
1 The linearized economy

1.1 Domestic goods-producing firms

1.1.1 The labour market

Define the deviation (not log-deviation) of unemployment as Ûa
t = Ua

t − Ūa. According
to (??), and with the steady state value (??) substituted in, the linearized after-hiring
unemployment rate is:

Ûa
t = −

(
1 − Ūa

)
N̂t (1.1)

The persistent hiring cost shock (??) follows an AR(1) process:

ζΩ
t = ρΩζ

Ω
t−1 + ǫΩt (1.2)

Linearizing the labour market tightness variable (??) and substituting (??) and (1.1) to
give:1

χ(1 − Ūa)Ω̂t = −Ûa
t + (1 − Ω̄)(1 − χ)Ûa

t−1 (1.3)

Given the steady state condition (??), linearizing (??) gives:

χĤt = N̂t − (1 − χ)N̂t−1 (1.4)

1.1.2 Domestic intermediate-producing firms

Linearizing the production function for the intermediate producer (??) and substituting
(??) gives:

ŷt = λ̄d
(
ǫ̂t + α(k̂t − µ̂z

t ) + (1 − α)N̂t

)
(1.5)

Permanent technology growth (??) is:

µ̂z
t = ρµz µ̂z

t−1 + ǫzt (1.6)

The temporary technology shock (??) follows:

ǫ̂t = ρǫǫ̂t−1 + ǫǫt (1.7)

Combining (??) and (??) gives a relationship between the real rental rate of capital and
marginal cost rk

t = αǫtk
α−1
t (µz

t )
(1−α)N1−α

t mcdt . Linearizing with (1.1) substituted in gives:

1Linearizing (??):

Ht = ΩtUt

Nt − (1 − χ)Nt−1 = Ωt (1 − (1 − χ)Nt−1)

N̄(1 + N̂t) − (1 − χ)N̄(1 + N̂t−1) = Ω̄(1 + Ω̂t) − (1 − χ)Ω̄N̄(1 + Ω̂t + N̂t−1)

N̄N̂t − (1 − χ)N̄N̂t−1 = Ω̄Ω̂t − (1 − χ)Ω̄N̄(Ω̂t + N̂t−1)

Ω̂t =
N̄

(1 − (1 − χ)N̄)Ω̄
N̂t +

N̄(Ω̄ − 1)(1 − χ)

(1 − (1 − χ)N̄)Ω̄
N̂t−1
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r̂k
t = ǫ̂t − (1 − α)(k̂t − µ̂z

t ) −
1 − α

1 − Ūa
Ûa

t + m̂c
d
t (1.8)

Given ǭ = 1, ζ̄Ω = 1, and define:

κ =

[
w̄R̄ +B(1 + ϑ)Ω̄ϑ

(
1 + β(1 − χ)µ̄zπ̄d

[
ϑ

1 − ϑ
Ω̄ − 1

])]

κ1 = −
(1 − α)w̄R̄

κ

κ2 = −
(1 − α)(1 + ϑ)BΩ̄ϑ

κ

κ3 = −
(1 − α)β(1 − χ)µ̄zπ̄d(ϑΩ̄ − 1 − ϑ)BΩ̄ϑ

κ

κ4 =
(1 − α)β(1 − χ)µ̄zπ̄dϑ(1 + ϑ)(1 − Ω̄)BΩ̄ϑ

κ

The linearized real marginal cost (??) is:2

m̂c
d
t = − ǫ̂t + αr̂k

t − κ1

[
ŵt + R̂t−1

]
− κ2

[
ǫ̂t + ϑΩ̂t + ζ̂Ω

t

]

− κ3Et

[
ǫ̂t+1 + µ̂z

t+1 + π̂d
t+1 + ζ̂Ω

t+1

]
− κ4Et

[
Ω̂t+1

]
(1.9)

2

(
mcd

) 1

1−α

(
1 +

1

1 − α
m̂c

d
t

)
=

(
1

1 − α

)(
1

α

) α

1−α (
r̄k
) α

1−α

(
1 −

1

1 − α
ǫ̂t +

α

1 − α
r̂k
t

)

