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The cultivation of big onions forms a critical part
of Sri Lanka’s agriculture-based economy. However, the
industry struggles with a challenge of supply and demand
discrepancies, in addition to a high reliance on imports.
This study proposes a machine learning-based predictive
model to forecast production levels of big onions with a
view to enhancing farmers’ and policymakers’ decision-
making processes. Utilizing historical data from the De-
partment of Census and Statistics and various institu-
tions, a number of regression techniques including Linear
Regression, Decision Tree, Random Forest, and Gradient
Boosting were implemented to forecast production levels.
The effectiveness of these methods was compared using
Mean Absolute Error (MAE), Root Mean Squared Error
(RMSE), and R? score. It was revealed that with a set of
defined hyperparameters, the Random Forest algorithm
provides the best predictions with a score of 78.20 percent
R2 The developed model has been deployed as a user-
friendly web application using Streamlit and FastAPI, thus
making it easier for stakeholders to use. This study forms a
stepping stone to further application in using data-driven
methods to enhance production forecasting in agriculture.
Further studies may focus on expanding the dataset and
using sophisticated deep learning methods to achieve even

better results.
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I. INTRODUCTION

Agriculture is an important sector in the Sri Lankan econ-
omy, contributing around 8 percent of the GDP [5]. The
big onion is an important agricultural commodity with high
demand and great economic value. However, its cultivation
faces significant challenges, including limited land, water
scarcity, and the need to balance development objectives with
environmental sustainability. Low productivity levels and poor
market prices have negatively affected the income of farmers,
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threatening their long-term sustainability. As a result, local
production is not enough to meet market demand, leading to
significant yearly imports [6]. The major challenge in supply
chain management of big onions comes from a lack of a strong
forecasting approach to provide effective predictions in terms
of production quantities. Statistical methods in use lack ro-
bustness to effectively capture complex relationships between
agronomic and environmental factors that determine produc-
tion levels. However, machine learning methods offer a viable
alternative to enable more accurate, data-driven predictions.
The aim of this study is to create a predictive model that brings
into use historical production records, environmental factors,
and machine learning techniques to forecast production of big
onions. The results from this study aim to improve decision
making in production planning and stabilization in markets by
policymakers, farmers, and agribusiness stakeholders.

II. LITERATURE REVIEW

A multitude of research has explored the use of machine
learning techniques in predicting agricultural results. Amaras-
ingha et al. [1] considered impacts from climate change to
agriculture in Sri Lanka and emphasized the importance of
predictive modeling. Sabaragamuwa et al. [2] presented a thor-
ough review of storage requirements relevant to big onions,
suggesting a call for improved production management strate-
gies. Thennakoon and De Silva [3] considered opportunities
for big onion producers in markets and explained intricacies
involved in supply and demand fluctuations. Recent studies,
such as those by Wickramarathne and Chandrasekara [4] and
have applied time series forecasting methods to forecast prices
of different commodities. Overall, these studies reinforce the
essential call for accurate forecasting models for unique crops
and environmental factors.

III. METHODOLOGY
A. Data Collection

The dataset utilized in this study was collected from the
Department of Census and Statistics and various institutions.



It includes records spanning a period of 25 years and has vari-
ables such as total production in metric tons, cultivation area
in hectares, average temperature in the atmosphere, relative
day and night-time humidity, and rainfall. These factors are
critical in understanding production patterns and developing a
strong predictive model.

B. Data Pre-processing

To uphold data integrity, pre-processing included median
imputation for numeric and mode imputation for categori-
cal attributes, thus reducing bias. Outlier detection helped
in reducing the impact of extreme values, whereas feature
scaling using the StandardScaler enabled data normalization
for effective model training.Categorical features, including the
cultivation area and season, were transformed using one-hot
encoding to make them compatible with the algorithms used.

C. Model Development

There were four machine learning algorithms attempted on
big onion production prediction. The baseline was a Linear
Regression. The Decision Tree Regression resulted in data
hierarchies but in overfit. The best performance was achieved
through Random Forest due to better feature interaction han-
dling. The Gradient Boosting was also attempted but was
worse than Random Forest in both MAE and R? scores.

D. Model selection and evaluation

The models were validated using MAE, RMSE, and R?
score. A split in the original dataset to 70:30 provided poor
performance, and a split to 80:20 was resolved to enhance ac-
curacy. The final Random Forest model, with hyperparameter
optimization using GridSearchCV, had a highest score in R2.

E. Deployment Strategy

The final model was deployed using FastAPI for API
integration and Streamlit for web-based access. This allows
agricultural stakeholders to input relevant climatic and agro-
nomic parameters and receive production forecasts in real
time.

IV. RESULTS AND DISCUSSION

Fig. 1 shows a comparison of performance displayed by
all developed models with a focus on increased effectiveness
displayed by the Random Forest model.

Model MAE RMSE R?

LR 846.32 1815.75 84.79
DT 1188.3 3704.04 36.70
RF 821.38 2173.78 78.20
GB 887.85 2417.96 73.02

Fig. 1: model performance (80:20 split).

Fig. 2 shows a feature importance ranking and thus
confirming cultivation extent, temperature, and relative hu-
midity to be the key factors affecting production predic-
tions. Use of a user-friendly interface allows easy ac-
cess by stakeholders and thus improves decision-making
from a data perspective in onion production in Sri Lanka.

This system ensures accurate
prediction of Sri Lankan big
onion production, thus ensuring
constant assessments of produc-
tion needs. Through production-
level prediction, the system helps
in determining consumer needs
as well as identifying possible
imbalances between demand and
supply. For instance, if the pre-
dicted production is lower dur-
ing a given period (i.e., March
through May), policymakers can
take pre-emptive action, e.g.,
stimulating imports or augment-
ing domestic cultivation pro-
grams, in ensuring the stability of
the marketplace while guarantee-
ing food security.

0.8 1

Importance Score
o o o o o
w A o @ 3

e
~

o
.

e
°
Year

Extent
Air Temp(Mean)
Rainfall

Relative Humidity-N
Relative Humidity-D

Fig. 2: Most influencing
features

V. CONCLUSION AND FUTURE
WORKS

This study developed a Random Forest-based model to
predict big onion production in Sri Lanka, aiding planning
despite limitations like missing soil data and complexity.
Future work should include more agronomic factors, advanced
methods, and broader crop coverage.
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