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Appendix

Equilibrium Analysis in Stage 2

Integrated Approach: Each district maximizes their individual surplus by choice of resources g;; and interoperability effort e;;:

max Sj; = my [[1 —x][1-filgn +x [311:12] 912] - P9121 - 56121 and
gn éen
max Sy, =m, [[1 —xl[1 - filg, +x [911‘;'912] 911] - P.9122 - 66122’
9r2, €12

subject to g;; € [0,g] and ¢;; € [0, €].

Jointly solving for individual districts’ optimal resources and interoperability effort, and assuming interior solutions to both, yields a Nash
equilibrium:

_my[1—xk][1-f] _my[1—k][1-f]
B 2p 2p

9gn gz =

]

mymyk[1 —k][1 - f;]
4pée

€11 =€ =

We then compute the corresponding surplus for each district and social welfare in equilibrium:

[1 - fi1?m2[1 — k]?[4&%pS + 3m3K?]

sem = ‘ .
16&2p28
Slezqm _ [1-fi]>m3[1 — ’{_]2[492136 + 3m%K2]’
16&2p26
eqm _ ceqm eqm _ [1- fl]z[l —k]?[2e? [m% + m%]pé' + 3m%m%’<2]
SI - 511 + SIZ - 8é2p26 .

Unified Approach: Each district maximizes their individual surplus by choice of resources gy ; and interoperability effort ey ;:

max Sy; =my [[1 = «][1 - fylgur + kBy [@] guz] - Pglzn - 591211 and

Jdui eu1

i
max Sy, =m; [[1 — k][l = fylguz + xBy [eme#] gu1] - pgzzlz - 6312125

Juz euz
subject to gy; € [0,g] and ey; € [0,€].

Jointly solving for individual districts’ optimal resources and interoperability effort, and assuming interior solutions to both, yields a Nash
equilibrium
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_my[1—k][1-fy] _ my[1—x][1-fy]
9ui = 2p yGuz = 2p s
_ _ mym,Byk[l —k][1 - fy]
ey1 = €y2 = 4pse .

We then compute the corresponding surplus for each district and social welfare in equilibrium:

mi[1 —«k]*[1 - fyI?[3m3BGx* + 4pse?]

Seqm —
vt 16p25é2
Seqm — m%[l - K]z[l B fU]2[3m%ﬁ121K2 + 4p6§2]
vz 16p28e? '
[1 - fy]?[1 — k]?[2€2[m? + m3]pS + 3mim3p5K?]

eqm _ ceqm eqm __
SU - SUl + SUZ - 8p26€_2

Federated Approach: Each district maximizes their individual surplus by choice of resources gr; and interoperability effort eg;

+
max Sp; =my [[1 — klgr1 + KBp [%] ng] - pgpz*1 - 593*1 and
9F1, €F1

1ter2
max Sp; =m, [[1 —Klgp; + KBr [%] 91-"1] - sz%"z - 561%2,

gFr2, €F2

subject to gr; € [0,g] and eg; € [0,€].

Jointly solving for individual districts’ optimal resources and interoperability effort, and assuming interior solutions to both, yields a Nash

equilibrium

[1—k]m, [1—k]m,

9r1 = 2p » 9r2 = 2p

]

kPl — klmym,
€r1 = €2 = T~ a5

We then compute the corresponding surplus for each district and social welfare in equilibrium:

m2[1 — k)?[4&%ps + 3m3BEK?]

