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Electronic Companion To
“Overconfident Competing Newsvendors”

In this technical supplement, we verify the scope and applicability of our key results by explor-
ing the effects of four modeling variations: partial spillover (§EC.1), inventory-dependent demand
rationing (§EC.2), random demand splitting (§EC.3), and an expanded definition of overconfidence

(§EC.4). The proofs for the technical results of this supplement are compiled in its appendix.

EC.1. Partial Spillover

In this extension, we consider the case in which only a fixed portion € € [0, 1] of unsatisfied customers
from one newsvendor is willing to visit the other newsvendor to assess the extent to which the
qualitative results of §3-5 depend on the level of spillover demand between competing newsvendors.
Note that when 6 =1, this model reduces to the base model in §§3-5.

EC.1.1. Symmetric Overconfidence

Given demands (X, X,) and order quantities (qi,¢g2), the expected profit for Newsvendor 1 is, for
1=1,2,

Ti(q1,q2) = PE[(X; +0(Xs_i — q3—i) ") A qs] — cqs.
The (unbiased) equilibrium order quantities (¢, ¢5) satisfy
P (X, +0(Xsi—a5_)" <qi) =5, (EC.1)

for 1 =1,2. Given overconfidence level o, Newsvendor ¢ behaves as though random demands X,
and X, are instead D;(a) and D5 (), respectively, where D, (o) =au+ (1 —a)X; and p=E[X;]| =

E[X,]. Consequently, Newsvendor i behaves as though its game with its rival satisfies

max mi(a) =pE[(Di(a) +0(Ds-i(a) = q3-4) ") A i] — cas, (EC.2)
and
I;;EB{ m3_i(a) = pE[(Ds_i(a) +0(Di() — q:)T) Agz_i] — cqz_i- (EC.3)

As in §3, Lemma EC.1 characterizes the equilibrium solution to (EC.2)-(EC.3).
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LEmMA EC.1. The equilibrium ordering quantities (45, qs) for the overconfident newsvendor sys-
tem (EC.2)-(EC.3) exist and are unique. Moreover, they are identical, and ¢° := ¢ = ¢S satisfies

P(Dy(@) +0(D2(a) = ¢°)" < §°) = P(Da(@) +0(D1(a) = ¢°)" < ¢°) = 5.

As in §3, define 2¢ by ¢°(a) = ap + (1 — a)z¢. Proposition EC.1 next characterizes 2¢, and
shows that “pull-to-center” effect in our full spillover setting (Proposition 1) also holds in a partial

spillover setting.

ProproOSITION EC.1. The equilibrium z¢ for the overconfident newsvendor system (EC.2)-
(EC.3) is 2¢ = g~ (B) = qn. Accordingly, d§°(a)/da <0 if and only if B> m° for i =1,2, where

m®:=g(p) <m and g(y) == P[X1+0(Xo —y)* <yl

As in the full spillover case (Proposition 2), the impact of overconfidence on the profits of

newsvendors depends on the critical value 5 in Proposition EC.2.

ProrosITION EC.2. Let 7¢(a) = 711 (a) = Ta() denote the equilibrium expected profits for the
overconfident newsvendor system (EC.2)-(EC.3). Then, 7¢(a) is concave in o. Moreover: (a) if
B <me, then 1°(«) decreases in o; (b) if m® < B <m, then 7°(c) increases in o, where m := h(f)

and h(-) is defined as

(c) if B>m, then, 7°(a) increases in o for a € (0,&| and then, decreases in « for o € [&, 1], where

P et (=) o e ()]
=TT B

Proposition EC.2 thus shows that overconfidence remains a potential positive force in this exten-
sion. Indeed, because m° = P(X; + 6(Xs — u)* < u) decreases as 6 increases, Proposition EC.2
implies that the greater is the spillover demand between competing newsvendors, the easier it is for
overconfidence to yield a system-wide positive effect. Intuitively, this follows because the higher is
the residual demand from its rival, the greater is the competitive force that derives a newsvendor
to inflate its order quantity over the system optimal. And, the greater is that inflation, the more

room is provided for the counterbalance benefit of overconfidence.
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LEmMA EC.2. (a) An (unbiased) centralized planner orders less than unbiased competing
newsvendors. That is, ¢f < §°(a=0).
(b) Suppose ae=1. An (unbiased) centralized planner orders less than the overconfident competing
newsvendors if B < m but orders more than the competing overconfident newsvendors if 8 > m.

That is, ¢F < j(a=1) <= < m.
Thus, similar to the full spillover case, overconfidence can coordinate the system.

ProprosiTION EC.3. If 8 > m, then competing newsvendors with overconfidence level o = &
orders the same quantity that an (unbiased) central planner orders, i.e., G°(&) = ¢*.
EC.1.2. Asymmetric Overconfidence
In this case with asymmetric overconfidence, Newsvendor ¢ behaves as though its game with its

rival were described by

maXWi(Oéi) :pE[(Di(ai) + Q(Dg—i(az’) - QS—i)+) A Qz'] — Cqi,

q;
and

max m3—i(0;) = PE[(Ds—i () + 0(Di( ;) — q:) ") A gs—i] — cqs—;.

3—i

Thus, Newsvendor i, i = 1,2, solves P(D;(a;)+0(Ds_;(a;) —q3-s)") < q;) = P(Ds_;(c;) +0(D;(v;) —
q:)t <q3_;) = B to derive the equilibrium order quantities (¢¢(c;),q5(c;)). Accordingly, Newsven-

dor 1 orders ¢;(a;) and anticipates Newsvendor 2 to order ¢»(ay), whereas Newsvendor 2 orders

Go(arz) and anticipates Newsvendor 1 to order ¢;(aw). The ensuing expected profits are
7§ () = pE[X; +0( X3 — 45 (as—i)) " A7 ()] — edi (a). (EC.5)
LEMMA EC.3. Associated with the overconfidence levels oy and «o are the order quantities
G (o) = aipu+ (1 — o) qn, where g, = g~*(B) as defined in Proposition EC.1.

We next explore whether there exist asymmetric overconfidence combinations that would effec-
tively coordinate the system. Toward that end, note that the unbiased central planner would order
2q* =2h~*(p3) for the system, whereas the total order quantity for the two competing newsvendors

is ¢ (o) +@5(aa) = (n + )+ (2 — a1 — a2) .
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ProrosiTiION EC.4. Suppose B > m, and that oy and oo satisfy (a1 + az)/2 = &, where & =
(g7H(B) = F'(B)/(g7Y(B) — i) as defined in Proposition EC.2. Then the sum of the newsvendors’

X

orders equals that of a central planner: ¢5(ay) + §5(a) = 2q*.

Proposition EC.4 not only extends Proposition EC.3 to the asymmetric bias case, but also
verifies that & represents the level of bias distortion that effectively counterbalances the impact
of competition. Proposition EC.5 next reveals that a less biased newsvendor does not necessarily

earn a higher expected profit than its more biased competitor as in Proposition 5.

ProrosiTioN EC.5. With a partial spillover, if 5> m°, then the less biased newsvendor earns
a higher equilibrium expected profit than the more biased newsvendor, i.e., if 8> m°, then a; <
ay = 7§ (a1, ) > 75(a, ). However, if B <1, then the more biased newsvendor can earn a

higher equilibrium expected profit than the less biased newsvendor.

Recall that m° decreases in the spillover ratio #. Thus, Proposition EC.5 further reveals that
although a smaller spillover demand makes it harder for overconfidence to have an overall positive
effect (as per Proposition EC.2), it nevertheless makes it easier for the more biased newsvendor to
outperform its rival.

Next, Proposition EC.6 demonstrates that this overconfidence advantage remains even if the

biased newsvendor’s competitor is a sophisticated newsvendor as in Proposition 6.

ProprosITION EC.6. A sophisticated newsvendor can earn a lower expected profit in equilibrium

than its biased competitor.

EC.2. Inventory-Dependent Demand Rationing
In this extension, we consider the case in which the total market demand is a random variable X
with a support [0,00) and a distribution function F'(-), and the realized demand is initially split

between two firms based on their order quantities ¢; and ¢,. In particular, the initial demand for

Newsvendor 7 is —2—- X, for i =1,2.
q1+q2
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We first consider the scenario in which both newsvendors are unbiased. This setting is an exten-
sion of the classic competitive newsvendor setting (Lippman and McCardle 1997). For order quan-

tities (q1,¢2), Newsvendor 1’s effective demand is ql'fﬁqQX + (qlqijX —@2)*, where the first term is

Newsvendor 1’s initial demand and the second term is the spillover demand from Newsvendor 2.

It follows that Newsvendor 1’s sales is

q1
¢+ q <q1+qz ¢ X>q+q.

