPPs,
available anti-resistance strategies should be agplied to maintain the effectiveness of the products,

+ Based on the records on the use of pesticides and on the monitoring of
harmful erganisms the professional user should check the success of
the applied plant protection measures.

Integrated Pest Management

General Principles (annex Il Dir 2008/128/EC)

’ Pesticide Statistics

Statistics on Agricultural Input and Output (SAIO)
Regulation (EU) 2022/2379 on statistics on agricultural input and
output (Repealing Regulation (EC) No 1185/2009)

Sales data - Member State annual reporting at active
substance level (100% coverage)
Use data - Member State ANNUAL reporting at active

substance level (85% coverage, 95% from
2026), 75% UAA



' Pesticide Sales Statistics : . Future

Data provided by the MSs in aggregated form = « Sustainalle Use Regulation

= Indicators

National sales data is transmitted at active substance
level but also grouped using agreed groupings, to DG
ESTAT, by each Member State.

» Resource efficiency (water, fertiliser, plant protection)

A

» Investment - retum
This data is then analysed = Imnavation -
= Development

= Leadership

' Pesticide Use Statistics

Data provided by the MSs in aggregated form

National use data is transmitted at active substance level
but also grouped using agreed geographical levels, to DG
ESTAT, by each Member State.

This data is then analysed.

Eurgpean trion

' Pesticide Use RECORDS

Commission Implementing Regulation 2023/564

* Prescribes farmat and content of PPP use records for all
professional users.

= Competent Authorities may request submission of
records in electronic format

' Other....

* WFD (Directive 2000/60/EC) | listing of pollutants, EQS,
GW and SW monitenng.

= Fulusre...other inibatives planned and at varous levels of pragress
Mature restoration targets,
Pollinator initiative,

SUR, sensitive areas and use reduction targets:
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The sustainable use of pesticides and
the Comman Agricultural Policy (CAP)

ERLING

Iture

Background

* The Farm to Fork Strategy proposes targets for the
reduction by 50% by 2030 of the use and risk of
pesticides

* The Commission proposal for a Regulation (SUR)
replacing the Directive on sustainable use of
pesticides (SUD) provides that these targets are set at
EU level and that national targets are set for that
purpose

* In the SUR, the approach of Integrated Pest
Management (IPM) is at the core of the strategy to
reach the targets

Integrated Pest Management (IPM)

IPM is about emphasizing the growth of a healthy crop with
the least possible disruption to agro-ecosystems and
encouraging natural pest control mechanisms {chemical
pesticides are the last resort)

The definition is in the Directi i of i (SUD) by
applying 8 general principles:

Prevention and supression

2. Monitaring

3. Decision-making

4. Non-ghemical methods

5. Peslicides selection
[:]
7
B

. Pesficides use reduction
. Resistance prevention
. Evaluation

The « green architecture » of
the CAP and the sustainable
use of pesticides
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The “green architecture” architecture of the CAP 2023-2027

Y e Koowledn e alon = Cooparatien
H Ecorschermes g " g
in E
3 Fillar1
7
’ 7
3
CAP budget
(CAP total financing 2021-2027 (% of total public expenditure (EU +nat )}
“Bacond Pilar

o} {Mutmrnusl racagemer]
ey

1881 EUR billon {25}
Huzzra

e - e EuRbiNon

- BE BUR Eilllen
85 B bitlon (3%}

Caonditionality

Direslives &
raé and By

+ A link batween CAP paymants
GMfis) and standards of Go

[Statutary Manageme:
ronmmantal Gonditicns (GAECs}

Agt
of CAP payments in cas

o non-campliance
» Apples to B9%, of farmers and agricultural area
+ Includes the pesticidea Reguiation

= New requirements adcad intha scope, in panicular tha Directive on sustainable use of pasticides
(SUD}

Conditionality

« The SUD provisions include
+ Cartiieation of squpment
o

as
- Handing. starage and disgsal of remeants

« The conditianality ramewark alse allows Member States covering by candilionality the general
(IPM) pri ich ate fil for this nism, depending on

] plan!
= General I prnciples §, & and 7 SMR on relevant condtices for proper use

Eco-schemes

« Voluntary support 1o bo offerad by Member States to farmers
+ 258% of direct payments budget

+ Bagically annual canmitments

+ Practkes beyond the baseline of legal raculremants

* Level of suppert to be decidec by Member Statds, which may teke the form of

—Remuneration of public good pravided (Iop-up of income support), andfar
—Compensation of cast incurredineerme faregone




Eco-schemes

= Suppon many types of veluntary sctions gong beyend condiionaity snd other releysnt
abligations, such as far nstance

areazon Jang
~ Divsrsitied crapa an the rofation
= Conssrvatian agrigullure withoul pesriciies: rotstion, ne plaughing, sail caver
- Mamleranze of erpanic fanming
- alt,

Support for
rural development

« Voluntary support ta be affered by Memiber States to famers or oiner beneficianes

» Rural development support

* miest cover i Ariendly and
+ may siso cover animal welfare. ca for diza . risk
. iy | (5.7 yaars
« Practices beyend the baseline of legal requiements
+ Level of support takes the form of of cost foregone
+ Minimum for and climate: 35% of the EAFRD

|-

Support for
rural development

+ Suppeet many lypes of voluntary actions going beyond candilionality and olher relevant
abligatians, such as for instance -

— Redured ar ban of use of pesticides

= Lise of ntegrated Past Management beyond the ohiigations under the SUD
—Longer multfannual réation and diversified crops

— Fayments for irvestments for peslivides management and locaiized spraying

- Payments for tralning and advice

= Canversian o organic farming, efe...

Butalso

~ Investments for precisian spraying equipment

— Financing risk managemest

- i Gavics, and g syshems, eic ...

|-

Sectoral interventions

* Sectoral programmes (wine, frult & vegetabies, olive oil, hops. . | inlegrated in sirstegic plan
reguilatian

* f higher profile for the envirenment and climate

- At least 15% of | secior must De
apanton actians lbleﬂwuﬂment and climate (10% n :n: pesl pu!uﬂl silch s P

« Fogsibiity for dedicated actions In other sectors

Knowledge, research & innovation

+ hmvanceg mesarch, hmlledpdumn. and noaticn = sesaotial for 3 3mart and
MNLAIALR STESTEE Bac

* EUR Ukios under Hotiton Butopa [2024-2027) dedicaliad & food; sewiicamant,
agreutirs, toeconamy

- Knowisdga aed inasation a3 Cross-cufting abjective of s CAS siratagh plans

- Esrcpean Innavation Partnership (£1P-AEA| ey 15 stranger agricutural

Anaaadgn and fria yalume

& ThFlMMMIhI alw ke fol 0 sharing rew Ancwiedge and ideas, i
zeinchuied n the
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Supporting compulsory practices during the
transition

+ Mormally the CAF does not supgart farming practices which are equired in the baseline
(MCILcng i particular mmimum requrements establisned by uman 3w and GAEC standards),
The principleis that no public money ks provded to just respact the lagal baseline

+ Dus to the ambitizus and class Farm to Fork targets for pesticides reductian, a derogation to
this principle of baseline s foreseen In the proposed SUR (Art. 423). This would help
TaImens to meet new raiing standands.

+ During & years MSs will be able to support with CAP money compulsory practices that
they will develop in their “crop-specific rules™.

* Tha possibl h (CAP “Plllar | money”). management
commitments and Ilwnelmenln {CAP “Pillar Il meney").

e
Cominvon

Supporting compulsory practices during the
transition

+ The support wil hewever remain within the CAP national envelopes and will need 1o be set in
CAP Strategic Plans. There is na addilional maney far that purpase.
chices will be developed by MSs (NAP of the SUR) and it wil ke up to them to
ﬂmme them or nal wilh the CAP. AL these 2 levels MSs will remain free of their chaices.

