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TWO-LEVEL PROMOTION AND ORDERING POLICY IN A SUPPLY CHAIN

YUu-CHUNG Tsaol?* Hul-LING FAN!, Lu-WEN L1AO3,
THUY-LINH VU2 AND PEI-LING LEE!?

Abstract. This research develops two models to consider retailer sales promotion and manufacturer
trade promotion under demand uncertainty. The objective of the first model is to determine the retailer’s
optimal promotional effort and order quantity while maximizing the retailer’s profit under exogenous
trade promotion. The second model extends the first to consider the manufacturer’s endogenous trade
promotion decisions. For these models, three different trade promotion policies (off-invoice, scan-back,
unsold-discount) have been compared to identify the policy that can increase the manufacturer’s and
the retailer’s profits. For the model with exogenous trade promotion, the retailer’s promotional effort
level, order quantity, and profit are highest under the off-invoice trade promotion policy. With respect
to the manufacturer’s endogenous trade promotion decisions, the retailer’s promotional effort level,
order quantity, and profit, and the manufacturer’s profit are higher under the off-invoice policy than
under the scan-backs policy. When comparing the three different trade promotion policies, we also find
that the wholesale price is a key factor that influences a manufacturer’s profit. Our research sheds light
on the importance of trade promotion policy in supply chain management.
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1. INTRODUCTION

In the distribution channel, trade promotion plays an important role to push products to end customers. It
allows upstream players to offer downstream players some special price discounts or incentive policies to increase
their sales. Trade promotion is currently one of the single best line items for manufacturers and Neilsen has
confirmed that they account for almost 60% of the company’s marketing budget [24] for consumer packaged
goods (CPG). With trade promotion spending accounting for 15-20% of sale revenue [3], it is even more critical
for companies to consider increasing trade promotion budgets and how to select the trade promotion policies
that are best suited to them.

Blattberg and Neslin [2] delineated three types of sales promotions: trade promotion from the manufac-
turer to the retailer, retailer promotion from the retailer to the consumers, and consumer promotion from the
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manufacturer to the consumers (manufacturer promotion). As we see in Table 1, there are many researches
which have considered trade promotion [1,13,16,28,29,32] or retailer promotion [17,18,25,30] individually. In
a different way, Yang et al. [34] consider two types of sales promotion: manufacturer’s promotion (the manufac-
turer can promote via a direct channel) and retailer’s promotion (the retailer can promote via a retail channel)
independently. In practice, these two or three types of sales promotion could exist at the same time in the
one supply chain. During holidays, many stores provide discounts on their products or hold sales activities
to effectively increase consumer demand. Retailers need to adopt an appropriate ordering policy to meet the
rising demand. Manufacturers provide a discount based on the retailer’s ordering policy. For products such as
sports goods, necessaries, clothes, and other articles of daily use, promotion indeed stimulates heavy demand.
However, two-level promotion is not only effective for short-term sales promotion activities, such as New Year
and Christmas sales but is also feasible in the long term. For example, some well-known brands such as Adidas,
Nike, and Samsung use trade allowance to promote brand awareness and advertise their latest products/services.
Consequently, the design of two-level promotions to ensure the optimal profit for all players in the supply chain
is a practical and important issue. However, in the literature, there is a lack of studies that consider two-level
promotion (see Sect. 2); studies only focus on one method of trade promotion [9,14,33]. To extend the literature,
this research considers two-level promotion (manufacturer’s trade promotion and retailer’s sale promotion) while
providing a comparison of three common methods of trade promotion to help managers determine the most
suitable policy for their supply chain.

In our model, the three methods of trade promotion in which the manufacturers offer a discount as a fixed
amount or percentage of the original to increase the sales margin: off-invoice, scan-back, and unsold-discount
trade promotion are considered. In the case of off-invoice promotion, the manufacturer provides some discounts
based on the retailer’s order quantity. However, the manufacturer cannot exert control over retailers to fully pass
on the trade promotion discount to end consumers. This leads to a principal-agent problem, which is defined
in game theory as the factor motivating one decision-maker to act on behalf of another [13]. Scan-back trade
promotion is created as a solution to the principal-agent problem by allowing the manufacturer to monitor
end sales to customers using information technology. The manufacturer provides the discount based on the
exact number of sales the retailer makes. However, whether the retailer is willing to accept the scan-back trade
promotion is another issue. What happens if the number of inventories increases? Another trade promotion is
considered, an unsold-discount trade promotion, wherein the discount obtained from the manufacturer depends
on the retailer’s unmarketable quantities. This trade promotion policy is different from the aforementioned two
policies in that the manufacturer offers the retailers a lower price for unsold products than the price of goods
sold. Therefore, the retailer can lower the unit retail price, which, in turn, increases the product demand from
consumers.

This study contributes to literature as follows. First, we build the two-level promotion models with a single
manufacturer and a single retailer under demand uncertainty. A manufacturer offers the trade promotion policies
to a retailer while the retailer conducts sales promotion to induce greater demand from customers. Second, three
different trade promotion policies (off-invoice, scan back, and unsold-discount) are compared in our models. The
aim is to identify the trade promotion policy that can increase the manufacturer’s and the retailer’s profits.
To best our knowledge, this is the first study which has discussed the two-level promotion and compared
three different trade promotion policies. Furthermore, two supply chain models with exogenous and endogenous
trade promotions are considered. In the first model, the retailer determines the optimal order quantity and
promotional effort effect level to maximize its own profit. The second model extends the first to consider the
manufacturer’s endogenous trade promotion decisions. Finally, we also run numerical examples to obtain some
managerial insights that could be used as a reference for companies and managers.

The rest of the paper is organized as follows. The next section presents a review of the literature. In Section 3,
a basic model for two-level promotion with demand based on promotional effort is developed. The basic model
is extended to consider the manufacturer’s decision variable in Section 4. Section 5 uses numerical examples to
examine how decision variables perform when optimal trade promotion discount is achieved. Finally, in Section 6,
we present our conclusion in detail and provide some suggestions and comments for future research.
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TABLE 1. Comparisons of previous works.

