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Optimal Sales Promotion Strategy

- Markov Switching Approach

Student : Jiun Yan Huang Advisors : Dr. Edwin Tang

Department ( Institute ) of Business and Management

National Chiao Tung University

Abstract

This paper investigates the optimal sales promotional strategy for the fiercely
competitive FMCG (Fast Moving Consuming Goods) industry. We propose a Markov
Switching Autoregressive model that incorporates AR(1) retailing demand process to capture
nonlinear structure among promotional budget allocation, evaluation of promotion
performance, and optimal promotion frequency within a given time span. The past promotion
investment is evaluated first by comparing the changes in promotional budget allocation. We
then apply Markov switching feedback rules to figure out the proper length of equilibrium
state with and/or without promotion.  Finally, effective decision rules on magnitude, duration,
and frequency of promotional strategy are induced. We apply three product categories with 39
months time-series data from a multinational packaged food company. The result shows that
most past decisions on promotional budget allocation are non-optimal — most promotion
investments were either extended too long or allocated too low in stimulating sales.
Implications for the brand- or category- manager in removing those non-optimal promotional

policies are suggested.

Keyword: category management, sales promotional, Markov switching model
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1. INTRODUCTION

A fundamental change is taking place in the FMCG (Fast Moving Consuming Goods)
industry as retailers and manufacturers begin to embrace a process called category
management (CM) (Suman, Murali, & Rockney, 2001). And so is to the manufacturers and
development. Not too many years ago, manufacturers were the leaders of the marketplace,
and retailers were their distribution arms. Manufacturers knew marketplace well, and retailers
were content to rely on their marketing wisdom. But now consumers have changed. Faced
with so many shopping options, and recognizing the intense price competition that exists
among retailers, today’s shopper is more likely than ever to cherry-pick among stores — and
among brands. While the market is getting mature and even the decline period of the product
life cycle, manufacturers faced the problem improving their economic performance and what

is the benefit as they invest huge on pricing, promotion, and merchandising activities.

In our study, we use the latest data of a multinational packaged food company, which is a
global market leader in many product lines, including milk, chocolate, confectionery, bottled
water, coffee, ice cream, food seasoning and pet foods, and the data had witnessed many
innovative promotion activities in the recent past. We look into two categories, bouillons and

seasonings, with three kinds of packages and split up into sales promotion.

Promotion has, for a long time, been one of the topics most frequently discussed by both
marketing practitioners and researchers. It is still worth debating. Promotion decision under
category management involves three decision aspects: promotion depth (i.e., how much
money should they invest), promotion frequency (i.e., how often a store should offer a
discounted price), and promotion extent (i.e., how many products in the category should be
promoted). So far, promotion has been done in varied ways, including coupons, direct mails,

B2B, B2C, on-pack policy, events and so on, and we call it sales promotion.

So we consider the promotion decision among varied channels, different product
categories and dissimilar kinds of sales promotion. In the first part of analysis, we use a linear
regression model to test our research framework shown in figure 1. We suppose categories,

packages and channels have a moderate effect on sales promotion. However, we expect that it
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will not be significant. Numerous factors were responsible for such a phenomenon. One of the
reasons being that the market being sluggish, companies were trying to increase market share
in stagnant to declining (volume terms) market in order to retain consumers, to encourage
switching, to induce trials and liquidate excessive inventories. Another reason possible was
that with the presence of so many brands the competition had increased severally leading to
fight for market share and shelf space. If a significant impact didn’t exist, it result in some

problem that brand manager would get confused with the future promotion input.

SALES
PROMOTIONAL MIX
Coupon

SALES PERFORNMACE

\ 4

Training expenditure

CHANNELS
PACKAGES

PX-mart
Jar

KA-mart
Cube o

GT (distributor)
Bottle

Figure 1-1 Research Framework under regression model

In order to provide a better solution to the manufactures, in the second part of analysis,
we use a Markov Switching AR(1) times series Model, which could capture a spike-shaped
response of demand to promotion by switching two promotion states and analyze the optimal
promotion frequency. Based on the model and research framework shown in figure 2, we
want to develop a model to help brand manager make an optimal promotion frequency

decision under a budget constraint.
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Resource allocation
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Promotion frequency
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Figure 1-2 Decision making framework under Markov Switching model
To sum up, this study can provide the most important guidance on the following issues:
B Considering the issues at the same time, sales promotion, categories, and packages :

In our study, we provide a total solution to the manufactures by considering
categories, packages, and sales promotion together, which is the difficult position

they deal with all day long.
B Evaluating promotion performance :

Manufacturers are always confused with the effect of promotion when they
faced so many product categories at the same time. Sometimes the effect of
promotion may happen at next period according to the inventory of household
(Chakravarthi, Scott, & Subrata, 1996). Understanding how well the different type
of promotion works in the cross-category should provide a benchmark for assessing

the performance of each category’s promotions.



B Resource allocation

At each decision-making period, brand manager has to allocate his own
resources and limited budget on the categories. They will not only dependent on
their experiences but the promotion-responsiveness of the category before. However,
the promotion-responsiveness would be ignored by the brand manager because of
the complexity and they just take a quick glance on the scanner panel data. By using
the Markov Switching Model they can easily know the promotions work or not and

move further beyond budget allocation problem.

