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Figure A.14: Annual Trend of Changes Figure A.15: Annual Trend of Changes
in Corporate Savings for Each Country in Corporate Savings for Each Country
Since 2004 (Data is Collected from OECD, Since 2004 (Data is Collected from OECD,
PWTS8.1, and Masulis et al. (2011)) PWTS8.1, and Masulis et al. (2011))

I assume that the degree of financial frictions has been decreased since 2004 as the global
capital markets have been expanded. I also assume that each country has its own prevalence
of business groups because of country specific environment such as government regulations.
Given the assumptions, the model predicts that corporate savings in a country with the
higher prevalence of business groups grow faster than those in a country with the lower
prevalence of business groups do.

Figure A.14, in which the prevalence of business groups is measured by the relative
number of family and non-family business-group firms, shows that countries with more than
20% of the prevalence tend to have corporate savings growing faster. The average growth
rate of corporate savings in countries with above 20% of business-group firms is 0.15%, and
that in countries with below 20% of business-group firms is almost 0%. Figure A.15, in
which the prevalence of business groups is measured by the relative number of family-group
firms only, shows that there is no strict association between the prevalence of family groups
and the growth rates of corporate savings. The average growth rate of corporate savings in

countries with above 10% of family-group firms is 0.12%, and that in countries with below
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10% of family-group firms is 0.076%.

Second, the model shows that the consumption level of an economy with business groups
is significantly lower than that of an economy without business groups unless financial fric-
tions are too severe. Figure A.16 and Figure A.17 show that the share of household con-
sumption has negative association with the prevalence of business-group firms within the
group of countries above $30,000 real GDP per capita. Note that the negative correlation

disappears if real GDP per capita is less than $30,000.
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Figure A.16: Share of Household Consump- Figure A.17: Share of Household Consump-
tion (2004, Current PPPs, Collected from tion (2004, Current PPPs, Collected from
PWTS8.1 and Masulis et al. (2011)) PWTS8.1 and Masulis et al. (2011))

Because the model predicts significant lower aggregate consumption if an economy dom-
inated by business groups produces higher aggregate output, I divide countries into two
groups, one with real GDP per capita greater than or equal to $30,000 and the other with
real GDP per capita less than $30,000.> The data of real GDP per capita and the share of
household consumption is collected from Penn World Table 8.1 for 44 countries. I use the
year of 2004 data points because Masulis, Pham, and Zein (2011) collect the prevalence of
business groups as of 2004.

Lastly, the model predicts that the consumption of fixed capital is significantly higher in

30ut of 44 countries in the sample, the number of countries with above $30,000 real GDP per capital is
17, and the number of countries with below $30,000 real GDP per capital is 27.
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an economy with business groups than that in an economy without business groups unless
financial frictions are too severe. Figure A.18 and Figure A.19 show that the consumption
of fixed capital is positively associated with the prevalence of business groups and that the
association is stronger within the group of countries above $30,000 real GDP per capita.
Note that the model employs a stationary equilibrium and so that investment in the
model is equivalent to the consumption of fixed capital or capital depreciation. Given that
the model predicts significantly higher investment rates of an economy with business groups
if it produces higher aggregate output, countries are divided into two groups, one with real
GDP per capita greater than or equal to $30,000 and the other with real GDP per capita
less than $30,000.* Consumption of fixed capital as a share of GDP for 23 countries in 2004

is collected from OECD and real GDP per capita in 2004 is collected from Penn World Table

8.1.
25 30
A
20 . °
15 ‘A ‘A °
A Ao )
10 o)
5 5
% of Business-Group Firms % of Family-Group Firms
0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
A Above $30,000 Real GDP per Capita A Above $30,000 Real GDP per Capita
® Below $30,000 Real GDP per Capita ® Below $30,000 Real GDP per Capita

Figure A.18: Consumption of Fixed Capi- Figure A.19: Consumption of Fixed Capi-
tal (2004, Per Cent of GDP, Collected from tal (2004, Per Cent of GDP, Collected from
OECD and Masulis et al. (2011)) OECD and Masulis et al. (2011))