+
X - QQ> ]/\(I1:{‘11+q2XX<ql+q2’

Similarly, we can obtain Newsvendor 2’s sales for given order quantities (q;,g2). So, Newsvendor i’s

expected profit is

q1+4q2 q;
mi(q1,q2) = —cq; +p/ ¢;dF(x) +p/ xdF(z). (EC.6)
q1+a2 Q1+ Qg2

It can be shown that m;(q1,q2) is strictly concave, and Nash equilibrium order quantities (g5, ¢s)

exist and are unique with ¢f = ¢S. Let ¢, :=q{ =¢5 and Q,, := 2q,. Then, @), satisfies

1 Qn
2Qn

Next, we consider the case of overconfident newsvendors. In particular, Newsvendor i, with

~F(Q,)+ F(x)dx=p. (EC.7)

overconfidence level «;, will act as if the total demand were D(o;) = a;u + (1 — ;) X. Then,

Fp, (z) = F(Z=2u),

% 11—y

It follows from (EC.7) that the equilibrium order quantities (g5, d5) satisfy

1. I
“Fp (0°) + — Fo (2)da = B, EC.8
Sl @)+ o [ B e = (EC
~ Ql’fal,u
where Q° = 2¢. = 245 = 24¢5. That is, 1F( _a”‘ 2Qc @ [y 7% F(z)dx = B. To emphasize the

dependence of Qc on «, we write Qc as Qc(a) when necessary.
Next, we compare the two newsvendors’ profits when their overconfidence levels are different

(oq < a3). Thus, Newsvendor i’s order quantity is ¢¢ = Q°(a;)/2, for i = 1,2. So, by (EC.6),

Newsvendor 4’s expected profit is #f = —cqf + pf v GedF (z) + pfqﬁqQ z ‘ic zdF(x). Tt follows
2

that

, , , , G1+45 q’\f ]
fo A =gt —p / GdF(z) —p / 2dF () — ¢ +p / GdF (2)
a5+as

AC AC
47 + 45 GS+35
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4§+4s5 s
+p/ P2 xdF
e (z)

_ sc ~C ~c ~c\ I AC ~C p(qu _df) Gt
=—c(@—q1) +p(@ — @) F (G + @)+ — -~ zdF ()
47 + 45

41 +4s5
/ xdF(x)

= (@ —45) | —c+pF(d5 +d5) +

qi+q
~C ~C I ( AC ~c p a7+4s p o
=(¢5 — —c+pF (¢ +q3) + ——— =F(z)|y 2—M/ F(z)dx
(d5 — 1) PE(Gi +85) + o eF(@)g ™" — o ()
G5 =i (e oo [0
2t (B +a- [ P, (EC9)
1

In order to develop analytical insights, we assume that X ~ U[0,1] in the remainder of §EC.2.

Hence, (EC.9) specializes to

oo [ @B G+a <
L\ piEa B@E @) - 3) G+ ds> 1

(EC.10)

Lemma EC.4 derives a closed-form solution for ¢ («;), the equilibrium order quantity of Newsven-

dor 7 with the overconfidence level «;.

LemmA EC.4. Suppose X ~U|0,1]. Then,

N laz_'—l/B_10416—i_lh(a27/3) B< =20 )
qic(ai) — { 6 3 3 6 2(2— oczl)

_1
8(1-5)

where

1
B(as, B) = J&Law ~ 4026+ J0? — 8,2 + 4o+ 45
EC.2.1. Symmetric Overconfidence

Assume a1 = as = . Then, from Lemma EC.4, the equilibrium order quantity is

i v e a8 —3a8+ (e, B) B< ;(’223)-
q“() _Qi(a) = 1 3— 2a
8(1-5) p> 2(2—a)

And the equilibrium expected profit for each newsvendor is

~c_ o ac _CqAC—i_qu (1_ ) 2qc< 1
T =T, e
¢ —cq +4p 2¢° > 1.

Define . as the unique solution to the cubic equation —16(1 — «)?3® + 16 (2a—1) (« — 1) % +

(16a — 1702 — 4) B+ a2 =0 in the interval [222F ”(13aj)+1 sa ,3]. Note that the existence and unique-

ness of 3, are established in the proof of Proposition EC.7.



e-companion to Author: Owerconfident Competing Newsvendors ec’?

PROPOSITION EC.7. 22 >0 if 3<B,, 9L <0 if B, < B < 2aonys and 9 =0 for B> et

Proposition EC.8 is the counterpart of Proposition 2 in §3. It characterizes how the overconfidence

level affects a firm’s expected profit at equilibrium, and demonstrates that overconfidence can

benefit the newsvendor if 3 > ..

ProrosiTioN EC.8.

P <0if B<PBe; Z=>0if Bo<P< 22 00 =0 4if B> 322,

In this inventory-dependent demand rationing case, the demands for the two competing newsven-
dors are positively correlated. Yet, if a similar scenario of perfectly correlated demands were applied
in §3, then overconfidence would never be beneficial because, in that case, m®=m and & =0 from
Proposition 2. Thus, similar to the effects and intuition associated with spillover demand in the
first extension, demand-rationing in this extension essentially enhances the beneficial effects of
overconfidence from §3. Note, however, from the proof of Proposition EC.8, that the sum of the
order quantities of the two overconfident newsvendors is strictly greater than the optimal total
order quantity for the two products in the centralized system. Thus, the two overconfident newsven-
dors cannot achieve the first-best outcome when X ~ U[0, 1]. We attribute this technicality to the
linearity of the uniform distribution.

EC.2.2. Asymmetric Overconfidence
Proposition EC.9 is the counterpart of Proposition 5 in §4, and shows that the more overconfident

newsvendor can earn a higher expected profit than the less overconfident one.

ProprosITION EC.9. Suppose X ~ U|0,1] and oy =0. Then, (i) for € [0,3/16], 75— 7 >0 if
and only if as < 8B (4—88 —/2y/3287 =328 +75); (ii) for B € (3/16,3/8], &5 — 75 >0 for all as;
(iii) for B € (3/8,1/2], &5 —7{ >0 if and only if an <4/3 — (88 —2)?/3; (iv) for B € (1/2,3/4],

5 — @5 >0 if and only if cg > (48 —3); (v) for B>3/4. 75 —a5=0 for all as.

_1
28—2
The intuition behind Proposition EC.9 is similar to that behind Proposition 5: The more over-

confident newsvendor can earn a higher expected profit than the less overconfident one because the

former may uncannily place a more proper order than its rival. Geometrically, the shape of ¢S5 as
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a function of a; depends on the value of 5. When the critical ratio /3 is low (8 <1/2), ¢5 increases
in ap, when ay is low; consequently, ¢5(as) > ¢5(0) for low ap. At the same time, both newsvendors
tend to order less when [ is small. These two factors imply that the more overconfident newsvendor
(Newsvendor 2) earns a higher expected profit than the less overconfident one when the former’s
overconfidence level is low. When the critical ratio § is medium (1/2 < g < 3/4), ¢5 decreases
in agy. Consequently, the overconfident newsvendor earns a higher expected profit than its rival
when its overconfident level is high. When the critical ratio g is high (8 > 3/4), both newsvendors
earn the same expected profit because they order the same quantity regardless of the more biased
newsvendor’s overconfidence level.

Next, we show that an overconfident newsvendor’s profit even can be greater than that of a
sophisticated rival. Toward that end, we study a case where Newsvendor 1 is unbiased (o; = 0), and
is fully cognizant of Newsvendor 2’s overconfidence level . By (EC.6), for (q1, ¢5), Newsvendor 1’s

expected profit is

q1+4s G
m(ql,dé):—cql+p/ qldx+p/ Py
q1+45

q1+ 45
f-da—pY (i +d) a+d < EC
- lp qlh _CQ1 q1+qc>1 ( 1].)
28 q1+45 2

LEmMA EC.5. Assume X ~U|[0,1]. Then, Newsvendor 1’s equilibrium order quantity satisfies:

V=opF2+2,
0 f<ap Baa+16 7

¢lc= B—3d5 azvg;‘jjlg” <p< (EC.12)

2712ﬁ (mi 2¢5(1 — 5)) 6> Z'

With (EC.11)-(EC.12), we have the two newsvendors’ expected profits:

V—ao+2+42
O f<ay 8aa+16

wle={ (p—e)gl* —pi- (“f”r 5) 2V§§‘2++£2<5_4,

f
~fec
—ed” 5P p> 3

G5(p—c—pi5/2)  B< oY
we= (0—0)@—p2 (G +d) 522 <p<

—ede + Ly 3
CQQ+2P(§{C+§5 /8>4
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It follows that

pds (8- d5/2) B < an Y5l
=l =4 pds a8~ 5@l +d5)) aaVTIERE << (EC.13)
P(d5—ai*) (1= B+ 37 ) 8>3,

As a result, analogous to Proposition 6 in §5, Proposition EC.10 shows that the even a sophisticated

newsvendor can earn a lower expected profit in equilibrium than its biased rival.

ProprosITION EC.10. Suppose X ~U|[0,1] and Newsvendor 1 is sophisticated. Then,
<00<8< VI Bas+1;
wlf—al"=¢ >0 {/I-3a +1<B<3;

=0 S<p<i.
EC.3. Random Demand Splitting
Next, we consider a setting in which the market demand Y is split randomly between the two
newsvendors. Specifically, Newsvendor ¢’s demand is X, :=r;Y, for ¢ = 1,2, where r; is random
with a support [0, 1] and r; 4+ = 1 almost surely. Newsvendors are overconfident, and Newsvendor
i behaves as though the demand is D(«;) = a;u; + (1 — o;) X, where p; = E[r;Y].
EC.3.1. Symmetric Overconfidence
As in §3, assume that newsvendors are identical in their overconfidence biases, i.e., a; = ay = a.
Then, Newsvendor i behaves as though its game with its rival were described by max,, m;(a) =
PE(Di(a) + (Ds_i(a) — gs)*) A ] — cgs, and maxg, , 75 () = pE[(Ds_i(a) + (Di(a) — ¢))*) A
g3—i] — ¢qz—i, where D;(a)) = ap; + (1 — «)X;. Thus, the equilibrium order quantities satisfy
P(Di(a) + (D2(a) — @5)" < ¢§) =P(Da(a) + (D1(a) — ¢§)T < ¢5) = 8. Accordingly, define zZ¢ such
that ¢f(a) = ap; + (1 — )z Then, P(X; + (Xo — 25)T < 2f) =P(Xo+ (X1 — 2))T < 25) = .

