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Abstract. Retail sales forecasting plays a crucial role in inventory management, 

marketing planning, and supply-chain optimization, and the choice of model 

directly influences how well retailers respond to demand volatility, promotions, 

and seasonal patterns. With the growing complexity of retail sales forecasting, 

the use of machine learning models for data analysis has become increasingly 

important. This study reviews relevant literature to summarize the performance 

of XGBoost and Random Forest in retail sales forecasting, and analyzes the 

effectiveness of hybrid models combining these two algorithms. XGBoost 

features high prediction accuracy, effective regularization to mitigate overfitting, 

and strong capability in modeling nonlinear relationships and imbalanced data. 

Random Forest demonstrates high stability, robustness to noise, and excellence 

in feature importance analysis. Hybrid models combining XGBoost and Random 

Forest achieve more accurate and reliable forecasting results than single models. 

This study provides practical guidance for model selection in retail sales 

forecasting. In future work, more competitive hybrid models will be further 

explored and evaluated. 

Keywords: Retail Sales Forecasting, XGBoost, Random Forest, Hybrid Model, 

Machine Learning. 

1 Introduction 

Retail sales forecasting is one of the most essential tasks in the retail industry. By 

predicting future sales, retailers get the opportunity to adjust and optimize inventory 

management according to the prediction result, ensure marketing resources allocation, 

improve staffing planning, and achieve sustainable business development. With the 

rapid development of machine learning, sales forecasting has evolved from simple 

methods in statistical terms to advanced predictive models. As the need of prediction 

result becomes complex and multi-dimensional, it should construct a model that 

combines dynamic daily factors and static store characteristics. 
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Among lots of prediction models, XGBoost has been widely recognized as a 

powerful model for retail sales forecasting. Sun states that XGBoost incorporates 

regularization terms in its objective function to reduce overfitting, enhance 
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generalization, improve training robustness, and handle data noise effectively in 

regression prediction tasks [1]. Agarwal demonstrates that XGBoost outperforms other 

common models (including Random Forest) in retail sales forecasting, excelling at 

modeling complex nonlinear relationships and achieving higher prediction accuracy 

and generalization ability [2]. Fatima et al. compared Random Forest and XGBoost 

across various tasks, finding that XGBoost generally outperforms Random Forest in 

handling complex nonlinear relationships, missing values, and imbalance data, making 

it a more accurate choice for retail sales forecasting [3]. 

While XGBoost model is widely regarded as state-of-the-art for structured data 

prediction tasks, Random Forest also has a wide-spread impact. The analysis of 

Random Forest and XGBoost for retail sales prediction by Andrabi et al. shows that 

both models achieve high accuracy, with only a small performance gap between them, 

confirming Random Forest as a competitive choice [4]. Rohaan et al.’s B2B sales 

forecasting study found Random Forest significantly outperformed other models, 

confirming its high effectiveness for retail sales forecasting applications [5]. Klionskiy 

et al. demonstrated that Random Forest can effectively estimate feature importance, 

eliminate redundancy, and improve the accuracy of feature selection and analysis [6]. 

Tabak and Alp found that Random Forest achieved the highest accuracy across all data 

periods and performs well with limited or imbalanced data [7]. 

Although XGBoost and Random Forest have shown competitive performance 

respectively, relying solely on one model cannot achieve optimal prediction results. For 

this reason, recent studies have focused on hybrid approaches that fuse the two models 

to further improve forecasting accuracy. Ezeilo et al. stated that hybrid machine 

learning models integrate the advantages of different algorithms to deliver more stable 

and accurate forecasts in complex retail environments [8]. Islam et al. proposed a hybrid 

RF-XGBoost-LR model that combines the strengths of individual algorithms and 

outperforms single models in sales prediction [9]. Li et al. proposed a two-layer RF-

XGBoost hybrid model that outperforms single models and effectively handles 

complex, high-dimensional, and heterogeneous sales data [10]. Ismail et al. verified 

that a stacking ensemble combining Random Forest, XGBoost, and SVM yields higher 

prediction accuracy than single models in sales forecasting [11]. 

This study reviews relevant studies to demonstrate the impact of XGBoost and 

Random Forest in retail sales forecasting, and then introduces the advantages of hybrid 

models combining XGBoost and Random Forest. 

2 Comparison of XGBoost and Random Forest Applications in 

Retail Sales Forecasting 

2.1 XGBoost in Retail Sales Forecasting 

Gradient Boosting Decision Tree (GBDT) is a traditional ensemble learning algorithm 

based on the boosting framework, which constructs predictive models by iteratively 

training weak decision trees. As an optimized and improved version of GBDT, 

XGBoost has become one of the most widely used tree-based models in recent years. 
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Furthermore, Sun claimed that XGBoost introduces additional regularization terms in 

the objective function to control model complexity, which can effectively reduce 

overfitting and improve generalization performance [1]. Meanwhile, it can increase the 

robustness of model training, which allows it to adjust to a variety of challenging 

regression prediction tasks, and reduce the interference caused by data noise. 

