A Game-Theoretic Credit Period and Promotion
Model in a Supplier-Retailer Channel

ABSTRACT

It has been established that trade credit can be influenced by a lot of factors. However, no specific
function has been used to neither represent these factors nor consider their effects. This paper
considers a supplier-retailer Stackelberg game in which the supplier as the channel leader supplies
credit goods to the retailer who in-turn sells to the consumers. It uses a credit function based on credit
period, supplier’s price margin and product promotion effort to model the players’ payoffs. The work
considers two game scenarios: a situation involving the provision of trade credit and a situation
without trade credit. The work obtains a closed-form solution for the credit period for the credit
provision scenario, and the promotion efforts and payoffs for both scenarios, and shows that credit
period prolongation may not be in favour of the retailer, and that the retailer can attain a larger payoff
than the supplier. It also shows that the retailer’s margin is very crucial for both channel scenarios,
and observes that the players are better-off with trade credit.
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1. INTRODUCTION

Trade credit is a transaction between a supplier and a customer in which goods are not paid
for immediately, but rather, the supplier provides the goods to the customer on credit, and
allows payment to be delayed till a future date [1].:t is a short term financial strategy aimed
at incentivising the customer to purchase the product, thereby aiding the sale of supplier's
product [2, 3]. Findings show that:trade credit-provision is influenced by a lot of market and
environmental factors; however, no function has been clearly deployed to study the effect of
these factors. In this work we will consider trade credit using a credit function that
incorporates some of these'market factors

Works on trade credit canibe grouped into empirical data based and mathematical models.
Mathematical trade credit models can further be grouped into general non-game theoretic
models and game, theoretic-models. Some of these models use simulation to make helpful
predictions. For instance [4] developed a model to compute the effect of trade credit default
by firms. The paper used data from firms to investigate bankruptcy, and showed that it is
possible.to predict.a great percentage of possible default. Another related consideration was
done<by [5].“They examined the role played by trade credit in reduction of information
asymmetries, which exists between credit providing firms and financial banks. Using a
switching regression method and incorporating the simultaneous decisions taken by the
financial-banks to provide credit and decision of the firms to implement same they arrived at
helpful managerial decisions. Wan et al. [6] considered a dual channel in which a
manufacturer can sell his products through retail supply channel and at the same time
directly to consumers through an online product supply channel. They developed a model on
competitive and supplementary product pricing strategies, and observed that instead of
unconditional provision of trade credit, the manufacturer’s provision of trade credit should be
strategic. In a consideration of product’s price-dependent demand and constant deterioration
rate, Das et al [7] developed a model that combined product reliability and trade credit. They
obtained a number of non-linear optimization problem, and the model was validated using
seven numerical examples. Another paper that factor in product deterioration was
considered by [8]. They considered a dynamic problem in which a retailer sells a




deteriorating product with a demand rate varying with the level of inventory and credit period
length given to the consumers. They used a mathematical model to obtain trade credit
strategy as well as replenishment strategy that can maximize the retailer’s profit in a
planning horizon.

Game-theoretic models are very useful tools in supply chain studies and analyses [9-11].
There are relatively very few game-theoretic trade credit models. Shi [12] modelled the
determination of trade credit from a supplier to a retailer as a Nash bargaining problem
between the two channel members. The paper showed that the relationship between both
players’ financing cost influences the credit offered to the retailer. Using a Stackelberg model
[13] studied a supply chain in which a product that has a stable demand is sold by the
supplier through a retailer. They determined two trade credit possibilities: a conditional trade
credit situation which was found to be beneficial to both parties, and an uncenditional trade
credit situation which they found to be of benefit to the retailer, but detrimental to the
supplier. They showed that with good design, the supplier’s trade credit ‘decision can'lead to
a win-win outcome for the players. Considering capital and replenishment cycle as the
buyer’'s decision variables, and the trade credit financing and shipments ‘as the seller’s
decision variables [14] obtained a Nash solution based on non-ceoperative relationship and
an integrated solution which is based on cooperation. In a study of replenishment plan where
channel players are uncooperative, Wu and Zhao [15] used a Stackelberg game theory to X-
ray conditions surrounding the adoption of trade credit by the retailer and supplier. Jaggi et
al. [16] studied a supplier-retailer channel in which the product'demand depends on the
stock displayed. They considered optimal decision using three policies which include
centralized equilibrium solution, a Stackelberg. equilibrium: solution and a Nash solution.
Their work considered the influence of trade credit, replenishment and integration on
deteriorating items

