Technical Appendix to Accompany
“Market Structure, Risk Preferences, and Forward Contracting Incentives”

by David P. Brown and David E. M. Sappington

Part A of this Technical Appendix provides more detailed proofs of the formal conclusions

in the body of the paper. Part B provides more detailed proofs of the formal conclusions

in

Appendix B of the paper. Part C presents additional formal conclusions and their proofs.

Part D extends the analysis in Section 3.5 of the paper.
Equations and Definitions from the Text
In settings with a single buyer:

QL) = d —bv'w+Q+n.

I
a+Q’€ n
b[

1
:ﬁ,andb:ﬁ.

w(Q,e) = a+e—b@Q where a =
™€) = r[Q+be] —wE) [Q+be—F]-p"F.
EUP = E{WB}—ABVB, where Ag > 0.

B9} [~ ]

In settings with a single generator:
m(e) = w(e)[¢—F]+p"F —cq.

EU¢ = E {7TG(€)} — Ag Vg where Ag > 0.
In settings with two generators:

EUY = E{r%(e)} — Aci Vi where Ag; > 0.
OB(TE@) . [ L]_ g
OF; B '

(2407 Ag; (2)* + 81] [al + @ — b (2¢; — ¢;)]
240! Ag; (2)° + 324 '

24b Agi () + 81

& 240 Ag; (2)° + 324

for i,j € {1,2} (j #1i). (11)



In settings with two buyers:

RN
+Q, + + 1
w(-) = a—bQ +¢e where a = %, £ = 771b[772’ and b = o (12)

A. Detailed Proofs of Formal Conclusions in the Text.

Lemma 1. In equilibrium in the dual monopoly setting:

1 — 1 —
w(e) = F[cﬂ—l—@—F%—bI(c%—e)], p = ﬁ[al—l—Q—F—l—blc}
1 —
q(e) = E[aI+Q+F—bl(c—€)], and
E{n%e)} = = [d"+Q—-F—-bc][d+Q+F-bc] —l—bl(g)Q
4 bt 12
OE {r¢
OF
Proof. (6) implies that when ¢ is realized, G’s problem is:
Magzimize 7%() = w(e)[q— F]—cq+p" F. (13)

q=>0

(2) and (13) imply that the necessary conditions for an interior optimum include:

= w(5)+[q—F]a;;U—Cg)—c =0

= a+e—-bqg—bl¢g—F]—c =0

or%(e)
dq

I I e
= g(e) = %[He—cmm - % #—(0—5)
- %[al—i—@jLF—bI(c—e)]. (14)

(2) and (14) imply:

w(e) = a+e—bqle) = al+@+5—é[al+@+F—bI(c—5)}

B bl 2
2 — _

— Q_N[aI+Q+bfg} —Q—bl[aI+Q+F—bI(c—s)}
1 _

= Z—bI[(II—FQ—F—FbI(C—FE)]



= pf' = E{w(e)} = %[al—i—@—ﬁ’—i—blc}. (15)
(6), (14), and (15) imply:

79e) = [w(e) —clqle) + [p" —w(e) | F
:ﬁ[af—i—@—]?—bl(c—a)][al+@+F—bI(c—5)}—iF. (16)

Because € has a uniform density on [—2, £]:

E{c} = 0 and E{e?) = 2—15/5%15 _ é[(g)?’—(—g)?’] & an
(16) and (17) imply:
E{r%e)} = E{%[cﬁ#—@—F—bl(c—e)} [al+@+F—bI(c—a)]}

‘ -

I
= o la Q-] [ 4 Q4 P e + 2 B

‘ =~
—_

b (8)?

12

= I[a1+@—F—blc][al+§+F—blc]+

b (18)

W

Differentiating (18) provides:

G
6E{67TF(€)} S 4 G-F-be-[d+Q+F-te] = —2F. W

2

—\2 _ I
Lemma 2. Vo = &2 |3(al+Q—F—te)*+ " (2)2|, s0 Ne < 0 for all F <

E{q(e)},! in the dual monopoly setting.

Proof. (2) implies:

I e L _ () (&)
a+Q+tF-blc—¢e] = b[a—i—s ct+ F] and 2 = 135" (19)

(16), (18), (19), and Lemma 1 imply:
1

m%(e) — E{n%e)} = —b[a+8—c—bF][a—|—5—c+bF]—%F

'Lemma 1 implies that F < E{q(e)} & F<3[a'+Q+F—blc] & 5[ +Q—-F—blc]>0.



1 (2)*
— E[a—c—bF][a—c—l—bF]—m
= la—c—bF]la—ctbF]+5[a—ctbF+a—c—bF]
+%—gF—ﬁ[a—c—bF][a—chbF]—%
- -5 oo
- %+%[&_C]_6f265_(1§2); = 135 37 +6eX —(2)°]

where X =a—c—bF = L [d'+Q—F—blc].

Observe that:

[3c?+6X — (5)2}2

= 9" +36 X +6[6X%—(2)° ]2 —12X (2)°c+ (8)".
(17) and (21) imply:
E{[3e?+6:X - (2)°]"}
= 9E{e"} +36 X E{*} +6[6 X2~ (8)’] E{e*} + (8)°

+ 22 @ - (o))

(23) implies:

(20)

(21)

(22)

(23)
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Proposition 1. The value of F' that maximizes G’s expected utility in the dual monopoly
Ag (8)2 bI[aIJr Q—blc ]
34+blAg (5)*

setting is Fapy = . Fgpar is: (i) increasing in Ag, , Q, and a’; and

(i) decreasing in c.

Proof. (7), (18), (19), (23), and Lemma 1 imply that G’s equilibrium expected utility is:

BUS — %[a_c—bF][a_HbFH(é);
A M ey (o)
~ 8];?(; - ﬁ[b(a—c—bF)—b(a—cMF)]_%g_?
- & [apr] - 2T X )
_ _9F+AG(?)2[Zb—c—bF]
_ g Aaé€)2 F+AG(§)62b[a—c] o

(2) and (24) imply that the level of F' that maximizes G’s expected utility is given by:
Ag(E)*la—c] = b[3b+ Ag(2)*] F

Ae (2P la—c]  AcCEP | -] ag(z)[al 4 G- blc]

& = = =
b[3b+ Aq (2)°] b[3b+ Aq (2)°] 3b+ Ag (2)°

C Ag(E)’[a+ Q-]  Ag(E)V [af+ Q-blc] - (25)
- 3+ Ag(2) a 340 Ag (5) Cooenn

It is apparent from (25)_tha,t Fapar is increasing in @/ and @ and decreasing in c.
Furthermore, because a’ + Q — b’ ¢ > 0 by assumption, (25) implies:

F s
OFapm s 3+l A (B —b A () = 3 > 0; and
0Aqg



F s
OFeor = 341 Aq(2)2] 22 —28H Ag(2)? = 62 > 0. W

0
Proposition 2. In the dual monopoly setting, %Llf ; 0 & F ; Fpy s where Fpy =
Q — [%} (07 (21 —c)—al]. When v > 0, Fp,, is: (i) strictly less than Q; (ii) in-

creasing in a’ and c; and (i) decreasing in 1o, b', and 7.

Proof. Because ¢ has a uniform distribution on [—¢, £]:

1

E{c} — 0 and E{} — {ﬁl

1 —=\3 —=\3
F[E7 -7 =5~ 9

(19) and Lemma 1 imply that in equilibrium in this setting:

1 1
at+e—c+bF], w(E) =

q(e) = 2_6[ §[a+€—|—c—bF],
and p" = E{w(e)} = %[ajtc—bF]. (27)
(26) and (27) imply:
E{cw(e)} = E{%[a+c—bF]5+%£2} = %E{ﬁ} = (%) (28)
(27) and (28) imply:
3E{@”L;(€)} _ _g and 3E{;;U(8)} _ 0 (29)

(3) implies:
() = [vro+ (1—7y)E{w(e)}] [Q+b'c] —w(e) [Q+b e—F]—p"F. (30)
(30) implies that because pF = E {w(e) }:
E{n%(e)} = [yro+(1=7)E{w(e)}] Q- E{w(e) [Q+V'e] } + F[E{w(e)} —p"]
= [yro+(1=7)E{w(e)}] Q@ — E{w(e)} Q — b E{c w(e)}. (31)
(30) and (31) imply:
me) = E{m"(e)} = [yro+(1—7)E{w(e)}]b'e —w(e) [Q+b'e—F]

— p"F+E{w(e)}Q+b E{cw()}



= [yro+ (1 =) E{w(e) }]b'e —[w(e) - E{w(e)}]Q
— V' [ew(e) = E{ew(e) }] +[w(e) - E{w(e) }] F. (32)
Because bb! =1, (27), (29), and (32) imply:

O(7mBe)—E{nP()}) ; OE{w(e)}
oF = w(e) = E{we) }+[1-7]be —55

B {8201(?5) B 8E{aul;(e)}} (G-F] - {5 81;}5) B 8E{5}u(5)}}

- w(a)—E{w(e)}m—ﬂb%[—g] - [(—g) - (—g)] (G- F]

= Doy ow(e) - B{w(e)} = %5+

5 € = [1+7}5. (33)

(27) and (28) imply that (32) can be written as:

(o) — E{xP(e)} — {’yroﬁ—(l—fy)%(a—i—c—bF)] o e

£Q — [g(a—i-e—i-c—bF)—(?q—i-%eF. (34)

l\DI»—t

Because Vi = E{ [75(c) — E { 7%(e)}]?}, (26), (33), and (34) imply:

G = | 2P -EEE)

= /:2{ [’YT0+(1—7)

] 0 (7B(e) — E{xB(e)})

- dH (¢) (35)

(a+c—bF)}b16

DN | —

- %s@—bf{g(a+s+c—bF)—(§6)2] +%5F} {1;7]gdﬂ(e)
= 2 [HTV {77"0—1-(1—7)% (a+c—bF) } / e?dH (e

_Q:HT”]/:S dH(e { }/ 2 dH (e



— Q[H—V] b’ / {%(a+e+c—bF)— (56)25: dH (¢)

(a+c—bF)] b E{?}— Q HT” E{e?)

[ pey - [

5 } bV [a+c—bF] E{*}

—[1; }bIE{a}—l—[l%— ] b ()E{}

(a+c—bF)} v B{?}

DO | —

= [1+7]{7ro+(1—7)
—Q{1+7]E{ }+F{1+7}E{ - {1+7]b[a+c—bF]E{52}

= bl {1;7] E{e*}{2vro+[1l—7]la+c—bF]+b[F—- Q] —[a+c—bF]}

= ! [1;7}E{5}[nyro—’y(a—i-c—bF)—i-b(F—@)]- (36)

Because bb' = 1, (36) implies:

%Xf = {1;7} E{c*}[v+1] >0. (37)

(2), (36), and (37) imply that the value of ' at which Vp is minimized is determined by:
2yrg—y[a+e]—=bQ +b[1+~]F = 0
1

= F = mh(a‘f'c)"'b@—QWTo} = m[bIWW‘f'C)ﬂL@—QVbITO]
P
() oo
_ ﬁ[y(al—bI[ZTO—c])—i-(l—i-W)@]
:Q+[117}[a1—61(27’0—c” = Fpu - (38)

(38) implies that Fp,, < @ when v > 0 because Lemma 1 implies that ro > E{w(¢)}
for all F' > 0 if and only if:

8



1 _ _
ro—ﬁ[aIJrQerlc] >0 < d+Q+be < 2br

s a —bv[2rp—c] < —Q = d —b[2rp—c] < 0. (39)

It is apparent from (38) that *DM > 0 and that *DM > 0, 8FDM > 0, and aFDM <0if

v > 0. (38) also implies that When v > 0: (i) 61;5#‘4 é — (2719 — c) (because To > C);
..y OF s
and, from (39), (i) =2 = —% (%) = — [1+ a7 < 0. |

Proposition 3. In the dual monopoly setting, EUP does not vary with F if v = Ag = 0. If
v >0, then: (i) EUP is strictly increasing in F if Ag = 0; whereas if Ag >0, (i) EUP is

5, and (i) Fppyr is increasing in Q, a!, and

3Q
maximized at Fgpy = Fpy + [Hﬂz T Ap(Z)

¢, and decreasing in ry, b', Ap, and E.

Proof. (5) implies that EU? does not vary with F if y = Ag = 0. (5) also implies that EU”
is strictly increasing in F' if Ag =0 and v > 0.