Note that 2{ and 25 both are independent of a. Thus, dgf(a)/da < 0 if and only if Z¢ > u.
Moreover, note that 27 is Newsvendor ¢’s order quantity when « = 0. Thus, the pull-to-center
effect (Proposition 1) holds, however, unlike in Proposition 1, we cannot provide a closed-form
characterization of the understocking vs. overstocking condition resulting from overconfidence.

Next, note that the equilibrium system profit is 7¢(a) + 7S5(a) = 2u(p — ¢) — (p — ) E[ X1 + X5 —
g5 () = g5(@)]" — cE[g5 (@) + g5(r) — Xy — X5] ™. Thus,

d[7i(e) +75(a)]

Ia =2(2—p)[(c—p)Fx((1— )z +ap) +cFx((1 - a)z+ap)]




ecl0 e-companion to Author: Owerconfident Competing Newsvendors

=2(z = p)[(c—p) +pFx((1 - )z + ap)]

=2p(z —p)[-B+ Fx((1 - o)z + ap)],

_ 5C 3C 27~C ~C
where X =Y/2 and z = 2322, As a result, LI — _p(z — 1) f2((1 — @)z + ap) <0,

daZ
which indicates that the system equilibrium profit 7§(«) + 75(a) is concave in «. Moreover,
W\azl =p(B—m)(u—2) >0 if Z < p. Therefore, if Z < p, then 7f(a) + 75(a) is an
increasing function because of its concavity, which implies that the overall system can benefit from
overconfidence (Proposition 2).

We next check whether overconfidence can lead to the first-best equilibrium (Proposition 3).

Note that the central planner solves

maxpE[(X; + (Xo — ¢2) ") Aqi] — cqi + PE[(Xo + (X1 — ¢1) 1) A o] — cqo.

q1:92

Consequently, if Fx(vz + (1 —v)u) = B, then overconfidence can yield a first-best equilibrium

(Proposition 3).

EC.3.2. Asymmetric Overconfidence

We next examine whether the more biased newsvendor can earn a higher expected profit than its

less biased rival. For this purpose, we assume r; and r, are identically distributed, which guaran-

tees that newsvendors have identical expected profits when they are symmetric on overconfidence

levels. Furthermore, Newsvendor ¢ behaves as though its game with its rival were described by

max,, m; (o) = pE[(Di(ou) + (Ds—i(a;) — g3—i) ") A ¢;] — cq;, and max,, , m5_;(cy) = pE[(Ds_;(cu) +

(Di(w) —qi)T) ANgz—i] — cqz—;. As in §4, the stocking factors are identical, i.e., 2¢:= 2§ = Z5.
Proposition EC.11 shows that the less biased newsvendor can earn a lower expected profit than

its rival, and this result remains true even if the less biased newsvendor is sophisticated.

ProprosITION EC.11. Let m®= P(X; + (Xo — )" < i) with p= E[r;Y] for i=1,2. If 5§ <m",
then the more biased newsvendor can earn a higher expected profit than the less biased newsvendor
with a random spliting. Furthermore, even a sophisticated newsvendor can earn a lower expected

profit in equilibrium than its biased competitor.
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EC.4. Expanded Definition of Overconfidence

In this section, we extend our analysis to the case in which a newsvendor with demand X behaves
as though the demand were D(a) = ap+ (1 —a)X, where p > 0. Note that when p = p, this model
reduces to the base model in §§3-5.

EC.4.1. Symmetric Overconfidence

Newsvendor i behaves as though its game with its rival satisfies

sz?xm(a) =pE[(Di(a) + (Ds_i(a) — qz—i) ") A@s) — cqiy (EC.14)
and
max ms_i(a) = pE[(Ds_i(a) + (Di(a) — q:) ") A gz—i] — cqz—i, (EC.15)

where D(«a;) = a;p+ (1 — ;)X for i = 1,2. The equilibrium ordering quantities (g5, ¢5) for the over-
confident newsvendor system (EC.14)-(EC.15) exist and are unique. Moreover, they are identical,
and ¢° := ¢§ = ¢ satisfies P(D;(a) 4+ (D2(a) —¢°)" < §°) =P(D2(a) + (D1 () — §°)* < ¢°) = 8. Note
that the equilibrium 2¢ for the overconfident newsvendor system (EC.14)-(EC.15) is 2 =g }(8) =
Gn- Accordingly, d¢°(«)/da < 0 if and only if 5 > m® for i = 1,2, where m°:= g(p). Note that m° is

different from the one in §3, which is defined as g(u).

PRrROPOSITION EC.12. Let () = 71 () = 7o () denote the equilibrium expected profits for the
overconfident newsvendors. Then, 7¢(a) is concave in «. Moreover: (a) if f < 1h°, then 7¢(«)

decreases in «; (b) if m¢ < 8 <m, then #¢(a) increases in «, where m = Fx(p) and X =

X1+Xo .
2 )

(c) if m < 3, then, °(«) increases in « for a € (0,&] and then decreases in « for a € [&, 1], where
a:=(g7'(B)—F5'(8)/(g"(B) —p).

Proposition EC.12 thus expands Proposition 2 to the more general definition of overconfidence
considered here. To further illustrate its applicability, suppose p = ¢*. Then, m° = g(¢*) < f =
Fx(q*), and 8 <m <= Fx(¢*) < Fx(¢*). Consequently, the condition for case (b) of Proposi-

tion EC.12 boils down to Fx(q*) < Fx(q*), which is equivalent to ¢* > 0.5 <= § > 0.5 when
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X ~UJ[0,1]. Thus, when 8> 0.5 and X ~ U]|0, 1], the newsvendors’ expected profits are increasing

with respect to a.

ProprosiTION EC.13. If 8 > m, then competing newsvendors with overconfidence level o = &

order the same quantity that an (unbiased) central planner orders, i.e., ¢°(&) = q.

Again, suppose p=¢*. In the coordinated system, the order quantity of the system is 2F L(B).
The system order quantity for overconfident and competitive newsvendors is 2[aF'(8) + (1 —
«)z¢], where ¢g(2°) = . Note that when X; ~ U|[0,1] for i =1,2 and X; and X, are independent,
aF ' (B)+ (1 —a)i*=af+ (1 —a)=F¢'(B8) holds if a = % and € [0,1/2]. Thus,
overconfidence has the potential to coordinate the system when p = g*.

EC.4.2. Asymmetric Overconfidence

We now study the case with asymmetric overconfidence levels. Analogous to (EC.14)-(EC.15),
Newsvendor i behaves as though its game with its rival were described by max,, m; (o) =
PE[(D;(c) + (Ds—i(ai) —gs-i) ") AN qi] — cgi, and maxy, , m3_i(;) = pE[(D3_i() + (Di(ai) —qi) ™) A
q3—i] — cqz—i-

ProposiTiON EC.14. If B <m®, then the more biased newsvendor can earn a higher expected

profit than the less biased newsvendor. Furthermore, the more biased newsvendor even can earn a

higher expected profit than a sophisticated rival.

Proposition EC.14 reveals that a less biased newsvendor does not necessarily earn a higher
expected profit than its more biased rival when p > ¢g~*(8). This essentially means that the more
biased newsvendor is more prone to earn a higher profit than the less biased one when the newsven-

dor behaves as though the actual demand is stochastically larger than it really is as is the case if
P> [

Appendix: Proofs for Electronic Companion To “Overconfident
Competing Newsvendors”

Proof of Lemma EC.1 Following Lippman and McCardle (1997), the equilibrium ordering quan-

tities (qf,q5) exist and are unique. Moreover, from (3), they are identical because P(D;(«) +
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0(Da(a) — i) < ) = P(Ds(0) +0(Dy(a) — ) < ) = B, where ¢ =g =d5.  QED.
Proof of Proposition EC.1 By the definition of ¢°(«), P[D;(a) +0(D2(a) — ¢°(a)) " < ()] = B.
Note that D; (o) = ap+ (1 —a)X;. So, g(2°) =P[X; +0(X, — 2°)T < 2°] = . From the definition of
¢ and the monotonicity of g(-), we know that 2¢=g¢g~'(8) = ¢,. A key observation here is that ¢,
is independent of a.. Thus, d¢°(a)/da < 0 if and only if g, > u, which is identical to 5 > m° = g(u)
for i =1,2. Moreover, m°® < m because g(u) =P[X; +0(Xo —p)" <p] < Fx(p)=m. Q.E.D.