We begin by reviewing relevant literature about sales promotion, with discussion of the
depth and the frequency of promotion, and the Markov Switching AR(1) time series Model,
the most important parts of this study, to introduce the whole concept of this study. Next, we
develop a framework for understanding different types of promotion in distinct categories,
and use it to generate hypotheses. We then describe our measurement and analysis
methodology and present our results. We conclude with a discussion of managerial

implications and opportunities for further research. And the research process is as below:
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Analysis
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Figure 1-3 Research Process




2. REVIEW

2.1 Category Management

In 1995, the Category Management Subcommittee of the ECR Best Practice Operating
Committee and the Partnering Group Inc. published an important study: Category
Management Report: Enhancing Consumer Value in the Grocery Industry. This report is
basically the how-to of CM and lays out eight critical steps that the necessary for a proper
implementation of CM by a retailer. However, this study is from the aspect of the
manufacturer. For manufacturer, category management is an ongoing, dynamic process that
involves managing categories as separate businesses, each with its own pricing and profit/loss
responsibilities. The manufacturer can undertake this new selling/marketing approach most

successfully by focusing on five stages. They include: (Nielsen marketing research, 1992)
I.  Reviewing the category

The first stage, reviewing the category, requires that a manufacturer gather and
integrate a broad range of internal and external data to create a national overview of the
category. Essential pieces of information include the category’s unit and dollar volume
and growth rates, both on a national basis and by retail trade channel; the level of
advertising and promotional activity within the category; and the number of new
products introduced into the category during the last year. The manufacturer also should
examine national household purchasing patterns, including how many households buy
products from the category, where they shop and how much they spend. It’s also
important for the manufacturer to chart the performance of its brands versus those of

competitors at the national, market and retail-account levels.
Il. Targeting consumers

This stage involves three steps: (1) Building a demographic profile of the typical
buyer, both for the category and for a specific brand. The profile would include
information such as income level, family size and age. It also would indicate whether the

typical buyer purchased a lot or a little, where the purchases usually occurred, whether



the typical buyer was price-sensitive, and whether he was likely to use coupons. (2)
Identifying and evaluating target groups. This step involves analyzing general
information about the lifestyles of target consumers. What products do they buy? What
stores d they shop at? That leisure activities do they pursue? This information can yield a
deeper understanding of the needs of target customers. It also can help a manufacturer
identify cross-merchandising opportunities and can provide useful knowledge for the
development of advertising aimed at target consumers. (3) Planning promotion and
media strategies. By examining data on consumer media preferences, the manufacturer
can select the appropriate advertising vehicles such as television, radio, magazines and

newspapers, for reaching target consumers.
Planning merchandising

The third stage of category management, planning merchandising, involves
developing a detailed strategy by retail account for product mix, pricing, promotion, and
shelf-space allocation within a category. In examining product mix, a manufacturer can
use software applications to determine which of its brands a particular retailer does not
carry and which of these have strong volume potential for both the retailer and the
manufacturer. These applications also enable a manufacturer to recommend an optimum
product mix by projecting the volume and profit gains a retailer would realize by adding
such items. By making such recommendations, a manufacturer can demonstrate its
category knowledge to the retailer. When trying to determine appropriate pricing and
promotion strategies for a category, a manufacturer must recognize that retailers design
specific promotional programs for each store or cluster of stores, and that the
manufacturer’s brand or brands are only part of the entire category. Both the retailer and
manufacturer must focus on the category as a whole to execute mutually beneficial

pricing and promotional strategies.

Our study involves this step by looking forward to the varied channels and
analyzing the impact of the consumer promotion, which indicates a demo to the retailer,

cross the categories.



IV. Implementing strategy

At this point, the manufacturer’s team sales leader makes his presentation to the
category buyer at the retail account for which the strategy was devised. Using
information gleaned during the first three stages of the category management process,
the team sales leader provides an overview of the category, his brands and consumer
purchasing patterns. In discussing promotions, the manufacturer should note
opportunities to tie together promotions across categories, and to take maximum
advantage of special allowances provided by the manufacturer. Leading-edge
manufacturers have begun to sign one-year contracts stipulating the amount in special
allowances a retailer will receive over a 12-month period, with the understanding that the
manufacturer and retailer will try to tie their promotions together. Implementing strategy
isn’t confined to one presentation to a retailer buyer. It’s a long process that requires a
continuing dialogue between the manufacturer and the retailer. After implementing
merchandising and marketing strategies for a category the manufacturer next must

evaluate their impact.

This study involves this step by discussing the promotional pix cross categories and
channels. Furthermore we could provide a guide to the optimal promotion strategy of the

manufacturer.
V. Evaluating results

This fifth stage of category management is as critical to the process as pedals are to
a bicycle. That’s because it involves questions, answers and decisions that keep the
circular process flowing naturally back into its first stage, reviewing the category. This
knowledge can help manufacturer’s sales managers and brand managers identify new
opportunities and unforeseen challenges in the marketplace. They then must decide if
and how to modify their strategies. These decisions require managers to review their
category once again, providing the link that makes category management a dynamic,

ongoing process.

Our study use Markov Switching Model to evaluate the impact of different



promotion which cover the most critical step of the category management.

Most empirical research only discusses one or two step of the process. Fader and Lodish
(1990) examine various structural characteristics of categories and relate them to the
frequency and types of promotions offered by retailers and manufacturers and it covers the
first and third step of the process. Dhar, Hoch, and Kumar (2001) relate the variability in
category performance across retailers to category characteristics and retailer pricing,
promotion, and merchandising strategy, while controlling for the level of manufacturer
support and it covers only the third step of the process. Our study apparently would cover
three step of the process, the 3", 4™, and 5™ steps, providing a more comprehensive discussion

than ever before.

