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A B S T R A C T

This study investigates the impact of promotional timing on fresh and frozen product sales during holiday periods 
within the supermarket sector. Using a comprehensive dataset from an Austrian retail chain, spanning six years 
and over 19 million transaction lines, the research highlights the critical interplay between promotional stra
tegies, consumer purchasing behavior, and product perishability. The findings reveal that pre-holiday pro
motions are particularly effective for fresh products such as fruits, vegetables, meat, and fish, leveraging 
consumer urgency due to store closures and perishability. In contrast, frozen products exhibit more stable sales 
patterns, with less pronounced effects from promotional timing due to their suitability for stockpiling. The 
analysis emphasizes the importance of tailored promotional strategies. Five key implications emerge: the ne
cessity of timing promotions for fresh products to capitalize on consumer urgency, the reduced sensitivity of 
frozen products to promotional timing, the effectiveness of promotions for high-frequency items in driving sales 
and traffic, the importance of customizing promotions by product type and leveraging deal intensity, and the 
critical role of accurate forecasting to minimize waste, particularly for frozen goods. These insights contribute to 
both theoretical understanding and practical strategies, offering retailers actionable recommendations to 
enhance sales performance, optimize inventory management, and reduce wastage during holiday periods. The 
study also highlights avenues for future research, including product-level analyses and the exploration of con
sumer behavior across different holiday types.

1. Introduction

Sustainable growth in the competitive retail market requires a pro
found understanding of sales dynamics, influenced by both internal and 
external factors. While external conditions such as market trends and 
public holidays shape consumer behavior, internal factors like pricing 
and promotional strategies are under a retailer’s control and critical for 
maximizing revenue (Bolton and Shankar, 2003). Among these strate
gies, price promotions and holiday-related shopping behaviors have 
been identified as key levers for driving sales performance (Oh and 
Kwon, 2009; Dede suleman et al., 2024). Promotions such as price dis
counts or bundled offers have demonstrated significant potential to 
encourage spontaneous purchases, boost store traffic, and increase 
revenue (Bhatt et al., 2024). They account for over a quarter of total 
revenue for many consumer goods companies (Gauri et al., 2017). At the 

same time, these strategies can influence consumption patterns and help 
retailers manage inventory, particularly for perishable goods, by 
reducing waste and increasing product turnover (Calvo-Porral et al., 
2017). Therefore, retailers usually use a range of in-store promotions, 
such as temporary price reductions or multiunit discounts, to bring 
customers into their stores (van et al., 2017). These promotions are not 
only designed to increase store traffic but also to convert them into 
actual sales (Buyukdag et al., 2020) While most research highlights the 
positive impact of promotions on sales, certain conditions can lead to 
unintended negative effects, where price promotions may actually 
hinder sales performance (Kim, 2024).

However, the timing of promotions adds complexity to this 
approach, especially during public holidays when shopping behaviors 
shift dramatically due to store closures and heightened demand for es
sentials (Jiang et al., 2021; Zhang et al., 2020). Public holidays present 
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both opportunities and challenges for retailers. On the one hand, these 
periods typically see a surge in sales as consumers stock up for store 
closures or festive celebrations (Hirche et al., 2021). On the other hand, 
the unpredictable nature of holiday demand – further driven by external 
factors such as seasonal trends and promotional campaigns - requires 
accurate sales forecasting and strategic promotional planning (Moraes 
et al., 2020). Timing promotions effectively can make the difference 
between a successful sales boost and suboptimal results. Promotions 
during peak shopping periods, such as the days leading up to a holiday, 
can result in significant sales increases, as consumers’ routines and be
haviours shift during these periods, leading to increased demand and 
making pre-holiday promotions an effective retail strategy (Fritz et al., 
2010; Du et al., 2024). In contrast, promotions during off-peak times 
may need more effort to achieve the same effect (Keller et al., 2019). 
Hence, the strategic placement of promotions around holidays can 
improve their effectiveness (Hansen et al., 2018). Understanding the 
optimal timing for discounts requires analyzing customer behavior 
patterns and sales data across different periods (Johnson et al., 2013).

The role of promotional timing becomes even more pronounced 
when considering product perishability. Fresh products, such as fruits, 
vegetables, meat, and fish, face unique challenges during holidays due to 
their shorter shelf lives and increased demand associated with store 
closures (Chung et al., 2013; van Donselaar et al., 2016). Pre-holiday 
promotions for such products can significantly influence consumer 
behavior, as shoppers tend to purchase more in preparation for periods 
when stores are inaccessible (Hirche et al., 2021; Fritz et al., 2010). 
Conversely, frozen goods, with their extended shelf lives, follow 
different consumer purchase patterns, often driven by stockpiling 
behavior regardless of promotional activity (van et al., 2017; van Don
selaar et al., 2016). Understanding these divergent dynamics is essential 
for retailers to tailor their strategies effectively.

While prior research has examined the impacts of discounts and 
holiday shopping patterns individually (e.g. (Zhang et al., 2020; Bolton 
and Shankar, 2003), limited attention has been given to the interaction 
between these two factors. Furthermore, the differential effects of pro
motional timing on fresh versus frozen products remain underexplored 
(Calvo-Porral et al., 2017; Chung et al., 2013). Addressing this gap is 
crucial not only for maximizing sales performance but also for mini
mizing waste and optimizing inventory management, particularly dur
ing high-demand periods like holidays (Teller et al., 2018; Moraes et al., 
2020).

The central research question driving this study is: “How does the 
timing and intensity of promotions around public holidays influence 
consumer purchasing behavior and sales outcomes for fresh and frozen 
products in the supermarket sector?” This question addresses the critical 
interplay between promotional strategies, consumer behavior, and 
product perishability, focusing on the unique dynamics of holiday- 
related shopping periods. Our analysis emphasizes not only the differ
ences in consumer behavior across product types but also the strategic 
importance of aligning promotional timing with shopping patterns 
during critical periods like public holidays. This research focuses on the 
Austrian retail context, where supermarkets remain closed on public 
holidays and Sundays, creating unique consumer behaviors around 
stockpiling and pre-holiday purchases. To address these questions, the 
study utilizes a robust dataset comprising daily sales records from a 
leading supermarket chain in Austria, spanning from 2016 to 2021. The 
data covers two key product categories - fruits and vegetables, and meat 
and fish - further divided into fresh and frozen subcategories. By 
examining promotional effectiveness across these categories, the study 
highlights actionable insights for retailers to optimize their strategies 
during holiday periods.

The remainder of the paper is structured as follows: Section 2 pro
vides an overview of the relevant research background, detailing the 
theoretical and empirical foundations of promotional strategies and 
holiday effects. Section 3 outlines the research methodology, including 
the data collection, cleaning, and analytical approaches. Section 4

presents the results, showcasing how promotional timing and product 
perishability impact sales outcomes. Finally, Section 5 discusses the 
implications of the findings, offering practical recommendations for 
retailers and theoretical contributions to the field.

2. Background

The study of pricing and promotional strategies in retail markets has 
garnered significant attention due to their profound impact on consumer 
behavior and sales performance. Promotions are a powerful tool for 
businesses to boost sales (Buyukdag et al., 2020). They not only attract 
customers by offering incentives but also help build loyalty, generate 
interest, and involve intermediaries in the value chain (Alexandrescu 
and Milandru, 2018). Despite their critical role in influencing consumer 
purchasing behavior (van et al., 2017) poorly framed promotional offers 
can backfire, leading to distrust and reduced purchase intentions (Bhatt 
et al., 2024). The effectiveness of promotions varies across businesses 
and market conditions (Hitsch et al., 2021). Retailers typically adopt one 
of two approaches: either aggressively responding to competitors’ price 
changes or ignoring them altogether. These pricing practices often differ 
across product categories. For instance, perishable products like meat 
are more influenced by direct supermarket competition, while frozen or 
dry groceries are shaped by broader market factors (Binkley and Connor, 
1998). Historically, grocery retailers have employed pricing strategies 
such as Every Day Low Pricing (EDLP) or High-Low Pricing at the store 
or chain level (Bolton and Shankar, 2003). However, shifts in consumer 
behavior, intensifying competition, and advancements in technology 
have led to more sophisticated approaches. This evolution is particularly 
evident among online grocers, who increasingly adopt algorithmic 
pricing to automate their strategies, a method traditionally used in in
dustries like airlines, ride-hailing, and online marketplaces for durable 
goods (Aparicio et al., 2024). To navigate these challenges, retailers 
increasingly rely on category management, treating product groups as 
distinct business units. A deep understanding of consumer behavior and 
the shopper journey is now critical for crafting effective strategies and 
maintaining competitiveness (Pascucci et al., 2022). Recent advance
ments in data analytics and machine learning have provided retailers 
with tools to optimize promotional strategies, offering new opportu
nities to align promotions with consumer behavior during high-demand 
periods (Jiang et al., 2021; Falatouri et al., 2022; Nasseri et al., 2023).

