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ABSTRACT 
Accurate sales forecasting is essential for effective decision-making in the retail sector, particularly for large-scale operations like 

Walmart. This study aims to build a robust machine learning model to predict weekly sales for Walmart stores using historical data 

from 2024 to 2025. The model incorporates key features such as temperature, fuel price, Consumer Price Index (CPI), unemployment 

rate, and holiday indicators to enhance forecasting accuracy. Advanced machine learning algorithms, including Linear Regression, 

Decision Trees, Random Forest, XGBoost, and Neural Networks, are employed to train and validate the model. Performance is 

assessed using evaluation metrics such as Mean Absolute Error (MAE), Mean Squared Error (MSE), and R² Score. The primary 

goals of this research are to support data-driven decision-making, optimize inventory management by minimizing stockouts and 

overstock scenarios, and improve business efficiency through better planning and resource allocation. The study demonstrates how 

predictive analytics can be leveraged to enhance strategic sales operations and profitability in the retail industry. 
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INTRODUCTION 
In the highly competitive and data-driven landscape of modern retail, accurate sales forecasting is a critical component for ensuring 

operational efficiency and strategic planning. Retail giants like Walmart operate on a massive scale, managing thousands of stores, 

vast product categories, and fluctuating consumer demand influenced by a range of external and internal factors. Anticipating future 

sales trends enables retailers to optimize inventory levels, plan promotions, allocate resources efficiently, and enhance customer 

satisfaction by avoiding stockouts and overstocks. 

 

Traditional statistical models, while useful, often struggle to capture the complex, non-linear relationships in large retail datasets. 

The rise of machine learning (ML) has introduced more sophisticated and adaptive approaches to predictive analytics. Machine 

learning models are capable of learning intricate patterns from historical data and adjusting to dynamic market conditions, making 

them highly suitable for retail sales forecasting. 

 

This study focuses on developing a robust machine learning framework to predict weekly sales for Walmart stores using historical 

data from 2024 to 2025. The dataset includes important features such as temperature, fuel prices, unemployment rates, the Consumer 

Price Index (CPI), and holiday indicators, all of which have potential impacts on consumer behaviour and sales performance. By 

applying advanced machine learning algorithms including Linear Regression, Decision Trees, Random Forest, XGBoost, and Neural 

Networks the study aims to identify the most effective techniques for accurate sales prediction. 

 

The ultimate goal is to enable data-driven decision-making that can support Walmart’s efforts in inventory optimization, resource 

planning, and strategic sales management. The insights gained from this research can serve as a valuable guide for implementing 

predictive analytics in large-scale retail environments. 

 

REVIEW OF LITERATURE 
Brownlee (2020), Brownlee’s research stressed the importance of feature engineering and data pre-processing in improving the 

accuracy of machine learning models. He discussed various techniques such as holiday flagging, rolling statistics, and the integration 

of economic indicators, which have proven to be highly effective in boosting model performance. 
 

Rangapuram et al. (2018), Rangapuram et al. introduced Deep AR, a probabilistic forecasting model using RNNs, demonstrating 

its effectiveness in producing accurate sales predictions with well-calibrated uncertainty estimates. 
 

Smyl (2020), Smyl proposed an innovative hybrid model combining exponential smoothing with deep learning, which won the M4 

forecasting competition due to its superior performance on various time series datasets. 
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Chen & Guestrin (2016), Chen and Guestrin introduced XGBoost, an efficient and scalable gradient boosting framework that has 

been widely applied to sales prediction problems. Their research highlighted the ability of XGBoost to handle non-linear 

relationships and provide feature importance metrics, making it highly suitable for sales forecasting tasks where complex 

interactions between variables are present. 
 

Qin et al. (2017), Qin and colleagues explored the use of Recurrent Neural Networks (RNNs) and Long Short-Term Memory 

(LSTM) networks for time series forecasting. Their study demonstrated that LSTM networks are particularly effective in capturing 

sequential dependencies in sales data, leading to more accurate predictions compared to traditional statistical models. 
 

OBJECTIVES 
1. To develop a robust machine learning model that accurately predicts weekly sales for Walmart stores using historical data 

from 2024 to 2025. 

2. To identify and analyse key influencing factors such as temperature, fuel prices, CPI, unemployment rate, and holiday 

indicators that impact sales performance. 

3. To compare the performance of various machine learning algorithms including Linear Regression, Decision Trees, Random 

Forest, XGBoost, and Neural Networks for time-series forecasting. 

4. To evaluate model performance using standard metrics such as Mean Absolute Error (MAE), Mean Squared Error (MSE), 

Root Mean Squared Error (RMSE), and R² Score. 

5. To enhance inventory and resource planning strategies by providing accurate sales forecasts that minimize stockouts and 

reduce overstocking. 

 

MACHINE LEARNING TECHNIQUES 
In this study, several machine learning algorithms were employed to predict weekly sales for Walmart stores using historical data. 

