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Appendix EC.1: Optimal Effort with BI Insurance
Given f; and 0;, the firm’s expected profit with BI insurance contract (y, s) is
7Tz'Ijl (Ka &Y, S) =—y+ TpEét [min(Dijta K)] —ceK + (T - T)pEét [min(Dijt> EK)]
+ (T — 7 —w)spE., | min(D;j;, K) — min(D;j,,eK)] — CL (K, e,y, s),
where
ClL(K,e,y,s)= )\{ceK +(T—71)p (Eet [min(D;;,, K)| — E., [min(D;jq, eK)])
— (T — 7 —w)spE,, [ min(D;;,, K) — min(D;j;, e K )] }
Based on this, the (unconstrained) first-order optimality condition with respect to e is

ot (K e,,5) = (14 N —eK +pK[(T —7) — (T 7~ w)s][1 — By (eK)]} =0.

In addition, the second-order derivative of the profit function with respect to effort e is negative.

Therefore, the firm’s profit is a concave function of effort. The effort e satisfying the (unconstrained)

wp+(T—7—w)p(l—s)—c
wp+(T—7—w)p(l—s)

first-order optimality condition is %Fgl ( ) However, this value may violate the

constraint that e < 1. Thus, the optimal effort subject to this constraint is

(S) B {LFl(wp-i-(T—T—w)p(l—s)—c) if Figl(wp-l-(T—T—w)p(l—s)—c) < K,

K™ wp+(T—7—w)p(l—s) wp+(T—7—w)p(l—s)
1 otherwise,

where

-l (wp+(T—T—w)P(1—S)—C) =u;+6;+vIn (wp-i-(T—T—;U)P(l_S)_C) . Q.E.D.

ij wp+(T—7—w)p(l—s)

Appendix EC.2: Proofs of Theoretical Results
Proof of Proposition 1(i). The first- and second-order derivative of the firm’s optimal effort

e;*j(s) with respect to s are

—(T—7—w)py L _ =1 ({ wp+(T—7—w)p(l—s)—c
ief»(s) — Klwp+(T—7—w)p(l—s)—c| <0 if eij(s) - Fij ( wp+(T—7—w)p(l—s) ) ’
ds " 0 if ej;(s) =1,

2 —(T—r—w)?p*y ek _ -1 (wpH(T—7—w)p(l—s)—c
d_ej(s): Rlaprr—r—wpia= <0 i ej(s) =F; ( wpt(T—r—w)p(1—3) )
ds* " 0 if ej;(s) = 1.

Because T'— 7 > w, the first- and second-order derivative are both non-positive, and thus ej;(s) is

non-increasing and concave in s.  Q.E.D.
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Proof of Proposition 1(ii). We take the first- and second-order derivatives of the firm’s
expected profit with respect to s. First, if e’i*j(s) =1, this implies that the resumed capacity is
exactly the initial capacity K. Therefore, no revenue loss can be claimed and the firm receives
no compensation. As a result, the coverage percentage s does not influence the expected profit

7l (K,y,s) in this case. For j € {H, L}, if e};(s) =1, then L7/, (K,y,s)=0.
On the other hand, if e};(s) # 1, the first-order derivative of E; z[n] (K, y,s)] with respect to s is

d

d_EéZ[ (K Y, )]

d d
= 59%771'111 (K,y,s)+ 50%”&1([(» Y,s)

—ﬂp(1+k)(T—T—w)p{/

el (s)K

K 00

[z — e;‘H(s)K]fiH(x)dx—i—/ K — e;‘H(s)K]fiH(x)dx}

K

K 00

+<1—5>,o<1+x><T—T—w>p{ / . [K—e:L<s>K}fiL<x>dx}

=p(1+M\(T—-7-— w)p{K —vE5 [€(K, i, 0)] +1n ( wp (T 7 —w)p(1—s) )} > 0.

wp+(T—7—w)p(l—s)—c

[55 - E:L(S)K] fir(z)dz +/

K

All of the integrals in the preceding expression are non-negative. Therefore, the resulting deriva-
tive is non-negative. With regard to the second-order derivative, we note that, if e};(s) =1, then
— m(K y,s) =0. If ej;(s) # 1, then

2

ﬁEé z[m; (K Y, )]

2 2

d
= ﬂpﬁﬂle(Ka Y, 3) + (1 - 5)P@771'IL1(K7 Y, 3)

_ (T—7—w)?pey _ (T—7—w)?pey
- /Bp(l + )\) (T—7—w)(1—s)+w](wp+(T—7—w)p(l—s)—c) + (1 ’B)p(l + )\) (T—1—w)(1—s)

S rel(wpt (T @)p(1=5)—0)
_ (T—7—w)?pey
= p(1+ ) (rr—ay =) ral (= a)p (= =0) =

Therefore, the second-order derivative is non-negative as well, and the expected profit is non-

decreasing and convex in 5. Q.E.D.

Proof of Proposition 2. To obtain the desired result, we will take the derivative of the firm’s
expected profit with respect to s and p;. Based on the proof in Proposition 1(ii), we deduce that,
e . 2 .
if ej;(s) =1 for any j € {H, L}, then deTH mhi (K y,s) =0 because Ll (K, y,s)=0.If e;(s) # 1,
the derivative with respect to s and p; is

d2

dsd,ulE‘SZ[ (K Y, )]

2 2

d d
= ﬂpmﬂfm(Ky Yy, 8) +(1— ﬂ)ﬂm”le(Ka Y,s)

= —5P(1 +>\)(T— T —w)pcxp (Cxl))J(r:;;zii)JréH) _ (1 _ 5)0(1 +>\)(T—T _ w)p exp (@)

oo (E) o (B2

<0.
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ec3
Thus, the marginal profit per coverage percentage s is non-increasing in ;.

Q.E.D.

Proofs of Lemma 1 and Proposition 3. To derive the properties of the insurer’s profit

function R(sg,sr), we compute the first- and second-order derivatives and Hessian matrix with

respect to sy and sp. Given that K > uy + 05 +vIn (Lc)p_c> > up + 0 +vIn (Lc)p_c» we
have
’ R( ) (EC.2.1)
—R(sy,s 2.
dSH H>°L
=pp(T — 7 —wx)

{1 B 1.0) 6009 -

(T—1—wp)eysy
+sgwyl((T—7)(1-sg)+sgwylp—c)

+ al (K +~v1n |:[([(T_T)(1_SH)+5HU’H]P

T—T)(l_SH)"‘SHwH]P—C] - 'YE(S [g(Ka 28 6)]) }a
d
—R(sy,s EC.2.2
7 Rlsms) (EC.2.2)
T—7)(1—s ST w
=(1- a)pp{A (K + 9 | Eismtonenle | — g By (K, 1y, 0)))
_ (T—7—wp)eysy,
(T—m)(A=sp)+sLwp]((T—7)(1=sL)+spwr]p—c) [’
d2
e R(su,s1) (EC.2.3)
Su
=a(T —7—wg)’cppy
AT A=sg)+sgwplp—o)(T—1)A—sp)+sgwyl+(T—7)e—p[(T—7)2(1=s3)+2(T—1)shwy —(spwp)®]
(T=m)(=sm)+spwnlp—)(T—7)2(—s3)+2(T—7)sZwy —(sgwp)?] '
d2
d—ZR(SL’ sr) (EC.2.4)
ST
=(1—a)(T =7 —wy)*cppy
AT=7)(A—sp)+spwplp—o)(T—m)A=sp)+spwp]+(T—7)e—p[(T—7)>(1—s])+2(T—7)s] w—(spwp)?]
((T=m)(1=sp)+spwplp—e) [(T—m)2(1=s2 ) +2(T—7)s2 wp —(spw)?] '
d2
R(sy,sr)=0.
dSHSL ( = L)