« The compulsory practices will remain in the CAP conditionality. That means thatin case of
infringement of a campulsary rule, hers will 2 a penally under condilionality an tap af the penalty
far nan eligitaty.

|

« IPM Toolbox » Database
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Service-based business models to incentivize
the efficient use of pesticide in crop protection

Perspective scCl

Po——— pe—— W Py

tuleyoninelbranycom| D08 1010027 5521
Perspective: service-based business models to
incentivize the efficient use of pesticidesin
crop protection

Thomas M Chappell,*"> Roger D Magarey,”= Ryan W Kurtz,® Christina M
Trexler,” Godshen R Pallipparambil® and Ernie F Hain®

Peat e 5/ 015, 75 2965~ wesscion © 2919 Sockery of hemial ndustry

o

% Definitionsand ~ »assumptions

% “Pesticide-use waste" (hereafter "waste”) is use in excess of what is
required for crop protection.

» Waste is nonzero

% “Crop protection” is a condition in which the cost of realized crop

loss to a pest is less than the expenditure made to prevent that loss.

% Excess crop protection results in waste
% A common goal is to eliminate waste.

% This is necessarily distinet from optimizing anything else.

Overview

1. Questions leading us to this topic
How to achieve goals of IPM / IDM?
2. Rationale for our work

What incentivizes pesticide use efficiency?
How may models be used in support of efficiency?

3. Operational considerations, possible opportunities

Goals

We are biologists, modelers of agricultural pests and disease.

* Enhance risk pool definition
+ Identify functional assets to insure

+ Monetize pesticide non-use
* Enable competition for efficiency

Beginning with questions about decisions and incentives
underlying pesticide use:
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Research: Models of pesticide application decision-making

Hlistic,
intractahle

Simglistic,
aperable

Manypaths go through
“may aswell apply”
hecause of:

1. Probability of hazard
aCouof exposureto hazard
3.Costaf prophylaxis

Why waste?

+ Waste is use in excess of what is required for crop protection.
+ Requirement is not completely known before harvest.

Waste is known ex post,
inaggregate

Why waste?

Even if pest process is constant at scale, it varies at farm level.

Disaggregated, ex post

Why waste?

Pest process variation at scale increases uncertainty further.

. | Same system, different year

Disaggregated, ex post

Why waste?

Appearance of waste varies depending on spatial and temporal scale.

In aggregate, ex ante



Why waste?

At individual farm scale, low aggregate risk still motivates use because
cost{exposure|hazard) >> cost{application|no hazard)

And so we arrived at insurance

Can it address individual vs. aggregate risk?

Insurance

@--

+ “Crop protection” is a condition in which the cost of realized crop

loss to a pest is less than the expenditure made to prevent that loss.

Cost of
potential
loss

Cost of necessary pesticide use,

> > this period

Ex post,
if' loss was going to occur, pesticide use was worth the cost,

Insurance

+ “Crop protection” is a condition in which the cost of realized crop

loss to a pest is less than the expenditure made to prevent that loss.

(Long-run)

cost of pesticide use
> including waste

Ex ante, when future hazard is unknown,
pesticide use is worth the cost in the long run, even including waste.

Insurance - not the obvious solution to us

Health insurers work to reduce premiums by encouraging prevention.

This reduces costs borne by the risk pool,
or in some models, those borne by the public.

Cost of pesticide use
including waste: prevention

Pest management scenario supports prevention, economically.
E.g., insurers don't want to cover measles infections,

Cost of
potential

loss

Insurance... and questions

If economics and logistics encourage prevention,
what can incentivize exposure?

If not crops, what may be insured?

({Long-run)
cost of pesticide use

> including waste

Rationale: How can waste be reduced?

Most answers to this question involve technology.
+  Decision support
+ Forecasting
*  Monitoring
+  Alternatives to pesticide

These are our primary research topies.

They may reduce unnecessary pesticide use,
but they do not necessarily incentivize non-use.

Problem: reduction tech. competes with provision tech. in sales models.

Who benefits from reducing waste?
Farmers
Stakeholders
Mear residents

Consumers

More...

Who benefits (monetarily) from reducing waste?
(if waste is associated with prevention)

Farmers? Not in the long run.
Though it is often farmers who are told to reduce waste.

Stakeholders in agriculture? No.

Near residents? No.

Consumers? Trivially if at all.

Who benefits (monetarily) from reducing waste?
(if waste is associated with prevention)

A service provider,
operating at the scale at which waste occurs consistently.

We considered a hypothetical agrochemical company.

Service provision is not a new idea:
“We have discussed selling yield”
“Urban pest management is service-based”



Service provision addresses operational constraints

1} Mechanistically connected, sometimes opposed optima:
* Yield
= Profit
» Crop protection (of which pesticide use can be one part)
# Resistance evolution

2) Spatial and temporal scales, variously determined:

Scaling process{es)

Cropltoprotect) Logistics, ceonamics
Tield value Crop/commodity quantiry, demand
Cropprotection Crop, conomies

Resistance evolution Pest binlogy, crop prolection

Competition functions in service provision

3) Economically and ecologically connected actors, with sometimes
competing incentives:

Farmer Meet revenue gnals, sustain means
. iyt

Pest management advisor* Sustain means

Stakeholder Receive ag output; minimize deleterions exposure

Mear resident Sustain ag; ming deleterious exposure.

E Iregulator Minimi:

(prevent) del

A service provider does not compete with these actors,
and would instead compete with other service providers.

How can waste be reduced?

By a service provider,

|operating at the scale at which waste now occurs consistently. |

This provider can afford some crop loss (similar to insurance),
if offset by gains arising from scale of provision.

A major caveat is that the client in this formulation
is not currently organized. Organization is needed.

A service provider can respond differently

Overwhelming pests at  Write off: inform
one farm neighbors out of virtue  out of self interest)

Manage at area scale (inform self

Detect by monitoring; react

Resistance evolution F B
intensively

Detect by crop impact

React alternatively i React alternatively to preserve

s il economical at farm scale efficacy/revenue
Resi not d | Continue 2 ma s i
where expected program Hi e L

A service provider can behave differently

Some pesticides could in theory never go to market
» Service providers could use or prescribe them
+ Provider use, delayed public release
= delayed competition with generics

Providers could use monitoring/forecasting/Al to compete
+ Higher performing DSS 2 reduced waste (and price)
* Better coordination = larger clients (areas)

Pesticides used in services may also be sold at higher price
+ Provider has other revenue streams, is not limited to sales
+ Pesticides can be used where client size limits coordination,

= but with incentive to reduce waste, potentially use provider info.

Large-scale pest resistance evolution forecasting

g

Resistance evolution impacts are
at areawide or larger scale,

Can be used to identify efficient programs

Selance & Tachnalagy ==

Success arising from unknown cause is only visible at scale.

How can insurance be involved?

If it doesn’t make sense to insure against raw crop loss due to elective
exposure, then what can be insured?

Can “elective exposure” be made more strict, e.g. "exposure to first loss?"

Can the coordinator who prevents secondary loss be insured?

How can insurance be involved?

If improved practices reduce overall frequency of costly loss
(because of cost savings due to waste reduction),

will insurance not compete as much with affordable prevention?

Conclusions
— CTCS b eSO —
The business model is
+  Monetization of pesticide non-use
+  Provision of pest management,
coupled with insurance against crop loss

Critical to success of such a model is
+ Increased efficiency of pesticide use
+  Coordination across scales:
# Pest phenology
# Resistance evolution
» Crop phenology
These are ecological processes; research is needed:
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® fronthers = Resesrch Tepics

Pest-Smart Strategies for
Improved Eco-Efficiency
in Agriculture, Forestry
and Communities

Frontiers in Insect Science, Frontiers in Agronomy

Conclusions

Current incentives do not encourage waste reduction

Insurance formulations compete with affordable prevention

Sellers should not be expected to reduce sales-based revenue streams

Technology can reduce waste but does not necessarily monetize non-use
Service provision addresses several of these concerns

Technology may be better suited to service provision
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Reducing fungicide use in agriculture
with decision support systems