Proof of Proposition EC.2 Because the equilibrium profits of the two newsvendors are identical,
we have both newsvendors’ expected equilibrium profits as 7¢(a) = —c¢®(a) + pE[¢°(a) A (X1 +

0(X2 — ¢°(a))*]. We first show that 7° is concave in ¢°. Using the fact that

OB[G" A (X1 +0(Xa— 0] _ [3[40 A (X +0(Xs — )]
di° - di° !

we obtain

one @
Jae :P/ / f(z1,22)dx dzy +P/ / f(x1, 22)dzodr,
q q¢ / 4°—6(X2—4°) q°

G°—0(X2—G°)
—pﬁ/ / f(z1,xe)dx das —
QC

=p—c—pP[X1 +0(X,— )" <] —phP[X2 > ¢, X1 + 60X, < (1+0)¢°]

=p—c—ph(q°), (EC.16)

where the second equality is from f@c ch_e(XQ_qc) f(xy,x0)dz1dasy + ch [* f(x1,22)dpodr, =1 —
P[X; 4+ 0(X2 — ¢°)T < ¢°]. Note that h(-) increases in ¢°. Consequently, 07¢/0¢° decreases in ¢°.
Therefore, 7¢ is concave in ¢°. It follows that 7°(«) is concave in a because ¢° = apu+ (1 —«)z° is

linear in a. Accordingly, there are three cases to consider.

Case (a): 8 <m°. In this case, we evaluate L;Ea) . For a=0, ¢°= z°. So,
) a=0
One , ‘ 26 0(Xp—2°)
G| =P pPIXi+0(Xe = 2)T <21 —p9/ / F(y. 2)diydicy
a=0 3c

2¢—0(Xo—2°)
= p(5— 1) — pb / / F (w1, 22)das s

<0.
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onc 0¢°
= — X
a=0 [ i da

Therefore, if § <m¢, then 7¢(«) is a decreasing function because of its concavity.

__ or°

It follows that 97 = 9
q

do

X (u— 2°) <0 because 2¢ < p <= f <1m°.

a=0

a=0

Case (b): m® < 8 <m. In this case, we evaluate d%;(ia) R For a =1, ¢°= p. So,
one + +
95| TP ¢ —pP[X1 +0(Xy — p)" < p] — pOP[Xy +0(Xo — )" < 1, Xo >
a=1
=p(B—m)<0.
Note that in this case, u < 2¢ because m° < 3. Then, % = g’gz (1 — 2°) > 0. Therefore,
a=1 a=1

if ¢ < 8 <m, then 7¢(«) is an increasing function because of its concavity.

onc
) aéc

Case (c): 8> m. In this case

) =p—c—ph(z°) =p[B — h(z°)] <0 because g(2°) = and

foLise
) AC
94 o

g(-) < h(-). As a result, dﬁ;(ia)\a=o = ggz

(= 2¢) > 0. Furthermore

a=0

=1:p(ﬁ_m)>o,

which implies % = ggz . (1 — 2°) < 0. Therefore, if 5> m, then 7°(«) is an increasing-
decreasing function. To ensure % =0, we must have ggz = 0. Using (EC.16), we have ¢ =

h=Y(B), that is ap+ (1 —«)2¢=h~*(B). Since g(2¢) = 8, we can conclude that % =0 holds
when a=a = (g-'(8) —h " (8))/(9~ (8) ). QE.D,

Proof of Lemma EC.2 (a) In the competition case, the equilibrium order quantities ¢, = ¢°(a =0)
satisfy (3). In this case, the order quantity ¢, is higher than the order quantity ¢* in the centralized
system because ¢ satisfies h(q¥) = f3, ¢, satisfies g(g,) = 3, and h(y) > g(y) for all y.

(b) In the competition case, the infinitely overconfident newsvendors order p, i.e., g(a=1)=pu.
In the centralized system h(q}) = (. Thus, ¢¢ < (o =1) = p if and only if 8 < m, where m = h(u),
as defined in (EC.4). Q.E.D.

Proof of Proposition EC.3 If 5 > m, then h(ap+ (1 —a)z°) = 8 when a = & from Proposi-
tion EC.2. Thus, when a = &, the competing newsvendors would order the same quantity that the
central planner would order. Q.E.D.

Proof of Lemma EC.3 Because D;(«;) = a;p+ (1 — ;) Xy, Do) = aipp+ (1 — ;) X5 and the
equilibrium solution satisfies P(D;(a;)+6(Ds—; (i) —q3—i)") < q;) =P(Ds_;(a;) +0(D;(;) —qi)t <

q3—;) = 3, Newsvendor i solves P(D;(a;) + 0(D3_i(a;) — qz—i)") < ¢;) = P(Ds_;(a;) + 0(D; () —
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qi)" < g3_;) = B to obtain the equilibrium order quantity ¢¢(c;) = a;p+ (1 — ;)Z;. Thus, P(X; +
(X3 ;—234)")<2)=P(X3_;, +0(X; — 2,)* <23_,) = 5. As a result, from the proof of Proposi-
tion EC.1, 2, =2, =¢, and ¢(¢,) =p5. Q.E.D.

Proof of Proposition EC.4 For the overconfident newsvendors, the order quantities satisfy
G5(ar) +45(an) = (a1 + a) 4+ (2 — g — a2)q,,. In contrast, the central planner’s equilibrium order
quantity is 2h~!(3). Thus, if 3 > m, then the system can be coordinated as in Proposition EC.2.
In particular, ¢§(cy) + §5(ae) =2¢F when oy +as =24. Q.E.D.

Proof of Proposition EC.5 To prove Proposition EC.5, we first show the following two-

part lemma. Lemma EC.5(a) Newsvendor i’s equilibrium expected profit is decreasing in «; (i.e.,

% <0, for i =1,2), and Lemma EC.5(b) Newsvendor i’s equilibrium expected profit is

decreasing in az_; (i.e., %;0‘2) <0 for i=1,2) if and only if 8 < m°. Toward that end, first note

from (EC.5) and Lemma EC.3 that Newsvendor 1’s profit is 7¢ (o, as) = pE[(X; + 6(X2 — 45)7) A

= —pOP[X; +60(X2—§5) < §5, Xa > G5).

q ]—qu ThUS, G c :pP[(Xl +9(X2—Cj§)+) Z qu]

= 0. Therefore,

And, for i=1,2, aql =U—qn

87%5(041, O[Q)

b (1= g)p[P(arp+ (1 —a1)gn < X1 +0(Xy — agp— (1 = a2)g,) ") — (1 - 5]

= (1= qu)plB —Planp+ (1 —a1)gn > X1 +0(Xs — agp — (1 = 2)gs) ). (EC.17)

Accordingly:

Proof of Lemma EC.5(a): Without loss of generality, we let i = 1. First, if ¢, > p, then ¢, > ¢ =

a4 (1 — a;)gn, for i =1,2. So, P[X; +0(X2 —¢5)" > ¢5] <P[X1+0(Xs—q.)t >¢q.]=0. As a
result, aﬁg& <0 if g, > p. Second, if g, < p, then ¢, < §¢, for i =1,2. So, P[X; +0(Xy—¢5)" >

G >PIX, +60(Xy — qn)" > q,] = 5. As a result, %ﬂ’%) <0 if ¢, < p. This completes the proof

of Lemma EC.5(a).

87r1

Proof of Lemma EC.5(b) Without loss of generality,

< 0, the sign

Orf (a1,2)
Oag

£ o (a1,02)

Do < 0 <= pu > q,. Furthermore, from

is determined by ¢, — . As a result,

Proposition EC.1, u > g, <= m° > (. This completes the proof of Lemma EC.5(b).
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Note that if a; = ap, then the newsvendors have identical expected profits. If a; < ap and 8 > me,
then Lemma EC.5(a) and Lemma EC.5(b) together imply that the less biased newsvendor has a
higher expected profit. However, if § < m¢, then we show that the more biased newsvendor can
earn a higher expected profit, using an existence proof. To that end, suppose «; =0. Then,

o5 (o =0, ) _ 07f(on =0,az)
8062 - 8q2 g0 ()u qn)

= —peP[(X1 + 9(X2 - qn)) < qnyXZ > qn](:u - qn)

ag=0

< 0.

Similarly,

67?5(0&1 = O, 0(2)

. 67}5(0[1 = 07042)
o, (1 — an)

- e
ag=0 6q2 ag=0

= {pP[(X1 +0(X2 —q4)) > gn] — ¢} (1 — )

=0.

Jag

It follows that [87%?(‘1816!:20’0‘2) — aﬁg(al:o’a"’)} rao < 0. Note that (a1 =0, =0) = 75(a; = 0,2 =
0). So, there must exist some ay > 0 such that 75(a; =0, as) > 75 (a; =0, ) if 8 < m°. The proof
is complete. Q.E.D.