(2), (4), (5), (26), (36), and (38) imply that if Ag > 0, then EU® is maximized where:

OEUP GE{WB}_A Vs 0
oF — OF BoF

& 'yg@—ABb {1+7} E{*}[2vro—v(a+c—bF)+b(F—-Q)] =0

& 7%@—%[1+7]E{52}[2b[7r0—7(cH—c—bF) —Q+F] =0
b~ Ap 2 I A
& 7562—7[1+7]E{5 }[—fy(a+c—2r0)b — Q—i—F(l—i—”y)] =0
s FE14+4P E{2) = g@ %[1+7]E{5 Flv(ad+e—2r)0" + Q|
o FA 2 70Q _ I, N
B[1+7] e }—l—AB[l—{—’y][’y(a—l—c 2r9)b" + Q |
3by Q 1

[v(a+c—2r)b"+ Q|

_ 1 ad+Q I —} 3by Q
- {”( e QTO)HQ AL (2]



A v I I . g 3@
— Q—l——1+7 [a" —b"(2rg—c)] + 11 b, (2)
= Fpu+ i 3 ¢ = Fppum - (40)

[1+7]? b Ap ()

Conclusion (iii) follows immediately from (38) and (40). W

Corollary 1. The set of parameter values for which Fgpy; exceeds Fapy expands as ¢

increases or as 1o, Ap, or Ag declines.

Proof. The conclusions follows directly from Propositions 1 and 3 for the reasons explained
in the text. W

Corollary 2. Suppose Ap = Ag = A >0 and v > 0. Then there exists an A >0 such
that FBDM E FGDM s A ; A\

Proof. (25), (38), and (40) imply that when A = Ag = A, Fppu z Fapmr
v { 3Q }
[T+~ LV A(E)

@—l—ﬁ [al—bI(Qro—c)] +

AE)?Y [al + Q- c]
34+ b1 A(E)

& [14+9] Q+~[1+7] [al—bl(Qro—c)] + [%2)2}

o [1+4PAGE)Y [af + Q- b c]
3+ bl A(E)

Al

& [1+7) QVA(E)[3+b A(E)]
+ 1+ [af = b (210 —c) | ' A(E)* [3+ b A(E)*]
+37Q [3+0'A(E)?] Z [1+9PAE)Y [d+ Qb c]bA(E)
& 31+ QUVAE +[1+4] Q (b)) A2 (e)*
+3y[1+~v][al =¥ (2r9— )] V' A(E)

10



+ [T+ 7][a =b (210 —c)] (1) A% (2)* + 97 Q + 37 Q b A ()’

1+~ [a" + Q—b'c] (b)) A% (2)*

AIV

e [1+92Q () A2 (@) +y[1+7][af = (210 —¢)] ()" A% (2)"
— [T+ [a + Q—blc] (1) A% (2)"
+ 3[1+4 QVAE+37y[1+7][a’ = b (210 —c)] b A(E)?
+37Q b A(E)+97Q > 0
s {[1+9)P Q+y[1+7][al =t/ (2ro—c)] = [T+ [a + Q@ —blc]}
(V)" A2 (2)!
+ {3[14+9]* Q +37y[1+~7][d —b' (2r9—¢)] +37Q }b'A(E)
+97Q Z 0
o [+ {y[a = (2ro—c)] = [14+7][a —=b'c]} ()" A% (5)*
+ 3{[1437+7°] Q@ +7[1+7][d =b"(2rg—c)] }VTA(E)?
+97Q Z 0.
Observe that:
v la'=b"(2rg—c)] = [1+7][a" = b'c]
= —a' —yb [2rg—c]+[1+7]blec = —a' +b c—yb [2r —2¢]
= — [l =t e+ 29V (ro—0)].
(41) and (42) imply that Fppy = Fopy <
T(A) = [147][a =blc+27b (rg—c)] () A2 (2)*
= 3{[1437+7"] Q +~[1+7][a" =b' (2rg—c)] } b"A(
-97Q < 0.
(43) implies that if a’ —b'c+2yb! [ryg —c] > 0, then:

r'0) < 0, lim I'(A) = oo, and T"(A) > 0.

A— o0



(44) implies there exists a unique A > 0 such that:

PA4) S0 & A A (45)

Propositions 1 and 3 imply that Fgpy > Fgpy when A = 0. Therefore, because
Fgpy — Fpy as A — oo, the Corollary follows from (43) and (45) because (25) and
Proposition 2 imply:

(@)% [al +Q - b c]
lim 5
A—oo 3/A+ b (E)

lim FGDM =
A — o0

Proposition 4. Suppose Agi = Ags = Ag and ¢ = c3 = c¢. Then the aggregate level

of forward contracting chosen by the generator(s) is higher in the duopoly generator setting

54

than in the dual monopoly setting if and only if Ag < O -

Proof. The conclusion follows from (25) and (97) because:

2[24A(5)* +81b] [a—c] . Ac(E
b[48 A(E)* +405b] b[A(

)*[a—c]
£)°+30]
- 48 Ag ()% + 1620 N Ag (8)?

A48 Ag () +4050 ~ Ag(2)*+3b

& [48A4¢(2)*+162b] [Ac(E)*+3b] > Ag(2)?[48 A (2)* +405D]

& 48(Ag) (B)* + 144 A¢ (2)* b+ 162 Ag (2)° b + 486 b*
> 48 (Ag)? (8) +405 Ag (2)° b

54b 54
& 48607 > 99A4(2)’h & Ag < =

11(2)*> 11b(8)?

Lemma 3. Suppose c; = co = c and v > 0. Then Fpo < Fpy, so the aggregate level of
forward contracting that minimizes Vg is smaller in the duopoly generator setting than in

the dual monopoly setting.

Proof. (38) and (111) imply that under the specified conditions, the aggregate level of
forward contracting that minimizes Vj is lower in the duopoly generator setting than in the
dual monopoly setting if and only if:

12



Q+ [ﬁ} [l — b (3rg—2¢)] < Q+ {%} [a! = b (29— ¢)]

e a' —b'[2rg—c] > a' — b [3ry—2c]

& 3rg—2¢c >2r9g—c & g > c. N

Proposition 5. Suppose Ag > 0, v > 0, and ¢; = ¢ = c¢. Then Fgpg < Fgpun if

. 3Q
and only if Ag > ST (e el 5° B prefers a smaller level of aggregate forward
contracting in the duopoly generator setting than in the dual monopoly setting if and only if

B’s aversion to profit variation is sufficiently pronounced.

Fgpy > FBDG = @"‘% [ I—bl<27’0—6)}+

= Y I I 2l 9@
~ QJFm a7 =¥ (3ro—2¢) ] + [1+~] {QbIAB(E)z}
= [1+7][a1—b1(2r0—c)}+#6(2§)2

9Q 3Q

& [+l [P (Bro=2¢) =¥ (2r - )] > 20145 ()2 bl Ag(2)

3Q
2[1+7] () (2)*[ro—c]

_3Q
201 Ap (8)°

& [14+5]b [rg—c] > & Ap > |

Lemma 4. Suppose ¢c; = co = c¢. Then the convezity of the variance of a buyer’s profit is

smaller in the duopoly buyer setting than in the dual monopoly setting.

Proof. (121) implies that under the specified conditions in the duopoly buyer setting:

821/31» . 1[14‘%’7
— 5 -z

13



(249 E{2} [v+2] = S[249 B{). (46)

ol

(37) implies that under the specified conditions in the dual monopoly setting:

0*Vp
OF?

1
2
The conclusion follows from (46) and (47) because:

[14+~]* E{e?}. (47)

1+ < [24+7] < 8[1+~)

N =

1 2
~12 <
8[ + 7]

& 44+49+9° < 841674892 & 4+129+74* > 0. N

Proposition 6. When the buyers choose the levels of forward contracting in the duopoly

buyer setting, Bi’s equilibrium level of forward contracting is, for i,j € {1,2} (j # i),
L+ajv;

= Tram Ty (U, (1 +a;v;) —a;v; V] If v > 0 and Bl and B2 are symmetric,

Fgipp
then the aggregate equilibrium level of forward contracting is higher in the duopoly buyer

setting than in the dual monopoly setting, i.e., Fipp + Fops > Fepun-

Proof. Define:

- Q5 7Y I -Q .
Vi = Q- S L0 (Rreime) mat = Q51+ |
0 [ (270i —¢) —a Qy] ABibI[1+ai7i]2(g)2

_ 48
1+ a;7; ( )

(48), (122), and (124) imply that the buyers’ equilibrium forward contracting positions
are determined by:

LA LA oY
F :@i_[ﬂ}ﬂ. o F - &{@ _ %% p

1+ a;7; _1+ai7i _1—|—Oéj')/j
Qi 5 g _
& Fi|:1_< Z )( : )] B [V (14 i) — i ]
1+ a;7; I+ a7, 1+ a;7; !
I+aiy | |[1+a;y | —aivy, 057, 1
- E[ 7][ J'YJ] i (W (14 o) — iy V5]
[+ el [1+057;] T,

1+C¥i QY
= Fz[ i J%} = Ui[l4+aiv]—aiv ¥,
L+ a7,

1—|—ij’}/~
1+ozifyi+aj7j[ ( %) % ;] BiDB (49)

(48) implies that when B1 and B2 are symmetric:
14



Vi = %@ﬂiéy B@MI_Z)I(%_C)} +ABbI?EZ+%£v@]2(E)2
= %@+$ B@”LWM_C)} +2A3613[z;_”}2(€>2
- 30 s Ot L en -l
B Bi—ﬂmﬁ[al‘bl(m‘c”*ABbf;l@w(a” o

(49) implies that in this case:

1+37 1+357 2+
F; = ——2 _ [y,] = 2 U, | = —— [V, |. 51
BiDB 1_1_%74_%7[ ] 1+7[ ] 2[1+7][ ] (51)
(50) and (51) imply:
_ P _
yla —b (2rg—c 37 Q
Fpipp = Q+ [ (270 —c)] - 1 . —\2- (52)
2 2[1+7] Agbl [1+7][2+7](8)

Define Fppp = Fpipp+ Fpapp. Then (52) implies that when B1 and B2 are symmetric:

& ald = (2r—c)] 67Q
fopn = @ L+7 T T2 4] (E) o
(38), (40), and (53) imply:
=, gl 6Q
Faon 2 Poow & @+ 75 o' =¥ (om0 | 1 | s e
=, 7 gl 3Q
= Q+m [af_bI(Qro—c)}JrLJw} yWOTEeaTerE (54)

(54) implies that if v = 0:
Fepg Z Fepu & Q Z Q = Fhpp = Fopu.

(54) implies that if v > 0:

6 3

> > >

= F = & 6+67 = 643

Fppp = Fppu < 570 2 114 +6v = Y
~ 3’}/ z 0 = Fppp > Fgpy. N

15



Proposition 7. Suppose Q, + Q, = Q and the generators choose the levels of forward

contracting. Then Gi (i € {1,2}) implements the same number of forward contracts in

equilibrium in the dual duopoly setting and in the duopoly generator setting.

Proof. Let F}; denote the number of forward contracts that Bi signs with Gj for ¢, j € {1,2}.
Also define F.; = Fy; + Fy;. Gi’s problem in the dual duopoly setting after ¢ is realized is:

Mazimize 7% (e) = w(e)[q — F] —ciqi+p" Fs.

q; 20
(12) and (55) imply that at an interior optimum:

orCi(e)
0g;

= a+e—blg+q]-bl¢g—F;]—c =0

= quz = a+5—ij+bFi—Ci

1
= g = CL+6—Ci+bFZ‘]—§Qj.

L
2b

(57) implies that in equilibrium in this case:

1 1 1 1
q; = Q—b[a+6—cl+bFz]—§{ﬁ[a+5—cj+ij]—§ql}
3 1
= 16 = E[2a+25—20i+2bpi_&—5+Cj—ij]
1
= %(5) = %[G+€—201+Cj+b(2Fl—F])]
1
= Q) = qle) +qe) = %[Qa—i—Qa—cl—cz—l—b(F.mLF.Q)].

1
w(e) = a—|—5—§[2a+25—cl—02+b(F.1+F.2)]
1
= g[&+€+61+02—b(E1+F2)]

= pF = E{w*(ff)} = %[G+E{€}+Cl+02—b(F1+F2)].