In a study of retail sales forecasting, the XGBoost algorithm demonstrated 

significant improvements over traditional forecasting methods across multiple product 

categories [12]. Compared with the original method which achieved an average MAE 

of 1.30 and RMSE of 1.94, the XGBoost model reduced the average MAE to 0.92 and 

RMSE to 1.27, representing an accuracy improvement of 29.23% and 34.54%. The 

results showed strong alignment between predicted and actual sales values, confirming 

the efficacy of XGBoost in capturing complex sales patterns and enabling daily sales 

forecasts instead of only monthly predictions. 

As Agarwal reported, XGBoost showed its outstanding capability in modeling 

complex nonlinear relationships and feature interactions within retail sales data [2]. Due 

to features’ meticulous design, precision preprocessing techniques, thorough model 

evaluation and hyperparameter optimization, XGBoost achieved a test accuracy of 

97.20%, which was higher than Random Forest, decision trees and linear regression 

models. It also obtained lower RMSE and MAE, showing better prediction accuracy 

and generalization ability. 

Fatima et al.’s study has compared the performance of Random Forest and XGBoost 

across various machine learning tasks [3]. It showed that XGBoost outperforms 

Random Forest, especially in handling imbalanced data, missing values, and complex 

non-linear relationships in most scenarios. Despite being tree-based methods, they 

differ widely in how they address important issues with real-world data. With its 

gradient boosting framework, XGBoost performs better when handling complex non-

linear relationships, missing values, and class imbalance. In both regression and 

classification tasks, it outperforms Random Forest in terms of prediction errors and 

accuracy by using regularization and iterative error correction to minimize overfitting. 

Random Forest, on the other hand, is less effective in situations with imbalanced data 

or complex patterns since it depends on bagging and tree diversity, which makes it 

easier to deploy. These findings demonstrate that XGBoost is a more accurate choice 

for forecasting retail sales, where data frequently includes missing values, seasonal 

variations, and a variety of influencing factors. 

2.2 Random Forest in Retail Sales Forecasting 

While XGBoost model is widely regarded as state-of-the-art for structured data 

prediction tasks, Random Forest also has a wide-spread impact. Consistent with the 

mainstream view that gradient boosting models often outperform bagging methods on 

structured data, XGBoost generally achieves higher accuracy than Random Forest in 

retail sales forecasting tasks. In a comparative analysis of machine learning algorithms 

for retail sales prediction by Andrabi et al., both models were evaluated using a real-

world dataset, and the results showed that while XGBoost achieved a slightly higher 

test accuracy of 0.9834, Random Forest still obtained a competitive accuracy of 0.9732 
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[4]. The small performance gap of only 0.0102 between the two models indicates that 

Random Forest can deliver strong and reliable results, even when compared to the state-

of-the-art boosting model. 

Rohaan et al. conducted a comparative study of machine learning algorithms for B2B 

sales forecasting and found that Random Forest achieved the highest precision 

compared with Gradient Boosting Classifier and Logistic Regression [5]. At the 99% 

confidence level, the study confirmed that Random Forest performed significantly 

better than Gradient Boosting Classifier, with the confidence interval of their 

performance difference not containing zero. Random Forest, even with a minor 

accuracy disadvantage in some cases, remains a highly effective choice for retail sales 

forecasting applications. 

According to the study by Klionskiy et al., the random forest classifier is a meta-

estimator that can refine the results of correlation analysis and improve the accuracy of 

the final feature set [6]. The authors used ExtraTreesClassifier, ExtraTreesRegressor, 

and RandomForestClassifier to estimate feature importance for twelve features. Among 

these methods, RandomForestClassifier can clearly identify which features are 

important and which are redundant. The researchers noted that by recognizing feature 

importance, removing redundant features, evaluating dependencies between features, 

and handling nonlinear relationships, Random Forest can effectively enhance analytical 

accuracy. 

This phenomenon can be explained by the inherent characteristics of Random Forest. 

As discussed in the comparative analysis by Jin, Random Forest is the least likely model 

to overfit to noisy data and outliers, which are prevalent in retail sales data due to 

promotional events and seasonal fluctuations [13]. In contrast, XGBoost’s iterative 

boosting mechanism is more prone to overfitting when hyperparameters are not 

carefully tuned. 