2.2 Sales Promotion

In many industries, sales promotions represent a significant percentage of the marketing
mix budget. Nondurable goods manufacturers now even spend more money on sales
promotion than on advertising. Kotler (2006) defines sales promotion as: “Sales promotion
consists of a diverse collection of incentive tools, mostly short-term designed to stimulate
quicker and/or greater purchase of particular products/services by consumers or the trade.”
Roger Strang (2006) has given a more simplistic definition i.e. “sales promotions are
short-term incentives to encourage purchase or sales of a product or service.”Sale promotion
in our study primarily indicates coupon and on-pack policy. The effectiveness of a sales
promotion can be examined by decomposing the sales “bump” during the promotion period
into sales increase due to brand switching, purchase time acceleration, and stockpiling (Gupta

Sunil 1988). According to our data, we classify several sales promotion tools as below:

B Coupon

It is well recognized in the marketing literature that coupons have immediately
impacts on sales. Most of them are a short-tem promotion not to only accelerate
consumer’s purchases but maximize the total sales (Neslin, Quelch, & Henderson, 1985).
Previous research has shown that brand sales increase shortly after coupons are
distributed (Iron, Little, & Klein 1983, Klein 1981, Neslin, Henderson, & Quelch 1985),



but these short-term gains appear to be attributed mainly to consumers who switch
temporarily from the other brands to the coupon-promoted brands (Johnson, 1984). From
the manufacturer’s perspective, the profitability of the couponing operation is a function
of both the incremental sales generated by the coupon and the number of coupons
redeemed (Leone and Srinivasan, 1996). Ronald and James (1978) used a regression
model to show that purchases quantities of orange juice were larger when coupons were

used in the purchases.

Training Expenditure

Training Expenditure in our study indicates the expenditure to salesman or
promoters. Salesman or promoters can deliver the latest information from the market to
the manufacturers, and it is very useful while manufacturers doesn’t know marketplace
well. They also have a big influence on the selling. However, turnover of salespeople
possessing high transaction specific asset is costly to the firm because it is difficult for a
firm to hire salespeople with comparable skill. When salespeople are hired who do not
possess these skills, the firm suffers an opportunity loss and a direct cost as salespeople
are trained about the unique aspects of the firm (Ganesan, Weitz, Barton, & John, 1993).
So the Training Expenditure is a good tool for manufacturers to retain their sales
productivity. The higher expenditure to salesman or promoters, the more they can do. An
excellent promoter has higher perceptions of the importance of promotions than
non-excellent promoting retailers and they follow up by spending more on the total
promotion budget (Friestad and Wright, 1994).

Display expenditure

In this study, display expenditure mainly indicates event, display on the shelf, and
road-show held in the retail stores. Such display and feature expenditure have strong
effects on sales item. The effect of display and feature expenditure was found by
Woodside and Waddle (1975), Blattberg and Wisniewski (1987), and Kumar and Leone
(1988). Bemmaor and Mouchoux (1991), Bolton (1989), and Kumar and Leone (1988)
also confirm the effect. We recognized the display expenditure is getting important but

how it works? Retailers are the vehicles for pass-through of promotional money to

10



consumers. It is important to recognize that most brands receive far less than 100%
pass-through.(Chevalier and Churchman 1976, Curhan and Kopp 1986, Walter 1989,
Blattberg and Neslin 1990)

Each sales promotion tool has its own way passing the effort to the consumer. Coupon,
sent to the consumer, would stimulate the sales in the retailers, and result in the expenditure
on coupon from retailers. Training expenditure is spent directly to the retailers and retains
their sales productivity to push consumer purchasing. Firm spent display expenditure on shelf
space, displays, or road show in the retailer store and make their product exposure more to let

consumer purchase.

Firm Firm Firm
| ‘,
Retailer Retailer Retailer
Consumer Consumer Consumer
Coupon Training expenditure Display expenditure

Figure 2-1 the different pass through of sales promotion tool

However, not only the types of promotion act different influences on sales. Some
findings indicate that the frequency of promotion changes the consumer’s reference price.
Those findings offer an explanation for the loss of brand equity when brands are heavily
promoted. A lower consumer reference price reduces the premium that can be charged for a
brand in the marketplace, which result in less “equity.” The effect of deal frequency on
consumer’s reference price was found by Lattin and Bucklin (1989), Kalwani and Yim (1992),
Mayhew and Winer (1992). The greater the frequency of deals, also the lower the height of
the deal spike. This result is likely to be caused by (1) consumer expectations about the

frequency of deals and (2) changes in the consumer’s reference price. The empirical result

11



was documented by Bolton (1989), Raju (1992), and indirectly through the preceding
generalization (3), which, in combination with Winer (1986), links reference price to
purchases behavior. So the promotion frequency is a very important part of the sales
promotion strategy. It affects the sales but has a negative effect on the perceived brand quality,

and brand image.

On the other side, how would it affect the brand equity if we do long-term promotion?
Advocates of advertising (e.g., advertising agency) often argue that promotions are
detrimental to the long-term health of brands. Early research seemed to confirm this long-term
negative effect (e.g., Dodson et al. 1978 and Strang 1975) but later studies began question this
result (e.g., Johnson 1984). “How many times” and “how long” are two major problems faced
by brand or product managers. Furthermore, they might have a budget constraint so that it
would very difficult to determine the optimal frequency and optimal period of a promotion

campaign. All above are the key of long-term sales promotion plan.