The literature on promotions explores various dimensions. Johnson 
et al. (2013) developed an optimization model for temporal discounts, 
which increased profits by 18–40 % compared to traditional discounting 
methods. Buyukdag et al. (2020) found that specific discount patterns 
enhance purchase intentions by creating perceptions of value, though 
their effectiveness varies across consumer segments and product types. 
Similarly, Hitsch et al. (2021) revealed that the effectiveness of price 
reductions and promotions depends on market conditions, with product 
quality often moderating these effects (Setiawan and Warganegara, 
2024). Research has also highlighted the relative effectiveness of 
different promotion types, with discounts generally outperforming other 
methods in influencing purchasing decisions (Suleman et al., 2024). 
Furthermore, while increasing the overall frequency of promotional 
events can enhance profitability, tailored pricing strategies for specific 
SKUs allow for customized promotions that leverage their unique at
tributes (Phumchusri et al., 2024).

Other studies have examined the timing of promotions. For example, 
Julian et al. (2024) analyzed e-commerce discount strategies and 
showed that consumer behavior is influenced by product type, timing, 
and individual preferences (Julian et al., 2024). Timing becomes 
particularly critical during holidays, which represent a unique oppor
tunity for retailers to increase sales. Especially in markets like Austria, 
where public holidays and Sunday store closures significantly impact 
consumer shopping patterns, understanding the role of promotional 
timing is particularly crucial. Holidays disrupt the structured routines of 
the workweek (Huttenlocher et al., 1992) and encourage non-work 
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activities that affect emotional and behavioral patterns (Fritz et al., 
2010). This weekend effect impacts consumption habits, with mood 
shifts altering decision-making and leading to distinct shopping behav
iors (Du et al., 2024), as well as online shopping habits (Yao et al., 2023). 
Strategically timed promotions during these periods can significantly 
boost household spending (Oh and Kwon, 2009). Hirche et al. (2021)
found that external factors like temperature variations and holidays 
correlate with increased sales, such as higher alcoholic beverage sales 
during warmer holiday periods. Similarly, Ramasami et al. (2023)
demonstrated that factors like fuel prices, holidays, and weather 
significantly impact Walmart sales (Ramasami et al., 2023).

Over the years, various theoretical frameworks have tried to clarify 
how business strategies, such as promotional timing, shape consumer 
decision-making and purchase intentions, offering distinct yet comple
mentary insights into the effectiveness of pre- and post-holiday pro
motions. Cialdini’s (2001) scarcity principle proposed that perceived 
rarity enhances desirability, suggesting that pre-holiday promotions for 
fresh products like fruits, vegetables, meat, and fish succeed because 
store closures and perishability create urgency, driving significant sales 
increases. In contrast, Prospect Theory (Kahneman and Tversky, 1979) 
argued that consumers evaluate outcomes relative to a reference point, 
with greater sensitivity to losses than gains, this explains why the po
tential loss of not securing fresh goods before holidays outweighs the 
gain of discounted frozen items, which consumers can store up later, 
resulting in weaker promotional responses. Mental Accounting Theory 
(Thaler, 1985) complemented this by emphasizing “transaction utility,” 
where the psychological pleasure of a deal boosts pre-holiday product 
sales. Temporal Construal Theory (Liberman and Trope, 1998) further 
refines this, proposing that near-future events, like imminent holidays, 
amplify the immediate appeal of fresh product promotions and 
future-oriented frozen purchases. Conversely, the Model of Focusing on 
Economic Choice (Kőszegi and Szeidl, 2013) suggests consumers fixate 
on standout features like discounts, which may explain promotion suc
cess across both categories on normal days, though its effect is less 
pronounced for frozen items pre-holiday due to stockpiling tendencies. 
Finally, the Framework of Family Responses to Resource Scarcity 
(Hosany and Hamilton, 2022) highlights how situational scarcity, such 
as holiday closures, shifts consumption priorities, reinforcing fresh 
product demand before holidays but stabilizing frozen sales regardless 
of timing. Comparing these frameworks, scarcity and temporal construal 
dominate for fresh products, where urgency and immediacy align with 
holiday-driven behavior, while prospect theory and mental accounting 
better explain the muted response of frozen goods, where Loss sensi
tivity and deal perception are tempered by longer shelf life. Together, 
these theories provide a multidimensional lens, revealing why 
pre-holiday promotions are particularly effective for perishable items, 
while frozen products exhibit resilience to timing due to differing con
sumer motivations. Based on this theoretical foundation, we expect that 
pre-holiday promotions will be especially effective for fresh products, 
driven by urgency and perceived scarcity, while frozen products may 
show more stable purchase behavior, less affected by timing. Further
more, transaction utility and promotion visibility may play a stronger 
role on regular days, regardless of perishability. These frameworks 
therefore offer valuable interpretive guidance for understanding po
tential differences in consumer reactions across product categories and 
holiday contexts, which we will explore in the empirical analysis.

Despite substantial research on the individual effects of discounts 
and holiday shopping behavior, a significant gap remains in under
standing how promotional timing around holidays influences sales. Most 
studies focus on either discounts or holidays but rarely explore their 
interplay. Additionally, there is limited research comparing the effec
tiveness of promotions across different periods - before and after holi
days versus regular days - or examining how product perishability 
affects consumer responses to promotions. Addressing this gap is vital as 
it provides actionable insights for optimizing promotional strategies to 
enhance sales and reduce waste. Several studies highlight the 

importance of timing in promotions. Chung et al. (2013) used simulation 
models to show that early discounts on perishable goods can boost sales 
and reduce waste when supply exceeds demand. Similarly, van Donse
laar et al. (2016) analyzed a large dataset of perishable products and 
found that substitution effects, where consumers switch between similar 
items, are critical. Franckle et al. (2023) conducted randomized 
controlled trials for a 2-for-1 price incentive on fruits and vegetables, 
demonstrating its feasibility and high consumer adoption (Franckle 
et al., 2023). These findings underscore the importance of aligning 
promotional strategies with consumer behavior and product character
istics. An overview of literature relevant to this study is summarized in 
Table 1.

Despite extensive research on various aspects of pricing and pro
motional strategies, significant gaps remain in understanding the 
nuanced dynamics of promotional effectiveness, particularly when 
factoring in timing and product perishability. Most studies focus on 
either promotions or external events, such as holidays, but rarely 
examine their interaction or the impact of temporal factors on sales 
performance. Moreover, research comparing the effectiveness of pro
motions across different periods—before holidays, after holidays, and 
regular shopping days—remains scarce. The influence of product char
acteristics, especially perishability, on consumer responses to pro
motions is similarly underexplored. Addressing these gaps is vital for 
optimizing promotional strategies to improve sales outcomes and 
minimize waste. This study builds on existing literature by analyzing the 
role of promotional timing for fresh and frozen goods during holiday 
periods. The context of Austrian retail operations, where public holidays 
and Sunday closures strongly influence shopping behavior, provides a 
unique opportunity to examine how these dynamics shape consumer 
purchasing patterns. By exploring the interplay between promotional 
timing, product characteristics, and consumer behavior, this research 
offers actionable insights that can inform more targeted, effective, and 
sustainable retail practices.

