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Why Data Embedding

= Explosion of multi-source geospatial data
= Sparse, uneven, and costly labels

= Need for a unified, transferable
representation

= Primarily learn from what satellites see, but &
not necessarily how agroecosystems
appear and function.

Brown et al., 2025; Qin 2025; Feng, 2026; Mai et al., 2024 NDAC, Canada ,
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Why Knowledge-Guided Embeddings

= Agroecosystems are process-driven, not just spectral

= High variability at field-scale (Soil + Plant + Atmosphere + Water
continuum)

= For regression models to explain within-field variability and process-
based behaviour

= Move from purely data-driven representations to process-aware
representations

Brown et al., 2025; Qin 2025; Feng, 2026; Mai et al., 2024 NDAC, Canada .
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STEP-AWBH framework

THE LIMITATIONS OF “DATA-ONLY” MODELING THE STEP-AWBH PROCESS INTEGRATION PROCESS-AWARE REPRESENTATIONS

Robust, Dynamic Models

EO-Only Embeddings & The SPAW Gap
‘ Embedding Domain Knowledge Solving Field-Scale Variability. Accurately represent complex
— : (Physics, Ecology, Management) Accounts for sloughs & agreecosystem interactions &
n-ﬁn- : microbiome stressors using variability, moving beyond simple
@, . 9, topographic & biotic data. spectral Images.
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5 2 Human Element
Spectral Data Misses | " Agroecosystems are ‘ — (Producor-induced
Process Dynamics: 1 Dynamic: Driven by | Water Management)
Fails to capture high ' physics & ecology, not just = | (Moisturefirrigation)
variability & physical ', spectral signatures. :
interactions at field scale. [
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7 Moisture Dynamics: EXAMPLE:
: precipitation, irrigation : The Human Element (H).

THE SPAW DYNAMICS GAP: ! ; d Producer-induced Producer decisions like crop

Models fall without embedding snowmelt and residue _ Management rotations & zero-tillage override

Soil-Plant-Atmosphere-Water management (Tl"a%'et')tEe!(I:Fl]'lt:CﬁtlZ ")‘p”tsf or enhance natural processes.

SPAW) interactions. I ogy,
Grunwald, 2021 (ShAW) NDAC, Canada
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GAIG - Embedding

Efficient JSON Band-Grouping Primary Feature Group Datasets (Step 1)

Included Predictors Purpose

Uses JSON F!Oiﬂ'fers to origi_nal files to _reduc? 1 dataset_sentinel Sentinel bands only Remote sensing spectral data
storage duplication and maintain data integrity.

Dataset

2 dataset_envs  Non-embedding/Non-Sentinel Environmental & auxiliary predictors

3 e dataset_all All original bands Full predictor set for total context

Robust Scaling (Median/IQR) Chunked Zarr Storage

Supports efficient data streaming and

Uses (x - median) / IQR scaling to reduces memory pressure during the
ensure outlier-resistant model training. autoencoder training phase.

NDAC, Canada
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Yield Prediction Use Case

NDAC, Canada
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Yield Prediction Use Case

= Limited model generalization
= Scarce response

= Processing infrastructure

NDAC, Canada
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Yield Prediction Use Case

NDAC, Canada
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Yield Prediction Use Case

NDAC, Canada
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Yield Prediction Use Case

NDAC, Canada

Model Performance Across Landscapes
Model Type [l Embedding [l Traditional

. L | I I
— | [— 06
. Combining domain knowledge with Al is
: " essential—data alone isn’t enough to understand
. complex agroecosystems at within field scale.
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Reference Traditional Embedded Reference Traditional Embedded
Model Type

Lenore Ponass Lightning Quill South Upper Assini iboine
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