(58), (60), and (61) imply that G4’s equilibrium profit when ¢ is realized is:

() = [w(e) —elale) + [p" —w(e) ] F,

(55)

(56)

(58)

(59)

(60)

(61)

16



= %[a+8—20i+cj—b(F.Z-—I—F.j)]%[aqu—QCi—l—cj—l—b(QF.i—F.j)]
+ % {a+E{e}+c1+c2a—b(F1+Fy)—|at+e+ci+ca—b(F1+Fq)]|}F,
= S late—2cte—b(Fit Fy)]late—2e+e+b(2F~ F,))
+ %[E{e}—s] F,;. (62)

(62) implies:

E{z%(e)} = % l[a—2¢i+c;—b(Fi+F;)][a—2¢+c;+b(2F; - F;)]

+ E{g}[a—2ci+cj+b(2F.i—F,j)—i—a—2ci+cj—b(F.z-—FF.j)]

+ E{&}}%[E{@-E@}] F,

1 1
= %[(Z—QCZ‘—FCJ‘—b(Fi+Fj)][CL—QCi—i‘Cj—i—b(zFi—Fj)]+%E{82}. (63)

(26), (62), and (63) imply:
%) — E{n% ()}
1

= 9 [a—{—e—?cﬁ—cj—b(FZ—l—F])][a—{—s—?cl—l—c]jtb(ZFZ—Fj)]

S

1
—l—g[E{e}—s]F.i
— i[ —2¢4+c¢—b(F;,+F;)]la—2c¢+ ‘+b(2F~—F-)]—(g)2
ople—2¢ci+¢ L+ F) ] la—2¢+¢ = F 578

- i[G—ZCH—CJ—b(Fi+Fj)+a_QCi+Cj+b(2Fi_F'j)]
1, 1 ()"
— e ——eF, —
+956 36 27b
= 3 g(a— 264 e) +b(F—2F,)]+ — [32—0bF, =~ (2)]
27h it SR RT3 B
1 2 —\2
= ﬂ[IﬂE +3Zi5—(5)] (64

17



(64), (87), and (88) imply that the variance of Gi’s equilibrium profit is:

(66)

_ (@i 2
G = moap | 5 (C E) +3(X) —2(2)*|.
(63), (65), and (66) imply that Gi’s expected utility is:
1 —\2
EU% = —b[a—201+cj—b(F +F, )][a—20i+cj—|—b(2F.i—F.j)]—l—%
AGZ() 14 9
= 3(X,)% -2
el |5 @ s -2
OEUC 1
8F = —b{2b[a—26i+cj—b(F.i+F.j)]—b[a—20i+cj+b(2F.i—F.j)]}
_ Aci(2)*6X; 0X;
7290>  OF,;
1 ) ) Aci (8)? 6 X;
= 57 [Pla—2¢+c) — 40 Py = 1P ] =20t [ 2b)]
1 4 1 24 Ag; (2)°
= §[a—20i+0j]—§bpi—§ bF]—FW [Q—QCi—FCj—b(Fi—l-Fj)]
24 Ag; (2)? +81b 4 24Ag (2)?] 1 24Ag (2)
- — 2+ -bF | -4 229 | R | S G
7290 la =2+ 9 7290 19T T 7200
24 Ac; (5)* + 81D 24 Agi (2)% + 3240 | 24 Ag; (2)% +81b
— — 2 - F,—
7290 la=2eitel=b 7290 b 7290
1
= =553 [24 Ag; (B)? +81b] [a—2¢; +¢;]—b[24 Agi ()* + 324D F;

— b[24AG () +81b] F;}.

(67)

(10), (11), and (67) imply that EU% is a strictly concave function of F.;, so the level of
F; that maximizes Gi’s expected utility is given by:

b[24 Agi (E)° +324b] F; = [24 Agi ()? +81b] [a—2¢;+¢;]—b[24 Ag; (B)” +81b] F;

[24 Agi (B)? +81b] [a—2¢i+¢;] —b[24 Agi (B)* +81b] F

By symmetry:

0;

b[24 Agi (8)° + 3240

_B,F;.

(68)

18



[24 Ag; (B)° +81b] [a—2¢;+ci] —b[24 Agj ()* +81b] F;
b[24 Ag; ()° + 3240 ]

(68) and (69) imply that in equilibrium:

F, = 51—62'}7.]‘ and F'j - 5j_ﬁjF'i

8 — 8,6,
Fi; =6-0;16;—B,F; F.opp = %
= B [ i — B, } = DD 1- 5.5,
d; — B, 0; 0; |1 —=08,08.|—0B;10; — B, 6,
= F.jDD:éj—ﬁj{—&J]: J[ 663} 51 Bi ;]
1 =568 1—5;5;
0; — 8. 0;
Ly (70)
1 — 5,8,
The conclusion in the proposition follows directly from (70) and (93) (below). W
Lemma 5. Suppose ¢, = co = c. Then the rate at which a buyer’s expected profit

increases with its forward contracting in the dual duopoly setting is less than one half of the

corresponding rate in the dual monopoly setting.

Proof. (5) implies that under the specified conditions in the dual monopoly setting:

8E ™ B v o=
éw}__sz‘ (71)
(9) implies that under the specified conditions in the dual duopoly setting:
8E ™ B v o=
$3}226NQ' (72)

The conclusion follows from (71) and (72) because + < 1 [5]. W

Proposition 8. Suppose Bl and B2 are symmetric, ¢c; = co = ¢, v > 0, and the buyers
choose the levels of forward contracting. Then the equilibrium number of forward contracts
18 lower in the dual duopoly setting than in the dual monopoly setting if and only if:

142y 3Q

rg > Cc+ (1+7)(2+7) AB(bI)Z(E)Q'

(73)

19



Proof. Define:

T A Qi A I I 99, @
v, = Q,+——— 4+a" —b (3rg;, —c—c + . (74
Ut oy, 1@ Sroma=e) i am e ™

(74) implies that when B1 and B2 are symmetric:

U, = %@+1ié’y [%@—l—af_bl(?)ro—cl—@)} +2A3619[71[E]%7@]2(5)2
= %@+$[%@”I_bl(gm_q_m} 4ABbI?Z%@”] (z)?
= 39+ 57577 @ 217[“I_bl(?’“_cl_c“]+ABbI[27+2]2(€)2
- Bi_ﬂ@Jr%[al_bl(gro—cl—(:g)}+ABbI[ZZE]Q(g)2. (75)

(141) (below) implies that in this case:

14+ 1 N 14+ 1 N 2 R
L+57+357 1+ }

(75) and (76) imply:

Q al —b' (319 —c; — ¢ 9~ 0
Fpipp = @ —|—fy[ (80— 1 —ca)] i . v Q . )
2 2[14 7] 2Apb [14+~][2+7](8)
(77) implies:
I _pl
aY ERY _b 37” — C1 — C
Fepp = Fpipp+ Fgopp = Q + [ (1 0 1 2)}
+7
97 @ -

Agb [1T4+7][24+7](8)"
(38), (40), and (78) imply that Fgpy > Fppp under the specified conditions if and only

= gl I _pl (9 — ¢ v 3Q
0 v Cn-ol+ [ | e

> @—+{—QL-][fg_y(3r0_20)]+'[1ij ABMTEE?H(EV

20



I I B 3Q
& a —b[2r C]+b[AB[1+7](§)2

I 1 9@
A W T
) 9 3 Q
& b [3ro—2c—(2n-c)] > 2+7_1+7] Apb! (2)°
. 9(1+7) —3(2+7) Q__ _ 3407 Q
& Vel > [ 1+7)@2+7) ]ABbf(az - [(H’y)(?ﬂ)}ABbI(W
. 142y 3Q
= b[’f’o—c] > [14_7}143[)1[2_’_7](5)2
1~|—2'y} 3Q
Ap[2+7] (1) ()"

& 19 > ¢+

’ { L+~
B. Detailed Proofs of Formal Conclusions in Appendix B.
Lemma B1. In equilibrium in the duopoly generator setting, for i,j € {1,2} (j # 9):

L [d"+ Q- (Fi+E)+b (a+e+e)];

w(e) = Y
p = %[al‘f‘@—(F1+F2)+b1(01+02”,
q(e) = %[al+@+2E—Fj —b'(2¢;—c¢;j—¢)]; and
E{r%()} = %|:a[+@_<Fi+Fjj)_bI<2Ci—Cj>j|
bl (2)°
27

. [al+@+2FZ—F} —bI(2Ci—Cj)]—|—

Proof. When ¢ is realized, G’s problem is:
Mamz;ﬂgize %) = we) ¢ —F]—cqg+p" F.
qi =

(2) and (79) imply that Gi’s profit-maximizing choice of ¢; > 0 is determined by:

Gi ‘
8Waqf€) - w(ef)—i-[ql—Fz]agjc(;_cZ = a+e—blg+gq]-ble—F]—q



(2) and (80) imply that in equilibrium:

1 111 1
4G = 2—[a+€—ci+bFi]—§ %(a+5_6j+b}:})_§qi
3 1
= —¢ = —[2a+2e—-2¢+2bF,—a—c+c;—bF;]
4 40
1
= qi(g) = %[G—F&T—Zci—i‘Cj—f—b(QFi—P})]
b [al +Q
= g bI +€—2Ci+0j+b(2Fi—17j)
1

= —[ I+@+2E—FJ —bI(QCi—Cj—E)].

w

(81) implies:

Q) = qi(e)+q(e) = 2 [2(a"+ Q)+ i+ EH—b (1 4+ —2¢)].

Wl =

(2) and (82) imply:

al + Q+be 1

w(&‘) - bI _SbI [2(a1+@)+F1+F2_bl(cl+62_25)}
= %[a1+@—(F1+F2)+bl(cl+cz+e)}
= o = E{uwl)} - %[a1+@—(F1+F2)+bl(c1+02)}.

(79), (81), and (83) imply that Gi’s equilibrium profit when ¢ is realized is:

7(e) = [w(e) - alale) + [p" —w(e)] A

"+ Q+2F,—F; —b" (2¢;,—¢j—¢)] — = ¢ F;.

(26) and (84) imply:

PO} = o[+ Q= (Rt R~ (26— )]
a4 GroFi-F ¥ (2a )]+ 5 () B ()

(81)

(82)

(83)

22



.[a1+§+2E—Fj—b1(2ci—cj)]+%<5)2- = (85)

1222
Lemma B2. Vg5 = (1) (=) [§(§)2+3(Xi)2—2(

=)2 Vg ,
59 S 6)},SOB—FZ_<OfOI‘aHE<

E {q;(¢) }* in the duopoly generator setting.

Proof. (2), (84), and (85) imply:
() — E{n%(e)}

L 1
= 9b[a+6—20i+cj—b(Fﬂer)][a+6—20i+cj+b(2FZ._Fj)]_ g*?Fz'
- (2)°
_ 9b[a_QCiJer_b<F1+F2)][@—20i+cj+b(2Fi—Fj)]_

270
€
= %[a—2cz~+cj—b(ﬂ—i—Fj)—i—a—Qci—i—chLb(QE-—Fj)]
1, 1 (8)*
S B M S
TopT T3 am

. 3¢ 1 2 —\2
= 27b[2(a 2¢i+¢;)+b(F 21«‘;)]+27b[3s 9bF;e—(2)"]
1
— m[Saz—l—SZia—(E)Q] (86)

where Z; = 2[a—2¢;+¢|+b[F,—2F;|-3bF, = X,
because X; = F[a'+ Q— (Fi+ Fj) = b (2¢;—¢;)] = 2[a—2¢+¢; —b(F+ Fy)].
Observe that:
[352+3Xi5—(§)2}2
= 9"+ 18X, % +3[3 (X)) —2(8)*] 2 -6 X, (8)’e + (2)". (87)
(28) and (87) imply:

E{[3e2+3X;e-(2)’]"}

= 9E{"} + 18X, E{*} +3[3(X))" —2(8)*] E{e*} + (8)"

’Lemma Bl implies that F; < E{q(e)} & F < i[al +Q+2F,—F; —b'(2¢i—¢;)]
tlaf+ Q- (F+Fj)—b'(2¢;—¢j)] >0.

