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3 A Simple Model Explaining the Link Between Out-

put Growth and Real Interest Rate

Consider an economy where technology At and labor Lt grow at rates gA and n. Production

uses labor and capital, and the production function is labor-augmenting and constant

returns to scale. The representative consumer’s optimal intertemporal consumption path

or Eular equation is:

u
′
(ct) =

1

1 + ρ
u
′
(ct+1)(FK(Kt, AtLt) + 1) (1)
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where u
′
(ct) =

du(ct)

dcct
,

1

1 + ρ
represents time preference with 0 <

1

1 + ρ
< 1, and FK(Kt, AtLt) =

∂F (Kt, AtLt)

∂Kt

= rt.

Here, the utility function takes a form of constant relative risk aversion (CRRA):

u(ct) =
c
1− 1

σ
t − 1

1− 1
σ

(2)

Then equation (1) becomes:

(
ct+1

ct

) 1
σ

=
1

1 + ρ
(rt + 1) (3)

Take logarithm on both sides:

1

σ
ln

(
ct+1

ct

)
= ln(rt + 1)− ln(1 + ρ)

Using the first order Taylor approximation:

1

σ

(
ct+1 − ct

ct

)
≈ rt − ρ (4)

using the fact that ln

(
xt+1

xt

)
≈ xt+1 − xt

xt
and ln(xt + 1) ≈ xt.

Under a balanced growth path and from equation (4), we obtain:

r∗ = σ−1gA + ρ

This is the equation in Holston et al. (2017) that summarizes the one-to-one relationship

of output growth and real interest rate.
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4 A Complete Description of the State Space Model

4.0.1 Measurement Equations

4.1 Measurement Equations

Yt = AXt +HMt + νt

or
YCA,t

...

YUS,t

 =


ACA 0

. . .

0 AUS



xCA,t

...

xUS,t

+


HCA 0 −ar,CA

2 1×4

. . .
... h

0 HUS −ar,US
2 1×4

Mt +


νCA,t

...

νUS,t


where

Yi,t =

yi,t
πi,t

 , Ai =

ay1,i ay2,i
ar,i
2

ar,i
2

0 0

by,i 0 0 0 bπ,i 1− bπ,i

 , xi,t =



yi,t−1

yi,t−1

ri,t−1

ri,t−2

πi,t−1

πi,t−2,4
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Hi =

1 −ay1,i −ay2,i −ar,i
2
−ar,i

2
−ar,i

2
−ar,i

2

0 −by,i 0 0 0 0 0

 , h =



−ar,CA
2 1×4

01×4

01×4 01×4

01×4 −ar,FR
2 1×4

01×4 01×4

01×4 −ar,DE
2 1×4

01×4 01×4

01×4 −ar,IT
2 1×4

01×4 01×4

01×4 01×4

01×4 01×4

01×4 −ar,UK
2 1×4

01×4 01×4

−ar,US
2 1×4

01×4

01×4 01×4



,
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Mt =



ξCA,t
...

ξUS,t

gcommont−1

gcommont−2

zcommont−1

zcommont−2

gnorth−americat−1

gnorth−americat−2

znorth−americat−1

znorth−americat−2

geuropet−1

geuropet−2

zeuropet−1

zeuropet−2



with ξi,t =



y∗i,t

y∗i,t−1

y∗i,t−2

gidiosyncratict−1

gidiosyncratict−2

zidiosyncratict−1

zidiosyncratict−2


4.1.1 State Equations

Mt = FMt−1 + εt
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or

Mt =


f 0 ω zCA

. . .
...

...

0 f ω zUS

0 . . . 0 δ

Mt−1 +


εCA,t

...

εUS,t

et


where

f =



1 0 0 1 0 0 0

1 0 0 0 0 0 0

0 1 0 0 0 0 0

0 0 0 1 0 0 0

0 0 0 1 0 0 0

0 0 0 0 0 1 0

0 0 0 0 0 1 0


, ω =



1 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0


, zCA = zUS =



1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0



zFR = zDE = zIT = zUS =



0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0


, zJP = 07×8
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δ =



1 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 1 0



εi,t =



εt,y∗i

0

0

εt,gidiosyncratici

0

εt,zidiosyncratici

0


, and et =



εt,gcommon

0

εt,zcommon

0

εt,gnorth−america

0

εt,znorth−america

0

εt,geurope

0

εt,zeurope

0
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νt ∼ N (0, R) where R =


RCA 0

. . .