(EC.2.5)
Because there is no interaction term of sy and s;, in the profit function, we can check the optimality

separately. First, the denominator in (EC.2.4) is positive, and thus a sufficient condition for the
concavity of R(sg,sr) in terms of sy, is:

M(T—71)1=sp)+spwrlp—c)[(T—7)(1 —sp) + spwy)]

+(T—7)e—p[(T—7)*(1—52) +2(T —7)s3wr, — (spwr)?] <0
The left-hand side of the preceding inequality is a quadratic and convex function of s;. Thus, the

preceding sufficient condition is satisfied within the two roots of the quadratic function. We know s,
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has a lower bound 0 and an upper bound in)’;c), and thus the aforementioned quadratic function
achieves its highest value either at s, =0 or s, = % Its value is (A= 1)(T'—7)[(T —7)p — |

[@=mp=cle gt 5, = E=Dp=c  Ag 4 result, we can conclude that, if A <1, then the

at s; =0, and — s

profit function is concave in sy. If A > 1, the profit function is convex in s; when s; < §;, and

concave when s;, > §;, where §;, is the smaller root of that quadratic function, which is

. AR(T=7)p = = /AT —1)pl(T —7)p — ] + (cA)?
ST 2(T —71—wr)p(1+A) ' (EC.2.6)

By the condition that K > puy +dy —i—'yln(m) and the arguments in the proof of Proposition

1(ii), we deduce that for any s; and wy:

K +yin | (om0 ele |y By [¢(K, ug,6)] > 0.

Therefore, by letting s;, =0, we can get

d

ER(SH,O) =(1—a)p {A <K+71D {(TTTi)T;pc] —7Es [§(K>ML,5)]> } >0.

This implies that the profit function is increasing at s; = 0. Therefore, if A > 1, then the profit
function is increasing and convex when sy, € [0, $.]. In general, we conclude that the profit function
is quasi-concave in sy,.

Similarly, we can check the optimality of the profit function on sg. Due to the similar structure
of the second-order derivative, the sufficient conditions for concavity are the same: if A <1, the
profit function is concave in sy, whereas if A > 1, the profit function is convex in sz when sy < §g,

and concave when sy > Sy, where

AN2(T = 71)p—] = AT —7)p[(T — 7)p — ] + (c))?
(T T—wH) (1+X) '

(EC.2.7)

SH

In the first-order derivative of the profit function with respect to sy, namely ﬁR(s H,S1), there
is an additional term (1 — «)(1 + \)vE; [£(K, pr,d) —E(K, g, 9)], which is a negative constant.
Following the proof argument for quasi—concavity in sz, we deduce that the profit function is
increasing and convex in 0 < sy < 8y if 5 R(O sr) is non-negative. As a result, the following

condition is sufficient for the qua&—concawty of profit function in sy:

(1 @)1+ B 6K 1.8) € )]+ 0 (Kt [(fE508 ] —2B6(B )]) 20

Q.E.D.
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Proof of Proposition 4. We first compare sj; and s;. Note that, if s, < s/, then s}, <s7,
where s%; and s are as characterized in (29) and (30). Thus, we focus on the comparison between

sy and sp. Given wy = wy = w, we deduce from (30) that

A (K +yin | e | — B, (K, e 0)))

T—T)(l—s'L)-l-s'Lw]p—c
_ (Tfﬂrfw)c’ys/L _
([(T—T)(l—s'L)-i-s'Lw]p—c) [(T—T)(l—s’L)-i—s’Lw]

Because oo > 0 and py, < py, this implies that

o (K +7In | FEi e | B [6(K . 0)] )

[(T—T)(I—S’L)-i—s’Lw]p—c
_ (T—T—w)cvle 0
a([(T—T)(l—s'L)-i—s’Lw]p—c) [(T—T)(I—S’L)+S’Lw] <U.

Thus,

(I—a)(L+NvEs (K, pr,0) —E(K, pup, 6)] — a( (T—7—w)eysh,

[(T—T)(l—s'L)-i-s’Lw]p—c) [(T—T)(I—S’L)-i—s’Lw]

+a (K—l—*yln [[ (T-D)—sp) sy ulp ] B [E(K, MH,a)]) <0.

(Tf‘r)(lfs’L)Jrs’Lw]pfc

Consequently, ﬁR(SIL,SL) < 0; i.e., the first-order derivative of the profit function with respect

to sy is negative at sy = s. Since the profit function is quasi-concave in sy, this further implies
that s < s7. Therefore sj; <sj.

Next, we compare y;; and y; via (26)-(27). We note that if sj; = s}, then we have the premiums
i =9gu(sy) =gr(sy,st) =y;. Now, consider the case where sj; < s;. By the arguments used in

the proof of Proposition 1(ii), we have L E; z[r] (K,s)] > 0. Thus, we can get

Y = 91(87:51) = 9 (sty) + Es z [, (K, 51)] = Es 2w, (K, s1)] = g (s7) = -
As a result, we have sj; <sj and y}; <y;. Q.E.D.

Proof of Proposition 5. The firm optimizes its capacity via a backward solution as well. Thus,
once the capacity decision is made, given K = K7, the proof would be same to that in Proposition
2, and thus #ZSE(;)Z[T(Z-I(K}‘,y,S)] <0. Q.E.D.

Proof of Proposition 6. First, according to (31) and (32), the firm’s profit with and without
an option of purchasing BI insurance are as follows:

B2 (K, y*, %)) = aBs zmy (K, yp, 87)) + (1= @) Bs 7 [m, (K, y7,57)] = 0K,
B, 5.2 (K)] = aEs z[my (K)] + (1 — a) Ej z[mp (K)] — nkK.
Based on the above expressions, we would like to compare the optimal capacities in these two

cases. We let K} and K denote the optimal capacities with and without the option of purchasing
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BI insurance, respectively. We first derive K. By taking the derivative of the firm’s profit with

respect to K, we have

d

d
K —Eé,Z[W]LV(K)] -

By ol ()] = e By g [ (K)] + (1~ @)

dK

For optimality, we need to check the second-order derivative of Es z[m}¥ (K)] for i € {H, L}, which
is
a2

iz Bzl (K]

K+, K+p;+0+6 2ui+0+8+0
p{lf[(TfT)AJrl*T]p}CXp( :#l>{20xp(%>+E(§|:cxp(2}:+6>:|+E5[cxp(%)]}

Y1ljeqm Ly [cxp (f(Kvl‘ivé))] ’

Therefore, if 1 —[(T"— 7)A+ 1 —7]p > 0, then %Etg,z[wf\’(K)] <0 for i € {H,L}. In addition,

regarding the first-order derivative, we note that

d R T]p}cxp(”l){cxp<m>+%[cxp<x_w>}}
d—KEzs,Z[mN(K)] = »ijEZHyL}cxp (E(KILM)) v .

Thus, if 1 = [(T—7)A+1—7]p>0 and E, 5 z[7™¥ (0)] > 0, there exists an optimal capacity K} >0
that maximizes the profit. If 1 — [(T"— 7)A + 1 — 7]p < 0, the marginal revenue in capacity K is
decreasing convex, which means that it is not profitable for the firm to construct any capacity, and
thus the optimal capacity would be 0.

