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Technical Appendix

TA. Competitive Model

In this section, we will show that the insight that the manufacturer can use trade promotions to
price discriminate between the dominant retailer and the competitive fringe is not model specific.

Same insight also applies in an alternative demand model

Q1 =a1 —bip1 +c1p2
, TA1
{ Q2 = az — bapa + cap1 ( )

where min{b;,bo} > max{ci,ca} (Sayman, Hoch and Raju 2002). In the model, each retailer’s
retail price could influence the other retailer’s demand and the influence impact is different for
different retailers.

It is easy to show that the manufacturer would like to offer a lower wholesale price to retailer
1 than to retailer 2 if retailer 1 has a higher price sensitivity than retailer 2. For example, retailer
1 has a higher price sensitivity than retailer 2 when a; = a9, by = bs, and ¢; < co. Again,
although the manufacturer cannot directly charge different retailers with different wholesale prices,
the manufacturer can use trade promotions to price discriminate between retailers if retailer 1’s
holding cost is lower than retailer 2’s. Because of the limited space, we omit the process of solving

the problem, but provide the following results.! Figures 1-4 show the results graphically. 2

Lemma 1 If the demands of two retailers are given by Equation (TA.1), retailer 1’s unit holding
cost is 0 < hy < oo, retailer 2’s unit holding cost ho = oo, and the manufacturer will charge a

promotional wholesale price wy, in the first period and a normal wholesale price w for periods 2

!The detailed analytical analysis and proofs are available from authors upon request. The numerical study
for a; — a2 = 1, b1 = bz = 045, c1 = 0.01, h2 = 00, h1 S {0.0005,0400170.005,040170.05,0.1,0410570.11}, and
c2 € {0.1,0.2,0.3,0.4,0.45,0.49,0.495} is also available from authors upon request.

2We use the percentage increases in the manufacturer’s and retailers’ profits — the incremental amount of profit
over the benchmark profit as a percentage of the benchmark profit — as the y-coordinates, because the benchmark
profit is different for different combination of h; and c2 and percentage increases provide a better interpretation than
absolute increases.
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Figure 1: Manufacturer’s Promotion Boundary (Competitive Demand Model)
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Figure 2: Comparative Static for Manufacturer’s Profit Gains (Competitive Demand Model)

to N within an N-period promotion cycle, then retailers’ retail prices and their sales in period

1 =2,..., N are given by,

i 2alb2+a261+b261w_—]\7+21—ibQQi_¥hlb1b2+¥h1C162
Pr= 2b1ba—cico _ . .
pi = a1b262+a2b1b2+b1b22w_ﬁb%?Qi_N;Zh1b1b202+'N371'h101622
2 b2 (20102 —c1c
= 02Qi + Xt hbib 2N(—7?1h2 = (TA.2)
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where for i =3,..., N we have,
i i1 hy
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ot g TA.3
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Figure 3: Comparative Static for Retailers’ Profit Changes (Competitive Demand Model)
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Figure 4: Effects of hy and ¢y on Manufacturer’s Promotion Frequency and Depth (Competitive
Demand Model)

and in the first period,

1 _ 2a1batazci+baciwp—2b2(Q1—Q2)

p1 = 2b1bo—cic2
1 _ aicatasbi+bibawp—c2(Q1—Q2)

]3_21— L 22b1b2—6102 (TA.4)
1= Q1 - Ql

A1 bg[alcg—i-azbl—blbgwp—CQ(Q%—Q%)—&-clcgwp]
2 — 2b1bs—cica
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Further, retailer 1’s total ordering quantity Q1, retailer 2’s ordering quantities in the first period

(Q), and retailer 2’s ordering quantity from periods 2 to N (Q¥ ) are given by,

Ql _ 4[11ng+2(1261N+2b281’wp+2b261w(N71) N(2b1b278162)[h1(N71)+2’LUP]
1 - 8b2 81)2
Ql o 2a16202+4a2b1b27a2016274b1622wp+2b1b262wp+3bgclcgwp701622wp
2 4(21)1()276102) TA 5
QQ __ 2a1baco+2a9b1bo+boweico 4 a2+cgwp+h1cg—2b2w ( ’ )
2= 4(2b1b2—c1c2) 4

T =y No2Q3+i x ey = (N — 1)[QF + luelN-2))

and the manufacturer chooses wholesale prices wy, (the promotional price in the first period) and w

(the normal wholesale price from periods 2 to N ) to maximize its profit Hﬂ, where
My = wp x (Q1 + Q3) +w x Q3 (TA.6)

The optimal N, which maximizes the manufacturer’s average profit per period in a promotion cycle,

is found by searching feasible range which is upper limited by the constraint wy, + (N — 1)hy < w.

