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Agenda

 Framing the problem

 A framework for advancing pesticide policies

 Key steps to achieve a reduction in pesticide risks  

 Case study: Pesticide free wheat production in Switzerland 
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Framing the problem

 Pest management is critical for food security (e.g. Savary et al. 2019, Oerke 2006)

Savary, S. et al. The global burden of pathogens and pests on major food crops. Nat. Ecol. Evol. 3, 430–439 (2019).
Oerke, E. C. (2006). Crop losses to pests. The Journal of Agricultural Science, 144, 31.
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Framing the problem

 Demand for pest management is increasing, 
e.g. due to consumer preferences and 
climate change (e.g. Deutsch et al., 2018) 

Savary, S. et al. The global burden of pathogens and pests on major food crops. Nat. Ecol. Evol. 3, 430–439 (2019).
Oerke, E. C. (2006). Crop losses to pests. The Journal of Agricultural Science, 144, 31.
Deutsch, C. A., Tewksbury, J. J., Tigchelaar, M., Battisti, D. S., Merrill, S. C., Huey, R. B., & Naylor, R. L. (2018). Increase in crop losses to insect pests in a 
warming climate. Science, 361(6405), 916-919.
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Framing the problem

 But: adverse effects of pesticides on human health and the environment 
(e.g. Larsen et al., 2017, Stehle and Schulz, 2015)

 Reduction of potential risks from pesticide use explicit goal for policy and 
industry
o National Action Plans to reduce risks and impacts of pesticide use on 

human health and the environment in most European countries (e.g. 
Directive 2009/128/EC).

 Little evidence that Europe has achieved the reduction in pesticide risks
o A direct assessment of policy targets proves difficult, as most European 

countries do not publish or monitor data on risks (European Court of 
Auditors (2020)

o Surface and groundwater contamination still regularly exceed legal 
thresholds (e.g. Stehle and Schulz, 2015, Spycher et al., 2018)

o Societal concerns remain 

Larsen, A. E., Gaines, S. D. & Deschênes, O. Agricultural pesticide use and adverse birth outcomes in the San Joaquin Valley of California. Nat. Commun. 8, 302 (2017).
Stehle, S. & Schulz, R. Agricultural insecticides threaten surface waters at the global scale. Proc. Natl Acad. Sci. USA 112, 5750–5755 (2015).
European Court of Auditors (2020) Special Report 05/2020: Sustainable Use of Plant Protection Products: Limited Progress in Measuring and Reducing Risks
Spycher, S. et al. Pesticide risks in small streams—how to get as close as possible to the stress imposed on aquatic organisms. Environ. Sci. Technol. 52, 4526–4535 (2018).
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Example Switzerland – pollution of water bodies

Munz, N., Leu, C., & Wittmer, I. (2012). Pestizidmessungen in Fliessgewässern. Aqua und Gas, 92(11), 32.
Spycher, S., Mangold, S., Doppler, T., Junghans, M., Wittmer, I., Stamm, C., & Singer, H. (2018). Pesticide risks in small streams—how to get as close as possible to the 
stress imposed on aquatic organisms. Environmental science & technology, 52(8), 4526-453
Kiefer, K., Bader, T., Minas, N., Salhi, E., Janssen, E. M. L., von Gunten, U., & Hollender, J. (2020). Chlorothalonil transformation products in drinking water resources: 
Widespread and challenging to abate. Water Research, 183, 116066.
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Example Switzerland – two popular initiatives

Huber, R., Finger, R. (2019). Popular initiatives increasingly stimulate agricultural policy in Switzerland. EuroChoices 18(2): 38-39
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Example Switzerland – public interest in ‘pesticides’

Schaub, S., Huber, R., Finger, R. (2020). Tracking societal concerns on pesticides – A Google Trends analysis. 
Environmental Research Letters 15 084049

 Increased public interest in 
‘pesticides’ and ‘plant protection 
products’ (panel A)

 This can be attributed especially to 
pesticides  linked to negative 
connotation (panel B)

 Trend visible before popular initiatives 
were launched 

 Similar trends in France, but not in 
Germany, Austria and Italy (not 
shown)
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Our goal

 Describe pathways to a successful reduction of 
potential risks from agricultural pesticide use

 Avoid reducing other ecosystem services 
provided by agricultural production

 Develop a holistic, interdisciplinary framework that 
spans across various actors along the value chain 
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A framework for pesticide policies



||

Ten key steps to achieve a reduction in pesticide risks

 Policy indicators, targets and design
o Tangible pesticide risk indicators
o Dimensions of policy targets
o Realignment of agricultural policy goals

 Farmer and consumer actions
o Farmer decision-making processes
o Consumer choices and preferences

 Sustainable plant protection
o Pesticide admissions and regulations
o Sustainable farming systems
o Plant breeding strategies
o Smart farming

 Efficient and dynamic pesticide policy portfolio

 A holistic approach to pesticide policies
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Example 1: Tangible pesticide risk indicators

 Country-specific reduction goals for potential environmental and 
health risks. Specific and measurable targets needed – but 
lacking for almost all countries. 

