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C Derivation

C.1 Models

Objective Function

E0

N∑
i=1

∞∑
t=0

βtu(Ci,t, Li,t)

where

u(Ci,t, Li,t) =
(Cψi,t(1 − Li,t)1−ψ)1−γ

1 − γ
.

subject to production technology and resource constraints.

(CD): Cobb=Douglas Production Function

Yi,t = Ai,tζ(Zi,t)Kα
i,tL

1−α
i,t

TFP process is defined

Ai,t = A0(1 + g)tÃi,t = ĀtÃi,t

where

ãt = Ωãt−1 + εt

where Ω(i,i) = ωii and Ω(i,h) = ωih where subscripts (i, h) stands for (i, h), non-diagonal, element
of the matrix. ith row of ãt is log Ãi,t. ith row of εt is εi,t, εt ∼ N jointly normal and i.i.d. across
t, E(εt) = 0, V (εt)(i,i) = σ2

ii and V (εt)(i,h) = σih.
Adding to this, combinations of following components generate variations of models:

Choices of Investment Friction

(NF): No Friction (Baseline)

Ki,t+1 = (1 − δ(Zi,t))Ki,t + Ii,t

(AF): Adjustment Friction

Ki,t+1 = (1 − δ(Zi,t))Ki,t + ϕ

(
Ii,t
Ki,t

)
Ki,t

ϕ

(
I

K

)
=

I

K
, ϕ′

(
I

K

)
= 1
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(TB): Time-to-Build

Ki,t+1 = (1 − δ(Zi,t))Ki,t + Vi,t,1

Ii,t =
1
J

J∑
j=1

Vi,t,j

Vi,t+1,j = Vi,t,j+1 for j = 1, ..., J − 1.

Choices of Utilization

(CU): Constant Utilization

δ(Zi,t) = δ

(VU): Variable Utilization

δ(Z) = δ, Z = 1

Choice of Resource Constraint

(CM): Complete Market

∑
i

πi[Yi,t − Ci,t − Ii,t] = 0.

(TC): Complete Market with Trade Costs

∑
i

πi[Yi,t − Ci,t − Ii,t − τ(Yi,t − Ci,t − Ii,t)] = 0.

τ(0) = 0, τ ′i,t > 0,

(BM): Bond Market

Yi,t +Bi,t = Ci,t + Ii,t + PtBi,t+1∑
i

πiBi,t = 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 uc and ul first derivative of utility with respect to C and L. Λs are multipliers associate
with various constraints.

(MU): Marginal Utility

uc(i, t) = ψC
ψ(1−γ)−1
i,t (1 − Li,t)

(1−ψ)(1−γ)

ul(i, t) = −(1 − ψ)Cψ(1−γ)
i,t (1 − Li,t)

(1−ψ)(1−γ)−1

ΛYi,t = πiuc(i, t)

(CD): Cobb-Douglas Production Function

Yi,t = Ai,tZ
α
i,tK

α
i,tL

1−α
i,t

(1 − α)
Yi,t
Li,t

=
1 − ψ

ψ

Ci,t
1 − Li,t

(NF): No Friction

Ki,t+1 = (1 − δ(Zi,t))Ki,t + Ii,t

uc(i, t) = Etβuc(i, t+ 1)
[
α
Yi,t+1

Ki,t+1
+ 1 − δ(Zi,t+1)

]
ΛKi,t = uc(i, t)

ϕ′(i, t) = 1
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(AF): Adjustment Friction

Ki,t+1 = (1 − δ(Zi,t))Ki,t + ϕ(i, t)Ki,t

uc(i, t)
ϕ′(i, t)

= Etβ

[
uc(i, t+ 1)
ϕ′(i, t+ 1)

(
ϕ′(i, t+ 1)α

Yi,t+1

Ki,t+1
+ 1 − δ(Zi,t+1) + ϕ(i, t+ 1) − ϕ′(i, t+ 1)

Ii,t+1

Ki,t+1

)]
ΛKi,t = uc(i, t)