Seqm —
F1 16&2p2§ ’
seam _ ma[1— K]2[4e"_2p6 + 3m§,8§1c2]'
16&%p268
seam _ geam | ceqm _ [1- K]Z[Zéz[m% + m%]p5 + 3m%m%ﬁ1§’€2].
F F1 F2 862p28
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Equilibrium Analysis in Stage 1

There are nine cases:

Case 1:
District 2
t,=1 t,=U t,=F
ty =1 1 (S11,S12) U (Sy1, Su2) F (Sr1, Sr2)
District 1 t,=U U (Sy1,Syz) U (Sy1,Su2) F (Sr1,Si2)
ty=F F (Sr1,Sr2) F (Sr1,5r2) F (Sr1,Sr2)
Case 2:
District 2
t, =1 t,=U t,=F
tr=1 IM U (Sy1, Suz2) F (Sp1 Sr2)
District 1 t,=U U (Sys, Suz) U (Sy1, Sy2) F (Sr1,Sr2)
ty=F F (Sr1,Sr2) F (Sr1,5r2) F (Sr1,Sr2)
Case 3:
District 2
t, =1 t,=U t,=F
ty =1 Im U (Sy1, Su2) F (Sr1,Sr2)
District 1 ty=U U m U m F (Sr1,Sr2)
t=F F (Sr1,5r2) F GruSr2) F S Sr2)
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Case 4:
District 2
t,=1 t,=U t,=F
ty=1 1(511,512) U (Sy1, Sy2) F (Sr1,SF2)
District 1 ty =U U m U m F (Sr1,Sr2)
b= PGS PG F G
Case 5:
District 2
t,=1 t,=U t,=F
ty =1 1(S11,512) U (Sy1, Su2) F (Sp1 Sr2)
District 1 t,=U U (Sy1, Suz) U (Sy1, Syz) F (Sp1,Sr2)
ti=F F (Sp1,Sk2) F (Sp1,Sr2) F Gr1,5r2)
Case 6:
District 2
t,=1 t,=U t,=F
ty =1 1(S11,512) U (Sy1, Sy2) F (Sr1,Sr2)
District 1 ty,=U U m U m F (Sr1,Sr2)
ty=F F (Sr1,Sr2) F (Sr1,Sr2) F (Sk1,Sr2)
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Case 7:
District 2
t,=1 t,=U t,=F
tr=1 1(51,512) U (Sy1, Suz) F (Sr1 Sr2)
District 1 t,=U U m U m F (Sr1,Sr2)
ti=F F (Sp1,Sr2) F (Sp1,Sr2) F (Sp1,Sr2)
Case 8:
District 2
t,=1 t,=U t,=F
ty =1 1(S1,S12) U (Sy1,Su2) F (Sr1,SF2)
District 1 ty=U U (Sy1,Su2) U (Sy1,Su2) F (Sp1, Sr2)
th=F F (Sr1,SF2) F (Sr1,SF2) F (Sr1,SF2)
Case 9:
District 2
t,=1 t,=U t,=F
ty=1 1(S1,512) U (Su1,Su2) F (Sr1,Se2)
District | ty=U U (Sy1, Su2) U (Sy1, Su2) F (Sr1,Sr2)
ty=F F (Sp1,Sk2) F (Sr1,Sr2) F (Sr1,Sr2)

Proof of Lemma 1

For District 1: If [By]? < Byq and [Br]? < Br1, then this corresponds to the regions defined in Cases 1, 2, & 3 as shown in Figure 1. Under
all three cases, the Integrated approach is preferred by District 1 as it provides higher surplus than the other two approaches, hence the Pareto
efficient interoperability approach is Integrated. If [8y]? = max{By1, Byr1}, then this corresponds to the regions defined in Cases 4 & 5 as
shown in Figure 1. Under both cases, the Unified approach provides higher surplus than the other two approaches, hence the Pareto efficient

interoperability approach is Unified. If [8y]? < Byr1 and [Br]? = Br1, then this corresponds to the regions defined in Cases 6, 7, 8, & 9 as
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shown in Figure 1. Under all four cases, the Federated approach provides higher surplus than the other two approaches, hence the Pareto
efficient interoperability approach is Federated.