Trade Retailer Manufacturer Two-level N. of promotion = Demand
promotion promotion promotion promotion  policy pattern
Lal and Villas-Boas [14]  x X X 1 N/I
Lu and Moorthy [18] x 2 N/I
Kurata and Yue [13] X 1 Promotional budget
dependent
Tsao and Sheen [30] X 1 promotional
effort-induced demand
Su and Geunes [28] X 1 Price discount, outcome
dependent
Pal et al. [22] x 1 Price, product qual-
ity, promotional effort
dependent
Yang et al. [33] x x 1 Random variable, pro-

motional efforts, rebate
face dependent

Sana [25] X 1 Random variable and
sales teams’ initiatives
dependent

Tsao and Lu [29] x 4, Promotional cost
dependent

Lin [16] x 1 Promotional cost depen-
dent

Bai et al. [1] x 2 Price, time, promotional
effort dependent

Wu et al. [32] x 3 Price dependent

Fang and Yuan [6] X 1 Time dependent

Liu et al. [17] x 2 Quality and sales effort
dependent

Yang et al. [34] x X Price dependent

Pakhira et al. [23] x 1 Promotional cost and
trade credit dependent

Nouri et al. [19] x 1 Promotional & innova-
tion efforts dependent

This study b'q bq X 3 Promotional efforts
dependent

2. LITERATURE REVIEW

2.1. Sales promotion

Sales promotions play vital role in creating incentives for customers to buy products more quickly and
make larger purchases. There are different forms of sales promotion for retailers facing varying competitive
environments with different types of products, such as price discount [7], coupons [31], loyalty discounts [21],
displays, rebate [10], promotional packaging, TV commercials, and so on. Sigue [27] argued that manufacturers
are willing to support retailer promotions because it can significantly increase future sales through side-payment
mechanisms such as promotional allowances and cooperative advertising arrangements.

Most of the existing literature on retailer sales promotion only considers single-level promotion. For example,
Lu and Moorthy [18] demonstrated the difference between two promotional vehicles for retailers: coupons and
rebates. Osman et al. [20] examined the impacts of sales promotion on buying behavior and identified ways
to help the marketer devise suitable strategies to increase sales. Tsao and Sheen [30] considered a two-echelon
multiple-retailer distribution channel in addition to retailers’ promotional efforts and the sales learning curve.
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Whatever the motivation for sales promotion, its aim is to stimulate sales. Therefore, to evaluate their prof-
itability, retailers must take promotional effort costs into account. In our research, we consider the cost and
impact of sales promotion reflected in our demand restrictions formula. The market demand is assumed to be
dependent on the promotional effort of the retailer, as in Pal et al. [22], Sana [25], Nouri et al. [19] and Liu
et al. [17].

2.2. Trade promotion

The two most common methods of trade promotion are off-invoice and scan-back trade promotion. There
have been a number of studies that specifically focus on the differences between these two methods. For example,
Kurata and Yue [13] explored a new way for manufacturers and retailers in a two-stage fashion supply chain
to shift from a traditional trade promotion method (off-invoice) to a new method (scan-back) enabled by
information sharing. Su and Geunes [28] developed a bi-level model of a decentralized two-stage supply chain
in which the manufacturer’s pricing decision (trade promotion levels) and the retailer’s operations (order value,
inventory levels, and transshipment quantities) can be determined simultaneously. Yuan et al. [35] proposed an
analytical model and implemented market experiments to examine optimal channel member behavior regarding
trade promotion decisions. However, they only considered upstream promotion.

Trade promotion has been used as a tool by manufacturers to distinguish their sales from that of retailers [4].
Some studies have been conducted to examine the benefit for both manufacturers and retailers. For example,
research by Dreze and Bell [5] focused on scan-back trade promotion and demonstrates that a manufacturer
can devise a “redesigned scan-back” agreement that makes him/her strictly better off and the retailer slightly
better off. Kurata and Yue [13] added the buyback contract in their supply chain model and found that the
manufacturer and the retailer can achieve a win—win solution to maximize their profits if the manufacturer
uses scan-back trade promotion accompanied by the buyback contract. Recently, Lin [16] considered the price
promotion in a supply chain comprising one manufacturer and one retailer who takes into account the reference
price effects of consumers He/She assumed that the demand function is linear and includes reference price effects.
Bai et al. [1] developed a two-echelon sustainable supply chain system for deteriorating items under carbon cap-
and-trade regulation and compare these two contracts: revenue and promotional cost-sharing contract and a
two-part tariff contract analytically and numerically. Wu et al. [32] analyzed trade promotions under demand
disruption (demand uncertainty and limited capacity). Specifically, off-invoice, scan-back, and revenue-sharing
trade promotions were examined. Pakhira et al. [23] considered if the supplier shares a part of the promotional
cost then the channel profit as well as individual profits increases. Fang and Yuan [6] focused on manufacturer
promotion in which manufacturers usually launch a time-sensitivity promotional mechanism that the earlier you
order, the cheaper the wholesale price will be in advance of the selling season. These two supply chain contracts:
time-sensitive wholesale price contract and time-sensitive revenue-sharing contract were constructed to reach
supply chain coordination and improve supply chain performance.

2.3. Unsold-discount

In our research, we also consider the third trade promotion method, unsold-discount trade promotion. From
the manufacturer’s point of view, it is natural that the extent of discount can influence the retailer’s order
quantity. To support the retailer, the manufacturer offers discounts to retailers when there is unsold inventory.
To the best of our knowledge, the literature on the application of unsold-discount trade promotion in operations
management is very limited, and only a few studies on concepts similar to this trade promotion policy exist. For
instance, Hahn et al. [8] found that a retailer dealt with perishable goods with a finite life when manufacturers
allowed retailers to not return the unsold perishable goods and offered discounts on the wholesale price. Shen
and Li [26] examined the influence of returning unsold products in a retail outsourcing fashion supply chain.
They found that a low logistic cost for returning products may not be beneficial to supply chain sustainability.
Tsao and Lu [29] compared four trade promotions, off-invoice, scan-back, unsold-discount and target rebate, in
a manufacturer—retailer supply chain in which the manufacturer provides trade promotions to the retailer. This
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study extends Tsao and Lu [29] to consider the two-level promotion in which the retailer also offers the sales
promotion to its customers.

