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Abstract 
Sales forecasting is particularly important for retail managers to estimate achievable 
sales revenue and improve business strategies. In this study, Holt-Winters exponential 
smoothing model was applied to forecast the sales based on previous monthly sales data 
in a department store. The hierarchical agglomerative clustering was applied to group 
categories in similar sales pattern fore better forecasting at an aggregated level. R 
programming language is implemented to process data and perform analysis based on 
288 monthly sales from a department store for the period of January 2019 to December 
2021. The results can help department managers to make better operational plan and 
marketing strategies. 
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1. Introduction 

Retail is a dynamic and competitive industry that different categories in the same retailer with 
different promotional plan in different periods. It is critical for managers to have the ability to 
predict sales of different categories so that the operation department can improve supply chain 
and increase inventory turnover. With proper forecasting solutions, marketing managers can 
optimize sales planning and better understand the customers’ purchase behavior. A wide range 
of time series forecasting model take trends, cycles and seasonal pattern into consideration. In 
this study, Holt-Winters exponential smoothing model is applied to forecast future monthly 
sales in a department store based on previous sales data.  
A department store is a large retail establishment offering a wide selection of merchandise 
include but not limited to apparel, housewares, domestic goods and sporting goods. With the 
development of data mining technology, the cluster analysis is frequently applied in large-scale 
retail sectors. Clustering is the process of gathering similar objects into groups. Hierarchical 
agglomerative clustering analysis is applied to divide categories with similar sales pattern to 
help forecast the demand at an aggregated level. The result is displayed as a tree with merging 
process and intermediate clusters.  
In general, the marketing manager make annual promotional plan of a department store goes 
through two stage. First, the manager need to make prediction of the sales in each category for 
the next year. Second, the manager need to figure out which are the categories with similar 
sales pattern among the year. The objective of this study is to forecast the sales for the next year 
and cluster these categories into groups for marketing planning. 
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2. Methodology  

2.1. Data Description 
The retail data is monthly sales data of a multi-category retailer, with 6 floors and size of 20000 
m2. It is a shopping mall located in Zhuhai, Guangdong. This retailer belongs to a national chain 
in China and it offered a broad range of products with around 180 brands which included 8 
major categories:(1)women’s clothing, (2)men’s clothing, (3)children’s clothing, (4)cosmetics, 
(5)gold jewellery, (6)shoes, (7)sports and (8)leisure. The sales data include the monthly 
revenue of each category from January, 2019 to December, 2021. R version 4.2 is used for 
statistical analysis and visualizations. 

2.2. Holt-Winters Exponential Smoothing Model 
In this study, Holt-Winters exponential smoothing model was applied since seasonality and 
trend are important factors in apparel sales. The exponential model is one of the most common 
models to predict future time series. Holt-Winters model is a triple exponential model applied 
both trend and seasonality when handling seasonal data. Historical data is applied to estimate 
future demand. This method in exponential model is written as: 
 

Holt-Winters model: Yt = level + slope *t + st + irregulart                            (1) 
 
Yt  is the estimated of variable at the time t, st is the seasonality factor, irregulart is the random 
error component. 
This model has three corresponding smoothing parameters included level(alpha), trend(beta) 
and seasonality(gamma). Alpha measured the weight of each observations as time goes back. 
Beta measure the change of the slope component over time and gamma measure the change of 
the seasonal component over time. 
The accuracy of this model is measured by ME (mean error), RMSE (residual mean square 
error), MAE (mean absolute error), MPE (mean percentage error), MAPE (mean absolute 
percentage error) and MASE (mean absolute scaled error). 

2.3. Holt-Winters Exponential Model for Sales Prediction 
Makatjane and Moroke (2016) compared Seasonal ARIMA and Holt-Winters model in 
forecasting the car sales in South Africa[5]. The result supported that Holt-Winters model is 
more precise in short-term seasonal forecast. Moreover, Tirkes, Guray and Celebi (2017) 
forecasted the demands of jam and sherbet product by Trend Analysis, Decomposition and 
Holt-Winters models based on the series of monthly sales[6]. The estimation of decomposition 
and Holt-Winters models had lower MAPE which means a higher accuracy. Similarly, Holt-
Winters exponential smoothing was applied as a suitable prediction model to forecast the sales 
data of down jacket store (Li,2019)[4].  

2.4. Hierarchical Agglomerative Clustering 
Clustering is a popular tool to group homogeneous items into subsets and hierarchical 
clustering is grouped base on the similarity of two items in a bottom-up fashion. There are 
basically two types of algorithms, agglomerative and partitioning. Hierarchical agglomerative 
clustering is more suitable for small size sample analysis so it is applied to this study. In 
agglomerative algorithms, the most similar 2 items or clusters merged together at a time until 
there is one cluster. There are several method to compute distance between clusters. “Average 
linkage” was applied in this study because it relatively less sensitive to outlier. 
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2.5. Hierarchical Agglomerative Clustering for Marketing 
Huber, Gossmann and Stuckenschmidt (2017) conducted research about the bakery chain by 
using ARIMA models and cluster analysis to forecast daily demand for production planing at 
store level and regional level[2]. Hung, Lien and Ngoc (2019) analyzed Credit cards data to 
group customers into different categories by applying hierarchical agglomerative clustering 
algorithm[3]. Bala(2010) purposed that the performance of clustering could be evaluated 
based on total sales in consumer relationship management[1].  