3. Research methodology

The dataset utilized in this study consists of sales data from January 
2016 to June 2021 for two main groups of products, including “Fruit and 
Vegetables” and “Meat and Fish.” each group is divided into two cate
gories fresh and freezer types. To be more precise, we analyze the dif
ferences in customer purchase behavior among “Freezer Fruits and 
Vegetables,” “Fresh Fruits and Vegetables,” “Freezer Meat and Fish,” 
and “Fresh Meat and Fish.” The data was obtained from the respective 
company and represents over 19 million customer receipt lines, detail
ing individual product purchases and daily sales transactions across 63 
stores. These data encompass daily sales figures, promotion status, and 
holiday status. To have a better understanding of the data, Fig. 1 dis
plays the daily store value share across all product categories. Each bar 
represents the proportion of sales for a particular category as a per
centage of the store’s total daily quantity. This figure shows that dairy”, 
“Fresh Fruits and Vegetables” and “Snacking” are the sales leaders; the 
four selected categories in this research (highlighted bars) contribute to 
20 % of the total daily sale value of stores.

Prior to analysis, the sales data underwent thorough cleaning pro
cesses. Negative sale values (returned items) and sales data related to 
tourist areas occurring on federal holidays and Sundays were removed to 
ensure data accuracy and consistency. We also removed the sale value 
related to March 13–14, 2020, when Austria’s first lockdown was 
announced, because it caused an abnormal jump in sales.

Then, we aggregated store sales data on the level of product. to 
standardize the data for comparative analysis for products with different 
scales (kilogram or pieces), normalization procedures were applied 
based on formulas (1). 

Normalized value=
(x − Min)

(Max − Min)
(1) 
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Table 1 
Literature background overview.

Paper Focus Scope Features Product group Method Holiday/Event type Promotion type Data

Oh and Kwon 
(2009)

Effect of promotion during a holiday 
season.

Online & 
offline retail

Promotions, consumer 
characteristics, spending in store 
and internet channels

Holiday 
merchandise

Statistical analysis Christmas season Discounts, 
markdowns

Survey

Waterlander et al. 
(2012)

Effect of promotion on healthy foods 
and the saved money on less healthy 
foods.

Grocery 
retail

Price, discounts, product category, 
participants characteristic, 
expenditure

Fruits and 
vegetables

Simulation – Discounts Simulation

Chung et al. 
(2013)

Effect of promotion timing on sales 
volume, wastage and inventory aging

Grocery 
retail

Dynamic pricing, inventory levels 
and shelf-life durations

Dairy, Baked 
Goods, Fresh Meat, 
Seafood

Simulation – Discounts Simulation

Johnson et al. 
(2013)

Customized temporal discounts model 
to maximizes profits for retailers/ 
manufacturers

Grocery 
retail

Household purchase timing, brand 
choice, discounts, coupons

Laundry detergent, 
ketchup, yogurt

Optimization – Discounts, 
Coupons

Stores sale data

van Donselaar 
et al. (2016)

Effect of promotion on sales and forecast 
promotional demand

Grocery 
retail

discounts, time-to-consume, sales, 
categorization of products

Desserts, dairy 
drinks, cold cuts 
and salads

Moving average, 
regression models

– Discounts Weekly stores 
sales in 
Netherland

Gauri et al. 
(2017)

Effect of promotion on store traffic, 
sales, and profits

Grocery 
retail

percentage discount (depth), 
number of items discounted 
(breadth), store traffic, sales, profit, 
category characteristics

FMCG Regression MemorialDay, 
Independence Day, Labor 
Day, Thanksgiving

Discounts Weekly stores 
sales in USA

Keller et al. 
(2019)

Promotion response difference between 
event and non-event times

Grocery 
retail

Category-event fit, brand equity, 
advertising, clutter, price 
promotion response

Food, beverages, 
personal care, 
household care

Hierarchical linear 
model

Skating, soccer, summer & 
winter Olympics, 
Eurovision, Christmas, 
Easter

Discounts Retail sales in 
Netherland

Buyukdag et al. 
(2020)

Effect of promotion on consumers Cloth retail Survey based data Sports footwear Manipulation check 
test

– Discounts Survey

Hirche et al. 
(2021)

Effect of holiday and daily temperature 
on sales

off-trade 
retail

Holiday, daily temperature, 
beverage type, sale

Alcoholic 
beverages

SARIMAX Events like New Year’s 
Day, Super Bowl, 
Valentine’s Day, etc.

– Weekly retail 
sales in USA

Kirci et al. (2022) Effect of promotion, inventory, direct 
delivery, order variations, order cycle, 
case size cover, quality issues and sales 
on spoilage of product

Grocery 
retail

Inventory, promotions, direct 
delivery, order variations, order 
cycle, case size cover, quality 
issues, sales

Fresh fruits and 
vegetables

Fixed effects, random 
effects, and ordinary 
least squares

– Discounts Daily stores 
sales in 
Netherland

Franckle et al. 
(2023)

Effect of 2-for-1 price incentive 
implementation on sales

Grocery 
retail

Sales, participant & retailer 
perceptions, use of loyalty card, 
redemption

frozen and canned 
fruits and 
vegetables

Randomized 
controlled trial

– 2-for-1 price 
promotion

Survey, sales 
data

Ramasami et al. 
(2023)

Effect of holidays, Average temperature, 
fuel price and unemployment rate on 
customer behavior and forecast

Grocery 
retail

Sales data, temperature, fuel price, 
unemployment rate, and holiday

FMCG Visualization Events like New Year’s 
Day, Super Bowl, 
Valentine’s Day, etc.

– Weekly stores 
sales in USA

Bhatt et al. (2024) Effect of promotion on consumers 
reactions

Consumer 
goods

Promotion-induced reactance, 
transaction value, acquisition 
value, purchase intention

Shirts, blenders, 
body wash, pencils

Experiments – Must buy x, 
bundle of x

Survey

Suleman et al. 
(2024)

Effect of promotion on consumer 
purchase behavior

Grocery 
retail

Promotions, consumer purchase 
behavior

FMCG Linear regression, 
statistical test

– 2-for-1 price, 
discounts free 
samples, coupon

Survey

Setiawan and 
Warganegara 
(2024)

Effect of price, promotion and product 
quality on sales

Cloth retail Price, promotion and product 
quality, sales volume

Textile Linear regression, 
statistical test

– – Textile 
company sales, 
Survey

Thies et al. (2024) Effect of promotion and color 
preferences on consumer willingness to 
pay for beef

Grocery 
retail

Beef color levels, prices, survey, 
discount stickers

Beef steaks Discrete Choice 
Experiment, Mixed 
Logit

– Discounts Survey
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Finally, we calculated the average of normalized daily sales on the 
level of four product categories, including “Freezer Fruit and Vegeta
bles,” “Fresh Fruit and Vegetables,” “Freezer Meat and Fish,” and “Fresh 
Meat and Fish.” Fig. 2 displays data collection procedure.

Each date has a status label based on promotion availability on that 
day as well as its holiday status. Promotion status can be either 0, 
without promotion, or 1, with promotion. Holiday status can have three 
values, which can be a normal day, before the holiday, and after the 
holiday (0,-1,1, respectively). Therefore, the data is categorized with the 
following status tags: Before Holiday without Promotion (− 10), Before 
Holiday with Promotion (− 11), Normal Day without Promotion (00), 
Normal Day with Promotion (01), After Holiday without Promotion 
(10), and After Holiday with Promotion (11).

For the purpose of this article, we compare the product categories 
pairwise for two groups “Fruit and Vegetables” and “Meat and Fish”. In 
each group, fresh and freezer types will be compared with each other.

Table 2 provides key summary statistics, including the average, 
count, standard deviation (STDV), and median on six status levels for 
each category.