0 RUS

 with Ri =

σỹi 0

0 σπi



εt ∼ N (0, Q) where Q =



qCA 0 Ω sCA
. . .

...
...

0 qUS Ω sUS

ΩT . . . ΩT

sTCA . . . sTUS Γ2×2


Here

qCA = qUS =



σ2
y∗i + σ2

gcommon + σ2
gnorth−america + σ2

gi
0 0 σ2

gi
0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

σ2
gi

0 0 σ2
gi

0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 σ2
zi

0

0 0 0 0 0 0 0



,

10



qFR = qDE = qIT = qUK =



σ2
y∗i + σ2

gcommon + σ2
geurope + σ2

gi
0 0 σ2

gi
0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

σ2
gi

0 0 σ2
gi

0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 σ2
zi

0

0 0 0 0 0 0 0



qJP =



σ2
y∗JP + σ2

gcommon + σ2
gi

0 0 σ2
gJP

0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

σ2
gJP

0 0 σ2
gJP

0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 σ2
zJP

0

0 0 0 0 0 0 0



,

Ω =



σ2
gcommon 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0



, sCA = sUS =



σ2
gnorth−america 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0



,
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sFR = sDE = sIT = sUK =



0 0 0 0 σ2
geurope 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0



, sJP = 08×8, and

Γ =



σ2
gcommon 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 σ2
zcommon 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 σ2
gnorth−america 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 σ2
znorth−america 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 σ2
geurope 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 σ2
zeurope 0

0 0 0 0 0 0 0 0 0 0 0 0


Finally, νt and εt follow Gaussian distribution and are mutually uncorrelated.
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Figure 1: The Natural Rate of Interest: Joint Estimates vs Country-by-Country Estimates

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) United Kingdom

(g) United States
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Figure 2: The Natural Rate of Interest (Three Country Estimation)

(a) Japan (b) United Kingdom (c) United States
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Figure 3: The Natural Rate of Interest Decomposition (Three Country Estimation)

(a) Common Component

(b) Idiosyncratic (Japan)
(c) Idiosyncratic (United King-
dom)

(d) Idiosyncratic (United
States)
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Figure 4: The Natural Rate of Interest (Sub-Sample Estimates)

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) United Kingdom

(g) United States
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Figure 5: Common Component and Regional Component of r∗ (Sub-Sample Estimates)

(a) Common Component

(b) North America Compon-
ent

(c) Europe Component
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Figure 6: The Natural Rate of Interest (Stationary Processes on the Preference Shifter)

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) United Kingdom

(g) United States
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Figure 7: The Natural Rate of Interest Decomposition (Stationary Processes on the Pref-
erence Shifter)

(a) Common Component (b) North America Component (c) Europe Component
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Figure 8: The Natural Rate of Interest (A Diffuse Prior)

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) United Kingdom

(g) United States
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Figure 9: The Natural Rate of Interest Decomposition (A Diffuse Prior)

(a) Common Component (b) North America Component (c) Europe Component

23



Figure 10: The Natural Rate of Interest: Joint Estimates Minus Country-by-Country
Estimates

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) United Kingdom

(g) United States
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Figure 11: The Real Interest Rate vs The Natural Rate of Interest

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) United Kingdom

(g) United States
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Figure 12: Forecast Error Variance Decompositions

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) UK

(g) US
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Figure 13: Forecast Error Variance Decomposition (Reverse Order)

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) UK

(g) US
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Figure 14: Forecast Error Variance Decomposition (Excluding Financial Crisis)

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) UK

(g) US
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Figure 15: Forecast Error Variance Decomposition (Excluding Energy Crisis)

(a) Canada (b) France (c) Germany

(d) Italy (e) Japan (f) UK

(g) US
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Table 1: Correlations of the Natural Rates in the G7 Countries

r∗CA r∗FR r∗DE r∗IT r∗JP r∗UK r∗US
r∗CA 1
r∗FR 0.71 1
r∗DE 0.59 0.87 1
r∗IT 0.79 0.85 0.75 1
r∗JP 0.49 0.24 0.36 0.63 1
r∗UK 0.67 0.71 0.70 0.57 0.08 1
r∗US 0.89 0.59 0.53 0.84 0.74 0.48 1