 Purely quantitative indicators (e.g. reduction of tons of pesticide 
use) alone not necessarily correspond with potential 
environmental and health risks (Möhring et al., 2019)

Möhring, N., Gaba, S. & Finger, R. Quantity based indicators fail to identify extreme pesticide risks. Sci. Total Environ. 646, 503–523 (2019)
Kudsk, P., Jørgensen, L. N. & Ørum, J. E. Pesticide load—A new Danish pesticide risk indicator with multiple applications. Land Use Policy 70, 384–393 (2018).
Saini, R. K., Bagri, L. P. & Bajpai, A. K. in New Pesticides and Soil Sensors 519–559 (Elsevier, 2017).
Finger, R., Möhring, N., Dalhaus, T., Böcker, T. (2017). Revisiting pesticide taxation schemes. Ecological Economics 134: 263–266
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Example 1: Tangible pesticide risk indicators

 Country-specific reduction goals for potential environmental and 
health risks. Specific and measurable targets needed – but 
lacking for almost all countries. 

 Purely quantitative indicators (e.g. reduction of tons of pesticide 
use) alone not necessarily correspond with potential 
environmental and health risks (Möhring et al., 2019)

 Tangible, transparent risk indicators needed. Transparency also 
on pesticide use. Denmark serves as possible role model using 
pesticide load (Kudsk et al., 2019)

 Increasingly better and cheaper, real-time risk-monitoring 
systems over time and space (Saini et al. 2017)  

Möhring, N., Gaba, S. & Finger, R. Quantity based indicators fail to identify extreme pesticide risks. Sci. Total Environ. 646, 503–523 (2019)
Kudsk, P., Jørgensen, L. N. & Ørum, J. E. Pesticide load—A new Danish pesticide risk indicator with multiple applications. Land Use Policy 70, 384–393 (2018).
Saini, R. K., Bagri, L. P. & Bajpai, A. K. in New Pesticides and Soil Sensors 519–559 (Elsevier, 2017).
Finger, R., Möhring, N., Dalhaus, T., Böcker, T. (2017). Revisiting pesticide taxation schemes. Ecological Economics 134: 263–266



||

Example 2: Farmer decision-making processes

 Crucial pest management decisions are made at farm level 

 More than profit maximization. Uncertainty, risk perception & 
preferences and further behavioral factors matter (e.g. 
Dessart et al., 2019, Möhring et al., 2020a,b)

 Effective policies must consider farmers’ heterogeneous 
behavior and decision rationales

 Pesticide taxes, information and extension services. Farmers’ 
self-selection allows to reduce the complexity and specificity 
and may increase cost-efficiency

Dessart, F. J., Barreiro-Hurlé, J. & van Bavel, R. Behavioural factors affecting the adoption of sustainable farming practices: a policy-oriented review. Eur. Rev. Agric. Econ. 46, 417–
471 (2019).
Möhring, N., Bozzola, M., Hirsch, S. & Finger, R. Are pesticides risk decreasing? The relevance of pesticide indicator choice in empirical analysis. Agric. Econ. 51, 429–444 (2020).
Möhring, N., Wüpper, D., Musa, T., Finger, R. (2020). Why farmers deviate from recommended pesticide timing: The role of uncertainty and information. Pest Management Science. 
In Press 
Iyer, P., Bozzola, M., Hirsch, S., Meraner, M., Finger, R. (2020) Measuring Farmer Risk Preferences in Europe: A Systematic Review. Journal of Agricultural Economics. 71(1): 3-26
Böcker, T., Britz, W., Möhring, N., Finger, R. (2020). An economic and environmental assessment of a glyphosate ban for the example of maize production. European Review of 
Agricultural Economics 47(2), 371-402
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Example 3: Smart Farming

 New information communication technology will disrupt 
agricultural practices to potentially reduce agriculture’s 
ecological footprint (e.g. Walter et al., 2017)

 For example, detection and classification of weeds, pests and 
diseases; targeted spraying

 Challenges remain: technology; uptake limited to large farms in 
selected countries (e.g. Finger et al., 2019). 