Result 1 If retailer 1 has a higher price sensitivity and a lower unit holding cost than retailer 2,

the manufacturer could price discriminate between retailers by offering trade promotions.

Result 2 Promotions may increase the manufacturer’s profit and the benefits of trade promotions

for the manufacturer decreases when hi increases or ca decreases.

Result 3 Promotions may increase retailer 1’s profit, and its gain from promotions decreases when
h1 increases or co decreases. Promotions may reduce retailer 2’s profit and its profit decreases when

hy decreases or co increases.

Result 4 Promotion frequency increases when hi increases or co decreases. Promotion depth de-

creases when hy increases or co decreases.

The results confirm the intuition we discussed in the dominant retailer model: When the re-
tailer(s) with higher price sensitivity has lower holding costs than the retailer(s) with lower price
sensitivity, trade promotions can help the manufacturer price discriminate between retailers and

improve the manufacturer’s profit.



TB. Effects of Trade Promotions

In Technical Appendix TB, several graphs about the effects of trade promotions on the manufac-

turer’s profit, retailers’ profits, social welfare, and promotion frequency and depth are listed.
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Figure 5: Comparative Static for Manufacturer’s Profit Gains

TC. Finite Holding Costs for Both Dominant Retailer and Competitive Fringe

When the manufacturer offers trade promotions and both retailers’ holding costs are finite, both
retailers can make forward buying as the dominant retailer does in the basic model. But the
dominant retailer may take advantage of trade promotions at a higher degree than the competitive
fringe through forward buying if the dominant retailer has a lower holding cost than the competitive
fringe. The dominant retailer’s forward buying is more efficient than the competitive fringe’s. This
is because the dominant retailer, with lower inventory holding costs than the competitive fringe,
pays a lower average effective acquisition cost and can make forward buying for more periods than
the competitive fringe.

The manufacturer, however, has different interest in different retailers’ forward buying behav-
iors. The manufacturer would like to induce the dominant retailer to forward buy in order for the
dominant retailer to set a low retail price. The competitive fringe’s forward buying, on the other
hand, will reduce the manufacturer’s profit since such forward buying dilutes price discrimination

between the dominant retailer and competitive fringe. Furthermore, the forward buying from the
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Figure 6: Comparative Static for Retailers’ Profit Gains
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Figure 7: Comparative Static for Social Welfare Gains

competitive fringe will bring inventory costs to the channel and the occurrence of such inventory

costs is not offering any benefits to either the manufacturer or the channel. Therefore, the manufac-

turer would like to induce the competitive fringe not to forward buy.> The manufacturer can then

set a low wholesale price in the first period within any price cycle to induce the dominant retailer to

make forward buying, but charge higher wholesale prices in the following periods to squeeze surplus

3In the paper, we do not consider the manufacturer’s inventory holding costs. If the manufacturer’s inventory
holding cost is counted and the inventory holding cost is lower for the manufacturer than for the dominant retailer,
it is unclear whether the system gains from transferring the inventory to the dominant retailer. If the manufacturer
considers inventory holding cost, however, it will have more incentives to induce the dominant retailer to make forward
buying. The social welfare will obviously be lower.
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Figure 8: Comparative Static for Manufacturer’s Promotion Frequency and Depth

from the competitive fringe while keeping the competitive fringe slightly better-off by not making

forward buying. In this way, the manufacturer is providing the dominant retailer an opportunity

to order products at a promotional price, and, at the same time, preventing the competitive fringe

from carrying inventory across periods. Lemma 2 states the manufacturer’s optimal strategies.