Antonio Vicent

Centra de Preteceion vegetal y Biotecnalagis
i ' iano de Investigac (Ivia)

ion support systems

Fungicide use in EU agriculture

Epidemiological madel

3 ) N Monitoring Acti
J New pest introductions in the EU environmental i ction

conditions (Bl ebeareations) (ortrotad axparmentz) thresholds

support s

Fungicide use in EU agriculture communiestions earth & snvinanment
i+ et b =
Other plant — b~
et [14 %) =

eompaned to calendar-based strategies withaut

increasing diseass risk
[— ng —
acaricides (11 %] “ T PRrT——. — _— -
Furglciden ard
Dactaricidis | &5 W)
OpenAIFE
erbicidas, b

dastructers avd
rraus kibers (29%)

ion support systems (meta-and ivia
:c.europa.culeurostat il
Fungicide use in EU agriculture
2 Towards low-pesticide-input disease management . R
oreanie saricult J Meta-analysis:
+  Organic agriculture (f= o ;
Clinical Trials
statistical analysis of the data from
independent experiments focused
. . . on the same question
Control of airborne diseases by means of
direct plant protection is clearly more
demanding in erganic farming systems
3 b because the plant protection products allowed
in Organic are often less effective”
Agriculture
n support systems (meta-and ivia

The published expariments had to satisfy the following criteria:
usa in EU agricul

2 jvia |

At least ane untreated contral (Unt), one calendar-basad strategy (Cal)
O Towards | icide-input disease g and a DSS-based strategy (DSS) were tested

2. Disease incidence (i.e., the proportion of diseased organs)
Sample size (i.e., the total number of organs evaluated)

Number of fungicide sprays in each strategy
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Decision support systems [mata-analisis)

1 80 experiments

+  untreated contrels (0] calendar-based (99) DSS d gles {149)

Experiments

o ors 189
Disanse incicance
+ Urd, + cal - DSS

on support systems (meta-andlisis) wia
Location Crop
| #
| sl
i i
Za Tay
§ g
] x I I
o l .
Goh A orm Arwssa Ewige Owial Wonwecdsrpn Wiy e Dverad
W s i B R -
n support systems (meta-andlisis wia
Fungal pathogens Fungicides
o 0
@ 0
E‘“ E‘“
! i
£l »
o I l - I o ||
Dotfide. Sordar.  Lesh.  Agasc. Curyoebe Cvaral B s e ]
L T —
ivia

Decision support systems (meta-andlisis)

Diferencia incidencia (DSS-Cal)
=)
-] .

-20 -10 o 10 20
Reduccion n® de sprays (DSS-Cal.)

ecision support systems (meta-andlisis)

| oo Stcmpmen e
o T

&0 DESUst 03000 %6022 0
DEECa 203 00ADMY) DI
8
20
] A |

14 a8 oo 05
Estimated dissass incidtnce dieance.
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Decision support systems (msta-analisis)

e
]

[~
=]

Disasse incatencs diffrsncs.

3 4 § & 7 L)
Number of sprays fafier 50% seducton)
- DSS50%-Ca ~ Cals0% -Cal

Decision support sy

Ao of st g to ey 0 1T

[mep—

Sustairable U
€ Pesilcides

In Conversation With “Everplody savs, "Oh, mry technology is useful Bt
Nobel Laureate Frances g L % ’
if motody uses i, it's ror useful.

ivia

Decision support systems

Growers feel safer with
calendar-based schedules
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Alternaria brown spot of mandarins (Alternaria alternata)

1 Empirical models (infecticns under field condtions)

YT
B

Alternaria brown spot of mandarins

{Afternaria alternata)

1 Process-based models | under ol 1

Smmimita at o, [3017] Prytopattology 11T 1-TH

Alternaria brown spot of mandarins (Alternaria alternata) o ivia

1 A suite of models:

1. Alter-Rater
scores assigned daily and accumulated for each week
Simple Rule System (SRS)
tverage weekly temp | Twret) 2129C and accumulated weekly rainfall {Ress) 22mm
Then Tusek ¢ Rusekof 2200 otherwise
Generalized Additive Medel (GAM)
Al leaf wetness parlads In asch weak, autputs sccumulated waekly
Generalized Additive Model / rain (GAM..)
Dutputs of GAM x2 In weeks where Reess > 2mm

Generlc Infectlon modsl (GIM)
Al beaf wetness periods in each week, autputs scoumulated weakly

Generic Infection medel / rain (GIMr..)
Outputs of GIM x2 In weaks whera Reesk >2mm

>

w

-8

E ichardleynmantuote

It doesn't matter how beauriful

your theery is, it doesn’t matrer

how smart you are, If it doesn't
ayres with experiment, it's wrong.”

L

ivia

naria brown spot of mandaring {Afternaria aiternata)

A

4 Model validation
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Alternaria brown spot of mandarins (Alternaria alternata)

1 Model validation

e @000 O False positive (specificity) i
i 4 Unnecessary fungicide spray 0

T

A | Do e e 2 False negative (sensitivity) e
- ] [ .

4 The entire harvest may be lost @

In our cenditiens, models for ABS central
should operate in a high-sensitivity range
to avold false negatives

ivia

Alternaria brown spot of mandarins (Altemnaria alternata)

J Model validation

Recelver Operating Characteristic (ROC) curve analysis

J e —

v i

s B

e r—

Alternaria brown spot of mandarins |

lternaria alternata)

J Model validation

Recelver Operating Characteristic (ROC) curve analysis

0.24

0.923 0.936
- 0.849 - 0936
0.400 0.470 0.969 0.914
0.517 0.552 0.938 0.936
0.422 0438 0.953 0.936
0.590 0.602 0.907 0.914

‘Eaginba et af, [3937] Phytopattology 1077373

| frmuz via

Aftarmaria brown spat of m Tnaria altérnata)

g DSS Implementation

H>D

IR r——

Growers feel safer with
calendar-based schedules

Prrcrptens of Wisk, ik Aversion, asd Barrier i Adoptbon
o Tk Soppern §siam d Miried Pt M sasgranat:
e

Model performance is critical

for adoption by growers



ivia

Decision SUpport systems

The future of crop pest advisars?

Decision Support systems

The future of crop pest advisars?

[/ R

The Myth of Objecti
Data

Thee e thar machines allow us to see irue has

tomg beem oeamody.

s ivia |

Decision support systems

U1 Subtantial reduccién in the number of fungicide sprays

11 Crucial to fully understand:
 the epidemiology of the disease
3 the needs of the end user

U the means available for implementation
1 Robust validation

L1 Can never replace crop pest advisors

MANY THANKS
R YOUR ATTENTION
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Taflored solutions & Outcome based models

PREC!

“4  Cereal farmers’ challenge
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< PreDiMa: a modern system for cereal disease management
y  FPredistive Disease Management

FIELD-SPECIFIC
RECOMMENDATIONS

PRODUCT SUPPLY FINANCIAL SECURITY
Growerpeace of mind
theosgh Sand price sd
guaraniee {compersaticn #
cisaase above trashold)

Growth stage. diseass
Fisks, ¥ and whon 1o 3pray

Delvery of equired
Erodects based on
ciszase pressure
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PreDiMa will help growers balance a shifting set of challenges by
23] optimizing agronomic benefits with profitability and sustainability

lymnluy

I mepact ottt ard plansabin ks asd
1y
‘Sustainabliny
Incraasing importancedun o rogulaiory and sociatal
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i sl st e i Al Jwar
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“8  Three digital products currently support our offer

st

Ieb-besed sppacabion FroiMa Ao [Fhone (Arcrosd]

Camaru Fraetvinn

CLIMATE

‘& Benefits of new program
Aligning interest of growers, regulatars and value chain partners

Mo commercial ncentive far grawer, distributor ar
Bayer to recommendisal mare fungicides than
needed

Growers can be cerakn hat disease management is
covered wihout surprises

Fiwed price Tor commercial offer for
antire dissase managemant per ha

Securig yiekd while covering grower fisks and only
waing Rrgickles where necessany

Craatieg sconcimic incentive to srsure desase &
sufficiently comrolied

Performance guarantos that ghves
growers maney backif program doesn't
perfarm

Help growers comply with requiations with little effart
Autsmated documentation of fungiside appleations
Autemated stiieation of furgickla usage through
cinea risk preeticn

Digital wcosystaen anakilad by FildView
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wument and cn-anm salteore