Next, regarding the case where the firm has an option to purchase BI insurance, we assume that
the insurer would offer insurance contracts satisfying IC and IR constraints. Therefore, the firm
would always purchase the insurance contract corresponding to its early demand forecast. Given

1;, the first-order derivative with respect to K is

d
ﬁEéz[ T (K,y;,s])]

) %) d ., 0 d
_8—KE5Z[ (K yz’ z)] ay [ (K yz’ z)]d—Kyl 8 [ (K yz? l)]dKSl
2 et (st - Lyt b Bl gt st
—aK 6Z yla i dez 8 s; 5Z yza i dK i

With regard to uy, we have

d—KEé Z[T‘-IILI(K7 Yir Su)] = 8—KE5’Z[7T£’(K’ Yir, Si)] — a—KgH(SH) = d—KE&,Z[Wg(K)]-
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Therefore, we find that the high-demand firm’s marginal revenue per unit capacity with the option
of purchasing insurance is same to that without the option, and thus dK2 Es z[nh (K, y3,s3)] <0

it 1 —[(T—7)\+1—7]p>0. With regard to u, we have

d * *
ﬁEé Z[ﬂ-i(Ka Yr,51)]
0 d 0 d
aKEtiZ[WL(K Yr,S1)] — dK yr + Os LEé Z[”L(K yLasL)]dKSL
= a—KEé,Z[Wi(KﬂHaSH)] dK Y+ Ds HEziZ[WL(K vasH)]dKSH'
Moreover, the second-order derivative is

d2

WEJ,Z[Wi(Ka YL, 32)]

d 0 d 0 d
:d—K{aKEéZ[WL(K yH>SH)]_d—KyH s HE‘SZ[WL(K yH>SH)]dKSH}

d 0 * * * * d2
= o o \Bo2 (K, yin si)] = Eszlmly (K, yin, sil} + 2

d [ o e
* ¢ oo {Boalrh (o530 = Bl B, viosil} 5 -

Es zlmy (K)]

By checking the derivatives, we can get if 1 — [(T'—7)A+1—7]p >0,

d o &
dK 0K dK?

K ?{EJ,Z[ﬂé(KayHasH)]_EJ,Z[WZ(KayHa‘SH)]}d_KSH <0,

{Bs,21m (K, vy, 7)) = B,z (K, Yy, 85)]} + 25 Bs [y ()] <0,

and thus we have d‘ZQ E, sz[m" (K,y*,s*)] <0. That is, with the option of purchasing BI insurance,
the firm’s optimal profit is also concave in K.

Next, we would like to compare the optimal capacity K; and K3j. Because we have
L Es 7 [mh (K, 43y, 87)] = 7% Es z[7} (K)], we check whether == E; (7] (K, y;,5}1)] — 7= Es z[n7 (K)]

is positive or negative, and we have

d d
B e (1 57)] — Bl ()
— g Bk (i sl = g Bl )] = (e Bl (o) = g By )

a % * * * d *
R L A B AT | P

Letting puy = pr + ¢, we have the following if € — 0:

g Er L (i 53]~ g Bl (0]~ (i Bl (i sl = Bl (1) =50,

0K dK 0K
a * * * *
5o Baalnh (K, 53]~ Esaleh (Ko sl } 0.
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Thus, if € — 0, we have

d * *
_E6 Z[ﬂ-i(Ka Yr, SL)] -

d
i By o[m (K)] 0.

dK
In this case, because both profit functions are concave in K and -LFE;z[ri(K,y;,s})] —
L Fs 2| (K)], we deduce that Kj — K} as pg — pr, (ie., € = 0).

Next, we would like to prove that Ky > K7 for sufficiently small € > 0. To that end, we first let

Ag(e)

_C;l {dCII(E(;Z[TFL(K yL,SL)] dC[l(E(;_’Z[WJLV(K)]}

_ 4 {8i(E5Z[7TL(K Vi $i)] — di{Ea,z[wiv(K)] <32{E62[”H(K Vi S1)) = di(E‘*Z[Wg(K)O}
d [0

- o d .
Iz <@{E‘S’Z[ﬂ£(K7 Yirssi)l = Es.zlmy (K, yH75H)]}d—KSH> '

Regarding the terms on the right-hand side above, we note the following;:

7 { o B L i) e Bt ()] = (e Bl i)~ e el (1) |

e=0

K+pp+8p+6 2K+3§ 2(pr+0g+9r)—9
_(T—T—wH)pSH(1+)\)peXp<K+#L> 2exp( — L>+E6[exp( 2 >+expg —— ” <0.
Y Ve g,y o (60K 1i.5))

d 0 - . d
de E{Eé’z[ﬂvi(K’yHﬂsH)] _E&Z[W%{(K?y}[asﬂ)]}d_KSH e=0

_aAcxp(#TL){CXp(@>+E5 [CXP( ;ﬂ;)} } i

[jeqm,1y CXP(E(K=#L=5J')) dKSH <0.
@{E&,Z[Wé(& Yirs81)] — Bs.z[mi (K, yHasH)]}Ed—KSH . =0.
Therefore, we have Ag(0) < 0, which implies that given a sufficiently small ¢ > 0, we have

L Es 2z (K)] > = Es 7|7} (K,y;,51)], and thus K} > K;. As a result, there exists fi > p; such

that Ky > K7 for all uy € (ug, ). Q.E.D.

Proof of Proposition 7(i). To show the reverse single-crossing property with delayed recovery,
we first extend our model. First, we prove the subcase without an option of the fast recovery. Note
that the delay periods overlap the waiting periods. Therefore, the details of the extended model
depend on their relative values. First, if d <w, the firm’s expected profit with BI insurance would
be

Tl (K e,y,s) =—nK +pE, [min(Dyjy, K)] —y — ceK 4+ (T — 7 — d)pE,, [min(Dy;, e K)]

+ (T — 7 —w)spE,, [min(Dijt, K) —min(D,jq, eK)] — C‘L(K, e,y,s),
(EC.2.8)
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where

CL(K, e,9,5) = \{ceK + (T = 7 = d)p( B, [min(Dyyy, K)] = B [min(Dyye, eK)) ) -

— (T — 7 —w)spE,, [ min(D;j;, K) — min(D,j,, e K )] } -
The only difference between (17) and (EC.2.9) is that with delayed recovery, the firm neither
earns profit nor receives insurance compensation for the d periods following the disruption—this

is because the insurance has a waiting term w > d. However, if d > w, the firm’s expected profit

with BI insurance becomes
7L (K e,y,s) =—nK +7pE, [min(D;;, K)] —y — ceK + (T — 7 — d)pE,,[min(D;,, e K)]
+ (d—w)spE., [ min(D;j;, K)]

+ (T — 7 —d)spE.,[min(D;;, K) — min(D;;;,eK)| — éfJ(K, €, Y,8),
(EC.2.10)

where

QIJ(K, e,y,s) = )\{ceK +(T—7—d)p (Eet [min(D;;., K)| — E., [min(D;jq, eK)])
— (d—w)spE,, [min(D;j, K)| — (I' — 7 — d)spE., [ min(D;j;, K ) — min(D;j;, e K] }
(EC.2.11)

In this case, once a disruption occurs, the firm neither earns profit nor receives compensation in the
first w periods following the disruption. After the waiting periods, the firm receives compensation
for all disruption loss in the following d — w periods because the capacity has not been recovered.
Following that, the firm starts to earn profit by resumed capacity and receives partial compensation
from the insurer.

In this extended model, we re-examine the reverse single-crossing property in these two cases.
First, we analyze the case where d < w, and then the case where d > w.