2.3 Markov Switching AR (1) Times Series Model

Hisashi, and John (2006) use the Markov switching model to describe how promotion
influences sales at the retailer. A Markov switching time series model is an established
approach in econometrics and is considered to be able to properly describe time series data
that might shift from one regime to another according to unobserved random variables
(Hamilton, 1990, 1994, 1996). Achabal, Mclintyer, and Smith (1990) developed a closed-form
analytical response model that can determine the periodic promotion plan of both discount
depth and frequency, including the impact of seasonal and inventory effects. Rao (1991)
modeled the equilibrium of promotion depth and frequency by applying a multi-stage
game-the-oretic model, and analyzed the competition between national and store brands. The
experimental study by Kalwani and Yim (1992) investigated the impact of the depth and
frequency of price discount promotion on customers’ expected price formulation and
brand-choice behavior. Assuming that demand follows a discrete Markov process and that
market share changes over time due to advertising, Bronnenberg (1998) studied the optimal

advertising planning decision under a budget constraint. Before proceeding, it is useful to

12



describe the types of promotions considered in this article. For example, one often observes
that sales suddenly soar on the day of a special promotion. Marketing research (for example,
Blattberg and Neslin, 1990, pp. 344-345) reports that the time series plot of actual sales has
“‘spikes’” due to promotion. While traditional market response models, such as the linear or
multiplicative methods, have difficulty in expressing an impulsive increase in demand caused
by promotion, a Markov switching model can. They analyzed the optimal promotion depth
and frequency under a supply chain framework, when the retailer wants to maximize expected

revenue and the supplier tries to minimize expected inventory cost.

We not only base on the Markov Switching Model to have the optimal promotion depth
and frequency but look into these decisions by packages, categories, channels, and types of
promotion. According to the Hisashi, and John research in 2006, they treat 6 as promotion
frequency and as they proved 07 represent the optimal promotion frequency, which is related
to the sales of non-promotion state and promotion state* and the unit promotion cost. In our
study, we consider 0" as a measurement of evaluating manufacture’s promotion performance

and also a unit of the budget allocation.

o= % (uy — H1) , My arethe sales of promotion state, p; are the sales of non-promotion state, and k
2

is unit promotion cost.

13



3. MODELING

3.1 Research Objectives

This study intends to build up a tool, which guide brand managers modifying their sales

promotion strategy.

First, we use linear regression model to test the significance of sales promotion and the
moderate effect of categories, packages, and outlets. We assume that linear regression
couldn’t explain the variation of sales performance via sales promotion and neither could the
moderation effect. Second, we provide another measurement using Markov Chain Switching
Model to evaluate performance of sales promotion with time series scanner data. We defined
promotion-state period and non-promotion-state period to see what is the difference. We find
out the optimal promotion frequency by 6 for a given period. Third, based on the results we
could get 6, which indicate the effect of promotion and we use 6 as the proportion to allocate
the limited budget. A brand manager usually handles two more product categories with
flavors or packages so that how to efficiently use their own resources becomes a tough

problem.

3.2 Data

Our data include a time series sales of varied outlets, stable list price, and investment to

the sales promotion.
B Outlet

We can see three outlets in the panel data. One is PX mart, used to only sell to the
army before, but now PX mart has over 700 retail stores in Taiwan and provides over
6000 brands on the shelves. PX mart is a special outlet that is probably unique in the
world. When the PX mart first established, it’s just like a VIP club and in the store whole
product is discounted about 20% of the list price. Around 10 years ago, PX mart turned

to an opening store and was still with the high discount rate so PX mart left the consumer

14



a “the cheapest” image. Now in Taiwan, PX mart is the most widely distributive retail

stores in FMCG industry.

Second is hypermarket, including Carrefour, a French international hypermarket
chain with a global network of outlets, and RT-MART, a Taiwan corporation builded in
1996. In commerce, a hypermarket is a superstore which combines a supermarket and a
department store. The result is a very large retail facility which carries an enormous
range of products under one roof, including full lines of groceries and general
merchandise. When they are planned, constructed, and executed correctly, a consumer
can ideally satisfy all of their routine weekly shopping needs in one trip. Hypermarkets,
like other big-box stores, typically have business models focusing on high-volume,
low-margin sales. Because of their large footprints , a typical Carrefour 19,500 m=2
(210,000 square feet), and the need for many shoppers to carry large quantities of goods,
many hypermarkets choose suburban or out-of-town locations that are easily accessible

by automobile.

Three is distributor. Distributors make profit by taking orders from the manufacturer
and selling them to the retailers. It’s far different from the two kinds of outlets we

mentioned above which could sell the product on the shelves in their own stores.
B Investment of sales promotion

We have a variety of promotion tools, including online e-commerce, ClI,
trade-promotion, POSM, sample, events, and coupons. As our reviewing, we classify
each promotion tool into the different types of promotion. And the classifications are as

the table below:

Table 3-1 Classification of promotion expenditure

Promotion Tools Classification

15



® Coupons expenditure
Coupon is a ticket or document that can be exchanged for
a financial discount or rebate when purchasing a product. And

it includes the on-pack promotion in our study.

Coupon

® CI

Cl is an investment of corporate communication between
manufacturers and outlets in order to transfer the product
information helping salespeople or retailers know more about
the categories
® Sample expenditure

Sample means brand manager will give salespeople and

promoter samples of the product to let them taste.