4$30,000 real GDP per capita is the median of the sample.
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A.4 Proof of Proposition 1

Let’s define ¢ € [@, 1} and v < 1 such that

1—
k¢ = ¢ga, kP = . +:V i,néf, [7(2,0"|z, k)] . (A.3)

Then, a stand-alone entrepreneur running a publicly held corporation solves the following

problem.
L(z,a) =u((1—=¢)a—s)+PE. 5 [V(Z,d)|z]+ s+ As(0—0) + A (1—v)+ A, (0—0) (A4)

where

ad=0+r)s+7r(z,dz,k)+ (1 —0)(1—7) {7‘(‘(2/, 8z, k) —v i,n(;f/ [7(2, |2, k)]}

1 _
k= da— k" + 1—+; {aEZ,,a/ [m(2, ]2, k)] + (1= o) inf [n(<', 6], k:)]} (A.5)
kF
o=
a

To simplify notations, let’s suppress arguments of functions and operators unless there is
ambiguity. The corresponding Kuhn-Tucker conditions are as follows. For the optimal

private saving, s,

Ass =0,
A= (1= ¢)a—s) = (1+7)BEV, (A.6)
>0
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For the optimal private finance, k¢ = ¢a,

Ag(9— @) =0,

No=alu (1= 9)a—s) = (L+)FEV.] ~afB [V, - {~(1+7) + AB}] (o)

—As

>0

where

1—7

d ,, . o ld -
A= [l 1, {aEzw [dkw(z 0|z, k:)] +(1- a)u;;}(sf/ [dkﬁ(z 0|z, k:)] H

d ] ) (A.8)
B=rom(,dle,k) + (1-0)(1 - 7) {dkw(z Bz k) — v inf [d;ﬂz ol ‘”H

For the optimal external debt finance, k” = {=Zvinf,
M(1—v) =0,
1—
N=(1—0)— L infrBE[V, - {—(1+7r)+ AB}]
r

r

(10)1+Tinf7rA-{ PE[V, {Ex' —(1+7r)}] —(1—0c+0o7)PE[V, - {Ex —«'}]

Marginal Value of Expected Return Marginal Cost of Risk

|

Marginal Expected Value of Investment

(A.9)

where

(2,02, k).
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Lastly, given o > 0, the optimal external equity finance, k¥ = = {(1 —n)Er - (1+ r)k:D},

satisfies the following conditions.

A= (1—=7)BE[V, - {Er — 7}

>0
dk(v,0)=0

Marginal Value of Risk Sharing
Given the Fixed Amount of Capital k

_ da’
=08 Vo

(A.10)
1—
+ +T (Er —vinfr) A-BE [V, - {Ex' — (1+7r)— (1 — 0+ o7)(Ex’ — ') }]
r
_dk
do
=|J|-A\v where ‘J‘:‘%’dk(u,a):():](Elt;,;iiﬁ:>o
>0

Proof. From the Kuhn-Tucker condition for A,

dv

1
)\SZg{)\¢+|J| A} where |J] = i

> 0.

dk(¢,v)=0

Given the assumption that a firm is allowed to invest in a risk-free asset, the external debt
finance k” is only bounded above such that A, > 0. If \, > 0, A\, > 0 and the optimal private
saving is bounded below such that s = 0. If A, =0, \; = %‘7 and the optimal private saving
and the optimal private finance are undetermined because the marginal costs of them are
aligned such that 1,50 = 1,,50. Thus, the zero private saving, s = 0, is weakly preferred
and the optimization can be achieved by choosing {¢, v, o} with s = 0.

Given Condition 1 and A, > 0, the marginal value of external equity finance is always

greater than zero such that

dv

Ao =1—=7)BE[V, - {Er — 7} + o

Y

dk(v,0)=0

> 0.
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Thus, given o > 0, the optimal external equity finance is bounded above such that c = ¢. [

Figure A.20 shows that the optimal external equity finance is binding. Given the en-
trepreneur’s managerial talent and wealth, (z, a), there is a downward sloping curve on which
the marginal expected value of investment is zero such that A, (o, k(o,v),d’ (o,v)|s, ¢) = 0.