The correlations are calculated based on the median
estimates of the natural rate of interest.
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Table 2: Correlations of Idiosyncratic Component of Natural Rates in the G7 Countries

r∗idioCA r∗idioFR r∗idioDE r∗idioIT r∗idioJP r∗idioUK r∗idioUS

r∗idioCA 1
r∗idioFR 0.47 1
r∗idioDE -0.03 -0.12 1
r∗idioIT -0.56 -0.16 -0.56 1
r∗idioJP -0.74 -0.63 0.07 0.48 1
r∗idioUK 0.57 -0.14 -0.17 -0.52 -0.39 1
r∗idioUS -0.12 -0.01 -0.28 0.42 0.07 -0.01 1

The correlations are calculated based on the median estimates of
the natural rate of interest.
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Table 3: Correlations of Natural Rates and Idiosyncratic Components of Natural Rates in
Japan, UK, and US

r∗JP r∗UK r∗US r∗idioJP r∗idioUK r∗idioUS

r∗JP 1
r∗UK 0.63 1
r∗US 0.80 0.84 1
r∗idioJP 0.95 0.38 0.61 1
r∗idioUK -0.88 -0.22 -0.60 -0.94 1
r∗idioUS -0.47 -0.11 0.06 -0.58 0.37 1

The correlations are calculated based on the median
estimates of the natural rate of interest.

33



Table 4: Correlations of r∗s in the G7 Countries Excluding the Financial Crisis

r∗CA r∗FR r∗DE r∗IT r∗JP r∗UK r∗US
r∗CA 1
r∗FR 0.66 1
r∗DE 0.55 0.78 1
r∗IT 0.47 0.71 0.62 1
r∗JP -0.10 0.03 0.20 0.58 1
r∗UK 0.64 0.50 0.62 0.23 -0.19 1
r∗US 0.82 0.57 0.48 0.70 0.32 0.32 1

The correlations are calculated based on the median
estimates of the natural rate of interest.
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Table 5: Correlations of r∗idios in the G7 Countries Excluding the Financial Crisis

r∗idioCA r∗idioFR r∗idioDE r∗idioIT r∗idioJP r∗idioUK r∗idioUS

r∗idioCA 1
r∗idioFR 0.31 1
r∗idioDE 0.03 -0.07 1
r∗idioIT -0.58 0.09 -0.44 1
r∗idioJP -0.80 -0.46 -0.09 0.54 1
r∗idioUK 0.66 -0.27 -0.10 -0.73 -0.54 1
r∗idioUS -0.72 0.05 -0.22 0.78 0.49 -0.69 1

The correlations are calculated based on the median
estimates of the natural rate of interest.
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Table 6: Correlations of r∗s in the G7 Countries Excluding the Energy Crisis

r∗CA r∗FR r∗DE r∗IT r∗JP r∗UK r∗US
r∗CA 1
r∗FR 0.78 1
r∗DE 0.59 0.85 1
r∗IT 0.80 0.91 0.86 1
r∗JP 0.61 0.70 0.82 0.87 1
r∗UK 0.85 0.81 0.66 0.77 0.55 1
r∗US 0.91 0.83 0.74 0.93 0.80 0.82 1

The correlations are calculated based on the median
estimates of the natural rate of interest.
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Table 7: Correlations of r∗idios in the G7 Countries Excluding the Energy Crisis

r∗idioCA r∗idioFR r∗idioDE r∗idioIT r∗idioJP r∗idioUK r∗idioUS

r∗idioCA 1
r∗idioFR 0.49 1
r∗idioDE -0.40 -0.14 1
r∗idioIT -0.34 -0.50 -0.53 1
r∗idioJP -0.69 -0.63 0.19 0.53 1
r∗idioUK 0.60 0.13 -0.39 -0.20 -0.45 1
r∗idioUS 0.09 -0.15 -0.56 0.44 -0.02 0.34 1

The correlations are calculated based on the median
estimates of the natural rate of interest.
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Table 8: Posterior Estimates: Canada

Parameter Density Parameter1 Parameter2 Posterior Median
ay1,CA Normal MLE 0.3 1.46