=
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_ 0@ B 267 2(E) s
DE 5
14 4 2 27 (=2 2|4 2
- DO B 26 @ = @@ s e
GiBecause Voi = E{[n%(e) — E{7%(e)} ]2 }, (86) and (88) imply that the variance of
Vai = (6)7# 3(5)24‘3()@2]
aVGi(WGi) s 8XZ . 2Xi
SR it XGp =y . (89)

Proposition B1. Suppose the generators choose the levels of forward contracting in
the duopoly generator setting. Then in equilibrium, for i,5 € {1,2} (j # i), F; =
, ii:ﬁﬁ;g; }and F; > 0if ¢; = ¢ and Ag; = Age. Furthermore, if Ag; = Ags = 0,
then F; = max{% [al—k@—bl(?)ci —2cj)} L0} If Agy = Age = Ag > 0, then Fy + F

is: (i) increasing in Ag, €, al, b, and Q; and (ii) decreasing in ¢; and cs.
J 2 ) ) 2

max {0

Proof. (2), (8), (85), and (89) imply that Gi’s expected utility is:

. 1 z)?
EUGZ = —[CL—QCZ+C]—b(Fl+F})][G—201+CJ+b(2E—FJ)]"’(6)
9b 27b
Aci (B [14 ,_ s 2 _\2
e | 2 X)) -2
OEUC 1
= —{2b[a—2ci+6j—b(ﬂ+ﬂ)]—b{a—2Ci+Cj+b(ZE—F})]}
OF; 9b
_ Aci(2)° 6X; 0X,
729 b2 OF;
1 2 2 Aci () 6 X,
1 4 1 24 Ag; (2)°

24



24 Agi ()° +81b 4 24 Ag (8)° 1 24Ag(2)
- — ¢+ ]—bF | -+ TG | G
7290 la=2e+q] o " 7200 19" 0
24 Ag (8)° + 810 24 Agi (2)° + 3240 24 A ()° + 81D
- 7290 la=2ci+¢]=b 7290 b 7290 Fi
1
= 51 [24 Ai (B)° +81b] [a—2¢;+¢;] —b[24 Ag; (B)* + 324D F
OEUC
—~b[24 A6 ()’ +81b] Fj} = 5 <0 (90)

(2), (10), (11), and (90) imply that the level of F; that maximizes Gi’s expected utility
is given by:

b[24 Agi (8)* +324b] F
= [24 A6 ()’ +81b] [a—2ci+¢;]| —b[24 Ag; (B)* +81b] F;

[24 Agi (B)? +81b] [a—2¢; +¢;] —b[24 Ag; (B)* + 81b] Fy
b[24 Ag: ()° + 3240

(2407 Agi (B)” +81] [l + Q@ — b (2¢; —¢;) ] — [24b/ Agi ()* +81] F}
240 A (2)7 + 324

= 6 — B, F;. (91)
(91) reflects the facts that, from (2):
b[24 Agi (5)° +324b] = # [24b' Agi (2)° +324] and

[24 Ai (8)° +81b] [a—2¢;+¢;] —b[24 Agi ()° + 81b] F
1 _ 1
= 7 (240" A () +81] [a' + Q=" (2¢,—¢;) ] — o (240" Ag; (2)* +81] Fy.
By symmetry with (91):
[24 Ag; (B)” +81b] [a—2¢;+ ;] —b[24 Ag; (E)* +81b] F,
T b[24 Agj (2)° +324b]

(91) and (92) imply:
0i — iéj
Fy = 51'_51'[53'_5]'}71‘] = Fi[l_ﬁiﬁj] =0-p0 = F= %
il7j
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51—@5]} _ 0 [1-BiB] =B [0 =B8] _ 0= B, 6 (93)

N Fj:‘”_ﬁj[l—mﬁj 1= 5.5, = 1-55,

Using (11), define f = %m. Then (93) implies that when Ag; = Age = Ag:

1 1-p 71+
1_62[71_572"‘72_571] = 1_—B2[71+72] = iTEQ (94)
(10) implies that in this case:
[24AG(€)2—{—81b][a—201+02+a—202+cl]
b[24 A (8)* + 3240

Fi+F =

51+ 6y =

_ [24AG(§)2+81_62}[2@—01—02}; ond (95)
b[24 Ac (2)” + 3240]

115 = 24 Ag (2)° +324b+24 A (8)" +81b 48 A (2)? +405b (96)
24 A (2)° + 324b 24 Ag (2)* 4 324b°
(2) and (94) — (96) imply:
R 24 Ag (£)? +324b | [24 Ac (2) +810] [2a —¢1 — ¢]
e 48 Ag (2) +405b b[24 Ag (2)° +3240]
_ [24AG(5)2+816][2a—c1—c2]_ o7

b[48 Ag (2)* + 4050

It is apparent from (97) that F} + F; is increasing in a (and thus in o/ and Q) and

decreasing in ¢; and cy. Furthermore, because 2a > ¢; + ¢, by assumption, (97) implies:

W = 24(2)*[48 Ag (8)* +405b] —48(2)* [24 A (3)* + 81D

= 48 A (5)? +405b—2[24 Ag (8)° +81b] = 243b > 0;

0 (Fy + Fy)

o = 48 A () [48Ag (B)” +4050] 96 A (F) [24 Ag (8)? + 81b]

S

= 48 A (5)? +405b—2[24 Ag (8)° +81b] = 243b > 0;

0 (F1 + Fy)

= = 81b[48Ag (2)° +405b]—[48 Ag (2)* +810b] [24 Ag (B)* + 81b]

— 48(81) A (2)* b+ 81 (405) b? — 48 (24) (A)? (2)" — 48 (81) A ()%
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— 24(810) Ag (2)* b — 81 (810) b?

— [48(81) — 48 (81) — 24 (810)] A (2)* b — 81810 — 405] b> — 24 (48) (Ag)* (8)*

0(F + F:
— —19,440 Ag (2)%b—32,8050% — 1,152 (Ag)* ()" < 0 = % 0.
When Agi = Age = 0, (10) and (11) imply:
81 1 1 15
— = — = - = — ]_— e —
81 [a—2¢ + ¢ 1 1
- — Cla—2c 4 e o la—2c el
di 3945 4b[a ¢ +cj], and 9 4b[a cj + ¢ (98)
(2), (93), and (98) imply:
16 | 1 1 4 |3 9 6
E:E{E} {a—ch—l-C]—Z(a—ch—l-cz)} :m{za—zcz‘i‘zcj
= L[3@—90-—#60»] = i[a—3c-—|—20~] = l[aI—l—@—bI(BC-—20»)]
150 Y 50 Y 5 S

Finally, because a > max {c;, co} by assumption, (97) implies that F; + F; > 0 (and so
F; > 0 and F, > 0) when the generators are symmetric. W

Proposition B2. In the duopoly generator setting: (i) Vp is a strictly convex function of

Fifor i€ {1,2}; (ii) 92 S 0 & Fi+F S Fpg EQ_[%] [0 (370 — 1 — ) —d']

< @ when v > 0; (iii) Fpq is increasing in @Q; and, if v > 0, (iv) Fp is increasing in a’,

c1, and ¢y, and deceasing in 7, b’, and 7.

Proof. Let F' = F} 4+ F5. Then (3) implies that B’s profit in the duopoly generator setting
is:

7Be) = [yro+ (1—7) E{w(e)}] [Q+b e] —w(e) [Q+b e—F] —p"F. (99
(99) implies that because p* = E {w(e) }:
E{r"@e)} = [vro+(1-7)E{w(©)}]Q - E{w) [Q+b'e] } + F[E{w(e)} -p"]
= [yro+(1—7) B{w(e) }] @ — E{w(e) } @ -V E{cw(e)}. (100)
(99) and (100) imply:

) —E{7r%(@E)} = [yro+(1—7)E{w(e) }]b'e —w(e) [Q+b e—F] ’



— p"F+E{w()}Q+b E{cw(e)}

= [yro+(1—7) E{w(e) }]b e —[w(e) - E{w(e)}] Q

— b ew(e)—E{cw()}]+[w(e) - E{w(E)}]F. (101)
Lemma B1 implies:
E{w(e)} = %[a%—cl—l—cQ—b(Fl#—Fg)] = %ﬁ;fs)} = —g; (102)
1 1
E{(‘fUJ({E)} = E{g[a+cl+02—b(F1+F2)]6+§52}
— _E{2) = % aE{ng:;(s)} ~ 0. (103)

Because bb! =1, (83) and (101) — (103) imply that in the duopoly generator setting:

O(mB(e)—E{nB(e)}) (e - E{w(e)} 41— ]b e OE{w(e)}

OF; OF;
[ 0] gy [0t _0ELewta)
= we) - Bu@)+ 1= |- 2| - [ (-5) - (-3) | (@~ F)
- ¥ | (-e3) ~0] = v~ BluE@) - Jl-qle+ g
= Yehu) - Blue)} = Tetze = {127]5. (104)
(103) and Lemma B1 imply:
cw(e) — E{ew()) = %[a+€+cl+02—bF {g a+8+cl+02—bF]}
= Slatetata-bF|-sB{)
- g[a+a+cl+c2—bF] % (105)

(102), (103), and (105) imply that (101) can be written as:
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W

7B(e) — B{xP(c)} = [m+<1—v> <a+c1+c2—bF>]bfe

- —sQ—bI[ (a+e+ci+c—bF)— g)z]JrlsF. (106)

3

3
(4) implies that B’s expected utility is:
E{Up(7"”)} = E{a"} - Ap Vs where Ag >0 (107)
and where Vg, the variance of B’s profit, is:
Ve = E{[xP(c) - E{x"()}]"}. (108)
(101), (102), (104), (106), and (108) imply:

Wo o [ - mare) LTOZHTED 4y

= /:2{ [7r0+(1—fy)%(a+cl~l—02—bF)]bIE

@—bl{ (a+e+c1+ca—bF)— (£

- 59 }+;5F}[1;7}gdﬂ(s)

=2 [T} [7r0+(1—7) (a+cl+02—bF)}bI/:52dH(e)

1
3

W

0[] [ e 2o 152] [ camo

T} b’ /: {Z—Q(a+s+cl+c2—bF)— (2)28] dH (e)

[1+7] [Wo+(1—7)%

; (a—i—cl%—CQ—bF)}blE{aQ}—%@{1+7]E{52}

+§F{1J§7} Bfc }_g {HTV} b la+ci+c—bF] E{e?}

_ g [“?:7] b E{e }+2[12+77] b ()2 E{e)

NoX N \V)

[1+7]E{52}{b1[37r0+(1—7)(a+01+02—bF)]
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+ F— @—bl[&—i‘cl—i‘CQ—bF]}

[1+~]E{}V [3yro—y(a+ca+e—bF)+b(F—-Q)]. (109)

Nol il V)

Because bb' = 1, (109) implies:
0?Vp
0(F)°

= Z[9]B{ [ +1] > 0, (110)

(2), (109), and (110) imply that the variance-minimizing forward quantity (F' = F| + F5)
is determined by:

3yro—vlatci+c]—bQ +b[1+y]F =0

= F = ﬁ[@+b17(a+cl+02)—3vblro}
— %{@+617(01+02—3r0)+761(allj;@)]
- = [+ Q (- Bro—a - al)]
- Q+ {%] (ol ! (3ro—c1— )] = Fpg. (111)

(111) implies that F o < @ when v > 0 because Lemma B1 implies that 7o > E{w(e)}
for all F' > 0 if and only if:

1 — —
ro— ="+ Q+b (a+ce)] >0 & d+Q+b (a+e) < 3br

3b!
s a - [3rg—ci—c] < -Q = a —b[3rg—c1—c] < 0. (112)
It is apparent from (111) that 6FDG > 0 and that aFDG > 0, 8FDG > 0, 8FDG > 0, and
9Epg 3

oL 52¢ < 0ify>0. (111) also 1mphes that when v > 0. () e = —(Bro—c—¢) <0

(because ro > max{cy, c2}); and, from (112), (ii) 3%3/1\4 £ _ 2 (L) S

1
oy \1+v 147 <0. ®

[
Proposition B3. In the duopoly generator setting, FU” does not vary with Fj if v =
Apg = 0. If v > 0, then: (i) EU® is strictly increasing in F' = F| + F, if Az = 0; whereas
[1+v] [2bIjBQ(E)2] > Fpg; and (iii)

Fppe is increasing in Q, af, ¢1, and ¢y, and decreasing in rq, b’, Ag, and z.

if Ap > 0, (ii) EU? is maximized at Fppg = Fpg +

Proof. (2), (9), (107), and (109) imply that if Az > 0, then E{Upg(w?)} is maximized
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where:

OE{Us(n®)} _ 0B{x"(e)} , Vs _
OF, - R TR
& 7%@—14 §[1+7]E{5 P [3yro—v(ata+e-bF)+b(F-Q)] =0
& 7%@—1‘1 §[1+7]E{5 36 ymo - by (atate)- Q]

= A5 S [149]B{2}[149]F

& F2Ap[1+~) E{?}

= 3byQ — 2Ag[1+~]E{*}3b yro— by (a+ecite)— Q

3by O 3b17r0—bly(cl—ch)—bW[“IJQ}—@
245 [1+~) E{c?} L+~
907Q  QUArl+vy[d b Br—a-a)]
2Ap (147 (2)° L+~

= v I_ gl 7 9Q }
= Q+—|a —b (3rg—c1—c2) |+ = F - (113
i | (3r0 =1 = )] 1+~ {21;1143(5)2 sog- (113)
It is apparent from (113) that m > 0, and that 2822 > 0, ag% > 0, 8%% > 0,
afgioDG <0, BFBDG < 0, and 8FBDG < O if v > 0. (113) also implies that afgg?c < 0 because

ro > max {cl, 02}, by assumptlon. [ |

Proposition B4. In the duopoly buyer setting for 7,5 € {1,2} (j # i): (i) 88\;52- ; 0

& F, S Fpp, where Fipp = Q; — [ oy }F — D [ (27 —c) —al — Q,]. If

1t+ai v, I4a;v;
a;vy; > 0, then F,,p is: (i) strictly less than Q;; (ii) decreasing in F}, rq;, b?, and =,;; and

(iii) increasing in @, a’, and c.

