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Appendix A: Proofs of the Main Results

Table S1 ~ Summary of Notation

Parameters Definition

q; demand for product j € {s,r}

a fixed base demand

0 uncertain base demand, Var[f] = o?

o standard deviation of uncertain base demand, i.e., Var[f] = o2
Y signal about the uncertain demand

B8 signal accuracy

y substitutability between products s and r

f commission fee

T profit of firm j € {s,r}

I1, expected (i.e., ex-ante) profit of firm j € {s,r}

D; retail price of product j € {s,r}; decision variable
W, wholesale price of product s; decision variable

Following the literature (e.g., Shang et al. 2016), we use Bayesian Nash equilibrium as the solution
concept for deriving equilibrium outcomes, a widely used approach for static games with incom-
plete information. In this framework, a firm without market information (i.e., the signal Y') forms
conjectures about the decisions of the other firm when the other firm uses market information.
Our analysis considers two data-use policies, S and RS, in addition to the benchmark case (R),
under both agency (AG) and wholesale (WH) contracts. For example, AG-R (WH-R) denotes the

benchmark case with no data regulation under agency (wholesale) contracts.

Proof of Lemma 1
Under AG-R, the retailer and the seller choose their optimal prices to maximize their profits as

follows:
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This retailer’s (seller’s) objective function is concave in p, (ps), and it is sufficient to solve its
first-order conditions (FOCs) to derive the best response. Thus, solving the FOCs gives the retailer’s
“(1 v 4 7(f+1) + Yﬁ(;ﬂ) and p, = 7‘1(127”) + 2Ep,]. Solving their

(seller’s) best response as p, = Ds

best responses gives the optimal retail prices as follows:
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Substituting p, and p, into Equation (S1), their profits can be derived as

) and bs =
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Taking the expectation over the distribution of Y, the expected profits for the retailer and the

seller can be derived as follows:
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Under AG-S, both firms choose their optimal prices to maximize their profits as follows:
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Similar to AG-R, solving the FOCs of each objective function gives their best response as p, =
w + @E [ps], and p, = @ + L w Then, solving these best responses gives the

optimal retail prices as follows:
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Substituting p, and p, into Equation (S2), their profits can be derived as
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Taking the expectation over the distribution of Y, the expected profits for both the retailer and
the seller can be derived as follows:
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Under AG-RS, they choose their optimal prices to maximize their profits as follows:

n;ax 7. =p-Elq,.|Y]+ fpsFlgs|Y]

Dr 1 Ps 1
<CL+BY— Pr+ 7 ps> + f (G+BY_ Ps + 7 pr) ) (83)
- Y Y

T149 1 - L+ U
(1_f)ps 1 i
s=(1—=fpsElgs|Y]= ———— Y — s e
H;)E:Xﬁ (1= fpsElgs|Y] 1+~ a+p 1—’yp+1—’7p

Similarly, solving the FOCs of each objective function gives their best response. Then, solving

these best responses gives the optimal retail prices as follows:
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Substituting p, and p, into Equation (S3), given a signal Y, their profits can be derived as
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By taking expectations on both sides of the equations above, the optimal expected profits of the
seller and the retailer are as follows.

[TAG-RS — p[r,] = a2(4(f+1)—’y2(f(f+5)+3)—'v3;-'v4f(f+1))
" " (v+D) (4=72(F+1))

= TIAG 4 [AC,

Bo® (4(F+1) =7 (f (F45)+3) =V’ ++" F(f+1))

_|_
(D (4-22(/+1)’

)

[[AG-FS = Br,] = L0002 () | B00G42* (Do . 146 4 SO (42)*(1=))o?
s - sl .

(D (a—2(40)? T an(a2gn)® T (v+1) (42 (f+1)”

Note that A% >0 <= Af?+ Bf +C >0 where A= —(1—-92)y2 <0, B=~*—-5v>+4, and
C = (1 —~)(y+2)? This inequality yields f; < f < fa, as A <0, where f; and f, are two roots for
Af?+ Bf+C =0. Thus, IA% > 0 always holds because f1 <0< f <1< f,. O

Technical Insights of Proposition 1

Under both policies, the seller leverages the demand signal to extract surplus associated with pre-
dictable demand. This is captured by the second term of the seller’s profit function IS for ¢ €
{AG — S, AG — RS} as presented in Table 1 and formalized in Lemma 1. When the signal is withheld
from the retailer, it restricts the retailer’s flexibility, thereby precluding gains that would otherwise
arise—reflected in the second term of IIA¢~ £, Likewise, the same logic applies when no policy pro-
tects the seller from the retailer’s information monopoly. Notably, the informed party’s pricing is
also bounded, as uncertainty about the uninformed party’s reaction hinders full exploitation of the
information advantage. For this reason, restoring mutual flexibility yields superior performance rel-
ative to the scenarios with guaranteed signal privacy, thereby enhancing efficiency for both parties,

as demonstrated by IA¢ in Table 1.



Proof of Proposition 1
Note that H;‘GiR, HfGiS, and H;‘G*RS denote the expected profits of firm j € {s,r} under Case R,
Policy S, and Policy RS, respectively, as derived in Lemma 1.

(i) For the seller, note that,

A=) = f)o?

HAG*S > HAG*R — HAG*S - HAG*R — > 0.
S S S S 4(,7+ 1)
This inequality always holds because f,7, € (0,1) and o > 0.
For the retailer, note that,
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This inequality always holds because ~, 5 € (0,1) and o > 0.

(i) Similarly, for the seller, note that, under AG,

[TAG-RS o [JAG-R oy [JAG-RS _JAG-R _ Bl—y)(v+2)*(1 - f)gz <0
(y+1D)(*(f+1)—4)
This inequality always holds, because f,v,5 € (0,1) and o > 0.

For the retailer, note that, under AG,

AG—RS AG-R AG—RS _ TJAG—R _ B(1=7)(v+2)02(Af?+Bf+0C)
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Note that A= —(y*+27?) <0, B=8+4y—27*, and C = 8y+2y? —~>. This inequality yields f; <
f < fa, as A<0, where f; and f, are two roots of Af?+ Bf + C =0. Therefore, [IA¢~FS > [TA¢-R
always holds because f; <0< f <1< f, for f,v,5€(0,1), and o > 0. O

Technical Insights of Proposition 2

As established in Proposition 1 and detailed in its proof, the information advantage becomes more
pronounced as the competing counterpart’s information set is also unconstrained. The information
rent embedded in the second term of ITA%~% is therefore limited, relative to that in ITA“~#9_ A higher
informational value amplifies the corresponding informational payoff, such that 81‘[%2_5 < 8H?;_RS.
The same rationale applies to the retailer’s gains, implying that Policy RS is also the most beneficial

to the retailer, even more so than in Case R, thereby aligning both parties’ best outcomes.
Proof of Proposition 2
Note that HfG_S , and H;‘G_RS denote the expected profits of firm j € {s,7} under Policies S and
RS, respectively, as derived in Lemma 1.
Similar to the proof of Proposition 1, note that, for the seller,
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This inequality always holds because 8 + (2 —y —~f) >0 and f,v,5€(0,1), and o > 0.

Similarly, note that, for the retailer,
[TAG-RS  [JAG-S [TAG-RS _[JAG-S _ [AG ().
This inequality always holds for all f,~, 3 € (0,1), because IA¢ >0 from the Proof of Lemma 1. O

Proof of Lemma 2

Under WH-R, the retailer chooses their optimal prices to maximize his profit as
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This retailer’s objective function is concave in p, and p, and is sufficient to solve its FOCs to derive
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the best response. Thus, solving the FOCs gives his best response as p, = and p, =

Then, given the seller’s expectation on his best response (i.e., E[p,] = % and E[p,] = =), the seller

chooses the optimal wholesale price w, to maximize her profit as
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This seller’s objective function is concave in w, and is sufficient to solve its FOCs to derive the

best response. Thus, solving the FOCs gives the seller’s optimal wholesale price as w, = @

(S5)
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Substituting wy into p, = gives p, = @ + BTY Then, substituting wy, ps, and p, into

Equation (S4) and (S5) gives
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By taking expectations on both sides of the equations above, the optimal expected profits of the

seller and the retailer are as follows.
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Similarly, the proofs for the remaining two policies, WH-S and WH-RS, can be derived straight-

forwardly and are therefore omitted. O

Technical Insights of Propositions 3 and 4 (1)
As established in Propositions 1 and 2, the way the information advantage manifests remains
unchanged under WH. That is, the informed party can more effectively leverage its pricing deci-

sion, and recognizing the counterpart’s information set further reinforces this effect. However, the



value of data exclusivity becomes more pronounced under a linear wholesale pricing contract char-
acterized by typical double marginalization, which reflects the inefficiency that arises when both

the supplier and the retailer apply their own markups. Furthermore, compared with the seller,

¢
the retailer is relatively free from direct competition in his retail pricing stage (i.e., aap; =0 for
V(e {WH—-R,WH —S,WH — RS}), where both products are priced by the retailer. For instance,
ceteris paribus, as the retailer becomes more exclusively informed, his benefit from setting markups
on the seller’s wholesale price can be greater and the relative competitive advantage derived from his

82pWH7R 62pWH7RS
s

joint retail pricing across both products increases accordingly, i.e., —2%—=0> —vor

5757 . Antic-

ipating such behavior, maintaining data exclusivity enables the seller to achieve her best possible
performance.

Proof of Proposition 3

Note that H;VH*R, H}’VH*S, and H;VH*RS denote the expected profits of firm j € {s,r} under Case R,
Policy S, and Policy RS, respectively, as derived in Lemma 2. Similar to the proof of Proposition 1,
we can easily show that IIVH# =9 > TIWH-R and TIVH RS > TIVH-! for the seller, and, for retailer,
OVH=S < TIWH=E and IVH 1S < TIWH-R for v, 8 € (0,1), and o > 0 as follows:

For the seller, note that

HL/VHﬂS' STOWH-R HL/VHﬂS' —TWH-R B(1—7)o? >0,

v+1
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For the retailer, note that
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These inequalities always hold because ~, 5 € (0,1), and o > 0. O

Technical Insights of Propositions 3 and 4 (2)
Unlike AG, given the retailer’s downstream pricing and the prioritized emphasis on his retail brand

capitalization, though present, the mutual benefit from information advantage is attenuated under

. aHWH*R 8HWH7RS 8HWH7$ . . . . . . .
WH, i.e., S < 33 < g As explained, information gain exists, but it increases
. C e C e L onmWH-R _ gpWH-RS
with data exclusivity in light of double marginalization for both parties, i.e., =5 5 oY
WH-S
ém’“aiﬂ. Propositions 3 and 4 show that policy enforcement under WH is therefore more crucial

than under AG, where incentives are markedly misaligned.



Proof of Proposition 4
Note that H}/VH ~% and H}/VH ~5 denote the expected profits of firm j € {s,7} under Policies S and
RS, respectively, as derived in Lemma 2. Similar to the proof of Proposition 3, [TWH# RS < [ITWH-5

HZVH—RS > HZVH—S

and can be derived straightforwardly, and the details are thus omitted. O

Proof of Corollary 1

Using the expected profits, II4¢~ R TI4¢=5 and 299 from Lemma 1, together with IIWH-R
from Lemma 2, we derive the pairwise profit differences (denoted by AII) between AG and the
unregulated WH benchmark. Specifically, under the unregulated setting of both AG and WH:

AITAG-R — [[WH-R _ [JAG-R _ a*(1—-19) <8('7 +2)(f - 1) n 1)
T )\ ey
The right-hand side is negative at f =0, and strictly increasing in f. It follows that there exists a

threshold f, € (0,1] such that the right-hand side is negative, i.e., AII4¢~% <0, whenever f < f,.

Similarly, comparing the regulated AG settings with the unregulated WH benchmark, we obtain

=71 = f)o?

Avy+1)
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This establishes Corollary 1 since AITAG—RS _ ATJAG—S = BU—0n(U-No G/ 2206028 ) for
‘ ‘ 4(v+1) (v2(F+1)-4)

all admissible parameter values of f, vy, 3, and o. Using the expected profit [IA9~% from Lemma 1

AHAGfs _ HWHfR _ HAGfs — AHAGfR _

and IIW# =% from Lemma 2, we derive the retailer’s profit difference between AG-R and W H-R:

AHfoR — H}a/VHfR o HfoR

a? 16 (v +'(=H)(f+ D+ (f(f+5)+3) —4(f +1))

o
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The first term on the right-hand side is positive at f =0, and the second term is always positive.
Moreover, the entire expression is strictly decreasing in f. It follows that there exists a threshold
f,€(0,1] such that the retailer prefers W H-R whenever f < f,. Hence, letting f., := min [?T, ?S],
it follows that for f < f.,, the retailer switches from AG-R to W H-R, and this shift reduces the

seller’s payoff. The remaining comparison cases can be established analogously. O

Technical Insights of Proposition 5
As shown in Propositions 3 and 4, the retailer’s downstream pricing for both products can neutralize

P i
=0>—5—. This strategic

WH—
the competitive pressure on his own brand, as indicated by BI’TT
Y
decoupling suggests that, under intense market competition that suppresses the retailer’s payoffs

from both products under the agency contract, he may be incentivized to steer the seller toward



the wholesale arrangement. The retailer’s inclination toward the wholesale contract may, however,
harm the seller when the quality of exclusive data is insufficient to offset the adverse effect of double

marginalization under wholesale pricing. The seller’s profit sensitivity to data accuracy is higher
HWH7S > ansAGfS

under wholesale pricing than under the agency arrangement, i.e., 9 *55 55

an unfavorable commission fee reinforces this tendency by tightening the retailer’s portion.

> 0. Moreover,

Proof of Proposition 5
We first derive the retailer’s preference for WH under Policy S, followed by the seller’s preference.

AG=5 < TIWH=5 which can be further

Under Policy S, the retailer prefers WH if and only if
reduced to:

Fi(y, )= (y+2)*(v(v(By = 7) +8) +4) + ((37 — 11)y* +16) v* f* +2(y = 2) (v +2) (3(y = 1)¥* +8) f > 0.

Observe that Fi(v, f) is monotonically increasing in «y, but is monotonically decreasing in f.

SRO) — 5 (1593 (f + 1) = 492(f + 1)(11f = 5) — 247(3f + 1) + 16 (2 +5) + 16) + 48 > 0.

SROL) — 2477 +69°(f +1) — 29 (11f +3) +8y2(4f +5) — 64 <0,

Note that, for v =0, F1(0, f) =16—64f > 0, if and only if f < 1. Under this condition, F} (0, f) >0
also holds for all ~y, because it is monotonically increasing in «. This leads to IT4¢~% < TIWH=5 In
addition, for v =1, Fi(1,f) =8(3 — f)* > 0, which always holds for 0 < f < 1. This means that,
when f > 1, there exists a threshold ~,1 such that F(v,1, f) =0, because F;(0, f) <0, and Fy(v, f)
is monotonically increasing in . Thus, Fi(y, f) > 0 when v > v,1. Altogether, Fi(y, f) > 0, if and
only if v >~,1 or f < 1. Therefore, under this condition, IT2“~5 < TI}V#~5 holds.