Fig. 3 displays a graphical representation of the distribution of the 
dataset, where a boxplot of normalized sales of selected categories by 
their status is provided. This boxplot illustrates a visual summary of the 
spread and central tendency of product sales, while also highlighting 
any potential outliers. As it is shown, boxes related to status with pro
motions in almost all categories are less compact, indicating that sales 
figures are more spread out, with a broader range of values. This sug
gests that sales during promotion campaigns may fluctuate significantly, 
with larger differences in sales volumes from one period to another. For 
the category Fresh Fruits and Vegetables, the difference is not as visible 
as for others. However, there is a significant difference between the 

median of the boxes with discounts (status: − 11, 01, 11) versus others, 
which shows that sales tend to be relatively stable with the higher me
dian for days with discounts during all time periods.

Fig. 4 provides a line chart of daily sales for each category. the x-axis 
represents the days, from January 2016 to June 2021, while the y-axis 
shows the normalized average daily sales. The chart depicts the seasonal 
variations in sales, especially in the Fruit and vegetable categories, with 
notable peaks at different times of the year.

We have conducted a pairwise comparison of the effect of promotion 
and holidays for fresh and freezer product types. The p-values of the one- 
way ANOVA for all product categories are less than the significance level 
of 0.05 (p-value = <2e-16), we can conclude that there are significant 
differences between the groups. However, in a one-way ANOVA test, a 
significant p-value indicates that some of the group means are different, 
but we don’t know which pairs of groups are different. Hence, we per
formed multiple pairwise comparisons to determine if the mean differ
ence between specific pairs of groups is statistically significant. This 
analysis was conducted using the function pairewise. t.test in Rstudio to 
calculate pairwise comparisons between group levels with corrections 
for multiple testing. The results are provided in the section 4.

4. Results

Section 4 presents the main empirical findings of the study. It begins 
with validation and reliability checks to confirm the robustness of the 
data and methods (4.1), followed by detailed pairwise comparisons 
across conditions (4.2), an inter-category analysis between fresh and 
frozen products (4.3), and a final examination of how promotions affect 
both sales and waste (4.4).

Fig. 1. Daily store sale value distribution by category.

Fig. 2. Data Collection and preparation process.
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4.1. Reliability and validity results

Before conducting pairwise comparison, to ensure that our statistical 
approach correctly captured the effects of promotions and holidays, we 
performed additional validation checks. We implemented a one-way 
ANOVA separately for each year (2016–2021) to determine whether 
promotion and holiday effects remained statistically significant across 
different periods. The results confirmed that sales differed significantly 
by status (promotion and holiday) in all years (p < 0.001), with strong 
effect sizes (η2 ranging from 0.25 in 2016 to 0.55 in 2019). Although 

statistical significance remained consistent (F-values: 107.6–409.1), the 
variation in η2 indicates that the practical impact fluctuated over time.

To assess the reliability of sales across different status categories 
(Holiday and Promotion) and date (aggregated monthly), we employed 
a linear mixed-effects model (LMM) with random intercepts for status 
and date to partition the variance attributable to status and date and 
estimate the intraclass correlation coefficient (ICC) as a measure of 
reliability. The adjusted ICC was 0.825, suggesting a high degree of 
consistency in sales within groups. This indicates that a significant 
portion of the observed variability in normalized sales is structured by 
status and date rather than arising from random fluctuations. The model 
was fitted using restricted maximum likelihood (REML), and variance 
components were extracted to evaluate the proportion of total vari
ability explained by group-level factors. The results showed that the 
variance attributed to status and date was 0.0134 and 0.0015 respec
tively with residual variance of 0.0032. This suggests that most of the 
variability in sales is due to differences between groups rather than 
measurement error. A likelihood ratio test confirmed the statistical 
significance of the random effects (p < 0.001 for both).

In addition, we split the dataset into pre-COVID (2016–February 
2020) and post-COVID (March 2020–June 2021) periods to check the 
robustness of our results. One-way AONVA is used to examine the im
pacts of sales and the presence of promotions and holidays during both 
periods. As it is provided in Table 3 the p-value for all categories is 
statistically significant (p < 0.001). This shows that promotions and 
holidays consistently influenced sales across both timeframes. These 
results indicate that although the magnitude of effects fluctuated slightly 
over time, the core influence of promotions and holidays on sales 
remained stable, which strengthen the reliability of our findings.

4.2. Pairwise comparison results

As it is provided in Table 4, all pairwise comparisons for fresh fruit 
and vegetables have p-values less than 0.05, indicating significant dif
ferences between these conditions.

In the case of freezer fruit and vegetables, as provided in Table 5, 
most pairwise comparisons showed p-values less than 0.05, indicating 
significant differences between these conditions. However, some ex
ceptions were found. For instance, the comparison between “Before 
holiday without promotion” and “Before holiday with promotion” had a 
p-value of 0.3465, which suggested no significant difference between 
these two conditions. Similarly, the comparisons between “Before holi
day with Promotion” and “Normal day with Promotion” (p-value =
0.0948), and between “Before holiday with Promotion” and “After 
holiday with Promotion” (p-value = 0.4724) also showed no significant 
differences.

Similarly, most pairwise comparisons for fresh meat and vegetables 
(see Table 6) have p-values less than 0.05, indicating significant dif
ferences between these conditions. However, the comparison between 
“After holiday without Promotion” and “Normal day without Promo
tion” (p-value = 0.6562) and between “After holiday with Promotion” 
and “Normal day with Promotion” (p-value = 0.65049) showed no 
significant differences.

The results of pairwise comparison for freezer meat and fish is pro
vided in Table 7. Surprisingly for this group, the significant differences 
between only less than half of the pairwise comparisons were observed 
(p-values <0.05) and most comparisons did not reach significance. For 
instance, the comparison between “Before holiday with/without pro
motion” (p-value = 0.5169), and the comparisons involving “Normal 
day With/without Promotion” (p-value = 0.05169) and “After Holiday 
With/without Promotion” (p-value = 0.40845), as well as “After holiday 
with Promotion” and “Normal day with Promotion” (p-value =

0.73606), showed no significant differences.
Many comparisons show highly significant differences, indicating 

that sales or consumption patterns in most categories are significantly 
affected by time periods and promotions. Timing appears to play a 

Table 2 
Summary statistics by product category and status.

Product 
category

Status Status 
description

Ave Count STDV Mean

Freezer Fruits 
and 
Vegetables

00 Normal day 
without 
Promotion

0.24 1019 0.07 0.22

01 Normal day with 
Promotion

0.28 58 0.23 0.22

10 After holiday 
without 
Promotion

0.27 325 0.06 0.26

− 10 Before holiday 
without 
Promotion

0.35 309 0.07 0.35

11 After holiday 
with Promotion

0.35 12 0.37 0.17

− 11 Before holiday 
with Promotion

0.32 19 0.24 0.27

Fresh Fruits 
and 
Vegetables

00 Normal day 
without 
Promotion

0.2 1019 0.05 0.19

01 Normal day with 
Promotion

0.42 1018 0.12 0.41

10 After holiday 
without 
Promotion

0.22 325 0.05 0.22

− 10 Before holiday 
without 
Promotion

0.26 309 0.06 0.26

11 After holiday 
with Promotion

0.49 325 0.13 0.47

− 11 Before holiday 
with Promotion

0.53 309 0.12 0.53

Freezer Meat 
and Fish

00 Normal day 
without 
Promotion

0.26 1019 0.06 0.24

01 Normal day with 
Promotion

0.28 86 0.32 0.2

10 After holiday 
without 
Promotion

0.27 325 0.04 0.26

− 10 Before holiday 
without 
Promotion

0.33 309 0.04 0.33

11 After holiday 
with Promotion

0.29 31 0.35 0.17

− 11 Before holiday 
with Promotion

0.38 29 0.34 0.21

Fresh Meat and 
Fish

00 Normal day 
without 
Promotion

0.25 1019 0.07 0.22

01 Normal day with 
Promotion

0.44 154 0.22 0.42

10 After holiday 
without 
Promotion

0.26 325 0.06 0.24

− 10 Before holiday 
without 
Promotion

0.4 309 0.06 0.39

11 After holiday 
with Promotion

0.43 25 0.26 0.35

− 11 Before holiday 
with Promotion

0.54 74 0.26 0.52
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crucial role, as the effects of promotions and holidays may differ 
depending on whether they occur before, during, or after holiday pe
riods. The impact may also vary depending on the product category, 
therefore a detailed overview for each category is provided as follows.