2.4. Two-level promotion

There are a few studies in the literature that have discussed two-level promotion. For example, Lal and
Villas-Boas [14] studied the interaction of two-level promotion between two manufacturer brands and two
competing retailers. They showed that retailers sometimes offer the same discount on different products; however,
they generally provide a relatively small discount on a brand supported by a relatively large trade promotion.
Jorgensen et al. [9] formulated a supply chain in which a manufacturer advertises to build its national brand
image and a retailer promotes the brand locally to increase sales volume; however, these efforts may be harmful
to the brand image. They considered the specific case of a cooperative program in which the manufacturer
pays part of the costs incurred by the retailer in promoting the brand. Yang et al. [33] used a newsvendor
modelling framework involving two-level promotion wherein the manufacturer provides mail-in rebates directly
to consumers, while the retailer exerts promotional effort to further stimulate consumer demand.

To sum up, the existing literature on promotional mechanism always considers the single level of promotion
with general assumption of promotion types. To the best of the authors’ knowledge, the two level of promotion
analysis has not been popular in the literature (Tab. 1). Therefore, this study studies the two models of two-level
promotions: trade promotion from the manufacturer to the retailer and retailer promotion from the retailer to
the consumers with three different types of promotional mechanism (off-invoice, scan-back, and unsold-discount).

3. EXOGENOUS TRADE PROMOTION

This paper considers a newsvendor model in which the manufacturer sells products to a retailer with trade
promotion, and the retailer sells the products to customers with sales promotion under demand uncertainty. Let
p be the retailer’s promotional effort level, () be the quantity ordered by the retailer from the manufacturer, and
D be the stochastic demand in our manufacturer—retailer supply chain. The product’s retail price P, wholesale
price W, and production cost C' are fixed per unit.

In this section, we focus on the retailer’s decisions regarding promotional effort to stimulate consumer demand
and increase order quantity from the manufacturer to maximize his/her profit. In Section 3, we build the basic
model under exogenous trade promotion discount.

3.1. Notations and assumptions

The following notations and assumptions are used in the model (Tab. 2).
The mathematical model in this study is based on the following assumptions:

(1) We consider a problem involving a single product and no shortage costs if demand cannot be met. In
the standard newsvendor problem, no shortage cost is assumed if the purchased quantity is less than the
demand [15]. Because the company only has one chance to order the products (one period to sell the
products) and the customers lost anymore when shortages happen. Those products that only be sold in
one single period could be examples for no shortage cost.

(2) To generate positive profit, the manufacturer’s and retailer’s parameters must satisfy the condition, P >
W > C, that is, the retail price of a product must be greater than the wholesale price, and the wholesale
price must greater than the product cost.

(3) The retailer’s promotional efforts can increase consumer demand, and hence, have a positive impact on
demand. We assume that the retailer faces a stochastic demand function [35] presented below:

D=f(p)+U,

where f (p) = p€ is a deterministic function of the promotional effort level with £ > 0, and U is a uniform
distribution of [—p¢&, pg].



S124 Y.-C. TSAO ET AL.

TABLE 2. Table of symbols.

Definitions

Decision variables

pi Promotional effort level in the off-invoice (i = O) case, scan-back (i = S) case, or unsold-discounted
(i = B) case

Q: Order quantitiy from a retailer to a manufacturer in the off-invoice (i = O) case, scan-back (i = S) case,
or unsold-discounted (i = B) case

Parameters

Basic demand (without promotion effort)

Demand with promotion effort

Manufacturer’s unit production cost

Manufacturer’s wholesales price

Retail price

Manufacturer’s expected profit in the off-invoice (i = O) case, scan-back (i = S) case, or unsold-discounted

(i = B) case

Iz, Retailer’s expected profit in the off-invoice (i = O) case, scan-back (i = S) case, or unsold-discounted

(i = B) case

Off-invoice unit discount

Scan-back unit discount

Unit Unsold-discount

SRS

=
g

SR

(4) The retailer conducts sales promotion to induce greater demand. The promotional effort exerted by the
retailer after demand ¢ is observed [11]. The cost of the promotional effort is given by C (p, &) = K(p—1)¢,
where C (p,€) is a convex, increasing, and continuously differentiable with respect to p for any p > 1, and
all K > 0 are constants. Further, C (1,£) = 0, and C (p,£) is continuous in ¢ for any p > 1. Higher values
of K imply greater difficulty in attracting consumers. However, in our research, we assume K = 1, and this
effort cost is belonging to the retailer.

(5) In the reasonable situation, the range of trade promotion discounts cannot be lower than zero and cannot
exceed the wholesale price.

3.2. Mathematical model

The first step of our analysis focuses on building basic model. To distinguish between the three different types
of trade promotion discount, we use «(f8, B) to represent the per-unit off-invoice (scan-back, unsold-discount)
discount and subscript O(S, B) to represent the parameters in a supply chain where off-invoice (scan-back,
unsold-discount) policy is offered.

3.2.1. Off-invoice discount

Under the off-invoice policy, the manufacturer offers discount « to the retailer, and the discount is subtracted
from the initial invoice on all the units ordered. Therefore, the effective wholesale price to the retailer becomes
W — a. The profit function is formulated as follows.

The retailer’s expected profit (Ilg,, ):

2poé
B tdt dt )
HRO—P/m‘F QOQ/ m—QO(W—Q)_(PO—l)g

—(P-W+ta)Qo— 290 (), 1) (3.1)
PO
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The first term in the retailer’s expected profit is the retailer’s revenue when the retailer has enough
goods/inventory for consumers to buy. The second term is the retailer’s expected revenue when the retailer
has no extra good/inventory to satisfy consumer demand if the order quantity is smaller than the demand. The
last term is the cost of promotional effort, which we define in our assumptions. We determine the optimal order
quantity and promotional effort level by solving the following first-order condition:

Ollg, PoQo 2(P—W +a)po
=0= = s
0Qo 2p0& Qo P

Mny _ PoQ 0= 00— 206y T2=T
Dro e —2(po ~1)£=0= Qo =2po&\| =5 (3:3)

Solving equations (3.2) and (3.3) simultaneously to obtain the optimal order quantity and promotional effort
level.