 But: Large-scale, rapid adoption needed to untap potential.This
requires push and pull (e.g. infrastructure, legal frameworks, 
taxes)

Finger, R., Swinton, S., El Benni, N., Walter, A. (2019). Precision Farming at the Nexus of Agricultural Production and the Environment. Annual Review of 
Resource Economics 11: 313-335
Walter, A., Finger, R., Huber, R., Buchmann, N. (2017). Smart farming is key to developing sustainable agriculture. Proceedings of the National Academy of 
Sciences USA 114 (24) 6148-6150

www.ecorobotix.com
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A framework for pesticide policies
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A holistic approach to pesticide policies

 Pesticide policies involve trade-offs and stress-points 
o New technologies can reduce trade-offs but may not be accepted by 

consumers (and farmers) 

 Individual policy goals may contradict each other 
o Bans of single pesticides may, for example, increase long-term gaps 

in plant protection and lead to more resistances with severe 
agronomic consequences

 Holistic and simple policy framework and long-term planning horizons 
needed 

 Pesticide policy should be integrated in a holistic food policy framework
(e.g. de Schutter et al., 2020, Farm to Fork)

 The political process must be dynamic and policies have to be 
continuously adapted to fit future changes in agricultural systems

De Schutter, O., Jacobs, N. & Clément, C. A ‘Common Food Policy’ for Europe: How governance reforms can spark a shift to healthy diets 
and sustainable food systems. Food Policy https://doi.org/10.1016/j.foodpol.2020.101849 (2020).

https://doi.org/10.1016/j.foodpol.2020.101849
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Case study: Pesticide free wheat production in Switzerland

Initial situation: 

 Successful example of private-public partnership for pesticide-
reduced production
o IP-SUISSE Extenso wheat (only herbicides + seed 

treatment)
o Existing since ~30 years

 Farmers receive a price markup (ca. 5 Fr/dt on top of 50 Fr/dt) 
and a direct payment (400 CHF/ha) 

 50% of Swiss wheat  e.g. TerraSuisse label 

10/27/2020
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Case study: Pesticide free wheat production in Switzerland

Next step: 

 IP-SUISSE is currently establishing pesticide-free wheat production 
program (pilot started 2018/19)
o Pesticide-free
o No implication for other crops in crop rotation 
o Not organic  

 Migros announced to only sell «pesticide-free» bread from 2023 on
o Situation 2020: farmers get (additional) price-mark-up (10 

Fr/dt) and additional direct payment (250 Fr/ha)

10/27/2020
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Case study: Pesticide free wheat production in Switzerland

Our Research: 

 A) Ex-ante assessment of this step using a bioeconomic model as basis for the decision 
made by Migros and IP Suisse (Böcker et al., 2019)

 B) Ex-post assessment of the first uptake decisions (Möhring and Finger, in prep.)

 Goals: identify determinants, challenges and adoption barriers for the uptake of 
pesticide-free wheat production in Switzerland 

 Large-scale survey focusing on adoption and adoption intention, farm and farmer 
characteristics, preferences, perceptions and non-cognitive skills

10/27/2020

Böcker, T., Möhring, N., Finger, R. (2019). Herbicide free agriculture? A bio-economic modelling application to Swiss wheat production. 
Agricultural Systems 173, 378-392
Möhring, N., Finger, R. Pesticide-free but not organic? Adoption of a large-scale pesticide-free wheat production standard in Switzerland
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Dataset combines various elements

 Survey data (all IP Suisse wheat producers, 1105 
returned surveys, ca. 25%)

 Structural farm data [IP-SUISSE]

 Delivered Extenso yields (dt/ha) of last 10 years [IP-
Suisse]

 Weather and climate data (farm-level) [MeteoSwiss]

 Weed pressure/abundance (municipality level) 
[InfoFlora]

 Herbicide resistances (municipality level) [Agroscope]

 Soil suitability (farm-level) [BLW]

10/27/2020 22
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 Participation and program expectations
o (potential) participation IP-Suisse + direct payment programs for 

«resource efficiency»
o Importance of selected benefits and costs of adoption
o (Expected) herbicide substitution strategies and availability
o (Expected) changes in yield and production risk

 Farm and farmers’ characteristics
 Behavioral characteristics

o Risk preferences
o Expected environmental and health benefits of the program
o Environmental Attitudes
o Farming objectives
o Self-efficacy
o Locus of control

23

Survey structure

10/27/2020
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 Explain adoption or planned adoption using a wide set of explantory variables representing
o Production system before adoption 
o Farm, farmer and environmental conditions 
o Farmers’ perceptions and expectations 
o Adjustment costs

 Estimation via OLS, clustering at cantonal levels 

 Various robustness checks, for example
o Inclusion of different sets of explanatory variables 
o Wild bootstrap approach to address issue of heterogeneity of clusters (cantons) 
o Split samples, e.g. in early adopters and intended adopters
o Address potential impact of selection on observable and unobservables using Oster Bounds 

