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STUDY CONTEXT

Agriculture in France is subject to numerous constraints, notably

increasing meteorological risks in recent years due to climate

change. Faced with natural disasters and pressure from bio-

aggressors, farmers in both conventional and organic production

are confronted with a multitude of risk factors leading to variability
in their agricultural yields (Arora 2019; Malhi et al.,, 2021).

Consequently, risk management is a key issue for the sustainability

of agricultural activities. Crop insurance is considered an essential

tool for safeguarding against these various risks and securing

farmers' income (Folus et al. 2020; Frascarelli et al., 2021; Koenig
et al., 2022).

DETERMINANTS OF YIELD

To determine the reference vyield, the first step is to study the

determinants of yield in large-scale crops (winter wheat, spring

barley, maize grain) to identify the factors that impact yield (Ponisio
et al. 2015; Ben Zekri et al.,, 2019). Then, statistical regression

analysis was used to explain the variability of yields among members

based on the factors determining yield. These factors primarily

include climate, soil properties, pressure from bio-aggressors, crop

rotation, technical itinerary of the crop, as well as the farmer's

expertise and landscape factors.
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Figure 2. Crop yield determinants and yield prediction approach
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Figure 4. Spatial distribution of estimated yields (quintals/ha) at ASR scale for wheat, maize and barley in conventional

Acknowledgement: Thanks to the 5th year agroengineering and agroindustry students (promotion 162) of Institut Polytechnique UniLaSalle Beauvais who contributed to this work as part of their year project.

70 35 0 70
S  — < ilometers

B 53

71

faming (1) and the yield ratio organic/conventional (O/C) farming (2)

7, P Legend :

Modelized yield
e of conventional

- Legend

Yield ratio O/C
winter soft wheat (%)

62 -
-79
Il 79 -
87 -

62
71

87
105

wheat (g/ha)
OReims -
54-63
OChaH 63-68 S
I 68-73
B 73-81
_Troyes B 5193
pval
AT 2
\J A
s p/eau D fet b
s Angers KT o
LA 3 ‘/‘;. .'_‘*f’
< by "4 e
( (.\\.N\_\ Y ) _Bourges
| i 4 C Nevers
c amnd ?
o mm h F REA QAL URGS | HERI mii
o A : EN, AR UPLS; Esn, HERE, Garmin,
Esri, USGS 1 E Opomers FAO. NOAA, USGS
m 70 35 O 70
@ [ — K ilometers

Compared

reference yields for organic farming in most agricultural regions of
France. This lack of reference data makes it difficult for insurers to
set up crop insurance contracts appropriate to the agricultural,

environmental, and climatic contexts of farmers. Forest and semi

The objective of this study is to develop a method for estimating
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The analysis of yield variability based on yield determinants has enabled the development of a method for estimating reference yields in

organic farming using regression and prediction models such as Generalized Linear Regression (GLM), Partial Least Squares (PLS), Ridge

regression, and Gradient Boosting. The PLS model is the most effective and suitable for yield estimation, as determined through comparison using

metrics and criteria such as R? and RMSE (Table 1). The yield estimation model was applied to predict the yields of insured members of

Groupama Paris Val de Loire based on their location and the spatial intrinsic characteristics of fields.
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Figure 3. The approach to estimating wheat, corn and barley yield in organic and conventional farming
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The estimated yield in organic farming at ASR scale, for winter soft wheat ranges from 3.3

t/ha to 7.8 t/hq, spring barley ranges from 1.0 t/ha to 5.1 t/ha, while maize grain varies

from 5.1 t/ha to 11.3 t/ha (Figure 4). The yield ratio between organic and conventional

farming varies between 53% and 105% for winter soft wheat, from 53% to 108% for grain

corn and from 19% to 84% for spring barley. This ratio, which means the yield decline rate,

shows a remarkable gap between organic and conventional yields which varies depending

on the small agricultural regions. The climate, particularly rainfall, represents the main factor

which explains this yield variation.

11 CONCLUSION

Each factor has its limitations and leads to a lack of precision regarding results. Several other

factors have not been studied and may impact yields, including biodiversity index, sowing

date, bio-aggressors management, nitrogen management, soil cover, varieties used, and

rotation duration. The statistical modelling yield approach will facilitate a better assessment

of factors affecting yield and more precise crop insurance pricing depending on reference

yields in organic and conventional farming, thereby helping to support farmers in the face of

increasing uncertainty resulting from current climatic, agronomic,

challenges.
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