With regard to the case where d < w, we have the following according to (EC.2.8): given p; and

d;, the firm’s optimal effort with BI insurance is

1 -1 ((w—d)p+(T—7—w)p(l—s)—c : —1((w=d)p+(T'—7—w)p(l—s)—c
égf.(s) — ?Fij ( (w—d)p+(T—1—w)p(l—s) ) if Ej ( (w—d)p+(T—7—w)p(1—s) ) <K’ (EC212)
Y 1 otherwise,
where

F-l ((wfd)er(Tfow)p(lfs)fc) —pi+3;+~In ((wfd)er(Tfow)p(lfs)fc) ) (EC.2.13)

1) (w—d)p+(T—7—w)p(l—s) c
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This is similar to (18). As in (20) and (21), we let Ej z[7!(K,y, s)] denote the total expected profit

with BI insurance, and note that

d -
EE(S,Z[T(Z'I(K’ Y,5)]
d2 ~T (Tfﬂrfw)2 c
@Ea,z[ﬂi (K,y,5)] = p(1 + N im——mm e -aie—drrad——opi = = 0
d2 ,u,i+5)

I _ o cxp( S
o Eo A .9 = o (T == wpls | =) <o

Thus, the reverse single-crossing property always holds in this case. With regard to the case where

d > w, the firm’s optimal effort with BI insurance in (EC.2.10) is

K~ (T—7—d)p(1—s) c

1 =1 ((T—7—d)p(l—s)—c\ _ 1 (T—7—d)p(1—s)—c : —1((T—1—d)p(l—s)—c
(S) — = ( 5 ) - K |:'u1 + 6j +’71n ( - ):| if Fij ( (T—T—dZ;p(l—s) ) < K’
1 otherwise.

(EC.2.14)

Thus, deriving the expression for Es z[7/ (K,y,s)] in this case, we have

d oy
£E(s,z[m (K,y,s)]

—p<1+A>p[<T—r—w> {K =B [6(K i, 0)] + v (g ) } +<d—w>ui] >0,

j_;Eé,Z[ﬁ'i] (K, Y, 3)] = p(l + )‘) (1_5)[E§:::Z})¥)(01’Y_5)_c] 2 07
d2 B d[exp(#ﬂré)ﬂ—exp(K)] —(T—T)exp('uﬂré)—wexp(ﬁ)
Gadi Bo# T 9 9)] = p(1 4 A)pE; BT —ra =
(%57 e (5)

To satisfy the reverse single-crossing property, we need to have #:E& 271 (K,y,5)] <0, and a

sufficient condition for this is the following;:
d [exp (@) +exp <%>] —(T'—71)exp <@) —wexp (%) <0 for all y; and 9;.

Let

2
ex (HL+6L>+eX (£>
P v P v

If d < d, then the reverse single-crossing property holds in this case as well. Q.E.D.

(T—7) exp<“L+6L )+w exp (%)

d=

Proof of Proposition 7(ii). Similar to the proof of Proposition 7(i), there are two possible

scenarios: d < w and d > w. We re-examine the reverse single-crossing property in both cases.
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With regard to the case where d < w, we note following: given p; and d;, the firm’s optimal effort

with fast recovery, €;;(s), is given by

€,

B (S) B % |:Mz +57 +’YIH <wp+(Tf‘rf:)C)p(lfs)fnc):| if L +57 —i—’yln (prr(Tfo:)C)p(lfs)fnc) < K,
1 otherwise.

(EC.2.15)

The optimal effort in (EC.2.15) is similar to (18) except that the cost is kc. Comparing (EC.2.15)
to the optimal effort with regular recovery, é;;(s), in (EC.2.12) and (EC.2.13), we deduce that

)

(T—7—w)(1—s)4w
T—7—w)(1—s)+w—d"’

ei;(s) > €55(s) & K<y

Because the right-hand side of the preceding inequality is non-decreasing in s, we deduce that if

Kk < 7=, then &};(s) > €;;(s) for all s >0. Now, given j;, let Esz[7](K,y,s)] denote the firm’s
total expected profit with BI insurance and fast recovery, and suppose that d < d. According to
Propositions 2 and 7(i), we know that if both high-demand and low-demand firms choose regular
recovery, or if they both choose fast recovery, the reverse single-crossing property holds. Thus, it
is sufficient to focus on the cases where one type of firm chooses regular recovery and the other
chooses fast recovery. We know that the firm would choose fast recovery if Ej 7! (K,y,s)] —

Es 7|7l (K,y,s)] > 0. By taking the derivative with respect to p;, we obtain the following:

d -
m {Eé,z[ﬁ{(K7y7 s)] — Es z[7 (K, y, 3)]} =—(14+N)[(k—1)c—dp].
If Kk < 7=, then k < (T(i;i;%(:)sﬁuui 5, and thus (k —1)c—dp < 0. As a result, we deduce that

Es 2|7l (K,y,s)] — Es 2|7 (K, vy, s)] is increasing in ;. That is,

E&Z[ﬁj{I(Ka Y, S)] - E&Z[ﬁ){{(Ka Y, S)] > E&Z[ﬁ-i(Ka Y, S)] - E&Z[ﬁ-i(Ka Y, S)]

T—1
T—7—d’

Therefore, if k < it is impossible that the high-demand firm chooses regular recovery while

the low-demand firm chooses fast recovery. If the high-demand firm chooses fast recovery and the
low-demand firm chooses regular recovery, then we have the following:

dis <E57Z[7‘r§I(K, Yy, 8)] — Es 77 (K, y, 3)])

= —p(T — 7= w) (1+ Ay { B (K, 6) — E(K i, 6)] + I (((lileeToriin )

(w—d)p+(T—7—w)(1—s)p—c
- wp+(T—7—w)(1—s)p
In <wp+(T77'7w)(1fs)pfnc> }

-7 w—d —7—w)(l—s w —7—w)(l—s
Ifr< TfT_d, we also have In <(i_d);ﬁ:ﬁipw)&(is);ﬁc) —1In (wpf(f;(i_w)(l)(_ls)pic) > 0. As a result,

%(E&Z[ﬂ{(K,y,s)] — Es 7|7l (K, y,s)]) <0, and the reverse single-crossing property holds in the

case where d < w.
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For the case where d > w, we have the following: given y; and d;, the firm’s optimal effort €7;(s)
is as in (EC.2.15). Comparing this to the optimal effort with regular recovery €;;(s) in (EC.2.14),

we have

wp+(T—7—w)p(l—s) _  T—1 + ws
(T—7—d)p(l—s) ~— T—71—d (T'—7—d)(1—s)"

e;;(s)>¢é5(s) & k<

=7, then e};(s) > é;;(s) for all s > 0.
As explained earlier, as long as d < d, we know from Propositions 2 and 7(i) that the reverse
single-crossing property holds if both high-demand and low-demand firms choose the same type of
recovery (either regular or fast). Therefore, it is sufficient to focus on the cases where one type of

firm chooses regular recovery and the other chooses fast recovery. If k < =——, then

d
dp;

{ s 2l7 (5, 9,5)] = Es 271 (K, ,9)] | = =1+ Mo = e —dp(1 —5)]

> (14 ) |72 —dp(1 )]
>—(1+N)z—2=[c—p(T—7—d)(1—s)]>0.

As before, it is impossible that the high-demand firm chooses regular recovery and the low-demand
firm chooses fast recovery. If the high-demand firm chooses fast recovery and the low-demand firm

chooses regular recovery, we have

d

= (Bolrh (K.0.9)] = s 7 (5,,9)] ) = =p(1+ VA (d),

where

Ap(d)=dpr +w(pm — pr) + (T =7 —w)vEs [§(K, pw, 6) — §(K, pur, 6)]

(F—7=d)(1=s)p 7)(1=s)
(T =7 = d)n (gl ) — (7 —7)in (5P ).

