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Abstract

Crop yield prediction is essential for agricultural planning, food security, and economic stability,
particularly in the face of climate variability. This research paper explores the application of linear
regression to predict maize crop yields based on environmental factors such as rainfall and temperature.
Using synthetic data representative of real-world scenarios, we develop a multiple linear regression
model that achieves a high R-squared value of 0.984, indicating strong predictive power. The model
highlights the positive influence of both rainfall and temperature on yield. Limitations and future
enhancements, including integration with more advanced machine learning techniques, are discussed.
This study contributes to accessible predictive modeling for small-scale farmers.

Keywords: Accuracy, linear regression, food security, predictive models, feature extraction, data
models; sustainable development, regression models, agricultural advancement, data preprocessing

Introduction

Agriculture remains a cornerstone of global economies, especially in developing countries
where it supports livelihoods and food supplies. Accurate prediction of crop yields enables
better resource allocation, risk management, and policy-making. Traditional methods often
rely on historical averages or expert judgment, but data-driven approaches like regression
analysis offer more precision.

Linear regression, a fundamental statistical technique, models the relationship between
dependent variables (e.g., crop yield) and one or more independent variables (e.g., weather
parameters). It assumes a linear relationship, making it simple, interpretable, and
computationally efficient. This paper focuses on using linear regression for maize yield
prediction, drawing from environmental data to  simulate real-world
applications.researchgate.netijsret.com

Maize is chosen as the crop of interest due to its global significance and sensitivity to climatic
factors. The study uses rainfall (in mm) and temperature (in °C) as predictors, as these are
commonly correlated with yield outcomes. The objective is to demonstrate linear regression's
efficacy while acknowledging its limitations in capturing non-linear effects.

Literature Review

Ali, et al. (2023) 14 thief paper author determined data mining involves the analysis of large
datasets to extract meaningful information and patterns. In agriculture, data mining
technologies are applied to various types of data, including agronomical, genomic, and
meteorological data. This information helps in making precise and efficient decisions related
to crop management practices such as irrigation, fertilization, and pest control. Machine
learning, spike and slab regression analysis, and time-series analysis are some of the methods
used to process agricultural data, enabling predictive analytics and better resource management
Murugan R, et al. (2020) @ numerous studies have applied regression models to crop yield
prediction. For instance, a multivariate regression analysis on global crop yields using
parameters like insecticides, rainfall, temperature, and yield achieved an R-squared of 0.71
with linear regression, suggesting moderate explanatory power but room for improvement with
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ensemble methods. Another approach employed linear
regression alongside random forest models, finding that linear
methods provide interpretable baselines for comparative

analysis.
Gupta I, (2023) [¢1, Research on wheat yield prediction using
hyperspectral data incorporated decision tree-based

regressions, but linear models served as benchmarks. An
interaction regression model introduced non-linear terms to
enhance accuracy, reporting improved predictions over
standard linear approaches. Clusterwise linear regression has
been proposed for small farms, emphasizing localized
modeling. These works underscore linear regression's role as
a foundational tool, often combined with feature selection to
mitigate multicollinearity. Data sources like FAOSTAT and
World Bank Climate portals are frequently utilized,
highlighting the importance of reliable datasets.

Methodology

Data Collection and Preparation

For this study, synthetic data was generated to mimic real-
world maize vyield scenarios. The dataset includes 10
observations with features: rainfall (mm), temperature (°C),
and vyield (tons/ha). This data represents hypothetical
measurements from a single growing season, with rainfall
ranging from 70 to 150 mm and temperature from 21 to 31
°C. Yields vary accordingly from 35 to 75 tons/ha.

In practice, data could be sourced from repositories like
FAOSTAT for yield and insecticides, or World Bank for
climate variables. Preprocessing would involve handling
missing  values, normalization, and checking for
multicollinearity using Variance Inflation Factor.

Model Description
Multiple linear regression models the vyield (Y) as:
Y=BO+B1-X1+p2-X2+¢

Where,

* PO is the intercept,

« Bl and P2 are coefficients for rainfall (X1) and
temperature (X2),

« eistheerror term.

The model is fitted using ordinary least squares (OLS) to
minimize the sum of squared residuals. Implementation was
done in Python using NumPy for matrix operations.

Training and Evaluation

The design matrix X includes a column of ones for the
intercept. Coefficients are solved via NumPy's Istsq function.
Model performance is evaluated using R-squared, which
measures the proportion of variance explained by the
predictors.

Results

The fitted model yields the following coefficients:
e Intercept: -25.80

o Rainfall coefficient: 0.197

e Temperature coefficient: 2.266

This implies that for every additional mm of rainfall, yield
increases by 0.197 tons/ha, holding temperature constant.
Similarly, each °C increase in temperature boosts yield by
2.266 tons/ha.

The R-squared value is 0.984, indicating that 98.4% of the
variability in yield is explained by the model. Residual
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analysis showed low errors, with predictions closely aligning
to actual values.

_IRainfall |Temperature| Actudl |Predicted '
Observation (mm) (°C) yield Yield | Observation
(tons/ha) | (tons/ha)
1 100 25 50 50.22 1
2 120 28 60 61.72 2
3 80 22 40 39.92 3
4 150 30 70 71.92 4
> 90 24 45 46.32 5
6 110 26 55 55.02 6
7 130 29 65 65.92 7
8 70 21 35 35.72 8
9 140 31 75 72.12 9
10 % 23 48 45.02 0
Discussion

The high R-squared suggests linear regression is suitable for
this dataset, where relationships appear linear. However, real-
world data may include non-linearities or interactions (e.g.,
excessive rainfall leading to flooding), which could reduce
accuracy. Compared to more complex mode.ls like random
forest (R-squared up to 0.95 in similar studies), linear
regression offers better interpretability but may underperform
in heterogeneous environments.

Limitations include the use of synthetic data and omission of
factors like soil quality or pesticides. Future work could
incorporate these via expanded multivariate models or hybrid
approaches.

Conclusion

Linear regression provides a robust, straightforward method
for crop yield prediction, as demonstrated by our model's
strong performance. By leveraging accessible data and simple
computations, it empowers farmers and policymakers.
Integrating with real-time climate data could further enhance
its utility for sustainable agriculture.
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