ϕ(i, t) = ϕ(Ii,t/Ki,t)

ϕ′(i, t) = dϕ(i, t)/d(Ii,t/Ki,t)

(TB): Time-to-Build

Ki,t+1 = (1 − δ(Zi,t))Ki,t + Vi,t,1

Ii,t =
1
J

J∑
j=1

Vi,t,j

Vi,t+1,j = Vi,t,j+1

ΛKi,t, = Etβ
[
ΛYi,t+1αYi,t+1K

−1
i,t+1 + ΛKi,t+1(1 − δ(Zi,t+1))

]
1
J

ΛYi,t = ΛKi,t −
1
G4

ΛVi,t−1,1

1
J

ΛYi,t = ΛVi,t,1 −
1
G4

ΛVi,t−1,2

...
1
J

ΛYi,t = ΛVi,t,J−2 −
1
G4

ΛVi,t−1,J−1

1
J

ΛYi,t = ΛVi,t,J−1

ϕ′(i, t) = 1

(CU): Constant Utilization

Zi,t = 1

δ(Zi,t) = δ

(VU): Variable Utilization

ϕ′(i, t)ΛYi,tα
Yi,t
Zi,t

= ΛKi,tδ
′(Zi,t)Ki,t
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(CM): Complete Market

∑
i

πi (Yi,t − Ii,t − Ci,t) = 0

uc(i, t) = uc(h, t)

(TC): Complete Market with Trade Costs

∑
i

πi (Yi,t − Ii,t − Ci,t − τ(Yi,t − Ii,t − Ci,t)) = 0

uc(i, t)
1 − τ ′i,t

=
uc(h, t)
1 − τ ′h,t

(BM): Bond Market

∑
i

πiBi,t = 0

Yi,t +Bi,t = Ci,t + Ii,t + PtBi,t+1

Pt = βEt
uc(i, t+ 1)
uc(i, t)
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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

Ā
1

1−α
t Yi,t, Ci,t, Ii,t,Ki,t, Bi,t, Vi,t,j

Ā
ψ(1−γ)

1−α
t ul(i, t),ΛLi,t,Λ

M
i,t

Ā
ψ(1−γ)−1

1−α
t uc(i, t),ΛYi,t,Λ

K
i,t,Λ

V
i,t,j

none Li,t, Zi,t

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

Growing factors

notation value
G1 (1 + g)

G2 G
1

1−α
1

G3 βG
ψ(1−γ)

1−α
1

G4 βG
ψ(1−γ)−1

1−α
1

(MU)

ũc(i, t) = ψC̃
ψ(1−γ)−1
i,t

(
1 − L̃i,t

)(1−ψ)(1−γ)

ũl(i, t) = −(1 − ψ)C̃ψ(1−γ)
i,t

(
1 − L̃i,t

)(1−ψ)(1−γ)−1

Λ̃Yi,t = πiũc(i, t)

(CD)

Ỹi,t = Ãi,tZ̃
α
i,tK̃

α
i,tL̃

1−α
i,t

(1 − α)
Ỹi,t

L̃i,t
=

1 − ψ

ψ

C̃i,t

1 − L̃i,t
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(NF)

G2K̃i,t+1 = (1 − δ(Z̃i,t))K̃i,t + Ĩi,t

ũc(i, t) = G4Et

[
ũc(i, t+ 1)

(
α
Ỹi,t+1

K̃i,t+1

+ 1 − δ(Z̃i,t+1)

)]
ϕ′(i, t) = 1

(AF)

G2K̃i,t+1 = (1 − δ(Z̃i,t))K̃i,t + ϕ(i, t)K̃i,t

ũc(i, t)
ϕ′(i, t)

= G4Et

[
ũc(i, t+ 1)
ϕ′(i, t+ 1)

(
ϕ′(i, t+ 1)α

Ỹi,t+1

K̃i,t+1

+ 1 − δ(Z̃i,t+1) + ϕ(i, t+ 1) − ϕ′(i, t+ 1)
Ĩi,t+1

K̃i,t+1

)]