Training

expenditure

® POSM expenditure

POSM refers to the layout on the shelf, including posters,
stand, and any other decoration, making the categories
strikingly in the store.
® Event expenditure

Event expenditure is for holding display and road show
for the categories in the stores.
® CCD expenditure

It refers to the expenditure to increase the shelf space and

the trade promotion money passed through to the consumer.

Display

Expenditure

The total promotion spent on Bouillons and Seasoning were NT$ 3276.22
thousands and NT$ 2177.47 thousands. The Coupon spent on Bouillons and Seasoning
were NT$ 990 thousands and NT$ 472 thousands. The display expenditure spent on
Bouillons and Seasoning were NT$ 202.5 thousands and NT$ 382 thousands. The

display expenditure spent on Bouillons and Seasoning were NT$ 2083.72 thousands and

NT$ 1323.47 thousands. Obviously, they spent more on the Bouillons.

W List price
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Price in our study, we treat it as a given exogenous variable. Because we are from
the aspect of a brand manager which only take charge of the sales promotion strategy
meanwhile the salespeople take charge of price discount or price cut of the outlets. And
the categories we discuss have also rarely been price cut or price discounted in the retail
stores. So we put a given list price into our model in order to rustically measure the

performance of sales promotion regardless of the selling price.
B Sales of categories

We examine two categories, bouillon and seasoning, with 39 months sales number
and we will check the time series data by AR(1) process. The average sales of bottle
package were 224 thousands per month. The average sales of Jar package were 156
thousands per month. The average sales of bottle package were 33 thousands per month.
So we know that seasoning category sales more than bouillons category. In fact these
two categories are under the series of prepared foods so we could also treat it as one

category in our study. And the whole scanner data is like the table below:

Table 3-2 scanner data table

Brand | Category | Package | Outlet Sales Promotion
PX mart ® Coupon
Training
Jar KA mart Expenditure
® Display
GT (distributors) Expenditure
One bouillon
® Coupon
Brand PX mart P
Training
Cube KA mart Expenditure
® Display

GT (distributors) Expenditure

seasoning | bottle PX mart ® Coupon
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® Trainin
KA mart g

Expenditure

® Displa
GT (distributors) 15play

Expenditure

3.3 Linear Regression

In our first part of discussion, we use linear regression model to test significant influence
of sales promotion on sales performance and the interactive impact of the sales promotion and

moderator, outlets, packages, and categories.

In the beginning, we use simple linear regression to test the performance of sales
promotion. The dependent variable is the sales revenue and the independent variable is the
amount of promotion expenditure. We find out that the sales revenue has autocorrelation with
the former period, following AR(1) process therefore we put a sales revenue of former period
as a controlled variable into each regression model. We use the AUTOREG procedure in
SAS language which enables us to estimate and predict of linear regression models with
autoregressive errors and to test linear hypotheses and estimate. The regression model and the

definition of each variable are as below:

Yo = Bo + B1 Yeoqy, + B2Xq, + &4, &, ~iid

'

ik represents the sales revenue in period t

Ye-1,, represents the sales revenue in period t-1
X, represents the amount of promotion expenditure
vi=1,273,4
1 represents sum of all sales promotion, 2 represents coupon,
3 represents training expediture, 4 represents display expenditure
vVi=123

1 represents Jar, 2 represents Cube, 4 represents bottle

vk=1,2734

1 represents PX,2 represents KA , 3 represents GT,

18



And then, we test the moderation effect including categories, packages, and outlets. The

regression model is as below:

Ytijk = BO + Bl Yt_lijk + BZ Xli + B?) XZi + B‘l- XliXZj + s'iz S’ig ~/i/id
X, represents the packages

Y = Bo + B1 Ye—1, T+ B2 Xy, + B3 X3, + Bs X1, X3, + &, g, ~1id
X3, represents the outlets

We assume that the promotion wouldn’t have a significant impact on the sales and
neither did the moderation effect. Since the effect of sales promotion is uncertain, we may
have a trouble investing the money just by personal experience or just tag along the
investment we did before without a statistics measurement to ensure not to waste the money.
So after examining the assumption, we would provide another solution using Markov

Switching Model to figure out the optimal promotion strategy.

3.4 Optimal Sales Promotion — Markov Switching Model

3.4.1 Structure

The decision process works as follows:

(1) The manufacturer decides rate of promotion recurrence (i.e., frequency) for an item.
(2) Promotion affects customer demand , y,.

(3) The manufacturer sells the item to retailer.

3.4.2 Promotion Decision

Our research centers on a stochastic promotion offer for these reasons. First, some
factors that influence promotion decisions are actually stochastic, such as the temperature or
weather, marketing actions unexpectedly made by competitors, or a store manager’s intuition.
Second, even if a store follows its predetermined, deterministic rule of promotion, if that

decision procedure is confidential or complicated, its outcome becomes unpredictable for
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outsiders. In such a case, one can reasonably assume that the promotion offer is a random
event. Finally, several existing articles about promotion research already apply stochastic
promotion to encapsulate the uncertainty of the promotion effect on the objective function (for

example, Kahn and Raju, 1991; Assunc.ao and Meyer, 1993; Bronnenberg, 1998).

3.4.3 Markov Switching time series for a regime change by promotion

We assume that a Markov switching model with an AR(1) process has two promotion
regimes and that these two regimes represent reverse sales situations with respect to
promotion. Therefore, the Markov switching time series model of the AR(1) process with two

regimes can be expressed as

Ve — s, = O(Vee1 — Bs,_,) + & (1)

Where s, represents the regime at time t, that is, s, = 1 or 2, and &~4id(0,c?). Note
that all the symbols and notations are listed in Table 3-3. To apply a Markov switching time

series model to promotion effects on demand, we make the following assumption:

Assumption 1:
For demand following the AR(1) process such as (1), assume that promotion activity

increases by p, but that the correlation coefficient ¢ and error g, are unaffected.