Proof of Proposition EC.6 Without loss of generality, define Newsvendor 2 as the biased
newsvendor characterized by overconfidence level a, and define Newsvendor 1 as the sophisti-
cated newsvendor. Accordingly, denote m/°(a,) and 7{°(aw) as the equilibrium expected profits of
Newsvendor 1 and Newsvendor 2, respectively, for this case. Similarly, denote ¢/(a) and ¢ “(a2)
as the equilibrium order quantities of Newsvendor 1 and Newsvendor 2, respectively, for this case.

gl c « .
Then, ¢3°(as) = ¢5(a2) = aspp + (1 — a2)g, from Lemma 4. So, aq?aa(QQ) =t — ¢n. And ¢{“(an) is

determined by P(X; + 0(Xs — ¢J°(a2))t < ¢/°(az)) = B. Accordingly, Newsvendor 2’s equilibrium

expected profit can be written as () = pE[Xs 4+ 0(X, — ¢/) T A ¢°] — ¢¢]*, which implies that

~fe f
Z”fc = —phP[ X, +0(X; —¢]%) <%, X, > ¢f] and Zq;a =pP[Xs +0(X1 —{)* > ¢°] — . It follows
2
that
dij(oa)|  _ 0R)° 0qf* A
dOéQ aAfc 60(2 aAfC 6062
ag=0 ag= ag=0
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(& ~JC (& 8Afc
=—p9P[X2+9(X1—q{)§q§,Xlqu]><862 +
2
ag=0
{PP[X5+0(X1 —¢{)" > df] = ¢} x (n—an)] -
However, pP[X; +0(X, —Q1 0t qfc] | :OZPP[X2+9(X1 —qn)*t > ¢n] —c=0. So,
d,ﬁ.26 fe ~fec c anlfC
=-—pI P[Xo+0(X1 —qi1") <G X1 > ¢ x >0, (EC.18)
day Oay
ag=0 ag=
~fec ~C
where the inequality follows because f < m® = ¢, < i, ¢, < p = dqua(jz) = dq;iff) =u—q, <0,
fe
and M >0= L(;m) < 0.

Next, note that Newsvendor 1’s equilibrium expected profit can be written as 7r{ (an) =
PE[(X1 +0(Xa — caopp — (1 — 2)qn) ™) A qf°] — cq/°. Thus, by the envelope theorem,

dm{®(as)

o =POP [Xi+0(Xo — anp— (1 - 2)qa) < al®, Xz > copi+ (1 — a2)g,] (g, — ) <0,
2

(EC.19)
where the inequality holds because, again, f < m°® = ¢, < p from Proposition EC.1. It follows

fe
from (EC.18) and (EC.19) that [dﬁi - %]O@:O > 0. Hence, there must exist some ay > 0 such

f

that 7°(cw) > 7{°(aw) because 7] “(ap = 0) = 7°(ay =0). Q.E.D.

Proof of Lemma EC.4. For X ~U|0,1], D(c;) = @;/2+ (1 — a;) X because E[X]=1/2. Hence,

Ir—« 0 -’E<ai'
FD(l'):F il _ xla 2a1<$<1_7;
1-a 1 a1

Substituting 1 — a;/2 for Q¢ in the left-hand side of (EC.8), we obtain

o

Fp(1—a;/2) 1 =7 .32
2 +2(1—ai/2)/- Fo(z)de = 5525

So, 1fﬁ>

,Q‘>1 @;/2; and if B < 22 Q°<1—a/2 Suppose Q° € (/2,1 — «;/2].

20—a)’

Then, (EC.8) becomes %Ql__’li_/g T ff/Q = a;/zda: = 3, which is a quadratic equation in @, and

the left-hand side of the equation increases in (). Thus, QC = %ai + %B — %aiﬁ + %h(ai, B). Suppose

Q°>1—;/2. Then, (EC.8) becomes

1 1 /1_‘”/2x—ai/2 /Q
S LT dr | =B,
2 2@ ( ;)2 1—- Q; 1—a; /2
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with the solution QC = The desired result then follows because ¢° = Q /2. Q.E.D.

4(1 B)*

Proof of Proposition EC.7. Clearly, 9¢5(a)/0a =0 for 8 > 3‘33). For B < 3229 ¢%(a) =

2(2 2(2—a)’

éa + %ﬂ — %aﬁ + %h(a,ﬁ), and
9g; (o) 1 y
Oa  124/16a28%7 — 16023 + o2 — 32052 + 1603 + 1632
[(2— 46)\/1604252 — 16028 + a2 —32a82 + 1608 + 1632 +a + 83 — 168% — 168 + 160462/].

N~
A B

Note that B> 0<= < 4(1 ) ( —2a++vV1-3a+ 3a2). So we consider two following cases.
Case 1: B < ;5 (1 —2a+ 1 —304+30z2) Note that 8 <1/2. So, A>0 and B > 0, which

implies that 0¢5/0a > 0.

Case 2: > ; 1 yTgE) ( —2a++1-— 3a+30¢2). Note that 2‘?2:23) > 1/2, we need to consider two
sub-cases. Case 2A4: ﬁ (1 —2a+ /1 —3a+3a2) < B <0.5. Then, A >0 and B <0, and we

compare their squares:

(1-2B)2(1602B* — 16a*8 + a® — 32a3% + 1603 + 163%) — (a + 88 — 16% — 163 + 1603?)?

— 128 [ (1-168° + 3282 — 178) a® — (4882 — 328° — 168) a — (168° — 1682 + 48) ] .

c

Note that C is a cubic function of S, % is a quadratic function of [, and Ea)g < 0 for
L _(1-2 1-— 2 <0.5. Si
iitey (1 - 20+ VI=3a+302) < <05 Since C| _ ey (1720 V130307

there must exist a unique solution j3, € { ( —2a++v1—-3a+ 3a2) 1/2} such that C > 0 <

>0 and C|/3:0'5 < O,

B < B.. Consequently, 94; >0 <= B<fB,. Case 2B: 1/2 < B <3722 In this case, 94 () because
dc 42« da

A<Oand B<0. Q.E.D.

3—2a

Proof of Proposition EC.S8. Because 7f is independent of « when [ > 5(3—a)’

it suffices to consider the case B < 23:23), in which §¢(a) = la + %B — %aﬁ +

\/4a2ﬁ2 4023+ 102 — 8a3? + 4o 4+ 43? by Lemma EC.4. Furthermore, for § < 3 ) , @5 () —

=z [\/4042ﬁ2—4a26—|—Za2—8a62+40¢ﬁ+462— (3—a—2842ap)| <0 because 3 —a — 25 +

208 >0, and (4028 — 40’8+ 1a? —8af? + 4af +48%) — (3—a — 26+ 2a3)? = 6o+ 12(1 —a)ﬁ—

302 -9 <0. In addition, because 7§ = —cg; + pds (1 — ¢f), %7; = ggg X aql L= plB —245] %
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ﬂ—2qf:%(ﬁ—a+2a6 \/404262 40426—1— 1?2 —8af?+4af+45%). If B < — fB—-a+

1+2a

203 > 0, then § —2¢; < 0. If B> 5=, define f(B):= (8 — a+2ap)* — (4a’f* —4a*B + ja® —

8032 + 403 + 462) = (12a — 3)82 — 603 + 2a2. Note that f(1+2a> =30 (402 44a—11) <

(2a+1)2
O’f/<1+a2a) 2 +1

g e [ﬁ,%] In summary, 5 —2¢ <0 when < 23(’2*_23). Appealing to Proposition EC.7, we

(ﬁ;}z)) = %Ea*;)Q (a? +6a —9) < 0. Consequently, f(8) <0 for

a—2)

complete the proof. Q.E.D.

Proof of Proposition EC.9 When «; =0, from Lemma EC.4,

C_{ 36 B<
41 = B>

8(1 B)

(EC.20)

NwNw

We partition the interval [0, 1] into four disjoint sub-intervals to facilitate the comparison of 7§ and

e [0, 2522], (202, 23(’;_225)], (2%2 235), 3], and (2,1]. For each sub-interval, we sign three expressions
to compare 7{ and 75. First, we sign ¢f 4+ ¢5 — 1; second, we sign ¢{ — ¢5; and third, depending on
the sign of ¢ + g5 — 1, we sign either S — @ or 3(G5 + ¢5) — 3. From (EC.10), we see that the
signs of ¢f + ¢S —1, ¢ — ¢S, and S — @ or B(g{ +¢5) — 5, taken together, completely determine

the sign of 7§ — 7¥.

Case 1: B €0,

< 2] For this case, we present a detailed proof to illustrate the steps of analysis

taken to derive the desired results. The analysis for other cases are similar, and are therefore

only outlined for space. When (3 < 2:22:22;), by (EC.20) and Lemma EC.4, the equilibrium order

quantities are

e 2
&i=25, (EC.21)
1
6

~C

dy =z + ﬁ *0625‘1' h(amﬁ) (EC.22)

We first sign ¢f 4+ ¢5 — 1. By (EC.21) and (EC.22), ¢ + G5 — 1 = :[h(ca, 8) — (6 — 68 — az +

2a53)]. Note that 6 — 68 — s + 2028 > 0 for € [0,5*2]. So, ¢f + ¢5 — 1 has the same sign as
h*(ag, ) — (6 — 68 — an + 2a33)?. By the definition of h(aw, ) and collecting terms, we obtain
J(B) :=h*(a2, B) — (6 — 68 — co + 202 8)* = (16cr, — 32) B2 + (72 — 3202) B+ (12a5 — 203 — 36) . To

sign J(B) for 5 €0,

<2], we check its values and its first-order derivatives at the boundaries:
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3— 1 ) 15 27
, 3— (6% 2
J (557 ) = 403 120, + 48 20, (EC.24)

Note that the graph of J(8) is a downward-opening parabola. It then follows from (EC.23) and

(EC.24) that J(8) <0 for 8 € [0, 2522], which implies that G5 + G5 < 1. Consequently, by (EC.10),