(1.43, 1.48)
ay2,CA Normal MLE 0.3 -0.54

(-0.56, -0.53)
ar,CA Normal min(MLE,-0.01) 0.3 -0.08

(-0.10, -0.07)
bπ,CA Beta MLE 0.3 0.45

(0.41, 0.47)
by,CA Normal min(MLE,0.5) 0.3 0.16

(0.11, 0.20)
σyCA Inverse-Gamma MLE 0.1 0.47

(0.43, 0.49)
σπCA Inverse-Gamma MLE 0.1 1.47

(1.42, 1.49)
σ∗
CA

Inverse-Gamma MLE 0.1 0.33
(0.32, 0.35)

σgCA Inverse-Gamma 0.03 0.03 0.06
(0.04, 0.06)

σzCA Inverse-Gamma 0.1 0.1 0.20
(0.18, 0.21)

:

Parameter 1 is the mean of the normal distribution, the mean of the beta distribution, and the mode

value of the inverse-gamma distribution. Parameter 2 is the standard deviation of the all of the

distributions. MLE represents the estimates from the maximum likelihood on a country-by-country basis

using the three-step estimation method in Holston et al. 2017. In the parenthesis, the number on the left

represents the 25th posterior draw and the number on the right represent the 75th posterior draw.
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Table 9: Posterior Estimates: France

Parameter Density Parameter1 Parameter2 Posterior Median
ay1,FR Normal MLE 0.3 1.28

(1.26, 1.31)
ay2,FR Normal MLE 0.3 -0.44

(-0.47, -0.41)
ar,FR Normal min(MLE,-0.01) 0.3 -0.05

(-0.06, -0.04)
bπ,FR Beta MLE 0.3 0.63

(0.58, 0.67)
by,FR Normal min(MLE,0.5) 0.3 0.14

(0.13, 0.16)
σyFR Inverse-Gamma MLE 0.1 0.18

(0.16, 0.19)
σπFR Inverse-Gamma MLE 0.1 0.97

(0.96, 0.98)
σ∗
FR

Inverse-Gamma MLE 0.1 0.26
(0.25, 0.27)

σgFR Inverse-Gamma 0.03 0.03 0.03
(0.02, 0.04)

σzFR Inverse-Gamma 0.1 0.1 0.20
(0.18, 0.24)

:

Parameter 1 is the mean of the normal distribution, the mean of the beta distribution, and the mode

value of the inverse-gamma distribution. Parameter 2 is the standard deviation of the all of the

distributions. MLE represents the estimates from the maximum likelihood on a country-by-country basis

using the three-step estimation method in Holston et al. 2017. In the parenthesis, the number of the left

represents the 25th posterior draw and the number of the right represent the 75th posterior draw.
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Table 10: Posterior Estimates: Germany

Parameter Density Parameter1 Parameter2 Posterior Median
ay1,DE Normal MLE 0.3 1.60

( 1.54 , 1.63 )
ay2,DE Normal MLE 0.3 -0.74

( -0.79 , -0.70 )
ar,DE Normal min(MLE,-0.01) 0.3 -0.01

( -0.02 , -0.01 )
bπ,DE Beta MLE 0.3 0.44

( 0.38 , 0.48 )
by,DE Normal min(MLE,0.5) 0.3 0.33

( 0.29 , 0.40 )
σyDE Inverse-Gamma MLE 0.1 0.18

( 0.17 , 0.20 )
σπDE Inverse-Gamma MLE 0.1 1.23

( 1.21 , 1.29 )
σ∗
DE

Inverse-Gamma MLE 0.1 0.82
( 0.80 , 0.83 )

σgDE Inverse-Gamma 0.03 0.03 0.03
( 0.02 , 0.04 )

σzDE Inverse-Gamma 0.1 0.1 0.30
( 0.29 , 0.30 )

:

Parameter 1 is the mean of the normal distribution, the mean of the beta distribution, and the mode

value of the inverse-gamma distribution. Parameter 2 is the standard deviation of the all of the

distributions. MLE represents the estimates from the maximum likelihood on a country-by-country basis

using the three-step estimation method in Holston et al. 2017. In the parenthesis, the number of the left

represents the 25th posterior draw and the number of the right represent the 75th posterior draw.
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Table 11: Posterior Estimates: Italy

Parameter Density Parameter1 Parameter2 Posterior Median
ay1,IT Normal MLE 0.3 1.58