Next, the seller prefers WH if and only if T4~ < IIW# =5 which can be further reduced to:

FQ(’Y:f) +G1(77f)/802 >07

. d*(1—9) 8(7+2)2(f—1) — (2(/-D (A (f+1)-2)
Whel‘e FQ('}G f) .— 8(1+’Y) (72(f+1)_4)2 a’nd Gl(fy f) - 1+'Y W + 1

Note that Gi(v,f) > 0 always holds for all f,v € (0,1) and that Fy(v,f) > 0 if and only if

PR N R Y
s1 - ’

74
(i) When f < fo, 2975 < IVH-S «— B > G_ji(})ﬁ := B41. In other words, when f < f,i,
MAG=5 > TIWH=5 «— B < f,;. Thus, the switch to WH hurts the seller under this condition.
(i) when f > f., ITA9=5 < TIWH-5 always holds since Fy(v, f) >0 and G;(v, f) >0 for f > f.

This implies that the switch to WH benefits the seller under this condition. O

Technical Insights of Proposition 6
The insight articulated in Propositions 1 — 5 remains robust. However, under RS, the quality of non-

exclusive data cannot counteract the adverse effects of double marginalization, nor can it improve



upon the optimal outcome achieved under AG-RS—unless the profit under AG is substantially
eroded by the retailer’s fee extraction.
Proof of Proposition 6
We first derive the retailer’s preference for WH under Policy RS, followed by the seller’s preference.
Under Policy RS, the retailer prefers WH if and only if TTAS~#5 < TIWH-E5 which can be further
reduced to Fy (v, f) > 0, where Fi(, f) is the function defined in the proof of Proposition 5, ensuring
that the condition remains consistent with Proposition 5. Specifically, [TA¢~#5 < TIWH=ES holds if
and only if v >~,; or f< i.
Next, the seller prefers WH if and only if TI4¢ =25 < TI"W# =25 which can be reduced to Fy(v, f) > 0,
where Fy(7y, f) is defined in the proof of Proposition 5. Recall that Fy(v, f) > 0 holds if and only if

3_ 1a_ _ A4
f>fa= R NALG V:E)H ikt Thus, A6~ < TIWH-RS holds if and only if f > f,;. O

Proof of Corollary 2

The proof is straightforward: the seller benefits from the retailer’s switch to WH when f > f,; under
both Policies S and RS, as shown in Propositions 5 and 6. However, when f < f,;, the retailer’s
switch to WH benefits the seller under Policy S if 8 > (,1, whereas the switch always harms the
seller under Policy RS. O

Technical Insights of Proposition 7

The central technical insight derived from the previous propositions remains valid.

Proof of Proposition 7

(i) The seller prefers WH-S to AG-RS if and only if ITA¢~75 < TI"# =5 which can be reduced to:

FQ(’Yaf) + GS(fyvf)/Bo-Q > Oa

where Fy(7y, f) is defined in Proposition 5, and Fy(7, f) > 0 holds if and only if f > f,;, which also
leads to G3(v, f) = }H (% + 1) >0 Thus, when f > f,, IA9"7S < TITWH =5 holds. When

f < fo, MAG—RS < TIWH=5 holds if and only if 8 > M = Bs3.
(ii) The retailer prefers WH-S to AG-RS if and only if [TA¢~#5 < TIW# =5 which can be reduced to:

Fl(/yvf) 7G4(77f)50-2 >O)

(=D(=(+2) 2+ (v + D22+ (= () (r+2)f)
where Gia(y, f) := D212

f> %, then Fy(v, f) <0, which leads to F\ (7, f) — G4(v, f)B0? < 0. So, the retailer has no incentive

> 0. From Proposition 5, if v < ~v,; and

to switch to WH-S. Thus, only when v > 7,1 or f < i, the retailer’s preference for WH-S can align

with the seller’s. Under this condition, Fy (7, f) — Ga(v, f)Bo? >0 < < Gfljffc)fg = fo.
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We derive the condition under which both prefer WH. The seller prefers WH when f > f,; and the
retailer does so if and only if 8 < 3,2 and either f < i or v > ~,1. We verify that f,; > i. Thus, when
f > fs1, the retailer’s preference for WH aligns with the seller’s if and only if v > ~,; and 5 < (5.
When f < f,1, the seller prefers WH if and only if 5 > (,3. Therefore, the retailer’s preference for
WH aligns with the seller’s if and only if 8,3 < 8 < 8,2 and either f < i or 7y >, holds. Figure 5

highlights the region within the feasible space where both firms prefer WH over AG. O
1.0 1.0
0.8 0.8
0.6 c 0.6
Q. Q
0.4 A 0.4
0.2 0.2
0.
0'8.0 02 04 06 08 1.0 8.0 1.0
f f
(a) y=0.25 (b) v =0.55

Notes. Region A is the area where the retailer prefers WH while the seller prefers AG. In B, both the retailer and
the seller prefer WH. In C, the retailer does not prefer WH. We use a =1, and o =0.5.
Figure 5  Seller and retailer preferences: AG-RS vs. WH-S

Proof of Corollary 3
Note that AITS/%S is given by

- a?(1— 8(v+2 1 o D(v+2)°(1—
ATIS/RS = [IWH=S _ [TAG-RS — a2(11) ( (y+2)2(f— )+1)+fﬂ ((v( )811))(4 N41— 7))_

80+7) \ (2(F+1)—1)2
Taking the partial derivative of AITY/%9 with respect to 3 and BA > 0 yields
oAt/ RS 52 ((=1)(+2)2(1—f) 2
T m(W+17>>0<:>Af +Bf+C>0,

where A= (1—7)y* >0, B=(1—7)(v+2) (2(y —2)72 +7+2), and C = (3—~) (v* 4+~ —2)*. This

inequality yields f < f; or f > fg, as A > 0, where f; and f, are two roots for Af?+ Bf +C =0.

6AH
0 gals

However, because f; < fo < > 0 always holds.

Similarly, note that AIIS/#9 is given by

AHS/RS — HWH—S _ H{!G—RS

__a (3 16(“/3+w4(*f)(f+1)+72(f(f+5)+3)74(f+1))) _ 80U U453+ )
— Y+5+ ] P 2 N
16(1+7) (VZ(Ff+1)-4) (D (P2 (F+1)-4)
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Taking the partial derivative of AII¥/fS with respect to 3 and 8A < 0 yields

S/RS o2(~4 A3 A2 3) 44
6Aréﬁ __ (MU (f(f+5)+25)+ (F+1)) <0 AP+ Bf+0 >0,
(D) (2 +1)-4)

where A= (y* —1)7* <0, B=~*—57*+4, and C = —(y — 1)(v + 2)?. This inequality yields
S/RS
fa< f < fs4, as A <0, where f; and f, are two roots for Af?>+ Bf + C = 0. Thus, mré# <0

always holds, because f3 <0< f <1< fs. O

Technical Insights of Proposition 8

The core insight holds in reverse: while firm-level consumer data facilitates consumer surplus extrac-
tion, especially as all firms have unconstrained access (i.e., ?ﬁc <0 for (€ {AG— RS,WH — RS}),
competition can offset this through downward pricing pressure. However, vertical structures, particu-

larly linear wholesale contracts, remain inefficient due to double marginalization, lowering stakehold-
ers’ welfare including that of consumers. Unlike in agency models, where direct competition among
brands is preserved, wholesale arrangements incentivize the retailer to weaken brand competition to
promote his own offerings, thereby exacerbating inefficiencies and further harming consumer welfare,
e.g., HAC—RS > [IWH=RS Therefore, IV =79 reflects the lowest consumer surplus, driven by the
compounded effects of double marginalization (WH) and intensified extraction by both informed
firms (RS).

Proof of Proposition 8

Our demand functions are derived from the quadratic consumption utility of a representative con-
sumer, expressed as Zj (A(qj) — g —Dj qj> > -, ¢iq;- By solving utility maximization problems
for the representative consumer, our linear demand functions are derived, which is extensively used
in the literature (Singh and Vives 1984, Zhang and Zhang 2020, Ha et al. 2022). In specific, solving
the FOCs of m, with respect to ¢, and g, gives

qs = 1+'y (A - 7135 + ﬁpr) 3 and qr = 1+"/ (A - 7pr + Ps) .

These are the same as the demand functions in Equation (1). As pointed out in Zhang and Zhang
(2020), this type of formulation aligns with a formulation in which a continuum of identical con-

sumers whose utility functions are separable and linear in the good.

(i) In AG-R, substituting the expressions for p, and ps from Lemma 1 into Equation (6) yields:

a?(Y 2+ +( D) F(y(f— 2)=4))+8)
2(v+1) (12(f+1)—4)”

WS +f=2)=4) |y [ aBO-DOGIH-D=2) | FO-D6 ) | 6> _ F(-1Y?
(’y+1)(72(f+1)—4) 2(~,+1)( 2(f+1)— 4) 2(v+1) y+1 8(v+1)

Te =
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Taking the expectation on both sides of the equation above, the expected consumer surplus is

AG—-R ._ a®(y2(y+ )+ (y+1) f (v(f—2)—4))+8) 202 38(1—y)0?
I =Bl = (v2(F+1)-4)*2(147) T30 8(7+1)

In AG-S, substituting the expressions for p, and p, from Lemma 1 into Equation (6) yields:

a2(2v(v+4)+w('y+1)f('v(f—22)—4)+8)
2(v+1) (V2 (f+1)-4)
af(y(yf+f=2)=4) | B(r=1p _ aB(v*+1-2) ) 62 _ pA(y-ny?

Te =

(1) (2 (f+1)—4) 2(v+1) 2(v+1) (12 (F+1)—4) y+1 8(7+1)

Taking the expectation on both sides of the equation above, the expected consumer surplus is

AG—S ._ _ 2O+ (D F(1(f—2)—4))+8) 202 38(1—7)o>
He™™ = Bl = (v2(F+1)-1)"2(1+7) 2+ 80+

AG—R _ TTAG-S
Hc - Hc

Clearly, always holds.

In AG-RS, substituting the expressions for p, and p, from Lemma 1 into Equation (6) yields:

1, = COCOHNHEANIGE-2=48) | abftf-2-10) | ¢ 4 FO-DY((0t8) 2/ +2(247-2)5) -8)

241 (2(f+1)-4)° (D (241 -4) T 7+ 24+ 1) (12 (f+1)—4)
+Y _aB(y =) (v (vt f+f+2)—2)-8)—8)  B(y—=1)0(v(f+2)+4)
(r+1) (v2 (1 +1)-4) (A1) (72(f+1)-4)

Taking the expectation on both sides of the equation above, the expected consumer surplus is

[AG-RS .= Fr,] = 2RO+ U= -0)+8) _ 5(1—7)"2(24_2”3(f+1)2_Wz(f(f+2)+2)+4ﬂf+4)).
¢ ‘ (v2(F+1)-4)"2(1+7) 20+ (2 (F+1)-4)

(=) (v+2) (7 +2) (372 (F+ 1) +27(F —2)— 12
8(+1)(v2(f+1)—4)°

Note that TTAS=5 > TIAS~RS can be reduced to ) > 0. This

inequality always holds for all f,~ € (0,1).
Therefore, IIAG5 =T[AG—R > [TA9-RS holds.

(ii) In WH-R, substituting the expressions for p, and ps from Lemma 2 into Equation (6) gives

Te =

2 2 24,2
a”(3v+5) a(y+3)6 _aB(y+3) _ B9 02 | B’y
32(y+1) + 4(y+1) +Y < 8(v+1) ’y+l> + +1 T Aytac

Taking the expectation on both sides of the equation above, the expected consumer surplus is

2 2 2
WH-R ._ _ a®*(3v+5)+320° 380
e = Blre] = =50 dy+a

In WH-S, substituting the expressions for p, and p, from Lemma 2 into Equation (6) gives

a?(3y+5) a(v+3)9 62
32(A/+1 + 4(v+1) +'y+1

T =
Taking the expectation on both sides of the equation above, the expected consumer surplus is

WH-S .__ _ a?(3v+5)+3202
I1; :=E[r.] = —ein
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In WH-RS, substituting the expressions for p, and p, from Lemma 2 into Equation (6) gives

P il ) 1 ortae _,_Y(B(va)G aﬁ('r+7)> L6 B2as-5yy?

= 320+ T alyf1) 4(v+1)  16(y+1) v+l 32(v+1)

Taking the expectation on both sides of the equation above, the expected consumer surplus is

HXVH_RS = E[Trc] — a2(3'y+5)+3202 . 3/3(9—7)02

33(7+1) 5301

Note that IV =5 > TIV#~# can be reduced to >~ > 0, which always holds. Similarly, IT'V#~# >
MW H=RS reduces to 32((1 2.~ 0, which also holds

c y+1)

Altogether, ITVH=S > [IWH-R > [JWH-RS, o
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Appendix B: Analysis for Retailer Market Entry

In this analysis, we examine the retailer’s market entry decision prior to the pricing game. For the
benchmark (Case R), Policy S, and Policy RS under both AG and WH, we derive the equilibrium
outcomes including optimal prices and entry decisions. Subsequently, we assess whether our main
results continue to hold qualitatively.

This extension uncovers additional insights about the impact of data policies on the retailer’s
market entry. Under AG, compared to the benchmark (i.e., AG-R), Policies S and RS discourage the
retailer from entering the market. Specifically, in Case R, the retailer enters the market when the
commission rate f is low, competition intensity ~ is not high,* or the data accuracy § is high (i.e.,
< fl, v <A1, or B> Bl) Intuitively, lower commission revenue and low competition reduce the
opportunity cost of entry, motivating the retailer to introduce a private-label product. In addition,
when data accuracy is high, the retailer’s exclusive access to superior demand information enhances
its competitive position against the seller. This informational advantage, as also outlined in Lemma
1 and Proposition 1, can outweigh the effects of competition and commission margins. Under Policy
S, however, the retailer’s entry decision becomes independent of 8, as the policy eliminates the
informational benefit that would otherwise favor entry. Likewise, Policy RS neutralizes the effect
of information asymmetry by granting both firms equal access to market data, leading to the same
equilibrium outcome.