7y — 71 =p(ds )<ﬁ— Gita ) (EC.25)

We next sign ¢ — ¢5. By (EC.21) and (EC.22), ¢5 — ¢ = $h(as, 8) — (—so2 + 38+ 3023). For

B0, 378‘12], —t+if+30f>0= 32> 7a.-5- Consequently, g5 — ¢f =0 for § < ™2, and

G5 — @5 has the same sign as h?(as,8) — (—as + 28 + 2a,8)? for > However, h?(as, ) —

2a +2
(—ag + 28 + 20,8)% = —iag (648% — 323 + 3a,) . Using properties of quadratic functions, we can

verify that for 3 € [52

,SOQ ’

Tt 8a2], 645% — 3283 + 3, < 0, which implies that ¢§ > ¢¢. In summary, for

Belo,?

a5 > ;. (EC.26)

We last sign 8 — 202 First, for < 22—, ¢ + 45 — 28 = L[A(a, B) — (—0z + 68 + 2a28)] > 0

because —ap + 68 + 206 > 0 <= [ >

6+2a2 For (> 6+2a2 h2(a2,ﬁ) ( as + 65 + 20625)2 =
(—32ap — 32) B2+ 160,83 — %ag. Again, using properties of quadratic function, we can verify that

8a2+2\fo¢2\/73a2+o
q/\c + (jc o 2ﬁ — > 0 6+2a2 < B < 32a0+32
1 2 < 0 ﬂ > 8a2+2\fa2\/—30¢2+
— 32a0+432

In summary, for g € [0, 3_%]’

> 0 ,B < 8a2+2\[a2\/73a2+o

G +q;—28= { 8a +2§}12J:/333a7+ (EC.27)
<0p>=2 32a22+32 .

Using (EC.25)-(EC.27), we obtain

32a0+4-32
8a2+2fa2\/730¢2+
2 0 ’B > 32aip+32

{< 0 ,3 < 8a2+2fa2\/73a2+
2 ﬁ-l -

Case 2: B € (3—8(12’ 2122__232)] In this case, ¢§ = 26 and g5 = 7042 + %B — %agﬁ—i— %h(ag,ﬂ).
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First, ¢f + ¢5 — 1= % [h(a,B) — (6 — a2 — 68 +2a23)] . Note that 6 — as — 65 + 2028 > 0 for

Be (322, 22202 So, we show h?(a, B) — (6 — o — 68+ 20,8)? = (16cr, — 32) B2 + (72 — 3202) B+

7 2(2—a)

(120@ — %a% — 36) <0Oforpe (37;2, 2?2:22;)) using the properties of quadratic functions. Therefore,

q5 + @5 < 1. It follows from (EC.10) that for g € (3522, 2-292.]

7 2(2—ag)?

i+ a5y

. (EC.28)

fry— @1 =p(d — 47) (B —

Second, 26— (G5 +§5) = 63 — az + 2028 — (a2, B) where 63 — ag 42028 > 0 for § € (3522, 7202,

’ 2(2—ag)

From properties of quadratic functions, (68 — ay + 2a5/3)? — h?(aw, 8) = 32%ay + 3232 — 16Bay +

3—«a 3—2a
103 >0 for B € (52, 5572%]. Thus,

26> (q +45)- (EC.29)

Third, g5 — ¢ = h(as, B) — (28 — as + 20 8). Note that for 8 € (322, 222921 28 — q, + 20,8 > 0

? 2(2—ag)
and h?(ag, B) — (28 — ag + 2a58)? = iag (—645%+ 320 —3a,) >0 3 < §\/4— 3o, + %. Conse-

quently,

{>0 oo p<d \/4 3as +%;

Gz~ <0 LI Ba;+1 < B < Ao (EC.30)

From (EC.28)-(EC.30), we see that

e >() e o p<d 1M4 3as + 1
\/4 3a2+ <B< g

Case 3: B € (2:221232),3/4]. In this case, by (EC.20) and Lemma EC.4, ¢f = 24 and 5 =

1
8(1-8)"

First, B + 4(1 5 = l<=p2>7 - 7\[ Consequently, we consider two sub-cases. For g €

(23(’2 23; 2 L/7), &5 > #¢ because 28 > G5 + G5 and 5 < g5. For B € (2 — V7, 3], &5 > 75 because

B4 +q5) — 5 >0 and ¢f < gs.

Case 4: 8> 3. In this case, ¢ = g5 = Consequently, w$=7s.

8(1
Combining all four cases, we obtain
4o +v2a2/5—303 ,
<0 f0<B<W’
da+V2a0+/5—3ag
L )P0 < B VA Saa g
fs—AT=4{ <0 \/47?;013+4<ﬁ§2(2 ok
2 0 2(2—0;) </8 = 1

=0 S<p<l.
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Notice 1) for ay € ]0,1], % Va‘z?’o‘ < \/4 3oy + i S z) < % and 2) as ay increases

from 0 to 1, % 323" increases from 0 to 3/16, £1/4 — 3, + § decreases from 1/2 to 3/8,

and 2?(’;_23; decreases from 3/4 to 1/2.

For 3 €[0,3/16], if as < 36 (4—86—+/2/3257—32B8+5), then ‘mﬂ{f—;gﬁ <p< iz
which implies #5 — 7 > 0, and if ap > $3 (4 — 88 — v/21/323 =328 +5), then 8 < %,
which implies that 7§ — ¢ <0.

For 5 € (3/16,3/8], % < B < :v4—=3az+ 1 holds for all a, € [0,1]. Therefore, for

€ (3/16,3/8], #5 — #¢ > 0 for all as.

For (€ [3/8,1/2], if @y <4/3 — (88 — 2)2/3 then e2t¥2eav5=30 < 3 < 1 /T 3q, + 1 which

16+16a2

implies that #5 — #¢ > 0; and if as >4/3 — (88 —2)?/3, then 1v/4—3as + 1 < B < 3o 2” 7, which

= 2(2—

implies that 75 —a§ < 0.

For f € [1/2,3/4],if ap < 355 (48 = 3), §v/4 =3z +§ < B < 553722, which implies that 715 — 7§ <

0. If g > 25 5 (46 —3), 32 232) < <2 which implies that 7§ — 7§ > 0.
For g >3/4. 75— 7§ =0 for all as.
The desired result then follows. Q.E.D.

Proof of Lemma EC.5 When choosing its order quantity, Newsvendor 1 knows that Newsvendor 2

orders ¢5. Therefore, Newsvendor 1 chooses ¢; to maximize 7(q;,qG5) defined in (EC.11). Note

that m(q1,dS) is a piece-wise function with two segments joined at ¢; =1 — ¢5. For ¢; > 1 — g5,

on ~c o ~C e Om
oL — = 1pgs — c=p(B+ 3¢5 — 1) because = 2(q1p12(§g)2 —c For ¢ <1-¢5, 52 g =1-a5 =
p(B—1+145) because ”1 =p(B—q1—345). So, the two segments of 7 (g1, ¢5) have equal first-order

derivatives at the point they join. Consequently, Newsvendor 1’s equilibrium order quantity (jf ¢

satisfies
! {>1—qgﬁ—1+2q2>0. (EC.31)
Suppose 5 —1+ 2q2 > (. Solving the corresponding first-order condition 8—’;11 =—c+ 2p @ +qc)2 =0
yields
1
- 21— B) a5 — 245(1 — ) EC.32
0 =555 (V2= 0)& 2650 - ) (EC.32)
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Suppose 8 — 1+ %qf < 0. Then solving the corresponding first-order condition yields:
1 ~C
Q=p- 5 (EC.33)
Hence, by (EC.31)-(EC.33), Newsvendor 1’s order quantity ¢; “ satisfies

(EC.34)

N max(f8 — 345,0) @ <2(1-p);
T 2 (VRO =B 260 - 8)) 5 >2(1-9).

We next compare ¢5 and 2(1 — 3). Recall from Lemma EC.4,

2 3—2(12
B> 2(2—ag)”

3—2a
e éa2+%ﬁ_%a26+%h(a2wﬁ) /BS 2(2—045);
1
8(1-5)

Suppose 3 < 52222 Then, ¢ — 2(1 — ) = + [h(as, B) — ((—14+20,) 3+ 12 — a)] . It can be ver-

2(2—asg)

ified that (—14 + 205)8 + 12 — ap > 0 for f < 27292 So, ¢5 —2(1 — f) and h*(as, f) — ((~14+

203) 8+ 12 — ai3)? have identical signs. Using some algebraic operations and properties of quadratic

functions, we find that h?(as, 8) — ((—14 4 2a2) 8 + 12 — ay)? < 0, which implies that g5 < 2(1— ).