24

Econometric analysis

10/27/2020
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Descriptive results: participation decision (N=1105)

25

456 (41%)

31 (3%)

97 (9%)

59 (5%)
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Participation decision: spatial distribution (N=1105)

10/27/2020 26
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 Adoption is mainly driven by farmers` expectation of the program 
o (+) perception of positive environmental effects of pesticide free production
o (-) expectations of higher yield loss or higher production risks 
o (-) higher investment risks in machinery (i.e. for mechanical weed control) 
o (-) higher risk aversion 

 Prior farming system and adjustment costs matter: 
o (-) engagement in soil conservation programs or in cantonal programs for pesticide use reduction
o (-) lack of machinery for mechanical weed control

 No effects of structural farm and farmers’ characteristics, as well as environmental conditions 
o Also farmers’ expectations regarding possible positive health effects are not significant 

o Robustness checks confirm main results. Early adopters on average perceive risks as lower, have 
prior experiences and no commitment in other programs, are in Western Switzerland   

27

Preliminary results

10/27/2020
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Conclusion 

 Reduction of pesticide risks for human health and the environment is a 
key policy (and industry) goal 

 Holistic approach for pesticide policies needed that spans across various 
actors along the value chain. Long-term planning horizons needed. New 
production systems need to be combined with new technologies 

 Many good examples on the way. Example pesticide free wheat 
production in Switzerland  

o bringing together public policy measures & market incentives, 

o accounts for consumer and farmers decision making; creates new 
production systems 

o ongoing research on how smart farming (e.g. remote sensed weed 
scouting) can support this pesticide free production 



Thank you very much for your attention
www.aecp.ethz.ch
https://agrarpolitik-blog.com/

http://www.aecp.ethz.ch/
https://agrarpolitik-blog.com/
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 Figure 2. Rating of potential adoption barriers by survey respondents

 The heat map shows average rating of the potential adoption barriers by producers in the survey 
(N = 1073) from 1 (no barrier) to 5 (very strong barrier). “Positive” and “Negative” show groups of 
producers, which indicated a positive or a negative attitude towards program participation in the 
survey, respectively.
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Adopt Coefficient (standard 

error)

Soil conservation -0.0972** (0.0369)

DP_canton -0.0851* (0.0415)

Avg_yield -0.0015 (0.0023)

Canton_fr 0.0286 (0.0318)

Ag_land -0.0002 (0.0007)

Share_Wheat -0.0082 (0.1401)

Workforce -0.0027 (0.0105)

Income_arable 0.0000 (0.0006)

Succession -0.0146 (0.0297)

Share_mountain -0.0487 (0.0431)

Suitability_grains -0.0268 (0.0203)

Temperature -0.0223 (0.0284)

Precipitation 0.0002 (0.0003)

Weed 0.0004 (0.0445)

Herbicide_resistance -0.0756 (0.0687)

Age -0.0022 (0.0018)

Education -0.0259 (0.0278)

Exp_yield_decr

1 0.0022 (0.0522)

2 0.1761** (0.0626)

3 0.1261** (0.0563)

4 0.1111* (0.0536)

Exp_yield_risk -0.1049*** (0.0281)

Risk_pref 0.0178*** (0.0046)

Pos_Environ 0.0994*** (0.0155)

Pos_Health -0.0029 (0.0112)

Experience

1 -0.0344 (0.0281)

2 -0.0289 (0.0236)

Availability_machiner

y

0.1409***
(0.0426)

Exp_risk_machinery -0.0342*** (0.0116)

Exp_costs -0.0002 (0.0002)

Constant 0.7921* (0.3888)

Table 4. Regression results main model 
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Internal validity checks

Mean Variables Participants Population Difference (%)
First year Extenso 2004 2005 0
Wheat surface (ha) 5.68 4.78 0.19
Share wheat (%) 0.16 0.15 0.1
Agricultural land (ha) 34.49 32.39 0.06
Animal stock (GVE) 31.24 31.12 0
Share mountain zones (%) 0.05 0.07 -0.25
Temperature (°C) 9.01 8.96 0.01
Precipitation (mm) 1077 1093 -0.01
Delivered quantity (dt/ha) 51.13 50.7 0.01
SD delivered quantity 13.33 13.09 0.02
Suitability grain (%) 0.81 0.76 0.06

• Participants represent 
population very well 
overall

• Particpants: slightly larger 
farms with more wheat, 
less mountain regions

• If any – positive 
“production“ bias

• No obvious spatial 
misrepresentation (map)

10/27/2020 33
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