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Abstract

This paper documents the theoretical structure and all derivations of the current version of Norges Bank’s policy model
Norwegian Economy Model (NEMO). The model consists of households, firms, an explicit treatment of the oil sector, a
credit market (including a separate banking sector), a housing sector and a foreign sector. Monetary policy works through a
standard policy rule or by minimizing a loss function. We set up all maximation problems, derive the first order conditions
and show how the variables are made stationary. We list all shocks to the model, derive the steady state, and lastly, we
provide the full parametrization of the model.
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1 Introduction

This paper documents the theoretical structure and all derivations of the current version of Norges Bank’s DSGE policy
model NEMO.1 The model includes households, firms, an explicit treatment of the credit market, including a separate
banking sector and a role for housing services and house prices. In 2017 an oil sector was incorporated in NEMO and
the block-exogenous foreign sector was improved. Monetary policy in the model works either via a standard policy rule or
through optimal monetary policy (i.e. minimizing an operational loss function). The DSGE literature is large and NEMO
builds on numerous different sources. Key references are listed at the end.

1.1 Syntax and notation

Throughout this document, PXt denotes the nominal price of real variable X in period t. The consumption good is the
numeraire and has the price Pt. WX,t is the nominal wage rate in sector X. Moreover, RXt ≡ 1 + rXt is the “gross interest
rate”associated with sector or variable X, where rXt is the net interest rate. All other variables are expressed in real terms
unless otherwise stated.
There is exogenous labor augmenting technological growth in the intermediate sector which causes the economy to grow

at rate πzt ≡ Zt/Zt−1. We let X̃t indicate the stationary form of Xt. Hence, for consumption, C̃t ≡ Ct
Zt
. The housing sector is

assumed to have a weaker technology growth rate of πzt /π
h
t , where π

h
t ≡ Zht /Zht−1, hence H̃t ≡ Ht

Zht
Zt
.2 We use the notation

Xss for variable X in the steady state.

2 Households

Each household supplies a differentiated labor input to intermediate firms and the oil supply sector. Wages are set by the
households under the assumption of monopolistic competition. Households obtain utility from consumption, leisure, housing
services and deposits. Direct utility from deposits ensures that households are both gross lenders and gross borrowers
(alternatively, we could have modeled two different types of households: savers and spenders). Preferences are additively
separable. We have also separated the households problem into two maximization problems: that of the households and that
of the entrepreneurs. We do this to simplify the maximization problem and to clarify the decision-making by the households
in the model. The entrepreneurs’part of the problem is covered in section 5.

2.1 Maximization problem

Lifetime expected utility of household j at time s can be represented as

Us (j) = Es

∞∑
t=s

βt−s [u (Ct (j)) + d(Dt (j)) + w(Ht (j))− v(Lt (j))] , (1)

where β is the discount factor, Ct denotes consumption, Dt is deposits, Ht is housing stock and Lt is supply labor. The
in-period utility functions are defined as:

u (Ct (j)) = zut (1− bc/πzss) ln

[
Ct (j)− bcCt−1

1− bc/πzss

]
, (2)

d (Dt (j)) = zdt
(
1− bd/πzss

)
ln

[
Dt (j)− bdDt−1

1− bd/πzss

]
,

v (Lt (j)) =
1− bl
1 + ζ

[
Lt (j)− blLt−1

1− bl

]1+ζ

,

w(Ht (j)) = zht
(
1− bhπhss/πzss

)
ln

[
Ht (j)− bhHt−1

1− bhπhss/πzss

]
,

where the small letter z’s are random preference shocks that follow AR processes (a list of all shocks can be found in
chapter 16). The b parameters govern habit persistence and the πzss denotes the exogenous steady-state (labor augmenting)
technology growth rate (i.e. πzt = Zt/Zt−1). The weaker technology growth rate of the housing sector, πzt /π

h
t , is equal to

πzss/π
h
ss in the steady state. The degree of disutility of supplying labor is captured by the parameter ζ > 0. The log in-period

utility functions for consumption, deposits and housing imply an intertemporal elasticity of substitution equal to 1, which
secures a balanced growth path.