Lemma 2 If both retailers have positive unit holding costs and the dominant retailer’s unit holding

cost is smaller than the competitive fringe’s (0 < hy < hy < o0), then the manufacturer will offer

the lowest wholesale price in the first period and charge an increasing wholesale price in each of the

following N-1 periods within any N-period pricing cycle. The wholesale price w; in the it period

(2 <i < N), the retail price p’ (1 < j < N), and the manufacturer’s average profit per period Iy,

are respectively given by

wl—i-hQ(i—l) 1=2,...,n

Ww; = a+b1w1+b1h1(ifl)

b, i=n+1,...,.N

i _ atbiwi+bihi(j—1)
pj - 2b1

j=1,...,N ,

py hy = 3 {wi ity (@ — bip®) + X7 (br — b)p? [wy + ha(j — 1)]
+ 301 (br — b)pt - p'

(TC.1)



where n = min{int[% + 1], N}, and we also have

{wi:pi i=n+1,...N (TC.2)

pt—pi~l= % 1=2,...,.N

With a finite unit holding cost, the competitive fringe can also make forward buying for some
periods (denoted by periods i = 2,...,n < N), if both the promotional wholesale price w; and
unit hold cost ho are low enough. Knowing this, the manufacturer will be willing to charge a
low wholesale price (but still higher than the promotional wholesale price w) in these periods
to “match” the competitive fringe’s effective acquisition cost, which is given by the sum of the
promotional wholesale price w; and the holding cost accumulated by he per period, i.e., wy + ha(i —
1). The manufacturer will stop such “matchings” from the period in which the competitive fringe’s
effective acquisition cost starts being higher than the retail price, in which case the manufacturer
will charge a wholesale price equal to retail price to squeeze all surplus from the competitive fringe.
That is, w; = p’ for any i = n + 1,..., N. Here the value of n is given by the very last period in a
promotion cycle, in which period the competitive fringe’s effective acquisition cost is lower than the
retail price (so it is optimal for the competitive fringe to make forward buying if the wholesale price
in the period is higher than its effective acquisition cost). Therefore, n is equal to the highest integer

i satisfying wy + ho(i — 1) < p' = a"'blwl;é’llhl(i_l), which gives n = min{int[%% + 1, N}

since n should obviously be no larger than N.
Given the length of pricing cycle N, the manufacturer sets a promotional wholesale price w;
to maximize the average profit th,h24- To determine the optimal length of pricing cycle N, the

manufacturer will solves the following optimization problem as in the basic model:

mj\f}x Hh17h2 (N)

a — b1w1

@i =

s.t. n =min{int|

wy = argmax Iy, p, (w1, N)

4Since there is no closed-form solution for w; when both h; and hs are finite, we search the optimal wholesale
price w1 in the range of {0, %} by a step of € = 0.01 in the numerical studies below.



w1 + hl(N — 1) < wpy (TC3)

a+ bywy +bihi(N —1)
2by

, w1 + hg(N — 1)}

wy = min{

N > 1.

It is straightforward to show that the effective unit acquisition cost for the dominant retailer is
lower than that for the competitive fringe in period ¢ = 2, ..., N when the competitive fringe has a

higher unit holding cost than the dominant retailer. This leads to the following proposition.

Proposition 1 The manufacturer can use trade promotions to price discriminate between retailers

with different but finite inventory holding costs.

Proof of Proposition 1. In period ¢ = 1,...,n < N, the competitive fringe pays unit wholesale
price w; = w; + ho(i — 1) which is larger than the dominant retailer’s effective acquisition cost
w1+ hy(i—1) for any hy < ha. In period i = n+1,..., N, the competitive fringe pays unit wholesale

price w; = p* = aerlleerI:ll MG=1 which is also larger than the dominant retailer’s effective acquisition

cost w1 + hy(i — 1) for any a — bip' > 0. So the price discrimination mechanism still works when
both retailers have finite but different unit inventory holding costs. Q.E.D.
Similar to the basic model, we have the following results and corresponding graphs are given

below.?