From the Proposition 1, the marginal value of external equity finance is always positive on the

curve such that \,|, _, = SE [Va : f%

dkfo} = (1 —-71)PE[V, - {Em — 7}] > 0 because of the
positive marginal benefit of risk sharing through external equity finance. The entrepreneur,

thus, sells her firm’s shares as many as possible until the constraint for the external equity

finance is binding such that ¢ = gg4.

with Aa >0

________________________________
08

Qi
q

d_a’
do

>0
dk=0.

Figure A.20: Risk Sharing and Binding External Equity Finance

Second, Figure A.21 shows how the optimal private saving becomes zero. The risk-
free investment opportunity keeps the marginal opportunity cost of private saving greater
than or equal to that of private finance such that aA; > Ay > 0. Given al; > Ay, the
indifference curve V' = V(¢, s) cuts from below the line of constant marginal opportunity
cost of private saving, A\, = A\,(c, @), which is achieved by dc(s, ¢) = da'(s,v(s, @), k(¢,v)) =
dk(p, v (s, ¢)) = 0. Thus, the indifference curve is pushed down until the borrowing constraint

of an entrepreneur is binding such that s = 0.
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Figure A.21: Non-Negative Marginal Expected Value of Investment and Binding Private
Borrowing

A.5 Proof of Proposition 2

Let’s define ¢ € [@, 1}, v, <1, and vy <1 such that

! !
71,61 %2509

- V]
kP = +Ty1 [mf [7(2], 01|21, k)] + (1 — o9) {(1 —7) i/néf, [7(25, 05|22, k2)] — (1 + r)kQDH ,

— 7_ .
= vy inf 7 [(25, 09|22, k2)] -
29,99

(A.11)

Then, given (2, w™), a business-group entrepreneur with (z;, a) solves the following problem.

L(z1,alz0,w™) =u((1 - ¢)a—s) + BB o1 515, [V (21, )] 21]
+ Xes + Ao — 0) + Mg (S — K7 — ) (A.12)

+ )\1/1<1 — Vl) + )\,,2(1 — VQ) + )\01(5' — 0'1) + )\02(5 — 0'2)
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where
o = (1+7)s + (24, 020, K7)
(1= o) (1= )m(, 821, k)

~(1-o)(1 - { inf [r(24, 61121, K9)] + (1 = 02)(1 = w)(1 = 7) inf [w(z;,aam,@)]}
2191 #2592

+ T7T(Zé,(sé|22, kz) + (1 — 01 + 017')(1 — 02)(1 — 7’) {W(Zé,éé|22, ]{2) — 9 i/n(;f/ [W(Zé,&é’Zg,k’Q)]}

22502

1+7r 21,01
(1-— 7)2(1 — 09)
1+7r

(1—7)%(1 - 09) . -
(1 —o1)v1(1 — o) inf |7(2y, 05|22, k2)
147 2b,0} [ 22 ]

* 1—7 * . *
ki = ¢a — k" — sz + {UlEzi,(ﬁ [71’(21, 51‘Z17 kl)] + (1 - Jl)yl l,ng, [W(z’{?éﬁl"zlv kl)]}

01 {Ezéﬁé [7‘(’(25,55|22,k2)} — 2 l,ng, [7['(2&,5&22,]{72)}}

%2509

1—71 .
kQ = kQC — kF _ wM + 1 T {O'QEZ/Q’% [71'(257(55‘2:2,]{32)] + (1 — 0'2)1/2 zlél,l;é [71'(25,(55‘22,]@)]} .

(A.13)

The corresponding Kuhn-Tucker conditions are as follows. Let’s suppress arguments of

functions and operators for simplicity unless there is ambiguity. For the optimal private

saving, s,
Ass =10
As =t ((1 = ¢)a—s)— (1+7r)SEV, (A.14)
> 0.