The first model used was Linear Regression, a basic yet effective technique that establishes a linear relationship between the input 

variables and the target output. Although it serves as a strong baseline, its inability to capture non-linear relationships can limit its 

predictive accuracy. To address this limitation, a Decision Tree Regressor was utilized, which splits the dataset into branches based 

on feature values, enabling it to model complex patterns. However, decision trees can over fit the training data if not carefully 

regulated. 

 

To enhance performance and reduce overfitting, the Random Forest Regressor was applied. As an ensemble method, it builds 

multiple decision trees and combines their results to improve accuracy and generalization. It also provides insights into feature 

importance, aiding in the understanding of key sales drivers. Another powerful algorithm used was XGBoost (Extreme Gradient 

Boosting), which builds decision trees sequentially, correcting the errors of previous trees. XGBoost is known for its high accuracy, 

speed, and ability to handle large datasets with regularization techniques to control overfitting. 

 

Neural Networks, particularly Multilayer Perceptron’s (MLP), were explored due to their ability to learn complex non-linear 

patterns. These models consist of input, hidden, and output layers and are particularly suited for capturing intricate relationships in 

data, though they require significant computational resources and are less interpretable. For time series modelling, Long Short-Term 

Memory (LSTM) networks may also be considered, especially in future work, as they are well-suited for learning temporal 

dependencies in sequential data. Each model’s performance was evaluated using standard metrics such as Mean Absolute Error 

(MAE), Mean Squared Error (MSE), and the R² score to determine its effectiveness in sales prediction. 

 

MODEL EVALUATION 
To assess the effectiveness of each machine learning model in predicting weekly sales for Walmart stores, a set of standard 

evaluation metrics was employed. These include Mean Absolute Error (MAE), Mean Squared Error (MSE), and the Coefficient of 

Determination (R² Score). These metrics provide a comprehensive understanding of model accuracy, error magnitude, and the ability 

to explain variance in the data. 

 

MAE measures the average magnitude of errors in a set of predictions, without considering their direction. It provides a 

straightforward interpretation of how far predictions are from actual values, making it useful for comparing model performance. 

MSE, on the other hand, penalizes larger errors more heavily by squaring the differences between predicted and actual values. This 

makes it sensitive to outliers, offering insights into whether a model occasionally makes large mistakes. R² Score explains the 

proportion of variance in the dependent variable that can be predicted from the independent variables. A score close to 1 indicates 

a model that fits the data well. 

 

Each model Linear Regression, Decision Tree, Random Forest, XGBoost, and Neural Networks was trained on a training dataset 

and tested on a separate validation set to avoid overfitting. The models were fine-tuned using hyper parameter optimization 



 
 

SJIF Impact Factor (2025): 8.688| ISI I.F. Value: 1.241| Journal DOI: 10.36713/epra2016          ISSN: 2455-7838(Online) 

EPRA International Journal of Research and Development (IJRD) 
Volume: 10 | Issue: 5 | May 2025                                                                    - Peer Reviewed Journal 

       
 

2025 EPRA IJRD    |    Journal DOI:  https://doi.org/10.36713/epra2016      | https://eprajournals.com/ |219 | 

techniques such as grid search and cross-validation to improve performance. Among the models tested, ensemble methods like 

Random Forest and XGBoost consistently delivered the best results across all evaluation metrics. These models demonstrated high 

R² scores and lower MAE and MSE values, indicating strong predictive power and generalization capabilities. In contrast, simpler 

models like Linear Regression showed higher error values, reflecting their limitations in capturing complex, non-linear relationships 

in the data. 

 

This evaluation process not only identified the most accurate model but also provided valuable insights into model strengths and 

limitations, guiding future improvements and practical deployment in retail sales forecasting systems. 

 

BUSINESS IMPLICATIONS FOR WALMART 
The findings of this study have significant business implications for Walmart, especially in the areas of operational efficiency, 

strategic planning, and customer satisfaction. Accurate sales prediction allows Walmart to optimize inventory management, ensuring 

that each store maintains the right amount of stock at the right time. This reduces the risk of stockouts that can lead to lost sales and 

overstocking those results in excess holding costs. With reliable forecasts, Walmart can also improve demand planning and 

workforce scheduling, aligning staffing levels with expected customer traffic.  

 

Predictive insights can guide targeted marketing and promotional strategies, helping the company allocate resources effectively 

during peak seasons, holidays, or regional events. From a financial perspective, better sales forecasting enhances profitability by 

minimizing waste, improving cash flow, and supporting more accurate budgeting. Moreover, the implementation of machine 

learning models empowers Walmart to adopt a data-driven culture, where decisions are backed by predictive analytics rather than 

intuition. Ultimately, these advancements contribute to a more responsive and customer-centric retail operation, reinforcing 

Walmart’s position as a global retail leader. 