3. Findings and Discussion 

3.1. Findings based on Holt-Winters Exponential Smoothing Model  
Holt-Winters exponential smoothing model is applied to forecast the sales of each category in 
the department store by R code “ets()” and “forecast()”. Apart from the model for “cosmetics” 
sales forecasting, the alpha value of remaining models is close to 0 which means more weight 
is given to observations from the more distant past. All nine models have a small value of beta 
and gamma around 0.0001 which means that seasonal component and slope component are 
hardly changes over time. These result shows that for the sales are relatively easy to forecast 
due to the strong trend and seasonality. 
For the accuracy of the model, training set of each categories have RMSE values ranged from 
0.2 to 0.7 which means the model is relatively reasonable to apply. The forecasting result is 
shown Table1.  
 

Table1. Monthly Forecasting Revenue using Holt-Winters exponential smoothing model 
Next Year  Women Men Gold Shoes Sport Children Leisure Cosmetics Total 

Jan 10,006,561  6,483,810  6,126,260  4,164,115  3,805,128  2,237,970  851,468  285,305  27,401,933  

Feb 1,346,376  750,345  942,178  424,871  233,057  129,763  80,232  121,622  5,058,127  

Mar 5,652,340  2,578,450  6,500,255  2,636,706  1,917,186  599,347  248,103  351,067  18,338,154  

Apr 5,120,728  2,585,636  4,291,173  2,613,084  1,523,203  766,588  402,299  202,263  16,194,297  

May 7,896,145  3,703,409  5,745,369  3,869,893  2,491,756  1,630,191  329,740  294,985  22,520,866  

Jun 5,266,803  3,340,891  4,467,132  2,683,890  1,854,511  723,120  243,256  273,056  17,056,533  

Jul 6,874,978  2,480,719  5,211,073  3,027,750  1,957,573  1,067,233  271,713  240,886  20,138,555  

Aug 7,322,941  2,862,852  7,051,442  3,328,771  1,954,049  1,400,970  298,725  345,115  22,268,305  

Sep 5,940,511  2,498,502  5,968,635  2,798,005  1,842,012  749,339  247,822  246,361  17,588,686  

Oct 6,730,760  3,933,547  6,431,372  2,417,684  2,383,358  1,784,824  269,153  303,289  22,971,517  

Nov 15,998,889  8,231,063  11,879,336  5,270,582  4,213,889  3,320,266  544,043  390,159  44,582,321  

Dec 8,672,000  5,679,953  6,536,257  4,012,575  3,045,180  1,768,298  464,619  205,858  25,890,747  

 
In general, the sales came to the bottom in February and reached a new high in November. The 
sales of women’s clothing made up the largest proportion of total revenue in this department 
store. Apart from February, the sales of gold jewellery ranked 2 among remaining seven 
categories. For women and men apparel, the highest sales volume showed in November and 
followed by January. The sales of gold jewellery , sport apparel and children apparel fluctuated 
around the year with a peak in November. 

3.2. Findings based on Hierarchical Agglomerative Clustering  
Hierarchical agglomerative clustering is a clustering method by analysis the “distance” between 
the observed values. The observed values would be merged or split once in this clustering 
algorithms. In this study, this department store has eight categories (women’s clothing, men’s 
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clothing, children’s clothing, cosmetics, gold jewellery, shoes, sports and leisure) and each 
category started as a single-element cluster. Clusters helped the managers to figure out the 
groups of categories with similar sales patterns. 
The clustering is calculated based on the Euclidean distance of similarity. Two most similar 
clusters are grouped into a new bigger cluster until all categories are in their own cluster. The 
monthly sales data had been standardize to make them comparable before performing 
subsequent analysis. Euclidean distances were computed as the results of distance between 
categories. The “average” linkage is one of the most common linkage method which defined 
distance as the average distance between the elements in two clusters. In this study, the 
“average” agglomeration method was applied to create the hierarchical tree. A dendrogram is 
produced by using hclust() method with plot() from “flexclust” package in R and the result is 
shown in Figure 1 below. 
 

 
Figure 1. Average-Linkage Clustering 

 
The cluster dengrogram is a structure that describes the similarity between variables. First of 
all, each category was a single cluster at the base of the dengrogram. Then, “shoes” and 
“men” ,”sport” and “children”, “cosmetics” and “leisure” were combined into their cluster and 
connected by a line. The length of the line between the data represents the similarity between 
the data which means that “sport” with “children” has a higher affinity than “cosmetics” with 
“leisure”. 

3.3. Discussion 
This study shows that women’s clothing and gold jewellery are two of the most important 
categories in this department store which accounted for around half of the total revenue. The 
largest promotional plan should be arranged in November with all categories involved. Gold 
jewellery could be in special offer in the first quarter and “sport” with “children” could be in 
special offer in the second quarter. 

4. Summary and Conclusion  

The main goal of this research was to propose an approach from data processing to 
visualization using timer series sales data for forecasting to provide meaningful information for 
strategic planning. Monthly sales data used was obtained from the researcher’s previous 
working experience covering the period January 2019 to December 2021. This study applied 
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Holt-Winters model to predict apparel sales in a department store as it was applied successful 
in similar settings. Hierarchical agglomerative clustering algorithm was applied to group 
subsets among eight categories. When one category is promoted or discount, the sales of the 
other category in the subset appear similar effect. 
For further studies in retail industry, similar research can be conducted based on individual 
brands by daily sales data in the department store. With considering the effect of weekend and 
holiday, more accurate sales prediction can be made. Moreover, hierarchical clustering can be 
applied to subset variable brands in the same categories so that the operational managers can 
better understand each brand and the marketing manager can come up suitable concrete 
promotional plans. 
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