An enabling policy framework is crucial to untap the full
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Innovations in Application Technology for CGrop Protection
D1 Paiss Hiaban, Cescs £ o
22 Movarear 2071 JCA A sautn Spain | B Jounipesns

State-of-tha-Art (for Professionals)

Basic for
= Application map {“cif-line” application)

- Task cantralier (| SOBUS)

- GNSS based Soclian, of INGAIIUE No22I 2omral Sectinn controd o NC: o, 56%

- Aulamatic bace Neight adjustmant

L=

oy y-n
e

e 'hg‘g : 's'if
TR e
1. Introduction
2. i in Field Crops Spray
- See& Spray™ Select
3. Data, Networks, Documentation Technological Innovations - Field Crops

4. Proposal for Incentves Programs

2 duerDiears | IR Stmatem Banises Wotat bor Py wscos Baersnr Werkshag | 4,11 2821

Classification / Terminology for Different Spray Methods

- JKI Proposal (modified)
[~
Introduction . =E=n - P etz
[ | Sormatten

B e Dirare IO Sterates Barise Wdai bor Pavscets Bess

Key Challenges in Crop Protection Key Technologies for High Precision Application

- ing with against icides, fungicid Individual Nozzle Control with PWM

Reduced portfali llability of plant ion products Tachnalogy Davelapmants
= Individusl noeze conlral

Mare and fighter {application) restrictions
Biological effectveness while mesting up to 95-85% drift reduction
MNarrower operatingwindows 1o spray at eptimum timing - Curve compensation

Higher complexily and more expertise required for spraying = Valume fiow acjusiment of sach individuainezzie position
Public & legal p 1o use of

- Pulse Width Madutatian (PWM]
- Manual and autamatic nozzle switch fram ihe tan

Benafits and Customes Value
- Much wider sped range with constant rate and droglet size
- Variable applicatian rate with constantspray quality
- Application rate control per individual nazzle possible

- Droplat &ize ard flow rate can bé sel comglately indapandantly

EU Targets Key Technologies for High Precision Application

High Precision 30 Boom Control
Teehnology Developments

2030 Targats for Susta Fouod Product
- ~ Automatic boom height and inclination control of spray neezies
and the angle of the individualboom arms.

Crganic Faming
s - ground, crap sanopy or hybric
qa8 o
i_ ~ Advanced bieam yaw control at harizantal mevements
- - gt statle, ightweigh {e.g. carbon fiber)
paceagr
vt em e e
Harieanss eabided gt
Benefits and Customer Value
- Botterlongltudinal and lateral distribulian of spray liquid
Higt CiSE, lication ired
@ ghty precise, teigeted appl ity - Redustion of aver and underdesing
@ IR 5 L - Less spray érifl and belter crop penstration —
Increasad need for documentation

- Bracondition for precise and selective application

10 Jute Dioarn | IR Mtwratis Basinen Wotai b Pawscetn Bess
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Key Technologies for Selective Application

praying with pray
Technology Developments
- Targeted raw or bang spraying win fiexasprayers
= Nozzes wilha narraw spray angle (30 or 40°) and rectangular distiulian
= Adjustable nozzie spacing for adaptabion 1o raw widths
~ Highty precise nozzle positioning, ard boom row guidance required

- Implement guidance technciogy enatier

Benefits and Customer Yalue

- Higheps with bang row

- Targeted appkeation of cther FFPs in aarly growih sIages in row craps
= Significant savings polentialdepending on row spacing and band widin

- Low wing spraying conditions required

N s Deara i

Mintals or Py e Baders mr Wertshap (24,11 2921

Key Technologies for Selective Applica

pp of with Weed
Technalogy Development
- Online cameras fo differentiate between weeds and crops
- Al and machine learning techaglogy
= Algerithms developed par crop and weed spacies
= Selective apphcation of hesbicides in various stages of development

= Saolution spproaches with single tank mix or dual application systems.

Bonafits and Customer Value

- Highes! petentialfer nan residual harbicide savings (S0-90%)
= Lens crop slresaand grawlh depression

= Mare effective weed canral through oplimized dosage

- Minimizing the envircnmerdal impact

- Single ardouble product application

12 Dirara | ER et Basiseas Wedals or Pauscos Badecs e Werlshep 24,11 2021

John Deere Weed Detection Technologies:

. — T
of th g i

= See & Spray™ Select(green on Lrown)

of icides with weed

incrops:
= See & Spray™ Select Plus (green on orown with rows extraction)

= Sea & Spray™ Ultimate (green on grasn)

T3 JttDirara | JER Stmaties Basisens Wedals or Pauscos Badecs e Werlshep 24,11 2921

See & Spray™ Select Plus

- System description

S&S5™ Select Plus - System Description

Originally developed for customers wilh fallow as part of the
crapping retation

Further developed for rgws extraction and used for spraying
weeds within row plant production systems

Single produst application

Hit-rata equal to broadeast spraying

Saving up 213 of the normal use"

“The actual 5avings depend on weed density and row spacings.
Higher savings are possible with low weed density.

15 duterDirarn | IR Stmati Baniseas Wotals bor Pywscos Baersns Werkshag | 4,11 2821

5&5™ Select Plus - System Description

€amera Technology
+  Captures field images on the go

- Idendities green chjects an brawn sail

Processing Controllers
Analyze 196 m¥is at 19 keh (38 cameras)

Datermines if & groen weed/plant (s presant

Artuates the correct saray nozzle
= Herbicide hits the weed

+ All within 200 milliseconds

I e Do 10

Micduisbx Puscate Facas

S&S™ Select Plus - System Description

- Nozzle bodied & Spray modes
- Utilzes ONIOFF (ING) contral far See&Spray
- Zspraymodss:

*  See & Spray from nozzle B

+  Broaduast spraysfrom nozzle A while using

Gee & Spray from nozzle B.

Operation and Control

- Camera spacing: 100em [nozele spacing 50 cm)

- & Spray and
the cab.

Multiple run page medules ta anable on-ihe Ny
adusiments

Anility 1 dial-in sefting prafarences
Ciagnastics

I it D [JT Stmrates Borisens Wedeh bor Py e Eedacas

shep 124 10123

S&S™ Select Plus - System Description

Bégurdy; ! g
- where chemicel hax been applied
haw mucl

araa cowered, but nct applied

I,
‘ ' =
| o/ - i

Area Covered

Technological Innovations — Data Networks

Data Collection - ISOBUS

ISDBUS Is ona-gdimensional connection batwaan
Terminal- Implement - Seftware

The future s multi-dimensional => Diversa
platfarms will replace ane software.

20 e Dioare | JT Stmrates Bosisens Wedeh bor Pupse e Eedacos:

e 124 102123
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-Dimensional Data Platform for Smart Spraying AgiN - Agricultural Interoperability Network

LA -
e G

< =
Regortrg

21 Dirara IR Straten Basiseas Wedals or Py e B

Use Case: Creation of TASK map

A case study {ILVO):
- Semi-realtime TA in maize. TASK map was prepared withinca. 15 minutes (56 network):

Summary & Discussion

Data Enabled Disease Prediction & Zone Based Spray Advice Summary and Outlook

Integrated Digltal Tools from Decls| pportto Precise Spray I « In the future, crop protection will be much more automated, precise, need based and
selective to address major agronomic, economic and ecologic challenges.

« D within sensor y, Al and deep learning offer completely new
possibilities for recording field variability and identifying everything from diseases,
insects, weeds, to individual plants.

Fisld infarmation
- L

& st

* Sautin duie
© Cicp Prasaction s The weeds/diseases recognition Al models and decision tools will have to be

— o —_— .
- - regularly updated.
& Vesss! Tailored Spray Advice
Finkd Weather Data Progectis)L Aateis) and Tovesy « To ensure and data hange between is
+ Hrtary & Foecast essential for more targeted and selective manner application and for the general
Zane Based Prescriptions acceptance of these novel technologies.

23 Dirara IR Steraties Basiseas Wedals or Py e B 28 John Desre [ JCR Altrnative Businass Modslsfo Pastiide Reduction Warkshop| 24112023

P

Datalflatioms S ApEsiEramples...) For Disccussion ... Areas of the future incentive programs
« Acquisi tof machinery / field kits
- + Conlractors service costs per hectare
o M des {addi ion, d Leto.)