For District 2: Similarly, if [By]? < Byz and [Br]? < Brs. then this corresponds to the regions defined in Cases 1, 2, 3, 4, 7, & 8 as shown
in Figure 1. Under all six cases, the Integrated approach provides higher surplus than the other two approaches, hence the Pareto efficient
interoperability approach is Integrated. If [5,]? = max{ﬁUz, l?UFZ}, then this corresponds to the regions defined in Cases 5 & 6 as shown in
Figure 1. Under both cases, the Unified approach provides higher surplus than the other two approaches, hence the Pareto efficient
interoperability approach is Unified. If [By]? < Byrz and [Br]? = Br,, then this corresponds to the regions defined in Case 9 as shown in
Figure 1. Under Case 9, the Federated approach provides higher surplus than the other two approaches, hence the Pareto efficient
interoperability approach is Federated.

Lemma 1 is obtained by combing the above results for both Districts.

Proof of Lemma 2

Lemma 2 is derived based on the definition of the equilibrium interoperability approach, which is determined by individual districts’
preferences. The Integrated approach is the equilibrium if and only if both districts prefer the Integrated approach. The Unified approach is
the equilibrium if both districts prefer the Unified approach or one district prefers Unified but the other prefers Integrated. The Federated
approach is the equilibrium if either district prefers the Federated approach.

Proof of Proposition 1
The threshold values are given below:

fyy = LA _ 4e?poli=follz—fi=fy]
1

[1-fyl? 3[1-fyl*m,2k2
5 1 4&%ps
Bri=1-3[2-filfi [3+m,
5 _ 1 5 4e%ps[2—fylfy
ﬁUFl - [1-fy1? ﬁFl + 3[1—fU]2m22K2'

Bus = [1-fi? _ 4e*pélfi—ful2—fi—ful
U2 [1—fy]? 3[1-fy]2m,2K? ’

B =1-112- filfi[3+ 22,

12K2

o __ 1 5 4€’psl2—fylfy
ﬁUFZ - [1—fU]2 :BFZ + 3[1—fu]2m12K2.

Comparing the values of the thresholds, we find:
By < Buz> Ber < Brz and Byps > Byr. (Asmy > m,)
If [By]? < Bu1 & [Bul? < Br1, then both Districts prefer the Integrated approach and Integrated is the equilibrium.

If [By]? > Bui & [Bu)? > Byr1, then District 1 prefers the Unified approach, District 2 prefers either the Integrated (i.c.,fy1 < [Bul? <
By,) or Unified approach (i.e., [By]? > By,). By definition Unified is the equilibrium.

If [By]? > Br1 & [By]? < Byr1, then District 1 prefers the Federated approach. By definition Federated is the equilibrium.

Based on the above, the Pareto efficient equilibrium is determined by District 1°s preferences only. Hence ﬁgqm = Bu1, ﬁ’,f ™ = Bpq, and
SEqm _ 5
vr = Bur1-
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Proof of Corollary 1
Comparative statics of f; and f;:

BT 2[1-fil[4€*ps+3m,2k?] <0
af 3[1-fy]?m,2K? ’

B _ 2[1-fi?[4e?pS+3m,2K?]
fy 3[1-fyl¥m,2x?

>0,

6[??7"1 _ 20 4&%2ps
afi 3 [1-1l [3 + mzzxz] <0,

SEqm
9 F

afy ’

i

of

The slope of ﬁggm is which increases with the increase of f;.

1
[1-fuyl*’

42%ps[2—fylfu
gEam i 4€*pol2—fulfu . 4 si-fyl°ma2k2 _  862pS

The intercept of 5, is 37y [Pmy2K? 3y = 3y Pme > 0.

Based on the signs of the comparative statics above, we obtain results about the impact of f; and f;; as reported in Corollary 1(i).
Comparative statics of k:

By _ se*psla—fi—fyl

ax  3[1-fyl*my2k3 >0,
oBF™™ _ setpole—fil

K 3m,2K3 ’
0ByE" _ _ semsl-fulfy _

ok 3[1-fyl?m,2K3

Based on the signs of the comparative statics above, we obtain results about the impact of k as reported in Corollary 1(ii).