4.2.1. Fresh fruits and vegetables
All pairwise comparisons are statistically significant with p-values 

<0.05, indicating that promotions, regardless of their time, have a sig
nificant effect on sales. Also, considering the increase in average sales by 

Fig. 3. Distribution of dataset by product category by status.

Fig. 4. Daily distribution of average sale value by product category.
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applying for promotions, we can say that scheduling promotions on 
normal days, before and after holidays, can significantly boost fresh 
fruits and vegetables sales.

4.2.2. Freezer fruits and vegetables
Although sales are highest before holidays with or without promo

tion, with average sales of 0.35 and 0.32 respectively, promotion during 
this time is not significantly different from other periods, indicating that 
promotions may not be as effective before holidays, potentially due to 
customers’ tendency to stock up regardless of promotions. Moreover, 
without promotion, the differences between pre-holidays and normal 
days or post-holidays are statistically significant (p-values < 2e-16), 
indicating that sales naturally increase before holidays. Therefore, 

sales are already high before holidays without the need for promotions, 
and promotions do not significantly increase sales. It may be more cost- 
effective to reduce promotional efforts during this period or focus on 
other marketing strategies.

On the other hand, promotion on normal days is effective and 
slightly increased sales. Promotion after holidays has a high statistical 
significance, suggesting that promotions are more effective after holi
days and lead to higher average sales (Ave = 0.35) compared to no 
promotions (Ave = 0.27). Therefore, offering discounts during these 
periods is most effective and leads to a significant increase in freezer 
fruits and vegetables sales.

In general, promotions around holidays are more effective for fresh 
products compared to freezers. Although applying for promotions on 
normal days or post-holidays is effective for freezer fruits and vegeta
bles, for freezer products, sales patterns are significantly affected by 
time periods rather than promotions.

4.2.3. Fresh meat and fish
Most comparisons show significant differences, indicating that pro

motions and timing have a substantial effect on sales. Sales during 
normal days and after holidays exhibit similar statistical patterns. 
Average sales on normal days doubled from 0.25 without promotion to 

Table 3 
ANOVA p-values: Effect of ’Status’ Before and After Covid.

Category Before Covid (p-value) After Covid (p-value)

Fresh Fruits & Vegetables <2e-16 <2e-16
Freezer Fruits & Vegetables <2e-16 1.12e-05
Fresh Meat & Fish <2e-16 <2e-16
Freezer Meat & Fish 7.42e-11 4.23e-09

Table 4 
Pairwise comparison for “Fresh fruit and vegetable” category.

Before holiday with 
Promotion

Before holiday without 
Promotion

Normal day without 
Promotion

Normal day with 
Promotion

After holiday without 
Promotion

Before holiday without 
Promotion

<2e-16 ​ ​ ​ ​

Normal day without 
Promotion

<2e-16 <2e-16 ​ ​ ​

Normal day with Promotion <2e-16 <2e-16 <2e-16 ​ ​
After holiday without 

Promotion
<2e-16 2.40E-07 7.00E-06 <2e-16 ​

After holiday with 
Promotion

2.50E-08 <2e-16 <2e-16 <2e-16 <2e-16

P value adjustment method: BH.

Table 5 
Pairwise comparison for “Freezer fruit and vegetable” category.

Before holiday with 
Promotion

Before holiday without 
Promotion

Normal day without 
Promotion

Normal day with 
Promotion

After holiday without 
Promotion

Before holiday without 
Promotion

0.3465 ​ ​ ​ ​

Normal day without 
Promotion

5.50E-05 <2e-16 ​ ​ ​

Normal day with Promotion 0.0948 1.70E-06 0.0004 ​ ​
After holiday without 

Promotion
0.0091 <2e-16 1.30E-06 ¡0.2693 ​

After holiday with 
Promotion

0.4724 0.8937 3.90E-05 0.0241 0.0026

P value adjustment method: BH.

Table 6 
Pairwise comparison for “Fresh Meat and Fish” category.

Before holiday with 
Promotion

Before holiday without 
Promotion

Normal day without 
Promotion

Normal day with 
Promotion

After holiday without 
Promotion

Before holiday without 
Promotion

<2e-16 ​ ​ ​ ​

Normal day without 
Promotion

<2e-16 <2e-16 ​ ​ ​

Normal day with Promotion 4.00E-11 0.00043 <2e-16 ​ ​
After holiday without 

Promotion
<2e-16 <2e-16 0.06562 <2e-16 ​

After holiday with 
Promotion

8.90E-06 0.23447 4.00E-16 0.65049 1.60E-13

P value adjustment method: BH.
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0.44 with promotion, accompanied by increased variability (STDV 
0.22). Similarly, after holidays, average sales increased from 0.26 to 
0.43 with considerable variability (STDV 0.26) when discounts were 
offered. The comparisons between “after holiday without promotion” 
and “normal day without promotion” (p-value 0.06562) and between 
“after holiday with promotion” and “normal day with promotion” (p- 
value 0.65049) are not significant, confirming that sales are comparable 
in these periods. However, fresh meat and fish sales increased before 
holidays without promotions compared to normal days, with an average 
of 0.4. Offering promotions at this time boosted sales to the highest 
observed average (0.54).

These results show that applying for promotions in all periods can 
affect sales, and implementing regular promotional campaigns on 
normal days and post-holidays is essential to maintaining higher sales 
levels. Though, Pre-holidays promotions have the highest impact on 
sales and are therefore more effective.

4.2.4. Freezer meat and fish
For the freezer meat and fish group, fewer significant differences 

were observed in pairwise comparison, which suggests less impact from 
holidays and promotion for this category.

Similar to fresh meat and fish, sales for freezer meat and fish during 
normal days and post-holiday periods exhibit similar behavior. The 
average sales value is moderate, at 0.26 on normal days and 0.27 after 
holidays without promotion. These values slightly increase to 0.28 and 
0.29, respectively, when discounts are offered, although both periods 
show high variability. Some comparisons, such as “after holiday with 
promotion” versus other periods, are not statistically significant, sug
gesting that post-holiday promotions may not have high impact. Simi
larly, regular promotions during normal days might not yield significant 
overall increases.

However, average sales before holidays without promotion are 
higher (0.33) compared to normal days without promotion. Sales reach 
their highest average with promotion before holidays (0.38), but with 
high variability (STDV 0.34). There is no significant difference between 
pre-holiday with and without holiday, which means that similar to 
freezer fruit and vegetables, people tend to purchase more freezer meat 
and fish before holidays regardless of discounts. However, significant 
differences between “before holiday with promotion” and other periods 
indicate that pre-holidays promotions are more effective than normal 
days or post-holiday periods.

4.3. Fresh and freezer comparison

This section provides an inter category comparison between fresh 
and frozen type within each category (“Fruits and Vegetables” and 
“Meat and Fish”), and highlights trends in consumer demand across 
various time periods.

4.3.1. Fruits and vegetables category
Fig. 5 shows monthly sale distribution of fresh and freezer fruit and 

vegetables. This chart illustrates that “Fresh Fruits & Vegetables” 
consistently have higher normalized sales than “Freezer Fruits & Vege
tables”. For certain periods opposing trends are noticed, when fresh 
items increase in sales, freezer items tend to decrease, and vice versa. 
This could indicate a seasonal or consumer preference shift between 
fresh and frozen options depending on availability or seasonality. In 
addition, during certain times, like the pandemic year 2020, both fresh 
and freezer fruits & vegetables showed increases in sales, which could 
show that external factors like the pandemic influenced demand for both 
categories similarly. However, sales for both categories declined in 
2021, which can be due to a return to more typical demand levels after 
the pandemic surge.