Regarding A;(d), observe that

P pl(T=r=d)p(1=5)=clt { e [(T—r—p1-9)~c (T ) )

adAf(d) (T'—7—d)(1—s)p—c

(T—7—d)(1—s)p >< c
T—7—d)(1—s)p—c (T—7—d)(1—s)p—c’

Because In ( we have ZA¢(d) > 0. In addition, we also have

Ar(w) =wpp + (T —7—w)vE; [§(K, pwr, 6) — E(K, pr, 6)]
N S B Y (T

T—7—w)(l—s)p—c T—7)(1—s)p—kc

(T—7—d)(1—s)p (T—7)(1—s)p s _
<—(T_T_d)(1_s)p_c) >1In <—T SO—p m) In addition, a necessary con

dition for Ej 7|75 (K,y,s)| — Es z[74 (K, y,s)] >0 (i.e., the high-demand firm chooses fast recovery)
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) (T—r—d)(1—s)
is that py >In <W(lfs)pgc

) for all d > w. Because the preceding right-hand side is increas-
ing in d, this implies that py > 1In (M» and thus Ay(w) > 0. Because 2A;(d) >0

(T'—7—w)(1—8)p—c

and Ap(w) >0, —p(1+ A\)A(d) <0 for all d>w. As a result, if x < z2=", then the reverse
single-crossing property holds in the case where d > w. This completes the proof for both cases.

Q.ED.

Proof of Proposition 8. First, we let ¢(e) denote the recovery cost as a function of the effort

e, where

c(e)—{cleK ifegﬂ‘@,
cymK +cy(e —m)K  otherwise.
For purposes of exposition, it is useful to consider the following two cases:
1. The effort cost is linear with unit cost ¢;.
2. The effort cost is linear with unit cost c,, while the total cost is deducted by mK.
Without considering the threshold m, given p;, 6; and a contract (y,s), we know that the profit

function is still concave in e and we can get the optimal efforts in these two cases. We let e;(s)

and €7 (s) denote the optimal efforts in these two cases respectively, which are:

w T—7—w)p(l—s)—c : w T—7—w)p(l—s)—c
1*(5)—{% [ui+5j+vln( p+{T-r—w)plls) 1” 1fm+5j+71n< p+{T-r—w)plls) 1)<K’

1 otherwise,

€2 €2

2(s) = ® [Nz‘ +0;+vIn (wPJF(T—T—W)P(l—s)—cz)} if p; +6; +~vIn (wp"l‘(T—T—’w)p(l—S)_CZ) <K,
1 otherwise.

It is straightforward to see that e;;(s) > ef;(s) because ¢; < ¢, for all s.
With the nonlinear cost function c(e), both ej;(s) and ej;(s) could be the candidates of the
optimal effort, depending on the threshold m and coverage percentage s. Given s, the optimal

effort is
eli(s) if m>ef(s)> el (s),
e;;(s)=qm if  el*(s)>m>ef(s), (EC.2.16)
2% : 1 2%
eii(s) if e (s)>eff(s) >m.
Next, we check whether the reverse single-crossing property holds. Because of the piecewise-linear
cost function, the profit function may not be differentiable with respect to s. Therefore, we check
L Es z|mh (K, y,8)] — L Es z[n] (K,y,s)] instead. To prove the reverse single-crossing property, it

suffices to show that Ll . (K, e};(s),y,s) — sn] (K, e;,(s),y,s) <0 for j € {H,L}. Because

there are several scenarios of ej;;(s) and ej;(s) in (EC.2.16), in the following analysis, we check

the reverse single-crossing property case by case.
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Case 1: ej;(s) = ejy;(s). In this case, we know that m > ej;(s) > e3/;(s), and we deduce that

m > ej’(s) > e7%(s) as well. Thus, the only possible case for the low-demand firm’s optimal effort

would be € .(s) = e;*(s). Hence, we have

d

) d .
Eﬂ'l{lﬂ(Ka e}{j(s)7y78) _gﬂ'ijlu@ ele(s),y,s) =(T'—1—w)py(1+A) [£(K, pr, 05) — E(K, pm, 65)] <0,

and thus the reverse single-crossing property holds.

Case 2: e};;(s) =m. In this case, we know ej;(s) >m > eF;(s), and there are two possible sub-

cases for the low-demand firm’s optimal effort:
L. eg;(s)>m>ej(s):
In this subcase, the low-demand firm’s optimal effort is e} ;(s) = e;*(s), and we have

d d .
%ﬂ{{jl(Kamaya 5) — %7723‘1([(7 ele(s)aya 5)

= (T—T—w)p(lJM){ —mK+7[§(mK,MH,5j) +&(X, i, 65)

wp+(T—7—w)p(l—s)

o g(K’ HH, 63) + In (wp-f(T(—T—w)P(zf(—s)_cl > :| }’
which is not always positive or always negative. Therefore, we cannot claim that the reverse
single-crossing property always holds in this subcase.

2. ej1;(s) >ep’i(s) >m>eif;(s) > efi(s):
In this subcase, the low-demand firm’s optimal effort is e ;(s) =m as well, and we have

d d
%ﬂ{{jl(Kamaya 5) — %Wijl(Kamaya s)

= (T_T_w)p’Y(l_i_)\) [g(KuuLaéj) _g(KHuH?(SJ) _E(mKalJJL>5j) +£(mKHuH’5J)] >O>

and thus it is the single-crossing property that holds in this subcase.

Case 3: ej;(s) = e3;;(s). In this case, we know that m > ej;(s) > e7;;(s), and there are three

possible subcases for the low-demand firm’s optimal effort:
L. eg;(s) >ef;(s) >m>ep(s) > e7(s):

In this subcase, the low-demand firm’s optimal effort is e} ;(s) = e;*(s), and we have

d . d .
%”1{1‘7‘1(}{7 e%{j(s)vya 5) — %7723‘1(}{7 ele(s)aya B)

= (T —T—= W)p’)/(l + >\) g(Ka ML, 5]) - g(Ka HH, 6]) + 111 (wp+(T—T—w)p(1—s)—C1 ):| ’

wp+(T—7—w)p(l—s)—cz

which is not always positive or always negative.
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2. ep;(s) >ep(s) >m>ef(s):
In this subcase, the low-demand firm’s optimal effort is e ;(s) =m, and we have

d ) d
Eﬂ-}{jl (Ka 6%1]-(3), Y, S) - Eﬂéjl (Ka m,y, S)

=<T—T—w>p<1+A>{mK+v[—a<mK,uH,5j>+5<K,uL,5j>
—{(K 5-)+ln wp+H(T—7—w)p(l—s)
s H 5 0 wp+H(T—7—w)p(1—s)—cz ,

which is not always positive or always negative.

3. eji;(s) >er(s) > efs(s) >m:

In this subcase, the low-demand firm’s optimal effort is e ;(s) = e%*}(s), and we have
d . d .
%ﬂ-fijl(lg e%lj(s)a Y, 3) - %ﬂ-ijl(Kﬂ e%j(3)7 Y, S) = (T_T_w)p7(1 +)‘) [€(K7 KL, 57) - €(K7 HH, 5])] < 07
and thus the reverse single-crossing property holds.

To find a sufficient condition that the reverse single-crossing property holds among all the cases,
we need to avoid Case 2-2 and find sufficient conditions in Case 2-1, 3-1 and 3-2.