Fees for mobile internet network — 5G coverage and bandwidth

License fees for GNSS (RTK)

License fees for FMIS, other service apps e.g. weatherinfo, scoufing, field registers
Digital documentation — Incenfivize data owner for sharing certain data e g. “as-applied
maps".

LR + Special insurance conditions, o interest rates for those who are using targeted
5 licati h - inability goals - reduced volume of applied PPP
o

W i Pt s s oy ] 308 1 i Drar R haratos Beninen W b Purscts aguch s Weekobag 134 10 2123

AgIN - Agricultural Intercperability Network

ACEMAAEF project - 2 biase far o structural intemopers biity™

Solution idea - Archilectural perspective

AEF=

Darestory ol
"

JOHN DEERE

el
e
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Modelling policies towards
pesticide-free agricultural
production systems

Gabriele Mack, Robert Finger, Jeanine Ammann, Nadja El Benni
Gabriele.Mack@agroscope.admin.ch

23.11.2023

. RO 0 Gl B, (e Ll

Political background

= In 2021, two popular initiatives focusing on the reduction of pesticides in
Switzerland,

= The reduction in pesticide risks is a key policy goal.

= A national scale direct payment program for pesticide-free, non-arganic
production systems on arable land in Switzerland was launched 2023,

= Pesticide-free production s under political debate because it might
reduce food production

Wxiasing picios twands pasticiee. roa agricamu | ¥111.385) 2
Gatreie ok

Content

1. Assessment of the adoption polential of policies supporting
pesticide-free (non-organic) cropping systems for
Switzerland

2. Assessment of the implications of these policies for
Switzerland:
« Food production (volume and value)
= Income

Mabiting pebcies howands pesiicide roa agricenurs | £5.11.2623 3
atreie ok

Public support for arable cropping
systems in Switzerland

= Three main cropping systems supported by direct payments
in the past:

1. Intensive cropping systems have to meet the Swiss
cross-compliance standards. All types of pesticides are
allowed.

2. Extenso cropping systems: Application of insecticides,
fungicides and growth regulators are not allowed. Eligible
crops were cereals, oilseeds, and protein crops.

3. Organic cropping systems: Meeting standards of
organic production including a ban on all synthetic
pesticides and mineral fertilizers.

I:'>The environmental goals regarding biodiversity, water, air and
soil quality were not achieved!

Mabiting pebcies howands pesiicide roa agricenurs | £5.11.2623 +
atreie ok
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© Public support for arable cropping

systems in Switzerland
4. Pesticide-free but non-organic cropping systems are

supported for cereals, cilseeds and protein crops,
potatoes and sugar-beets from 2023 onwards.

Pesticide-free

rap type cropping systems
CHF/ha
(Cereals (wheat, barley) 650
Rapeseed 1400
Sunfiower 650
Protein crops 650
Eugar—beel& 1400
otatoes 1400
B DORCES Wowirds pastiCHe T agricemare | F311.2085 5
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¥ Mixed methods approach

praduction and
al scale

Wxbating pebcios Nrwords pesticien. Toa agricumure | 1110653 &
Gatvele back

Delphi study

= High-guality responses from a selected panel of experts
= Panel of crop pratection consultants:

Organisation Irnvited Participated
Cantonal oficas 2 T
Traineg. achisory and assaciations L] Ll
Hesparch 10 [
Total 30 18

= Questionnaire describing the specific requirements for pesticide-
fres cropping systems.

= The experts estimated the yield losses (in percentages). For each
crop, the experts received a set of reference yields (in dttha).

= Average yield losses over a period of 5 years with different disease
and pest pressures due to weather changes

= Two Delphi-rounds: Experts re-evaluated the questions,
considering the feedback from the first round.

Mabeling pebcies owasd s pesticide Mo agricuure | 4112683 T
Cateele back

Changes in machinery costs and
labour requirements

= Farmers adopt mechanical messs
weeding.
= Additional fixed costs arise &=
for weeders.

Mabeling pebcies owasd s pesticide Mo agricuure | 4112683 B
Cateele back



Modelling adoption decisions of
farmers
= Farm level optimization models to forecast productions
decisions (farmer is a profit-maximizer).
= Factors influencing adoption decisions:
*Yield losses (from Delphi study)
= Price premium
« Cost savings (pesticide, hail insurance and cleaning &
drying costs)
= Changes in labour requirements
= Changes in variable and fixed machinery costs.

Mabiiing pebcies lowands pesiicide ioa agricenurs | £5.11.2823 o

atreie ok

Modeling scenarios

Reterence.
o Faaticidu-fres (D1t non-organic) scenarios.

Hame of the

Psttol Relarenca Hgh loss Madium loss Low ka5

Expert rafing of

et s fram ‘D?gl'l',g:s' “""*{'m" 10% towest ratings|

the: Delphi study
Wcbaiog pebcios wands pesiide (oo agricemms. | 34112035 w
Gabrile Uack

Modeling scenarios

Reterence.
o Faaticidu-fres (D1t non-organic) scenarios.

Hame of the
st Relarenca Hghloss Madium loss Low ka5
Expert rafing of
R Iosses from st || A S 1w st rings
the: Delphi study
Price pramium From extensa to pesicide-rea 10%
for pesticide fee.
Producion From intensive o pesticide-free. 20%

Mabiting pebcies howands pesiicide roa agricenurs | £5.11.2623 "
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Modeling scenarios

Faterenee Pasticidu-fres (b1 non-organic] scanarios
Hame of the
st Relarenca Hgh loss Madium loss Low ka5
Expert rafing of
et s fram ‘D?gl'l',g:s' “""*{'m" 10% towest ratings|
the: Delphi study
Price pramium From extensa to pesicide-rea 10%
for pesticide fee.
production From intensive o pesticide-free. 20%
2 0bn CHE
Matoral direct
F
payment budget 28 b0 G Reductaon in Fansitional payments # e budget is
expeeded due 1o the pesicide.iee payments.
Woching pabcies Towands DESIee foa agriceme | 24113023 12
Gabvile Uack
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© Delphi study: Expected yield losses of

intensive cropping systems

———
MOeleg DORCAS Wowird s DesTiCHie (Ti agricelure | E511.2008 15

Cateele back

Delphi study: Expected yield losses of
Extenso cropping systems

Wxbating pebcios Nrwords pesticien. Toa agricumure | 1110653 *
Gatvele back

Additional annual fixed machinery
costs

Sugar beets® _

e

suntowse |

cocats

sapeecss

protain crops [

o 10 20 0 a0 50 &0 £ a0
HF par ha and yair

WDeprecistion  Winterests W Inswance & Mantenance of buildings

Mabeling pebcies owasd s pesticide Mo agricuure | 4112683 5
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Additional variable costs

sunflower, Extensy

Fatatnes®, intenshe:

ardlcsver, inl

Sugar bets®, intancke
Ropeseads, Extensn

Cereals, Ext

Peetiin erops, Extinss
Rageseeds, intensive "
Pretui crops, intensb -
[Ee— |
-10 o 1 20 EN &0 50

Chasge in variabls mackinery coats [CHfha sed year]

mMantanance o MFu coss
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Cateele back



O Adoption potential of pesticide-free
cropping systems

Tl pe
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O Adoption potential of pesticide-free
cropping systems

Wxiasing picios twands pasticiee. roa agricamu | ¥111.385) 1
Gatreie ok

O Adoption potential of pesticide-free
cropping systems

wheat Senflower

s
i

Protsncrop  Suganbeens®  Potnioss®

T2 m s EE

HEDH I DR
r T I
e i L A
'WI« W termiae (A Ty of peitice aapbed)
Pesticide- e But s on g
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¥ Change of production
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¥ Change of production

Mabeting pobcies owasds pesticide Toa agricunure | 4112683 El
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© Impact on farmers’ income

dddii

Wxbating pebcios Nrwords pesticien. Toa agricumure | 1110653 ]
Gatvele back

¥ Summary & conclusions

= We model the transition to pesticide-free production using a
mixed method approach.