In (1), the transition between regimes form one period to the next is considered a random

variable that follows Markov chain properties. Thus, its transition probability is expressed as:
P.{S; = jIS;—1 = i} = Py (2)
Here we name States 1 and 2 as the non-promotion state and the promotion state, respectively

In (1), ¢ is an auto-correlation coefficient. Lee et al. (2000) theoretically and
empirically report that most commodities sold at retailers have positively-correlated demands.
One interpretation of ¢ is brand loyalty. The stronger the brand loyalty, the higher the ¢
exhibited by the AR(1) process (Hanssens et al., 2001, p.253). The error term in the AR(1)

model, ., captures random shocks that the model cannot directly observe or control. For
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instance, a change in the national economic environment can be understood as a random

shock.

Table 3-3 Notations and Symbols

Notations and symbols

Vi Demand at period t
St Promotion state at period t, St = 1: non-promotion state, =2 promotion
state

M, Average demand at period t (in the promotion state St)

) Auto-correlation coefficient for the AR(1) process

& Error term of the AR(1) process, g,~4iid (0,5%), where 6 >0

P; Transition probability from state i to state j (i, j = 1 or 2)

Py Transition probability, Pj' = P.{S,,, = j|Sm =i} wheren,m =1

v Demand

75 Auto-variance of the demand process for the j-period

P Retail price

p List price

p Exogenously determined lowest retail price

P Promotion price, P<P=p
w=p(p) Thedemand function: p = ae PP wherea =1, B> 0

0 Promotion frequency, 6 = %

K Coefficient for the variable promotion cost

M Original budget

<

Optimal budget allocation

The period-expected profit becomes stable over several periods if stationary switching is
assumed. Hence, we consider a Markov Switching time series model that has a stationary
distribution. Set B’ = P.{S;;;m =jISm =i} where n, m=1 for the N-state Markov chain.
For the existence of a stationary distribution, which is defined as P, = lim,_,, Pj' > 0, the

Markov chain is required to be ergodic according to Ross (1983, Section 4.3). In theory, an
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ergodic Markov chain is covariance-stationary, and a time series process y, is defined as

covariance-stationary if neither the mean p nor the auto-variance 7y of y, depends on time.

E(yy) = p Vvt and E(y, — p)(ye_j — n) = 7 Vtand any j 3)
Being covariance-stationary ensures the consistency of the model structure over time, which

improves confidence in our analysis.

Remarkl. In the case of the two-state Markov switching time series model, if the transition
probabilities satisfy 0< P;;,P,, <1 and 0< Pj; +P, <1, then the model is
covariance-stationary; that is, the average profit is consistent over time and a stationary

distribution exists.

Assumption 2:
(a) We consider only the stationary Markov switching process that satisfies Remark 1.
(b) In addition to the stationary Markov switching process, we allow the case Py; =

1 (or P, = 1), where the demand process always belongs to Statel (or State 2).

3.4.4 Distribution of the two-state Markov switching AR(1) process

It is well-known that the variance of the AR(1) process y, — Mg, = ¢ (yt_1 - ust_l) + &

where g~iid.N(0,62), is Var(y,) = o?/(1— ¢°). Here we set a stationary distribution
probability of being in State 2 (i.e., the promotion state) as0 < 6 < 1, and, in a stationary
Markov chain, 6 is defined as

(1-Pq11)
0 =0(Pyq,Py2) = m ;

A stationary distribution, 6, can be understood as the probability that manufacturer offers
a promotion in a given period. Thus, we refer to 6 as promotion frequency. 6 in our model
can be reasonably connected to a realistic promotion plan that actual manufacturers may apply.
P;; represents the manufacturers have a continuous non-promotion decision and P,
represents they have a continuous promotion decision in two state. P;, represents they don’t

have promotion in the period 1 but do in the period 2. P,; represents that they have promotion
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in the period 1 but do not in the period 2. In the case of the two-state Markov switching time
series model, if the transition probabilities satisfy 6 < Pj1,P,; <1and0<Pj; + P, <1,

then the model is covariance-stationary.
Remark2.

(a) Period demand, yt, follows a normal distribution, such that
1+¢ 2, o
ye~N{0p, + (1 —0)p, ,1_—4)29(1 -0, —n) + y

for the two-state Markov switching AR(1) time series process y, — My, = ) (Yt—1 — “st_1) +

g, Where g ~iid N(0,c?%), and 0 is the stationary probability of being in State 2.
(b) E(y,) is decreasing and concave in Py, but increasing and convex in P,,

(c) Var(y,) is concave in 6,and maximized at 8 = 0.5
3.4.5 Expected revenue for the manufacturer

We set the expected revenue, R, for the manufacturer as the product of the expected

demand from customers, w, or p,, and the discounted price p

R=R(p,0) = (1-0)pu, + 6(p — k6)u,(p) ()

Here we assume that the unit purchasing cost of the item is zero without loss of generality.
Also the promotion cost is proportional to the promotion frequency, 6, and k is a coefficient

of this linear promotion cost.