Proof of Lemma 3

The socially optimal interoperability approach is obtained by comparing social welfare across the three approaches. The social welfare of
each interoperability approach is given below:

Integrated Approach:

1 — fi1?[1 — k]?[2e?[m? + mZ]pé + 3m?m3x?
SW1=511+512=[ fl2l 1°[ [_1 31p msj ].
8¢e2p2s

Unified Approach:

[1 - fyl?[1 — k]*[28*[m} + m3]pé + 3mim3Bi?]
8&2p2§ ’

SWy = Sy1 + Sy2 =

30 MIS Quarterly Vol. 45 No. 1/March 2021



Guo et al./Provisioning Interoperable Disaster Management Systems

Federated Approach:

[1 - k]?[2&2%[m? + m2]pé + 3m?m3B2K?]

SWr =§ Spz =
F F1+ F2 88—2p26

ASW is obtained by comparing SW; and SWy, (i.e., solve for [8;]? such that SW, = SWy)):

orf ~ , ,
— 3[1-f1*+ 2e°[f; — ful [f}rjl‘%j::]l%KZZ][m1 + m3]pd
o 3[1-fyl?

BSWis obtained by comparing SW; and SWy. (i.e., solve for [8z]? such that SW; = SWj):

2&%[m? + m3)ps

« 1
swo_
B =13l Al 34T

Bi¥is obtained by comparing SW;; and SWy (i.e., solve for [8y]? such that SWy = SWp):

28%[2 - m? + mZ]ps

3ﬁ1§+ [ frzil]zf;il[zxé 3lp
ASW _ 1M;
vr 3[1— fyl?

If [By)? < B5Y and [Br]? < BEY, then SW; > SWy and SW; > SWy, indicating that the socially optimal approach is Integrated.
If [By]? = max{B5", B5¥}, then SW, < SWy and SWy < SWy, indicating that the socially optimal approach is Unified.

If[By]? < B5¥ and [Br]? = B5Y, then SWy < SWj and SW; < SWj, indicating that the socially optimal approach is Federated.

Proof of Proposition 2
The results are obtained by comparing B5" with S5, B with 5™, and f5¥ with BLI™.

2rg ~
— 3[1—f12+ 4e’(f; fur]rg;c'zi' fu — 2]pé

v 3[1 - fyl? '

. 1 4e%ps
Eqm __
F —1—§[Z—ﬁ]ﬁ[3+W],

382 + 2e%[2 - fylfy[m} + m3Ipé
. F mem2r?

Eqm _ 172

Uk 3[1 - fyl?

Comparing the socially optimal thresholds with equilibrium thresholds we obtain

fow _ gram _ 28%(f, — fyl2 — f; — fyllm} — m31ps
v 301 — f, ]Pmim2K?

>0,

seqm _ 2€%[2 = filfilm§ — m3]1pé

BEW — = >0,
b F 3mZmik?
psw _ pEqm _ _ 29_2[2 - fU]fU[m% - m%]pﬁ <o.
vF ur 3[1 — fy]2m2m2K?
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5 SEqm »Eqm 5 »Eqm
From the above, we obtain 5% > B, 7", BF% > B ™", and B3 < By

Proof of Corollary 2
Comparative statics of f; and f;; on the socially optimal interoperability approaches:
aps _ 2[1-f1[2&2p8[m,2+m,2]+3m,2m,2K?] <0
af 3[1-fyl*m,2m,2k? ’
B _ 2[1-f1*[282pS[m, 2 +my2]+3m, *m, % k7] >0
afy 3[1-fyl*my2my2k? ’
9B _ _zpq _ 28%pdlm,+m,’]
afp, 3 [1- £l [3 + my2m,2x? ] <0,
OB _
ofy ’
BoE
=0
afi
The slope of B3 is ﬁ , which increases with the increase of fj.
—Ju
2e?péfya-fyllmi®+ma?]
The int t fBSW . 28%p8fyl2—fyllm,%+m,?] d 2 s[1-fylmiZmy22 _ 4&2pS[m,2+m,?] >0
€ MEICePt O PUF 18 51 Pmymyzer. afy T3l fyl3my2my i '

Based on the signs of the comparative statics above, we obtain the results about the impact of f; and f;; as reported in Corollary 2(i).