=(P-WH+Ha)—

(3.2)

. (P—W +a)?
ph =1+ 5P (3.4)
and
L _%(P-Wta) [, (P-W +a) (P7W+a)((PfW+a)2+2P)£ .
9o = P * 2P - P2 ' (8:3)
The manufacturer’s profit can be written as
max I, = max [(W — C — a)Qo], (3.6)

where Il is the manufacturer’s profit under the off-invoice policy.

3.2.2. Scan-back discount

In the case of scan-back policy, the manufacturer gives the retailer discount for each unit sold by the retailer
to the end consumer. This means the manufacturer offer a per-unit discount 3 to the retailer for each unit sold
to consumers. The retailer’s profit can be formulated as

Qs 2psé&
HRS:<P+ﬂ>/%+<P+ﬂ>QS / %—QSWS—(/)S—DQ&
0 Qs
2
—prp-wygs- TED _( ape (3.7)
psé

Similar to the off-invoice policy, we take the first-order condition with respect to order quantity and promo-
tional effort level:

Mps _ . Ps+B8) Qs _ _2(P+B—W)ps§
905 LTV s e TR s =T

Mp, _ (P+PB)Q% _ _ [2(ps — 1)
Ops | 4piE —2(ps —1)§=0= Qs =2ps§ Pi—i—ﬂ (3.9)

Solving equations (3.8) and (3.9) simultaneously to obtain the optimal order quantity and promotional effort
level under the scan-back policy.

(3.8)

(P+B-W)

* 1

(3.10)
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and
gn Z KR B-W) ([ (P W? (PG WI(PAG-WREAPEHE gy
° (P+5) 2(P + ) (P+75)? ’
Under the scan-back policy, the manufacturer’s profit can be written as
¥ rar e
e I AT
Qs -0)-5 (s - 12 ) (312
4ps€ )’

where 57, is the manufacturer’s profit.

3.2.8. Unsold discount

The third type of trade promotion is unsold-discount policy. Under demand uncertainty, the manufacturer’s
aim is to increase the retailer’s order quantity; thus, the manufacturer provides discount for the retailer’s unsold
inventory. Unlike scan-back policy, unsold-discount policy involves a per-unit discount from the manufacturer
to the retailer for each unsold unit. In other words, the manufacturer gives the retailer discounts based on the
amount of unsold inventory. Therefore, the retailer’s profit (IIg,) can be written as

Qp 2pB¢ Qs
_ tdt dt Qp—t 2
HRB—Po/QpBg‘FPQBQ/ 2107354'30 20mE dt — QW — (pp —1)7¢
P — B)Q?
—(P-W)Qp - (@BQQB (o5~ 1%, (3.13)

The third term in the retailer’s profit function represents the retailer’s revenue from the manufacturer when the
demand from the end consumers is less than the order quantity.

Similar to the first two cases, we take the first-order condition with respect to order quantity and promotional
effort level:

Mp, o, QP -B) _ _ 28 (P —W)
905 =Pg—Wg pnE =0=QUp= P-B)

OMp, Q% (P—B) B B [2(p5 — 1)
ooy 34sz£ —2(pp—1){=0=Qp =2pp¢ W (3.15)

Next, we equate (3.14) and (3.15) to get the optimal order quantity and promotional effort level. We find
that

(3.14)

2
=1+ (QJ(DP_V;)) (3.16)
and
g, L XPW) (1 - W)2> _(P-w) ((P=w)*+2(P-B)) 3 o
(P—B) 2(P-B) (P — B)?
Under the unsold-discount policy, the manufacturer’s profit can be written as
QB
max Ty, = max |(W— Qs — B | 22=tar| = uow — ) B9, (3.18)

2pp& 4pBg

0
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From the above fundamental model, it is obvious that when trade promotion budgets are zero (o = 8 =
B = 0), the retailer’s promotional effort level, order quantity, and profit, and the manufacturer’s profit under
all the three trade promotion policies are the same (p) = pt = pf, QF = QF = QF, Rro = R, = g,
and I3, = I}, = Mj;,). In the next section, we derive propositions regarding off-invoice, scan-back and
unsold-discount policies under exogenous trade promotion.

3.3. Comparisons

Based on the basic model, we compare the retailer’s promotional effort level, order quantity, and channel
member profits given the same trade promotion discount.

We first compare promotional efforts considering that each of the three trade promotion policies is offered
separately. Proposition 3.1 has been stated below:

Proposition 3.1. Given the same trade promotion discount, the retailer takes the maximum promotional effort
in the case of off-invoice policy and takes the minimum promotional effort in the case of unsold-discount policy,
that is, p} > ps > pg.

See Appendix A for proof.

When the manufacturer offers a trade promotion discount, the retailer’s promotional effort level is the highest
in the case of off-invoice policy. By definition, when trade promotion budget is allocated to off-invoice policy,
retailers receive discounts on all the units ordered. Even when the realized demand is unexpectedly low, retailers
can still sell the products by making more promotional efforts because of the discount they received from
the manufacturers. Under unsold-discount trade promotion, retailers receive discounts on the unsold units.
Therefore, retailers do not make much promotional effort to sell the products because the manufacturer offers
discount only on unsold products. Therefore, if we compare off-invoice trade promotion and scan-back trade
promotion, retailers would prefer to take the least promotional effort when trade promotion is offered in the
unsold-discount format.

Considering uncertain consumer demand, we compare order quantities with each of the three trade promotion
policies offered separately. Proposition 3.2 has been stated below:

Proposition 3.2. Considering uncertain consumer demand, a retailer’s order quantity is the highest in the
case of off-invoice policy compared to the other two trade promotion policies given the same amount of trade
promotion discount.

See Appendix A for proof.