×
{
w̄R̄

[
1 + ŵt + R̂t−1

]
+B(1 + ϑ)Ω̄ϑ

[
1 + ǫ̂t + ϑΩ̂t + ζ̂Ω

t

]

+ βB(1 − χ)µ̄zπ̄dϑΩ̄1+ϑEt

[
1 + µ̂z

t+1 + ǫ̂t+1 + π̂d
t+1 + ζ̂Ω

t+1 + (1 + ϑ)Ω̂t+1

]

−βB(1 − χ)µ̄zπ̄d(1 + ϑ)Ω̄ϑEt

[
1 + µ̂z

t+1 + ǫ̂t+1 + π̂d
t+1 + ζ̂Ω

t+1 + ϑΩ̂t+1

]}

Moving
(
1 − 1

1−α
ǫ̂t + α

1−α
r̂k
t

)
into the curly bracket, ignoring the cross products and applying mcd

from (??) to cancel the constant terms gives:

(
mcd

) 1

1−α

1 − α
m̂c

d
t =

(
1

1 − α

)(
1

α

) α

1−α (
r̄k
) α

1−α

×

{
w̄R̄

[
ŵt + R̂t−1 −

1

1 − α
ǫ̂t +

α

1 − α
r̂k
t

]
+B(1 + ϑ)Ω̄ϑ

[
ǫ̂t + ϑΩ̂t + ζ̂Ω

t −
1

1 − α
ǫ̂t +

α

1 − α
r̂k
t

]

+ βB(1 − χ)µ̄zπ̄dϑΩ̄1+ϑEt

[
ǫ̂t+1 + µ̂z

t+1 + π̂d
t+1 + ζ̂Ω

t+1 + (1 + ϑ)Ω̂t+1 −
1

1 − α
ǫ̂t +

α

1 − α
r̂k
t

]

−βB(1 − χ)µ̄zπ̄d(1 + ϑ)Ω̄ϑEt

[
ǫ̂t+1 + µ̂z

t+1 + π̂d
t+1 + ζ̂Ω

t+1 + ϑΩ̂t+1 −
1

1 − α
ǫ̂t +

α

1 − α
r̂k
t

]}

Factoring out
(
− 1

1−α
ǫ̂t + α

1−α
r̂k
t

)
and dividing both side by mc

1

1−α

1−α
gives:
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The new Keynesian Phillips curve for domestic intermediate producing firms (??) is:

π̂d
t =

β

1 + β
Et

[
π̂d

t+1

]
+

1

1 + β
π̂d

t−1 +
(1 − ξd)(1 − βξd)

ξd(1 + β)

[
λ̂d

t + m̂c
d
t

]
(1.10)

1.1.3 Domestic-importing firms

The new Keynesian Phillips curve for the consumption-importing firms (??) is:

π̂
m,c
t =

β

1 + β
Et

[
π̂

m,c
t+1

]
+

1

1 + β
π̂

m,c
t−1 +

(1 − ξm
c )(1 − βξm

c )

ξm
c (1 + β)

[
λ̂

m,c
t + m̂c

m,c
t

]
(1.11)

where the real marginal cost m̂cm,c
t as defined in (??):

m̂c
m,c
t = P̂ ∗ + Ŝt − P̂

m,c
t = −m̂cxt − γ̂

x,∗
t − γ̂

mc,d
t (1.12)

The new Keynesian Phillips curve for the investment-importing firms ?? is:

π̂
m,i
t =

β

1 + β
Et

[
π̂

m,i
t+1

]
+

1

1 + β
π̂

m,i
t−1 +

(1 − ξm
i )(1 − βξm

i )

ξm
i (1 + β)

[
λ̂

m,i
t + m̂c

m,i
t

]
(1.13)

where the real marginal cost m̂cm,i
t as defined in (??):

m̂c
m,i
t = P̂ ∗ + Ŝt − P̂

m,i
t = −m̂cxt − γ̂

x,∗
t − γ̂

mi,d
t (1.14)