Fig. 6 shows the comparison of normalized sale distribution between 
fresh and freezer fruits and vegetables. This distribution chart for both 
groups indicates that the majority of sales are concentrated in the lower 
range (0.15–0.2). “Fresh Fruits & Vegetables” have higher and more 
consistent normalized sales across different levels, while “Freezer Fruits 
& Vegetables” show a sharp peak in lower sales values, followed by a 
rapid decline. The distribution chart for “Freezer Fruits and Vegetables” 
shows a steeper and rapid decline in sales as the normalized values in
crease. This pattern suggests that the bulk of sales for freezer items oc
curs at lower levels, with minimal sales across the higher range, 
indicating potentially less consistent demand compared to fresh items. 
The fact that freezer items show a concentrated peak followed by a quick 
drop-off could suggest that any external effect like promotion is limited 
or short-lived, leading to high sales in the lower ranges without much 
lasting impact on higher sales levels. For “Fresh Fruits & Vegetables” the 
distribution gradually declines, with some fluctuations in the mid-range 
which may possibly be influenced by factors like seasonal demand or 
promotional impact.

To investigate the potential contribution of promotion for the fluc
tuations, Fig. 7 is provided. This chart illustrates the frequency distri
bution of normalized sales for “Fresh Fruits and Vegetables,” comparing 
periods with and without promotion. The figure shows that the distri
bution peaks for days without promotion (dashed line) have a higher 
frequency with a lower normalized sale value (0.15), indicating that 
sales tend to be higher in frequency but lower in volume when there is 
no promotion. On the other hand, The distribution shifts towards higher 
normalized sale values, with a peak around 0.4 on the periods with 
promotion (solid line). This suggests that promotions increase the 
overall sales volume, but with a broader distribution. This explains the 
fluctuation on normalized sale distribution for “Fresh Fruits and Vege
tables” and suggests that promotional efforts effectively boost sales for 
this category but may result in more variable purchasing behavior 
among customers.

4.3.2. Meat and fish category
Fig. 8 illustrates monthly sale distribution of fresh and freezer fish 

and meat. Similar to Fruit and Vegetables category, fresh items in Meat 
& Fish category have generally higher sales than freezer items but the 
overall difference is less here. Although there are moments of 

Table 7 
Pairwise comparison for “Freezer Meat and Fish” category.

Before holiday with 
Promotion

Before holiday without 
Promotion

Normal day without 
Promotion

Normal day with 
Promotion

After holiday without 
Promotion

Before holiday without 
Promotion

0.05169 ​ ​ ​ ​

Normal day without 
Promotion

1.60E-08 <2e-16 ​ ​ ​

Normal day with Promotion 0.00012 0.0005 0.05169 ​ ​
After holiday without 

Promotion
1.50E-06 2.30E-11 0.05169 ¡0.42085 ​

After holiday with 
Promotion

0.00364 0.05687 0.11272 0.73606 0.40845

P value adjustment method: BH.
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divergence, the overall trend isn’t strictly inverse; instead, it seems that 
both categories generally fluctuate with seasonality and external factors, 
but with occasional opposite movements.

Fig. 9 shows the comparison of normalized sale distribution between 
fresh and freezer meat and fish.

This chart is quite similar to fruit and vegetables with concentration 
in the lower range for both fresh and freezer type. However, despite the 
fruit and vegetables, for meat and fish, fresh and freezer type have close 
peak value. The sharp peak in freezer products and small fluctuation for 
fresh products are noticed in meat and fish distribution as well. Which 
could suggest that fresh products in meat and fish category are more 
influenced by other factors such as seasonality or promotions.

To explore potential factors that influence fluctuation in sale distri
bution for “Fresh Meat and Fish”, Fig. 10 is provided. This chart shows 
the frequency distribution of normalized sales for “Fresh Meat and Fish,” 
comparing sales on days before holidays with those on normal days and 
the days after holidays (labelled as “Regular days”). The distribution for 
“Regular days” (dashed line) has a high peak at lower normalized sale 

values (around 0.2), indicating that on regular days, sales of fresh meat 
and fish are frequent but with lower normalized volumes. Though, the 
distribution shifts rightward, peaking around 0.35 for days before hol
idays (solid line), suggesting that sales volumes increase as people buy 
more fresh meat and fish in preparation for holidays. The frequency 
distribution is also broader, showing a wider range of normalized sale 
values, indicating more substantial purchasing behaviour in anticipation 
of holidays.

4.4. Promotion impact on sales and waste

Monitoring both sales and waste can provide a fuller picture of 
promotion effectiveness, helping businesses balance inventory with 
demand while reducing financial and environmental costs associated 
with overstock. Therefore, a comparison of promotion impact on sale 
and waste of products is provided in Fig. 11. This chart shows that 
promotions effectively boosted sales across all categories, however the 
relationship between sales increase and waste reduction wasn’t 

Fig. 5. Monthly sale distribution of fresh and freezer fruit and vegetables.

Fig. 6. Normalized sale distribution of fresh and freezer fruit and vegetables.

F. Darbanian et al.                                                                                                                                                                                                                             Journal of Retailing and Consumer Services 85 (2025) 104317 

10 



consistent. For perishable categories (“Fresh Fruits and Vegetables” and 
“Fresh Meat and Fish”), we can say that promotions may effectively 
balance demand and stock. For example, for “Fresh Fruits and Vegeta
bles”, we saw a significant sales increase (+122 %) with a slight decrease 
in waste (− 2 %). Though, for freezer products, promotions also 
increased sales but led to a large rise in waste, which can suggest 
overstock and inefficient management despite the sales boost.

5. Discussion

Our work analyses the specific timing of promotions - particularly 
before and after holiday periods - and the differential impact this timing 
has on fresh versus frozen products. Our findings suggest that, especially 
for fresh fruits, vegetables, meat, and fish, the timing of promotions (e. 
g., before holidays) significantly affects sales, much more than what the 
general effectiveness of promotions would suggest. For example, fresh 
produce promotions before holidays show strong sales effects, likely 
because of consumer preparation for holiday closures, while freezer 
products exhibit different patterns, indicating that consumers may 

stockpile regardless of promotions. The broader implication of our study 
is that promotion strategies must be context-specific. We assessed the 
stability of sales patterns across years using one-way ANOVA and ICC 
analyses, which showed excellent reliability and low within-category 
variation. Similarly, a pre-vs. post-COVID split confirmed consistent 
effects of promotions and holidays, further supporting the robustness 
and stability of the data over time. Our work shows that timing around 
holidays is a critical variable that affects not only the magnitude of sales 
but also how different types of perishables respond to promotions. This 
nuanced understanding allows retailers to better plan promotional 
strategies around key calendar events rather than applying a one-size- 
fits-all approach. Therefore, we argue that during holiday periods, the 
urgency associated with fresh product perishability and store closures 
becomes a dominant driver of consumer behavior. This temporal 
dimension adds complexity to promotional strategies, as retailers must 
consider not only the discount itself but also how the timing relative to 
holidays influences consumer motivations.

In a study by van Donselaar et al. (2016), the authors analyze the 
impact of price discounts on perishable products and emphasize the 

Fig. 7. Normalized sale distribution for fresh fruits and vegetables with and without promotion.