All the assumption and formula above (3.4.1~3.4.5) are from Hisashi and John’s research

in 2006 (European Journal of Operational Research 177, p1028~1032)

3.4.6 Optimal Sales Promotion plan

Based on Hisashi and John’s research, we modify some part of them. We use the list

price as a given exogenous variable, so the expected revenue, R, will as below:
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R=R(0) =(1-0)pu; +0(p —kO)p, (6)

We take the first and second order derivatives of (6).

dR _ _

FOC. -0 = —PHs+ (P — 2kO)p;, (7
9%R

SOC. 302 = —Zkllz (8)

From Weierstrass theorem of the optimal value, the maximum point exist in the closed

region of the decision variables, {(p,0)|p = p,0 < 6 < 1}. Consequently, the maximum

revenue is determined by the first order conditions (FOC):
—puy + (p — 2k6)p, = 0 9)
So the optimal promotion plan under maximized revenue condition is determined as
follows (derived from (8)):

0" = 20-(hy — o) (10)

If 0" is located below or above the boundaries, set 6" = 1 or0* = 0.
B Optimal budget allocation
We could get 0;; crossing each type of promotion and every package.

vi=1,273,4
1 represents sum of all sales promotion, 2 represents coupon,
3 represents training expenditure, 4 represents display expenditure
vVi=1,23
1 represents Jar, 2 represents Cube, 4 represents bottle
Although 6;; is to determine an optimal promotion frequency in a given period, it could
also be a standard to allocate the budget. The bigger 6 is, the more times promotion

frequency is so that 6; is like a measurement of promotion performance while our sales

promotion strategy is to maximize the profit.
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We assume the total budget of these two categories, bouillons and seasonings, is M and

the optimal budget allocation is M.

With M; (except i=1, sum of all sales promotion, because when a=1 then M, = M), we

assign the budget of coupon, training expenditure, and display expenditure.

M= MxZ2% . yi—234 (11)
1= Y0 e

According to 0;;, we could easily distribute the budget into each type of promotion across

every package.

— — eii
My = My x o

' Vi=23,4Vj=123 (12)
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4. ANALYSIS

4.1 Linear Regression Model Analysis

We examined the significance of the sales promotion acting on the sales performance.

Here is the result of the examination in Table 4-1. P-value of a simple linear regression or a

multiple linear regression is inside the blank. If p-value < 0.05, we could reject the null

hypothesis that the parameter estimator of the independent variable is not equal to zero. We

know that there is no significant effect of all the sales promotion. That result in a serious

problem that brand manager couldn’t evaluate the sales promotion strategy or the

performance of the promotion campaign.

Table 4-1 Result of the linear regression

Yiii = Bo + B1 Vi1, + B2Xq, + &4 gy, ~idd

Parameter t-value p conclusion
Sum of all sales promotion 0.22 0.8304 Reject the hypothesis
Coupon -0.01 0.9918 Reject the hypothesis
Training expenditure -0.88 0.3834 Reject the hypothesis
Display expenditure 0.73 0.4680 Reject the hypothesis

And then we examine the moderation effect. The testing result is shown in the Table

4-2.

Table 4-2 Result of the moderation effect

Ye = Bo + B1 Yiqy, + B2 Xq, + B3 Xp, + Ba X1 X5, + &, &g, ~4id
We set two dummy variables for three different packages.
Interaction F-value p conclusion
Sum of all sales promotion*packages 1.22 2269 Reject the hypothesis
.61 5412 Reject the hypothesis
Coupon*packages .23 .8192 Reject the hypothesis
.07 .9479 Reject the hypothesis
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Training expenditure*packages .54 5925 Reject the hypothesis
.87 .3843 Reject the hypothesis
Display expenditure*packages 1.43 | .1565 Reject the hypothesis
48 6322 Reject the hypothesis
Y = Bo + B1 Ye1y, + B2 Xq, + B3 X3, + Bs X, X3, + 84 g, ~id
We set two dummy variables for three distinct outlets.
Interaction F-value p conclusion
Sum of all sales promotion*outlets 1.32 | .1904 Reject the hypothesis
-1.30 1955 Reject the hypothesis
Coupon*outlets 24 8138 Reject the hypothesis
-83 4089 Reject the hypothesis
Training expenditure*outlets -45 | 6562 | Reject the hypothesis
-03 9750 Reject the hypothesis
Display expenditure*outlets 2.11 | .0374* Significant
-1.00 .3205 Reject the hypothesis

Overall, the sales promotion strategy has no impact on stimulating sales and neither the
moderation effect. The reason may be that it faced an acute competition with thousands of
brands in the market or that it is in a market declined. Since the performance is not significant,
how a brand manager weighs their budget on varied outlets, distinct categories, and different
packages. Brand managers have to deal with two tough issues, how to allocate the budget
among different categories, outlets, and packages and how the frequency of spending the

money is, so that we introduce Markov Switching Model to solve the problems.

4.2 Markov Switching Model Analysis

We have several objectives introducing the Markov switching model. Table 4-3

summarizes 6 with respect of sales promotion and different packages.
B Evaluating promotion performance

We know from Table 4-3, considering 6 as a measurement of sales promotion
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performance. 6 ranged from 0 to 1. When 6 = 0, it means past promotion investment

hardly increasing the sales performance. First, coupon acted most on bottle package and

so did training expenditure. Second, display expenditure plays an important role

stimulating the sales of the cube. Overall sales promotion had greater impact on

bouillons category (with sum of 6 = .47) than seasoning category (with sum of 6 =.34).

Budget allocation

Fist we could allocate total budget into different types of promotion.