Proof.  (30) implies that Bi’s profit in the duopoly buyer setting, given F; and p’ =

E{w(e)}, is:
7%e) = [yiroi+ (1=;) B{w(e) }] [Q; + o b’ €]
—w(e) [Q;+aib’e—F ] —p" F. (114)
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= E{r%()} = [viro+(1—=7)E{wE)}] Q- E{we) [Q+aib'c] }
+ F [E{w(e)} —p"]
= [viroi+(1—=7) B{w(e) }] Q; — E{w(e) } Q; — aib! E{ew(e)}. (115)
(114) and (115) imply:
R(E) — E{x(0)} = (3o + (1= 7,) E{w(©) bl e —w(e) [T+ aib = — F}]
— p" B+ E{w(e) } Q; + aib E{cw(e) }
= [yiroi + (1 =) B{w(e) ;b e = [w(e) — E{w(e) }] Q;
— ;b [ew(e) = E{cw(e) }] + [w(e) — E{w(e) }] Fi. (116)

Because bb! = 1, (26), (27), (29), and (116) imply that in the present setting:

8w () —8i{w3i<e>}) w0 B () + 17tz 2200
B [agéf)_aE%%g)}] G B
_amﬁsﬁﬁﬁ_aEgﬁ@H}
- w) - B+ -nlave -3 |- [ (-5) - (-3) | (@ - 7]
—abIK—gE)—o] - w(a)—E{w(a)}——[1—7]045—1—04@-%8
= Yt w(e) - B{w©) = Loctie = {”;‘i’“] (117)

(26) and (27) imply that (116) can be written as:

7Pi(e) — BE{rPi(e)} = [virgi—l—(l—%)%(a—i-c—bF)} ;b e

— =\2 1
eQi—aibI{%(a%—e—i—c—bF)—(EG) }%—ésFi (118)

where F' = F| + F5.
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(26), (117), and (118) imply:

o2 = [ 2me-BEey T e (119)

OF;

1+ o7 £)?
_ [ +;’”%} b E{e3} + [1+a;v,] ozib](gT)E{a}

= [1+a;7;] {'yiroﬂ—(l—fyi)%((zjtc—bF)} a; b B{e*}

_Gi |:1+2ai7i:| E{82}+E|:1+;i7i:| E{82}

]_ LAY
—{ +;Z%}aibl[a+c—bF]E{sQ}

- aibf{ ;” } E{’} (2y;r0 + [1 =) [ate—bF]+ — [F - Q]
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—la+c—bF]}

1 Y b —
GQVB,- I 1+Oéi’7- 2 1
— . Rl g N ) 121

(12), (120), and (121) imply that the variance-minimizing forward quantity is determined
by:

Q’YiTOi—’Yi[a—l-c—bF]—i—i[Fi_@i] =0

o7}

& 27 rei — Y la+e—bF]+bF,—-b0Q;, =0

a' +Q; + Q, =
2057 T0i — %4'0 +a;b[Fi+ Fl+b0F—b@Q; =0

& ZaiwibITOi—ai%-[a1+@i+@j+b[c}—|—[1+0¢i'yi]Fi—|—ai7iFj -Q, =0

& [l4+wv]F = [14+07] Qi+ aiv; @ +aival + a7, b ¢

— 207, 0" ro; — iy F

= Q5 7Y O 7Yy oy I I _
S F =0, | —— | B ——— . —b (2719 — = F. ) 122
< {1—1-047;%'} ]+1+Oéi%[QJ+a (2roi = <)) B (122)

It is apparent from (122) that F;pp is increasing in @Q;. It is also apparent that if
@;7; > 0, then F,pp is increasing in @), al, and ¢, and decreasing in F; and ro;. (122) also
implies that when a; 7, > O:

OFpp N a5 75

5oL _1—1—0@'% [2r9; —c] < 0 because ro; > c.

In addition, (122) implies that F;pp is decreasing in v; when «;v; > 0 because: (i)
Fy > 0; (i) ro; > E{w(e)} for all F1 > 0 and F> > 0, so Lemma 1 implies that ), + al —

b'[27r0; —¢] < 0; and (i) £ (%) = 14+2z—2z=1>0. W

Proposition B5. In the duopoly buyer setting, EUP" does not vary with F; if a;v, =
Ap; = 0. If a;7y, > 0, then: (i) EUP is strictly increasing in F; if Ap; = 0; whereas if

Ap; > 0, (ii) EUP" is maximized at Fpipp = F,pg + ABib,[i’zg?;_]g(g)g ; and (iii) Fgipp is

increasing in @Q;, @, al, and ¢, and decreasing in Fj, ro;, b’, Ap;, and .
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Proof. (29) and (115) imply:

OE " ()} — 0E{w(e)} ~ 9E{w(e)} 1 OE{ew(e) }
—oF [1—7i]Qia—E—Qia—E—%b R
= _’Yi@z‘ {_g} = %g@z > 0. (123)

(12), (26), and (120) — (123) imply that if Ap; > 0, then E{Up;(7P%)} is maximized

where:

8E{UBz(7TBl)} . aE{TFBi}_A 8VBZ -0
oF, )Z PR
A 7i§@i_ABiQibI[%:|E{€2}

1

a;

b _
272-r0i—72-(a+c—bF)+—(Fi— Ql>:| =0

N

b — i
< %’5@:“ ;ai[1+ai7i]E{52}
1 _
b — Ap;
<~ ’Yiﬁ@i_ QB[l‘l’O‘i%]E{52}
'[20%7@'517“(%—Oéi%bl(a‘i‘c_bF)"‘Fi_Qi} =0
b - Ap;
<~ %5Qi_ QB[1+O4i’Yi]E{52}
-[2ai7iblr0i—ai7ibl(a+0)—@i-irai”YiFj"‘(l"‘Oéi%)Fi} =0
Api
& F ;[1+ai%]2 E{e*}
b~  Ap; 2 I Yol
= éQz"" 9 [1+a;v;] E{e }[ai%b (a+c—2ry)+ Qz‘_O‘i%Fj]

= Fz ABl[l—FOé,L’)/l]Q E{€2}

= Api[1+ ;v E{e*} [Oéz‘%bl(a—i‘C—?TOi)—i‘ Qi—aiv Fj]+7bQ;
1

7 b Q;
+ 2
Api [14+a;v;]" E{e?}
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1 I al—i_@z—'_@
= m[alﬁylb (b—1]+0_2T0i +Q alﬁ)/l
3%(7@@‘
AB¢[1+0%'%]2<§)2
1 _ —
= Tra [ (@ 4+ Q4@+ [e=2m0i]) + Qi - 0iv ]
37ib@i
Api[1+ ;77 ()
_ @+ami[@j+a1—bl(27"0i—c)—Fj] 3%61'
' 1+ a;7; ABibI[1+04i%']2(g)2
3v. Q. ~
= Fipp 7 @ = Fpipp. (124)

Api b [1 4+ oy, ]2 (5)2

It is apparent from (122) and (124) that Fipp is: (i) increasing in Q;; and, if a;y; > 0
(ii) increasing in Q al, and ¢, and decreasing in Fj, ro;, b', Ap;, and £. W

C. Additional Formal Conclusions.

Lemma C1. Suppose ¢i = ¢o = ¢ and F; = F5, = %, where F; (F) is the number of
forward contracts that Gi (G) signs in the duopoly generator (dual monopoly) setting. Also
suppose F < a +Q — blc. Then the variance of a generator’s profit declines more rapidly

as its forward quantity increases in the dual monopoly setting than in the duopoly generator

setting.

Proof. (2) and (23) imply that in the dual monopoly setting:

oVa _ 1 0. ¢ B 1
F = g 22X o = - (B) [a-c—bF]. (125)

(2) and (89) imply that in the duopoly generator setting:

WVai _ L2 0xX; 8 .9
oF 729b2(€> 6.X; oF, —243b(€) l[a—c—b(F1+Fy)]. (126)

(125) and (126) imply that when Fy + F» = F and F < a/ +Q — blc = 2=

1 8
(5 la—c—bF
o 6b(€) la—c—bF] > 5130

oV
oF

Ve

OF () [a—c—bF]
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1 8 65
=5 5 5o m
6 23 7 az

Proposition C1. In the dual duopoly setting, % § 0 & 1+ F § F.pp, where

Eipp E@i_[ e ]FJ+ o [@j+a1_bl(37“0i—01—02)]'

140y 7, 1+,

Proof. Lemma B1 implies that in equilibrium in the dual duopoly setting:

1
w(e) = g[a+€+c1+02—b(F.1+F.2)],
1

q(e) = ﬁ[a+5—20i—|—cj+b(2F.i—F.j)] and

o= Bluw(e)} = %[a+c1+02—b(F1+F.2)]. (127)
(26) and (127) imply:
E{w(e)} = é[a+cl+c2—b(F.1+F.2)] = %}gid} - g;
E{cw(e)} = g = %ﬁ — 0. (128)
B#s profit, given F, and ¢, in the dual duopoly setting is:
w7 e) = [viroi+ (1 =) E{w(e) }] [ Q; + aib' €]
—w(e) [Q; + a;b’ e — F.] —p" F,. (129)

= E{n"(e)} = [viroi+ (1 =) E{w(e)}] Qi — E{w(e) [Q; +a;b'e] }
+ F. [E{w(e) } —p" ]
= [viroi + (1 =) B{w(e) }] Q; — E{w(e)} Q; — aib! E{ew(e)}. (130)
(129) and (130) imply:
7TBi<€)—E{7TBi(€)} = [%rork(l—’yi)E{w(a)}]aibla—w(e)[@i—l—&ibls—ﬂ_}
~ PP F A+ E{w(e)} Qi+ aib E{cw(e)}
= (oo (1= ) BLw() Hlasbl e — [w(e) - E{w(2) }] T,

— ;b [ew(e) — E{ew(e)}] +[w(e) — E{w(e)}] F.. (13;%



Because bb! =1, (26), (127), (128) and (131) imply:

Q

(7%(e) - E{n"(e)}) _  OE{w(e)}
OF, = w(e)—E{wE)}+[1—v]ab e JF,

_ {8;5) B Méﬁ@}} G R

— Oéibl |:E —

- wle) - Bu@}+ [1-vlave| -3 |- [ (-3) - (-3) | (@~ 7]

et | (e D) S0 = wE) - Blwe)} - Loy ae s L
(-5) ] ; ;

. . 1 1+ ;7
— et w(e) = E{w(@)} = Vaete = |0, (132)
3 3 3 3
(127) and (128) imply that (131) can be written as:
Bi Bi 1 I I =
7o e) — E{r"'(e)} = %-rol-—k(l—%-)g(a+cl+02—bF) a; b 5—§5Qi

G+€+Cl+02—bp)—(€) }—l——eFi. (133)