= Especially yield losses determine whether pesticide-free
cropping systems are adopt-ed.

= Widespread voluntary adoption of pesticide-free systems is
possible only if farmers are compensated for yield losses and
cost increases

= Flexible, voluntary pesticide-free policy and incentive
programmes reduce trade-offs in food production.

= Swiss policy programs will likely trigger large-scale adoption
of pesticide-free but non-organic preduction systems

Mabeling pebcies owasd s pesticide Mo agricuure | 4112683 El
Cateele back



[E——

Agriculiral Systems

Prvanal g e

Modelling palivies lowards pesticide-free agriculiural prodoction systems

G Mack™, B, Pinger ", J. Ammann”, N, £ Bermi©
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European Chemical
> Pesticide-Free Agriculture
in 2050

Fresertation: Chantal is M0UE) [INKAE SA1ANT)
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» Why a foresight on European chemical pesticide-free agricuture
in 20507

= Tampetsol

are part of |F2F): - 0% i the use and risk

ici ify a changein
2021]: A from an
150 10 3 disrupt h

= Aforosight study ta explos B ¥
and build tanstion pathways
*+ Supparted by the Frandh natianal priarity research pregramme [PRF) ‘Growing and FIetecting craps
Diterertly’ case studies] b pean Research Alliance Towards Chemical
Pasticide-f a i 21 Marchin Paris
i 2050)

2050 at EU level

* Charmical pesticides comespond to synthetic pesticides and minerol pesticides thet bave o negetive
inpact an envirsrment ond huran health.

» Anoriginal foresight method mixing scenario planning,
maodelling and backeasting

* 2years project

+ Adedcated pioject Seam

* 144 Ewropean experts moblised
3 Turagesien expuit corseritios
and thematic experts groups

2 Building disruptive strategies of chemical pesticide-free

crop protection in 2050

bt foay - cuLtyER
E.'&ﬂ' @ anr" INRAg i

ourrEment

> What strategies for chemical pesticide-free crop protectionin 20507

1. Mo simple sbstitution possble
2. A need for & redesign of cropping systems

3. Ashift froma i i to Z icipation ofy
4

s

Rainfarcing blological regulation in sall and landscape
+ mabilisingagroecalogical principles,
= insluding temporal and spatial divessification
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» Threedisruptive strategies of chemical pesticide-free crop protection
in2050
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¥ Threescenarios of European chemical pesticide-free
agriculture in 2050
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Scenarlo 1 (51): Global and European food chains based on digital technologles and
plant immunity for 2 pesticids-free food market

M i ) TR !
- —y

e T i s
Sighiseiiomaty || MU | e s S
g T e [Eot i
oy o, i vl
h—#nnn m_h_‘,;: - It dnparaeio

i s e i e £ s

Scenario 1 (51): Global and European food chains based on digital technologies and
plant immunity for a pesticide-free food market

SCENARIO 1

Glabalfoad chains.

Taots far plat
Rabats acting an sach plant

BAU Diets.

Scenarlo 2 {52); European food chalns based on plant holoblont, soll and food
micrabiomes for hezlthy foods and diets
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¥ Scenario 2 (52): Eurepean foed chains based on plant holobiont, soiland food
micrabiomes for healthy foods and diets

SCENARIO 2 pr="

healthy microblomes

B e e W — ngesbiepastin b St oot
e ———— P e fovenisery

* Cansurner demand for healthy foods

- Immact ar the whale food system

. plant, facd sto d processing. and final foad product

* Crop spand to the target af healthy diats

. tho crog protection

) I "

3 muee fruits and
wegetable, more pulies, diversified seresls

¥ Scenarlo 3 (53} Complexand diversified landscapes and regional food chainslor a
One Heaith European food system
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» Scenario 3 (53): Complex and diversified landscapes and regional food chainsfora
One Health European food system

SCENARIO 3
embedded landscapes

&l

=
Tersitarial and reglonal foad value chains

M Ith |Cne Health]

* UE transition towards One Health approach

.G 20% of

+ Adaptation cithe masaic of h of 5 |

Transitianto healthy and sustainabile dists: less calaries, less animal foad and mone pulses, bess sugar
kit s S e i (B, 15 RIS 1213

» Impactsofthe scenarios on European production, trade and GHG
emissions

i s S s i (i, 45 1213

» Howdoesthe 3 scenarios impact domestic use, production and net
importsin Europe?

Total homesic e Profuon B natimperts
w0 wm
T 5
- i -
ER o
. I | B
i s 2n s i sLm s2ih -
sm s
Felum wfodue ® Ocher e W Froduion s impers

Resource-use balance in “2010 and in 2050 in 51, 52 and 53 {10Y keal)

=» Two scenarios have a positive impact on the European agricultural trade
balance in calories

b e S s i (i, 451 12130
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> Scenarioscontribute to improve the European balance of GHG
emissions

“2000%
% with 51_b

330, 207K with 52_la
an

-37H with 53_Iln
=0 208

oz
B

WU cs1dh sh csis
Agricultural GHE ermissions in Europs in *20107 and in 2050(n 51,52 and $3 [ME £02 eq )
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> Scenarioscontribute to improve the European balance of GHG
emissions
. ; toa issionsin E
] i
w L] ar = -«
n e
e Cm -
Lona .m0
[ % x
i; £ é 250
Lo = L
H H
=0 a0
an *x
&0 - 450

51

sam eI SLIb CSh wsim

Land e change emissions in Burope with 1, 52 ant 53 [ME CG2 #5, per year), snder assamption tha freed pastureland sifts o
schrubland (left panef) or is used fo.afforestation fwith max walues for carbon stocks in forest blomass|
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» Some key messages from the foresight study

= The entie b sy, committieg all s acsan, must i build, i & agriculiure
n 050

i e adkition ta the shill sumans chemsical pesti it (oniritute 16 improving the
reeehouse gas bidanea, icdivrsity s aviall ecasystoms health in Euope.

Tw scenarias winist conlrnte 1o Improving food vaversignty in Curcope, humin nutrtion and helts

= Ky rak of dietary changis i the trassition

= The diersification of crops in time and space, the deveiopment of biogomrel products, bio-inguts, adagted seiected
warketies, and digital schemes of pests. are
lements 10 be combined for
and landscape |evels shoult be fawured, 25 prophylaceks actions

# Serweral chemical pesticide-free cropping systems. are possible depending on whether they mhy an » high level of external
Ieputs, o on and

Bratecion. at the sail. treg

- The transi g chamiical pesti agricullun requires » mis pacim relsiec 10 praticide
i, artdatid with othes pelicies such as fosd paliehes; it invelss 3 trarsformation of the Cemman Agrieuliural Peiey
L) st wcomomic mtruments to suppae (h transitian ; fral, trade pedn Uniaeis b '

be set up 1o ensure the development of chemical pesticide-free markets

e The transition st also vl sk sbaring A aclors, es-conception of texbeolgies and 1opping systen, i
transtommations in the epstrases and o am swcars of agricadtuse

i s b s e o, 1. e 1813,

2 Thank for your attention

Mare information on the foresight
(abstracts, videos, report):

L I Jen) f pesticida-
Ire-apriculiure-2050

TR et AL S R 1

» Afocuson the hypotheses on breeding and monitoringin the three
crop protection micro-scenarios

i s b s e o, 1. EL R 1813



» Hypotheses on breeding in the three crop protection micro-scenarios

FCl the basis of durable resi: itari
Beeading i a1 i f tis pests. F 4
the erap to bivcantrol, stirulatars, biosti "
Selection of tolerant varieties
Broading on the abilityof sall
etand themsetves against pests and limit their develapmentin the
soil
Selectin aimed ta plants and t
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» Transition pathways towards European chemical pesticide-free
agriculture by 2050

¥» Istherea highway to support the transition towards European chemical
pesticide-free agriculture by 20507

e In all the scenarios, stwong and coordinated measures are
required for 3 saccesstul beassiticn:
= ey role of consumers. citizens and inhabitants i the
sransiion. Concerns sbcut impacts ol chemical pesticides.
Shift of their dietary patterns (52 and 53]

* Wb puslc policles: regulatory polies for reducing and
ultimately bannieg chemizal pestidides, sectoral policies for
supparting farmers transition (3 redesign of the Comman
Aprculteral Folicyl, emdronmess polickes, food and
mutritlon polcles to spport ranstion 1o healthy diets {52
andsa).

