eCompanion: Why are Minimum Order Quantity Contracts

Popular in Practice? A behavioral investigation

1 Extended Theoretical Background for Buyback and Revenue Sharing Con-

tracts

1.1 The Buyback Contract

With the buyback contract, the supplier sells each unit for wp, and buys back the unsold units
for b if the retailer cannot sell all the products he bought from the supplier. When terms
are appropriately set, the retailer buys more products from the supplier, which increases supply
chain efficiency. The expected profits of the retailer and the supplier (Cachon/2003) are given by
E[IT, (Qpp, wip, b)] = pE[min(D, Qup)] —wppQuy +b(Qpp — E[min(D, Qpp)]) and E[I1(Qpp, wep, b)] =
(wpp — ) Qpp — b(Qpy — E[min(D, Qpp)]). Hence, a supplier facing a retailer with reservation value,

v, solves:
e ~ QG — H(@jy ~ Blmin(D, Q) )
st Q= ang max pE[min(D, Qu)] — wipQupy + b(Qpy — E[min(D, Qyp)]) (2)
pE[min(D, Q3y)] — wn@y + b(Qf, — Blmin(D, Q) > v. 3)

where gives the optimal quanity decision by a retailer, given the supplier’s contract parame-
ter choices and is the retailer’s individual rationality constraint. For uniformly distributed

demand D~ U(z,y), the quantity maximizing the retailer’s profit can be derived as

Qb=+ (y = )" "), (4)

Let A be v/(II*), which is the proportion of the retailer’s reservation value to the profit from
the centralized supply chain. The optimal solution to the optimization problem can then

be expressed as (Katok and Wu/2009):

b= (1 \)p, (5)
wiy = b+ Ac. (6)

If we substitute and @ in , we get



Qpp = Q- (7)

Remember that ()} is the quantity that maximizes the total supply chain expected profit. This
means that a supply chain can be coordinated to reach maximum profit (centralized scenario’s

supply chain profit) with the buyback contract.

1.2 The Revenue-Sharing Contract

With the revenue-sharing contract, the supplier initially sells each unit for w,s but also receives
a share of the revenue for each sold unit, r, from the retailer. Not charging the retailer upfront
with a high wholesale price but allowing the retailer to share its revenue afterwards encourages
the retailer to order more and can provide supply chain coordination. The expected profits of the
retailer and the supplier (Cachon|2003)) are given by E[IL.(Qs, wys, )] = (p—7)E[min(D, Qs)]—
WrsQrs and E[Ig(Qrs, wrs, )] = (wrs — ¢)Qrs + rE[min(D, Q,s)] Hence, a supplier facing a

retailer with reservation value, v, solves:

(wr?zl%,}:ZO) (wrs — ¢)Qr + rE[min(D, Qr,)] (8)

s.t. Qis = arg max (p - T)E[min(D7 Qrs)] — WrsQrs (9)
Qrs>0

(p — r)E[min(D, Qr,)] — wrsQrs = v. (10)

For uniformly distributed demand D~ U(z,y), the quantity maximizing the retailer’s profit @

can be derived as
P~ Wrs — T

p—r

Qrs =2+ (y — )( )- (11)

Let A be v/(II%), which is the proportion of the retailer’s reservation value to the profit from
the centralized supply chain. The optimal solution to the optimization problem can then

be expressed as (Katok and Wu![2009)):
r*=(1-A)p, (12)
wry = Ac. (13)
If we substitute equations and in , we get

Therefore, reaching maximum efficiency in a supply chain is also possible with the revenue-

sharing contract given the right parameters.



2  Summary Statistics

Table 1: Supplier Game: Theoretical versus Experimental Outcomes

Stat Theory Base Hedge CL
Minimum Order Quantity Contract
Q 75 67.82 (11.36) - - 68.19 (9.95) 74.03 (6.27)
E[IL] 337.5 324.55 (15.51) - - 326.13 (17.96) 333.90 (12.40)
E[IL] 292.5 274.85 (17.78) - - 277.02 (21.22) 288.21 (12.67)
w 6.9 7.17 (0.58) - - 7.15 (0.43) 6.93 (0.30)
Qmin 75 67.69 (11.43) - - 67.61 (11.99) 74.03 (6.27)
Buyback Contract
Q 75 46.66 (14.54) 58.48 (15.00) 48.85 (10.74) 68.54 (10.74)
E[IL] 337.5 273.99 (33.41) 298.48 (28.14) 284.73 (27.92) 325.18 (8.91)
E[IL] 292.5 201.93 (30.05) 230.19 (29.91) 203.20 (27.50) 244.02 (32.69)
w 10.8 8.85 (0.83) 9.5 (0.72) 8.68 (0.87) 9.40 (1.20)
b 10.4 4.56 (2.66) 6.96 (2.31) 4.76 (1.97) 7.76 (2.43)
Revenue Sharing Contract

Q 75 45.66 (9.26) 53.73 (10.63) - - - -
E[I1] 337.5 279.29 (29.26) 297.98 (25.37) - - - -
E[IL] 292.5 203.21 (36.53) 235.01 (28.51) - - - -

w 0.4 4.18 (1.62) 2.78 (1.59) - - - -

r 10.4 4.54 (2.24) 6.73 (2.20) - - - -

Note: Average values reported for experimental outcomes. For profit, this corresponds to average expected profit.

Standard deviations reported in parentheses.