To avoid Case 2-2, we can have e3};(s) > e;*(s) for all §; and s. By letting ¢, = ac;, we have

3 (5) — €l (5) 20

1
wpH(T=r—w)p(1=s)c
:>? |:/JvH — ML — ’)/h'l (awp-l—(T—T—w)P(l_s)_acll)] 2 0

=a < wpt (T =7 —wjp(1 = 5) , where A; =exp <7ML_'“H> .
[wp+ (T =7 —w)p(1 —s) —car] A + ¢, gl

The right-hand side of the preceding inequality is decreasing in s and increasing in w. Therefore,

a general sufficient condition is the following:

(T —7)p(1-3)
a< T rpi=5) —elbFer (EC.2.17)

With regard to Case 2-1, we find that

<0.

d d K, d I (K. el* exp(“HTJréj)K(T—T—w)p(l"i_)‘)
{dst]l( m,y,s) — %Wle( >6Lj(8)’y’5)}__ In[§(mK, pw, 05)]

In addition, under the condition in (EC.2.17), we have ej;(s) > m > e3;;(s) > ej(s), and thus one

dm

sufficient condition is as follows:

d . d .
%Wz{{jl(Ka eilj(s)7y7 5) — %ﬂ-ijl(Ka ele(s) 5)<0

=1In [exp( )—i—e p(”HM )} —1In [exp( )—i—exp(“” )]
(T~ 7~ wlp(1—5) +wp <l_exp( ) (“”))
. () o

2=

wp+(T—7—w)p(l—s)—acy

)resp (£252)
) remn (L)

|:'wp+T T—w)p(l—s)— cl]

+
@
“

T

=a <

In
exp (
exp <

2 |=|=2|x

K
v

K
¥
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As before, we note that the right-hand side of the preceding inequality is decreasing in s and
increasing in w. In addition, it is also decreasing in J;. Therefore, a general sufficient condition is

the following;:

T — 1—5 ex ex LLEOL
a< %]:(S)(l — Ay) + Ay, where Ay = cx:g%;;){:g@% . (EC.2.18)

We find that the reverse single-crossing property holds in Case 3-1 and Case 3-2 if (EC.2.17) and
(EC.2.18) hold. Therefore, our sufficient condition for the reverse single-crossing property is that
a < a, where
d:min{ (T—T)]_?(I—S) ’ (T—7)p(1—5
(T =7)p(1=5) —a]Ar1+ 1
_ exp ( ) + exp (”L+5L)
A =exp <M> , Ap= ! Q.E.D.

exp( ) + exp (“H+5L) ‘

Proof of Proposition 9. Given y; and §;, the firm’s expected profit with BI insurance contract

)(1—A2)+A2},

(y,s) and the maximum indemnity period v is
Ul(K e,y,s)=—y+1pE., [min(D;j;;, K)| —ceK + (T — 7)pE,,[min(D,j;, e K)]
+ (v —w)spE., [ min(D;;;, K) —min(D;;, eK)| — CL (K, e,y, s),
where
CL(K,e,y,5) = A ceK + (T = )p( B, [min(Dyyy, K)] = B [min(Diye, eK) )
— (v —w)spE,, [min(D;j;, K) — min(D;;, e K )| }
In this case, the firm’s optimal effort with BI insurance is

1 -1/ (T—7—v+w)p+(v—w)p(l—s)—c . —1((T—7—v+w)p+(v—w)p(l—s)—c
er(s)= wFis ( (T—7—v+w)p+(w—w)p(1—s) ) if £ ( (T—r—v+w)p+(v—w)p(1—s) )<K’
" 1 otherwise,

where

S ) R L S

Using this optimal effort with BI insurance, we obtain the firm’s profit with insurance

Es 7|71 (K, y,s)], and by taking the derivatives with respect to s and pu;, we have

d T+s(v—w
By 2l (K, 8)] = p(1+ \(T =7 = w)p { K = 7B [, 1, 6)] +yn (el ) | >0,
d? 2
_ cpy(v—w)
ds —— szl (K. y,8)]=p(1+A) (p[T—T-l—S(v—piZ)]—c)[T—T-‘rs(v—’w)] >0,
d2 , exp (Hi+5)

E (K =—p(l+XN)(v— E - .

dsdy; 5,2[7Tz (K, y, 8)] ,0( + )(U w)p 4 exp( )+exp (H7,+6) <0

Based on the above, the reverse single-crossing property holds. Q.E.D.
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Appendix EC.3: Effects of Model Parameters on Optimal Contracts
EC.3.1 Conditions for Quasi-concavity of the Insurer’s Profit Function

Lemma 1 provides sufficient conditions under which the insurer’s profit function R(sy, s;) is quasi-
concave in sy and sy. In this section, we first provide some examples satisfying these conditions,
and then we illustrate the scenarios when these conditions are not satisfied.

The sufficient conditions in Lemma 1 are (28), that K > uy + dg + vIn (M), and that

(T—r)p—c M)

c

K>pg+déy+~vIn ( ) First, because pg > pr, it is obvious that gz + 6y +vIn (
is greater than puy +dg +vIn (%) In addition, the left-hand side of (28) is increasing in K.
All of these conditions require higher capacity K, while which condition is the strictest depends on
problem parameters, especially «, pug and . Figure EC.1 illustrates how these conditions depend
on o and K. If « is small, condition (28) appears to be the strictest, whereas if « is large, the

condition that K > puyg +dy +vIn (%) could become the strictest.

50 7t 50
25 1 25
0 ‘ ‘ ‘ — K 0 [ ‘ ‘ ‘ — K
150 2 250 300 350 150 @0 250 300 350
—925 =25 |
—left-hand side ufv(’_)S) —left-hand side of (28)
40y +yIn (ﬁ) oo g+ G + 7 In (L=t
50 ! iz + 0 +yIn (F=2=<) 5o L i+ 6 +yIn (E=De=e)
(a) =02 (b) «=0.95

Figure EC.1 Thresholds of the Sufficient Conditions in K

If the capacity K is sufficiently small, the firm would not benefit from an insurance with low
coverage percentage s because it would put the full effort on the recovery and receive no compensa-
tion. Thus, with a small s, the firm would not purchase insurance and the insurer would make zero
profit. As s becomes higher, the firm may purchase the insurance, but this contract may or may
not be profitable for the insurer. Figure EC.2 illustrates that the profit function is not necessarily

quasi-concave in these cases.

R(sg,sz) R(sg,sr)
50 10
0 0
-0 —100
~100
2
~150 00
—200 —300
2500701 02 03 04 05 “4000"01 02 03 04 05
S, SL

Figure EC.2 Cross Sections of the Profit Function When the Capacity is Sufficiently Small.
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We would also like to show that s3; may be 0 if (28) is not satisfied. In this case, there are two
main categories for the shape of the insurer’s profit function R(sg,s;) with respect to sy:

1. R(su,sr) is decreasing and quasi-concave in sy € [0, §].

2. R(spg,sz) is not quasi-concave in sy € [0, 5].
Proof. Recalling the proofs in Lemma 1 and Proposition 3, we let §5 denote the threshold of the
concavity as in (EC.2.7), and we can check the concavity /convexity of the insurer’s profit function
R(sg,sr) with respect to sy. Depending on the location of §5, all possible cases are as follows: (i)
R(sg,sr) is concave in sy € [0, 5]; (i) R(sg,sr) is convex in sy € [0, §5] and concave in sy € [$, 5];
(iii) R(sgy,sr) is convex in sy € [0, §]. Moreover, when (28) is not satisfied, R(sg, s;) is decreasing
in sy at sy =0. Thus, for case (i), R(spy,sz) is decreasing and concave in sy € [0, 5]. For cases (ii)
and (iii), if there is any point in sy € [0,5] such that R(spy,sr) is increasing in sy at that point,
then R(sy,sy) is not quasi-concave. Otherwise, R(sy, s;) is quasi-concave as well as decreasing in
sg. To sum up, in the feasible region [0, 5] where sy resides, we have the following possibilities:
R(sy,sy) is either quasi-concave in sy or not quasi-concave in sg. If it is quasi-concave in sy, then
it must be decreasing in sy as well. As a result, if (28) is not satisfied, then there are two main
categories regarding the shape of R(sy,sy) with respect to sy, as described above.  Q.E.D.