Comparative statics of x on the socially optimal interoperability approaches:

B _ aetpolfi—full2—fi—fullmi®+my?]
Ak 3[1-fyl?2my2m,2K3

]

335“’ — 4&%péfil2—fillm, > +m;?]

L3 3m,2m,2K3 >0,
OBYY _ _ 4epsfyl2—fyllmy®+m;?] <0
arc 31— [y 2m, 2my 2K :

Based on the signs of the comparative statics above, we obtain the results about the impact of k as reported in Corollary 2(ii).

Proof of Lemma 4

A social planner should find the optimal incentive mechanism that achieves social optimum while minimizing the total administrative effort
under the federated approach. That is

min[|xgq| + [xp2|]-
xij

The incentive mechanism must satisfy the following conditions:

[2 = filfilm? —m3][1 —«]?

X1 — XF1 = 8p ’
(2 = fulfy[mf —m3][1 — k]?
Xy1 — XF1 = 8p )
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2= ffilmE —m3[1 — k]2
X2 = Xp2 = — 8p )

[2 = fylfylmf —m3][1 — k]?
8p '

Xy2 — XF2

When both tax and subsidy are available to a social planner, a district shall receive no tax as a penalty nor subsidy as an incentive if they
choose the Federated approach (i.e., Xxp; = xp, = 0). This way the social planner avoids its involvement as much as possible. As for any
non-zero tax/subsidy, a social planner must rely on extra funds or incur extra expenses to induce the social optimum, which is not desirable.
Given that xp; = xp, = 0, we solve for the amount of tax/subsidy given to each district.

[2 = filfilm? —m3][1 —«]? S

X1 = 8p 0,
[2 = fylfylmf —m3][1 — k]?
Xy1 = 8p >0,

2= filfilm? —m3][1 —«]? <
8p

(2 - fylfylmi — m31[1 — «]?
8p

X2 = —Xn = 0,

<0.

Xy2z = —Xy1

Proof of Proposition 3

Based on the results in Lemma 4, we have:

[2 - filfylm? —m3][1 — x]* _ [2 - filfylm§ —mi][1 —«]* _

X1 +x12 = 8p 8p 0,
_ 2= fylfylmi —mil[1 — k] [2 - fylfylmi —m3][1 —«]* _
Xy1 + Xy = 8p - 8p =0.

xF1+xF2=0+0=0

Because 1 > f; > fy; > 0, simple algebra indicates [2 — f;1f; > [2 — fylfy , hence we have x4 > xyq > xp; = 0and xpp < Xyp < Xpy =
0.

Proof of Lemma 5

To induce the social optimum, the incentive mechanism must satisfy the same conditions as shown in the proof of Lemma 4. When a subsidy
is the only available incentive mechanism, a social planner should find the optimal incentive mechanism that achieves social optimum while
minimizing the total incentives provided to both districts under all three approaches. That is

min[x;; + xpp + xy1 + Xy2 + Xp1 + Xp2]
Xij

Subject to:

[2 = filfilm} — m3][1 — «]?
8p

X1 — XFp1 =
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[2 = fulfy[mi —m3][1 — k]?

Xy1 — XF1 = 8p
[2 = filfilmi — m3][1 — «]?
X2 —Xp2 = — 8p
(2 - fU]fU[m% - m%][l — k]?
Xyz —XF2 = — 8p

X1, X120 Xy1, Xyz, Xp1, Xpz 2 0.

