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C Derivation

C.1 Models

Objective Function

N oo
Ey Z Z Bu(Cit, Lit)

i=1 t=0

where

(CL(1 = Lig)' =)=
1—7 '

subject to production technology and resource constraints.

uw(Cit, Lit) =

(CD): Cobb=Douglas Production Function

Yi¢ = Ai,tC(Zi,t)Kz‘othzl,;a
TFP process is defined
Ay = Ag(1+ g)tzzli,t = AtAi,t
where

&t = th_l + &

where €(; ;) = wi; and €; ) = w;, where subscripts (i, h) stands for (4, h), non-diagonal, element

i)i)
of the matrix. ith row of a; is log fl@t. ith row of €; is €;¢, €, ~ N jointly normal and i.i.d. across
t, E(Et) = 0, V(Et)(i,i) = 0'1-21- and V(€t>(i7h) = Ojh-

Adding to this, combinations of following components generate variations of models:
Choices of Investment Friction
(NF): No Friction (Baseline)
Kiti1=1—-0(Zi4))Kiz + Liy

(AF): Adjustment Friction

I.
Kity1=01-0(Zip)Kix + ¢ (Klt ) K;;

8-k o)

7,0



(TB): Time-to-Build

Kiti1=(1=0(Zit))Kit + Viga

~
x
<
I
< L

itj+1 forj=1,...,J—1.

Choices of Utilization

(CU): Constant Utilization
(VU): Variable Utilization

Choice of Resource Constraint

(CM): Complete Market
Z 7Tz‘[Yz‘,t - Ci,t - [z',t] =0.
i
(TC): Complete Market with Trade Costs

Z milYir —Cip — Liy — (Y — Ciy — Ii)] = 0.

T(O) = 07 T’il,t > 07

(BM): Bond Market

Yit + Biy =Cit+ Iiy + BB

Z 7TZ'B7;¢ =0.
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C.2 Equilibrium Conditions

Although the model is presented as a Social planner’s problem, the resulting system coincides with
competitive equilibria. The equilibrium conditions can be expressed as the appropriate combina-
tions of following blocks of equations. All the model uses marginal utility (MU) condition and the
production function (CD) condition. In addition, the model is characterized by one of the invest-
ment friction conditions ((NF), (AF) or (TB)), one of the utilization conditions ((CU) or (VU)),
and one of the resource constraints ((CM), (TC) or (BM)).

Denote u. and wu; first derivative of utility with respect to C and L. As are multipliers associate

with various constraints.

(MU): Marginal Utility

uc(i, t) = qj)Cf‘/’t(l_W)_l (1— Lii)(l—w)(l—“/)

uMJ):—u—¢wﬁfﬂql_hﬂukaw4
AY, = miue(i, )

(CD): Cobb-Douglas Production Function

_ 2. a o 7l-a
Yie = AipZiy Ky Ly

Yie 1-v¢ Ci
(1—a)iet = 12¥
L;y P 1 — Ly

)

(NF): No Friction

Kitr1=1-0(Zit)Kis+ Liy

Y;

%@w:ﬂmm¢+naéﬁLH—szg
2,t+1

AiKJ = uc(i, t)

P'(i,t) =1



(AF): Adjustment Friction

Kipi1=(1—=0(Zip))Kizx + (i, 1) Ki s

uc(iat) _ Uc(i,t + 1) /(- Y;t+1 o ) . _ IZ ;41

et = | S (G4 D 1= 0+ 0l 1) = St + DL )]
i[ft = uc(i, t)

(i,t) = ¢(Lit/ Kip)

¢'(i,t) = de(i, t) /d(1; 1/ Kit)

S &

(TB): Time-to-Build

Kipr1=1-0(Ziy))Kig + Vien

J
1
=73 Z Vit
Jj=1
Vigt1,5 = Vigjn

Ath = Ef3 [ i t+10‘Yz t+1K7, t{f—l + Az t+1( 5(Zi,t+l))