1.1.4 Domestic-exporting firms

The new Keynesian Phillips curve for the exporting firms (??) is:

π̂x
t =

β

1 + β
Et

[
π̂x

t+1

]
+

1

1 + β
π̂x

t−1 +
(1 − ξx)(1 − βξx)

ξx(1 + β)

[
λ̂x

t + m̂c
x
t

]
(1.15)

where the real marginal cost m̂cxt = P̂ d
t − Ŝt − P̂ x

t . Lagging one period then subtracting
from itself gives:

m̂c
x
t = m̂c

x
t−1 + π̂d

t − Ŝt + Ŝt−1 − π̂x
t (1.16)

m̂ct = −ǫ̂t + αr̂k
t +

1 − α[
w̄R̄+B(1 + ϑ)Ω̄ϑ

(
1 + β(1 − δ)µ̄zπ̄d

[
ϑ

1−ϑ
Ω̄ − 1

])]

×
{
w̄R̄

[
ŵt + R̂t−1

]
+B(1 + ϑ)Ω̄ϑ

[
ǫ̂t + ϑΩ̂t + ζ̂Ω

t

]

+ βB(1 − χ)µ̄zπ̄dΩ̄ϑ(ϑΩ̄ − 1 − ϑ)Et

[
ǫ̂t+1 + µ̂z

t+1 + π̂d
t+1 + ζ̂Ω

t+1

]

−(1 − Ω̄)βB(1 − χ)µ̄zπ̄dϑ(1 + ϑ)Ω̄ϑEt

[
Ω̂t+1

]}
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1.1.5 CPI inflation

According to the aggregate consumption price (??), linearizing, lagging one period and
subtract from itself, then applying (??) gives:3

π̂c
t =

[
(1 − ωc)

(
γ̄c,d
)ηc−1

]
π̂d

t +

[
ωc

(
γ̄c,d

λ̄m,c

)ηc−1
]
π̂

m,c
t (1.17)

1.2 Households

Since the steady state value of preference shocks ζ̄ l = 1 for l ∈ {c,N}, the log deviation

from the steady state values are measured by ζ̂ l
t =

ζl
t−1

1
, which follow an AR(1) process:

ζ̂c
t = ρζc ζ̂c

t−1 + ǫ
ζc

t (1.18)

ζ̂N
t = ρζN ζ̂N

t−1 + ǫ
ζN

t (1.19)

Similar to the preference shocks, the investment-specific technology shock follows also an
AR(1) process:

Γ̂t = ρΓΓ̂t−1 + ǫΓt (1.20)

Linearizing the consumption Euler equation (??) gives:4

3Linearizing (??) gives:

p̂c
t = (1 − ωc)

(
P̄ d

t

P̄ c
t

)1−ηc

p̂d
t + ωc

(
P̄

m,c
t

P̄ d
t

P̄ d
t

P̄ c
t

)1−ηc

p̂
m,c
t = (1 − ωc)(γ̄

c,d)ηc−1p̂d
t + ωc

(
γ̄c,d

γ̄mc,d

)ηc−1

p̂
m,c
t

4Equation (??) can be simplified to:

ζc
tµ

z
t

ctµ
z
t − bct−1

− Et

[
βbζc

t+1

ct+1µ
z
t+1 − bct

]
= ψz

t γ
c,d
t

Multiplying both sides by (ctµ
z
t − bct−1)(ct+1µ

z
t+1 − bct), applying steady state value ζ̄c = 1 and

linearizing gives:

Et

[
c̄ (µ̄z)

2
[ζ̂c

t + µ̂z
t + ĉt+1 + µ̂z

t+1] − c̄bµ̄z[ζ̂c
t + µ̂z

t + ĉt] − c̄βbµ̄z[ζ̂c
t+1 + µ̂z

t + ĉt] + c̄βb2[ζ̂c
t+1 + ĉt−1]

]

= Et

[
c̄2ψ̄z γ̄c,d{(µ̄z)