+ Mew trade apreements with non Eurcg=an pariners in order
0 cevelop 3 pesticide free European market.

= Mew production standards, enabling the certification of
prodactions, and thesr vaeralion teough food lasels,

invotved in the vakse chan through market contracts, or in

a it pathwirg gty
* mariuitwal, knowledge and enovation spstems e
knrmleuge creaiion and co-coneapticn il Grmies, af

i i crapging syslems fine. Living labs).

» Building coherent hypotheses of public policies for the transition to each
scenario by 2050

Pubic polices
relited to pesiicides, —
supporting the
trarsition

Commaon
agricutural Palicy

EL inteenational
trade gelicy

nis

» Hypotheses of public policies for the transition towards scenario 1

Fuble policy -
SUppAIng tre: arativw pesticide reduction —
braneition bowards  targeesset inthe law ——
@ pesticide-free »

et (ISCENARIO‘L\

Common
Agriculural Pelicy
=D \, plobal markst
)

pulicy
the £ pesticides, I inewith WIG, Codex alimestarius

i

* Hypotheses of public policies for the transition towards scenario 2

Pulic poiicy .
opporting the  Abelitic policpon fandsystems, mtepating.
transition towards  measiresrelated to pesticides aed akia to

+ peticida fren »  mutritior an haalth

SC ENARIO 2™

Common
it poicy ATl andbeltgaals

healnvynlmﬂam
Biateral trade agreements ncuding mior or /
Trade palcy o pecipmity cawses reted to pesties use
thee B and nutritionyhealth crteria for food entering —
the EUf market 2050

. e
X e

i —_—
Payments for ecosystem services provided by sl SCENARIO 3
" comman
| st Faiky actors ncluding farmess, within a berritory \
.
Mirror or recipmeity dauses in trade. "
Teadks palicy of | agneements related to pesticides wse snd R
e ELI ane health standarts
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> Knowledge and technologies needs to support the disruptive
strategies in crop protection by 2050

Strengthening the immunity of cultivated plants (S1)

* Exssting knawlodge an malecular machanisms of action and on partial Fesistancota pests [lant defonce stmulatos,

« Rash LV-C|

. u the i i L ideitify plant
and the main pests.

Managing the crop holobiont by ing host
= Existing knawledge an mycorhization, and tooks for assessment of the genetic diversityand the detection of
microarganism

« Knowledge the link batws
d the waysta

Designing complexand to local and their evolution (53)
. Lxlmn knawledge anthe principles and mechanisms linked to cron diversiication and landscape design
. dge Impacts of

well i

solutions for perennial crops
[0
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> GlobAgri, AE2050 version » Cropyieldsin 2050in Europein the 3 scenarios

* Beamazs balancs matel: na price, na ecanomics + Whars our assumptions cama from

il 1] + Exparts = Imparts Scenarios. 51 52 53

h | productsand "
* Imparts : foed share of total use in 2050 -
+ Exports: fixed share of world markat Baps DUEINIC v, comvenitiond B OMEINK v comentional B organic v, comeensonal
+ One trade balance equation per product e - veMgps yeld gaps
*+ One constraint per geographical region:

cropland £ max ultivable area 2 s o
+ Fastureland area adjusts freety dwersiication @rversification tn dwersficason
+ AE2050 varsion of GlabAgri: i) a3p 201

. . 1 etal 2020) auseificaon roupasd nse. Viel gaps.crs. v oD Porsiut  Vickd pagsce v come:DoRantlat Wik gape org v coe: ba Po et
oy s " R e it iﬂlﬂln al 201zl al 03]
W w
38 agri-focd products Tibi, Martires, Visatte el (20220 Tl Marinet, Viabme ot ol (2022)  Til, Wartines, Vialatte et al. (2022}
Base year: *1010° [average 2009-2010-2011)
- L . nis

> GlobAgri, AE2050 version » Cropyieldsin 2050in Europein the 3 scenarios
. . thei in uses (ocd and ot + wWmat aro th,

Agricultural production and trade whest yield in Europa?

feraplandand,

GHE aenissons anel lapsd

. i far 2050 P f

the model, That

s =
A - nsities g
Livestock efficiencies, grazing intansitios i
Manimum cultivableareas i
. For P the moel, far
accarding to products
across geagraphical ragions find. 8 Europaan sub-regions)
* For 0 R -
are based on the AEIOS0 study reBEREEREAAL RERN
are the same inall scenariaz it —Mesrds faben = =i
pi b
> Europeandietsin 2050in the 3 scenarios
+ Wher cur assumptionscome  Sesnares s 52 s
Trom? Aasunprions fordietsin Tnd Haakhy Hesity ans
050 enviromirata fiendly
Bsriand 00 MRTaera revien FAD|I018} Agrimonde-Teira [2008) Wil ot . (2005
ared e e (2] B AEIOSD P00t Ean Larwen FLEX
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average Europeandist In 20507
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VITIREV

Insurance policy to cover yield losses
from diseases in vineyard along with
reducing pesticides use

* French gowernment has launched from 2010 a natonal program of investment for future

= 1t ircludes a

Tor reglonal administraticn

+ French regian « Nouvelle Aquitalne = has staried 2 praject named « VIHREV  ta promate gabal change In wine
praduction -

+ Erviranmant care

« sackty ehallerges

= Protection of biodiversity

B crovpoma N

‘ontext : the insurance part

= Goal to achieve

ot reue Flakn e wtian s

n contract b probect w

* = Nouvelle-Agukaine » regional administration

* French Iratitue of Wine {17V], head of the project

= 2 wine coapdraives : Buzet and TAlac, Nield sapport

* University of Bardeaux

* Groupama [Cankre-Atant;

d Groupama Hutual | the insurar

B e .

The insurance

- Spacial covarage provided againat yield ioxses from main diseses in vineyard

PRTp——p. aitzeated b2 ke gt

tax plars i Follownd By

ERET=T

8 with an MRCE canlr

- Ensurance poficy :

* vigld losses

Inputs r weather, wineyard arowth, pest
development, modals

=Powared in the tool « Decitrait »

Output : advice for pesticides use alang with a
wm=r  reductionof 50% of thetatal amount of fungicides

79

* 2 different yleids Insured :

* MPCI : best yleld between free-year alympéc mesn and three-year mean

* Insurance policy against diseases risk © best yleld from the past 5 years
» 2 different deductiles :
* MPCI : batween 20 and 30%

* Insurance policy against dissases risk : ra deductinle
* Loszadjustment : based an the official stabement to French acdministration mace by each wine producer every
year

B oo ]

The experimental plan

013 3030 / 30
gy e

022 : 4 piots

3 picks =3 30 b

Conpamtten 7 - 2 ploks > 26 M (comertionsl] et 1
bt =3 10 ha fhie)

Pest symploms

Frequency

Callactas much dataas poesbleinonder b
- calibeal

- bislldan index hawnd insasnon

Maximum
arizes Vield

Autt

ROT = Men Yia
yuar (raf : FGVE)
Climate events :

2013 heat wave { 2047

-3 % -9% 22 % 40 8,
0% - 55 %60 % <70 % on cimte s
s
‘. {ref : IFV / NTS)
96 % 84 %63 % g7 g HCIenEY (%) Midde
Tz Noivelie- [l Groupama
B EPRNGele; [ Croeare N

* 2015 2020/ 2021 : good efficlency of the pesticides plan adviced by Decitrait {decrease by 50% of the pesticides

k@ withaut anvy ylele les)

» 2022 ; dismatch between rainfall data from MeteaFrance vz individual deta == nat enough amount of pesticides
achiced by Decltralt, which led to significant Jamage an the vineyard

Year Premium Payouts 055 ratio
2019 o 0 o
2020 13,6 kE 13,7 kE 101 %
2021 19,5 kE o 0%
2022 12,8 kE 123,4 ki 968%
Total 45,8 kC 137,1 k€ 299%

B oo .
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34 | Climate

Regenerative Agriculture

Insurance Solutions

1. Intro AXA Climate

OUR INTENTION
TODAY

2. Case study
3. QandA

Climate

Our evolution
&7
't

Our impact

watewigies 15k +150

300 200 40

Our mission: to de-risk the transition to
regenerative agriculture

Our expertise: data driven experts of
innovative risk-transfer solutions
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Can insurance increase the * | Field work
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Experimental evidence from 4
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Results: risk preferences What role for risk preferences?