In the study by Tabak and Alp, they used sales data from 284 stores of a major retail 

company in Turkey and evaluated Random Forest, XGBoost, and Gradient Boosting 

with four macro-averaged performance metrics [7]. They divided the data into three 

groups: pre-pandemic, pandemic, and the combined period to examine whether changes 

in consumer behavior caused by the pandemic affected model performance. The final 

results showed that Random Forest achieved the highest accuracy in all three groups, 

at 97.67%, 97.66%, and 98.91% respectively. Tabak and Alp noted that RF not only 

performs well with limited or imbalanced data but also benefits from flexible tuning 

strategies [7]. 

2.3 Hybrid Models Combining XGBoost and Random Forest 

As mentioned earlier, both XGBoost and Random Forest have respective advantages in 

retail sales forecasting, and each performs differently under various conditions. 

Therefore, some researchers have proposed hybrid models that combine the two 

algorithms. As stated by Ezeilo et al., hybrid machine learning models are developed 

to integrate complementary strengths of different algorithms [8]. Such models can 

effectively capture complex patterns in consumer behavior, promotional impacts, 

seasonal changes, and multi-channel characteristics in dynamic retail environments. By 
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combining different ensemble methods, hybrid approaches overcome the shortages of 

single models and achieve more stable and accurate predictions. They exhibit better 

performance in common evaluation metrics, making them more suitable for practical 

and complicated retail forecasting scenarios. 

Islam et al. introduced a hybrid model called RF-XGBoost-LR [9]. In this 

framework, Random Forest is used to reduce variance and prevent overfitting, while 

XGBoost improves prediction accuracy and reduces training error. Using data from 45 

stores and 99 departments across various regions in the United States over a three-year 

period, they compared the error metrics and goodness-of-fit between single models and 

the hybrid model. Experimental results show that the RF-XGBoost-LR model achieved 

lower MSE and MAE values as well as the highest R² score. According to Islam et al., 

this hybrid model not only overcomes the inherent limitations of individual models but 

also achieves superior performance across multiple evaluation metrics [9]. 

Li et al. demonstrated the superior performance of the hybrid Random Forest and 

XGBoost model in sales forecasting [10]. The team conducted experiments using 

agricultural product sales data from a supermarket in China from 1 July 2020 to 30 June 

2023. In the first layer, Random Forest was adopted to generate initial predictions and 

calculate the corresponding residuals. Then, hierarchical clustering was applied to 

classify the characteristics of the residuals and generate residual clustering features. In 

the second layer, XGBoost was employed to learn from these residual clustering 

features and output correction terms. The final forecasting result was obtained by 

summing the initial prediction of RF and the correction prediction of XGBoost. The 

experimental results showed that the proposed RF-XGBoost model outperformed 

standalone models in all evaluation metrics, including MAE, MSE, RMSE, MAPE, and 

R², and also achieved competitive performance compared with other RF-based hybrid 

models. Li et al. argued that the RF-XGBoost hybrid framework can not only be good 

at processing high-dimensional features with complex interaction relationships and 

handling nonlinear and heterogeneous data, but also compensate for the shortcomings 

of individual models in automatically capturing temporal trends, seasonality, and time-

series dependencies [10]. 

This is also supported by the study of Ismail et al. [11]. They combined Random 

Forest, XGBoost, and SVM and constructed a stacking ensemble model. By using the 

stacked generalization ensemble technique, several models were trained on 

supermarket sales records, and their predictions are combined with the help of another 

model. The experimental results show that the stacking ensemble model achieved the 

best R² value of 0.9990, as well as lower MAE and MSE metrics compared with 

standalone models. Ismail et al. claimed that ensemble methods, especially Stacking, 

significantly improve prediction accuracy compared with single models [11]. 

3 Conclusion 

In summary, XGBoost and Random Forest have their respective advantages in retail 

sales forecasting, and their hybrid models integrate complementary strengths while 

addressing individual limitations. XGBoost offers strong generalization ability, 
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effective regularization to reduce overfitting, and superior performance in modeling 

complex nonlinear relationships, imbalanced data, and noisy retail datasets. In contrast, 

Random Forest provides high stability, robustness to outliers, reliable feature 

importance analysis, and consistent performance across diverse data scenarios. Hybrid 

models combining XGBoost and Random Forest overcome the inherent limitations of 

single models. Whether constructing a stacking ensemble model or using hierarchical 

prediction with residual correction and summation, these hybrid approaches 

significantly improve forecasting accuracy. These findings confirm the great value of 

prediction models and their hybrid structures in supporting data-driven decision-

making for retail operations. This study only analyzes several hybrid models, which is 

limited in quantity. In future study, more competitive hybrid models need to be 

explored and evaluated. 
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