Suppose 8 > 2322122;) Then, ¢5—2(1—p) = ﬁ —2(1-8)>0<«<= 3 >3/4. In summary
o [<2(1-p)B< 3
¢ {22(1—ﬁ) 54 (EC.35)
Combining (EC.34) and (EC.35), we obtain
1 e 3.
(j{c _ ) max(ﬁ _AEQ270A)C 5 < §7 (EC36)
2—-28 ( 2 (1 - ﬂ) qs — QQZ(l _/8)> 5 > 1
To completely characterize /¢, we need to compare 3 — 2G5 and 0. Suppose f3 € ( ?(’2 23; 3]. Then,
Q5= by Lemma EC.4, which implies that 8 — 5q2 > 0. Suppose 5 < 23(5332) Then, by Lemma

EC.4, 8 — 145 and (108 — az + 2a28) — h(aw, B) have the same sign. If 3 < , then 108 —

10+2

s + 2a8 < 0, which implies that g — 5@5 <0.If g > < 108 — as + 238 > 0, we can

10+2a

use properties of quadratic functions to show that (108 — ay + 2a38)? — h?(a,8) > 0 < >

V2—ag+2 _1-c V2—ag+2
R TPwETS . So, 505> 0= B> ay Saaii6 - In summary,

gL <0 B < ap¥t?, (EC.37)
277 208> a2t
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Applying (EC.37) to (EC.36), we complete the proof. Q.E.D.

Proof of Proposition EC.10 We have three cases. Case 1: 8 < ay nga;‘flg?. In this case, ﬁgc —

71 =pgs (B —@5/2) by (EC.13). So, 7t} —#{° <0 «= f < §5/2, which holds because 3 < ¢5/2 when

B < ap 22 (EC.37).

Case 2: %222 < §< 3. By (EC.13), #° —#{° =2 (345 — 8) (B— %) > 0= 145 < B < 345.

Note that G5 < 8 holds for all 3 > oy % 2 1122, see (EC.37). We only need to rank (8 and 2¢5. Recall

that by Lemma EC.4,

. { 502+ 38— JasB+ {h(aa, B) B < ety

qs = 1 3—2ag
51-5) B> 3G a
So, we consider two sub-cases. Case 2.1: ay V;ﬁ;ﬁ? 8 < 2:22 2” . In this subcase, % - B =

ih(as, B) — (—3o2 + 36+ s28) > 0 because —az + 18+ 28 <0 for B € (o \/8121122, 2(1(12%)]

For g € (2(1+a2)7 2?22 235)] 34 —f>0<—=p<+ \/4 3ais + because of the properties of quadratic

functions. Hence,

385 _5_ >0a2@22 <LV/A=3Bay+ L
2 <0 §VA-3ar+§<B< gnas

Case 2.2: 23(’2__232) <pB< 3 . In this subcase 2%

-B= 16(1 ) — B <0. In summary, for Case 2,

ﬁfc—ﬁ{CZ{SO ¥ <B<iVA=3ar+g;
>0 sVA=3a+<p<3

Case 3: 8> 3/4. In this case, 7 — 7] = p(G5 — )( - B+ =0 because ¢5— ¢/°=0

2(§ fc+qc))
from Lemma EC.4 and (EC.12). Q.E.D.
Proof of Proposition EC.11 To prove Proposition EC.11, we first show the following three-

part lemma. Lemma EC.11(a) pu > 2¢ <= m® > 3, Lemma EC.11(b) Newsvendor i’s equilibrium

expected profit is decreasing in «; (i.e., W <0, for i =1,2), and Lemma EC.11(c) Newsven-

6’”V&<0forz_1 2) if and only

dor i’s equilibrium expected profit is decreasing in a3_; (i.e., -

if B <me.

Proof of Lemma EC.11(a): In the equilibrium, P(X; + (X, — 25)" < 2§) = P(Xo + (X7 — 2)* <

z5) = B, where X; =Y and X, =7,Y. When 7, and r, are identically distributed, X; and X, are
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identically distributed. As a result, 2= 2{ = 25, and i = py = pe. Thus, dgf(a)/da < 0 if and only
if 2° > i, which implies that 2°¢ > p if and only if 3 > m°.

Proof of Lemma EC.11(b): Without loss of generality, we let i = 1. First note that Newsven-

dor 1’s profit is @§(ay,an) = pE[X; + (Xa —aaft — (1 — a2)29) T A (i + (1 — 1) 2°)] — clai + (1 —
aq)z¢]. Thus,

87}5(061, 062)

D (7= 2)p[P(anfi+ (1 = a1)2° < Xy + (X — i — (1 = a)2°) ") — (1 - B)]

=(a—2)p[B—Plagip+ (1 —ay)2°> X; + (Xo — agi — (1 — ) 2)7)]. (EC.38)

First, if 2¢> i, then P(aq i+ (1—0q)2° > X1+ (Xo — ot — (1 — 02) 2°)7) < P(2° > X1 + (X2 — aafi —
(1—a2)2°)T) <P(2° > X + (Xo— 2°)") = B, where the first inequality is from o i+ (1 —aq)2° < 2°,
the second inequality is from aufi 4 (1 — a2)2° < 2, and the equality is from Lemma 4. As a result,

9xi(e1.02) ) if 2¢ > [i. Second, if 2° < [i, then Plagp+(1—a1)2° > X1+ (X —anii— (1 — ) 29) ") >

doy =

P(z¢> X, + (Xo —agii — (1 — a2)29)1) > P(2° > X; + (Xo — 29)7) = 3, where the first inequality

is from o i+ (1 — ay)2° > 2, the second inequality is from asfi + (1 — ag)2¢ > 2. As a result,

o] (a1,a2

) <0if 2¢ < fi. In conclusion, ZFLe102) <

60&1 6041 -

Proof of Lemma EC.11(c) Without loss of generality, we let ¢ = 1. Note that

o7s (o, o e _ e _ e _ e
159(;2) =p(Z°—p)Plarp+ (1 —a1)2°> X1+ Xo —agii — (1 — a2) 2%, Xo > anfi + (1 — an) 2°].
2

Because Plagi+ (1 — a1)2¢ > X; + Xo — (1 — )2 — agfi, Xo > agfi + (1 — ap)2°] > 0, the sign of

o] (a1,a2

) is determined by 2¢— 1. As a result, orf(a,a9)

) < 0= i > z2¢. Furthermore, from Lemma

dag dag

EC.11(a), p > 2° <= m° > .
Note that if a; = iy, then the newsvendors have identical expected profits. Next, we show that

the less biased newsvendor can have a lower expected profit. To that end, suppose oy =0. Then,

from (EC.38) and Lemma EC.11(c), Z2(e1=002) _ 9mi{e1=0.02) = (i — 2)p[B —P(2° > X, +
ag=0
(Xo =291 +p(—29P(2°> X, + Xy — 2%, Xy > 2¢) > 0 because P(X; + (Xo — 29T < 29) =0

and f <m®= [ > 2° from Lemma (a). As a result, the more biased newsvendor (Newsvendor 2)

can have a higher expected profit than the less biased newsvendor (Newsvendor 1).



ec26 e-companion to Author: Owerconfident Competing Newsvendors

Next, we show that a sophisticated newsvendor can earn a lower expected profit than its overcon-
fident competitor. Define Newsvendor 2 as the biased newsvendor characterized by overconfidence
level a; and define Newsvendor 1 as the unbiased newsvendor cognizant of its competitor’s as.
Accordingly, denote /°(a;) and 7{°(a) as the equilibrium expected profits of Newsvendor 1 and
Newsvendor 2, respectively, for this case. Similarly, denote ¢{“(aw) and G}°(a) as the equilibrium
order quantities of Newsvendor 1 and Newsvendor 2, respectively, for this case. Then, dgc(aQ) =
G5() = i+ (1—a) 2%, and ¢/ (o) is defined implicitly by P[X; + (X5 — ¢ ()t < ¢f(az)] = 5.

Accordingly, Newsvendor 2’s equilibrium expected profit can be written as 75°(az) =

PE[(Xy + (X; — ¢f(a2))™) A (aofi + (1 — a)29)] — clawfi + (1 — a2)2°], which implies

dfrfca re re c
that “22 — (4 — 2)p{Plasp + (1 = )2 < Xo + (X1 = ()] = (1 = A} -
da{“(e2)] _ (= e _ sc
E[]Ix2+<xl—q1C(a2>>+<a2ﬂ+(1fa2>zc,x1>q{0<a2> dny | = (A= 2)p{B = Plazi + (1 — a2)2° > X, +
fe dqf(ag) . . .
(X: — ¢{“(c))t]} - E|:]IX2+X1—q{c(a2)<a2ﬂ+(1—a2)2c,X1>q{c(o¢2) rrv } This, in turns, implies
that 2| (5 eyt P s> X, + (X, — 24} — E[I oy (02) =
docg =(n—2)p{B (26> Xo + (X1 — 29)7]} [Tyt x)—ze<se Xy 520 =g lag=0] =
OtQ=0
—E[]IX2+X1_26<267X1>Zqu1d (22) lag=0] > 0, where the second equality follows because

P[Xs+ (X; —2°)T < 2°] = B, and the inequality follows because § < m® = 2° < i from Lemma

EC.11(a), zc<g:>d%da<§2> — dq”gijz —i—2°<0, and q2 <a2 o0 f° <2a2> <0.