Ly, = A - g L,
JAz/t Az,t,l G A'Lt 1,2
- '
JA Ath 2~ G4AYt 1,7-1
1
jAZt = Az“,/t,J—l
¢'(i,t) =1
(CU): Constant Utilization
Zig =1
8(Zig) =19
(VU): Variable Utilization
¢' (i, )AL o Z = AN (Zig) K



(CM): Complete Market
Zm’ Yit—ILit—Cit) =0
i
uc(i, t) = uc(h,t)
(TC): Complete Market with Trade Costs

Z T (Yit —Lit —Cir —7(Yie —Lis —Cit)) =0
p

ue(iyt)  ue(h,t)

/ /
1-— Tt 1-— Thit

(BM): Bond Market

Z WiBi,t =0
7

Yit + Biy=Cit+ Iy + P B

L, t+ 1
P, = ﬂEtuC(Z’iﬂ
U (i, 1)



C.3 Transformed Equilibrium Conditions

Denote variables with tilde as detrended values. The table summarizes various factors to detrend

variables.

Detrending factors

detrend factor variables

11—«
A} Yie,Cit, Lit, Kit, Big, Vigj
Y=y I o

11— -
A, w(i,t), Ai,t’ A’i,t
_d(=y)—t Vv OAK AV

11—« -

Ay ue(is 1), Aj s Mgy, Ady

none Lit, Z; 4

For notational convenience, denote G’s as growing factors, and define shortcut notation of adjust-

ment friction functions

Growing factors

notation value
G (1+g)
_1
Go Gllfa
Pp(1—=7)
G3 ,BGl 1—a
Y(1—y)—1
G4 ﬁGl 1—a
(MU)
~ (1=9)(1—)
(i t) = wCl T (1= Ly !
- ~h(1— ~ \(A=9)(1-y)-1
alit) = —(1 - ) (1= L)
Kz7t - ﬂ-l/&/vc(?’? t)
(CD)




(NF)

GQI?i,t—H (1-6(Zi )) t+Izt

N Y; .
a(i,t+1) ( U IR 5(22,,5“))]

/IjLVC(Z) t) - G4Et K
4,41

¢'(it) =1
(AF)

GoKiry1 = (1 —6(Zi))Kis + 06, 1) Kiy

%(?’t)) = G4E, [ ,EZ t+1) <¢( t+1)a Y”“ F1=0(Zigg1) + St +1) — ¢/ (3,1 + 1) I”“)]

@' (it t+1) i1 K1
(TB)
GoK; i1 = (1= 5(Zi,t))f~(z’,t + ‘N/i,t,l
z b= Z ‘/z,t,]
GQVi,t—i-l,j = Vz‘,t,j+1
AE = EG, [‘/N\Zt—i-la?i,t—i-lK b AL 5(Zz',t+1))]
1 _ _
jAKt = Aft aq Az‘,/tfl 1
1~ 1
jAZt = AXt,l EAYt—l,Q
1~y  ~ 1~
jA?; = AXt,J—Z - EAXt—l,J—l
1~ _
L=,
(;5’(i, t) =
(CU)
Ziy =1
8(Ziy) =0



(VU)

2,t
(CM)
Zm‘ [?zt - Ti,t —Cit| =0
(i, t) = uc(h,t)
(TC)
Z ur [ﬁt - Ti,t - 51’,1& - T(?z',t - E,t - 5’m) =0
uc(i,t)  uc(h,t)
1- ’Ti,’t 1 TAt
(BM)

Z Wigmg =0
i

}72',15 + Ei,t = 6@',1& —+ Tz’,t + R&G2§i,t+1
(i, t + 1)

P = E
y = BG4 Ey (i D)



C.4 Non-stochastic Steady State

At the non-stochastic steady state, market structure does not matter. Due to symmetric assump-
tion, steady state values are the same across countries so that we drop country subscripts. Also,
ad hoc capital adjustment friction and variable utilization do not affect by construction. Denote
= as the steady state value of élt The following system include cases with time-to-build (TB),
adjustment friction (AF), and variable utilization (VU). If time-to-build is not used, set J = 1.