This paper considers trade credit involving ‘a supplier and a retailer in a supply channel. It
uses game theory to consider a credit transfer and non-credit provision in a supplier-retailer
supply channel in which the supplier is the. channel leader and the retailer is the follower.
The work will address the effect of price margin and credit period on the promotion effort and
payoffs for a situation where creditis provided and a situation where credit is not [provided. |
2. THE MODEL

This paper considers a bilateral monopoly in which the retailer is assumed to sell only the
supplier's product brand in a class of similar products. Further we assume that to increase
the demand for the,supplier's product, the retailer engages in promotion campaign. On the
other hand, to:encourage the retailer, the supplier engages in the provision of trade credit to
him. Thus the retailer and the supplier's decision variables are the promotion effort p and the
credit period.T respectively.

21 List'of Notations
To aid the understanding of the work we use the following notations:

Sm Supplier’s price margin

T Retailer’s price margin

T, Retailer's promotion effort

S; Supplier’s credit period to the retailer

c Retailer's promotion effectiveness parameter
R, Retailer’s payoff

Sy Supplier’s payoff

2.2 Promotion-Demand Function
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Considering the close relationship between advertising and promotion with the exception
that while advertising is sometimes considered a long term strategy, trade credit is a short
term strategy we represent the effect of promotion on demand by adopting the demand
function

h(rp) = c\/r_p @

employed by [11, 17,18], where c is the promotion effectiveness parameter.

Observe that (1) is an increasing concave function of the promotion effort r,. This
representation is in consonance with the saturation effect observed in advertising where an
additional spending on advertising results in diminishing returns [19-22].

2.3 Trade Credit Function

We note that a large value of supplier’s price margin implies much revenue.through the
retailer. To reciprocate for this, the supplier can provide large trade credit to the retailer. As
such, it would be appropriate to assume a proportional relationship between trade credit to
the supplier’s price margin S,,,.

The promotion effort is an expenditure which can naturally lead to a.strain on the retailer's
finance. The effect of such strain can be cushioned by the availability of credit. Such a
gesture can motivate the retailer to engage more in prometing the supplier's product. Thus
we assume that the credit trade T, is proportional .to the promotion expenditure which
exhibits diminishing returns.

Further, the credit period is very important to the supplier. We note that it is quite natural for
the supplier to give large credit to a retailer.if the-payment time is short, and will reduce the
credit with increase (long) payment time. Thus we let trade credit to be inversely proportional
to the time S,.

Thus we have a credit function of the form

— &)

where K is the constant of proportionality.

2.4 The Game Decision:=Trend
We consider a supply channel in which the supplier is the Stackelberg leader and the retailer
is the follower. The supplier’s decision variable is his allowable credit period T which is the
same as the credit'payment time, while the retailer’s decision variable is his promotion effort
p. The decision sequence is that the supplier informs the retailer of his credit to him (the
retailer). This,is a function of his allowable credit period T as can be seen in (2) above.
Based on this.information, the retailer decides on his promotion effort p. We will establish the
Stackelberg. equilibrium through backward induction approach [22]. Thus, based on the
supplier's decision we have that the retailer's problem is to
KS,.

LD%RP =rmc\/r;—rp+s—t‘/;. 3)

The supplier incorporates the retailer’s anticipated response to
KSm\[1y

St

maxs, = S,,c./1, —
s>0 P mev'P

4

We will consider two scenarios: a situation where the supplier provides credit support to the
retailer, and a situation where he does not. We note that a similar approach was adopted by
[23] which is the first to consider a Stackelberg cooperative advertising model with two



followers using differential game. Another such approach was adopted by [24] where four
channel structures were considered.