(TB)

G2K̃i,t+1 = (1 − δ(Z̃i,t))K̃i,t + Ṽi,t,1

Ĩi,t =
1
J

J∑
j=1

Ṽi,t,j

G2Ṽi,t+1,j = Ṽi,t,j+1

Λ̃Ki,t, = EtG4

[
Λ̃Yi,t+1αỸi,t+1K̃

−1
i,t+1 + Λ̃Ki,t+1(1 − δ(Z̃i,t+1))

]
1
J

Λ̃Yi,t = Λ̃Ki,t −
1
G4

Λ̃Vi,t−1,1

1
J

Λ̃Yi,t = Λ̃Vi,t,1 −
1
G4

Λ̃Vi,t−1,2

...
1
J

Λ̃Yi,t = Λ̃Vi,t,J−2 −
1
G4

Λ̃Vi,t−1,J−1

1
J

Λ̃Yi,t = Λ̃Vi,t,J−1

ϕ′(i, t) = 1

(CU)

Z̃i,t = 1

δ(Z̃i,t) = δ
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(VU)

ϕ′(i, t)Λ̃Yi,tα
Ỹi,t

Z̃i,t
= Λ̃Ki,tδ

′(Z̃i,t)K̃i,t

(CM)

∑
i

πi

[
Ỹi,t − Ĩi,t − C̃i,t

]
= 0

ũc(i, t) = ũc(h, t)

(TC)

∑
i

πi

[
Ỹi,t − Ĩi,t − C̃i,t − τ(Ỹi,t − Ĩi,t − C̃i,t)

]
= 0

ũc(i, t)
1 − τ ′i,t

=
ũc(h, t)
1 − τ ′h,t

(BM)

∑
i

πiB̃i,t = 0

Ỹi,t + B̃i,t = C̃i,t + Ĩi,t + PtG2B̃i,t+1

Pt = βG4Et
ũc(i, t+ 1)
ũc(i, t)
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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
Ξ as the steady state value of Ξ̃i,t. 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.

r =
1
α

(
1
G4

− 1 + δ

)
L =

(
1 +

1 − ψ

ψ

1
1 − α

(
1 − 1

J

1 −GJ2
1 −G2

(G2 − 1 + δ)r−1

))−1

K = r
1

α−1L

V1 = (G2 − 1 + δ)K

Vj+1 = G2Vj

I =
1
J

J∑
j=1

Vj

Y = rK

C = Y − I

Z = 1

δ′ = αr

uc = ψCψ(1−γ)−1(1 − L)(1−ψ)(1−γ)

ΛY = πuc

ΛVJ−1 =
1
J

ΛY

ΛVJ−2 = (1 +
1
G4

)
1
J

ΛY

...

ΛV1 = (1 + ...+
1

GJ−2
4

)
1
J

ΛY

ΛK = (1 +
1

GJ−1
4

)
1
J

ΛY

B = 0

P = βG4
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C.5 Log-linearized Equations

Let ξ̂i,t = log Ξ̃i,t − log Ξ, deviation from the steady state, except for

b̂i,t =
bi,t −B

Y
, n̂xi,t =

nxi,t − nx

Y
.

(MU)

ûc(i, t) = (ψ(1 − γ) − 1)ĉi,t − (1 − ψ)(1 − γ)
L

1 − L
l̂i,t

(CD)

ŷi,t = âi,t + αẑi,t + αk̂i,t + (1 − α)l̂i,t

ŷi,t = ĉi,t +
1

1 − L
l̂i,t

(NF)

k̂i,t+1 = k̂i,t −
1
G2

δ′(Z)Zẑi,t +
1
G2

I

K

(
ı̂i,t − k̂i,t

)
ûc(i, t) = Eûc(i, t+ 1) + (1 −G4(1 − δ))

(
Eŷi,t+1 −Ek̂i,t+1

)
−G4δ

′(Z)ZEẑi,t+1

λ̂Ki,t = ûc(i, t)