1 1

-1
L:<1+1_¢ ! (1 11_G5@&—1+5y1>>

v l—a\l J1-G,
K=rail
Vi=(Ga—14+00)K
Vit = G2V

1 J
I:jijg
j=1
Y =rK
C=Y -1
Z=1
S =ar
ue = pC¥I=M=1(1 — )(=¥)1-7)
AY = ru,
1
AﬁlszY

1.1
AY =1+ 4)=AY
Joo=(1+ G4)J

1 .1
A =1+..+——)=AY

1 .1
A = (14 ——)=AY

G
B =
P =BGy
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C.5 Log-linearized Equations

Let éi,t = log éi,t — log =, deviation from the steady state, except for

B bis — B . Ty —NT
n,t — Y , NIt = Yy
(MU)
. L .
te(iyt) = (Y(1 =) = Déig — (1 —¢)(1 — V)Eli,t
(CD)
@i,t = d@t + az‘i,t + Oéiﬂi,t + (1 — Oz)lAi’t
Uit = Cit + ﬁiz‘,t
(NF)
N A 1 1 7 A
Fipr = kiy — =08'(2) 2% — (iie = i)
41 it Gy (Z) Z’t+G2K it it
Gulit) = Bau(ist +1) + (1 — Ga(1 — 8)) (Eygz,H1 _ E/%er) — G48'(Z)ZE5 411
5\1155 = 1/[0(1, t)
(i t) =
(AF)
. ~ 1 1 7 A
higin = hig = =0(2) 224 + 3= (10 = i)
A1 it Gy (Z) Z’t—l_GQK Lt it

@e(ist) = §(6,8) = Biao(it+ 1) + (1 = Ga(1 = 9)) (Efosrs — Bhigen)
—Gu8'(Z)ZE2; 141 — G4GoEQ (it + 1)
(b//L
_ K

' (i,t) = p (kzt - @',t)
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(TB)

. 1, ) 1V, . .
kz,t+1 = k‘”L,t - Gig(s (Z)Zzz,t + GTQ? (Uz,t,l - kl,t)

1 J
Ty =~ Z Vii,j
7=1
Vit1, = Vit j+1
A = (1— Ga(1 - 0)) (EzTc(i,t 1) + Eiger — E/%i,tH)

+G4(1 — 5)EAﬁt+1 — G40 (Z)ZF%i 141

. 1 1 .
AKAZ{(t - jAYﬁ\C(Z,t) - G74A¥)\Zt7171

. 1 v 1 -
AYAZ“,/t,l - jAYUc(Zat) = aAXAXt—l,Q

. 1 1 .
Vo RV Y~ vV RV
Aj_oNii g0 — jA Ue(i,t) = 7G4AJ—1>‘i,t—1,J—1

Ue(i,t) = )\Xt,J—l

(i, t) =0
(CU)
%4 =0
(VU)
"
iy t) + @ (i, t) + iy = (1 + 5/) Zig 4 kg + N3, 1)
(CM)
> i (Vg — Tiiy — Céiy) =0
(i, 1) = (1)
(TC)

Z i (Y9 — 50 — Céi) =0
i

Ue(i, t) + 7'(0) (Y9 — LTiiy — Ciy) = te(hyt) + 77, (0) (Yt — Liny — Ciny)
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(BM)

Zmih‘,t =0
Ue(i,t) — Eue(i, t + 1) = Ge(h, t) — Ete(h,t 4+ 1)
I

. - C. . -
Uit + biy = v Cit + v list + G3bi 41

TFP process

ar = Qa1+ &
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D Robustness Tables

Following tables are the tables similar to Table 3 in the main text, for the models shown in Figures
2-5.
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