Fig. 8. Monthly sale distribution of fresh and freezer fish and meat.
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substitution effect, where consumers switch between similar products 
rather than stockpiling during promotions. They found no clear evidence 
for threshold or saturation levels for discounts, suggesting that the 
success of promotions might depend more on consumer behavior within 
the category, rather than on the perishability of the products. Our 
research builds on this by adding a temporal dimension, specifically 
focusing on how the timing of promotions around holidays affects su
permarket sales. While van Donselaar et al. (2016) focus on the general 
effectiveness of promotions, our work explores how promotions before 
and after holidays interact with consumer behavior, particularly with 
respect to perishable products. We find that fresh products, especially 
fruits, vegetables, meat, and fish, experience significant sales increases 
when promotions are strategically timed before holidays. This is likely 
due to consumer behavior patterns, such as preparing for store closures, 
which differs from the substitution effects van Donselaar et al. (2016)
observed during regular promotion periods. Furthermore, our results for 
freezer products indicate that timing plays a less significant role 
compared to fresh products, as customers tend to stock up on frozen 
goods regardless of promotional timing. This contrasts with van 

Donselaar’s findings, where the success of promotions was more uni
versally tied to substitution effects across product categories. By inte
grating the timing factor, particularly around holidays, we demonstrate 
that promotional strategies need to account not only for discount levels 
but also for when these discounts are applied. One possible explanation 
for the differences between our findings and those of van Donselaar et al. 
(2016) lies in the nature of consumer behavior around holiday periods. 
During holidays, consumer shopping patterns shift as customers often 
anticipate store closures, leading to increased demand for fresh products 
before holidays as part of their preparation, which can prove the idea the 
idea of the different behavior related to the weekends (Du et al., 2024). 
This behavior contrasts with regular shopping periods, where substitu
tion effects might dominate and influence the success of promotions. In 
holiday contexts, consumers are less likely to substitute products within 
the same category because they are focused on stocking up for the 
closure, particularly for fresh items that cannot be stored long-term. This 
explains why our results show that pre-holiday promotions on fresh 
products yield significant sales increases compared to other periods. 
Customers are not simply responding to discounts but are also motivated 

Fig. 9. Normalized sale distribution of fresh and freezer meat and fish.

Fig. 10. Normalized sale distribution for fresh meat and fish before holiday vs other days.
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by the need to purchase fresh products before holidays when they 
anticipate higher demand and limited availability. In contrast, for frozen 
products, the time-to-consume is not a pressing issue, and customers 
might already engage in stockpiling regardless of promotions. This ex
plains the relative ineffectiveness of holiday promotions for frozen 
goods in our study. The flexibility of frozen products allows consumers 
to stockpile when convenient, reducing the need for promotions to drive 
sales during specific periods like holidays.

In comparing our results with those of (Wolters and Huchzermeier, 
2021), we observe both similarities and differences in how promotional 
timing affects sales, particularly around holiday periods. Both studies 
find that well-timed promotions result in significant sales increases. In 
our case, pre-holiday promotions for fresh products (e.g., fruits, vege
tables, meat, and fish) show the largest sales uplift, while Wolters and 
Huchzermeier emphasize seasonal cycles and the importance of fore
casting demand across both promotional and non-promotional periods. 
A key difference lies in the response of frozen products. While Wolters 
and Huchzermeier account for post-promotion dips in out-of-season 
periods due to stockpiling, we find that frozen products (such as 
frozen vegetables and meat) show less impact from pre-holiday pro
motions. This is explained by consumers’ tendency to stockpile frozen 
goods ahead of holidays, reducing the necessity for promotional in
centives during these periods. In contrast, fresh products, which are 
highly perishable, require timely purchases, and therefore respond more 
sharply to promotions immediately before holidays. This difference 
highlights the role of perishability in shaping consumer behavior and 
underscores the need for differentiated promotional strategies based on 
product type and timing.

In comparing our study with Gauri et al. (2017), which examines the 
impact of promotional discounts on store performance, a key similarity 
emerges: promotions for high-penetration, high-frequency items are 
particularly effective in driving store traffic and sales (Gauri et al., 
2017). This aligns with our findings for fresh products, where 
pre-holiday promotions significantly boost sales due to high demand and 
perishability, creating a sense of urgency among consumers. In both 
cases, the timing of promotions is crucial, as it aligns with established 
purchasing habits for high-frequency items or the urgency to purchase 
perishable goods before they spoil or become unavailable during store 
closures. This synergy between product necessity and time-sensitive 
demand explains the strong impact of promotions on sales. However, 
as Alexandrescu and Milandru (2018) note, the effects of promotional 
sales are typically short-lived, failing to establish long-term sales trends, 
a limitation also observed in our findings (Alexandrescu and Milandru, 

2018).
Our findings on the differential impact of promotional timing on 

fresh versus frozen product sales align with and extend several theo
retical frameworks. In particular, they illustrate the interplay of ur
gency, perishability, and consumer decision-making during holiday 
periods. The significant sales uplift observed for fresh products like 
fruits, vegetables, meat, and fish before holidays supports Cialdini’s 
(2001) Scarcity Principle: store closures and perishability create a 
perceived scarcity that drives urgency. This dynamic is less evident for 
frozen goods, which are more suitable for stockpiling. Consumers seem 
more sensitive to the potential loss of fresh product availability than to 
the gain from discounted frozen items, which may explain the muted 
promotional response for the latter. Temporal Construal Theory 
(Liberman and Trope, 1998) also helps explain the success of 
pre-holiday promotions for fresh goods, as consumers tend to focus more 
concretely on near-future needs, prioritizing immediate consumption 
over more abstract, long-term planning—such as stocking up frozen 
items. Mental Accounting Theory (Thaler, 1985) suggests that the psy
chological benefit of a good deal should apply to all categories; however, 
our findings indicate that this effect is stronger for fresh products, 
possibly due to the enhanced transaction utility when urgency is pre
sent. The Model of Focusing on Economic Choice (Kőszegi and Szeidl, 
2013) predicts that standout discounts drive purchases. This appears to 
be more relevant for normal-day promotions in both fresh and frozen 
categories than for frozen products before holidays, where stockpiling 
behaviour may overshadow price sensitivity. Finally, the Framework of 
Family Responses to Resource Scarcity (Hosany and Hamilton, 2022) 
supports our observation that holiday-related situational scarcity in
creases demand for fresh items, while demand for frozen products re
mains more stable, as families tend to plan long-term and stock up in 
advance. Together, these comparisons suggest that scarcity and tem
poral immediacy are key drivers of promotional effectiveness for fresh 
products, whereas frozen goods appear more resilient to timing effects 
due to lower urgency and reduced sensitivity to losses or deals.

These findings highlight two critical implications: first, the timing of 
promotions is essential for fresh products, as pre-holiday promotions 
capitalize on consumer urgency and preparation for store closures 
(Implication I); second, the impact of promotional timing is less pro
nounced for frozen goods, where consumer behavior favors stockpiling 
regardless of discounts, reducing the effectiveness of pre-holiday pro
motions (Implication II):

Implication I: Timing of promotions is crucial for fresh products, 
particularly before holidays, due to perishability and consumer urgency.

Fig. 11. Impact of promotions on sales and waste by product category.
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Implication II: Frozen products are less sensitive to promotion 
timing, as consumers naturally stockpile these items ahead of holidays.

Another study by Ailawadi et al. (2009) provides a comprehensive 
review of communication and promotion strategies in retailing, with a 
focus on how both retailers and manufacturers allocate promotional 
budgets and optimize promotional strategies for short-term and 
long-term performance (Ailawadi et al., 2009). This aligns with our 
focus on understanding how timing and perishability influence the 
effectiveness of promotions, particularly around holiday periods. One 
notable similarity between our findings and those of Ailawadi et al. is 
the emphasis on how promotions drive consumer behavior, especially 
for frequently purchased or time-sensitive products. Ailawadi et al. 
discuss the importance of loss leader promotions, where deeply dis
counted items, often perishable and hence high-frequzency goods, are 
used to drive store traffic. This concept mirrors our findings, where 
pre-holiday promotions for fresh products significantly boost sales due 
to the urgency and perishability of these items. Both studies underline 
the effectiveness of using promotions strategically to meet consumer 
needs and increase store performance. These findings highlight that 
promotions are particularly effective for high-frequency products, as 
their regular necessity aligns well with consumer behavior, driving sales 
and increasing store traffic (Implication III):

Implication III: Promotions are highly effective for high-frequency 
products because they align with regular consumer shopping habits, 
increasing the likelihood of purchase.

