ENHANCING SEASONAL YIELD
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1 Motivation

Accurate and timely early-season vyield predictions before harvest are
becoming ever more relevant due to increasing pressure on the agricultural
sector under climate change. Especially for agricultural planning, logistics, and
food market operations, seasonal predictions are of significant importance
considering regional and international food security, price stability, and
agricultural market resilience.

The concept of a novel approach for combining process-based crop modeling

using LPJmL with data-driven approaches via satellite data assimilation and
machine learning is presented.

2 Crop Modeling
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Sentinel-3 Remote Sensing — FAPAR Datasets

e S3 OLCI GIFAPAR product 300m spatial resolution

e daily to bi-weekly composites of Tkm for assimilation

e Fraction of Absorbed Photosynthetic Active Radiation in focus (later LAI, GPP)
e comparison of products from Copernicus DSE & LMS, S3SMPC, and CDS

5 Conclusions and Outlook

* hybrid agricultural modeling using machine learning
ecombining machine learning with process-based crop modeling
e Physics-Informed Neural Networks (PINNs) to comply with biophysical limits
ML yield estimate bias correction by incorporating weather extremes such as
heat and water stress
*scalable approach for regional and European scale extension

*set up early-warning system for yield shortage and yield loss
e first test cases with data from Bavaria for 2018 and 2022
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3 FAPAR Assimilation Framework

LPJmL-Bavaria Parameter Calibration

e model parameter tuning using genetic algorithm and satellite data based on
the method of Forkel et al., 2019 (without real-time assimilation)

e baseline model parameter for live modus of assimilation

Assimilation Methods — LPJmL-Bavaria Core Feature

e continuous parameter optimization during the course of the growing season
allows for more realistic yield forecasts

etracing spatiotemporal vegetation dynamics of phenology, photosynthesis,
and crop growth via FAPAR in near real-time for crop health/development

e parameter forcing approach very effective for single parameters and
computational most efficient

* (Ensemble) Kalman Filtering (EnKF) and other ensemble approaches with
e.g. particle swam parameter optimization based on cost function brings broad
understanding of potential yield outcomes and allows for uncertainty

information and robust predictions

4 Challenges of FAPAR Assimilation

e currently no interfaces for continuous assimilation of EO data in LPJmL

* cloud cover: integrating multiple satellites using data fusion to fill gaps

* risk of model inconsistencies regarding parameters like FAPAR, AGB, and
photosynthesis by using parameter forcing

e Kalman filtering and ensemble methods computationally expensive

e analysis of accuracy and efficiency of different assimilation methods
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