In contrast, under WH, neither Policy S nor RS meaningfully curtails the retailer’s incentive to
enter the market. Upon entry, the retailer gains an additional revenue stream by directly sourcing
and selling its own product. This advantage is amplified under WH, as the retailer’s control over
downstream prices for both products mitigates competition, as discussed in Proposition 3. As a
result, the retailer secures a higher margin than it would by reselling the seller’s product at the
wholesale price—even if the retail price of its own product is lower. Consequently, market entry
remains an attractive strategy. Interestingly, this observation of his aggressive encroachment under
WH aligns with regulatory concerns about antitrust issues in markets where Amazon exercises full
pricing control through wholesale contracts with its sellers (Sager 2024). Overall, our extended
model reveals that while Policies S and RS benefit sellers in competitive markets upon retailer entry,

they can also offer additional protection to sellers, especially under AG.

! This finding aligns with observations from the Amazon marketplace, where Amazon has actively promoted private-
label and exclusive brands, particularly in electronics—a sector known for lower commission rates (around 8%)
(Numerator 2019, Amazon 2023). This lower commission structure likely incentivizes Amazon to prioritize its own-
brand products in these categories. Notable examples include Aplenty and Happy Belly in the food category and
Rivet in the furniture category, which operate in less saturated, less competitive markets (Forbes 2022).
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Proofs: We exclude the analysis for the retailer’s entry scenario, as the equilibrium outcomes in
the subgame are identical to those derived in the main analyses. We use p'* and ¥ to denote the

price and profit of firm j € {s,r} under the scenario where the retailer does not enter the market.

AG-R: Under AG in the benchmark case, without the retailer’s entry, the seller chooses her optimal
price p¥ to maximize her profit 7N¥ as follows:

max ) "= (1= f)p"Elq, "] = (1—f)p)"(a—pi"). (S6)

Ps

This seller’s objective function is concave in pV¥ and is sufficient to solve its first-order conditions

(FOCs) to derive the best response. Thus, solving the FOCs gives her optimal price pVF = 5.
Substituting the optimal retail price into Equation (S6), the expected profit of the seller can be
derived as IIYE := E[rNE] = @. Accordingly, substituting the optimal price into the retailer’s
profit #VF = fpNE(q —pNF) and taking the expectation of the profit over the distribution of Y, the
expected profit of the retailer can be derived as IIN¥ := E[gNF] = “z—f.

Note that, under AG in Policy R with his entry, the equilibrium results remain the same as those
derived in Lemma 1 (i.e., AG-R in the main analysis).

Next, we derive his decision on market entry. The retailer enters the market if and only if

L azf

A9-F is presented in Lemma 1. The inequality holds if and only if

B(l—v)a®
4(vy+1)

where

Fl(f? ’Y) =+ > 07
a® (1= ((42)°+(v+ )7 (= £2) —(v=2) (v +1) (v+2) f)
(1) (32 (f+1)-1)?

(Nelson 2008), we can easily verify that Fi(f,7) has three real roots. However, Galois’s theory

where Fl( fiy) = + “?Tf. Based on Cardano’s approach

(Artin and Milgram 1998) shows that without a rational root, the roots cannot be expressed by an
algebraic expression.

Alternatively, note that %ff” < 0, for any ~, v € (0,1) and %jm <0, for any f, f €
[0,1]. In other words, Fl( f,y) is a strictly decreasing function of f and -, respectively. In addi-
tion, note that the maximum (minimum) value of Fi(f,~) is positive (negative) in all possible
parameter ranges of f and . Altogether, there exist such values of f and v (e.g., fl € [0,1]

= . . ~ — 0-2 .
and v, € (30, 14)) such thzat Fi(f,v) = 0). Meanwhile, solving Fi(f,~v) + ﬂil(vl)l) =0 gives g =
2 — _ ~
g (v+1) (4(7 NG G814 -alf+) + <L) := 3,. Therefore, the retailer enters the mar-

= G0 (-2 (F41) 1) (=7

ket (i.e., mA9~F > gNE) if and only if the competition is not intense, the commission fee is low, or

the information is highly accurate (i.e., f < fi, v <A, or 8> Bl)
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AG-S: Under AG in Policy S, without his entry, the seller chooses her optimal price to maximize

her profits 7V as

max " = (1 f)pPElq;"|Y] = (1-f)p)"(a+BY —p'"). (S7)
Ps

Similarly, we derive her optimal price as p'¥ = % Substituting the optimal retail price into

2

Equation (S7), the expected profit of the seller can be derived as IINF := F[gNF] .= @ +

1—f)Bo? . s . . . R

%. Accordingly, substituting the optimal retail price into the retailer’s profit 7€ = fpN¥(a —

pNE) and taking the expectation of the profit over the distribution of Y, the expected profit of the

NE] .= af

T 4

retailer can be derived as TN = E[r
Note that, under AG in Policy S with his entry, the equilibrium results remain the same as those
derived in Lemma 1 (i.e., for AG-S in the main analysis).
Next, we derive his decision on market entry. The retailer enters the market if and only if

a?f
VR

HAG—S > HNE —
r r 4

where 1495 is presented in Lemma 1. The inequality holds if and only if

Fl(fafy) > 0.

In the proof for AG-R, we showed that F(f,7) > 0 holds if and only if the competition is not
intense or the commission fee is low (i.e., f < fiory< 41). Thus, the condition for his market entry

becomes stricter, compared to AG-R.

AG-RS: Under AG in Policy RS, without his entry, the seller chooses her optimal price to maximize

her profits 7V as

max 7" = (1= f)p Bl [Y]= (1-f)pi"(a+YB—p"). (S8)

plVE

Similarly, the seller’s optimal price can be derived as p'¥ = 7+ BTY Substituting the optimal

retail price into Equation (S8), the profit of the seller, given a signal Y, can be derived as 7% =

2 2
%. Accordingly, the profit of the retailer can be derived as 7N¥ = %. Then, taking

expectations on both sides of the equations above (i.e., E[rN¥] and E[rNF]) gives their optimal

expected profits as follows.

e o= ppee) = CUI) BUEDE e vy - 1 BT

Note that, with his entry, the equilibrium results remain the same as those derived in Lemma 1

(i.e., AG-RS in the main analysis).
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Next, we derive his decision on market entry. The retailer enters the market if and only if

H;ﬁleRS STIVE = aif n B{’lg?

where ITA%~R9 is presented in Lemma 1. The inequality holds if and only if

Fl(f,'y) > 0.

Again, we already showed that F;(f,~) > 0 holds if and only if f < f; or v <. Thus, the
condition for his market entry becomes stricter, as compared to the benchmark case AG-R.
Note that Propositions 1 and 2 are not contingent on specific conditions. Therefore, it is evident

that these propositions remain valid under the entry conditions.

WH-R: Under WH in the benchmark case, without his market entry, the retailer chooses the

optimal price pY¥ to maximize his profit:

max 7, = (p" —w ) E[q"[Y]= (p" —w")(a+YB—p["). (S9)

plVE

This retailer’s objective function is concave in p¥¥  and it is sufficient to solve its FOCs to derive

_ a+BY+w£VE
- 2

the best response. Thus, solving the FOCs gives his best response as p¥# , where wlV¥

is the wholesale price of product s. Then, given pYZ the seller chooses the optimal wholesale price

wMNF to maximize her profit as

(S10)

mox wF = W= W) o= ) =l (a
wS

atwl'”
— )

NE
s

This seller’s objective function is concave in wy *, and it is sufficient to solve its FOCs to derive

the best response. Thus, solving the FOCs gives the seller’s optimal wholesale price as w¥¥ = 5

Substituting w)? in pN¥ gives pN¥ = 32 4 BX Substituting w'F and p)'* into Equation (S9) gives

YE .= E[xNE] = % - %‘2. Substituting w¥¥ and E[pY¥] into Equation (S10) gives E[rN¥] =

T

a2
?.
With his entry, the equilibrium results remain the same as those derived in Lemma 2 (i.e., WH-R
in the main analysis).
Next, we derive his decision on market entry. The retailer enters the market if and only if
(1+2) A=)
8(y+1) 4(v+1)

IYVH=R > TIVE >0,

2
where II"#~% is presented in Lemma 2. The inequality always holds because ag(?ﬁ)) > 0 and
2
b 511(;1)1‘)7 > (. This implies that the retailer always enters the market.

WH-S: Under WH in Policy S, without his entry, the retailer chooses the optimal price to maximize
his profit:

max Y = (o7~ BB = ()~ Bl ). (s11)
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_ atBwl”
- 2

Similarly, his best response can be derived as pN¥ . Then, given pV¥, the seller chooses

the optimal wholesale price wN¥ to maximize her profit as

NE r;,,NE NE a+wy*
ml\%( o wy, "Elg,"|Y]= w.” [a+8Y — — ) (S12)
Similarly, the seller’s optimal wholesale price can be derived as w¥¥ = ¢ 4+ BY. Substituting
S 2
NE
Elw)?] =2 in pY¥ % gives plY¥ = 3¢ Substituting w)? and p)Y¥ into Equations (S11) and

(S12) gives HiVE = E[ﬂ'NE] —2 and E[rNF] = % + Bo?, respectively. Note that with his entry, the

r

equilibrium results remain the same as those derived in Lemma 2 (i.e., WH-S in the main analysis).

Next, we derive his decision on market entry. The retailer enters the market if and only if

2

OWH=S S TINE = —
" v 16’

MWH=5 is presented in Lemma 2. The inequality always holds because o’ (142) > (. This

where e

implies that the retailer always enters the market.

WH-RS: Under WH in Policy RS, without his entry, the retailer chooses the optimal price to

maximize his profit as

max mp = (pY —w P EGE Y] = (7 —w) (a4 BY - p). (S13)
NE
Similarly, his best response can be derived as pV¥ = % Then, given his best response pV¥

the seller chooses the optimal wholesale price w¥ to maximize her profit as

a+ﬁY—i—w§'E>

5 (S14)

max 7% = wNFE[NElY]= wMF <a+BY—

wNE

Note that the seller’s optimal wholesale price can be derived as wl? = “2X Substituting w'?

pNE = M gives p¥V M Substituting w¥ and p¥¥ into Equations (S13) and (S14)

2
gives TNF = (a+1l;Y) NE _ (a+6Y)

and 7 , respectively. Taking the expectation on both sides of the
equations above gives their optimal expected profits as E[rNF] :=TIVF = + * and E[rNE] =
ImYe = % + %, respectively. Note that with his entry, the equilibrium results remain the same as
those derived in Lemma 2 (i.e., WH-RS in the main analysis).

Next, we derive his decision on market entry. The retailer enters the market if and only if

HWH RS _ 2(3’7 +5) + B3y + 5)02 Hi\]E + fo?
16(y+1) 16(y+1) 16 16 °

2
where TIV#~ES is presented in Lemma 2. The inequality always holds because ‘;((JIB) >0 and
2
%. This implies that the retailer always enters the market.?

2 Our observation of the retailer’s aggressive encroachment under WH aligns with strong regulatory concerns about
antitrust issues in markets where Amazon exercises full price control under wholesale contracts with its sellers (Sager
2024).
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Note that Propositions 3, 4, and 8 are not contingent on specific conditions. Therefore, it is
evident that these propositions remain valid. In addition, proofs of Propositions 5 — 7 are omitted
because they are analogous to those for the main analysis. Figure 6 illustrates Propositions 5 and

6, and Figure 7 illustrates Proposition 7 under the entry conditions.

10 . 1.0

08| B 0.8 -

06| < 0.6 ol e

. A D ' A ]

Q Q.

0.4} 0.4} |

02| 02 |

080 02 04 06 08 10 80 02 04 06 08 1.0

f f
(a) y=0.6 (b) y=0.7

Notes. Region A (C) is the area where the retailer is incentivized to switch to WH and the switch decreases
(increases) the seller’s profit under Policies S and RS. In B, the retailer is incentivized to switch to WH and the
switch decreases the seller’s profit under Policy RS but increases the seller’s profit under Policy S. In D, the retailer
is not incentivized to switch to WH. In E, the retailer does not enter the market. We use a =1 and ¢ =0.5.

Figure 6 Retailer's market entry: Alignment of Profitability from the Retailer’'s Practice in Response to Data

Regulations
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1.0

1.0 .
\c
0.8} 0.8} MO
B \
06| 06| *
¢ D
Q Q. A
0.4} 0.4}
02| 02
80 02 04 06 08 1o 80 02 04 06 08 1.0
f f
(a) y=0.25 (b) v=0.7

Notes. Region A is the area where the retailer is incentivized to switch to WH and the switch decreases the seller’s
profit. In B, the retailer is incentivized to switch to WH and the switch increases the seller’s profit. In C, the retailer

is not incentivized to switch to WH. In D, the retailer does not enter the market. We use a =1 and ¢ =0.5.

Figure 7 Retailer’s market entry: Seller and retailer preferences for contract modes (AG-RS vs. WH-S)
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Appendix C: Analysis for Retailer Demand Advantage

In this analysis, we consider the asymmetric base demand, captured by ¢ € (=%, §), between the
retailer and the seller. For Case R, Policy S, and Policy RS under AG and WH, we derive the
equilibrium results and assess whether our main results hold qualitatively.

Overall, we confirm that our main results remain qualitatively the same even when the retailer ben-
efits from demand advantage (i.e., § > 0). As expected, his incentive to mitigate policy-induced losses
by switching from AG to WH becomes stronger as the retailer can more effectively capitalize on the

demand advantage with full control over both products (e.g., %pf =0forV(e{WH-S,WH—RS}).

At the same time, a stronger demand advantage can also benefit the seller with the retailer’s switch-

ing, because under AG, the seller’s demand disadvantage can be exacerbated with a high commission

fee (e oIAG—RS < oWV H-RS it f> 74—473—4\/—’y7+276+12ry5—574—4073+32'y+16+16'y+16)
& T a8 35 16727 '

This dynamic
highlights the complex interplay between market advantages and strategic pricing decisions under
WH. This extension reinforces regulatory concerns about the dual-role retailer, as the retailer can
leverage various marketing tools to redirect demand toward his own products, further exacerbating

competitive imbalances.

Proofs: In AG-R, both firms choose their optimal prices to maximize their profits as
max 7, =prBlg, Y]+ fp.Elq,|Y]
=2 (at 0+ BY = Lp o+ Zp )+ (a= 648 - Lpo+p ), (S15)
max 7w, = (1= fp.Ela) = 452 (a=d - t5p+ 25 Elp))

The retailer’s (seller’s) objective function is concave in p, (p,) and is sufficient to solve its FOCs

to derive the best response. Solving their best responses as a system of equations gives the optimal

retail prices p, = (1ﬂxa”:ﬁiﬁf};ngrﬁ_z)) + ’6(1_27)1/ and p, = (1_7)%13(2]2;1()2_7)5). Substituting the

optimal retail prices p, and p, into Equation (S15), given a signal Y, the profits of the retailer and

the seller can be derived as

a®(1=1) (=422 +(+ DV PP+ (P47 —4y=4) F) | 2a0-0)8(=P+ 22— (VP +4) f+4) | g2 (1—y)v?

