Accurate crop yield forecasting supports food security in vulnerable regions like Egypt. This study explores transferring wheat and rice yield models
developed in Spain to the Nile Delta using Sentinel-1 radar and Sentinel-2 optical data, normalized by Growing Degree Days. Results show the models
can be effectively adapted and scaled from field to governorate level through radar-optical data fusion and crop-type masks.

Introduction

Agriculture is central to Egypt's economy and food security, especially for cereals like wheat and rice, which are highly vulnerable to climate change. To address the
need for timely yield information, this study explores the transferability of empirical yield models —originally developed in Spain using Sentinel-2 optical and
Sentinel-1 radar Earth Observation (EO) data— to Egypt’s Gharbia governorate. Leveraging open-access EO imagery and integrating Growing Degree Days (GDD)
for phenological alignment, we assess model robustness across seasons and evaluate the scalability of field-level yield estimations to governorate level. The study
contributes to EO Africa’s goal of fostering African-European collaboration for improved agricultural monitoring in data-scarce regions.

Key Obijectives:
e Evaluate the transferability of wheat and rice yield models trained in Spain to Egypt’s Nile Delta.

e Compare the performance of models based on optical-only vs. radar-optical data fusion.

e Test the scalability of field-level yield predictions to governorate level using seasonal crop type masks.

Materials and Methods Results

Study Area
Gharbia governorate, Nile Delta, Egypt. An arid, irrigated area with
two cropping seasons (winter and summer).

Model Validation

e \Wheat model (WyOl, optical only): Good performance after scale correction
(RMSE = 0.79 t/ha, R? = 0.40). Without correction, underestimates yields due
to different management (irrigated in Egypt vs. rainfed in Spain).

e Wheat fusion model (WyFI, optical + SAR): No scale correction needed;
performs better (RMSE = 0.64 t/ha, R? = 0.57) — higher robustness. Fusing
S1 and S2 enhances transferability under different agro-climatic conditions.

e Rice model (RyOI2): Peak performance at earlier phenological stage in Egypt
(700-900 GDD). RMSE = 1.3 t/ha or 0.8 t/ha with scale factor, R? =0.38,
competitive with Egypt-specific models.

Calibration sites in Spain
e \Wheat: Valladolid (semi-arid, mostly rainfed, Oct—Jul). O e Covermorate
e Rice: Valencia (coastal, irrigated, Apr—Oct).  7F , % | St
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Models relate yield to two EO parameters (optical or optical+radar)
over GDDaccum time steps.

Seasonal Crop Type Masks

s < o WyOI (Wheat yield Optical Index) = -0.7 * B11 -0.3 * B4 e Generated masks for wheat and rice in seasons 2018-2022, using Random
- o WYyFI (Wheat yield Fusion Index) = -0.99 * B4 + 0.01 * VH/VV Forest classification from S2 time series and ground truth/crop calendars.
: e RyOl (Rice yield Optical Index) = 0.61 * B2 + 0.38 * B7 Average classification accuracy ~90%, Consistent kappa > 0.85 across

A TN seasons.
ALY ;" o e Use of SMOTE addressed class imbalance, and PCA reduced feature
T dimensionality.
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Conclusions
EO model transfer is feasible: Yield models trained in Spain were successfully applied in

W Egypt, despite differences in climate and farming systems.
£ -‘; J'}‘ ! Local adaptation is essential: Accounting for irrigation, planting methods, and crop

varieties improved model reliability, especially for wheat.

7 wheat

e Phenological alignment via GDD: Normalizing by Growing Degree Days was key to

: : Upscaling to Governorate Level
matching crop stages across regions and seasons.

Yield maps created using model outputs filtered by crop type masks.

e Wheat (optical, corrected): RMSE = 0.44 t/ha, R? = 0.44 — strong agreement

with official statistics.

e Wheat (fusion): RMSE = 1.2 t/ha, R? = 0.08 — overestimation at aggregated
level.
Rice (optical): RMSE = 0.27 t/ha, R? = 0.41 good performance at 2.5 months
before harvest.
Aggregation smooths parcel-level errors, proving effective for regional planning.
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e Crop type masks enable upscaling: EO-based classification allowed accurate regional
mapping of wheat and rice, supporting governorate-level yield estimation.

Data fusion improves robustness: Combining optical (S2) and radar (S1) data enhanced
transferability and reduced bias without needing calibration scaling.

e

e Challenges remain: Small field sizes, limited yield variability, and mixed pixels affect

accuracy—highlighting the need for higher-resolution data in future work. 2000 WyOl e WyFI
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Scalable, simple EO tools: Results support the use of scalable and transferable
EO-based models for food security monitoring in data-scarce regions.
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