3. CREDIT PROVISION SCENARIO
Rearranging (3) we have

KS,
R, = [crm + S—tm] J1 = 1,(5)
which is clearly concave in,.
Maximizing (5) wrtr, we have

6Rp_[ +KS _1=0
6rp_ m 2\/_ N
_[ch+KS ] 6
= n= 25, (6)

Using (6) in (4) we have

5, =50 [crmSt +KS,, ] KSp[Tm [crmSt + KSm]
KS,, KS,,
- [ a 28, ] ™
Now
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From (6) and (8)
crm( 2KSm ) +KS,,

Tm = C(St_zrgls)
2()
ey + Sm) 2
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From (5) and (6) we have that
_ KSbictnSe + KSm1  [CTinSe + KSi1?
RP_["’”ST” o, ]_[ 25, ] '
and from (8).we have that
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From (7) and (8) we have
KS. cr, KS
Sp = C5m+ ZKSZ Tm+ ( ZK?m )
c(St=rm) c(St=Tm)

= % [c(S,, + 1, )12

4. NO-CREDIT PROVISION SCENARIO



Suppose that the supplier does not provide trade credit to the retailer, then the retailer’s
control problem will be given by

g;% R, =ryc\r, =1, 1y
Maximizing (11) wrtr,, we have
oR, 1 1 1=0
o, 2™
TinC 1
=3 =
2
7,,C12
= 7= [mT , (12)

Since the provision of trade credit is inversely proportional to the period, it follows,that no-
credit implies very large S;. Thus from (6)

Tnc  KS,1?
= |—+—=.
P 2 2S,

KSm ™mce 2 . .
As §; — oo, T 0 so that T, — [T] , which is the same as (12).
t
Using (12) in (11) we have
_ T C T C1?

Ry = e [ 2] = [

c*r?
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Since no credit is give we note that

Sp = Smc\/g. (13)
From (12) and (13) we have
T C
Sp = SmC [7
1S
)

5. DISCUSSION

In this section we use numerical values to discuss the results. To achieve this, we letr,, = 2,
Sm =4, K =02 and ¢ = 0.3. Further we let the subscript T, # 0 and T, =0 to represent a
situation where creditis given and when it is not given respectively.

5.1 The Effect of Credit Payment Time on Promotion Effort
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Fig. 1. An lllustration of the Reduction Associated with Payment Time

From Fig. 1 we note that the promotion effort reduces with time, and as payment time
prolongs (that is as S; — ), the promotion effort approaches a constant value. Clearly, this
constant value cannot be exceeded irrespective of the prolongation of the time. Clearly, the
promotion effort diminishes marginally. Initially, this is very rapid. The rapidity reduces over
time, and eventually becomes 0, thus stabilizing over.time. The reduction in the promotion
effort can be seen as a result of the fact that the retailer does not need to engage much in
promotion spending since he has enough payment time.

5.2 The Effect of Credit Payment Time on Players’ Payoff
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Fig. 2. lllustration of the Effect of Prolonged Payment Time on the Payoffs

Quite unfortunately the reduction in the promotion effort as shown Fig. 1 above translates to
affect the retailer’'s payoff which reduces with time as can be seen in Fig. 2. On the other
hand, we observe that the supplier's payoff increases with time, though, exhibiting
diminishing marginal return up till the attainment of a maximum. This suggests that allowing



some time for credit payment helps the supplier to achieve large payoff as can be seen from
the maximum in the graph. However, over prolongation leads to reduction in his payoff, and
attainment of a stable value in the long-run. Thus over prolonging the credit payment time
has some limiting, or even negative effect on the supplier's payoff. This is because over-
prolongation of time does not add value to his payoff, but rather it leads to a reduction due to
reduction in the time value of money resulting from inflation and the likes. Thus the optimal
time should be adopted.

Considering Fig. 2 we observe that while the supplier's payoff S, increases, the retailer's
payoff R, reduces. Thus at a certain time both payoffs can become equal. From (7) and (9)
we have that equality of payoffs would imply
(crm . KSm) (crmSt + KSm) B (crmSt + I(Sm)2 _ (cSm . KSm) (% . KSm)
S; 2S, 2S, S; 2 2S,

5, = —aKSm 14

T e(2Sy — 1) 14)
This shows that the retailer can achieve a large payoff by ensuring that his payment period
does not linger up to the time S, (as given in (14)).