- Simple logistic regressions with one single explanatory variable
1= capturing risk preferences (declared or as lottery)
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JRC Seville, WORKSHOP ON ALTERNATIVE BUSSINESS MODELS FOR PESTICIDE REDUCTION Mov, 23rd, 2023:
LLropinsurance and pesticide use In European Agriculture

{Prod i Benn|

g Protecting crops is key for agricultural production

* Pest is central for the: i T safe food in sufficient quantities....

[RERPIRTSSEY P—

+ Webort pet reaagarast ooy 0% of eld.
fsmep—

* Cutly disgee oo 155
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f e ey

ﬂ Current reliance on pesticides

= Ruli f global pest
- With adverse effects for the envi Hurrian health and (long-term) agri [ ity

i

E—

Triazete Fungicines Can e Croas-Rasstance 5 Medcal
Triazeles in duperzia 3

. ial raduction idasin tha
+ Global Blodiversity Framework [UN]: 50% reduction until 2030 masingat al, e
* EU From Farm ta Fork — 50% use and risk reduction until 2030
+ Switzerland: reduction path pesticide risks = 50% untll 2027

= But how toget there... 7

Mg, W, Wamae. O, A T, Carve, L MAGI . S iing L & Lasdoy R (M2, Succounhd ichurneaticn o
11

* General relevance: farmer bebavior cucial for the uptate of sustainable:
peoduction practices and technologies [Water o1 al, 1007, Dessartetal 2019)
+ Especially o Ciop probection: Imponaed rak of uncerlainty, isk, peiceptions,
?n!;rl!"m and further bebavioral factors (Mheinget al, 2020 Bakker st al,,
1

* Insurances as asolution to suppart the transformation to sustainable pest
management and manags famer's (ncomel nsks?
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Key role of farmer decision-making processes

General relmance: farmer beravin crual for the uptate of sustainable
peoduction practices and technolngies [Water o1 o, 2017, Drssanetal, 2019

Especialiy for crop polection: Import st rob of uncerlainty, sk, perceplions,
greferences. and further betundoral facors (Mdheng etal, 202005, Bakker et al,,
20

maurances 3.3 slution b suppoet the transfarmation to sstainable pest
management and manage farmer’s (income] risks?

Curnent aekevance: tise in sutbsiticed Agimurance in £ (Dahaset o, 203]

smbiguous sesslts in lleralure - empirical evdence o s question is sarse
i the Exrpean rontest (Wihring et ., 20200}

u Potential Mechanisms: Crop insurance and pesticide use
UNIVERSITAT CEITIM
Tortal Pesticide Use = Land Use crap, (ha) ® Pesticide Use Intensity crop, (per ha)

e

1. Extensive margin effect
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u Timeline: Insurance uptake and pesticide use
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# Goadwin et . 12004) : Farmers pla all decisians jaintly
# hmsess i ityaflanduse, i
and pesticide use decisions

A BF Land use decision
croglerop atatan

O Insurance. g Mew Insurance "‘ TI‘ Use of pesticides.
contractsend contracts are signed " {subject to regulations)
I. —
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Identifying the structure of the decision making process
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7
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1. Formulatea full system of equations allowing for endogeneity:

* Iesuranes Tl « Lared, ¢ PO, + Ko o4 R o Ko o+ 13000
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= Land usey, [[=z(Grasstand, Croptand]] = Land,., + Pesticides, + X, REL ——

Dy D 1 4

* PUSHICi0D Uty = Lo, + Kom, o+ Simmes 6 Kenarws? INS000E IS5, 4 Dy * i

o

Identifying the structure of the decision making pracess ||
UNIVERSITAT CIEITII

2. Sequentially astimate the equations
3. Tastfor sequence of |and use, insurance and pesticide decislons empirically
|C-Statistic, Davidson-hackinnon test)

Results in line with abserved behaviour/regulations:

L [ | o [ ety |
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Estimate intensive and extensive margin effects
UNIVERSITA

A |
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Data
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* Two case studies— France and Switzerland
- Cropfarmers from 2009-2015
+ Dutlier cleaning with bacon algodthm

it
Buia k-l ik, bookkneping datn and e FADH datn snud wther
et ot i
Sample uze 642 sbemrvatons. 031 otserations.
Inaurance fype il msssranzn + cther slaartary perils,  muliper| naumnce: wemariary

Results

UNIVERSITAT

AL SIgnificant and relevant A5S0Ciations DETWEEn INSUrANce and pesticide use

+ In hypothetical «no Insurance scenarios predicted pesticide use reductions of 6% [FR) and 11% (CH)

Closedy linked to characteristics of agricultural system
CH: Results mainty driven by extensive margin
FR: Results mainly driven by intensive margin

= Careful interpretation of results:
- gansal,
= not accounting for potestial acaptation of farmers,
+ ot acouting o eaperastanshes mangin,
* noswtches bebween different crop/grassland types,
vl st risks

UNIVERSITAT

Conclusions

The reduction of pesticiderisks is required and high on the policy agenda — but how to get there is sill unclear.

Farmer decision-making and risks are a key component.

Insurances could be a tool to support the

But careful design is required — unintended (opposite) effects are possible — and can be considerable

Critical: current growth of (subsidized) Aginsurancein Europe not considering potential environmental effects (osisus o, 2023

More (empirical) research needed on potential effects and design of insurance

Dalhaus, T.

Plants. https://doi.org/10.1038/541477-023-0156.9.
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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

14:00-15:00 Opening Session
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 Aymeric Berling, AGRI
Agricultural Policy (CAP)
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 Gémez-Barbero (JRC)

30 min Service-based business models to incentivize the efficient | Thomas M Chappell, Texas A&M
use of pesticide in crop protection 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 Le6n-GUADALQUIVIR, C/ Guadalquivir 8, Sevilla

09:00-10:45

DAY 2: 23 November
Session 1 (Part I1): Existing and future business models for crop protection
Chair: Manuel Gémez-Barbero (JRC)

14:00-16:15

30 min Innovations in Application Technology for Crop Protection Peter Hloben, John Deere
30 min Modelling policies towards pesticide-free agricultural Gabriele Mack, Agroscope
production systems
30 min European Chemical Pesticide-Free Agriculture in 2050 Chantal Le Mouél, INRAE
15 min General Discussion All
10:45-11:00 Break (15 minutes)
11:00-12:45 Session 2 : Linking pesticide reduction and insurance products: theory, institutions and experiences
Chair: Jesus 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 Baptiste Dubois & Dimitri Lely,
vineyard along with reducing pesticides use 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)

Session 3 : What have agricultural economists found out about linking insurance and PPP reduction?
Chair: Emilio Rodriguez-Cerezo (JRC)

30 min Can insurance increase the willingness of farmers to Jesus Barreiro-Hurle, JRC
reduce pesticide use? Experimental evidence from 4 EU
countries
30 min Crop insurance and pesticide use in European Agriculture Niklas Mohring, University of Bonn
30 min Green Insurance for Pesticide Reduction: Acceptability and Marianne Lefebvre, Universty of
Impact for French Wine Growing Angers & Yann Raineau, INRAE
30 min The Interaction between Insurance and Protective Devices: Marco Rogna, JRC
The Case of Apples Producers in South Tyro
15 min General Discussion All
16:15-16:30 Break (15 minutes)
16:30-17:00 | Concluding Remarks |
15 min Chantal Le Mouél, INRAE
15 min Emilio Rodriguez-Cerezo, JRC
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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

Science for policy

The Joint Research Centre (JRC) provides
independent, evidence-based knowledge
and science, supporting EU policies to
positively impact society
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