For the optimal private finance of Firm 1, k¥ = ¢a,

Ap(¢ = ¢) =0
Ap = alu' (1= da—s) = (1+r)EV]—afE[Ve - {=(1+7)+ABi}] (A 15)
>0
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where

1
1—17 .
A= [1 1Ly {UlEzi,é’lﬂJl + (1 =o)n 21,1115% 7T/1H
By =71+ (1 —01)(1 —7)(7] — vy inf 7)) (A.16)
d
m = ——mi(z], 01]21, k7).

dki

For the optimal external debt finance of Firm 1, kP = %1/1 [infm + (1 — 02)(1 — 12)(1 — 7) inf w5,

)\,,1(1 — V1) =0
)\,,1 = (1 — 0'1)1 ;Z: {infﬂ'l + (1 — 0'2)(1 — 7')(1 — I/Q) inTFQ} . /BE [V;l . {—(1 +7’) +A1B1}]
_(1- 01)1 —finf o+ (1= 02)(1 - 1)(1 - ) inf o} Ay

PEVa A{Em — (1 +7)}] —(1 =01+ 017)BE[V, - {Er} —m}]

Marginal Value of Expected Return Marginal Cost of Risk

Marginal Expected Value of Investment through Firm 1

> 0.
(A.17)

For the optimal external equity finance of Firm 1,

01
147

R = L (1= n)Em 4+ (- 7)(1— 00) {1~ )Ems — (L4 1)k} — (1 + 1)k,
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Aoy (0 —01)=0

Aoy = (1 =7)BE [V - {Em —m}]+ (1 — 7')2(1 — 09)E [V, - {Emg — ma}]

— da’
=B | V- g

>0
dk} (o1,v1)=0
Marginal Value of Risk Sharing Through Firm 1 Given Capital (k},k2)

1—171 (1_7_)2

+ T+r {Eﬂ'l — (inf7r1 + (1 - 0'2)(1 - T)(l — VQ) infﬂ'g)} + 1+ (1 - 02) {]Eﬂ'Q — 9 infﬂ'g} A1
_a
T doy
ABE [V - {Em — (1+7r)}] — (1 =01 +017)BE [V, - {Em} — 71 }] }
=|J|- where —|dvL
=|J[-Av; where |J|=| ZL k(o1 )0
> 0.
(A.18)
For the optimal internal equity finance from Firm 1 to Firm 2, k¢,
Ao (ks — kT —w™) =0
Mg = BE[V, - {A1B1 — AppAs A1 By — Ay By} (A.19)
>0
where
1—7)%(1—
AIQE ( 7;[)_57" 02) {O’l (Ezé’ééﬂé_y2zlél}£2ﬂ-é> +(1—01)V1(1_V2) 15}5277-&}
-1
1—7 , . /
Ay = [1 — {@]EZM%Q + (1 — o9)vy inf WQ}]
By =71my+ (1 =01 +o17)(1 — 09)(1 — 7)(my — vy inf 73)
22+92
- (1 - 7')2(1 - 0'1)(1 - 0'2)1/1(1 - 1/2) i/nf; ’7Té.
%292
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For the optimal external debt finance of Firm 2, kY = %VQ inf 7y,
>\V2(1 - I/Q) =0
1 _
My = (1= o) infma {7+ (1 —7)(1 — 1) (1 — 1)} A
147
= Zif —0 as 7—0 with v1=1
2 dkz(kg,uz):()

BE [Va - {(Ery — (1 +7)) = (1 = o1 + 017)(Emy — m1) }]

Marginal Expected Value of Investment through Firm 1

(A.21)

1—171 .
- 1 T (1 - 02) inf Y - 5E [Va : {AlBl - A12A2A131 — AQBQ)}
g e
=Ty
dko=0

> 0.