( 1.54 , 1.61 )
ay2,IT Normal MLE 0.3 -0.74

( -0.77 , -0.72 )
ar,IT Normal min(MLE,-0.01) 0.3 -0.06

( -0.07 , -0.04 )
bπ,IT Beta MLE 0.3 0.59

( 0.56 , 0.61 )
by,IT Normal min(MLE,0.5) 0.3 0.14

( 0.08 , 0.17 )
σyIT Inverse-Gamma MLE 0.1 0.16

( 0.16 , 0.18 )
σπIT Inverse-Gamma MLE 0.1 1.36

( 1.34 , 1.37 )
σ∗
IT

Inverse-Gamma MLE 0.1 0.50
( 0.47 , 0.51 )

σgIT Inverse-Gamma 0.03 0.03 0.04
( 0.03 , 0.04 )

σzIT Inverse-Gamma 0.1 0.1 0.07
( 0.06 , 0.09 )

:

Parameter 1 is the mean of the normal distribution, the mean of the beta distribution, and the mode

value of the inverse-gamma distribution. Parameter 2 is the standard deviation of the all of the

distributions. MLE represents the estimates from the maximum likelihood on a country-by-country basis

using the three-step estimation method in Holston et al. 2017. In the parenthesis, the number of the left

represents the 25th posterior draw and the number of the right represent the 75th posterior draw.
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Table 12: Posterior Estimates: Japan

Parameter Density Parameter1 Parameter2 Posterior Median
ay1,JP Normal MLE 0.3 1.44

( 1.33 , 1.48 )
ay2,JP Normal MLE 0.3 -0.79

( -0.84 , -0.69 )
ar,JP Normal min(MLE,-0.01) 0.3 -0.01

( -0.02 , -0.01 )
bπ,JP Beta MLE 0.3 0.38

( 0.36 , 0.40 )
by,JP Normal min(MLE,0.5) 0.3 0.62

( 0.56 , 0.66 )
σyJP Inverse-Gamma MLE 0.1 0.03

( 0.02 , 0.04 )
σπJP Inverse-Gamma MLE 0.1 1.18

( 1.16 , 1.23 )
σ∗
JP

Inverse-Gamma MLE 0.1 0.93
( 0.91 , 0.94 )

σgJP Inverse-Gamma 0.03 0.03 0.02
( 0.02 , 0.03 )

σzJP Inverse-Gamma 0.1 0.1 0.23
( 0.21 , 0.24 )

:

Parameter 1 is the mean of the normal distribution, the mean of the beta distribution, and the mode

value of the inverse-gamma distribution. Parameter 2 is the standard deviation of the all of the

distributions. MLE represents the estimates from the maximum likelihood on a country-by-country basis

using the three-step estimation method in Holston et al. 2017. In the parenthesis, the number of the left

represents the 25th posterior draw and the number of the right represent the 75th posterior draw.
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Table 13: Posterior Estimates: United Kingdom

Parameter Density Parameter1 Parameter2 Posterior Median
ay1,UK Normal MLE 0.3 1.51

( 1.49 , 1.55 )
ay2,UK Normal MLE 0.3 -0.68

( -0.71 , -0.66 )
ar,UK Normal min(MLE,-0.01) 0.3 -0.03

( -0.04 , -0.02 )
bπ,UK Beta MLE 0.3 0.37

( 0.35 , 0.40 )
by,UK Normal min(MLE,0.5) 0.3 0.76

( 0.71 , 0.82 )
σyUK Inverse-Gamma MLE 0.1 0.25

( 0.23 , 0.26 )
σπUK Inverse-Gamma MLE 0.1 2.22

( 2.21 , 2.23 )
σ∗
UK

Inverse-Gamma MLE 0.1 0.47
( 0.46 , 0.48 )

σgUK Inverse-Gamma 0.03 0.03 0.06
( 0.06 , 0.07 )

σzUK Inverse-Gamma 0.1 0.1 0.09
( 0.08 , 0.10 )

:

PParameter 1 is the mean of the normal distribution, the mean of the beta distribution, and the mode

value of the inverse-gamma distribution. Parameter 2 is the standard deviation of the all of the

distributions. MLE represents the estimates from the maximum likelihood on a country-by-country basis

using the three-step estimation method in Holston et al. 2017. In the parenthesis, the number of the left

represents the 25th posterior draw and the number of the right represent the 75th posterior draw.
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Table 14: Posterior Estimates: United States

Parameter Density Parameter1 Parameter2 Posterior Median
ay1,US Normal MLE 0.3 1.42