=

From (14) we observe that as the retailer's margin increases, the quantityc(2S,, —7,,)

reduces so that S, increases. That is, the payment equilibrium time S, increases with the

retailer's margin r,. This is because increase in 7, will lead to low patronage from

consumers which impedes sales. Thus the retailer would need more time for the sale.

Now, (14) implies

1 c(@2Sy—1m) _ 2cSy ety c ( rm)
S,

m

5, 3KS,  3KS, 3KsS, 2K
Clearly, as S,, increases, Sl also increases, which implies that S, reduces. That is, increase in
t

Sn implies increase in S,. To further see this more clearly, we observe that

39S, _ c(28y — 1,,)(3K) — 3KS,,(2c) _ 3cK S, 1 <0

S, (2cS,, — cr)? T (2c¢S,, —cry)?
Thus, as S,, increases, the supplier would want to allow less credit period so that he can
provide much credit. In the nutshell,:this means that a switch between the supplier's price
margin and credit period is possible and can be used to coordinate the channel.

5.3 The Effect of the Players’ Margins on the Promotion Effort and Payoffs
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Fig. 3. The Effect of the Players’ Margins on the Promotion Effort
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Fig. 5. The Effect of the Players’ Margins on the Supplier's Payoff

From Fig. 3 we observe that the retailer is much more motivated to increase promotion with
his margin than with the supplier's margin. A further look: at Fig:"4 and Fig. 5 show that the
retailer and the supplier are better-off with the-retailer's‘margin than with the supplier’s
margin. In essence an increase in the retailer's margin translates to an increase in the
promotion effort which translates to increase in the payoffs of both players. This shows that
the retailer's margin is very crucial to both players.

5.4 The Players’ Optimal Payoffs
Tablel A Comparison of the Players’ Optimal Payoffs for both Game Scenarios

No Credit Provision Credit Provision
0.0900 0.2025
0.3600 0.4050

R

Sp

p

Clearly, Table/1 shows that both players perform better with the adoption of trade credit than
with non-provision since the provision of credit benefits both of them.

6. CONCLUSION

This paper:studied trade credit in a supplier-retailer setting in which the supplier is the
Stackelberg channel leader, while the retailer is considered to be the follower. The work
considered two game scenarios which include a situation where the supplier provides trade
credit and a situation where credit is not provided. The paper determined the optimal
promotion effort and credit period, and hence the channel members’ payoffs for both
scenarios. The work shows that increase in credit period reduces the retailer's promotion
effort and payoff, but increases the supplier's payoff. Further, we observe that the players
are better-off with the retailer's increasing margin. Both players and entire channel are
better-off with trade credit.

REFERENCES



(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8l

(9]

[10]

[11]

[12]

Cufat V, Garcia-Appendini E. (2012), Trade credit and its role in entrepreneurial
finance, In: Cumming D,editor. Oxford Handbook of Entrepreneurial Finance, Oxford
University Press, New York, 2012; pp. 526-557.

Nadiri MI. The determination of Trade Credit in the U.S. Total Manufacturing Sector.
Econometrica. 1969:37(3): 408-423.

Rodriguez-Rodriguez OM. Trade Credit in Small and Medium Size Firms: An
Application of the System Estimation with Panel Data, Small Business Economics,
2006:27(2-3): 103-126.

Berloco C, De Francisci MG, Frassineti D, Greco G, Kumarasinghe H, Lamieri M,
Massaro E, Miola A, Yang S. Predicting corporate credit risk: Network.contagion via
trade credit. PLoS ONE, 2021:16(4): e0250115.

Do0i:10.1371/journal.pone.0250115

Arca P, Atzeni G, Deidda L. The Signalling Role of Trade Credit on Loan Contracts:
Evidence from a Counterfactual Analysis, Working Paper:=CRENo0S 202106, Centre
for North South Economic Research, University of Cagliari and Sassari, Sardinia;
2021.

https://crenos.unica.it/crenos/sites/default/files/wp-2%-06:pdf

Wan Q, Huang Y, Yu C, Lu M. Strategic Provision of Trade Credit in a Dual-Channel
Supply Chain, Mathematical Problems in Engineering.2021, Article 1D 9918060, 14
pages.