ϕ̂′(i, t) = 0

(AF)

k̂i,t+1 = k̂i,t −
1
G2

δ′(Z)Zẑi,t +
1
G2

I

K

(
ı̂i,t − k̂i,t

)
ûc(i, t) − ϕ̂′(i, t) = Eûc(i, t+ 1) + (1 −G4(1 − δ))

(
Eŷi,t+1 − Ek̂i,t+1

)
−G4δ

′(Z)ZEẑi,t+1 −G4G2Eϕ̂′(i, t+ 1)

ϕ̂′(i, t) = −
ϕ′′ IK
ϕ′

(
k̂i,t − ı̂i,t

)
λ̂Ki,t = ûc(i, t)
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(TB)

k̂i,t+1 = k̂i,t −
1
G2

δ′(Z)Zẑi,t +
1
G2

V1

K

(
v̂i,t,1 − k̂i,t

)
Iı̂i,t =

1
J

J∑
j=1

Vj v̂i,t,j

v̂i,t+1,j = v̂i,t,j+1

λ̂Ki,t = (1 −G4(1 − δ))
(
Eûc(i, t+ 1) + Eŷi,t+1 −Ek̂i,t+1

)
+G4(1 − δ)Eλ̂ki,t+1 −G4δ

′(Z)ZEẑi,t+1

ΛK λ̂Ki,t −
1
J

ΛY ûc(i, t) =
1
G4

ΛV1 λ̂
V
i,t−1,1

ΛV1 λ̂
V
i,t,1 −

1
J

ΛY ûc(i, t) =
1
G4

ΛV2 λ̂
V
i,t−1,2

...

ΛVJ−2λ̂
V
i,t,J−2 −

1
J

ΛY ûc(i, t) =
1
G4

ΛVJ−1λ̂
V
i,t−1,J−1

ûc(i, t) = λ̂Vi,t,J−1

ϕ̂′(i, t) = 0

(CU)

ẑi,t = 0

(VU)

ûc(i, t) + ϕ̂′(i, t) + ŷi,t =
(

1 +
δ′′Z

δ′

)
ẑi,t + k̂i,t + λ̂K(i, t)

(CM)

∑
i

πi (Y ŷi,t − Iı̂i,t − Cĉi,t) = 0

ûc(i, t) = ûc(h, t)

(TC)

∑
i

πi (Y ŷi,t − Iı̂i,t − Cĉi,t) = 0

ûc(i, t) + τ ′′i (0) (Y ŷi,t − Iı̂i,t − Cĉi,t) = ûc(h, t) + τ ′′h (0) (Y ŷh,t − Iı̂h,t − Cĉh,t)
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(BM)

∑
i

πib̂i,t = 0

ûc(i, t) − Eûc(i, t+ 1) = ûc(h, t) − Eûc(h, t+ 1)

ŷi,t + b̂i,t =
C

Y
ĉi,t +

I

Y
ı̂i,t +G3b̂i,t+1

TFP process

ât = Ωât−1 + ε̂t
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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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rg

e
(D

)
co

u
n
tr

ie
s.

C
ro

ss
-c

o
u
n
tr

y
co

rr
el

a
ti

o
n
s

a
re

o
f
th

e
tw

o
sm

a
ll

co
u
n
tr

ie
s

(C
),

a
n
d

th
e

la
rg

e
a
n
d

o
n
e

o
f
th

e
sm

a
ll

co
u
n
tr

ie
s

(D
).

E
:
N

=
1
9
,{
{0

.1
}
×

9
,{

0
.0

1
}
×

1
0
}.

C
ro

ss
-c

o
u
n
tr

y
co

rr
el

a
ti

o
n
s

a
re

o
f
fi
rs

t
tw

o
co

u
n
tr

ie
s.

T
h
e

d
a
ta

(m
ed

ia
n

o
f
G

7

co
u
n
tr

ie
s)

is
ta

k
en

fr
o
m

T
a
b
le

1
in

th
e

m
a
in

te
x
t.
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