Next, note that Newsvendor 1’s equilibrium expected profit can be written as m/°(ay) =

PE[(X1 4+ (X3 — aofi — (1 — a2)29) ™) A ¢f“(2)] — cqf°(a). Thus, from the envelope theorem,

dr{(az) _ se _ o
dag pE []IX1+X2*042/1*(1*a2)5°<Q{C(a2),X2>a2ﬁ+(1*a2)5°(Z M)]

< 0, where the inequality is
because, again, < m® = 2° < i from Lemma EC.11(a).
Taken together, Newsvendor 2’s equilibrium expected profit is strictly increasing in a, around
ay = 0, whereas Newsvendor 1’s equilibrium expected profit is strictly decreasing in «ay around
= 0. However, at a, =0, 7}°(as) = 7/°(a). Thus, all told, this means that 7J°(as) > 7] ()
around sy = 0, which suffices to complete the proof.  Q.E.D.
Proof of Proposition EC.12 Because the equilibrium profits of the two newsvendors are identi-

cal, we have both newsvendors’ expected equilibrium profits as 7¢(a)) = u(p — ¢) — E2E[X; + X, —
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2G°(a)]* = $E[2¢°(a) = Xy = Xt =p(p— ) — (p— E[X —ap— (1 - )" — cElap+ (1 —a)2° -

X]*. Thus,
T ()Pl + (1 )2 (0~ 29) + e+ (1 - )2 — p)
=(p—2)lp— ) Fx(ap+ (1 —a)2%) — cFx(ap+ (1 —a)i)
=(p—2)[(p—c) —pFx(ap+ (1 - a)z)]
=p[B - Fx(ap+ (1 - a)29)](p— 2%,
and % =—p(2° = p)*fx(ap+ (1 —a)2°) <0. As a result, 7°(a) is concave in «. Accordingly,

there are three cases to consider.

Case (a): If 8 <mc, then %h:o =p(B—Fx(29)(p—2°) <0 because 2° < p and = g(z°) <
Fx(2°). Therefore, if 5 <1, then 7°(«) is a decreasing function because of its concavity.

Case (b): If i < 8 < m, then %h:l =p(B—m)(p— 2°) > 0 because 2> p <= [ > m°".

Therefore, if m® < 8 <m, then 7°(«) is an increasing function because of its concavity.

Case (c): If 8 > m, then dﬁ;((f‘) laco =D(B—Fx(2°))(p—2°) > 0 because g(2°) = S and g(-) < Fx(-).

Furthermore, dﬁ;ia) la=1 =p(8 —m)(p — 2°) < 0. Therefore, if § > m, then 7°(«) is an increasing-

decreasing function. In order to let % =0, we have 8 — Fg(ap+ (1 —a)z°) =0. Since g(2°) =0,

we can conclude that &:= (g7 *(8) — F'(8))/(¢7'(B) —p). QE.D.

Proof of Proposition EC.13 For the overconfident newsvendors, the order quantities satisfy
G5(ar) +@5(an) = (a1 + a2)p+ (2 — @y — a2)qy,,. In contrast, the central planner’s equilibrium order
quantity is 2F'; '(B). Thus, if B> m, then the system can be coordinated. In particular, §$(c;) +
G5(z) = 2¢7 when a:= (g7'(8) — F5'(8))/(97(8) —n).  Q.E.D.

Proof of Proposition EC.14 To prove Proposition EC.14, we first show the following three-

part lemma. Lemma EC.14(a) p > 2¢ <= m° > 3, Lemma EC.14(b) Newsvendor i’s equilibrium

expected profit is decreasing in «; (i.e., W <0, for i =1,2), and Lemma EC.14(c) Newsven-

dor ¢’s equilibrium expected profit is decreasing in a3_; (i.e., 9ri(a1.02) () for § = 1,2) if and only

Oag_;

if B <me.
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Proof of Lemma EC.14(a): In the equilibrium, g(z§) = g(25) = 5. As a result, 2¢ = 2¢ = 25. Thus,

dgi(a)/da < 0<= 2> p<= [ >m°".

Proof of Lemma EC.14(b): Without loss of generality, we let ¢ = 1. First note that Newsven-

dor 1’s profit is 7¢(ay, an) = pE[X; + (Xo — agp — (1 — a2)29) T A (ap+ (1 —aq)29)] — clagp+ (1 —
aq)z¢]. Thus,

8ﬁf(a1, 042)

D (p—29)p[P(arp+ (1 —a1)2° < X1+ (Xa —azp — (1 — a)2) ") — (1 - B)]

=(p—2)p[B—Plarp+ (1 —a1)2°> X, + (Xo —agp— (1 —as)29)1)]. (EC.39)

First, if 2¢ > p, then P(ayp+ (1 —a1)2°> X1+ (Xo—aop— (1 —a2)29) ") <P(2° > X; + (Xo —aap—
(1—)2°)T) <P(2° > X, + (X2 — 29 1) = 3, where the first inequality is from a;p+ (1 —aq)2° < 2€,

the second inequality is from asp+ (1 —an)2° < 2¢, and the equality is from Lemma 4. As a result,

97ile1.09) ) if 50 > p. Second, if 2¢ < p, then P(a1p+ (1 —a1)2° > X1+ (Xo—anp— (1 —ag)2)") >

dap
Pz¢> X1+ (Xog—agp— (1 —a2)29)T) > P(2° > X, + (X5 — 2)1) = 3, where the first inequality
is from a;p+ (1 — «y)2¢ > 2¢, the second inequality is from agp + (1 — ap)2¢ > 2°. As a result,

MSOH:%S”

8041

Proof of Lemma EC.14(c) Without loss of generality, we let i =1. Note that ofj(ar.09) p(z¢ —

dag

p)Planp+ (1 —aq)2° > X1+ Xo — agp — (1 — a2) 2%, Xa > aiap + (1 — p) 2¢]. Because Playp+ (1 —

971(@1:02) 4o determined

a1)2°> X1+ Xo— (1 — ) 2° — aap, Xo > agp+ (1 — ag) 2] > 0, the sign of ‘%faw

by 2¢— p. As a result, %12’0‘2) < 0 <= p > z° Furthermore, from Lemma EC.14(a), p > 2¢ <=
me> f.

If oy = @y, then the newsvendors have identical expected profits. We next show that if 5 < m¢,
then the less biased newsvendor can earn a lower expected profit. To that end, suppose «a; = 0.

Then, from (EC.39) and Lemma EC.14(c), Onfle1=00y) _ O#f(x1=0.09) =(p—2°)p[B —P(2° >

dag dag ap=0

X+ (X2 — ZA’C)+)] +p(p — QC)P(ZA’(‘ > X+ X, — 24X, > ZA,“C) > 0 because P(Xl + (X2 — ZA'C)+ <
z2¢)=p and B <m®= p > 2 from Lemma EC.14(a). As a result, the more biased newsvendor

(Newsvendor 2) can earn a higher expected profit than the less biased newsvendor (Newsvendor 1).
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Now, define Newsvendor 2 as the biased newsvendor with overconfidence level a, and define
Newsvendor 1 as a sophisticated newsvendor. Accordingly, denote °(a;) and 7°(,) as the equi-
librium expected profits of Newsvendor 1 and Newsvendor 2, respectively, for this case. Similarly,
denote ¢f°(a,) and ¢°(aw) as the equilibrium order quantities of Newsvendor 1 and Newsvendor

2, respectively, for this case. Then, §}°(as) = §5(as) = azp + (1 — az)2¢, and ¢/°(as) is defined

implicitly by
P(X1 + (X2 — ()" < g{*(a2)) = 8. (EC.40)

Accordingly, Newsvendor 2’s equilibrium expected profit #l(a) =

pE[(Xz+(X1quc(0é2))+)A(azp+(1*az)2c)] — clazp + (1 — )29, which implies

that D _ (5 (P lapt (1-an)E < Ko+ (Xi — gl (@)~ (1-B8)} -

E[mexl,qlcm))+<a2,,+(l,a2)2c,xl>q{c(a2)dqf;;jﬂ = (p = 2)p{B — Plazp + (1 — a2)i* > X, +

(X, — q{C(ag))ﬂ} - E|:]IX2+X17q1C(a2)<a2p+(17a2)éc,X1>q{c(a2)%(;2)}' This, in turns, implies

that M =(p—2)p{B —P[2° > Xo + (X1 — 29)*]} — E[llx,1 x, —sc<ze x> 20 dqldl(f) lag=0] =
as=0

E[Tx, x,—ze<ze x;>z¢ dqld (a2) las=0] > 0, where the second equality follows because

P[X,+ (X; — 29" < 2°] = 8, and the inequality follows because § < m® = 2° < p, 2° < p =

43" (02) _ di5(02) _ ,_ zc -0 and sz (%) >0=— 7‘1‘11 @2) <0 from (EC.40).

dag dag

Next, note that Newsvendor 1’s equilibrium expected profit can be written as 7{°(as) = pE[ X +
’ﬂ'fc (a3
(Xy — agp — (1 — a2)2)F A ¢f°(a2)] — cqf(). Thus, from the envelope theorem, d}iT(QQ) =

pE [T < 0, where the inequality is because, again,

X1+X2*Q2P*(1*a2)2c<q{ (ag),X2>agp+(1-ag)z¢ (Z _p)]
B <m® = 2° < p from Lemma EC.14(a).

Taken together, Newsvendor 2’s equilibrium expected profit is strictly increasing in a, around
as = 0, whereas Newsvendor 1’s equilibrium expected profit is strictly decreasing in «s around

o = 0. However, at ay =0, 7J°(an) = 7{°(a). Thus, all told, this means that 7(as) > m/(a)

around s = 0, which suffices to establish Proposition EC.14.  Q.E.D.