£
— ;b
“ [ 9 3

3
where ' = F}. + F5..
(26), (132), and (133) imply:

Woi . [“alamie) - priey) WO BTN gy

OF, g
(134)

= /:2{ [’Yﬂ"ol'Jr(l—’Yz)

bt | oy ()
Oélb 3(a+€+61+02 bF) 9

W

1 —
(G+Cl+C2—bF):|CYibI€—§€Qi
g

(a+cl—|—02—bF)] ozibl/ e2dH(e)

g

W
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2~ [ 14 a7 € 9 2 1+ a; 7, /E 9
——-qQ, | —= dH -F | — dH
SQZ { 3 1 /E € <€)+3 { 3 ] i € (¢)

(8)°
9

A € 2
T} aibl/ |:%<0,+5+01+C2—bp)—

g] dH (¢)

2 1
— §[1+ai7i] {’yimi—i-(1—'yi)§(a+61—|—02—bF)]ozibIE{eSQ}
2 — | 1+a;7; 9
_Zo |22k g
2@ | 2| By
2 1 ) ; 2 ]- 7 7
+ - F,. Al E{*} - = i b la+ci+c—bF) E{c}
3 3 3 3
211 i
_§|: +304 711 ZbIE{ES}—i— [1—0—0@71]0611)]( ) E{ }
2 1 7 9
= §[1+Oéi%] vir0i+(1—7i)§(a+cl+02—bF) a; b E{e”}
2 — [1+ a5, 9 2 L+ a;; 2
g | TN g a0 N
20| preya Dn | B By
2 i
_§|: +05’YZ:|aibl[a+cl+c2_bF]E{82}
2 I 5 b —
= §a,~b [1+ ;7] E{e }{3’yi7‘0i—l—[l—vi][a+cl+02—bF]+g[Fi.— QJ

- [G+Cl+02—bF]}

2 b _
— §aibf[1+am.] B{e*} {3%r0i—%(a—l—cl+02—bF)—l——(Fi.— Q;) (135)

67}

_ 20 | 2 1
JEE gazb [1+a17i]E{€}b[%+aJ > 0. (136)

(12) and (135) imply that the value of F;. at which Vg, is minimized is determined by:

b —
3yroi—vilatatea—bFl+—[F-Q] =0

)

& 3a;vre — iy late e —bF|+bF, —bQ; = 0

a +Q, +Q;

= 3061'77;7“01'—067;’}/1- bI J+Cl+02
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& Bay b rg—oy [af + Qi+ Q + b (i + o) [+ [1+ iy Ftoaiy, F. —Q; = 0

& [l+tayll = [1+04i%']@i"‘@i%@j+a17ia1+ai71;bl[cl+c2]

— 3a;y; b o — iy, F.

QG 7Y ] F
— | I}

@ {14‘041’%

+ —V[Qj—l—al—bl(?)Tgi—Cl—Cg)] = EiDD' |

1+ a;y;

(137)

Lemma C2. Suppose Bl and B2 are symmetric. Then the level of forward contracting that

minimizes the variance of the buyer’s profit in the dual monopoly setting exceeds the sum of

the levels of forward contracting that minimize the variance of each buyer’s profit in the dual

duopoly setting.

Proof. (137) implies that when B1 and B2 are symmetric and F;. = F ;. in the dual duopoly

setting:
37
1+

EB'L'- - @i_ [

N =

247

+7

= EBi- = %@‘FE[L] [CLI—bI(STO—ZC)].

The conclusion follows from (38) and (138) because:

Fg > Fp. + Fp,.

= Y I I = B
T —b (279 — > e
& Q+1+7[a (279 c)] Q+1—|—7

20 [@j+a1—bl(3ro—20)]
@{1+ 1 ]+ T Tal b (379 —2¢)]

=
& ZEBi,[i} = Q 1+7}+2Fy [al—bl(3ro—20)]

[a" = b (3rg—2¢)]

(138)

s a —b[2rg—c] > a —b'[3rg—-2¢c] & b [3r9g—2c—2r9+c] > 0

& brg—c] >0. W
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Proposition C2. When the buyers choose the levels of forward contracting in the dual
duopoly setting, Bi’s equilibrium level of forward contracting is, for i, j € {1,2} (j #i):

I+ a;v; ~ ~
\Pi 1—|—OéZ i) — Q4 l\If
14 oy + a7 ( i) i

FBiDD =

Fpi.pp is increasing in @);, Apj, and ry;, and decreasing in Ap; and ;.

Proof. (128) and (130) imply:

OE {7 (e)} — OE{w(e)} — O0FE{w(e)}  OE{cw(e) }
oF; = =ml @ ==~ Qi = — b OF,
= - %’@i {_g} = %g@z > 0. (139)

(12), (26), and (135) — (139) imply that if Ap; > 0, then E{Ug;(7P%)} is maximized
where:

8E{UBZ(7TBl)} - aE{ﬂ'Bi}_ 8V3l B
OF;. - OF; BoR

S

_ 2
© g Qi—ABig%bl[lJrai%]E{gQ}

b —
. [37ir0i—7i(a+cl+02—bF)+a(E-.— Qz>:| =0

b~ 2
~ 715@ § Bzai[1+05i’7i]E{€2}
1 —
. {3’}/2-19[7"02‘—’}/ibl(a‘i‘Cl—FCQ—bF)‘i‘—(E.— Qz):| =0
Q;
b— 2 ,
And %gQi_gABi[l‘{’ai%]E{g }

[3aiv b e — oy b (a+e+e—bF)+F.—Q;] = 0

b — 2
= 'gQ ——ABz[1+04z%]E{5 }
'[3047;’}/Z~b17"0i—Oéi’yibl(a‘i‘Cl‘i‘CQ)_@i+ai’yiﬂ.+<1+ai’yi)Fi.] =0

2
~ F’Z§ABZ[]_+OZZ’}/Z]2 E{Sz}

COIO‘
[\

@ —ABi[1+ai7i]E{€2} [aivibl(a—i-cl—l—cQ—STo,;)—F @i—Oéi’YiFj.]

Ne}
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& F Ap[1+ay) B{*}

3
= ABi[l—l—ai’yi]E{aZ}[ai’yibl(a—i—cl—i—cg—?ﬁm)—l—Q a; v, Fj. }—i— v b Q,

1 —
37 b@i
2 Api[14a;7;)* E{e2}

1 I al‘i‘él"’@]
= m[ai%b <T+Cl+02—3T0i + Q;, — ;v F

97, b@z’
2Ag 1 +Oéi%']2 (5)2

1 _
= _1—1—041’71 [Oéi'%’(aI+Qi+Qj+bI[Cl+02—3T0i])—|—Q az’}/z }
9%‘[7@2‘
2 Api [1+ ;)" (2)°
_ Oéi’yl-[@j+a1_bl(3r0i—cl—cz)—Fj,] Q%bai

= @it 1 + 2 _\2
i 2Agi [1+ ;] ()

— F.p 97, Qi . (140)

QbIABi [1 + Oéi’)/i]Q (5)2

(74), (137), and (140) imply that the buyers’ equilibrium forward contracting positions
are determined by:

~ Ay ~ Ay ~ oY
F, :\pi_[ﬂ}pj & F :\Pi—ﬂ[\ﬂj—]—%ﬂ}
1+ a;7; 1+ a7, I+ a;v;

& Fl1- = (% A tmn) -
[ <1+04i%'> <1+0‘j7j>} I+ ;v ( %) T

T4y | |1 +a;v | —aiv; a9 1 =~ =
o R w1 tosn) Zoiasn [%a+%m—m%%}
[1+ iy ] [1+ ;] L+aiy;
& F i ULEN - Wi [1+aiy; ] —aiy,; ¥
1+Oéj’}/j
1+ a,v; ~ =
& Fo= 15 [‘I’z’(l‘i‘az‘%‘)_ai%‘@j] = Ipipp- (141)

L+ aiy; + a5
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(74) and (141) imply:

OFpipp  [1+aiv;] [1+a;7,] oV, B oV, <0
8ABz» 1+Oéi7i+04j ’)/j (9143Z N 81431 ’
OFBi.pp [1+a;7,;] [1"‘0@'%’} o, s o, <0
87“01' - 1 + (e ’}/Z + Oé]' ’}/j 87’Oi - 87’01' ’
8FB1'~DD _ _Oéi’}/i |:1+Oéj’}/j:| (9\/I}j s (9\/I}j S 0
0Ap; 1+ a;v; +a;v; 0Ag 0Ag;j ’
OFpi.pD _ _ai7i[1+aj’>’j] a‘T’j s _a@j S 0
87”0j 1 + [67207] + Oéj ’Yj ﬁroj 8r0j ’
OFBi.pp _ [1+ai%][1+%‘7j} a‘f’i_ai%[l‘f'aj%} a@j
GGZ 1+az’71+05]7] Oél 1+061%+04J7J 0@2

97 a7, }
| ”[ 2A3i51[1+04i%]2(5)2] V{Ham
a5 s
> 14aiv—oy | ——2— | = [14+a;v|[1+a:v ] —a;~ a;v,
- +aﬁ)/z a71|:1+aj7j:| [ +Oéﬁ)/l][ +a]73} a72&J73

= l+av,+a;7; > 0. B

Let Fopp denote the aggregate equilibrium level of forward contracting in the dual
duopoly setting when the generators set the levels of forward contracting.

Proposition C3. Suppose a! > blc, the buyers are symmetric, the generators are symmet-

ric, Agp1 = Aps = Ag1 = Ag2 = A, and v > 0. Then there exists an A > 0 such that

Fgpp ; Fepp & A ; A.

Proof. (97) and Proposition 7 imply that under the specified conditions:

Fepp

2[24 A4 (5 +81b][a—c] 2V [244¢(5)" +810] [£52 - c|

b[48 A (5) +405b] 48 Ag (8)* + 405D

2[24A¢(2)? +81b] [Q+al —blc]
48 Ag (2)* + 405/ b

2 (2407 Ag ()> +81] [Q+al — b c]

; (142)
48 b7 A (8)” 4 405
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(78) and (142) imply that under the specified conditions:

> — y[ad"=b"(3rg—2¢)] 97 Q
Fooo < Faop & Q% T+ AV 2491 ()
> 2[24VA(E)?+81] [Q+al —bc]
< A8HT A (2)* + 405
— yld =V (3rg—2¢)] > 1
e QF 14 < [(4861A(§)2+4O5)(Ab1[1+7][2+fy](3)2)]
x{2[24bIA(§)2+81][@+al—bIc]AbI[l—l—v][2+7](E)2
— 9 Q480 A(2)* +405] }
- §+7[a1—b1(3r0—2c)] > 1
14~ < | (4807A(2)? +405) (A [1+~][2+7](2)?)