The trade promotion discount provided by the manufacturer influences the retailer’s ordering policy. Com-
pared to off-invoice trade promotion, retailers would prefer to order a smaller quantity of products under the
scan-back policy because when retailers face unexpectedly low demand, it is difficult for them to sell all the
order quantity. Moreover, under the unsold-discount policy, retailers would order a smaller quantity than under
the off-invoice policy. Because the exogenous trade promotion discount is the same, with unsold-discount trade
promotion, retailers can get the maximum revenue from manufacturers only when the products are not sold to
the consumers. Therefore, retailers order the maximum quantity under the off-invoice policy compared to the
other two trade promotion policies.

Customer demand directly influences retailer profit. In our model, the retailer uses sales promotion as an
incentive to boost sales. Sales promotion not only increases the retailer’s revenue but also allows the retailer
to order a greater quantity from the manufacturer. Considering uncertain consumer demand, we compare the
retailer’s profit when the three trade promotion policies are offered separately. Proposition 3.3 has been stated
below:

Proposition 3.3. Considering uncertain consumer demand, the retailer’s profit is the mazimum in the case of
off-invoice policy compared to the other two trade promotion policies given the same amount of trade promotion
discount.
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See Appendix A for proof.
As the exogenous level of trade promotion discount increases the retailer’s profits also increase

i.e., dzo > 0; dgs > 0; ng > O). Trade promotion can indeed increase the retailer’s profit. More specif-

ically when the manufacturer provides off-invoice discount to the retailer, the retailer can get the maximum
profit by getting the maximum trade promotion level from the manufacturer. Thus to maximize profits the
retailer will choose to employ off-invoice policy rather than scan-back or unsold-discount policy

In our research, trade promotions play a key role in determining manufacturer profits. We compare the
manufacturer’s profit given the same trade promotion discount when the three trade promotion policies are
offered separately. First, we compare the manufacturer’s profit in the off-invoice case and scan-back case by
taking the difference in profit. From equation (3.6), we know that manufacturer profit in the off-invoice case is

- [ — (03 2
I3, = [(W = C - a)Qp]. From equation (3.5), we can replace Qf, with (P-Wta)((P—W+a)*+2P)¢

yo2 to derive

S (W-C-a)(P-W+a) ((P—W+a)2+2P)§
Mo — P2 ’

(3.19)

Similarly, from equation (3.12), we can simplify manufacturer profit in the scan-back case as II}, =
(W -C-p (1 ~ s )) Q%. Using equations (3.10) and (3.11), we replace p§ with p% =1+ PHB=W)" .14

1p%E 2(P+p)
Q% with Qf = (PJ”[”‘W)“i}i};@z“(”ﬁ”f to derive
o _(P-WHB)B+2AP+BW —C =P W+ /(P -W+5)°+2(P+ )
ey = 3P . (320
Given the same amount of trade promotion discount in both the cases (a« = (), the difference is
AQ(Z(P+Q)(W_C_Q)(ZP(I;—;Z)(;iZ(;P+a))_AP2(A2+2(P+a)))£, where A = P — W + «a. Therefore, if the numerator

of the difference, which is 2 (P + a) (W — C — a) (2P (P4 a) + A% (2P + a)) — AP? (A2 4+ 2(P + «)) , is non-
negative, we conclude that I}, > I3, . Otherwise, 1T, < II}, . Further, similar to the above approach, from
equation (3.18), we simplify manufacturer profit in the unsold-discount case as I}, = (W - C)Qp — B Qb

Ip5E
P—W)((P=W)*+2(P—B))¢
(P-B)?

and replace pp with p =1+ (PW) ond Q5 with Q5 = ( to derive

2(P—B)

(W—CMP—WQ«P—WV+MP73»§_BwaY(@fWY+2@fBD§

Wy, = P _B? P B) (3.21)
We take the difference in profit in the off-invoice case and the unsolded-discount case as follows:
Mo — My,
mh4DQP—Bfw—MhHmQP—W+af+ﬂﬂg—P%P—wqQP—WV+MP—BDQ
P2 (P - B)®
MP—W+aNﬂu4P—W+@ﬁ§ Bw—mﬁ(w—wf+2w—3»§
- P2 " 2(P - B) ‘
Given the same trade promotion discount, that is, « = B, the function becomes
BB et AR W2 2O here x = (P~ W+ B) (P~ W +B)* +2P) and

y=(P-W) ((P ~W)P+2(P- B)) Therefore, if the numerator, which is 2(P — B)* (W — B — C)z +
P?(B(P+W —2C) — 2P(W — C))y, is non-negative, we conclude that IT}, > IT}, . Otherwise, ITy,; < 1T}, .
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Finally, in the same way, we compare manufacturer profit in the scan-back case and unsold-discount case.
Given the same promotion discount (5 = B), the difference between profit in both the cases is

(W - C) ((P—B)2(:c+2B(P—W+B))—(P+B)2y)§
(P+ B)*(P - B)?

 B((P-B’(P+W+B)(x+2B(P-W+B)—(P+B)°’(P-W)y ¢
2 (P+ B)*(P - B)® ’

where = = (P — W + B) ((P ~W+B)?+ QP) and y = (P — W) ((P —W) 4+2(P - B)); further, we use
the same intermediate variables as above. It is difficult to judge whether this difference is greater than zero.
Therefore, we conduct a numerical study to discuss the topic in more detail.

4. ENDOGENOUS TRADE PROMOTION

4.1. Notations and assumptions

We use the same assumptions as stated in Section 3 to demonstrate our model and extend some notations
mentioned in Section 3. In Section 3, the notation * refers to the optimal value if the channel party maximizes
their own profit with given cost C, wholesale price W, and retail price P under exogenous trade promotion. In
this section, ** refers to the optimal value if the channel party maximizes the channel profit with endogenous
trade promotion.

4.2. Mathematical model

Endogenous trade promotions are considered to be an important factor determining the manufacturer’s profit.
Our objective is to determine the maximum profit generated by the optimal order quantity, promotional effort
level and trade promotion discount. Thus, it is necessary to separately find the manufacturer’s optimal discounts
for the three trade promotion cases.