( 1.41 , 1.44 )
ay2,US Normal MLE 0.3 -0.54

( -0.56 , -0.53 )
ar,US Normal min(MLE,-0.01) 0.3 -0.15

( -0.16 , -0.12 )
bπ,US Beta MLE 0.3 0.26

( 0.22 , 0.29 )
by,US Normal min(MLE,0.5) 0.3 0.15

( 0.12 , 0.16 )
σyUS Inverse-Gamma MLE 0.1 0.21

( 0.20 , 0.22 )
σπUS Inverse-Gamma MLE 0.1 0.72

( 0.71 , 0.74 )
σ∗
US

Inverse-Gamma MLE 0.1 0.49
( 0.48 , 0.50 )

σgUS Inverse-Gamma 0.03 0.03 0.06
( 0.06 , 0.06 )

σzUS Inverse-Gamma 0.1 0.1 0.09
( 0.08 , 0.09 )

:

Parameter 1 is the mean of the normal distribution, the mean of the beta distribution, and the mode

value of the inverse-gamma distribution. Parameter 2 is the standard deviation of the all of the

distributions. MLE represents the estimates from the maximum likelihood on a country-by-country basis

using the three-step estimation method in Holston et al. 2017. In the parenthesis, the number of the left

represents the 25th posterior draw and the number of the right represent the 75th posterior draw.
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Table 15: Posterior Estimates: Common Parameters

Parameter Density Parameter1 Parameter2 Posterior Median
σgcommon Inverse-Gamma 0.03 0.03 0.05

( 0.05 , 0.05 )
σzcommon Inverse-Gamma 0.1 0.1 0.12

( 0.10 , 0.17 )
σgnorth−america Inverse-Gamma 0.03 0.03 0.06

( 0.06 , 0.07 )
σznorth−america Inverse-Gamma 0.1 0.1 0.17

( 0.16 , 0.18 )
σgeurope Inverse-Gamma 0.03 0.03 0.08

( 0.07 , 0.09 )
σzeurope Inverse-Gamma 0.1 0.1 0.26

( 0.25 , 0.27 )

:

Parameter 1 is the mean of the normal distribution, the mean of the beta distribution, and the mode

value of the inverse-gamma distribution. Parameter 2 is the standard deviation of the all of the

distributions. MLE represents the estimates from the maximum likelihood on a country-by-country basis

using the three-step estimation method in Holston et al. 2017. In the parenthesis, the number of the left

represents the 25th posterior draw and the number of the right represent the 75th posterior draw.
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Table 16: Prior Specification for the Country-by-Country Estimation

Parameter Domain Density Parameter1 Parameter2
ay1,i [0,∞) Normal MLE 0.3
ay2,i R Normal MLE 0.3
ar,i (−∞,−0.0025) Normal min(MLE,-0.01) 0.3
bπ,i [0,1] Beta MLE 0.3
by,i (0.025, ∞) Normal min(MLE,0.5) 0.3
σyi (0,∞) Inverse-Gamma MLE 0.1
σπi (0,∞) Inverse-Gamma MLE 0.1
σy∗i (0,∞) Inverse-Gamma MLE 0.1
σgi (0,σzi) Inverse-Gamma 0.03 0.03
σzi (0,∞) Inverse-Gamma 0.1 0.1

:

i = {CA,FR,DE, IT, JP, UK,US}. Parameter 1 is the mean of the normal distribution, the mean of the

beta distribution, and the mode value of the inverse-gamma distribution. Parameter 2 is the standard

deviation of the all of the distributions.

46



Table 17: Prior Specification for the Stationary Processes on the Preference Shifters

Parameter Domain Density Parameter1 Parameter2
σzi (0,∞) Inverse-Gamma 0.5 0.3
σzcommon (0, ∞) Inverse-Gamma 0.5 0.3
σznorth−america (0,∞) Inverse-Gamma 0.5 0.3
σzeurope (0,∞) Inverse-Gamma 0.5 0.3
ρi [0,1] Beta 0.5 0.2
ρcommon [0,1] Beta 0.5 0.2
ρnorth−america [0,1] Beta 0.5 0.2
ρeurope [0,1] Beta 0.5 0.2

:

i = {CA,FR,DE, IT, JP, UK,US}. ρ is the AR(1) coefficient. Parameter 1 is the mean of the normal

distribution, the mean of the beta distribution, and the mode value of the inverse-gamma distribution.

Parameter 2 is the standard deviation of the all of the distributions.
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