Application of soft computing in simulating rainfed wheat yield using

integration of climatic data and remote sensing indices

ABSTRACT

Wheat, as a strategic crop, plays a critical role in the nation's food security. This research aimed to compare different algorithms
to increase the accuracy of modeling rainfed wheat yield using artificial neural networks at the field scale. For this purpose, a
combination of two datasets, including remote sensing indicators and climatic data for 61 farms, was used as input to the
models. The southern regions of the Lake Urmia Basin were selected as the case study area. An artificial neural network (ANN)
model, serving as the base model, and metaheuristic algorithms, including the Reptile Search Algorithm (RSA) and the Firefly
Algorithm (FFA), were employed to enhance ANN training accuracy. The input data included the Normalized Difference
Vegetation Index (NDVI), the Infrared Percentage Vegetation Index (IPV1), and five climatic parameters: totgl precipitation,

of 0.189 ton.ha'! during the test stage, outperforming the ANN-RSA model, which yielded an R2 of 0.
0.190 ton.ha. Both algorithms reduced the rainfed wheat yield simulation error index by an a
result, the ANN-FFA hybrid model improved the accuracy of simulating rainfgd wheat yield, whic eso@BieS its use and
evaluation in other similar areas for a comprehensive understanding.

EXTENDED A@TRAC

Introduction

In the recent years, artificial intellig
employed in agricultural research due to their
problems. Among the most well-kngn and wid
Network (ANN), which effectively njginages intricg® nonlinear relationships and interactions
between variables. However, in certg Ses, N model has demonstrated suboptimal
performance in predictive tasks, rgising coerns regarding their reliability (Kayhomayoon et

euristic algorithms have been extensively utilized
recently years t‘“timiz he accuracy of standalone models such as ANN,
Adaptive Neuro-igzzyylnfeggpce Systems (ANFIS), and Support Vector Regression (SVR)
(Milanetal., 2021). T

examples of such
tasks. In pa i

techniques have been increasingly
jlity to address complex and nonlinear
used models is the Artificial Neural

ristic methods that have proven their effectiveness in optimization
ust prediction models, remote sensing technologies have emerged as
cost-effective an urate alternatives to traditional methods for agricultural yield estimation
and m i ecially for rainfed wheat. In recent years, researchers have increasingly
integrate ote sensing indices with meteorological parameters to improve yield prediction
accuracy fOr rainfed crops.

Materials and Methods

This study aimed to simulate and predict rainfed wheat yield across 61 farms in the
counties of Oshnavieh, Piranshahr, and Nagadeh, situated in the southern part of West
Azerbaijan Province, Iran, near Lake Urmia. The data covered 2005-2006 to 2024-2025,
corresponding to the rainfed wheat growing season from early October to late July, obtained
from the West Azerbaijan Agricultural Jihad Organization. The two main datasets were:
regional meteorological data and remote sensing vegetation indices. Among the vegetation
indices, the Normalized Difference Vegetation Index (NDVI) and the Infrared Percentage



Vegetation Index (IPVI1) were specifically selected to evaluate vegetation cover in the studied
area. These datasets served as input variables for the modeling framework. VVegetation indices
were extracted using satellite imagery processed in the Google Earth Engine (GEE) platform.
For the period from 2006 to 2012, Landsat 5 imagery was used, while Landsat 8 imagery was
employed for the period from 2013 to 2024. Initially, the datasets were integrated and modeled
with an Artificial Neural Network (ANN). To improve accuracy, two metaheuristic
optimization algorithms -the Reptile Search Algorithm (RSA) and the Firefly Algorithm
(FFA)- were applied to optimize the models. Ultimately, two hybrid models, ANN-RSA and
ANN-FFA were developed for predicting rainfed wheat yield.

Results and Discussion

Based on the study findings, the input variables for the model included total p
mean minimum temperature, and average temperature, along with the remote sen

testing phase, further gains were observed, with R? increas
respectively. Notably, the Firefly Algorithm, despite its relati
to RSA, yielded superior predictive performance,gchievi

of 0.189 ton.ha™' and an R? value of 0.758. Ove
configurations, demonstrating that combini
enhances yield prediction accuracy. This highlNgats th

models to support data-driven decisions in 3

conditions.

Timely and accurate crop yield Pregietion is essential for policymakers to effectively
mitigate climate-relatgglimpacts ad maxi@#ize agricultural products. One of the key outcomes
of this study was the develgpment ust predictive model that integrates meteorological
parameters an ote ser@ng indices within an intelligent hybrid machine learning
framework for foreca fed wheat yield. The proposed model demonstrated promising
predictive capabilifies, lighting the potential of combining artificial intelligence with
environme gricultural forecasting. A major advantage of such hybrid models is
their independen m the need for detailed physical information about the study area often
costly, time-c ing, or practically infeasible to acquire in many regions. As a result, this
approacrs a cost-effective and scalable solution for yield estimation, particularly in
resource- ed settings. Utilizing readily available meteorological and satellite data reduces
the need for extensive field surveys and enhances the feasibility of regional yield predictions,
especially in resource-limited areas.

agriculture, especially under rainfed
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