Solving the above minimization problem leads to the solutions we reported in Lemma 5:

2= f1fyIm? = m3)[1 — P
X1 = 8p

y

X = 0,

[2 = fulfy[mi —m3][1 — k]?

)

Xy1 = 8p

{12 = £1fi = 12 = fulfy]im2 = m3][1 = kI2

Xy2 = 8p )
xp1 =0,

_ 2= filfilm? — mi][1 — k]?
Xpp = 8p .

Proof of Proposition 4
(i) is obtained based on the results we obtained in Lemma 5: i.e., x;1 > 0,xy1 >0, xpg =0, and xg, >0, x5, >0, x5, =0.

(ll) is obtained based on the fOHOWiIng
2— f1lf m2 - mz 11—k 2
" 1 [ I] I[ 18p 2][ ] > D,

2— m? —m2][1 — k]?
xu1+xu2=[ filfil 18p Al ] >0,

_ 2 _ 2 _
Xp1 + Xpy = [2 fl]fl[m18p mzl[l — «I’ > 0.

And hence X1 + X2 = Xy1 + Xyz2 = Xp1 + XF2 > 0.

(iii) Given that 0 < f; < f; < 1, simple calculation indicates x;; > xyq > Xp; =0 and xpy > Xy, > x5, =0
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Proof of Lemma 6 and Proposition 5

Total subsidy needed for each approach to induce social optimum is given by:

[2 = filfilm? —m3][1 —«]?

X1t X = Xyy + Xy2 = Xpp tH Xpp = 8p
We compare this amount to the social gain and see if a subsidy can be justified.

Case 1: When the social optimum is Integrated, but the equilibrium is Unified (the horizontally shaded area in Figure 4), the social gain is
given by:

[1 = kl?[282[f; = fullfs + fu — 2]m{ + m31ps + 3mim3[[1 - £i]* - [1 — fu]*Bi1K°]
8e2p2§

81 (1, x12) — Sy (xy, Xy2) =

The separating thresholds for the cost effectiveness of the incentive mechanism is obtained by comparing the social gain with the total
subsidy:

&2ps [[31f; — 21f; = 2Ify — 2)flm? + [Ifs = 21, = 2Ify — 2)fu]m}]

_f12
pSG _ SM-AFA m%mgkz
v 3[1 - fyl? ’

Sy Gy, X12) = Sy Ceyn, Xyz) > xp1 + xp3 if [By]? < BEC

To show that the social gain is enough to cover the total subsidy, we need to show [B,]2 < B3¢ of all valid values of [8y]? within the
horizontally shaded area of Figure 4. The necessary and sufficient condition for [8y]? < € is to show that 56 > BSW:

e’[2 - filfilmf — m3lps

ASG _ ASW _ _ <0.
Po” = by 3[1 - fylPmimii?

This indicates that the social gain cannot justify the total subsidy for all valid values of [8;]2. To see if the social gain is enough to justify a
portion of the horizontally shaded area in Figure 4, we then compare [?56 with ﬁgqm:

6 _ gEam _ e2[[2 — filfy — 2[2—fylfy][m? — m3lps
v v 3[1 — fy]Pm2m3k?

356 — BET™ > 0if [2 — f1f; — 2[2—fylfy = 0, otherwise BF¢ — BiT™ < 0.

If fflz_? ]] > 2, then B 7™ < B¢ < BSY, this in turn indicates that within the horizontally shaded region, total subsidy can be justified by
ul«—Ju

social gain if ngm < [By]? < B¢ . Otherwise, total subsidy cannot be justified by social gain.

Case 2: When social optimum is Integrated, but the equilibrium is Federated (the vertically shaded area in Figure 4), the social gain is given
by:
[1—x]?[2¢%[f; = 2][mf + m3]ps + 3mimI[[1 - f]* — BElx?]