T, =
(D (2 (1) 1) (4D (2 (1) 1) 4(v+1)
_ 00 (DR (P ) f) (aﬂ("f—l)(w+2(v+1)f+2) " 6(1—7)6(7+2f—2))
('y+1)('y2(f+1)74)2 (D +1)-4) (ADR2(f+D)-4) )
PN [ eV CIGR ) e Ll

(+D (32 (F+1)—4)
Taking expectations on both sides of the equations above gives the optimal expected profit of the

seller and the retailer as follows.

(=1 (2> + O+ D P4 (P 4P —ar—=4)f) | 20078 (= 77— (v +4) f+4)

A9k .= Er,] =

(D) (32 (F+1)—4) (D) (32 (F+1)—4)
=182 ((1=2+(r=1)72 2+ (v3 =72 —4v+4)f) | B1—r)o?
(D) (2(F+1)-4)° A+
[MAG-R .= Br,] = ©00042°0)) 262094230 -1) | 2=0)*(=13* (1))

(1) (422 (f4D) (D) (4-22(F+1) (D (4-2(F+1)
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In AG-S, the retailer and the seller choose their optimal prices to maximize their profits as

max 7, = p,Elg,] + fE[p,] Elq,]

Elps
= (ata-ihp+ 5 B) + S (a0 - LB+ 250 ). (s16)
masc w, = (1= f)p.Elg.|V] = g (a =6+ 8Y - fopot Epf)
Similarly, by solving their best responses as a system of equations (i.e., p, = (GH)Q(P”) + V(f; Y E[p.]

a(l—y) | (=6+v(0+pr—BY)+BY)
27 + v p2 )

and p, = , the optimal retail prices can be derived as follows:

_ (A=) (a(y+2)+(v=2)3) + BA=—Y
2

= v)(a('y+wf+2) Syt f=2))
Ps = 24

4—72(f+1)

, and p, =

Substituting the optimal retail prices into Equation (S16), their expected profits can be derived.

[TAG=S .— B[, ] = a (4U+D) - (F(F+5)+3) =+ 1 (F+1) " 2a(1-7)8 (=7 +7% 2~ (+*+4) F+4)
T " (1) (4-22(f4D) (4D (472 (F+1)
=08 (=22 + (=D P4 (P P v 44) )
(D (2 (1) 1)
[AG-S .= Blr,| = “00042°0-h)  202-)0-n0#200-h) 4 G=2°0=9)*(1f) | (=N(1=f)Be”
’ ° (+1) (4=72(F+1)) (D (=72 (f+1)) (+ 1) (4=72(F+D)) 4

In AG-RS, the retailer and the seller choose their optimal prices to maximize their profits as
H]lgaX T :prE[QT’Y] + fpsE[qs’Y]
= 2 (0t 64+ BY = thop+ p,) + 42 (a—5+/3Y— Lot e, (817)
max 7w, = (1— f)p,Elg,|V]= (s (a— 5+6Y — ).
Ps

(1=y)(a(v+vf+2)—6(v+~f—2)) +
4—~y2(f+1)

. Then, substituting the optimal retail

Similarly, their optimal retail prices can be derived as p, =

BA=)Y (v+vf+2) (1=y)(a(v+2)—(2—7)9) + B(l "/)(7+2)Y
4-=~2(f+1) —y2(f+1) 2(f+1)

prices into Equation (S17), given a signal Y, their expected profits can be derived as

and p, =

TAG-RS . F ] = a2(771)(*(7+2)2+(7+1)72f2+(723+7274774)f) 2a(177)6(*72+72f27(724;4)f+4)
" ' (D) (2(f+1)-4) () (2(f+1)-4)

+ (1—7)52((7—2)2""(7—1)’)’2f2+(’Y3—’72—4’Y+4)f) +6(7—1)02(—(7+2)2+(7+1)72f2+(73+72—47—4)f)

(y+1) (2(7+1)—4)” (v+D (32 (F+1)-4) ’
AG—RS ._ _ d?(1-)(+2%0-f)  202-)(1-N(+2)8(1-f) | BA-—1(v+2)3(1-Fo? | 2-1) (v=1)é*(1-f)
H = E[Tr ] = P] 2] 2 2 -
# 2 () (a2 (D) (D) (4=72(f+1)) (1) (4=22(f+1)) (1) (4=72(f+1))

2
Note that, for the seller, [IAG=5 > [TAG- R = [TAG—S _ [[AG-F = U=DUNBe . and that, for

2
the retailer, [TA9% < IAC—F «— [IAG-5 _J[AC-F = —5511(_:)1‘)7 < 0. These inequalities always hold

for all v, f € (0,1). Hence, Proposition 1(i) remains to hold, for any given § € (—2,2).

272

Similarly, TIAG—RS > [[AG-F = [[AG-RS _[[AG-R = B0-DOAD U-De® o () g1 the seller. This
(r+D (72 (f+1)-4)

inequality is satisfied for all ~, f € (0,1).
Note that, for the retailer, [TA¢—8S > [TAG-F «— [[AG-RS _TIAG-F 5 () <= Af2+ Bf+C >0,
where A= —(7*+29?) <0, B=—-27%+4v+8, and C = —v* + 29?2 + 8. This inequality holds if
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fi < f < fa, where f; and f, are the solutions of Af?+ Bf+C = 0. In addition, we can easily verify
that fi <0< f <1< f,, which implies that IIA9~#5 > T[1¢~R always holds. Together, Proposition

1(ii) remains to hold, for any given ¢ € (=%, %).

In addition, we can easily show that Proposition 2 remains to hold, for any given § € (—%, %) in

a similar manner so we omit the details.

In WH-R, the retailer chooses the optimal prices to maximize his profit as

g)nfi;x Ty :PrE[CIr‘Y] + (pf‘ - wS)E[q“‘Y]
= Pr (a—i—(s—i-ﬂY—ﬁpr—i- - )+”S - (a—5+5Y—ﬁps+ﬁpr>-

14~ 14+~

(S18)

The retailer’s objective function is concave in p, and p, and is sufficient to solve its FOCs to

a+ﬁY (A-y)d
+ 2v+2

Then, given his expected best response, E[p,] and E[p,], the seller chooses

derive the best response. Thus, solving the FOCs gives his best response as p, = and

_ atfY+ws _ (1-7)8
Ds 2 2712

the optimal wholesale price w, to maximize her profit as

max m, = ws Elgs] = 13 (a— 0— ﬁ (a+B§+wS - élml)f;) += ( + (lvll )) (S19)

The seller’s objective function is also concave in w, and is sufficient to solve its FOCs to derive

the best response. Thus, solving the FOCs gives her optimal wholesale price as w, = (a=0)(1-y)

>5+ and p, =2 +( +>52—|—5Y

y+1 y+1
By substituting ws, ps, and p, into Equations (S18) and (S19), given a signal Y, their expected

Substituting w, into p, and p, gives p, = @ + <VT+1

profits can be derived as:

IVH-R .= E[r,] = a?(3y+45) _ 3a(y=1)8 | (y=D(3y=5)8 +3 Bo?

16(y+1) 8(y+1) 16(v+1)2 2(y+1)?
WH-R ._ _a(l=y) _ da=ay) , (1
11 =Elr] =500 — T t 8718 :

In WH-S, the retailer chooses the optimal prices to maximize his profit as

max 7Tr :prE[qr] + (ps - E[ws])E[qS]
Ds,Pr 6 , s — E[ws] 5 1 y (820)
=14 (a+ —7pr+§ps)+ T+y (a— —§p5+ﬁpr>-

Similarly, his best response can be derived as p, = § + (é;—zéﬁ and p, = a+b;[ws] (;12 Then,

given his best response, the seller chooses the optimal wholesale price w, to maximize her profit as

atws 1—7v)d a 1—7)6
(‘H’BY 0— ( - 2(71)1)) +5 (5 + (271; )) (S21)

max 7, = wsEq|Y] =

Solving the FOCs gives the seller’s optimal wholesale price as w, = M. Substituting
w, into p, = a“”;[ws] (; 12 gives p, = a(?’;"’) + (VTH 7+1) 0. Substituting wy, ps, and p, into

Equations (520) and (S21) gives

WH-S ._ (3y+5)a® | 3a(1—y)8 | (1—7)(5—37)s>
11, = Elm ] = Tty sy T To(r )2
MVH-S .= B[n,] = (1—ya? _ sa(l—y) 4 (1-7)d% | S(—y)o?

8(v+1) ~ 4(v+1) 8(v+1) y+1
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In WH-RS, the retailer chooses the optimal prices to maximize his profit as

max 7, = p,E[g.|Y]+ (ps —ws)E[gs|Y]

Ps,Pr , ) _— ) , (822)
=2 (a4 6+ BY — op+ ) + 2552 (a— 04+ 8Y — tiopo+ 2.
Similarly, his best response can be derived as p, = % + (;7125 and p, = ¢ ’2”””5 — ;71)25 Then,

given p, and p;, the seller chooses the optimal wholesale price w, to maximize her profit as

max 7, = wEg,[Y] = % (a —0+8Y — 11 (a+512/+w3 — (177)5> + = (# + M)) . (S23)

2v+42 1—v 2v+42
The seller’s optimal wholesale price can be derived as w, = M Substituting w, into p,
gives p, = @ + (WTH v+1> 5+ 208 W)Y . Substituting w;, p,, and p, into Equations (S22) and

(S23) gives
(3v+5)(a?+80?) 4 8a(l=y8 | (y=1)(3y=5)6>

IWH-RS .= Er,]

16((7;1) 2) 8(v+1) 16(v+1)2
WH-RS ._ _ @=(a+Bo")  §la—ay) | (1-7)8>
I = Blm,] = 8(v+1) 4y+4 + s

For the seller, note that IIY7=5 > IIWH-R «— [IWH-S _ [IWH-R = M > 0 and that
WH-RS < [[WH-R WH-RS _ [[WH-R _ B(1=7)0>
iy STIWHR s 1Y WH-R —

> 0. These inequalities always hold for all

8(v+1)
v € (0,1). Thus, both Policies S and RS benefit the seller.
However, for the retailer, note that V7 =5 < TIWH-F «— TIWH=S _TIWH-R — _ g‘fl) <0 and
that [IVH-RS < TIVA-R «—p [IWH-RS _[[WH-F — 3%1(771)1” < 0. These inequalities always hold

for all v € (0,1). Thus, both Policies S and RS harm the retailer. Hence, Proposition 3 remains to

hold, for any given § € (—5, 5)

In a similar way, we can easily verify that Proposition 4 remains to hold, for any given § € (=4, 5).

So, the details are excluded here.
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Due to the tractability issue, we are unable to analytically derive the retailer’s strategy to counter
policy-induced losses and its impact on the seller’s profit. Instead, we conduct numerical analyses to

confirm the robustness of our findings in Propositions 5 through 7, as illustrated in Figures 8 to 10.

1.0 1.0 1.0
0.8 B 08 08
06 ¢ 0.6 5 c 06 B
«Q A «Q «Q
0.4 0.4 0.4
A A
02 0.2 0.2

0'8.0 02 04 06 08 10 0'8.0 02 04 06 08 10 0'8.0 02 04 06 08 10
f f f

(a) 6=-0.2 (b) 6=0.2 (c) 6=0.3
Notes. Region A is the area where the retailer is incentivized to switch from AG to WH and the switch decreases
the seller’s profit. In B, the retailer is incentivized to switch from AG to WH and the switch increases the seller’s
profit. In C, the retailer is not incentivized to switch from AG to WH. We use a =1, y=0.3, and o =0.5.

Figure 8 Demand Advantage: Seller and retailer preferences for contract modes under Policy S

1.0 1.0 1.0
0.8 0.8 0.8
0.6 0.6 0.6
Q A B Q A B Q A B
0.4 0.4 0.4
0.2 0.2 0.2
0. 0. 0. K
8.0 02 04 06 08 1.0 8.0 02 04 06 08 1.0 8.0 02 04 06 08 1.0
f f f
(a) 6=-0.2 (b) 6=0.2 (c) 6=0.3

Notes. Region A is the area where the retailer is incentivized to switch from AG to WH and the switch decreases
the seller’s profit. In B, the retailer is incentivized to switch from AG to WH and the switch increases the seller’s
profit. In C, the retailer is not incentivized to switch from AG to WH. We use a=1, v=0.3, and o =0.5.

Figure 9  Demand Advantage: Seller and retailer preferences for contract modes under Policy RS
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1.0 1.0 1.0
0.8 0.8 0.8 B
0.6 (65 0.6 0.6 C
«Q A «Q «Q
0.4 0.4 0.4
A
0.2 0.2 0.2

0'8.0 02 04 06 08 10 0'8.0 02 04 06 08 10 0'8.0 02 04 06 08 10
f f f

(a) 6=-0.2 (b) 6=0.2 (c) 6=0.3
Notes. Region A is the area where the retailer is incentivized to switch from AG to WH and the switch decreases
the seller’s profit. In B, the retailer is incentivized to switch from AG to WH and the switch increases the seller’s
profit. In C, the retailer is not incentivized to switch from AG to WH. We use a =1, y=0.3, and o =0.5.

Figure 10 Demand Advantage: Seller and retailer preferences for contract modes (AG-RS vs. WH-S)

Overall, we observe similar trends in the preferences of the seller and the retailer regarding
contract modes, but with thresholds shifted by d. Specifically, as § increases, the retailer’s incentive
to switch to WH becomes stronger. Interestingly, when the retailer has a greater demand advantage,
the retailer’s switch to WH results in higher profits for the seller. This creates a scenario where the

seller’s data advantage becomes more pronounced, as illustrated in Figure 11.

— WH-S _ nac-RS ] 0.06k- T ,
0.06F-_ . :: e [IWH=S _ [JAG-RS
0.04 i 0.04 Tt
0.02 0.02
0.00 0.00
-0.02
TIWH-S _ [JAG-RS _0.04 TWH=S _ [JAG-RS -0.02 TWH=S _ [JAG=RS
] -0.04 i
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
B B B
(a) §=—0.2 (b) 6=0.2 (c) §=0.3

Notes. We use a =1, f=0.35, y=0.45, and 0 =0.5.