 

PAIRPLOT OF KEY NUMERICAL FEATURES 

 

The pair plot displayed above provides a visual summary of the relationships between three key numerical features such as sales 

amount, temperature, and unemployment rate. Each diagonal plot shows the distribution of a single variable. For example, the sales 

amount follows a bell-shaped (normal) distribution, indicating that most sales values are centred around a certain range with fewer 

extreme values. Temperature also shows a similar distribution, while the unemployment rate appears to be more uniformly spread. 

The scatter plots off the diagonal show how each pair of variables relate to one another. 

 



 
 

SJIF Impact Factor (2025): 8.688| ISI I.F. Value: 1.241| Journal DOI: 10.36713/epra2016          ISSN: 2455-7838(Online) 

EPRA International Journal of Research and Development (IJRD) 
Volume: 10 | Issue: 5 | May 2025                                                                    - Peer Reviewed Journal 

       
 

2025 EPRA IJRD    |    Journal DOI:  https://doi.org/10.36713/epra2016      | https://eprajournals.com/ |220 | 

 The scattered, unpatterned distribution of points in these plots suggests that there is no strong or clear relationship between any two 

variables. In simple terms, the plot shows that changes in temperature or unemployment rate do not significantly influence the sales 

amount. Overall, the variables appear to be mostly independent of each other based on this visual analysis. 

 

ACTUAL VS PREDICTED 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Improved R² Score: 0.9741 

Improved RMSE: 2360.08 

The plotted graph compares actual versus predicted sales values across different dates, highlighting the performance of an improved 

machine learning model. The two lines blue for actual sales and orange for predicted sales track closely with each other, indicating 

strong model accuracy. This visual alignment is quantitatively supported by an improved R² score of 0.9741, which means that 

approximately 97.41% of the variance in actual sales is explained by the model. Furthermore, the Root Mean Squared Error (RMSE) 

of 2360.08 indicates that, on average, the predicted sales deviate from the actual values by only around 2360 units, which is relatively 

low compared to the scale of sales values seen on the graph. Together, these metrics and the visual plot confirm that the model has 

achieved a high level of accuracy and reliability in predicting sales figures over time. 

 

FEATURE IMPORTANCE 

 

 

 

 

 

          

 

 

 

 

 

 

 

 

 

 

 

  The bar chart displays the top 10 most important features based on their F scores in a predictive model, likely a tree-based model 

like XGBoost. The most influential feature is Sales_Rolling_Mean_3, indicating that the average sales over the past 3 days 

significantly contribute to accurate predictions. This is followed closely by Sales_Lag_1 and Sales_Lag_2, showing that sales from 

one and two days ago also play a crucial role. Sales_Rolling_Mean_7 ranks fourth, suggesting that a 7-day sales average also adds 

meaningful predictive power. Features such as Temperature, Unemployment_Rate, CPI, and Fuel_Price have moderate importance, 
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implying that macroeconomic and external factors influence sales but to a lesser extent than past sales trends. Store_ID and Day 

have the lowest importance scores, indicating minimal impact on the model's predictions. Overall, the chart emphasizes that 

historical sales data is the most powerful driver of forecasting performance in this model. 

 

RESULT 
The results of this study indicate that advanced machine learning models can significantly enhance the accuracy of weekly sales 

predictions for Walmart stores. Among the various algorithms evaluated, ensemble methods such as Random Forest and XGBoost 

outperformed others, achieving superior performance metrics. The XGBoost model, in particular, demonstrated a high R² score of 

0.9741 and a low RMSE of 2360.08, signifying that the model could explain over 97% of the variance in sales and produced only 

minor deviations from actual values. Visual comparisons between actual and predicted sales confirmed this high accuracy, as the 

predicted values closely tracked real sales trends. Feature importance analysis revealed that historical sales metrics such as 

Sales_Rolling_Mean_3, Sales_Lag_1, and Sales_Lag_2 were the most influential predictors, while external factors like temperature, 

CPI, and fuel price had moderate effects. Overall, the study successfully demonstrates that machine learning, particularly tree-based 

and ensemble techniques, can offer valuable predictive insights to optimize inventory, enhance decision-making, and improve 

operational efficiency in large-scale retail environments like Walmart. 

 

CONCLUSION 
This study demonstrates the power of leveraging advanced machine learning algorithms for accurate sales forecasting in Walmart’s 

retail operations. By analyzing historical data from 2024 to 2025 and incorporating critical features such as temperature, fuel prices, 

CPI, unemployment rate, and holiday indicators, the research successfully developed predictive models capable of producing highly 

reliable weekly sales estimates. Among the models tested, ensemble methods like Random Forest and XGBoost showed superior 

performance, with the XGBoost model achieving an impressive R² score of 0.9741 and a low RMSE of 2360.08. The analysis further 

highlights the significance of lag and rolling mean features from past sales, confirming that historical sales trends are the most 

influential predictors. The outcomes of this study hold substantial business value for Walmart, offering actionable insights for 

optimizing inventory, enhancing demand planning, and improving overall operational efficiency. Ultimately, this research reinforces 

the role of machine learning as a transformative tool in driving data-driven decision-making and maintaining a competitive edge in 

the retail industry. 
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