2
[ψ̂z

t + γ̂
c,d
t + ĉt + ĉt+1 + µ̂z

t + µ̂z
t+1] − bµ̄z[ψ̂z

t + γ̂
c,d
t + ĉt−1 + ĉt+1 + µ̂z

t+1]

−bµ̄z[ψ̂z
t + γ̂

c,d
t + 2ĉt + µ̂z

t ] + b2[φ̂z
t + γ̂

c,d
t + ĉt + ĉt−1]}

]

Dividing both side by c̄, using equation (??) for the steady state and collecting common terms gives:

Et

[
µ̄z(µ̄z − b)ζ̂c

t + (µ̄z)
2
[µ̂z

t + ĉt+1 + µ̂z
t+1] − (1 + β)bµ̄z[µ̂z

t + ĉt] − βb(µ̄z − b)ζ̂c
t+1 + βb2ĉt−1

]

= Et

[
µ̄z − βb

µ̄z − b

{
(µ̄z − b)

2
[ψ̂z

t + γ̂
c,d
t ] + (µ̄z − b)

2
ĉt + µ̄z(µ̄z − b)(ĉt+1 + µ̂z

t + µ̂z
t+1) − b(µ̄z − b)ĉt−1

}]

Expanding RHS and collecting common terms gives (1.21).
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ĉt =
bµ̄z

(µ̄z)2 − βb2
Et [ĉt−1 + βĉt+1] −

bµ̄z

(µ̄z)2 − βb2
Et

[
µ̂z

t − βµ̂z
t+1

]

+
µ̄z − b

(µ̄z)2 − βb2
Et

[
µ̄z ζ̂c

t − βbζ̂c
t+1

]
−

(µ̄z − βb)(µ̄z − b)

(µ̄z)2 − βb2

[
ψ̂z

t + γ̂
c,d
t

]
(1.21)

The optimal asset holding ?? can be linearized to:

ψ̂z
t = R̂t + Et[ψ̂

z
t+1 − µ̂z

t+1 − π̂d
t+1] (1.22)

Given (??), a(ū) = 0 and a′(ū) = r̄k at the steady state, the ready to install asset price
(??) can be linearized to:

P̂ k′

t = Et

[
(1 − δ)β

µ̄z
P̂ k′

t+1 +
µ̄z − β(1 − δ)

µ̄z
r̂k
t+1 + ψ̂z

t+1 − ψ̂z
t − µ̂z

t+1

]
(1.23)

With (??) substituted, the optimality condition for investment (??) can be linearized as:5

P̂ k′

t = γ̂
i,d
t − Γ̂t − f̃1(it, it−1, µ

z
t ) − βEt

[
f̃2(it+1, it, µ

z
t+1)
]

where f̃1(it, it−1, µ
z
t ) and f̃2(it+1, it, µ

z
t+1) are the differences between the first order Taylor

expansion of f1(.) and f2(.) with the respective steady state f̄1(.) and f̄2(.), which can be
derived from (??) and (??).6 Substituting into the above equation gives:

5Take first order Taylor expansion of (??), ignoring cross products gives:

γ̄i,d(1 + γ̂
i,d
t ) − Γ̄P̄ k′

f̄1(̄i, ī, µ̄
z)
(
1 + P̂ k′

t + Γ̂t + f̃1(it, it−1, µ
z
t )
)

=
βΓ̄ψ̄zP̄ k′

ψ̄z
Et

[
f̃2(it+1, it, µ

z
t+1)

]
+

βf̄2(̄i, ī, µ̄
z)Et

[
Γ̄ψ̄zP̄ k′

ψ̄z
+

Γ̄ψ̄z

ψ̄z
P̂ k′

t+1 +
Γ̄P̄ k′

ψ̄z
ψ̂z

t+1 −
Γ̄ψ̄zP̄ k′

(
ψ̄z
)2 ψ̂z

t +
ψ̄zP̄ k′

ψ̄z
Γ̂t+1

]

Then applying (??), Γ̄ = 1, f̄1(̄i, ī, µ̄
z) = 1, and f̄2(̄i, ī, µ̄

z) = 0.