Figure 11 Demand advantage: Impact of Data Accuracy on Profits Between AG-RS and WH-S

Finally, we verify whether Proposition 8 remains valid in this extension. In AG-R, substituting

_ (y=D(a(ytyf+2)=(y+1f=2)) _ B(ry=1Y _ (y=D(a(v+2)+(v=2)9)
Pr= P2(fH1)—4 - and pe ="

nto

q; q
T = ((a—l—é—l—@)qr _r —prqr> —+ ((a — 5+9)q5 _ 15 _psqs> —YGrqs,
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where r—a—(5+9——r+ . and g—a—l—(S—I—H—— s+ —Lp,, gives
q Pr+15P q Ps+ 150 8
7, = LN GU=D=4)+8) | 0O =D=4) | 5 <a72f<2<w—1>v+<272+w—1>f—6> 4+ _G=Unse )
¢ 2(y+1) (v2(f+1)— 4) (D) (v2(F+1)—-4) | HL (V2(f+1)—4)2 (V2 (f+1)-4)
(P F D FR=3D48) -2 (F(FHID+) Y (F(F4+6) -2+ 4y (FH12)48)  g2(—1)y2 | g2
203 +1)2 (12 (f+1)—4) 81 Ty
LY (aﬁ(vfl)(v(varf*l)*?) _|_ﬁv D0 4 (=214 (v+2)vf+f+5)+2))
v+ 2(2(f+1)—4) 20 2(f+1)-4) :

Taking expectations on both sides of the equation gives

Hf@_R = E[n] = ay?5f(2(y=1)v+ (292 +9—1) f—6) a2(27(’v+4)+7('v+1)f(7(f—2)—4)+8)+2<72(72(f+1)—4)2

(D) (32 (F+1)—4) 2(7+1) (12(f+1)—4)”
38(v—1)02 | (WP FUFHD)+v1 (F(2-31)+8) =27 (F(F+12)+9)+72(F (f+6)—22)+47(f+12)+8)
+ 8(y+1) + 2(2 _4)? )
2(7+1)2 (72 (f+1)~4)

— (=D(a(y+7vf+2)=d(y+vf—2))
Y2(f+1)—4

Similarly, in AG-S, substituting p, =D+ (y=2)d) _ 6(“’;1)1/

and ps = Y2(f+1)—4

into

2
Te = <(a+(5+0)QT_ & _prCIr> + <(a_6+0)% q25 pst) — Y4r9qs,

where ¢, =a—0+6— ﬁpr +15psand ¢s=a+0+0— ﬁps + 125 pr, and taking expectations on

both sides of the equation gives

av?51 (217 +(29%49-1)1-6) | a2+ )+ () (1 (F-2)~ ) +8)+20% (3 (f+1)-4)

[IAG=9 .= E[r,] =
¢ [} (v+D) (32 (F+1) 1) 2(7+1) (12(f+1)-4)”
38(v=1)02 | (4P FFHD v (F(2=31)+8) =292 (F(f+12)+9)+7° (f(f+6)—22)+47(f +12)+8) AG—R
+ 8( +1) + 5 5 2 :H .
gl 2(y+1)2 (72 (f+1)—4)

AG—-RS
Hc

In a similar way, in AG-RS, we can easily derive and observe that

HAG—RS_HAG—R:_5(’7—1)(’Y+2)02(7+7f‘i‘2) Gy (f+D)+29(f - 2)_12)
‘ ’ B(y+1) (2 (f+1)—4)

Note that ITAG—RS — T[4~ < 0, because _ B r+2)a Orr 4 2) (3 SRRAELIC) 12) < 0 holds for
8(y+1) (v2(f+1)—4)
any given f,v € (0,1).

Therefore, Proposition 8(i) holds with ITA%~5 = TT4¢~£ verified above.

In WH-R, similarly, we can easily derive IIWVH =% TIWH=5 and IIVH 15 a5 follows:

WH—-R ._ a?(3v+5)+3202 | a(5v+3)§ 3802 , (y(40—137)+5)6>

11, = Elr.] = 32(y+1) + 16(v+1) 4w+4+ 32(2v+1)2 ’
WH-S .__ _a (3'y+5)+320 a(5v+3)d (v(40—13~)+5)d

1L, '_E[”C] =m0t | TG4y T sGaD? .
WH—RS .__ _ a“(3y+5)+320 a(5v+3)d 38(y—=9)o (v(40—13~)+5)6

I = Blre] = ?72<w+1> + 60 e T s

WH-R WH-S __ WH-R _ _ 38(1— 7)o
Note that Hc — Hc = 4’y+4 HC W < O The

inequalities always hold. Therefore, HZVH*RS < HZVH*R < IMWH=5 holds and Proposition 8(ii)

remains to hold in this extension. O
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Appendix D: Analysis for Competition with Multiple Sellers
In this analysis, we relax the assumption that there is only one seller in the market. As explained
in the proof of Proposition 8, our demand functions are derived from the quadratic consumption
utility of a representative consumer, expressed as
2
q .
> (qu - —qu]) =7 ai;.
J i#]
By solving the FOCs of the consumer utility above with respect to the retail prices, we can generalize

the demand functions as follows

1 1+ (n—1)y fy
G Ty (A— p— Zpk), (524)

where n is the number of sellers in the market, i.e., n > 2. For notational simplicity, we use j €

{1,...,n} to denote the seller j and r to denote the retailer. Note that the number of products is
n+1.

We confirm that our main results remain qualitatively the same in this extension. This outcome is
expected because our baseline model represents a specific case of the generalized model shown in this
section, where the retailer’s pricing decisions play a more pronounced role. However, unlike the main
model— where consumer welfare remains unaffected under Policy S compared to the benchmark
under AG (Proposition 8(i))—this extension reveals a decrease in consumer welfare under Policy S
(ie., IA9=9 < TIAS—1), This difference arises because, in the main model, market data is utilized
by a single firm (either the seller or the retailer) to extract consumer surplus under Policy S or

benchmark (Case R). In contrast, this extension involves multiple firms (sellers) utilizing the data

oIAG—S _[[AG-R
oB

< 0 for n > 2). Additionally, this extended model offers further insights relevant to

under Policy S, whereas only the retailer does so under Case R (e.g., =0forn=1and

AG-S AG—R
(2204 =117
o
policy design. As the number of sellers increases and competition intensifies, the retailer’s incentive

to switch to WH strengthens. By gaining full control over the retail prices of all products, the retailer
can more effectively mitigate the negative impact of heightened competition. However, this strategic
shift can place greater strain on the sellers, as the retailer’s pricing power under WH amplifies the
pressures on them. Consequently, policy intervention—particularly under RS—becomes even more

critical to ensure a balanced and equitable market structure.

Proofs: In AG-R, the retailer and the sellers (j € {1,...,n}) choose their optimal prices to maximize
their profits as

ma . = p, Bl Y]+ £ 5, 91l |V] = 2 (a4 BY = 000, 4 2057 )

!
B R e I

max 7, = (1— f)p; lgj) = S5 (a= 20502, + 20 5 g+ 725 Bl

pj
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The retailer’s (seller’s) objective function is concave in p, (p;) and is sufficient to solve its FOCs

to derive the best response. Thus, solving their best responses gives the optimal retail prices

_ a(1-7)(3(2n—1)+2) , _ - @((f+2n-1)+2) B-y)Y
Pi = Som=s it (F—nesmra 108 J € {Lon}t and p, = S o E T TS e = T 5y (aonre - Sub-

stituting p; and p, into Equation (S25), given a signal Y, and taking expectations on both sides of

the equations, the expected profits of the retailer and the seller j, 7 € {1,...,n}, can be derived as

AG-R ._ -7 ((v(n-1)-1)(y=2yn—2)%)a? B(1—~)0
T = Elm] = Gt 6n 96 G202 T aGm DD Gt
L0 1)a® (72 f2n? (yn4+1)— fr(yn+1)(v(2n—3)+2)(y(2n—1)+2))
(D) (y2(=3)Fn(6—(F—2n+5))) +4)2 ’

AG-R . a?(y=1)(f—Dn(y(n—1)+1)(y—2yn—2)*
H E[ﬂ-j} (yn+1)(v(2(v—3)+n(6—v(f—2n+5)))+4)2

In AG-S, the retailer and the sellers choose their optimal prices to maximize their profits as

max 7, = pBlan] + 1 5, 03Pl = s (o= 22, + ﬁww)

Pr
fE[ (n—1
5, (o 5 S B4 ). g
1-f n
H;aXWJ':(l_f) Elg;|Y]= (1+n)p';( +6Y — lﬂil i+t i Zj#kpk—{_ﬁp’")'
J
Similarly, solving their best responses gives p; = 5 “S;:L)(?(%;I;:ﬂ))) rwins ;Eff 71?1)2 for j €

{1,..,n} and p, = (2(171)7528((5:?5? é))j:g) ;- Substituting p; and p, into Equation (526), given a

signal Y, and taking expectations on both sides of equations, the expected profits of the retailer

and the seller j, j € {1,...,n}, can be derived as

[IAG~S .= E[r,] = (1=9) (3(n=1)+1) (y=2yn—2)%a> (y=1)a?(¥2 1202 (yn4+1)— fr(yn+1)((2n—3)+2) (4(2n—1)+2))

v T T G (6 -8)+n(6—(F-2n+5))+4)? (n+ D) (RG=3)+n(6—7(J—2n+5)))+4)2 ’
146-5 .= B[r,] = 2000 -Dnb(1i0(=2m=2) | B —Dne>((n—1+1)
j :

(m+1)(v(2(v=3)+n(6—(f—2n+5)))+4)2 (v(n—=1)+2)2(yn+1)

In AG-RS, the retailer and the sellers choose their optimal prices to maximize their profits as

1—y

f n
Y, (a+5Y T e B IR A S

n}jax Ty :pTE[qT’Y] +f Zj pj [QJ |Y] 1+(n)7 (a +8Y — M -+ ﬁ Zj pj)

) (o

1-f) 1+(n—1
max 7; = (1 f)p; Elg,[¥] = e n;’;( QR U ST A )
J
Solving their best responses gives the optimal prices p; = 3 (v(l 3;’7)53572:(‘6 lf/zer)g“nJﬁY forje{l,..,n}

and p, = (Z ;if:(iﬁ(/}(é(iigf)’é)iﬁf 7 Substituting the optimal prices p; and p, into Equation (827)

given a signal Y, and taking the expectation on both sides of equations, the expected profits of the

retailer and the seller j, j € {1,2,...,n} can be derived as

AG-RS . _ _(=n(r(n=1)-1)(y=2yn—2)*(a®+B07) (r=1)(a*+80°)(+* £2n* (yn+1) = Fr(yn+1) (v(2n—3)+2) (v(2n— 1)+2))
11/ =FE[r,] = +
" (rn+1)(7(2(7=3)+n(6—7(f —2n+5))) +4)? (rn+1)(v(2(v=3)+n(6—7(f —2n+5)))+4)*

AG-RS ._ 1 _ (@2+B0?) (1) (1= HHn(y(n—1)+1) (y—2yn—2)*
1L, = Emy] = ) 0G0 =8 (o —2nt )+
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AG—S AG—-R AG—S AG—R _ B(1l=-7)(1-f)no?(y(n—1)+1)
Note that, for the seller, II > II7 — II — 1IZ = O 122 (v D) >0

2
and that, for the retailer, ITAG—% < [TAG—E «— JIAG—S _ 4G F = —x Ad=y)o < 0. These
r r r T y(n—1)+1)(yn+1)

inequalities also hold for all 7, f € (0,1) and n > 2. Thus, Proposition 1(i) remains to hold.

. AG—RS AG-R AG—RS _ TTAG—R _ B1—y)(A=fHnc?(v(n—1)+1)(y—2yn—2)2
Also note that II > T — I IT; = D e B 6 (T2t TaZ = 0

for the seller. This inequality holds for all v, f € (0,1) and n > 2. In addition, note that, for the

retailer,

TIAG-RS > [TAG-E oy [IAG-RS _[[AG-F 5 (0 = Af? 4+ Bf+C >0,

where A =~*n(y—2yn—2) <0, B=2v(8y+7*(n(2n(2n —5) +7) — 2) + 4yn(3n —5) + 12n — 10) +
8 and C'=~(y(2n—1)+2)(y(3n —4) +4). This inequality holds if f; < f < f2, where f; and f, are
two roots of Af? + Bf + C =0. In addition, we can easily verify that f; <0< f <1< f,, which

implies that [IA¢~%5 > TI4¢~R always holds. Thus, Proposition 1(ii) remains to hold.

In addition, we can easily show that Proposition 2 remains to hold, for any given n > 2 in a similar

manner, so we omit the details.

In WH-R, similarly, we can easily derive the expected profit of the seller j, j ={1,2,...,n} and the

retailer as follows.

Under WH-R, note that
2 2 2 7
Wior o | — A8 ) s ) | i
LIy = E[m,] = 2(v(n—1)+2)2(yn+1) A(ynt1)
WH-R ._ _ a’(1-(v(n-1)+1)
I =E[m] = reniaren-
Under WH-S, note that
2 2 2
WH-S .__ __a ('y (n(n +n—3)+1)+7(n(2n+5)—4)+n+4)
11, =Elm] = 4y (n—1)+2)2(yn+1) ’
WH-S ._ _ a20—y)(y(n=D+1) 28(1=y)a?
11, = Elm;] = 2(y(n—1)+2)2(yn+1) T (v(n=1)+2)(yn+1) "
Under WH-RS, note that
HKVH_RS — E[ﬂ'r] _ a2(72(n(n2+n—3)+1)+'y(n(2n+5)—4)+n+4) 4 502(72(n(n2+n—3)+1)+’y(n(2n+5)—4)+n+4)

4(y(n=1)+2)*(yn+1) 4(v(n=1)+2)%(yn+1) ’
[IWH-RS .= Blr,] = 202000041 8090 (-1 +1
s ' I 20 m-D4+220n41) T 261 +2)2 (D)

Similar to the proof of Propositions 3 and 4, simple algebraic manipulation yields our comparative

2
results. For example, for the retailer, [IVH# =5 < [IWH-F «— TIWH-5 _ [[WH-R — —64(&225;) <
WH—RS WH-R WH-RS _ TWH-R _ B0=vc*(y(n=1)+1)
0 and that, for the seller, II; > II; — II! II! = St 0.

These inequalities hold for all v € (0,1) and n > 2. Moreover, it is straightforward to verify that

Propositions 3 and 4 remain to hold for any given n > 2. For brevity, we omit the detailed proofs.
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Due to the tractability issue, we are unable to analytically derive the retailer’s strategy to counter
policy-induced losses and its impact on the seller’s profit. Instead, we conduct numerical analyses to

confirm the robustness of our findings in Propositions 5 through 7, as illustrated in Figures 12 to 14.
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f f f

(a) n=2 (b) n=5 (c)n=6
Notes. Region A is the area where the retailer is incentivized to switch from AG to WH and the switch decreases
the seller’s profit. In B, the retailer is incentivized to switch from AG to WH and the switch increases the seller’s
profit. In C, the retailer is not incentivized to switch from AG to WH. We use a =1, y=0.4, and o =0.5.

Figure 12 Muiltiple Sellers: Seller and retailer preferences for contract modes under Policy S
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(a) n=2 (b)yn=3 (c)n=6
Notes. Region A is the area where the retailer is incentivized to switch from AG to WH and the switch decreases
the seller’s profit. In B, the retailer is incentivized to switch from AG to WH and the switch increases the seller’s
profit. In C, the retailer is not incentivized to switch from AG to WH. We use a=1, y=0.4, and 0 =0.5.

