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Main Limitation of the Model
Systematic over and under-estimation for the 2018 and 2019 forecast modes.
→ Induced by the limited number of calibration years (2).
Calls for a research with much more year of observations.

Feature Selection
Forward, Backward, Stepwise, No Selection

Dataset Stratification
Spatial, Agricultural Practices, No Stratification

Regression Algorithm
Random Forest, SVMradial, Multi-Linear Reg.

Machine Learning

• Calibration
• Independent Validation

Feature Extraction
→ 71 Features

Benchmarking
A benchmarking step was needed to develop and retrieve
the model design providing the best performances. Multiple
tests were completed using different model regression
algorithms and combinations of steps on the dataset
calibration. Two RF models separately trained for organic
and conventional fields on all the features got the best
estimation scores.

Feature Extraction
Biophysical variables (BV) were retrieved from Sentinel 2 and
Landsat 8 optical images time series (TS). Two Crop Growth
Models (CGM) were calibrated using the BV and the
meteorological TS. Crop seasons were partitioned into three
periods (emergence (P1), flowering (P2), and senescence (P3))
from the CGM growth simulations. Explanatory features were
derived in the three periods from each input dataset.

Latitude and Peak of Vegetation mainly drove the yield
The most relevant features of the estimation models were:
• The parcel location (latitude, longitude); a synthetic proxy of climate and soil

conditions.
• The maximum of vegetation related variables.
Vegetation’s peaks occurs before the 15th of June explaining the close performance
between the forecast and the harvest time estimation.

15th June Forecast Harvest Time Estimation After Survey Estimation

R² NSE. RMSEreg RMSE1:1 R² NSE. RMSEreg RMSE1:1 R² NSE. RMSEreg RMSE1:1

Field 0.548 0.529 12.56 12.82 0.566 0.553 12.20 12.39 0.610 0.608 11.56 11.59

Farm 0.656 0.624 10.28 10.76 0.682 0.645 9.88 10.44 0.719 0.710 9.28 9.43

NUTS3 0.779 0.74 5.95 6.45 0.746 0.693 6.37 7.00 0.841 0.821 5.05 5.35

Aggregation to larger level (farm and NUTS3)
Comparison of field-level estimations aggregated to larger level to farm survey and
official sub-national statistics.
Considerable performance’s increase with the level of aggregation, thanks to error
compensation.

Field Level Yield Estimation and Forecast at National Scale
Estimation at three times of the season:
• One month before the harvest (15th June)
• At harvest time
• After the yield survey acquisition among farmers.
Small decrease of estimation’s performance for in-season forecast (~1qt/ha)

Pseudo-field level 15th June yield forecast of 2017,2018, and 2019.

2017 2018 2019

2017

Conventional Farming Organic Farming

Conventional and Organic RF models 16 most used feature’s(GINI Indice) of the After Survey Estimation mode.

Performance of 2017 yield estimation by the three modes applied on three levels of aggregations. 
Validation on fully independent datasets.
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Spatial representation of the validation dataset three mode’s estimation. Relative value gradient scale (for confidential reason).
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• Wheat yield estimation and forecast at the 
parcel level over an entire country.

How?What?
Machine Learning relying on a three years France-wide in situ yield reference data set and explanatory 
features derived from EO and meteorological data.

• Estimation’s aggregation to sub-national 
statistics level.
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