Das S, Khan MA, Mahmoud, EE, Abdel-Aty A, Abualnaja KM, Shaikh AA. A
production inventory model with partial trade credit policy and reliability. Alexandria
Engineering Journal, 2021:60(1): 1325-1338.

Mahata P, Mahata GC. Two-echelon trade credit with default risk in an EOQ model
for deteriorating items ‘under dynamic demand, Journal of Industrial and
Management Optimization,2021:17(6): 3659-3684.

D0i:10.3934/jim0.2020138

Ezimadu PE. A mathematical model of cooperative advertising support to the
followers in,a manufacturer-distributor-retailer supply chain, International Journal of
Operational Research, 2022:44(2): 141-170.

Ezimadu PE, Nwozo CR. A Manufacturer-Retailers Dynamic Cooperative
Advertising with Retail Competition, International Journal of Operational
Research,2019:34(1): 104-143.

Xie J, Wei J. Coordination advertising and pricing in a manufacturer-retailer channel,
European Journal of Operational Research, 2009:197:785-791.

Shi X. A Nash Bargaining Solution to Trade Credit Term Determination, 4"
International Conference on Wireless Communications, Networking and Mobile
Computing, 2008:1-4,

Doi: 10.1109/WiCom.2008.2378



[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Zhou Y-W, Zhou D. Determination of the optimal trade credit policy: a supplier-
Stackelberg model, Journal of the Operational Research Society, 2013:64(7): 1030-
1048.

https://doi.org/10.1057/jors.2012.102

Lou K-R, Wang L. Nash and integrated solution in a just-in-time seller-buyer supply
chain with buyer's ordering cost reductions, International Journal of System
Science,2016:47(7): 1615-1623.

D0i10.1080/00207721.2014.942243

Wu C, Zhao Q. An uncooperative ordering policy with time-varying price and
learning curve for time-varying demand under trade credit, European Journal of
Industrial Engineering, 2017:11(3):380-402.

https://doi.org/10.1155/2021/9918060

Jaggi CK, Gupta M, Kausar A, Tiwari S. Inventory and credit decisions for
deteriorating items with displayed stock dependent demand in two-echelon supply
chain using Stackelberg and Nash equilibrium solution, Annals' of Operations
Research, 2019:274(1): 309-329.

Ezimadu PE. Modelling Subsidy as a Cooperative Advertising Channel Coordination
Mechanism, Nigerian Journal of Basic and Applied Science, 2019:27(2): 127-135.

Ezimadu PE. A Stackelberg Game-Theoretic Cooperative Advertising Model: The
Effect of Players’ Strategies in a Three-Member Channel, FUW Trends in Science &
Technology Journal, 2019:4(3): 939 — 945.

Simon JL, Arndt J. The shape of the advertising function. Journal of Advertising
Research, 1980:20: 11-28.

He X, Prasad A, Sethi: SP. Cooperative Advertising and Pricing in a Dynamic
Stochastic Supply.. Chain: Feedback Stackelberg Strategies, Production and
Operations Management, 2009:18(1): 78-94.

Chutani Ay Sethi SP. Cooperative advertising in a dynamic retail market oligopoly,
Dynamic Games and Applications, 2012:2(4): 347-375.

He.Y,.Liu Z, Usman K. Coordination of Cooperative advertising in a two-period
fashion and textiles supply chain, Mathematical Problems in Engineering, 2014.
Article ID 356726, 10 pages.

https://dol.org/10.1155/2014/356726

Ezimadu PE. Cooperative Advertising in a Manufacturer-Distributor-Retailer Supply
Chain, Transactions of the Nigerian Association of Mathematical Physics, 2016:2:
205-216.

Ezimadu PE. A mathematical model of the effect of subsidy transfer in cooperative
advertising using differential game theory, Journal of Industrial Engineering
International, 2019:15:351-366