3 Supplier Performance Graphs

Figure E1: Average Expected Supplier Profits in Base and Hedge Treatments
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Figure E2: Average Expected Supplier Profits in CL and W treatments
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4 Discussion of Hypothesis 2 for the Revenue-Sharing Contract

For brevity, we had only discussed Hypothesis 2 for the buyback contract in the main body of
the paper. Here, we repeat the discussion for the revenue sharing contract.

The performance gap between the MOQ and RS contracts was MMOQ —E[Il|gq = 82.47
(Table 2 H1). With the results from the RS-Hedge treatment we can calculate E[Ils]ggpeqqe —
E[lls]gg = 29.96 and E[lLs]y;0q — E[Is]ggpeqge = 52-52 (Table 2 H2). This suggests that, of the
total supplier profit performance gap of 82.47 between the MOQ and RS treatments, 29.96 can

be attributed to risk but 52.52 cannot.

5 Supply Chain Performance Analysis

Here, we state and test hypotheses analogous to Hypotheses 1-3 of the paper from a supply
chain performance — rather than a supplier performance — perspective. We use @) as a unifying
metric to analyze supply chain performance because total supply chain profits depend only on
Q for all coordinating contracts (cf. [Katok and Wu [2009). For completeness, we also test these
hypotheses with expected supply chain profit. We expect to arrive at similar conclusions with
the supply chain performance hypotheses here and the supplier performance hypotheses in the
paper since maximizing supplier profit requires optimizing both the supply chain profit and the
supplier’s of that profit. The hypothesis test results can be found in Table [ET]

Hypothesis 1gc (Theoretical equivalence of MOQ, BB and RS contracts). Awverage order

quantities @MOQ, Qpp, and Qgs; and the average expected supply chain profit values [HC]MOQ,
E(Il.]pp, and E[Ilc]gg will be the same in the MOQ, BB, and RS games.

Hypothesis 2g¢ (Effect of risk on supply chain performance). Average order quantities and
supply chain profits for the BB and RS contracts, Qpp, Qrs, E[Ilc] g, and E[IL]gg, will be higher

in the Hedge versions of the BB and RS games where demand risk is eliminated. However, the

average order quantity and supply chain profits for the MOQ contract, @MOQ, and E[HC]MOQ
will be higher still.

Hypothesis 3cgsc (Effect of cognitive load on supply chain performance: within contracts).
The lower cognitive load experienced by subjects in the MOQ-W treatment when compared to
the MOQ-CL treatment will be accompanied by higher order quantity and supply chain profit.
Likewise, the lower cognitive load experienced by subjects in the BB-W treatment when compared

to the BB-CL treatment will be accompanied by higher order quantity and supply chain profit.



Table E1: Supply Chain Performance:

Supplier Game Hypotheses with Median Differences

Hypothesis AQ Hypothesis AFE[IL]
Qpp — Qrs =0 —3.27 E[lle)gs — E[llc]gg = 0 —8.83
Hlsc Quoq — Qps =0 28.81*** El\0q — Ellc)pp = 0 62.84"**
Qrvioq — Qrs =0 25.54*** EMc]yoq — EMclps =0 54.01%**
QbBiedze — @ps =0 19.06*** E[Me]gppeage — EMlc]gg = 0 37.31**
H2sc @MOQ - @BBHedge =0 9.75™ ]E[HC]MOQ - E[HC]BBHedge 0 25.53""
@RSHedge - @Rs =0 7.39" E[HC]RSHedge - E[HC]RS =0 2217
@MOQ - @RSHedge = 18.157* ]E[HC]MOQ - E[HC]RSHedge 0 31.847""
H3csc Qpp_w — Qpp_cr, =0 18.11*** EMle)gs_w — Elelgp_cr, =0 33.00%**
Quog-w — @uog_cL =0 2.72%** Ellle]yoq-w — Bl yoq_cr, =0 3.07"*

Note: 'p < 0.1,* p < 0.05, **p < 0.01, ***p < 0.001.

6 Game Screenshots

Figure E3: Supplier Game
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Figure E4: Supplier Game: Hedge Treatments
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Figure E6: Choose Your Contract Game
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Figure E7: Risk Aversion Survey

Survey |
Below are ten pairs of bets. For each row. please selectwhich option you prefer.
Each bet has two possible outcomes (in $) and associated probabilities of obtaining that (in %).
Option A Option B
10% of $2, 90% of $ 1.6 10% of $ 3.85, 90% of $0.10 O Option A O Option B
20% of $2, 80%of$1.6 20% of $ 3.85, 80% of $0.10 O OptionA O OptionB
30% of $2, 70% of $1.6 30% of $ 3.85, 70% of $0.10 O OptionA O OptionB
40% of $2, 60% of $ 1.6 40% of § 3.85, 60% of $0.10 O Option A O OptionB
50% of $2, 50% of $1.6 50% of $ 3.85, 50% of $0.10 O Option A O OptionB
60% of $2, 40% of $ 1.6 60% of $ 3.85, 40% of $0.10 O Option A O OptionB
70% of $2, 30% of $ 1.6 70% of $ 3.85, 30% of $0.10 O Option A O Option B
80% of $2, 20% of$16 80% of $ 3.85, 20% of $0.10 O Option A O Option B
90% of$2, 10% of $1.6 90% of $3.85, 10% of $0.10 O Option A O OptionB
100% of $2, 0% of $ 1.6 100% of $3.85, 0% of $ 0.10 O Option A O Option B
Save and Continue | | Clear




Figure E8: Loss Aversion Survey
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