4.2.1. Off-invoice discount

Replacing Qp in I1s,, with the expression in (3.5), we get equation (3.19) I3, . To get the optimal off-invoice
discount, we take the derivative of the manufacturer’s profit with respect to trade promotion budget for the
off-invoice case:

oIy,
Ja
BP-W+a)’W—-—a—-C)+2P(W—-a—-C)—(P—W+a)’=2P(P-W +a))¢
= 52 .
The optimal trade promotion budget, «*, can be derived from the first-order condition
8118?50 = 0, and we get a* = 12}/)‘30 — (P—=W), where Xo = 3Y3(9(P—-0C)(P—C)*+8P)+

46,/P(27(P — C)* + 2P(—9(P — O)? +64P)))1/3 and Yo = 9(P — C)? — 48P + 3(P — C)Xo + X2.

Because trade promotion budget cannot be negative, we summarize it as follows:

Y Yo
o = 12)(50*(P*W)’ 12)(<)O>P*W.
0, Otherwise
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4.2.2. Scan-back discount
Next, in the scan-back case, we maximize manufacturer profits with respect to trade promotion discount by
ot
solving —»=5 = 0. We find that

oB
oIy,
op
_(P=W+BR+2P-W+5)RP+ LW -C =)+ (P -W+p5)§
2(P + )3
N (P—W +B)(—=2C —P+W —28) (2(P+ )+ (P - W + B)?) ¢
2(P + )3
+@@+6WV—C—M+MP—W+6»@@+6H%P—W+m%§
2(P+ )
3@—W+MQUHWHW—C—@+MP—W+MNNP+W+@—W+mﬁE
2(P+p)"
Because it is complex to derive the optimal trade promotion budget using first-order condition 81;[;55 =0, we

numerically solve for the optimal trade promotion discount. Thus, we summarize optimal trade promotion in
the case of scan-back policy as follows:

8= { arg max {H}‘WB} , argmax {H’]‘\/[B} >0
0, Otherwise ’

4.2.3. Unsold-discount budget

Similar to the above calculation, substituting (3.16) and (3.17) in (3.18), we get equation (3.21) I3, . We
find the optimal unsold-discount budget by solving the following first-order condition:

oy, 2P=W)(W=C)((P=W)’+(P-B))¢

OB (P - B)®
(P —W)>? (2(P—B)(2B+(P—B))+(P—W)2(SB+(P—B)))§
N 2(P - B)* =0
«_ Xp—Yp
=B = w20

where Yj = \/ZP(P LW —20)((P —5W + 4C) (P +(P— W)Z) + P(P—W))+ X% and Xp = 4P(W — C)

+ (P — W)%(P + W — 2C). Only when the numerator of the equation for B*, that is, Xp — Yp, is positive,
the discount budget in the unsold-discount case is valid value; otherwise, the discount budget is zero. Thus, we
summarize the optimal trade promotion in the unsold-discount case as follows:

g~ | a ey (P—5W +40) (P4 (P W)*) + P(P—W) <0
0, Otherwise.

. - . . . e o113 .
Because we lose analytical tractability with these complicated partial derivatives ( 6’;45), we numerically

solve for the optimal scan-back value. Then, we summarize the analytical results in Table 6. From Table 6, it is
obvious that the optimal decision variables in the off-invoice case are not a function of the wholesale price. In
the next section, we discuss the topic in more detail and present the research results.
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5. NUMERICAL STUDIES

5.1. Exogenous trade promotion

In this section, we consider different numerical settings to better understand the characteristics of the retailer’s
decision variables — promotional effort and order quantity; further, we analyze the effect of trade policies on
manufacturers’ and retailers’ profits when the amount of discount under the three different trade promotion
policies is the same. Given that product cost to the manufacturer C = 20, wholesale price W = 80, and
retail price P = 150, Table 3 summarizes the theoretical predictions for the retailer’s promotional effort levels,
order quantities, and retailer and manufacturer profits at specific amounts of trade promotion discounts under
off-invoice (OI), scan-back (SB), and unsold-discount (UB) policies. For simplicity, hereafter, we assume that
demand factor £ equals 1.

From Table 3, the comparison between promotional efforts under different trade promotion policies shows that
promotional efforts are the maximum in the case of off-invoice policy compared to the other two policies given
the same amount of trade promotion discount. Further, the difference in the promotional efforts is significant,
which supports Proposition 3.1. In Table 3, also consistent with our prediction, we find that given the same
trade promotion discount, the retailer’s order quantity and profit are the maximum when trade promotions are
allocated to off-invoice policy than other policies. These results support Propositions 3.2 and 3.3. The results
show that the retailers prefer to get the off-invoice policy than scan-back and un-sold discount. They could ask
for off-invoice contracts when discussing with the manufacturers.

From the promotional effort level column, we observe that as trade promotions discounts increase, the pro-
motional effort level also increases. However, in most of the existing literature, the employs trade promotion
with an aim to induce retailers to pass on some discount to the consumers and subsequently increase retail sales
(e.g., [12,14]). In our research, we assume that the retailer passes on the trade promotion discount through sales
promotion to stimulate sales. This assumption is also consistent with our numerical result. In Figures la and 1c,
applying the two-level promotion could increase the promotional effort and also increase the retailer and chan-
nel’s profit. Moreover, in Figure 1lc, we observe that the channel’s profit is the highest when the manufacturer
provides an off-invoice discount to the retailer among the three policies. However, in the manufacturer’s case,
the manufacturer’s profits have different results under the three trade promotion policies for different amounts
of trade promotion discount (Fig. 1b).

In sum, the use of two-level promotion always benefits to the retailer and channel. However, while the unsold-
discount policy guarantees the manufacturer’s profit, the retailer prefers to get the off-invoice and scan-back
policy than the unsold-discount policy. The manufacturer needs to set a reasonable discount to increase its
profit and satisfy the retailer.

5.2. Endogenous trade promotion

In this section, we study the effect of optimal trade promotion on the channels’ profits using numerical
examples. To cover a broad range of potential characteristics, we perform numerous computational tests. Firstly,
to examine the effects of the manufacturer’s unit cost, example 1-1 was solved varying C' from 0 to 32 with
the following base parameter set: W = 40, P = 60, and £ = 1, the results of which are presented in Table 4.
Moreover, we altered the demand factor £ =1 to £ = 1.2, and the results (example 1-2) are presented in Table 5.
In addition, we examined the effects of the wholesale price (example 2) and retail price (example 3), and the
results are separately presented in Tables 7 and 8.