Result 5 For 0 < hy < hy < 00, the increased profits from trade promotions over single wholesale
price for the manufacturer are decreasing in the dominant retailer’s holding cost hy and maximized

for medium by for given (hy,hs).

Result 6 For 0 < h; < ho < 00, the benefits from trade promotions for the dominant retailer

are decreasing in its holding cost hi and have an inverted-U relationship with by. The competitive

5For the ease of comparison, all graphs are plotted for k1 = 0.0005, 0.005, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0.08, 0.09, 0.10, 0.11, 0.12 and he = 0.01, 0.1, 0.5, 1.0 but the manufacturer will not offer trade promotions for any
hi > ha as shown in graphs.
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Figure 9: Effects of Trade Promotions on Manufacturer’s Profit with Different hs

fringe retailers can become either worse off or better off due to trade promotions. Their gain from

trade promotions increases with hy and has a U-shaped relationship with by.

Result 7 For 0 < hy < hy < 00, trade promotions can increase social welfare. The increase in

social welfare is smaller when the dominant retailer’s holding cost hy is larger or by is smaller.
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Effects of Trade Promotions on Dominant Retailer's Profit 1 (h2=0.1)

Effects of Trade Promotions on Dominant Retailer's Profit 2 (h2=0.1)
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Figure 10: Comparative Static for Dominant Retailer’s Profit Gains with Different hg
Result 8 For 0 < hy < hg < oo, the manufacturer’s both promotion frequency and promotion
depth are increasing in the dominant retailer’s unit holding cost hi and decreasing in the dominant

retailer’s price sensitivity parameter by.

Above analysis and results show that the manufacturer may still have incentives to offer trade
promotions to retailers to price discriminate between dominant retailer and competitive fringe if

the competitive fringe has a finite but higher inventory holding cost than the dominant retailer.
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Figure 11: Comparative Static for Competitive Fringe’s Profit Changes with Different ho

The benefits for the manufacturer by offering trade promotions come from the different degrees to

which retailers can take advantage of, because of the differential inventory holding costs.

12




Increase in Social Welfare

Effects of Trade Promotions on Social Welfare 1 (h2=1)

0.06

Unit Holding Cost h1

—e—b1=1.00]
—=— b1=1.05|
b1=1.10|
b1=1.15|
—#—b1=1.20|
—s—b1=1.25
—+—b1=1.30|
—— b1=1.35|
——— b1=140)
b1=1.45|
b1=1.50)

Increase in Social Welfare

Effects of Trade Promotions on Social Welfare 2 (h2=1)

Increase in Social Welfare

Effects of Trade Promotions on Social Welfare 1 (h2=0.5)

0.06 008

Unit Holding Cost h1

—e—b1=1.00]
—=—b1=1.05

b1=1.10|

b1=1.15|
—#— b1=1.20|
—a—b1=1.25
—+—b1=1.30|
—— b1=1.35|
—— b1=140

b1=1.45|

b1=1.50)

Increase in Social Welfare

Increase in Social Welfare

Effects of Trade Promotions on Social Welfare 1 (h2=0.1)

Unit Holding Cost h1

Increase in Social Welfare

Increase in Social Welfare

Effects of Trade Promotions on Social Welfare 1 (h2=0.01)

-0.01

Unit Holding Cost h1

Increase in Social Welfare

Effects of Trade Promotions on Social Welfare 2 (h2=0.01)

11 14

b1l

—e—h1=0.0005]
—=—h1=0.005
h1=0.01
h1=0.02
—#—h1=0.03
—=—h1=0.04
—+—h1=0.05
——h1=0.06
——h1=007
h1=0.08
h1=0.09
h1=0.10
h1=0.11
h1=0.12

Figure 12: Comparative Static for Social Welfare Gains with Different ho
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Effects of Dominant Retailer's Holding Cost on Manufacturer's
Promotion Frequency (h2=1)
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Figure

13: Comparative Static for Manufacturer’s Promotion Frequency with Different ho
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Effects of Dominant Retailer's Holding Cost on Manufacturer's Effects of b1 on Manufacturer's Promotion Depth (h2=1)
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Figure 14: Comparative Static for Manufacturer’s Promotion Depth with Different hgy
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