Figure 13 Multiple Sellers: Seller and retailer preferences for contract modes under Policy RS
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Notes. Region A is the area where the retailer is incentivized to switch from AG to WH and the switch decreases
the seller’s profit. In B, the retailer is incentivized to switch from AG to WH and the switch increases the seller’s
profit. In C, the retailer is not incentivized to switch from AG to WH. We use a =1, v=0.35, and o =0.5.

Figure 14  Multiple Sellers: Seller and retailer preferences for contract modes (AG-RS vs. WH-S)

Overall, we observe similar trends in the preferences of the seller and the retailer regarding contract
modes, but with thresholds shifted by n. Specifically, as n increases, the retailer’s incentive to switch
to WH becomes stronger. This creates a scenario where the seller’s data advantage becomes less

pronounced, as illustrated in Figure 15.
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Notes. We use a =1, f =0.45, v=0.55, and o = 0.85.

Figure 15 Multiple Sellers: Impact of Data Accuracy on Profits Between AG-RS and WH-S
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Finally, we verify whether Proposition 8 remains valid in this extension. Similar to the proof of

Proposition 8, we can easily derive the expected consumer surplus under AG as follows:

[TAG-R — 2 (Af?+Bf+C) (n+1)02+ 38(y—1)o?
¢ 2yt 1) (32 (~(FH5In+2n2+2) +6y(n—1)+4)° | 2nH2 1 8(Y(n=D+D)(ynt1)?
[AG-5 — a*(Af24+Bf+C) (n+1)o? | Bly=Dno?(2y(n—1)+3)
¢ 2yt 1) (42 (~(FH5In+2n242) 46y (n—1)+4)° | 2In+2 2(vy(n—1)+2)2(yn+1)
[[46-RS — a?(Af?+Bf+C) (n+1)o? BOr=1)(=y+n(v+vf+2)+2n>+2)0?

2(yn+1)(72(*(f+5)n+2n2+2)+6w(n—1)+4)2 2yn+2 (n+1) (72 (= (f4+5)n+2n2+2) +67(n—1)+4)

B(r=1)0? (=(y=2)2(v=1)+7?n?(v(f2-4)+4))
2('yn+1)(72(—(f+5)n+2n2+2)+6'y(n—1)+4)2

Bly—1)o? ((1—'v)'m2 ('vf2+4'vf+8)+(72—3’y+2)n(’y(2f+3)+2))
2('yn+1)(ﬂ/2 (—(f+5)n+2n2+2)+6'y(n—1)+4)2

+

Y

where A =~?n?(yn+1)>0, B=—-2yn(y*n(2n? —3n+1) +~*(6n* —6n+1) +v(6n — 3) +2) and
C=n+1)(12(2n%—3n+1)+~(4n —3) +2)°.

We can easily show that Proposition 8 holds except for the case where IIA9~5 < TIA9~F in this
extension. The deviation from the main result arises because, unlike in the main model where market
data is utilized by a single firm (either the seller or the retailer) to extract consumer surplus under
Policy S or the benchmark (i.e., AG-S or AG-R), this extension involves multiple firms (sellers)
leveraging the data under Policy S. In contrast, under the benchmark (i.e., AG — R), the retailer
only utilizes the data.

Now, we present a proof of this difference. Note that
B(1—~)o? <4n(2’y(n -1)+3) 3 ) -0
8(yn+1) (v(n—1)+2)? y(n—1)+1

This inequality always holds for all «y, f € (0,1) and n > 2. Therefore, [TA%~5 < [TA¢~ £,

H?Gfs < H?GfR - H?Gfs _ H?G’fR I

In WH-R, similarly, we can easily derive IIWVH - TIWH=5 and IIWH 1S a5 follows:

i—r _ (A8 ) et - ts)  aane? | (nne?
c 8(v(n—1)+2)2(yn+1) 8yn+8 2yn+2 7

HWHfs . a2(72(n(n2+n73)+1)+’y(n(2n+5)74)+n+4) (n+1)02
c - 8(v(n=1)+2)2(yn+1) 2yn+2

HWH—RS . a2(72(n(7L2+n—3)+1)+’y(n(2n+5)—4)+n+4) + 602(—3(7—2)2—372n3+7(5’y—14)n2+(w('y+5)—15)n) (n+1)<72
c - 8(v(n—1)+2)2(yn+1) 8(y(n—1)+2)2(yn+1) 2yn+2

Observe that TIVH-5 — [IWH-R = % > 0. Therefore, II"V#=5 > TIVH-R for all v € (0,1)

and n > 2. Also observe that IIVH-RS _ [[WH-R — & é?;@f;’;g;g?{;lﬁ ) < 0. Therefore, IIVH-RS <

IVH=E for all v € (0,1) and n > 2. Hence, Proposition 8(ii) holds. 0
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Appendix E: Analysis for Regulatory Challenges: Endogenizing Fees under AG

In this extension, we examine the robustness of our results when the commission fee under AG is
endogenized and allowed to differ across Case R, Policy S, and Policy RS. We confirm that our
results remain qualitatively unchanged even when the commission rate is determined endogenously.

To proceed, we introduce an upper bound f on the commission rate. This bound reflects platform-
level frictions observed in practice, where commission schedules are typically set at the prod-
uct—category level, strictly regulated, and largely influenced by external market or policy consider-
ations rather than case-by-case optimization (Ha et al. 2022, Hao and Tan 2019, Liu et al. 2021).
Hence, it is reasonable to treat f as given. In addition to this platform-level bound, the commission
rate must also satisfy the seller’s participation constraint, which we analyze in detail later.

Under AG-R, from Lemma 1, the expected profits of the retailer and the seller are

AG—R __ ( (f+1)—v (f(f+5)+3) Y +’Y f(f+1)) B(1— ’y)a . AG B(1— 'y)U
1L = Elm] = (7+1)( 2(f41)-4) e =T S
HAGfR:E[ﬂ EE 21— (r+2%(- f2) . [JAG.

s 2 (a2 s

AG—-R
Taking the first derivative of II49~F with respect to f, we obtain Ot =

of
a?(16—-27° =70 (f+1)+7*(5/+3)—472 (f+4))
> 0 for all €
(r+1) (4-22(1+1)) o i

(0,1). Hence, the retailer’s profit II4¢~% is monotonically increasing in f, and the retailer has an

. It is straightforward to verify that 2

incentive to raise f to the highest feasible level unless constrained by the seller’s participation and
the category level bound f.
Suppose that the seller has an outside option with expected profit II¢ > 0. The retailer then

selects f subject to the seller’s participation constraint, i.e., [T29~% > TI9. Differentiating the seller’s

. gmAG-R a®(1-7)(7+2)*(4=7*(3-1)) e .
rofit gives —= =— , which is strictly negative for all € (0,1). Hence,
profit gives === T PR TP L y negativ 7, f€(0,1)

the seller’s profit is strictly decreasing in f, and there exists a unique commission rate f¥ such that
AG-E(fR) =T19. Consequently, the retailer’s optimal commission rate f#* is determined by both

the platform-imposed bound and the participation constraint, and is given by f&* =min[f, f].

Similarly, under AG-S, the expected profits of the retailer and the seller are

T1AG-S — B, ] = a® (4(f+1) =7 (F(F+5)+3)—7 :w f(f+1))
" " (D) (v2(F+1)-4)

46— = Br,] = ©L00042°0-) 4 B0-)(-Do? . [1AG | 1)U f)o”

HAG

(’Y+1)(4*72(f+1))2 4(y+1) 4(y+1)
AG-S
Taking the first derivative of MA¢~% with respect to f, we obtain ang 7 =
a?(16—2~v°—~6 4 —442 AG-R . . . AG-5S
(16-2 (7-:'170)2)41(;?14;;; 97 (7+4) = OH“"af , which implies anraf >0 for all v, f € (0,1). Thus,
v -

the retailer’s profit ITIA%~ is monotonically increasing in f, and the retailer has an incentive to
raise f to the highest feasible level unless constrained by the seller’s participation and the category

level bound f.
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The retailer then selects f subject to the seller’s participation constraint, i.e., II4¢=5 > 15,

AG-S
where IIJ is an outside option under Policy S. Differentiating the seller’s profit gives oL =

of
o2 20 2,4
4((71113) (4 (7(:22&)04)?%) - 502>, which is strictly negative for any v, f € (0,1). Thus, the seller’s
N ,

profit decreases monotonically in f, and there exists a unique commission rate f° such that

1295 ;_ss =IIg. As a result, the retailer’s optimal commission rate f5* is determined by both the

platform-imposed bound and the participation constraint, and is given by f* =min[f, f°].

Under AG-RS, the expected profits of the retailer and the seller are provided as:

[TAG-RS — Elr,] — a® (4(f+1) =7 (F(F45)+3) =+ F(f+1)) n B0 (4(f+1) =7 (f(F+5)+3)—7*++" F(f+1))

“ ggl)(4772(f+1))2 (v+D(a—2(7+1) ’
=112 4 127,
[IAG-FS = Br,] = L0007 1)) 4 B0+ A-De? _ [[AG | S1-)042°U-f)o?
° T )(a-2 () (1) (4=22(f+D)) ° (v+1)(4=72(f+1))
AG—RS
Taking the first derivative of MA¢~ES with respect to f, we obtain % =

(2=7%=7) (v(v(FP+r+ (=2 (v+1) f—2) +4) +8) (a®+B0°)  pAC-RS
(r+1) (122 +1)) L
for any given «y, f € (0,1). Thus, similar to previous two cases, case R and Policy S, the retailer has

is monotonically increasing function in f

an incentive to raise f to the highest feasible level.

The retailer then selects f subject to the seller’s constraint, i.e., IIA¢~R9 > T159 where T1F° is the
AG—RS
expected profit from the seller’s outside option. Differentiating the seller’s profit gives % =
_ 2(.20¢_ CL2 0_2 . . i i
_ Aot (P 3)+4)(3 0 ), which is strictly negative for any ~, f € (0,1). Thus, the seller’s profit
(1) (4=72(f+1))

decreases monotonically in f, and there exists a commission rate f such that ITA¢—R9| fofRS =

IS, As a result, the retailer’s optimal commission rate f5* is determined by both the platform-

imposed bound and the participation constraint, and is given by fF5* =min[f, f75].

Note that & < £S5 < fBS gince ITRS = IR 4+ BU=0G+220-1o® _ 15 — IR 4. B0=001-fo® _ TR
ote that f™ < f~ < f™* since II; S+ (22T 1)—1)? > IIY s T 516D > 11

It follows that, for any f € (0,1), II®* > IIJ > IIF, and hence IIF%|;_ jrse > TS| ;_pse > TIE|;_ ;re
because I17 > I19 > T1#( f7) holds for all f € (0,1), and

(i) TES);_prse =I5 | pse =B ;_sre if fRS <

(il) TR o prse > T o pse = I s pre 3f f5 < f < f5

(iti) TIES|prse > T5 | pse > TIF|,_pre if f < f5
holds. Thus, the seller’s profit under AG-RS is always at least as large as under AG-S and AG-R,

which aligns with the results in Propositions 1 and 2.

Intuitively, when the retailer’s market commission fee f is high under AG, the retailer already
internalizes most of the channel surplus. Thus, moving to WH, which forces the retailer to concede

margin to the seller under the wholesale arrangement, diminishes the retailer’s payoff and hence
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cannot be profitable. To avoid lengthy algebra, we state a general dominance argument and prove
only one representative case. Specifically, we consider the worst AG case for the retailer (AG-S)
against the best WH case (WH-R).

Let TIAS-5( f) and IV~ denote the retailer’s profits under these two contract modes. We define
fr=inf{fe(0,1): MI5(f) > M7},

By continuity and IIA¢~5(f =1) > IIWH-R gsuch a threshold f exists and is strictly less than one.
Thus, if f5* > f, IIAGS(f5*) > TIWH-E holds and therefore the retailer has no incentive to switch
from AG to WH. Since AG-S is the least favorable AG case and WH-R the most favorable case

under WH, this dominance result immediately extends to all other AG-WH comparisons. O
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Appendix F: Analysis for Regulatory Challenges: Evasion through Observing Seller
Data

Consider the retailer’s circumvention strategy under WH, denoted as O, in which the retailer
utilizes the seller-side signal Y despite the intended restriction imposed under the regulation WH-S.

Given the wholesale price w,, the retailer chooses p, and p, to maximize

max 7, = p, E[q,|Y]+ (ps — ws)Egs|Y]

Ps,Pr
Dy 1 ¥ Ps — Wy 1 ¥ (SQS)
= a+ } - 7'+ s + a+ ) - s+ r .
1—1—7( b 1—’yp 1—7p) T+~ ( b 1—’yp 1—’yp>

Then, anticipating that the retailer will circumvent the policy and exploit the signal, the seller

uses the shared signal to set the wholesale price w,, maximizing her profit as follows:

W, 1 0%
= — — E[p|Y]+ ——E[p.|Y
1+7<a T [P ]Jrl_7 [pr| ]>

o w . 1 a+ BY +w, n 0 a+pY
14y 1—7 2 1—v 2 ‘

Substituting the derived optimal prices into Equation (S29) and taking expectations over Y yields

max 7, = w,E|q,|Y]
) (S29)

the seller’s expected profit [TV # -9, Comparing this with the seller’s expected profits under WH-
R and WH-S in Lemma 2 establishes Result 1. Furthermore, we conduct additional comparative

WH-0O WH-0O
Hs Hs -

analyses by comparing with the seller’s profits in Lemma 1, which yield that

MAG-R <0, OVHA-0 —T14¢-9 <0, and I 7-9 —TI4¢=R5 < () when the fee is sufficiently small.
Similarly, substituting the derived prices into Equation (S28) and taking expectations yields the

retailer’s expected profit IV #~-9. Comparing this and the retailer’s expected profits under WH-

R/WH-S with those under AG-S establishes Result 2. For instance, we derive the difference:

O ._TIWH-0 ac—s _ a°(3y+5)
AIIC :=11" — 114 =613 D)
N 160 (7* + ' (=f)(f + 1) +*(f(f +5) +3) —4(f + 1)) N B(3y+5)0?
16(y+1) (2(f +1) —4)° 16(y+1)
ATTR -— [[WH-R _[[AG-5 _ a*(3y+5)
r v " 16(y+1)
n 160> (V +' HF+D) +?(f(f+5) +3) —4(f+1)) = 8807
16(y+1) (y2(f +1) —4)° 16(y+1)

Comparing the two payoff gains above shows that ATI? > ATI?, since ATIZ — ATI? > 0 if and only if

% > 0, which holds for all v, 8 € (0,1) and ¢ > 0. Moreover, when the fee is sufficiently small,

our additional comparative analyses between

OWH=O _rA¢-R > o [IWVH-O _T[A¢=5 > (, and IV 7-9 — TIAS=R5 > 0, highlighting the retailer’s

OWH=9 and the retailer’s profits in Lemma 1 yield

incentive for evasion through access to seller data, which consistently harms the seller and, together

with our other results, underscores the pressing need for stronger regulatory restrictions on WH.
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To summarize, we show that the regulatory restriction under WH effectively reduces the retailer’s
incentive for evasion that shifts the seller toward WH, and this result continues to hold even when
the retailer strategically accesses seller data under WH-S. Altogether, stronger regulation on WH

can further mitigate such evasion toward WH, thereby reinforcing seller profits. |
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Appendix G: Analysis for Regulatory Challenges: Retailer Informational Advantage

In practice, even when data are shared, sellers and retailers differ in how effectively they can exploit
the information, leading to heterogeneous insights. Moreover, pricing mode can affect the scope of
data available to the seller. Under the wholesale regime, for instance, the seller effectively operates
as a vendor to Amazon, while Amazon directly manages end-customer interactions. As a result, the
proprietary data shared with the seller may be more limited. To capture these nuances, we extend
our model to allow the seller to observe a private signal X,,—derived from the shared data under
Policies S and RS- conditional on the pricing mode m € {A, W}, where m = A denotes agency
(AG) and m = W wholesale (WH). By contrast, the retailer always observes a private signal Y’
under the benchmark case R and Policy RS, regardless of the pricing arrangement.