To simplify Tables 4, 5, and 7, we present the findings in Figures 2, 3, and 4. The following observations can
be made from the abovementioned tables:

(1) From Tables 4 and 5, it can be seen that the demand factor only influences the retailer’s ordering policy
and profit and the manufacturer’s profit. Further, we obtain the same results by observing the basic model
in Section 3.
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FIGURE 1. Influences of different exogenous trade promotion discount. (a) Retailer’s profit, (b)
Manufacturer’s profit and (c¢) Channel’s profit.

(2) For the manufacturer, the trade promotion discount tends to increase as either W increases or C' decreases.
In other words, the manufacturer tends to give more trade promotion discount when he/she has a relatively
high marginal income (W — C') or the retailer has a relatively low marginal income (P — W).

(3) Through Figure 2 to Table 5, we find that the retailer’s promotional effort level, order quantity, and channel
members’ profits are higher when trade promotions are allocated to the off-invoice policy versus the scan-
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FiGUurE 2. Influences of different cost (example 1) with W = 40, P = 60, £ = 1. (a) Trade
promotion discount, (b) Promotional effort, (¢) Order quantity, (d) Retailer profit, (e) Manu-
facturer profit and (f) Channel’s profit.
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FIGURE 3. Influences of different wholesales price (example 2) with C' = 20, P = 60, £ = 1.
(a) Trade promotion discount, (b) Promotional effort, (c¢) Order quantity, (d) Retailer profit,

(e) Manufacturer profit and (f) Channel’s profit.
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FIGURE 4. Influences of different retail price (example 3) with C' = 20,W = 40,¢ = 1.
(a) Trade promotion discount, (b) Promotional effort, (¢) Order quantity, (d) Retailer profit,
(e) Manufacturer profit and (f) Channel’s profit.
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back policy. However, the unsold-discount policy is the best policy for the manufacturer. Both of them could
discuss to get a suitable policy for each case. For example, if they apply the off-invoice for trade promotion,
they need to discuss a balance discount amount to satisfy the manufacturers. For both retailer and channel,
they could get a higher profit in case of using the off-invoice policy at whatever discount level.

(4) From Figure 3, we find that when the wholesale price increases in the off-invoice case for a given cost and
retail price, the retailer’s decision variables and profit and the manufacturer’s profit will not be influenced
by the wholesale price. This can also be observed from Table 6. It is consistent with the above observations;
the manufacturer’s profit is not stable in case of using the off-invoice policy. He/She could also keep his/her
profit’s balance by adjusting the wholesale price.

(5) From Figures 2e, 3e, and 4e, we find that the wholesale price is a key factor influencing the manufacturer’s
profit under the three different trade promotion policies. As the above discussion, the manufacturer tends to
give more trade promotion discount when he/she has a relatively high marginal income (W —C). An increase
in the wholesale price increases the high marginal income. However, it is not easy for the manufacturer to
increase the wholesale price, it still has other factors need to care: competition, willing of customer, ...
In the future, we could consider other factors to the wholesale price and determine the best price for the
manufacturer.

When trade promotion is provided by the manufacturer, there exists an optimal level of discount that maximizes
the manufacturer’s profit under demand uncertainty. From Tables 4, 5, 7, and 8, we find that this optimal trade
promotion discount is the largest under unsold-discount policy.

6. CONCLUSIONS

In this research, we develop models considering a distribution system comprising a single manufacturer
who sells a product to a retailer, who in turn sells it to end consumers The manufacturer undertakes trade
promotion to increase the retailer’s order quantity and the retailer undertakes sales promotion to stimulate
consumer demand We assume that end consumer demand is simultaneously dependent on promotional effort
and is random Three trade promotion policies are investigated separately: off-invoice policy, scan-back policy,
and unsold-discount policy. Two different models are considered: (1) exogenous trade promotion decision and
(2) endogenous trade promotion decision. The objective of the first model is to determine the optimal order
quantity and the level of promotional effort to maximize the retailer’s profit. We find that, under exogenous trade
promotion, the retailer’s promotional effort level, order quantity, and channel’s profit are highest in the off-invoice
policy. Using the off-invoice trade promotion, the retailer can obtain the maximum product discount from the
manufacturer to increase consumer demand by undertaking sales promotion. Furthermore, when the exogenous
trade promotion discount increases, the retailer prefers to undertake more promotional effort. With varying
exogenous trade promotion discounts, the manufacturer’s profits under the three trade promotion policies are
different. However, from the channel’s point of view, we find that when the manufacturer offers off-invoice trade
promotion discount to the retailer, the channel’s profit is highest when compared to the other two promotion
policies.

The second model extends the first to consider endogenous trade promotion and determine the optimal
trade promotion discount to maximize the manufacturer’s profit. From numerical examples, we find that the
retailer’s promotional effort level, order quantity, and profit, and the manufacturer’s profit are higher when
trade promotions are allocated to off-invoice policy versus scan-back policy. In addition, we conclude that the
wholesale price is a key factor influencing manufacturer profits when we compare the three different trade
promotion policies. Moreover, we demonstrate that the retailer’s order quantity, promotional effort, and profit,
and the manufacturer’s profit are not influenced by the wholesale price when the manufacturer offers an off-
invoice trade promotion discount. Finally, regarding the optimal trade promotion discount, the manufacturer
provides the largest amount of discount in the case of unsold-discount policy.

The study only considers the two-level promotion in the general supply chain. However, in practice, the
development of concepts: credit financing, trade credit; advance-cash-credit payment; carbon emission make the
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supply chain become more complicated. Therefore, how to combine benefits from trade/sale promotion with
other financing policies to improve the supply chain performance is a critical problem in the future works. In
addition, the demand is assumed to be a promotional effort dependent function in these models. However, with
many types of goods, i.e. the deteriorating item, time is one of key factor in the inventory model. The demand
function could include time factor in the future research. This paper considers one retailer and one manufacturer
in our system, in reality, an extension of our study is to consider horizontal competition (between retailers).
Furthermore, it would be interesting to incorporate some parameters in our research such as pass-through rates
(i.e., how much trade promotion discount is passed on from the manufacturer to the consumer) because the
manufacturer cannot monitor the retailer’s actual promotion efforts in the off-invoice case.