For the optimal external equity finance of Firm 2, k)’ = % {(1 —7)Emy — (1 +1r)k? },

Aoy (0 —02) =0
Moy = BE |V - 22T By — vy imf )
oo — a 1+r T2 Vo 1NI o

{ (=14 A1245) A1 By + A3By + {7 + (1= 7)(1 = 01)(1 = v)} {~(1 +7) + A1 B} }]

dv- Emg —vgy inf
=|J|-Auy where |J]|= % dkz(yz,q):ozw
(1 - T)2 . ! / /
+ 17“(1 — o)1 (Emg — infmp) Ay - BE [V, - {(Em} — (14 7)) — (1 — 01 + o17)(Emy — 71) }]
T Marginal Expected Value of Investment through Firm 1
_ %
4oz dkg(vg,09)=0
+ /BE[Va'(l_T)(l—Ul-i-JlT) {]E']TQ—']TQ}]
—BE | V,-da }
2 ldkt=dkg=0

Marginal Value of Risk Sharing Through Firm 2 Given Capital (k7] ,k2)

> 0.
(A.22)
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Proof. From the Kuhn-Tucker condition for A4,

dl/l

dg

> 0.
dky=0

1
As = " {\o +1|J| A\, } where |J| =

Given the assumption that firms are allowed to invest in a risk-free asset, the external debt
finance of Firm 1 is only bounded above such that A\,, > 0. If A\,, > 0, \; > 0 and the
optimal private saving is bounded below such that s = 0. If A,, = 0, 1,, = 1), and the
optimal private saving and the optimal private finance are undetermined unless they are
binding together. Thus, the zero private saving is weakly preferred and the optimization can
be achieved with s = 0.

From the Kuhn-Tucker condition for A,,,
Ay :C-)\kg—i-D-/\,Q, C,D >0 given 7 > 0.

Since firms are allowed to invest in a risk-free asset, the external debt finance of Firm 2 is
only bounded above such that A,, > 0. If A\,, > 0, A\,, > 0 and the optimal external debt
finance of Firm 1 is bounded above such that v; =1. If A\,, =0, 1 an, =1 e and the optimal
external debt finance of Firm 1 and the optimal internal equity finance are undetermined
unless they are binding together. Thus, the full external debt finance of Firm 1 is weakly
preferred and the optimization can be achieved with 14 = 1.

Given Condition 2 and A, \,, > 0, the marginal values of external equity finance of

Firm 1 and Firm 2 are always greater than zero such that,

d /
Aoy > BE |V, - 55 } >0,
do dk; =0
d /
Aoy = BB | V- 52 > 0.
do dkt =dko=0
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Thus, the optimal external equity finance is binding such that (o, 09) = (7, 7). O

The intuition of Proposition 2 is similar to that of Proposition 1. Given the non-negative
value of investment, the risk sharing motive makes an entrepreneur to sell both her shares
of Firm 1 and Firm 1’s shares of Firm 2 as many as possible. Thus, the constraints for the
external equity finance of Firm 1 and Firm 2 are binding.

Moreover, the risk-free investment opportunity of firms makes an entrepreneur to take
advantage of external debt finance of Firm 1 and carry it over into Firm 2. It is entrepreneur’s
relegated saving in the sense that the risk-free cash flow of Firm 2 is diverted out to the
entrepreneur due to financial frictions. Note that financial frictions are required to link A,
and Ay,. If 7 =0, the Kuhn-Tucker conditions are collapsed into A, = Aye = 0 regardless
of \,, and the full external debt finance of Firm 1 is not guaranteed anymore.

The following Figure A.22 shows that the borrowing constraint for Firm 1 is binding. The
risk-free investment opportunity of Firm 2 keeps the marginal value of external debt finance
of Firm 1 is greater than or equal to the marginal opportunity cost of internal equity finance
such that \,, > C’/\kZC > 0. Given \,, > CAkg, the indifference curve V = V (v, kY) cuts
from above the curve of constant marginal value of external debt finance of Firm 1, \,, =
M, (K%, a'), which is achieved by dki(vy, kS, va(v1, kS), ka(kS, 10)) = dko(kS, va(v1, kS)) =
da' (v, va(v1, kS ), k¥, ke) = 0. Thus, the indifference curve is pushed up until the borrowing

constraint of Firm 1 is binding such that v; = 1.
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o= Ay > in % _ (k‘1)*2
| d(kQ/kl) A=Ay Clﬁ
11.C
where C = }dﬁ
fd”l dlt=dky=0

Figure A.22: Non-negative Marginal Expected Value of Investment and Binding External
Debt Finance of Firm 1

A.6 Some Algebra

The following algebra is omitted in the above entrepreneur’s problem for brevity.