Next, we establish the relationships between signals, which are central to the extended model.
Recall that 6 has mean zero and variance o2. Following the standard linear information structure,

the signals are given by
XA:9+6A7 XW:0+€W, Y:0+€y,

where €4, €y, and €y are independent error terms, each independent of 6, with zero means and

variances 0%, o3, and 0%, respectively. Consequently, the variances of the signals are
Var(X,)=0*+03, Var(Xw)=0>+0%, Var(Y)=o0>+o0%.

Using the properties of the linear information structure (e.g., Li and Zhang 2008, Shang et al.
2016, Ha et al. 2017), the conditional expectations of § are

tac? two? to?
Fo| X ]=——X Fo| Xy|=———X Fo|lY]=—-Y
(01 X4l 1+t 020 01 Xw] 1 +tyo2™ " o1Y] 1+to2 '
where
4 1 . 1 1 1
ta=Var[Xa|0]7 ==, tw=VarXw |0 =—, t=Var[Y|0] =—.
04 Ow Oy
We let
ta0? two? to?
ap = « = =
AT 1 St 02 YT tpo?’ 1+to?’

and assume «,, <  for m € {A, W} to reflect the seller’s comparatively weaker capability.
Note that due to the independence between 6 and €, for m € {A, W, Y}, we have
EXon |Y] =El0+e, |Y]=E[0|Y]+ Elen | Y] =Y,

ElY|X,| =E[f+e | X,,]=FE[0| X,,] + Eley | X0n] = 0 X,
Similarly, we have
EYX,|=E[E[YX,, |0 =E[E]Y | E[X,,|6]] =E[§-0]=0".

We will use these properties when deriving the expected profits of the two firms and consumer

welfare.
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Technical Insights of Propositions 1 through 4 under Retailer Informational Advantage
The two-signal extension verifies that our main propositions are robust when the seller’s informa-
tional capability is explicitly weaker than the retailer’s. Under AG, Policy S reallocates informational
rents from the retailer to the seller, while Policy RS improves both firms’ profits, consistent with
the baseline analysis. Under WH, both policies benefit the seller but reduce the retailer’s payoft,
with Policy RS relatively less harmful to the retailer than Policy S. Overall, heterogeneous signal
precision alters the magnitude of profit changes but preserves the directional effects, highlighting
the persistence of asymmetries across contract modes.

Proofs of Propositions 1 through 4 under Retailer Informational Advantage

In AG-R, both firms choose their optimal prices to maximize their profits as

max =p.Elg. Y]+ fpsElg,|Y] = {5 <a+ﬁY— T ) + L= <a+ﬂY— =D+ ﬁpr) ,

1—y
max m, = (1— f)p.Blg.] = 42 (a= Lo+ 5Bl -

Similar to the proofs for case AG-R in Lemma 1, solving the FOCs gives the optimal retailer prices

_ (=yaly+rf+2) | A=Y _ (A=y)(a(y+2))
Pr="m . Tz and e = T

Y, the profits of the retailer and the seller can be derived as

. By substituting the optimal prices, given a signal

po=  CODEORPHOA) (P ) ) | p2ay? |y (aﬁ(vfl)(w+2(v+1)f+2)> ’

(rD)(12(7+1)-4)° 4(r+1) DG +1)-4)
(== (at+2)?
(D (V2 (F+1)—4)

Ty =

Taking expectations on both sides of the equations, their optimal expected profits can be obtained

a®(y=1)(=( 422+ (A DV 2+ (P2 —4v=4)f) | B1—r)o?
(7+1)(72(f+1)—4)2 4(y+1) 2
[AG-R .= Blr,]= ©0=004+2°0-))
y (r+1)(4=72(f+1))

AR .= Elr,] =

In AG-S, the retailer and the seller choose their optimal prices to maximize their profits as

max 7. = pBlg,] + Bl Ela) = £ (o= top+ 25 Blpd] ) + 222 (a— 2 Elp ]+ %p, )

Pr
max 7, = (1= f)p.Blg.| Xa] = “E0 (a+aaXa— i+ 2500).

Similarly, by solving their best responses as a system of equations (i.e., p, = (a)(l% + WE [ps]

a(l—7) (+v(pr—aaXa)+asX4)
5 + A2A AXA )

and p, = , the optimal retail prices can be derived as follows:

_ (A—yal(y+~rf+2)

(1—y)a(y+2) | aa(l-7X
4 2AE2A and p, = i Te el

Ps = 45200

Substituting the optimal retail prices, their expected profits can be derived
T1AG-S .— B[] = a2(4(f+1)—'y2(f(f+5)+3)—v3;v4f'(f+1))
(1) (4=72(f+1))

1465 .= B[r,] = a2(1—7)(’y+2)2(1—f2) (1-na-fase®
: T (a2 () :

)
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In AG-RS, both firms utilize their private signals (Y for the retailer, and X4 for the seller) to

determine the optimal prices that maximize their profits as
max . = pr B¢ [V]+ fE[ps\Y]E[qs!Y]

= & (a—{— BY — +LE[pS|Y]) + {8alY] (a+BY Elp,[Y]+ %pr)» (S30)
max 7, = (1= /)p.E [qstA]: e <a+aAXA— TPs [pr!XAD

Following the standard procedure for establishing equilibrium (e.g., Vives 1984, Li 2002), we specify
each firm’s set of beliefs, derive rational strategies accordingly, and demonstrate consistency between

strategies and beliefs. Specifically, we conjecture a linear strategy for each firm as follows:
E[pT|XA] :AT + BTE[Y|XA] = AT + BT(OZAXA),
Elps|Y]=A.+ B;E[X4|Y]= A, + B,(8Y),

where A,, A,, B,, and B, are constant values to be determined. Using the linear strategy and the

FOCSs, we derive p, = a(1—7)+2As’v(f+1) + ﬁY(’Y(Bsf;'Bs—l)‘i‘l)

and p, =

a(l—y)+Ary | Xaoa((Br—1)y+1)
5 + SARALRS . To

determine A,, A,, B,, and B,, we solve the following system of equations

A = o= 'Y)+As’)’(f+1) B, = B(’Y(Bsf'i‘Bs—l)‘i‘l) LA, — al=+Ary g B. = 2alBr-1)y+1)
T 2 ) S 2 )

which gives

_a(=)(v+1f+2) B-D(v(f+Daat2) 4 _ o(¥*+1-2) (y=1)a(Br+2)
A= "o B = T e naact A = e and B = Gatna

Substituting p, = A, + B,.(Y) and p, = A, + B,(8Y) into the retailer’s objective function in
Equation (S30) provides

[AC-RS .= E[r,] = () (f(f+5)+3)+4(f+1)) 4 BO=Do® (—dap(+f (By+r+2)—4)
" " (1) (72 +1)—4)° (y+1)(Br2(f+1)as—4)2
B(y=1)0? (o (B33 F(F+1)+2 (B2 F+2BF (F41)— (F+1)? ) +4B7f+4F))
(D (B2 (f+1)as—4)2 )

+
Similarly, p, = A, + B,(aaX4) and p, = A; + Bs(X4) into the seller’s objective function in
Equation (S30) provides

2 2 2 2
[TAG-RS .— Bl ]| = CO=DO+2°(¢ =) | 0=D(f=Do as(By42)*
° ] (D (2(D-4)"  (FD(BY2(F D) —4)?

The proofs of Propositions 1 and 2 for the retailer’s and the seller’s profits are analogous to those
provided in the main analysis. We first examine the retailer’s profits in different cases. Specifically,
MAG-R S IACS = 65 A6 R = 54(11(711) < 0, which always holds because v € (0,1).

Similarly, [TA9~R < [TACRY «— AR5 _J[AC-F > () < F >0, where

£ BO=1)o? 4(od (B2 F(F+1) 472 (B2 F428F (F+1) = (f+1)?) +4B7 f+4f ) —das (v+(By+7+2))—4) 41
A0+ (B2 (f+1)aa—1)2 :
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Note that F is an increasing function of @4  because %> 0 =
48(1-7)a2(B7+2) (aa (= (V2 (F+D((B-1) f~1)) =287 f—4f ) +2(v+(v+2) f))
(7+1) (4= B2 (F+1)an )3
B, v €(0,1). In addition, we can easily prove that F|,,—o = 0. Thus, F > 0 holds for any given

a4 € (0,3), and hence TTAG—E < [TAG-RS,

Lastly, [IAG—S < [TAG-RS «— [IAG-RS _J[AC-5 5 () «—= F >0, where

< 0. This inequality holds for any given

B(v=1)0 (% (B27° F(F+1)+7° (B2 F+2BF (F+1) = (f+1)? ) +4B7 f+4f ) —da s (y+F (Br+7+2)) —4)

F= (+1)(By2(F+1)as—4)?

Note that F is an increasing function of a4 because R ) =

Oy

48(v=1)o?(B7+2) (aa (= (V2 (F+D(B-1)f=1)) =287 f—4f ) +2(v+(v+2) f))
(1) (BY2(F+1)as—4)3
B, v €(0,1). In addition, we can easily prove that F|, ,—o =

> 0. This inequality holds for any given

_ B—y)e
4(v+1)

Thus, F > 0 holds for any given a4 € (0, ), and hence ITAG~5 < TTAG-ES

>0 for any given v € (0,1).

For the seller, note that ITA9F < [I4675 «— [[A9-5 — [JAC-F = % > 0, and
AG-R AG—RS AG—RS _ TJAG-R _ (1=9(-flo’as(By+2)° iHiag
IIZ < II{ — I IIZ D (B2 (FH1)an—1)7 > 0. These inequalities hold
because f,v € (0,1) and a4 € (0, 3).

Lastly, note that

H?G—S<H;4G—RS S HSAG_RS—HSG_S>O S g>0,

_ (1=n(-foayu 4(By+2)* _
where G = 20 (22 Daa—1)? 1

0 always holds for all v, f € (0,1) and a4 € (0,8) and G|, ,—o = 0. Thus, G > 0 holds for any given
a4 € (0,3), and hence T4~ < [TAG-RS,

. This is an increasing function of a4, because 777 = >

In WH-R, the retailer chooses the optimal prices to maximize his profit as

max 7, = pr Blg, Y]+ (p, — Elw,|Y]) Elg.|Y] .
o S31
=15 ((HBY——pHr x >+%W<G+BY—ﬁps+ﬁp,.).

The retailer’s objective function is concave in p, and p, and is sufficient to solve its FOCs to

_ a+BY

derive the best response. Thus, his best response can be derived as p, = and p, w

Then, the seller chooses the optimal wholesale price w, to maximize her profit as

(0= & Bl + 25 Bl (832)

max m, = w,F[gs] = 5

W & & & 1+"Y

The seller’s objective function is also concave in w, and is sufficient to solve its FOCs to derive

(a)(

the best response. Thus, her optimal wholesale price can be derived as w, = %7) Substituting w,

into p, and p, gives p;, = @ + % and p, = § + % By substituting w,, p,, and p, into Equations

(S31) and (S32), given a signal Y, their expected profits can be derived as:

and ITVH-F .= Blr,] = <02,

WH-R .__ _ a?(3v+5)
I, = Elm,] = + 8(v+1)

16(y+1) 2('y+1) J
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In WH-S, the retailer chooses the optimal prices to maximize his profit as

max 7, = p, Bq.] + (p, — Elw]) Elg,]

s.Pr 833)
- s—Ews (

:1iw<a_ﬁpT+ﬁps>+p1+L ](a—liwps-i- 7]%)-

a+E

Similarly, his best response can be derived as p, = ¢ and p, = . Then, given his best

2

response, the seller chooses the optimal wholesale price w, to maximize her profit as

max 7, = w,Blgs| Xur] = 125 (o aw X = 25 (55) + 75 (5) ) (s34)

Solving the FOCs gives the seller’s optimal wholesale price as w, = M Substituting w;

into p, = %[ws] gives p, = @. Substituting wy, ps, and p, into Equations (S33) and (S34) gives
WH-S . _ (3y+5)a® WH-S ._ _ (=yad® | aw(1-v)o?
I, = Elm] =5y and 1L = Bln,| = 5525 +

In WH-RS, the retailer chooses the optimal prices to maximize his profit as

max T, = p,Flq|Y]+ (ps — Elws|Y])E|q,]Y]
Ps,Pr ) » —E[w \Y] 1 (835>
_1+'y (CL‘FﬁY— ,ypr—i-ﬁps)-i-%(a-l-BY—ﬁpg—i-ﬁpT)

a+BY
2

Similarly, by solving the FOCs, his best response can be derived as p, =
a+BY +E[ws|Y]
2

and p, =

. Then, the seller chooses the optimal wholesale price w, to maximize her profit as

max 7, = w, g, Xw] = 14 (a+aWXW Elp, | Xw]+ 1% E[plew]) (S36)

Similar to AG-RS, with a linear conjecture, the seller uses E[p,|Xw]= A, + B, E[Y |Xw]=A4, +
B, (awXw) and E[ps|Xw]| = As+ B, E[Y |Xw]+ C.Elws| Xw] = As + Bs(aw Xw) + Csws, where A,.,
B,, A,, B,, and C, are constant values to be determined. The retailer also uses a linear conjecture
such as E[w,|Y]|=A, + B, E[Xw|Y]= A, + B,(8Y), where A, and B,, are constant values to be
determined. Solving the FOCs gives

a+BY (a+Aw+B(Bw+1)Y)

Dr="—"7%—5 DPs= o) , and w, = a(_’YH;g:‘T’Y—As _ Xwaw(= gg:+Bs+'v D}
which leads to A, =2, B, =2, A, =% B,=5, C,=1 A, =" and B, = 20"V, Then,
we have
w, = a(lz—’Y) + aW(Q_f)(l_’Y) Xw, ps= a(34—’v) + ﬁY(aW(Q—f)(l—’YHQ)’ and p, = a+2ﬁY

Substituting p, = A, + B,.(Y), ps = As + Bs(Y) + CsE[w,|Y], and Efw,|Y] = A, + B,(8Y) into
Equation (S35) provides

WH-RS ._ — @®(yt5) | Bo(8=(2-B)(1-7aw (B=Daw+4))
11, = Elm] = 16(y+1) 16(’Y+V1V) .