6Applying the first order Taylor expansion to (??) then subtracting f̄1(̄i, ī, µ̄
z) = 1 to give:

f̂1(it, it−1, µ
z
t ) =

[
−S̃′′(.)

(
it (µz

t )
2

i2t−1

)
− S̃′(.)

(
µz

t

it−1

)
− S̃′(.)

(
µz

t

it−1

)]
(it − ī)

+

[
S̃′′(.)

(
i2t (µz

t )
2

i3t−1

)
+ S̃′(.)

(
itµ

z
t

i2t−1

)
+ S̃′(.)

(
itµ

z
t

i2t−1

)]
(it−1 − ī)

+

[
−S̃′′(.)

(
i2tµ

z
t

i2t−1

)
− S̃′(.)

(
it

it−1

)
− S̃′(.)

(
it

it−1

)]
(µz

t − µ̄z)

At steady state, īt = īt−1 = ī, S̃′(.) = 0, evaluating the above equation at steady state implies:

f̂1(it, it−1, µ
z
t ) =

[
−S̃′′(.) (µ̄z)

2
]
ît +

[
S̃′′(.) (µ̄z)

2
]
ît−1 +

[
−S̃′′(.) (µ̄z)

2
]
µ̂z

t

Similarly, taking the first order Taylor expansion of (??), then subtracting f̄2(̄i, ī, µ̄
z) = 0 to give:
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P̂ k′

t = γ̂
i,d
t − Γ̂t + (µ̄z)2

S̃ ′′(.)
[(
ît − ît−1 + µ̂z

t

)
− βEt

[(
ît+1 − ît + µ̂z

t+1

)]]
(1.24)

The linearized capital accumulation (??) is:7

ˆ̃
kt+1 =

(1 − δ)

µ̄z
(ˆ̃kt − µ̂z

t ) +

(
1 −

(1 − δ)

µ̄z

)(
Γ̂t + ît

)
(1.25)

With (??), the linearized optimal condition for capital (??) is:

ût = k̂t −
ˆ̃
kt (1.26)

From (??), we can obtain:

ût =
1

σa

r̂k
t (1.27)

where σa ≡ a′′(1)
a′(1)

. Given the steady state relationship (??), the linearized optimal real

balance (??) is:

q̂t = −
1

σq

ψ̂z
t −

R̄

σq(R̄− 1)
R̂t−1 (1.28)

f̂2(it+1, it, µ
z
t+1) =

[
S̃′′(.)

(
it+1µ

z
t+1

)2

i3t
+ 2S̃′(.)

it+1µ
z
t+1

(it)
2

]
(it+1 − ī)

−

[
S̃′′(.)

(
it+1µ

z
t+1

i2t

)(
it+1

it

)2

µz
t+1 + 2S̃′(.)

1

it

(
it+1

it

)2

µz
t+1

]
(it − ī)

+

[
S̃′′(.)

(
it+1

it

)(
it+1

it

)2

µz
t+1 + S̃′(.)

(
it+1

it

)2
]

(µz
t − µ̄z)

Evaluating at steady state gives:

f̂2(it+1, it, µ
z
t+1) =

[
S̃′′(.) (µ̄z)

2
]
ît+1 −

[
S̃′′(.) (µ̄z)

2
]
ît +

[
S̃′′(.) (µ̄z)

2
]
µ̂z

t+1

7The capital accumulation (??) can be linearized as (with ∆t equals 0 for all t at equilibrium):

ˆ̃
kt+1 = (1 − δ)

1

µ̄z
(
ˆ̃
kt − µ̂z

t ) +
f̄ (̄i, ī, µ̄z)

¯̃
k

(Γt − Γ̄) +
Γ̄
¯̃
k
f̃(it, it−1, µ

z
t )

where f̃(.) = f(.) − f̄(.) Evaluating f̃(it, it−1, µ
z
t ) at the steady state gives:

f̃(it, it−1, µ
z
t ) =

[
−
µz

t it

it−1

S̃′(.) +
(
1 − S̃(.)