MCOUPOH =.23M; Mtrainingexpenditure =.25M; Mdisplayexpenditure =.33M

Based on the allocation of different types of promotion, M, , we divided into each

. — 1 =
categories or packages. Mcoupon—]ar =9 M; Mtrainingexpenditure—]ar =

33

5
81

Mdisplayexpenditure—Cube i HM ) Mcoupon—Bottle D HM ) Mtrainingexpenditure—Bottle =

20
—M.
82

We have to notice that for some item, 8° = 0, which means we assign no budget to

the sales promotion on the packages. However, we emphasized providing a criterion to

figure out the budget issues. We do not suggest that a brand manager use a random

number generator to make a budget allocation decision.

Table 4-3 Summary of 6;

Bouillons Seasonings
Sum of
JAR | CUBE | BOTTLE 0
Coupon 0.09 ~0 0.14 0.23
Training expenditure 0.05 ~0 0.2 0.25
Display expenditure ~0 0.33 ~0 0.33

~ if the0 is less than 0, it would be counted as 0.
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Optimal promotion frequency

According to Markov switching stationary distribution, we could calculate the
possible transition probability combinations that can achieve from 6 = 6(P44,P5,) =

E—— (1P_P“P)22) , which is constrained by 6 < Py;,Pp, < 1and 0 < Py; + P,, < 1, but that 0
P
is not uniquely decided by probabilities P, and P,,. So how a brand manager can apply

the stochastic promotion result obtained by our model to real promotion planning?

For example, the model determines, say, 6,; = 0.09 for coupon on JAR package.
“P11 = 0.9and Py, = 0.0” could be a possible transition probability combinations that
can achieve 0" = 0.09. In the two-state Markov chain, the average length that a

manufacturer stays in the promotion state (or in the non-promotion state) is obtained
as% (or %). Thus P;; = 0.9 and Py, = 0.0 can be interpreted as that a proper
—rF22 —rF11

length of staying non-promotion is ten months got non-promotion and one months for
promotion in a year. So, in this case, the proposed promotion plan from our model will

be offering a coupon an every ten month.
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5. CONCLUSION

We analyzed the optimal sales promotion strategy, including budget allocation,
promotion frequency and how to evaluate the promotion performance. Nowadays in a heavily
competitive FMCG market, sales promotion could no longer guarantee stimulation of the
sales and also too complicated to explain whether promotion works or not. So the
manufacturer has trouble making the promotion decision. It is a dilemma that the effect of
promotion seems to be uncertain but the promotion investment is getting larger proportion of

the budget.

First we obtained a latest scanner data of a famous multinational packaged food
company with rich information about sales, sales promotion, channels, and packages. Our
result showed that indeed promotion didn’t work out and so did the moderation effect. Second,
We applied a Markov switching AR(1) process with the promotion and non-promotion
regimes in order to capture the actual demand response to promotion. It is very important for a
decision maker, brand manager or product manager, to make his promotion planning. Third,
we not only try to figure out the actual demand response to promotion, but treat it as a
criterion of budget allocation and further offer a promotion frequency decision. Base on 6* we
could offer a standard to allocate our sales promotion budget on different packages or
categories and we could also suggest a proper length of staying non-promotion state (or
staying promotional state). Our study covers three steps of the category management,

including planning merchandising, Implementing strategy and evaluating result.

Based on the Markov switching process and the optimal promotion frequency,8*, we

generalize following rules for an optimal sales promotion strategy:

In such a competitive market, we should reduce the frequency of promotion. The
Markov switching process has shown that 6* is quite low, which means the proposed
promotion plan is offering at least every 8 months or longer. On the contrary, we should
increase the investment on promotion plan each time. Because there are so many
competitive products with their own promotion campaign in the market, consumer is in

an information overloading condition. If the investment is not huge enough to deliver the
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message against other promotion campaign to the consumer it would be less effective

and waste a lot of money.

Table 5-1 Comparison table between average sales and 0

Bouillons Seasonings
JAR CUBE BOTTLE
Coupon 0.09 ~0 0.14
Training expenditure 0.05 ~0 0.2
Display expenditure ~0 0.33 ~0
Average sales 156,000 33,000 224,000

We could know from Table 5-1 that when the sales of a product were large, coupon
and training expenditure had more impact on increasing sales. And while the sales of a
product were small, display expenditure is a better choose of promotion plan. In our
definition, display expenditure refers to the layout on the shelf, posters, event
expenditure for display or road show, and shelf space which are ways to give a product
more exposure to the consumer shopping in the store. Because there are too many similar
products in this category, we need a specific way to get consumer’s awareness especially
for low-sales product. As to the coupon and training expenditure, when the sales of
non-promotion state is large which imply higher awareness and more consumers so that

promotion could easily accelerate their buying.

Our results also showed that higher promotion investment not necessarily comes out
higher effectiveness. See Table 5-2. The reason for this consequence may be caused by
consumer price sensitivity, brand awareness, substitutes, or consumer preference which

is beyond the assumption in our study.
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Table 5-2 Comparison table between promotion expenditure and 6

Bouillons Seasonings
Total promotion expenditure NT$ 3276220 NT $ 2177470
0 0.15 0.24

However, we have some research limitation. First, we treat price as a given exogenous
variable so that we did not consider the price discount effect in the retailer store and it would
provide additional perspective. Second, we didn’t consider the change in brand awareness,
brand image and the impact on the customer’s decision process. It provides some topics for

the future study.
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