44

Similarly, substituting E[p,|Xw]= A, + B,.(awXw), E[ps|Xw] = As + Bs(aw Xw) + Csws, and
ws = A, + B, (Xw) into Equation (S36) provides

WH—RS ._ _ a’(1—y) | 2-B)2(1-y)c3a
11, T E[WS]_ 8(y+1) + 8(y+1) .

The proofs of Propositions 3 and 4 for the retailer’s and the seller’s profits are analogous to those
provided in the main analysis. We first examine the retailer’s profits in different cases. Specifically,
OWHA-R S [IWH=S «— TIWH-R _TIWH=5 = 2(*6;‘121) > 0. The inequality holds because 3,7 € (0,1).

Similarly, IVH =8 > [IVH-RS «— TIWH-RS _TIWH-R (. In turn,

[IWH-RS _[[WH-R () 0 F— _ (2—B)ﬂ(1—v){762(aw((6—2)aw+4) <0.
r T y+1)

The inequality always holds because 3,7 € (0,1). Thus IWH# - > TITWH-ES Ko]ds.

Lastly, IWH=S < [[WH=RS sy [IWH=RS _[[WH=S > (_In turn,

[IWH-RS _[WH=S5 < () o ﬂ02(8—(2—5)(11—6?)aw(4—(2—ﬂ)aw)) < 0.
T T v+

The inequality holds because 3,7 € (0,1).
For the seller, note that IIV7 7 < TIWH=5 «— IWVH-S _[IWH-R = % > 0. The inequal-
ity holds because v € (0,1). In addition, note that ITIWVH-F < [IVH-RS s [IWH-RS _TIWH-E —

CoBlUmotaw - () The inequality holds because 7 € (0,1) and ayw € (0,3). Lastly, note that

8(vy+1)
2 2
OWH=S > TIWH-RS 0y TIWH=-S _[[WH-RS = (4+4ﬂ7€(i(i;)v)o W > (). The inequality holds because
B,7 € (0,1). Overall, Propositions 1 — 4 continue to hold in this extended model. O

Technical Insights of Proposition 5 under Retailer Informational Advantage
Proposition 5 confirms that the retailer’s switching incentive under Policy S is robust to the two-
signal setting, driven by competition intensity and commission fees. However, the seller’s outcome
depends on relative signal precision: weak wholesale signals exacerbate losses, while sufficiently
accurate signals allow her to benefit, particularly at higher commission rates. Thus, the qualitative
insights remain valid, though refined by thresholds on information quality.

Proof of Proposition 5 under Retailer Informational Advantage

We first derive the retailer’s preference for WH under Policy S, followed by the seller’s preference.

Under Policy S, the retailer prefers WH if and only if 149~ < IIW#~5 which can be reduced to:

Fi(y, )= (v +2)*(v(v(By = 7) +8) +4) 4+ ((3y = 11)y* + 16) v 2 +2(y = 2) (7 +2) (3(y = 1)¥* +8) f >0,

where the function Fi(vy, f) is identical to the one used in the proof of Proposition 5. Accordingly,
the condition under which the retailer prefers WH under Policy S coincides with that stated in
Proposition 5. Specifically, Fi(v, f) > 0 if and only if v > v, or f < i. Under this condition, it

follows that IIA¢~% < TI"#=5 under the two-signal setting.
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Next, the seller prefers WH if and only if IT4¢~5 < TIW# =5 which can be further reduced to:

Ey(v, f) = Gi(v, flaao® +é1(%f)awa2 >0,

where the function Fy(v, f) is provided in the proof of Proposition 5 in Section 6.1, and G, (7, f) :=

A-yA-f) A — (=)
W and Gl('y,f) = 2(’}/_:1) .

Recall from the proof of Proposition 5 that Fy(y,f) >0 <= f > f.1. Note that Gi(v, f) >0
always holds for any ~, f € (0,1). Thus,

(i) When f < fo, TAS=5 <TIVH =5 «—= ay > _FQ(W’Q:E?}()Z’J)“AJ := ayyq. That is, when f < f.q,
IA9=5 > TIWH-5 «—= ay < ayy. Thus, the switch to WH hurts the seller under this condition.

(ii) When f > f,;, H4¢=5 <TI"H#=5 holds when ayy > % because Gy (7, f) > G1(v, f). This

implies that under the two-signal setting, Proposition 5 remains to hold qualitatively if the signal
accuracy under WH is not too low, i.e., ay > %. Obviously, when ay = a4, aw > %

holds and thus Proposition 5 holds. O

Technical Insights of Proposition 6 under Retailer Informational Advantage

Proposition 6 demonstrates that under Policy RS the retailer’s switching incentive is preserved, but

its interaction with signal precision alters the seller’s outcome. When the seller’s signal under AG

is weak or the wholesale signal under WH is poor, the retailer gains more from switching, while the

seller is more likely to be harmed, especially at low commission rates. Conversely, stronger wholesale

signals can mitigate these losses and align incentives, showing that information accuracy shapes the

profitability of contract switching.

Proof of Proposition 6 under Retailer Informational Advantage

We first derive the retailer’s preference for WH under Policy RS, followed by the seller’s preference.
Under Policy RS, the retailer prefers WH if and only if

Fi(v,f)— Hi(aa,B)o* + ﬁl(aw,ﬁ)a2 >0,

Br=1) (o4 (B2 F(F+1)+7> (B F42BF (F+1) = (f+1)?) +4Bvf+4f ) —daa (v+F (Br+7+2))—4) S

where Hy(as,f) = (1) (Br2(f+1)as—4)? 0
and Hy(aw ) := 5(8*(2*@(1z‘é%:ivl()4*(2*ﬂ)aw)) < 0.
Recall from the proof of Proposition 5 that Fi(vy,f) >0 <= v >4 or f < 1. Note
_ 2 i
that aHlégﬁ,g)) _ 4BG-=1)(B7+2) (@a( (Lf&lgifi)ﬂaflif# ) R20HOEN) g aHla(z:VV,ﬂ)) _

_(572)ﬁ('y783(}rﬁ1)*2)aw+2) <0 for any 8,7 € (0,1). Thus, when > ,; or f < %, the retailer prefers

WH if a4 is not too large. In other words, when v > ~,; or f < i, Proposition 6 remains to hold

if ay <@y, where @y is a value of ay such that Fi(v, f) — Hi(aa,3) o? +ﬁ1(aw,ﬁ)a2 =0.

‘QA:HA



46

1.0 1.0 1.0
0.9 A 0.9 A 0.9
0.8 0.8 0.8 A
«Q Cc B @ c B Q (o
0.7 0.7 0.7
0.6 0.6 0.6
B
05L 05 05,
036 037 038 0.39 040 036 037 038 039 040 036 037 038 0.39 040
(a) ap = 0.2, aw =0.2 (b) ap = 0.2, aw =0.5 (C) ap = 0.5, aw =0.2

Notes. Region A is the area where the retailer is not incentivized to switch from AG to WH. In B, the retailer is
incentivized to switch from AG to WH. Region C denotes the region where v > .1 or f < % holds. We use a =1,

v=0.15, and 0 =0.1.

Figure 16 Information Advantage: Retailer preferences for WH under Policy RS

When v <#,; and f > i, we numerically illustrate the retailer’s preference for a contract mode, as
provided in Figure 16.

As shown in Figure 16, the retailer’s incentive to switch from AG-RS to WH-RS becomes stronger
when the seller’s signal accuracy under AG (i.e., a4) is low or when the seller’s signal accuracy
under WH (i.e., ay ) is low. By contrast, when the seller’s signal accuracy is close to the retailer’s
signal accuracy (e.g., Figure 16(c)), the retailer’s incentive to switch from AG to WH becomes
weaker, a consistent finding from Proposition 6. This is because under AG, data sharing through RS
allows the retailer to benefit jointly with the seller. Under WH, however, if the seller gains higher
signal accuracy through data sharing, the seller can use this improved information when setting the

wholesale price, thereby strengthening its bargaining position and reducing the retailer’s payoff.

Next, we examine the seller’s preference on pricing modes. The seller prefers WH if and only if

MAG-RS < TIWH-RS which can be reduced to

F2(77f) +H2(O‘W7OZA>B)O-2 > 07

where the function Fy(y,f) > 0 is provided in the proof of Proposition 5 and Ha(aw,aa,f) :=
(1-7) ((2 —B)aw — M). Recall from the proof of Proposition 5 that Fy(v, f) >0 <

8(1+7) (BY2(f+1)as—4)2
4(y+2)y /7 (73 =y 4+4)+4-16—167—~*
f > fsl = ( ,),4) .
OHz(aw,04,8)) _ (B-2)2(1—7) OHz(aw.aa,8) _  (A=N0=N(B1+2)? (B2 (f+1)as+4)
Note that Doy == 0 and Bors = D521 D)an ) <0
because 3,7 € (0,1). This implies that the seller is hurt less (more) by the retailer’s switch to

WH when the seller’s information disadvantage under AG (under WH), relative to the retailer’s,
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becomes greater. Also note that Hy(aw, a4, B))|ay =0 <0 and Hy(aw, @4, 3))|a,=0 > 0. Thus, the
retailer’s switch is more likely to reduce the seller’s profit if f < fy;, which is consistent with
the result in Proposition 6. Specifically, given aa, Fo(v, f) + Ho(aw,aa,8)o? > 0 holds if ay >

81 f)aa(5y+2)" where — S0 Haa@r2)® o (0,5) for v,5 € (0,1) and a4 € (0, 3). The result

(8-2)2(Br2(f+1)an—4)2’ (B-2)2(B7y2(f+1)ap—4)?
is intuitive because the seller’s profit increases with a higher signal accuracy under WH.

In the special case of gy = ayy, the condition reduces to

8(1—f)(By+2)
2-p

This inequality always holds because Y————— il f (sz >0 and y23(f +1)aa —4<0 for B, f,7,a4 €
(0,1). Thus, the switch leads to a reductlon in the seller’s profit if f < f,;, similar to the condition

> By f +1)aa —4.

provided in Proposition 6. O

Technical Insights of Proposition 7 under Retailer Informational Advantage
The main technical insight derived from the previous propositions remains valid.
Proof of Proposition 7 under Retailer Informational Advantage

(i) The seller prefers WH-S to AG-RS if and only if ITA¢~R5 < TI"#=5 which can be reduced to:
F2(77 f) +53(QA705W>B)0-2 > 07

where Fy(7,f) >0 <= f > f, is derived in Proposition 5 in Section 6.1 and Gs(a4,aw, ) :=

(=) ( (f=Daa(Bv+2)° ow al. 2(1—f)aa(By+2)> 9G3() _
) <(572(f+1)% oz + > Moreover, note that G3(-) > 0 <= ay > (522 + Daa-a)? and =54 =
_40—y)y(A— f)aA(57+2)(’Y(f+1)OéA+2)

(41 (4=B72(F+1)aa )3 <0. Thus,

(a) If f> fa and ay > %, Fy(+) >0 and G3(+) > 0. Thus, the seller prefers WH.

(b) If f < fg and ay > m_% then Fy(-) <0 and G3(-) > 0. Thus, the seller prefers
WH if and only if 8 < 8,5, where 3, is a value of 8 such that Fy(-) + Gg(OdA,OéW”B)‘ﬂ:ESSO'Q =0.

(c) Similarly, if f> fo and ap < %, then Fy(-) >0 and Gs(-) < 0. Thus, the seller
prefers WH if and only if 8 < 3.

(d) If f< fq and aw < %, then Fy(-) <0 and G5(-) <0. Thus, the seller prefers AG.

As compared to the main result, a key distinction is that a higher accuracy of the retailer’s signal

(i.e., B) does not necessarily enhance the seller’s payoff. In fact, a higher /5 benefits the seller only
under AG, because the retailer’s improved information leads to more efficient joint use of data,
which indirectly increases the seller’s payoff. Under WH, by contrast, the retailer internalizes the
gain from improved accuracy when setting the retail price, leaving little or no benefit for the seller.
Consequently, as the retailer’s informational advantage increases (e.g., 3> f3,3), the seller prefers
to remain under AG. By contrast, when the seller’s signal improves under WH (i.e., a higher ay),

the seller is better off under WH, consistent with Proposition 7(i).
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(ii) The retailer prefers WH-S to AG-RS if and only if [TA9~75 < [IWH =5 which can be reduced to:

F1(77f) _54(,](.7776)0—2 > 07

where  the  function  Fy(v,f) is  defined in  Proposition 5.  Note  that

Ga(f7.8) B(r=1) (o (B F(F+1)+7> (B f428F (F+1)—(f+1) ) +4B7f+4f ) —da g (v+f (By+7+2))—4)
T (D) (BY2(f+1)as—4)2

addition, if v <~v,, and f > %, then Fy(v, f) <0, which leads to F (v, f) — Ga(f,7,8)c* <0. Under

> 0. In

this condition, the retailer has no incentive to switch to WH-S. Thus, only when v > ~,; or f < i,
the retailer’s preference for WH-S can align with the seller’s.

0G4 (f.y,8) 0= ((A (D2 —4F) ) +aaa (v +(r+2) f)+4) ]
Note that =525 = TS > 0 holds, and that

TCOID 5 0 = By (f + 107 + 26073(f + 1)’aa — 49°(f + Daa (Bfaa +2(8-1)f —2) +

8y (—38faa+2f+2)+32f(1—as)>0. The inequality holds because 8y (=38 fas+2f+2)>0

and —4v*(f +1)aa (Bfaa+2(8—1)f —2) >0 holds. Thus, 368%(') is an increasing function of 3.
Therefore, under the condition v > ~,1 or f <1, Fi(v, f) —Gyu(f,7,B)0%?>0 < B<f,,, where

B, is a value of 3 such that F(v, f) —64(f,%ﬁ)|5:gr202 = 0. Thus, the retailer prefers WH when

B is not too high and the competition level ~ is not low, a result consistent with Proposition 7(ii).

a