APPENDIX A. PROOFS FOR PROPOSITIONS 3.1-3.3

Proof of Proposition 3.1. The promotional effort p} > p% > p5. We compare the sales promotion effort levels
by calculating difference between the levels under the two abovementioned policies, given equal trade promotion

discounts (o = § = B). We find that p — p¥ = %W and pf —pp = f’(W(P*W)JIgZV_;E;(P”*W”. Because

Py — ps > 0and p; — p5 > 0, we conclude that p} > pi > p5. O

Proof of Proposition 3.2. The order quantities, @, > Q% > @%. The order quantities are decision variables for

w Py, and the order quantity in the scan-back

the retailer. The order quantity in the off-invoice case is

26(P+B—W)
(P+B)

budget (o = (), the first term in the off-invoice case is greater than that in the scan-back case. Therefore, we

can conclude that Q7 > Q%. Further, the order quantity in the unsold-discounted case is % pp- The first
term is smaller than that in the off-invoice case. We find that Q¢ > Q7%.

Because we cannot compare the order quantities in the cases of scan-back and unsold-discount policies by
using the aforementioned approach, we compare them by calculating the difference in the order quantities. We

find that

case is ps. Because we conclude that p} > pi > p}, it is obvious that given the same discount

3
(P—B)*(P+p)

(P B)P-W) ((P—W)2+2(P—B)>).

Q5 Q=

s ((P=BP(P-W+5) ((P-W+8+2(P+))

Given the same trade promotion discount, the numerator becomes (P — W + B) (P — B)? ((P ~W+ B+

2(P+B)) — (P+B)? (P -W) ((P —W)2+2(P— B)) We know that order quantities are the same
when the discount budgets are zero. Thus, if the numerator, which is (P —W + B)(P — B)?
((P ~W+B?+2(P+ B)) —(P+B)?*(P-W) ((P —W)*+2(P— B))7 is positive, we can conclude that

Q% > Q%. Otherwise, Q% < QF. On the other hand, because we have Q% = %pj, Qs = %p’g,

and p} > pp, which we proved in the previous section, we compare (i;i_ﬁl)/v) and ((I;:Vg)) by taking the difference
between them. Given the same amount of discount, we find that (P;iggv) — ((iivg)) = —?P(f gfgigg. Hence, if

P —2W + B < 0, we can also conclude that Q% > Q7%. This approach is not as rigorous as the former approach
because we cannot be sure if P — 2W + B > 0, the order quantity in the scan-back case will less than that in
the unsold-discounted case. O

Proof of Proposition 5.3. The retailer’s profit, II5, = > Il > II% . First, we compare the retailer’s profit in
the off-invoice case and scan-back case by taking the difference between profits in each case. We find that

* *
HRO_ Rs_4

13 ((P—W+a)2(4P+(P—W+a)2) (P—W+ﬁ)2(4(P+ﬁ)+(P—W+B)2))
P2 (P +p)? '
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Given the same trade promotion discount, that is, o« = [, the function can be written as
(P—W+a)?a(4P(P+a)+(P—W+a)?(2P+a))¢
4P2(P+a)?

the off-invoice case is greater than that in the scan-back case.
Next, we compare the retailer’s profit in the off-invoice case and the unsold-discount case by taking the

difference in profits in each case. We find that

. Because Il — I, > 0, we conclude that the retailer’s profit in

¢ ((P-W+a) (4P+(P—W+a)2> (P—W)? (4(P—B)+(P—W)2>

* _ H* _ > _
Ro Rp 4 P2 (P _ B)2
Given the same trade promotion discount, that is, a« = B, the numerator becomes (1341/;/72+a)2
2 P-W)? 2
(4P+ (P—W +a) ) o ik (4(P—a)+ (P—W) )

We then separately compare the first part (i.e., (P_‘gja)z and ((I;__‘Z));) and the second part (i.e., 4P +

(P—W +a)® and 4 (P — a) 4+ (P — W)?) of each term. The difference between (P“;Yja)z and ((1;_72[/)); can be

written as W — FI’J;_‘?;. We find that £ ";.YJ”" - };;_‘;V = C;D((Vg:z)) > (. Besides, it is obvious that the second

part of first term is greater than that of the second term (i.e., 4P + (P — W +a)® > 4 (P — a) 4+ (P — W)?).
Therefore, we conclude that I, > II% = given the same amount of trade promotion discount.

Finally, we compare the retailer’s profit in the scan-back case and in the unsold-discount case. The difference
can be written as

., (P-w+p?

o _ TR _ 2
T ((P-w+5)7+4(P+5))¢
(P—w)* 2
—— ((P-W)"+4(P—-B))¢.
s opp (P-WHaP-B))e
We compare the first term ((11(—;1—;)@2 and ifp__vg);) and the second term ((P — W + (8)° + 4(P 4 f8) and
_ 2 _ 2 . .
(P — W)?—4 (P — B)) separately. Let g, (8) = % and gp (B) = %. On comparing the first term in

(P-W+p)? (P-W)? .
GPi)? P By calculating

P-W+p __ P-W__ _ B(P2W+B) ¢
2(P+B)  2P-B) —  2(P-B)(P+B)”

P —2W + 3 < 0, implies that g, (3) > g (3). Further, because (P — W + 3)* = (P —W)2+23 (P — W) + 32,
it is obvious that the second term in the case of scan-back policy is greater than that in the case of unsold-
discount policy. Thus, we can conclude that IT; > 1T, when P —2W + 3 < 0; however, it is uncertain that
when P — 2W + 3 > 0, the retailer’s profit in the scan-back case will be less than that in the unsold-discount
case. (I

each case by taking the difference, we obtain the function, gs (8)—gg (8) =

the square root and taking the difference, we can represent the function as
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