Figure EC.3 illustrates sheds further light on the cases described above. If R(sg,sr) is quasi-
concave in sy and it is also decreasing in sy, in which case the optimal insurance coverage sj;
is zero (see the top panels in Figure EC.3). If R(sg,sr) is not quasi-concave, then the optimal
insurance coverage sj; could be zero or positive, and moreover, the stationary points of R(sg,sr)

are not always the local maxima (see the bottom panels in Figure EC.3).

R(sy,sz) R(sg,sz)
0 0
—500
—200
—1000
—4
00 —1500
76000 01 02 03 04 05 720000 01 02 03 04 05
SH SH
R(sm,s1) R(su,s1)
200 0
100 —100
0 —200
—100 —300
—200 —400
30007701 02 03 04 05 000701 02 03 04 05
SH SH

Figure EC.3  Cross Sections of the Profit Function When (28) Does Not Hold
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EC.3.2 Endogenous Waiting Periods

In this subsection, we consider the case of endogenous waiting periods and analyze the optimal
decisions in this case. In our analysis, we find that if the optimal coverage percentages are stationary
points of the insurer’s profit function, changing waiting periods does not affect the insurer’s optimal
profit, and the waiting periods are substitutes to the coverage percentages. That is, if s} = s for
i€{H,L}, then

d * *\ d * S;c
d—wiR(smsL)io and dwisi T —T—w;

To prove the preceding statement, we focus on the optimal contracts when sj; = s, and s} =

sy, and the insurer’s optimal profit is R(sj;,s}). First, we would like to show ﬁR(sj‘q,sz) =

ﬁR(sj‘q, s3) =0, and these derivatives are
MR(SHwSL) = 8wHR(5H75L) + aSHR(5H75L)deSH+ 8$LR(SH75L)deSL7
ER(SHa s1) = a—u]LR(sHa sp)+ @R(Sm SL)ESH + a_s,LR(SH’ SL)ESL'

d

de

It is easy to check that ﬁsz = s3; =0. Thus, the above derivatives become

MR(SHasL) = 8wHR(SH75L) + aSHR(SH75L)deSH7
ER(SHVSL) = awLR(5H75L) + aSLR(SH75L)deSL'

Moreover, we also have

- for i € {H,L}.
i_R(Sj{,sz) T—7—w,; ori€{ }

*
S

<_R(s%,s3) =0, it suffices to show that diwis;‘ = ——t

dwy, T T—T—w;

Thus, to conclude that ﬁR(s*H,sz) =
forie {H,L}.
Because there is no closed-form expression of s}, and s}, we use the implicit function theorem

to compute the derivatives of s}, and s; with respect to wy and w;. Based on this, we have

d? * *

T d—2R(s* s3)
dslz H»> 2L

dw for i e {H,L}.
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Note that
d*R(s%;, s%)
— ATHTL et avA
dondsn csyayAy,
d? 1 ST
R(Sigﬂ%) =o(T — 7 —wy)ayAy, where
dsy;

Ay = pl(T=7) (A =sp)sywul{(T—7)MA—si) —1-sg |+ 4+ N)spwyt—c{(T—7)[(1—sF)A-1]+Aswp }

(T-7)(=sp)+spwp2 {p(T—7)(A—sp)+spwp]—c}? , and

d*R(s}, 1)

dwrdsy, = esirAL
2P (o o
% = o(T — 7 — wy)yA, where
L

A, — PUT—7)A=s7)sTwr {(T—7)AA=s])—1—s] [+ 1+ N)s7 wy }—e{(T—7)[(1—s7 )A—1]+As] wr }
L (T—-7)(1=s})+spwp]?{pl(T—7)(1—s7 ) +s]wr]—c}? ’

Thus, we have

d st )
du s; = — for i€ {H,L}, and therefore

* * d * *
MR(SH,SL) = ER(SH,SL) =0. Q.E.D.

EC.3.3 Comparative Statics of the Optimal Contracts

In this section, we analyze how problem parameters affect the optimal contracts. Given the exoge-
nous waiting periods, we focus on the effects on the optimal premiums and optimal coverage
percentages, where the optimal coverage percentages satisfy the first-order conditions. Because
si =, for i € {H, L}, we have %R(sj‘q,sz) <0 and %R(sj{,sz) <0 in the following analysis.
Then, similar to the analysis in Section EC.3.2, we rely on the implicit function theorem to get

analytical results via (26) and (27). For simplicity, we let ry(sy) and 7 (sy) satisfy

TH(SH) :(1 — Oé)(l + )\)’YE(; [£(K, /LL,(S) — g(K, NH,(S)] _ Oé( (T—T—wp)eysy

[(T—T)(l—s’H)-i—s}{wH]p—c) [(T—T)(l—s’H)-i—s}{wH]

+ad (K +yln [ {0 vnle | o s [6(K, o, 0)])
(EC.3.1)

ri(sn) =\ (K + o [l | o (K, 0)))

[(T—7)(=sp)+s wrlp—c
(T—‘r—wL)cvle
((T=m)(1=s7)+sh, wilp—c) [(T—T)(1—s} ) +sf wi ]’

(EC.3.2)

so that the first-order conditions imply rg(s%) =7z (s}) =0. Based on these, we can analyze the
impacts of the following parameters by taking the derivatives of the expressions in (EC.3.1) and

(EC.3.2).



e-companion to Kao, Keskin, and Shang: Information Asymmetry, Capacity, and BI Insurance ec21

Change in «. First, note that

d - (T—1—wp)cysT
%TH(SH) - (1 + A)7E5 [g(Ka Hm, 6) - g(Ka Hr, 6)] T p[(T=7)(1=s% — )[(Ter)(lfs;{)JrusH]

1-s})+spwy]

A (K 4o Rl | 6K p.0)])

(1=sp)+tsgwyl—

In this derivative, Es [£(K, pg,0) — (K, ur,0)] > 0, and by the first-order optimality condition in
(29), we have

p(T—7)(A—sy)+sgwy] | (T—1—wp)eysyy
A (KJ”ID [p[<T—T><1—s;{>+usH1—c] vE5 [€(K, “H"S)]) P05 T mwal- (T ool =~ O-
Therefore, -Lr4(sy) > 0. In addition, because ﬁ%R(S}I, s3) <0, we have ﬁrH(sH) <0, and thus
d L(s
d_‘s;[:_idda H( H) >0
o zoru(sm)

Next, based on (26), the first-order derivative of yj, with respect to « is

d ., 0

d
- —sp > 0.
dOZyH 0s S i >

—FE;s Z[WH(K yHaSH)]da

Hence, both s}; and yj, are increasing in . With regard to s}, note that %rL(sL) =0, and thus

d ., gero(se) _0

—8, =
do " d;iLrL(sL)

With regard to y;, by (27), the first-order derivative of y; with respect to « is

d . (0 oy 9 i)l s}
dati = (g Baalmha (K yiassinl = 5 Baled (i sin)l) o si
o Cyd
+ EEé,Z[Wi(Ka yLasL)]%SL <0.

Hence, yj is decreasing in «, but s; does not change in o.