8e2p2§ ’

S1 (11, X12) — Sp(Xp1, Xp2) =

The separating thresholds for the cost effectiveness of the incentive mechanism is obtained by comparing the social gain with the total
subsidy:

e?[3m? + m3]ps

R 1
S6 _
F _1_5[2_ﬁ]fl 3+ mim32i?

S; G, x12) = Sp(Xpy, Xp3) > Xpy + xpy if [Br]? < BEC.
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To show that the social gain is enough to cover the total subsidy, we need to show [Br]? < ﬁga for all valid values of [Br]? within the
vertically shaded area of Figure 4. The necessary and sufficient condition for [8z]? < B3¢ is to show that f3¢ > BEW:

gsc _ gow — _ SR flfilmi —milps _
F F 3mimik?

This indicates that the social gain cannot justify the total subsidy for all values of [B]?. To see if the social gain is enough to justify a portion
of the vertically shaded area in Figure 4, we then compare ;?,?G with [?FE‘”":

556  pEqm _ e%[2 — fl]fl[m% - m%]pé‘
F — PFr - 2 >

0.
3mZmik?

The above results suggest Alfqm < B3 < BEY is always true. As a result, if Aﬁqm < [Br]? < B¢, then the social gain is sufficient to cover

the total subsidy, otherwise the social gain is not sufficient to cover the total subsidy.

Case 3: When social optimum is Unified, but the equilibrium is Federated (the diagonally shaded area in Figure 4), the social gain is given
by:

[1 - k]*[28%[fy — 21fy[m3 + m51pS + 3mim3[[1 — fy,)°BG — BF1x?]
8e2p2s '

Sy(xy1, Xyz) — Sp(xp1, Xp2) =

The separating thresholds for the cost effectiveness of the incentive mechanism is obtained by comparing the social gain with the total
subsidy:

e2ps|[12 - fi1f; — 212 = fulfylm? + [1f: - 21f; — 2[fy — 21y m3]

2
A5G _ 3BF + m2m3x?2
or 3[1 - fyl?

Sy Gy, xy2) — Sp (e, Xp2) > Xy + Xy if [By]? > B

To show that the social gain is enough to cover the total subsidy, we need to show [By]? > B5S for all valid values of [8y]? within the
diagonally shaded area of Figure 4. The necessary and sufficient condition for [8]% > B5% is to show that 5% < B5¥:

ASG _ pSW _ e2[2 - filfi[m{ — m31ps
vE-ruE 3mimZk?

> 0.

The above result indicates that the social gain cannot justify the total subsidy for all values of [8;]?. To see if the social gain is enough to

justify a portion of the diagonally shaded area in Figure 4, we then compare /?55 with Aggm:

o noe &2 il = 202y fu ]2 — m3Ips
Ur ur— 3[1 — fylPm2m3x?

Bt = B 2 0if [2 = filfy — 2[2—fylfy < 0, otherwise A" — B5° <0,

If ff’ E_;’]] > 2, then the social gain is sufficient to cover the total subsidy when Boi™ < [By]? < BS¢.
ul«—Ju

If % < 2, then the social gain is sufficient to cover the total subsidy when ng <[Bul? < Alb;gm.
ul«—Ju

The social gain is not sufficient to cover the total subsidy for all other cases.

When we combine the results of Cases 1-3 together, we obtain Lemma 6 and Propositions 5.
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Proof of Proposition 6
First, focusing on the interior solutions, we obtain the new threshold values under the impact of initial interoperability I:

2 — LAl aepslfi-fyllmal2—fi—full1-kl+2lymyx]
Ul-new [1—fy]? 3mym,2[1-fy]?[1-K]K? ’

4&%pés filmq[2—fil[1-k]+2Igm, k]
3m,m,2[1—k]k?

ﬁFl—new =[1- fl]z -

y

4&*psfylmy[2—fyl[1-K]+2Iym,k]
3mym,2[1-fyl?[1-K]x?