)]
(it − ī) +

[
S̃′(.)

i2tµ
z
t

i2t−1

]
(it−1 − ī) −

[
i2t
it−1

S̃′(.)

]
(µz

t − µ̄z)

= it − ī

Noting f̄(.) = ī, combining with (??) gives (1.25).
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Combining the optimality condition of domestic bond holding (??) and foreign bond hold-
ing (??) gives: St+1

St
Φ(at, φ̃t) = Rt

R∗

t
. Given the functional form of the risk premium (??),

log-linearizing gives the uncovered interest rate parity (with risk premium) condition:

R̂t − R̂∗

t = Et

[
Ŝt+1 − Ŝt

]
− φ̃aât + ˆ̃

φt (1.29)

where ˆ̃
φt is the time-varying shock to the risk premium, which is assumed to follow a

stationary AR(1) process:

ˆ̃
φt = ρφ̃

ˆ̃
φt−1 + ǫ

φ̃
t (1.30)

1.3 Wage rigidities

1.3.1 Nominal wage rigidity

The wage determination process under nominal wage rigidity (??):

ŵt = τb
(
ŵt−1 + π̂c

t−1 − π̂d
t

)
+ τf

(
Et [ŵt+1] − π̂c

t + Et

[
π̂d

t+1

])
+ τc

(
ζ̂N
t + σLN̂t − ψ̂z

t + λ̂w
t

)

(1.31)
where:

τ ≡
λ̄wσL(1 − βξw)

λ̄w − 1
τb ≡

(1 + τ)ξw
1 + ξwτ + βξ2

w

τf ≡
βξw

1 + ξwτ + βξ2
w

τc ≡
(1 − βξw)(1 − ξw)

1 + ξwτ + βξ2
w

1.3.2 Real wage rigidity

Linearizing the equilibrium Nash bargaining wage (??) gives

ŵ∗

t = τ1

(
ǫ̂t + ϑΩ̂t + ζ̂Ω

t

)
+ τ2

(
ζ̂N
t + σLN̂t − ψ̂z

t

)

− τ3Et

[
ǫ̂t+1 + ζ̂Ω

t+1 + ψ̂z
t+1 − ψ̂z

t − µ̂z
t+1 − π̂d

t+1

]
+ τ4Et

[
Ω̂t+1

]
(1.32)

where:

τ1 ≡
BΩ̄ϑ

w̄∗
τ2 ≡

ALN̄
σL

ψ̄zw̄∗
τ3 ≡

β(1 − χ)BΩ̄ϑ(1 − Ω̄)

µ̄zπ̄dw̄∗
τ4 ≡

β(1 − χ)BΩ̄ϑ
(
Ω̄(1 + ϑ) − ϑ

)

µ̄zπ̄dw̄∗

which (??) implies the the real wage follows:

ŵt = fŵt−1 + (1 − f)ŵ∗

t (1.33)
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1.4 Relative prices

linearizing (??) and (??) gives:

γ̂
c,d
t =

(
1 −

(1 − ωc)

(γ̄c,d)1−ηc

)
γ̂

mc,d
t (1.34)

γ̂
i,d
t =

(
1 −

(1 − ωi)

(γ̄i,d)1−ηi

)
γ̂

mi,d
t (1.35)

Linearizing the relative price between imported consumption and the domestic price (??),
between imported investment and the domestic price (??) and between export price and
the foreign price level (??), lagging one period, then subtracting from the original equation
gives:8

γ̂
mc,d
t = γ̂

mc,d
t−1 + π̂

m,c
t − π̂d

t (1.36)

γ̂
mi,d
t = γ̂

mi,d
t−1 + π̂

m,i
t − π̂d

t (1.37)

γ̂
x,∗
t = γ̂

x,∗
t−1 + π̂x

t − π̂∗

t (1.38)

According to (??):

γ̂
f
t = m̂c

x
t + γ̂

x,∗
t (1.39)

1.5 Monetary policy

Monetary policy (??) is given by:

R̂t = ρRR̂t−1 + (1 − ρR)[rππ̂
c
t−1 + ryŷt−1 + rxx̂t−1] + rπ

∆∆π̂c
t + r

y
∆∆ŷt + ǫRt (1.40)

The real exchange rate (??) can be expressed as:9

x̂t = −m̂cxt − γ̂
x,∗
t − ωc

(
λ̄m,c

γ̄c,d

)1−ηc

γ̂
mc,d
t (1.41)

8Equation (??) implies γ̂mc,d
t = P̂

m,c
t − P̂ d

t ; (??) implies γ̂mi,d
t = P̂

m,i
t − P̂ d

t ; and (??) implies
γ̂

x,∗
t = P̂ x

t − P̂ ∗

t .

9Equation (??) can be rewritten as:

x̂t = (Ŝt + P̂ ∗

t − P̂
m,c
t ) + (P̂m,c

t − P̂ d
t ) − (P̂ c

t − P̂ d
t )

Applying (1.12), (1.34) and the definition of the relative price between imported consumption goods
and intermediate goods (??):

x̂t = −(m̂c
x
t + γ̂

x,∗
t + γ̂

mc,d
t ) + (γ̂mc,d

t ) −

(
1 −

(1 − ωc)

(γ̄c,d)
1−ηc

)
γ̂

mc,d
t

Collecting common terms, then applying (??) gives (1.41).
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1.6 Goods and financial market-clearing

1.6.1 Goods market-clearing

The asymmetric technology shock (??) is:

ˆ̃z∗t = ρz̃∗
ˆ̃z∗t−1 + ǫz̃

∗

t (1.42)

Linearizing (??), assuming equality of the aggregate resource constraint, applying the
steady state condition of aggregate hiring (??), (??), (??) and dividing both sides by the
steady state value of output ȳ gives:10

(1 − ωc)
[
γ̄c,d
]ηc c̄

ȳ
{ηc(γ̂

c,d
t ) + ĉt} + (1 − ωi)

[
γ̄i,d
]ηi ī

ȳ
{ηi(γ̂

i,d
t ) + ît} +

ȳ∗

ȳ
{ŷ∗t − ηf (γ̂

x,∗
t ) + ˆ̃z∗t }

= ŷt − α{k̂t −
ˆ̃
kt} −

BχN̄Ω̄ϑ

ȳ
{ǫ̂t + ϑΩ̂t + ζ̂Ω

t + Ĥt} (1.43)

1.6.2 Evolution of net foreign assets

Linearizing (??) gives11

ât =

(
ȳ∗ ¯̃z∗

mcx (γ̄x,∗)ηf

)(
1 + ŷ∗t + ˆ̃z∗t − m̂c

x
t − ηf γ̂

x,∗
t

)
−

ωcc̄(γ̄
c,d)ηc

γ̄f (γ̄mc,d)ηc

(
1 + ηcγ̂

c,d
t + ĉt − γ̂

f
t − ηcγ̂

mc,d
t

)

−
ωīi(γ̄

i,d)ηi

γ̄f (γ̄mi,d)ηi

(
1 + ηiγ̂

i,d
t + ît − γ̂

f
t − ηiγ̂

mi,d
t

)
+
R̄∗Φ(ā, ¯̃φ)

π̄dµ̄z
ât−1

From the steady state property for imported consumption and investment, (??) and (??),
we know that:

10Applying a Taylor expansion up to the first order to the stationary capital utilization cost, ã(ut)
k̃t

µz

t

,

and ignoring the cross-product gives:

ã(ut)
k̃t

µz
t

≈ ã(ū)
¯̃
k

µ̄z
+ ã′(ū)

¯̃
k

µ̄z ¯̃
k

(kt − k̄) +

(
−ã′(ū)

k̄
¯̃
k2

¯̃
k

µ̄z
+
ã(ū)

µ̄z

)
(k̃t −

¯̃
k)

Recalling ã(ū) = 0, ã′(ū) = r̄k and at steady state
¯̃
k = k̄, the above equation can be simplified to:

ã(ut)
k̃t

µz
t

≈ 0 + r̄k
¯̃
k

µ̄z

(kt − k̄)

k̄
+

(
−r̄k

¯̃
k

µ̄z
+ 0

)
(k̃t −

¯̃
k)

¯̃
k

=
r̄k ¯̃
k

µ̄z
(k̂t −

ˆ̃
kt)

11Note ā = 0 so that ât ≈ ā+ 1 × (at − ā) = at and:

R∗

t−1Φ(at−1, φ̃t−1)

(
at−1

πd
t µ

z
t

)(
St

St−1

)
≈
R̄∗Φ̄āS̄

π̄dµ̄zS̄
+

Φ̄āS̄

π̄dµ̄zS̄
(R∗

t−1 − R̄∗) +
R̄∗āS̄

π̄dµ̄zS̄
(Φt−1 − Φ̄)

+
R̄∗Φ̄S̄

π̄dµ̄zS̄
(at − ā) −

R̄∗Φ̄āS̄

(π̄d)
2
µ̄zS̄

(πd
t − π̄d) −

R̄∗Φ̄āS̄

π̄d (µ̄z)
2
S̄

(µz
t − µ̄z) +

R̄∗Φ̄ā

π̄dµ̄zS̄
(St − S̄) −

R̄∗Φ̄āS̄

π̄dµ̄z
(
S̄
)2 (St−1 − S̄)

=
R̄∗Φ̄

π̄dµ̄z
ât
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ωcc̄(γ̄
c,d)ηc

γ̄f (γ̄mc,d)ηc
=
cm

γ̄f

ωiī(γ̄
i,d)ηi

γ̄f (γ̄mi,d)ηi
=
im

γ̄f

Applying (1.34), (1.35), and the steady state properties: Φ(0, 0) = 1, R̄∗ = R̄, (??), (??)
and (??) give the evolution of net foreign assets:

ât =ȳ∗
(
ŷ∗t + ˆ̃z∗t − m̂c

x
t − ηf γ̂

x,∗
t

)
+ (c̄m + īm)γ̂f

t − c̄m
(
−ηc(1 − ωc)

(
γ̄c,d
)
−(1−ηc)

γ̂
mc,d
t + ĉt

)

+ īm
(
−ηi(1 − ωi)

(
γ̄i,d
)
−(1−ηi)

γ̂
mi,d
t + ît

)
+

R̄

π̄dµ̄z
ât−1 (1.44)

1.6.3 Loan market-clearing

Linearizing (??), applying the steady state condition (??) gives the loan market clearing
condition:

w̄N̄(ŵt + N̂t) = m̄
(
µ̂m

t + m̂t − π̂d
t − µ̂z

t

)
− q̄q̂t (1.45)

From the definition of money growth (??)

µ̂m
t−1 = m̂t + π̂d

t−1 + µ̂z
t−1 − m̂t−1 (1.46)

1.6.4 Foreign economy

The foreign economy is modeled as:

ŷ∗t = y∗1 ŷ
∗

t−1 + y∗2π̂
∗

t−1 + y∗3R̂
∗

t−1 + ǫ
y∗

t (1.47)

π̂∗

t = π∗

1 ŷ
∗

t−1 + π∗

2π̂
∗

t−1 + π∗

3R̂
∗

t−1 + ǫπ
∗

t (1.48)

R̂∗

t +R∗

4ŷ
∗

t +R∗

5π̂
∗

t = R∗

1ŷ
∗

t−1 +R∗

2π̂
∗

t−1 +R∗

3R̂
∗

t−1 + ǫR
∗

t (1.49)

1.6.5 Markups

The markups follow the following dynamics:

λ̂d
t =

1

λ̄d
ǫλ

d

t (1.50)

λ̂mc
t =

1

λ̄mc
ǫλ

mc

t (1.51)

λ̂mi
t =

1

λ̄mi
ǫλ

mi

t (1.52)

λ̂x
t =

1

λ̄x
ǫλ

x

t (1.53)

λ̂w
t =

1

λ̄w
ǫλ

w

t (1.54)
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