><{2[1+7][2+7](E)2[24(b1)2A2(§)2+81b1A} [Q+d —b'c]
—~ 97 Q [48b' A(E)® + 405 ] } (143)
Observe that:
2 [1+7][2+7](B)? [24(0")2 A% (E)* + 810 A] [ Q +a' —b'c]
—97@[4861A(§)2+405]
= 2 [1+7][2+7](2)*[24 g)°+810' 4] Q
+2[1+~v][2+7] (&) [24(1#) A2(2)? + 810" A] [a' — b c]

— 97 Q [480" A(E)® +405]

= Q {48 [1+7][2+7] (01 A% (2)" +162 [1+~7][2+7]0 A (8)°
— 432y b A () —3,6457}

+2[14+~9][2+7](E) [24(b")* A° (5)2—1—816[%1] [a" = b c]

- Q{2 0P E)

+ b A(z)%]162 (1+7)(2+7)—4327]—3,6457}
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+2[1 4] [2+7](2)° [24(01)2 A% ()* + 810 A] [a! — b ¢]
= Q{asiial2 ] 02 )
+ b A(E)?[162(2+3y+97) — 432] —3,6457}
+2[1+7][2+7](E)2 [24(b1)? A% (2)* + 810" A] [a — b ]
= Q {48 [1+7][2+7] ()2 A% ()" + b' A(2)* [162 (2+17%) +54~] — 3,645 }
F2[1 4] [2+7](B)° [24(0")2 A% (2)* + 810 A] [af — bl c]. (144)
(143) and (144) imply:

I I
— ~vla —=b(3rg—2c
Fspp % Fepp & Q + [ 1:_70 )}

AV

1
(4867 A(2)* +405] [Ab (L +7)(2+7)(2)]

@ ey ee!
+ 0 A(E)?[162 (2 +4%) +547] — 3,6457)
+2[1+9][2+7] (3)? [24 (bf)2A2(5)2+81b1A] [l — b c] }

— ylad —=b"(3r0—2¢)]
54
@ I+~

AV

1
([48b1A(€)2+405]bI[1+7][2+7](€)2>
1 — IN2 412 /-\4
X Z{Q<48[1+7][2+7](b) A% (%)

+ 0T A(E)[162 (2 +4%) + 547] —3,6457)

+2[1+5][2+7](8) [24(51)2A2(§)2+81bfA] [a" —b"c] }

v[a"=b"(3rg—2¢)]

s Q4+
@ 147

AV

B(A) (145)
where

1

) = (4807 A(E)® +405] b [1+ 7] [2+ 7] (E)°

45



X {@(48[1+7][2+’y](bI)QA(E)“

+ b1 (2)2[162(2+7%) + 54 7] —3,645%)

+2[1+9][2+7] () [24(61)2A(E)2+81bl} [a! — b c] } (146)

(146) implies:

i = lim !
Jim, B(4) = lim, ( [4861A(§)2+405]b1[1+7][2+7](5)2)

X {@(48 [1+7][2+7](b1)2A(§)4

+ 01 () [162 (2 +4%) + 547] )

+2[1+9][2+7] () [24(61)2A(§)2+81b1] (o — b c] }

. Y =
,}1210 3,645A Q

1
(48bIA(§)2+405)b1(1+7)(2+7)(5)2]

1 A 1l =\2 2
) 40551[1+7][2+7](g)2{62b (8)°[162(2+9%) +547]

+162 [1+v][2+7](2)*V [a' — b c] }

1
A, <A[48bIA(§)2+405}bl[1+’ﬂ[2+7](5>2>]

T 405 b [1+~][247] () {@bl(g) [162(2+4%) +547]

+ 162 [L+7][2+~](8)* b [af —b'c] }
— 3,645 Q [00] = — 0. (147)
(146) also implies:

. _ 1 Vo 2 =\4
dm B4 = e T e e L@ B2l () @)

+48[1+7][247] (1) () [ — b ]}
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fy[al—b](?)ro—Zc)].

_ P _
= —b >
Q +a c Q + T+

(148)

The inequality in (148) holds because:
v[a"=b"(3rg—2¢)]
I+~

Q+a —ble >Q +
& [1+7y][a"=b'c] > v[a =" (3rg—2¢)]
& a —be+3yb[rg—c] > 0.
This inequality holds because a’ > b'c and ry > ¢, by assumption.
(146) further implies:
BI(A) = [48b"A(2)* +405] 0" [1+7][2+7](8)°
X {48@[1+7][2+7](bf)2(5)4+3,645@%+48[1+7][2+7](5)4(bf)2[af—bfc]}

— 48 (M)’ [1+7][2+7](8)" {@(48[1+7][2+ﬂ (v')* A(e)*

+ 0" (2)7[162(2+7%) +54~] — 3,645

)

+2[1+9][2+7] () [24(61)2A(E)2+8161} [af—bfc]} )

=2

& [48b1 A(2)* +405] {48@[1+7][2+7](b1)2(§)4+3,645@%
+48 [1+7][2+7] () (') [af =0T c] }

- a0 @ { @ (8[1491[249] () 4()"

+ 0" (2)*[162 (2 +1%) +547y] — 3,645 %)

+2 [1+”y][2+’y](§)2[24(b1)2A(§)2+81b1] [a! — b c] } >0

& 2,304 AQ[1+7][2+7] (b)) (5)° + 174,960 b (£)* Q

]

+2,3044 [1+7][2+7](2)° (6)" [a' —b'¢]
+19,440 Q [1+7][2+7] (V') (2)" +1,476,225 Q@
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+ 19,440 [1+~][2+~](2)" ()7 [a! = b ¢]
~2,304AQ [1+7][24+7] ()’ (&)°
—48 (") (2)' Q [162(2++7) +547] + 174,9601)1(?)2@%
— 960" (2)*[1+~][2+7] [24 (bI)QA(§)2+8lbI} (o' —ble] > 0
& 2[174,960]b1(§)2@%7+2,304A[1+7][2—|—7](€)6(b1)3[al—bfc]
+ 1,476,225@%7+ 19,440 Q[1+~][2+~] (b)) (2)*
— 48 (b)) (2)" Q [162(2+1%) +547]
+19,440 [1+~][2+~](8)* (0")* [a = b ¢]
=966 (2)* [14+7][247] [24(0)* A(2)* + 814 | [of b c] > 0
& 2[174,960]61(5)2@%+1,476,225@%
+ (01)(2) Q [19,440 (1 4+7) (24 7) — 48 (162 [2+~2] +547) ]
+[1+7][2+7] [af b c] [2,304 A (2)° (1) + 19,440 (2)* (b')?
— 966" (2)* (24 (V')?A(2)* +81b')] > 0
= 2[174,960]61(5)2@%+1,476,225@%
+ () ()" Q [19,440 (24 3y +72) = 7,776 (2+ %) — 2,592 ]
+[147][247] [a —b'c] [2,304A (2)° (b)) + 19,440 (2)* (b')?
— 2,304 (b)) A(2)° = 7,776 (b)) (2)*] > 0
I 2[174,960][)1(5)2@%+1,476,225@%
+ (b1)* ()" Q [23,328 4 55,728 + 11,6644
+[1+9][247] [af = b ] [11,664 (2)" (bI)Q} > 0. (149)

The conclusion follow from (145), (147), (148), and (149). W
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Proposition C4. Suppose the two generators are symmetric and a generator will only oper-
ate if doing so ensures it earns nonnegative profit. Further suppose the buyers are symmetric
and each buyer signs the same number of forward contracts with each generator. Then the
largest total number of forward contracts that ensures each generator secures monnegative

profit for all € € [—,2] in the dual duopoly setting is:

F = %l\/9(a—c)2+30(a—0)E+5752—(a—c+73)

Proof. Let F' denote the number of forward contracts each generator signs. Then Lemma B1

implies that a generator’s profit in the dual duopoly setting under the specified conditions
is:

me(e) = [w(e) —clale) + [p" —w(e) | F

1 1 b
= g[a+€+20—bF—3c]% {a+5—c+§F}

1
tglat2e—bF—(atet+2c-bF)]F

1 b 1
= %[a—cjte—bF][a—c—l—E%—ﬁF]—§5F

1 2 b v, 1
= %{[a—c—l—a] +§F[a—c+6]—bF[a—c+€]— 5}7 — §€F
—i[—+]2—§F[—+]—ﬁF2—1F
= gpla—cte s Fla—cte 5 5 ¢

1 1 b 1
= %[G—C+€]2—1—8F[CL—C+€]—1—8F2—§€F
1 , 1 b,
= %[CL C+€] EF[G C+7€] EF . (150)

(150) implies:
Ta(e) >0 & 2[a—ct+e]?—bFla—c+Te]-0*F? > 0
o VPP 4bla—c+Te]F—2[a—c+e]” < 0. (151)
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(151) holds with equality when:

F = %{_b(a—wr%) + \/bQ(G_C+75)2+852<G_C+8)21
— %b{—(a—c%—?e)i—\/(a—c+7e)2—l—8(a—c+5)2] (152)

(152) implies that the only positive root of the equality in (151) is:

F, = %b{\/(a—c~l—7€)2+8(a—c+€)2—(a—c+75)}. (153)

(150) implies that 7(+) is a strictly concave function of F' because:

ona(-) 1 b omg() b
5F = 18[a c+T7¢] 9F = S = g < 0. (154)

(153) and (154) imply:

87'((;(')
oF

1 b
=~ la—c+Te]— - F,
For 18 9

= —i[a—c+7€]—i{\/[a—c+75]2+8[a—c+6]2 —(a—c+7¢)

18 18
1 2 2
= - l[a—c+ 7] +8[la—c+e]” < 0. (155)

(153) — (155) imply that for each e, the generator’s profit is negative for all F > F'.
(150) implies that m¢(-) is a strictly convex function of € because:

a’iTg<') . 2 7 8277'(;(') . 2
e = gb[a c+e] 18F = 522 = 00 >0. (156)

(153) and (156) imply:

87‘(’@(') 2 7
= —[a— - — F7T
e | .. —opleTeteElTgg
= la-cte]
= 9b a & 9

20



2 2[(1—c—|—e€]—;1 {\/[a—c+75]2+8[a—c+6]2 —(a—c+7¢)

2 gla—c+el+T[a—c+Te]-Ty [a—c+Tel+8[a—c+e]?

= 15[a—c]+49€—7\/[a—c+7€]2+8[a—c+5]2. (157)

(157) implies:

87@(-)
Oe

<0 & 15[a—c]+49e < 7\/[a—c+75]2+8[a—c+5]2
F=F+

& [15(a—c)+49¢) < 49[a—c+T7e]?+392[a—c+e]?
e 225[a—c) +1,470[a—c]e+2,401¢2
< 49[a—c]*+686[a—cle+2,401¢2
+392[a—c]?+784[a—cle+392¢2

& —392¢2-216[a—c]® < 0. (158)

(156) and (158) imply that to ensure 7g(-) > 0 for all ¢ € [—,Z], it must be the case

that I < F+‘ . (153) implies:
1 —\2 _\2 _
Fy Y [\/(a—c+75) +8(a—c+7E) —(a—c+7€)}
1 E— _
- = V9@ +30(a—)z+5722 — (a—c+72)|. (159)

(159) implies that the largest total number of forward contracts that ensures each of two
symmetric generators always secures nonnegative profit is:

2F,

_ %{\/Q(a—c)2+30(a—0)§+57§2—(a—c+7§)}. m
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D. Extending the Analysis in Section 3.5 of the Paper.

Suppose expected welfare (W) in the dual monopoly setting is a weighted sum of the
expected utility of the buyer (E{UP}), the expected utility of the generator (E{U®}), the
expected utility of retail customers (E{U*}), and the expected utility of industrial customers
(E{U"}). Formally, suppose:

W = &g B{U"} + & E{U"} + &5 E{U"} + £ E{U} . (160)

The foregoing analysis derives expressions for E{UP}, E{U%}, %?3}, and %ZG},

where F' denotes the level of forward contracting. To identify the value of F' that maximizes
R I

W, it remains to derive expressions for E{U%}, E{U'}, %, and %. The ensuing

analysis derives these expressions in the setting where ¢ has a uniform density on [—¢, € |,

SO:

(2)*. (161)

ol =

E{e} = 0, E{&} = Z(8)*, F{®} = 0, and E{c'} =

Wl

. . R . .
To derive expressions for E{U%®} and %, suppose each retail customer derives value

v from each unit of electricity. Then the payoff (welfare) of retail customers, given e, is:

PP = [v—r][Q+bce] = E{PT} =[v-r]Q. (162)
(162) implies:

PR—EB{P?} = [v—r]be = [PR—E{PR}]" = () [v—r?<®.  (163)
(163) implies that the variance of P is:
Ve = E{[PP=B{P"}]"} = ()’ [v-r] B{e)
(2 () [o—r]. (164)

(162) and (164) imply that if retail consumers have mean-variance preferences, their
expected utility can be written as:

E{U®} = E{PPY —AxrViz = [v—7r]Q — %AR(§)2 (bI)Z[v—T]z. (165)

(165) implies that if r = yro+[1 —v] E{w}, then:

OE{U"} 2 2 /2 — 1 or
—r - {gAR(g) (o) (U—T)—Q]a—F
— [1- ]Mg;“’} [%AR(E)Q () (v—1)~ @}.

oE{UT}

57— recall that the demand curve of industrial
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customers is:

Q' (w) = o —bw. (166)

(166) implies that the payoff (surplus) of industrial customers given wholesale price w is:
; 1, al 1., . al B [al—blw}2
P = 5@ (w){b—l—w] = 5[@ —b'w] [ﬁ—w} = oy
- %H[(af)2—2alblw+(b[)2w2}. (167)
(167) implies:
E{P"} = QLbf [(af)2 — 24! ! E{w) + (v')? E{w2}] . (168)
(167) and (168) imply:
Pl B{P'} — % {20!t [ Bfw) —w] + (') [w? ~ E{w?}]}
_ %[wQ—E{wQ}]+aI[E{w}—w}. (169)
(169) implies:
[PT— E{P"}]* = (b4) [w? — E{w?}]* +d' b [ E{w} — w] [w? — E{w?}]
+ ()’ [ E{w} — w]?
b 2
= % [w4 —2w? E{w*} + ( E{w’}) }
+ d'v' [w® B{w} — E{w} E{w®} — v® + w E{w’} ]
+ (") [(B{w})? = 2w E{w} + w?] . (170)