When comparing our study with a study by Bolton and Shankar 
(2003), which investigates various retailer pricing and promotion stra
tegies, several important insights emerge. Their research identifies five 
distinct pricing strategies at the brand-store level—Exclusive, Moder
ately Promotional, Hi-Lo, EDLP, and Aggressive pricing - showing that 
retailers do not follow a one-size-fits-all approach (Bolton and Shankar, 
2003). In our study, we similarly emphasize the importance of 
customizing promotions, especially around holidays, for different 
product types (e.g., fresh versus frozen items). A key similarity lies in the 
understanding that deal intensity and support play a crucial role in 
driving consumer behavior. Bolton and Shankar identify deal depth, 
frequency, and support (features, displays) as critical dimensions of a 
retailer’s pricing strategy, which align with our findings that timing of 
promotions is equally important in influencing consumer purchases, 
especially around holiday periods. For fresh products, pre-holiday pro
motions significantly increase sales due to perishability, reflecting the 
effectiveness of targeted promotions, similar to Bolton and Shankar’s 
identified deal intensity and support components. These findings un
derscore the importance of tailoring promotional strategies to product 
types and leveraging deal intensity and support to maximize consumer 
response and sales (Implication IV):

Implication IV: Customizing promotions by product type and 
leveraging deal intensity and support is essential for maximizing con
sumer response and sales.

The issue of product wastage at the retail level, often shaped by 
consumer preferences, has become a focal point in sustainability dis
cussions. Addressing food waste is essential for creating sustainable food 
systems, especially in the face of rising global food demand and the 
environmental constraints of planetary resources. Although retail con
tributes only 12 % of total food waste, it remains a critical point for 
intervention, particularly through improved forecasting and inventory 
management, which are key drivers of product wastage (Thies et al., 
2024). In this context, the literature presents contrasting perspectives on 
how promotions affect forecasting accuracy and effort, and, conse
quently, product wastage. Both Van Donselaar et al. (2016) and Kirci 
et al. (2022) agree that forecasting during promotions is more chal
lenging, yet they differ in their conclusions. Van Donselaar et al. 
emphasize that this difficulty leads to higher waste and stock-outs, as 
forecasting inaccuracies hinder efficient inventory management (van 
Donselaar et al., 2016). Conversely, Kirci et al. argue that promotional 
periods see greater managerial effort and collaboration in forecasting, 

utilizing historical promotion data and coordination between DCs and 
stores, which could theoretically enhance accuracy and reduce waste 
(Kirci et al., 2022).

Our findings suggest a nuanced reality: for fresh products, increased 
managerial effort during promotions appears to effectively balance de
mand and stock, resulting in significant sales increases (+122 %) and 
slight waste reduction (− 2 %). However, for frozen products, the same 
effort does not yield similar benefits, as promotions lead to both higher 
sales and significant increases in waste, likely due to overstocking. This 
highlights the importance of addressing the challenges of forecasting 
during promotions, as inaccuracies can significantly impact product 
wastage, particularly for frozen goods (Implication V):

Implication V: Effective forecasting during promotions requires 
careful attention, as challenges in accuracy can influence product 
wastage, especially for frozen goods.

6. Conclusion, limitations and future work

This study examines the impact of promotional timing on fresh and 
frozen categories of meat, fish, fruits, and vegetables, providing insights 
into how these products respond to promotions before, during, and after 
holiday periods. Our findings reveal that fresh products are highly 
sensitive to promotional timing, with pre-holiday promotions gener
ating the most significant sales increases. This is particularly true for 
fresh meat, fish, fruits, and vegetables, where perishability and con
sumer urgency drive purchasing behavior. In contrast, frozen products 
show less responsiveness to pre-holiday promotions due to their suit
ability for stockpiling, resulting in more stable sales patterns across 
promotional periods. These differences emphasize the need for tailored 
promotional strategies that account for both product type and timing.

The study highlights five key implications. First, the timing of pro
motions is critical for fresh products, as pre-holiday promotions capi
talize on consumer urgency and preparation for store closures. Second, 
frozen products are less sensitive to promotion timing, as consumers 
tend to stockpile these items regardless of discounts. Third, promotions 
for high-frequency products are particularly effective because they align 
with regular consumer shopping habits, increasing sales and driving 
store traffic. Fourth, customizing promotional strategies by product type 
and leveraging deal intensity and features is essential to maximize 
consumer response and sales. Lastly, forecasting challenges during 
promotions significantly influence product wastage, with fresh products 
benefiting from increased forecasting efforts, while frozen goods often 
experience overstocking and waste. These findings underscore the 
importance of developing tailored forecasting and promotional strate
gies to optimize sales and minimize waste.

From a theoretical perspective, this study extends the literature by 
emphasizing the role of timing, perishability, and urgency in shaping 
consumer responses to promotions. While much of the existing research 
focuses on discount depth and deal frequency, our findings demonstrate 
the critical importance of timing relative to holidays and its interaction 
with product perishability. By distinguishing between fresh and frozen 
products, we reveal the moderating effect of stockpiling behaviors on 
promotional outcomes, contributing to a more nuanced understanding 
of promotion theory. These insights provide a framework for integrating 
timing and perishability into promotional and forecasting models, of
fering practical value for retailers and supply chain managers.

Practically, the results highlight several actionable strategies for re
tailers. Pre-holiday promotions for fresh products should be prioritized 
to leverage consumer urgency, while post-holiday promotions for frozen 
goods can optimize sales and reduce waste. Tailoring promotional ef
forts to specific product categories and adjusting deal intensity based on 
perishability and demand patterns are critical to maximizing outcomes. 
Enhanced forecasting models that account for the unique sales dynamics 
of fresh and frozen products are necessary to minimize waste and 
improve inventory alignment. Retailers should also focus on high- 
frequency items as they drive sales and traffic, especially when 
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coupled with strategic timing and promotional features.
One of the primary limitations of this study is the variability of 

products within each category. For example, different types of tomatoes 
(e.g., organic, cherry, and standard) may differ in quality, price, or 
packaging, potentially leading to distinct consumer demand patterns 
that could influence the overall results. Additionally, our dataset con
tains more promotional data for fresh product categories than for frozen 
ones, as retailers tend to offer more discounts on fresh items to reduce 
waste. This imbalance likely reflects real-world retail practices but may 
also limit the comparability across categories and affect the robustness 
of statistical inferences—particularly for frozen products, where pro
motional sample sizes are smaller. While we applied rigorous statistical 
methods and confirmed result consistency through ANOVA and ICC 
tests, the unequal distribution may result in more conservative estimates 
of promotion effects in frozen categories. Future studies could address 
this limitation by using sampling techniques, matched designs, or 
weighting approaches to balance promotional exposure across product 
types and enable stronger causal inference. Additionally, as the study is 
based on the Austrian retail context - where supermarkets are closed on 
Sundays and public holidays - consumer behaviour patterns such as pre- 
holiday stockpiling may differ from other countries. This limits the 
generalisability of our findings and calls for comparative studies across 
different regulatory and retail environments.

For future research, it would be valuable to consider the price or 
quality type of individual products to analyze how they interact with 
promotional effectiveness. For instance, it would be interesting to 
investigate whether promotions are more or less effective for expensive 
or organic products. Furthermore, examining different types of holidays 
could reveal how various cultural or regional holidays influence shop
ping behavior. More analyses are needed to determine whether cus
tomers exhibit similar shopping patterns before occasional holidays like 
Christmas and Sundays. Additionally, a deeper investigation into prod
uct cannibalization - where sales of one product may decrease due to the 
promotion of another - could provide valuable insights for optimizing 
promotional strategies across different product categories. Other 
promising avenues include exploring the effects of collaborative fore
casting and improved forecasting methods on reducing spoilage and 
optimizing inventory management. Future studies could also examine 
the role of multiple daily deliveries in minimizing waste and ensuring 
better stock alignment during promotions. Furthermore, future research 
could investigate how different customer segments—such as frequent 
shoppers, large-basket buyers, or loyalty card users—respond to pro
motions, provided that individual-level data is available. This would 
offer deeper insights into heterogeneity in promotional effectiveness. 
Finally, analyzing how promotions on substitute products impact 
spoilage in the days-fresh category could yield practical insights for 
designing more efficient promotional strategies and inventory systems.
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