A Stand-Alone Entrepreneur’s Problem

From A\, > 0,

—(147)+AB=A[-(1+1)A" + B
:A[— (1+7)+(1—7) {oBr + (1 - o)vinf}
(A.23)
+(1—o0+or)r —(1—-0)(1—7)vinfr

=AEr —(1+7r)— (1 -0+ o7)(Ex —7')]
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{ ' ( )l/ ,}
1 1

B=rr+(1—-0)1—-71){r —vinfr'}.

A=11—-

From A\, >0,
A Ydk(v,0) = — 7—(1 — o) inf wdv + =7 (Er — vinf 1) do
T 14y 1+7r
dv _ Er—vinfr
do dhk(v,0)=0 (1—0)infr
and

da' (v, 0)| o = —(1 —0)(1 — 7)inf rdv — (1 — 7)(7 — vinf 7)do

da'(v,0)
do

=—(1-0)1—7)infr- ZZ ) —(1—=7)(r —vinf )

dk=0

=(1—7)(Er —vinfn) — (1 —7)(7m — vinfm)

=(1—7)(Er—mn).
In the proof of Proposition 1,

A7 Ydk(¢,v) = adp + 1;:(1 — o) inf 7dv

dv

=%

dk(¢,v)=0
a

(1 —o)infr’

The line of constant marginal opportunity cost of private saving,

As = Aslcls, 0), a'(s,v(s,0), k(¢,v))]0),
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is derived by solving for the following system of equations

de(s,¢) = —ds —adp =0
1—71
IL+r

da'(s,v)| g = (L +7)ds — (1 — 0)(1 — 7) inf mdv = 0

ArdE(p,v) = adp + (1 —0)infrdr =0 (A.28)

such that
1—7

dop = —ds = —
adg¢ ° 1+7r

(1 — o) inf 7dv. (A.29)

Note that da’ = 0 is redundant with dc = dk = 0.

A Business-Group Entrepreneur’s Problem
From A\,, >0,

_ N 1—71 . 1-7)21 -0
Aj ldkl(l/hgl)‘dkFoz {1+T(1—01)1Df7ﬁ—|—( 1)4?74 2)

+{1_T (1-7)%(1 = g9)

(1 - 01)(1 - 1/2) inf’/TQ} dV1

(1—17)%(1 - 09)
147

(Eﬂ'l—ljlinfﬂ'l)—i- (]E7T2—V2infﬂ'2)— Vl(l—l/g)infﬂ'g doq
147 147

da’(vl,al)ldkfzdbzo = {—(1 — o)1 =7)infr — (1 —7)3(1 — 01)(1 — 02)(1 — 1) inf7r2} duvy

+ {—(1 —7)(m —winfm) 4 (1= 7)2(1 — o)1 (1 — va) infmy — (1 — 7)2(1 — 02) (2 — v int m)} doy.
(A.30)

Adding to the bottom equation the upper equation multiplied by (147r) with taking dk = 0,

da!| g —gpymo = { (1 = T)(Emy —m) + (1 = 7)*(1 — 02)(Emy — m3) | don
da’
dO’l

(A.31)

= {(1 — 1) (Em —m) + (1= 7)*(1 — 02)(Ema — 7T2)}-
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From A,,,

1 —
Ay ko (K ve) = Ak + T T (1 — o) inf mods
T

—_— = — — O9) 1NI Ty
dvy dks (kS v2)=0 L4
and
1 (L-7)*(1—0s).
ATV (kS UQ)\MZO = —dk$ + S inf 1y {—0y — (1 — o)1} dus
dk; (kS dk§ 1—7)%1-
71< 27”2) = —Aq -2 — ( T> ( 0-2) iIlfﬂ'Q{O'l‘i‘(l—O'l)l/l}Al
dvy dlg—0 Ava | g —o IL+r
1—71 .
= 1 T 7"(1 — 0'2) 1nf7r2 {T + (1 — T)(l — 0'1)<1 — Vl)}Al'
(A.33)
From A,,,
1—7)%(1 -0 .
A;ldkr(yg, 0'2) dha=0 ( 1)_5 , 2) {0'1 -+ (1 — al)yl}mf 7Tle/2
(1—71)2 . :
- 1 T {Jl(E’ﬂ'g ) 1nf7r2) + (1 — 01)1/1(1 - 1/2) 1nf7r2}d02
Ailde(VQ 0'2) = L= T(l - 0'2) infﬂ'ngQ + L= T<E7T2 — Uy inf’ﬂ'g)dO'Q.
2 ’ 1+r 1+r
(A.34)