]

A~ 1 ~
Buri-new = _[1—fu]2 Bri-new

B _ [1-A1?  4@p8lfi- fullma[2—fi—ful[1-x]+2Iomy ]
Uz-new ~ [ _p 1 3my2m,[1-fy]?[1-K]K? ’

4&%pé film,[2- fil[1-xk]+21pm, k]
3my2m,[1-k]x?

BFZ—new =M1 _fl]z -

)

48°pé fylmy[2—fyll1-xl+2lgm, k]
3my?2m,[1-fy]?[1-K]x?

Burz-new = ﬁﬁ]’z—new +
When we compare the new threshold values with the old threshold values (as given in the proof of Proposition 1) we obtain:

Bui-new < Bu1> Bri-new < Br1» and Bypi-new > Buyr1:

Buz-new < Buz> Bra-new < Brz» and Bypz—new > Burz-
This indicate the horizontal line moves down; the vertical line moves left, and the diagonal line moves up towards the upper left corner.
When we compare the new threshold values between District 1 and District 2 we obtain:

Bur-new < Buz-new» Bri-new < Brz—new and Byr1—new > Burz-new-
Recall that when the initial interoperability is not considered, we also have:

Bur < Buz: Br1 < Brz and Byp1 > Byro-

This indicates that the relative positions between the two districts’ preferences remain the same with or without the influence of initial
interoperability. This proves all the results reported in Proposition 6.

Next, we focus on the case of boundary solution (i.e., the initial interoperability is large), we then solve for the optimal e;; and g;; under the
new constraint Iy + f5; [%] = 1. Here we use the maximization problem for unified approach as a demonstration, the results for the other
two interoperability approaches can be derived in a similar way.

Under the unified approach, the individual district’s decision problem is

ey; + ey
max Sy; (guj evj) = m; |[1— k11— fylgy; + & [10 + By [%]] gU\j] —pgh; — beg;

Subject to 0 < ey; < 2,0 < gyj < 7. 0 < o + fy [2L] = 1, where j € {1, 2}.

Solve for the above maximization problem under the new binding constraint, we obtain:

my(1-fy)(1-K) m,(1-fy)(1-k) e(1-1p)
gu1 = +’ 9uz = %’ ey1 = €y2 = TUO

Here we can see that if the initial interoperability is very high (e.g., [, = 1), then the optimal effort level should be zero for both districts.

The boundary solution surplus for each district is
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s _l my[1 — fylll = k][my[1 = fy][1 — k] + 2m,k] _ e?8[1 = I,]?
Ui-B <7 » By ,

s 1 my[1 = fylll = kllmy[1 = fylll — k] + 2myk] ~ €°8[1 — I,]?
v2-B =7 D - By .

Here we use subscript B to denote Boundary solution.

The interior solution surplus for each district is

my[1 = fyl[1 = KI[3mym3B31L — fyllL = Kli? + 46%p8[ms [1 — fy][1 - €] + 2lymy«]
16&2ps ’

Sy =

my[1— fyll1l — k] [Sm%mzﬁf,[l — fulll = klx?* + 4&%ps[m,[1 — fyl[1 — ] + 2Iomﬂf]]

Suz = 16&2pé

Comparing the boundary solution’s surpluses with interior solution’s surpluses for each district, we derive the conditions for boundary
solution. We find that the boundary solution’s condition is the same for both districts (i.e., both districts prefer the boundary solution or both
districts prefer the interior solution simultaneously), in other words, the case whereby one district prefers the boundary solution and the other

24 (1-1) (1= f+
3m1mzﬁ12’;(:6 )a-f ‘), then the interior solution provides higher

surplus to both districts and hence is the equilibrium, otherwise, the boundary solution is the equilibrium.

district prefers the interior solution does not exist. Specifically, when [ <1 —
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