Change in K. The first-order derivative of rg(sg) with respect to K is

d exp (5) exp (5)
—rp(sy)=(1—a)(1+N)E; — -
dK exp ( ) + exp ( ) exp ( ) + exp ( )
+al | Es eXP( i ) > 0.

exp ( ) +exp (“H”)

Therefore, we have
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The first-order derivative of yj, with respect to K is

d * 8 * * %
ﬁylf :@E&Z[ﬂ]{l([(a yH’SH)]%SH
exp <—H) {eXp (m> + Es [exp (K_-Hi)} }
+(1+X)p(T =7 —wh)ps; - ! i > 0.
" Hje{H,L} exp [§(K, pm,0)]

Thus, both s}, and yj; is increasing in K. With regard to s}, we have

J exp (MLTH)

d_KTL(SL) =M exp ( ) +exp <HL+5) >0,

and thus —S 7 > 0. Finally, the first-order derivative of y; with respect to K is

%y; :% {Eéz[ﬂfﬂ(K su)] = Esz[miy (K)] + Bs g[m, (K, 51)] _E&Z[ﬂi(K,SH)]}
_a% {E(;z[wé(K su)] = Esz[nh (K)] + Es z[7L (K, 51)] _E&Z[ﬂi(stH)]}
+ % {E&Z[w{q(K, si)] — s z[mL (K, SH)]} diKS*H
b o Bl 1500 | s

In the previous expression, we have

a%{E(;Z[T(qu(K si)| — Esz[mh (K)] + Es. z[m1 (K, SL)]—E57Z[7T£(K,SH)]} >0, and

0 d
E {E(;yz[ﬂ'i(K,SL)]} dKSL > 0.

However, because of the reverse single-crossing property in Proposition 2, we know that the second
term %{E(;’Z[WL(K, sp)] — Esz[r1 (K, sy)]} <0. Thus, y; could either increase or decrease as K
increases, but s} is increasing in K.

Change in pg. The first-order derivative of 7y (sy) with respect to pg is

exp (“TH> {exp (@) + Es {eXp (TH)} } <.

d
—7r(s = — 1—OK+)\
dpig u(sn) ( ) Hje{H,L} exp [§(K par, 9)]
Therefore, we have
d
d 2-rH(5H)
sy = - LS
7“H(SH)



e-companion to Kao, Keskin, and Shang: Information Asymmetry, Capacity, and BI Insurance ec23

The first-order derivative of yj, with respect to py is
d 0

* * d *
d,u—HyH :EE&Z [WI{I(Ka YinSu)l5—5u

dpr

o (1) {o (22202) 1, o (52)] )
Hje{HyL} exp [{(K, pwr, 0)]

Thus, both s}; and yj; is decreasing in py. With regard to s}, note that ﬁrL(sL) =0, and thus

— 14+ XN)p(T — 7 —wy)psy <0.

—d S* = —du TL(SL) _
dpp " djL rr(sL)
Thus, s} is irrelevant to py. Next, the first-order derivative of yj with respect to py is
d d d
T = it g { Bl (K, 0)] = Bl (. )|
d (T—7)(1—s%) s grwp]
d H <K+’71n|: pT T)(1— SHI){JrsH}iIuHH :| ’)/Eé [g(KHuH)&)]> d,LL—HSH‘

We know that the first term dlyz, is negative, while it minuses the remaining negative term.
WH

Thus, y; could either increase or decrease as g increases, but sj does not change in piy.

Change in p7. The first-order derivative of 7y (sg) with respect to py, is

i exp (4 ) {exp (22820 ) + 5 [exp (42}
—rg(sg)=(1—a)(1+ A > 0.
dpr alsn) = (1-a)1+2) [ jeqm,ry exp[§(K, pr,0)]

Therefore, first-order derivative of sj; with respect to uy, is
d . agra(n)
ansn=""a —.—~>0
KL ds 11 ra(5m)
The first-order derivative of yj, with respect to py, is
d ., 0 _
d#—LyH = EE&Z[W{H{(Ka yHaSH)]d LSH > 0.
Thus, both s}; and yj; are increasing in p,. With regard to s, we have
exp (—“L+5)
—rp(sL) = —AEs . <0
dpr, exp (§(K, pr,9)) ’
and thus 7 s 7 < 0. Finally, the first-order derivative of y; with respect to py, is
d d d
;= ; E (K - F (K
v = i o { Bsaleb (K s0)) ~ Bl ()]}
:i Es 7t (K, s%)] — Es z[m1 (K, s%)] is* —i—iE (71 (K s*)]is*
8SH 0,Z|""H y O H 6,z s O H d,U/L H 88[, 6,Z1NL s 9L dML L
d d
= p(T =7 —w)p(L+ NV Es [§(K, 11, 8) = E(K, par, )] —— 57 + ——Es 2|71, (K, 57,)] =57 <0.
d/LL dSL d;uL
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As a result, both s} and yj are decreasing in p .

Change in p. The first-order derivatives of rg(sy) and rp(s;) with respect to p are

d d
d—pTH(SH) = d—pTL(SL) =0.

Thus, we have Ls% = L5t =0. With regard to yj;, we have

dp°H ~ dp
d . _d 1 N
o= | Bsclrh (K, w)] - Bazlm 0]
According to (14) and (21), we let 7/

iy = Bl (0, 5) = i (K0 (1= )y () = 0 (KO} > 0

(K,s)=y+m],(K,y,s), and we have

171

Similarly, we can get

d d
d_pyL = d_pyH+/8{7T£H1(K7 sL) _WiHl(KﬂsH)}—i_(l _6){7T£L1(K7 sL) _7T£L1(K7 sg)} > 0.

As a result, yj; and yj are increasing in p, but sj; and s; do not change in p.

Change in \. The first-order derivative of 7y (sy) with respect to A is

e (om) =1~ )y By €0, o 8) — €K, g )]

Ta <K+71n |:[([('1:—T)(1—/SH)+,SHIUH]P ] B [€(K, #H’(g)]) :

T T)(l—sH)-l—usH]p—c

Because of the sufficient condition in Lemma 1, we have <7y (sy) >0, and thus s > 0. In
addition, because A is a positive multiplier in C}Y (K, e) and C};(K,e,y,s), we deduce that

0

B {E6 2lmi (K, sm)] = By zlmy (K)J} >0,

and thus

i = 5 | Bl o) = Bl (0] + 5 { Bl B, s = Bl ()] 30,

Similarly, the first-order derivative of rp(sy) with respect to \ is

d T S Srw
o (sp) = K+ yin | ALY | oy [6(K j1,8)] > 0.

d\ T—7)(1—s)+sp wrlp—c
Therefore, we have k57 > 0. Similar to -y}, we can get
0
S Bl (5 s0)) - Bl (s} >
and thus
d ., d 0 I
L=Vt gy Es z[m (K, s.)] — Es.z[n], (K, s1)]
+ 2 B el (K s0)] = By alrl (K, sm)] b-Ls3 > 0.
88[, ALY sy 9L ALY sy OH d\ L

Consequently, y;;, v;, S3, and s} are all increasing in A.  Q.E.D.
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EC.3.4 The Effects of the Other Parameters on the Optimal Contracts

In this section, we provide numerical results to show how the optimal contracts are affected by
the parameters that are not discussed in Section 6. First, we are interested in the impacts of the
parameters 5, dy and &;, which are related to forecast updating. Due to the assumption that
E[§)=Bdg+ (1 —5)d;, =0, each of these parameters cannot unilaterally change. Thus, we suppose
that there is a fixed range of forecast updates, G =dz — 0. If any of 3, 65 and 0 changes, then
the others would also change according to the fixed range. Figures EC.4-EC.6 show the impacts
of these parameters. In these figures, the premiums and the coverage percentage in the optimal
contracts appear to be convex in 3, 0y and d;, but neither increasing nor decreasing.
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Figure EC.4 The Impact of 8 on the Optimal Contracts
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The Impact of §;, on the Optimal Contracts

Similarly, with regard to the remaining parameters ~, p and ¢, we illustrate that their impacts

on the optimal contracts are not necessarily monotone. For example, Figure 7(a) shows that yj;

may be increasing or decreasing in 7; Figure 7(b) shows that sj; does not monotonically change

in ¢; Figure 7(c) and 7(d) shows that the change in p may have different impacts on the optimal

contract (y3, sy ), depending on the value of p.
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