(170) implies that the variance of S7 is:

vi = B{[P'-B{P}]"}

U) T pputy — 2 2(u?) B} + (B}’
4

+ a' o' [ E{w?} E{w} — E{w} E{w’} — E{w’} + E{w} E{w’}]

+ (o) [(B{w})* - 2 B{w} E{w} + B{w?}]
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- % Bl = (B@w?}) | + a0 [B{w) B(w?} ~ B(u?}]

+ ()" [B{w?} = (B{w})*]. (171)

(168) and (171) imply that if industrial consumers have mean-variance preferences, their
expected utility can be written as:

E{U'} = B{P'} - AV}

= o [(@) = 20"V Blw) + (1) B} ]
- 20D [ty - (B))’] - 4r¥ [ Bud () - )
— Ar(a")’ [ B{w?} - (B{w})*]. (172)

(172) implies:

OB{UT} _ g OB{w} | VT OB{w’}
OF oF 2 0F
A (4bf)2 {aE;;U‘l} B %;ﬂ}]
— Agalt! [E{w} W) | pury 2w 0P }
— A (o)’ [aEa{;’Q} — 2 B{w} ag_gu}] . (173)

It remains to derive expressions for the terms in (172) and (173). To do so, define
Y = a+ c—bF. Then in the dual monopoly setting:

w - %[a—ira—l—c—bF] _ %[Y+g] = B{w} = %Y. (174)
(161) and (174) imply:
w? = i[Y+€]2 = }l[Y2+2€Y+52]
= B} = [V 4B = o [3Y 4 (2)]. (175)
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(161), (174), and (175) imply:

1
w? = g[Y2+25Y+62} [Y + €]

[YP42eY?+2Y +eY?+2°Y +£°|

Ol 0| =

[Y3+36Y2+352Y+63}

= FE{u’} = 2 [V’ +3Y E{’} + E{*}] =

00|
00| =

(161), (174), and (176) imply:

1
wt = T [Y?4+3eY?+32Y +£°| [V +¢]

1
= 1—6[Y4+35Y3+352Y2+53Y

+eY?+32Y24+3Y +¢*]

1
= T [Y4+45Y3+652Y2+453Y+€4}

= Bl = = |[virav?r (et L)

16

(161) and (174) — (177) imply:
OE{w} ~ 19Y b,
OF  20F 2’
OE{w?} 1
OF 2 OF 2
OE{w?} 1
OF 8

OE{w*}
oF

[Y2+(2)%].

(176)

(177)

(178)

We now employ the foregoing analysis to calculate: (i) Fgpas, the level of F' that maxi-
mizes E{U%}; (ii) Fppas, the level of F' that maximizes E{UP}; and (iii) Fypar, the level
of F' that maximizes W, all in the dual monopoly setting. We first calculate these values for
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the baseline parameter values described in the text. These parameter values are reproduced
in Table T1.

al Q bl n c v To Ag Ar | 7|
5,326.52 | 3,348.48 | 5 | 837.12 | 25 | 10,000 | 1,000 | 0.0000005 | 0.00001 [ 1 |1

Table T1. Baseline Parameter Values

The corresponding outcomes in the dual monopoly setting reported in Table 2 in the text
are reproduced in Table T2.

F | E{w} | E{q} | EXUCY [ E{UB} [ E{URY [ E{UT} [ W

F=0 0 | 880 |4,275| 1,857 266 | 1,013 71 | 3,207
Fapw | 2,723 | 608 | 5,636 | 1,857 | 1,032 | 1,013 | 407 | 4,885
Fppw | 2,866 | 593 | 5,708 | 1,857 | 1,034 | 1,013 | 432 | 4,911
Fwoar | 3,407 | 539 | 5,979 | 1,857 | 1,006 | 1,013 536 | 4,961

Table T2. Equilibrium Outcomes for the Baseline Parameters

Tables T3 — T13 record the corresponding equilibrium outcomes that arise in the dual
monopoly setting when each of the first nine parameters in Table T1 is reduced by 50%
below its baseline level, holding all other parameters at their baseline levels.?

F | B{w} | BE{q} | B{U®} | E{UP} | E{U®} | E{UTY | W

F=0 0 880 4,275 | 2,812 266 20,676 71 23,826
Fepyr | 1,619 | 718 5,085 | 2,974 888 20,676 237 24,775
Fgpy | 2,866 | 593 5,708 | 2,878 1,034 | 20,676 432 25,020
Fwpa | 2,965 | 583 5,758 | 2,862 1,033 | 20,676 450 25,022

Table T3. Equilibrium Outcomes when A; = 0.000005

F | B{w} | BE{q} | B{U®} | E{UP} | E{U®} | E{UTY | W

F=0 0 614 2,943 934 1,260 | 20,676 18 22, 888
Fepyr | 1,874 | 426 5,085 | 1,192 1,469 | 20,676 27 23, 364
Fgpy | 1,534 | 460 5,708 | 1,183 1,480 | 20,676 15 23, 354
Fwpa | 1,797 | 434 5,758 | 1,191 1,473 | 20,676 24 23, 364

Table T4. Equilibrium Outcomes when A; = 0.000005

3Corresponding variation in v and §; is considered in Part D of the Appendix in the paper. Each entry in
Tables T3 — T13 is rounded to the nearest whole number.
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F | B{w} | B{q} | E{U®} | E{U"} | E{U"} | E{U'} | W
F=0 0 | 80 |4,275 | 2,812 266 | 20,676 71 23,826
Fopy | 1,619 | 718 | 5,085 | 2,974 888 | 20,676 237 24,775
Fgpy | 2,866 | 593 | 5,708 | 2,878 | 1,034 | 20,676 432 25,020
Fwpa | 2,965 | 583 | 5,758 | 2,862 1,033 | 20,676 450 25,022
Table T5. Equilibrium Outcomes when Ag = 0.000005
F | E{w} | E{q} | E{UY} | E{UP} | E{U"} | E{U'} w
F=0 0 | 880 |4,275 | 2,812 266 | 20,676 71 23, 826
Fepy | 1,619 | 718 | 5,085 | 2,974 888 | 20,676 237 24,775
Fgpy | 2,866 | 593 | 5,708 | 2,878 | 1,034 | 20,676 432 25,020
Fwpa | 2,965 | 583 | 5,758 | 2,862 1,033 | 20,676 450 25,022
Table T6. Equilibrium Outcomes when Ax = 0.00000025
F | B{w} | B{q} | E{U®} | E{U"} | E{U"} | E{U"} | W
F=0 0 712 | 3,438 | 1,270 420 5,608 244 7,542
Fopy | 2,189 | 494 | 4,533 | 1,622 93 5,608 632 7,954
Fgpum 296 | 683 | 3,586 | 1,359 428 5,608 286 7,680
Fwpa | 1,733 | 539 | 4,304 | 1,606 235 5,608 536 7,985
Table T7. Equilibrium Outcomes when Q = 1,674.24
F | E{w} | B{q} | E{UY} | E{UP} | E{U"} | E{U'} w
F= 0 614 | 2,943 934 | 1,260 | 20,676 18 22,888
Fepy | 1,874 | 426 | 3.881 | 1,912 | 1,469 | 20,676 27 23,364
Fgpy | 1,534 | 460 | 3,711 | 1,183 | 1,480 | 20,676 16 23,354
Fwpar | 1,797 | 434 | 3,842 | 1,191 | 1,473 | 20,676 24 23, 365
Table T8. Equilibrium Outcomes when o’ = 2,663.26
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F | B{w} | E{q} | E{U®} | E{U"} | E{U"} | E{U"} | W
F=0 0 880 | 4,275 | 3,231 369 | 27,771 82 | 31,453
Fepm 894 | 791 | 4,722 | 3,276 694 | 27,771 179 | 31,920
Fppy | 8,242 56 | 8,396 261 1,955 | 27,771 | 2,400 | 32,388
Fwpa | 5,140 | 366 | 6,845 | 2,269 1,731 | 27,771 | 1,153 | 32,924
Table T9. Equilibrium Outcomes when 77 = 418.56
F | E{w} | E{q} | E{UY} | E{UP} | E{U"} | E{U'} w
F = 0 | 1,748 | 4,306 | 5,690 | —3,689 | 27,771 165 | 29,938
Fapar | 1,631 | 1,421 | 5,122 | 6,019 | — 1,765 | 27,771 558 | 32,583
Fgpy | 7,127 322 | 7,870 | 2,293 1,057 | 27,771 | 3,613 | 34,734
Fwpa | 5,513 645 | 7,063 | 4,160 814 | 27,771 | 2,439 | 35,184
Table T10. Equilibrium Outcomes when b/ = 2.5
F | E{w} | E{q} | E{UY} | E{UP} | E{U"} | B{U'} w
F=0 0 880 | 4,275 | 1,958 266 | 11,525 71 13,821
Fapy | 2,723 | 608 | 5,636 | 2,502 1,032 | 11,525 407 15,466
Fgpy | 2,866 | 593 | 5,708 | 2,500 1,034 | 11,525 432 15,492
Fwpar | 3,407 | 539 | 5,979 | 2,467 | 1,006 | 11,525 536 15,535
Table T11. Equilibrium Outcomes when v = 5,000
F | B{w} | E{q} | E{U®} | E{UP} | B{U"} | E{U"} | W
F = 0 | 80 |4,275 | 1,958 | —2,494 | 21,270 71 | 20,805
Fapy | 2,723 1 608 | 5,636 | 2,502 —456 | 21,270 407 | 23,722
Fgpy | 5,366 | 343 | 6,958 | 1,989 197 | 21,270 | 1,004 | 24,460
Fwpy | 4,989 | 381 | 6,770 | 2,125 183 | 21,270 903 | 24,481
Table T12. Equilibrium Outcomes when ry = 500
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F | BE{w} | E{q} | E{U®} | E{U"} | E{U"} | E{U'} | W

F=0 0 | 874 [4,306| 1,987 | 293 [20,676 | 76 | 23,032
Fopy | 2,742 600 | 5,677 ] 2,538 [ 1,043 20,676 | 421 | 24,679
Fppy | 2,835 | 590 [ 5,724 ] 2,538 [ 1,044 | 20,676 | 438 | 24,696
Fywp | 3,405 | 533 6,000 | 2,506 | 1,014 [20,676 | 548 | 24,744

Table T13. Equilibrium Outcomes when ¢ = 12.5

Finally, Table T14 identifies settings where the levels of forward contracting that arise in
the dual monopoly setting (Fgpy and Fgpyy) differ from the levels that arise when: (i) one
party makes a one-time offer of a level of contracting at unit price p/ = E{w}; and (ii) the
other party either accepts or rejects the offer. If the offer is rejected, no forward contracting
is implemented. FGDM (F spy) Will denote this “bargaining” level of forward contracting
when G (B) makes the offer. The first column in Table T14 identifies the parameter value
for which Fgpar # F\G pym or Fepy # F oy when all other parameter values are as specified
in Table T1.%°

_ Fepwm | Fepm | Fepom | Fepm
Q =1,674.24 | 2,189 591 296 296

bl =175 3,487 0 0 0
bl =25 1,631 | 1,631 | 7,127 | 3,261
7 =1,255.68 | 4,382 | 3,741 | 1,871 | 1,871
7 = 418.56 894 | 894 | 8,242 | 1,788

ro = 1,500 2,723 732 366 366

Table T14. Preferred and Bargained Levels of Forward Contracting

Table 14 indicates that when preferred levels of forward contracting differ sufficiently, the
party that proposes the level of contracting may have to propose a level other than its most
preferred level to ensure the other party does not reject the proposal.

4The entries in the last four columns of Table T14 are rounded to the nearest whole number.

SFapm = ﬁGDM and Fgpy = ﬁBDM for all parameter values that are: (i) identified either in one of Tables
D1 — D14 in the text or in one of Tables T3 — T13 above; but (ii) not listed in the first column of Table
T14.
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