Adding to the upper equation the bottom equation multiplied by (1 — 7) {0y + (1 — o1)11}
with taking dk, = 0,

1—7)? .
Al_ldkf(ug702)‘dk2:0 _ | T 7“) (Emy — pinf mo) {—01 + 01 + (1 — 01)11 }

— (1 = o1)v1(1 — 1) inf w9 | dos

1—7)2(1—o0y)v ) (A.35)
_ | )1 (—l- . i (Emy — inf 7o) do
dk; (ve, 02) (1= 7)2(1 — o)y

= (Eﬂ'g — inf 7T2)A1.

dos dhia—0 1+7r
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By adding up the following two equations with taking dkj = dky = 0,

1 _ 2
At (kS v, o) = —dkS — (L—7)

s {o1(Emy — vyinf 7o) + (1 — 01)v4(1 — 1) inf w3 } doy

1-7)21-0o . ,
+ ( 1)_5 . 2) {—oyinf e — (1 — o1)vy inf ma} duvy
1—7 . -7 .
dko (kS 1y, 09) = dEkS + m(Eﬂ'g — vy inf me)doy + m(l — 09) inf Tods,

(A.36)

we can derive

@ _ —(1 =014+ 017)(Emy —vpinfmy) + (1 — 7)(1 — 01)v1 (1 — ) inf o
02 | s — griy—o (1 —o2)infm {7+ (1 = 7)(1 —01)(1 —11)} .
(A.37)
Then, by substituting for 922 It st
2 i‘: o=

da’ d
M = {(1 — 21— — (1 -0, +o7)(1 - 7‘)} (1 —oy)inf my - ar

do dk =dko =0 do dk; =dka =0

+ (1 =71 — o)l —w)infmy — (1 — 0y + 017)(1 — 7) (72 — vo inf 7))
=—(1-7)* 1 -0l —w)infm + (1 — oy + 017)(1 — 7)(Emy — vy inf my)
+ (1 =71 —o)n(l —w)infm — (1 — 0y + 017)(1 — 7) (72 — vainf 7))

=(1—o01+017)(1 — 7)(Emg — m3).
(A.38)

Lastly, the curve of constant marginal value of external debt finance of Firm 1,

/\ul = Xul(kT(Vla kg, VQ(Vh k‘?), k?(kgv V2)), a,(Vh VQ(VI; ké’), k’f; k2(k§, VQ)))?
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is derived by solving for the following system of equations with taking dki = dky = da’ =0

1—71

ATYdE (1, kS vy) = —dES + ?(1 —op){infm + (1 —01)(1 = 7)(1 — vp) inf mo } diny
r
1—7)%(1 —0y) .
+ ( 1)—|§7“ 2) 1nf71'2 {—Ul—(l—Ul)Vl}dl/Q
1—71

A Ydky(ES 1) = dES +

17—1-7“(1 — 09) inf modvy

da'(v1, 1) = —(1 —o)(1 — 7) {inf 71 + (1 — 02)(1 — v2)(1 — 7) inf mo } diry

—(1—=0o)I—=7)infm{(1 —01 +017) — (1 —01)(1 — T)v1 } dis

(A.39)
such that . _ |
dkg _ 1+:(1 — Ul) {lnfﬂl + (1 — 0'2)(1 — 1/2)(1 — ’7') 1nf7r2} ”
T+(1—O'1)(1—V1)(1—T) (A40)
1—71 )
=15 (1 — o9) inf modvs.

Note that da’ = 0 is redundant with dki = dks = 0.
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