1Please note that this document is continuously revised, and changes to the model will be documented in updated versions.
2The relative growth rate of the housing sector to the economy’s growth rate is π

z
t

πht
/πzt=

1
πht
. The growth rate of real house prices to consumer

prices is πht .
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The household’s budget constraint is:

PtCt (j) + PtDt (j) + PHt Ht (j) +
(
rFt−1 + δBt (j)

)
Pt−1Bh,t−1 (j)

= Wt(j)Lt (j) [1− γt(j)] + PtIB,t (j) +Rdt−1Pt−1Dt−1 (j) (3)

+ (1− δH)PHt Ht−1 (j) +DIVt (j)− TAXt (j) ,

where Pt is the price level of final goods, PHt is the price level of the housing stock, rFt is the nominal net mortgage interest
rate faced by households, Rdt is the gross interest on household’s deposits, δ

B
t (j) denotes household j’s amortization rate

(mortgage repayment share), Bh,t(j) is real household’s borrowing, Wt(j) is the nominal wage rate (in both the intermediate
sector and the oil sector) set by household j, γt(j) is wage adjustment costs (defined below in (8)), Lt (j) is the total
amount of hours worked (in both the intermediate sector and the oil sector), IB,t(j) indicates new real loans by household
j, δH denotes depreciation of the housing stock and DIVt(j) and TAXt(j) are dividends (in nominal terms) paid out to the
household and taxes paid by the household, respectively.

Household’s borrowing process:

Bh,t (j) =
(

1− δBt (j)
) Pt−1

Pt
Bh,t−1 (j) + IB,t (j) . (4)

Loan installments (repayments) are assumed to follow from an (approximated) annuity loan repayment formula3 :

δBt+1 (j) =

(
1− IB,t (j)

Bh,t (j)

)(
δBt (j)

)αh
+
IB,t (j)

Bh,t (j)

(
1− αh

)κh
, (5)

where αh and κh are exogenous parameters. If αh is 0, we have that δBt+1(j) = 1 for all t, i.e. Bh,t (j) = IB,t (j), but if
αh > 0, the above repayment formula captures that the amortization rate is low during the first years of a mortgage, when
interest payments are high, and thereafter increasing.

Household j’s new loans are constrained by a relationship between the expected value of the household’s housing stock
in the next period and household j’s mortgage (assumed to hold with equality):

IB,t (j) = φtEt

[
PHt+1

Pt+1

Pt+1

Pt
Ht (j)−Bh,t (j)

]
, (6)

where φt governs the constraint on new loans and is a shock and assumed to follow an AR process. See (477) for the
relationship with the loan-to-value ratio. Household j faces the following labor demand curve (see derivation in the section
on the intermediate goods sector, (61)):

Lt(j) =

(
Wt(j)

Wt

)−ψt
Lt, (7)

where Wt is the wage rate and ψt is the elasticity of substitution between differentiated labor and the wage markup shock,
which is assumed to follow an AR process. We further assume that there is sluggish wage adjustment due to resource costs
that are measured in terms of the total wage bill. Wage adjustments costs are specified as

γt(j) ≡
φW

2

[
Wt (j) /Wt−1 (j)

Wt−1/Wt−2
− 1

]2

. (8)

As can be seen from (8), costs are related to changes in wage inflation relative to the past observed rate for the whole
economy. The parameter φW > 0 determines how costly it is to change the wage inflation rate. In NEMO, the adjustment
costs of wages and prices are fully indexed.
To obtain an easier expression to maximize, some algebra is required. Combining (4) and (6) yields:

Bh,t (j) =

(
1− δBt (j)

)
1 + φt

Pt−1

Pt
Bh,t−1 (j) +

φt
1 + φt

Et

[
PHt+1

Pt+1

Pt+1

Pt
Ht (j)

]
. (9)

Similarly, combining (5) and (4) gives

3See reference #[13], Gelain et.al (2014b)
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δBt+1 (j) =

1−
Bh,t (j)−

(
1− δBt (j)

)
Pt−1
Pt

Bh,t−1 (j)

Bh,t (j)

(δBt (j)
)αh

+
Bh,t (j)−

(
1− δBt (j)

)
Pt−1
Pt

Bh,t−1 (j)

Bh,t (j)

(
1− αh

)κh
⇔

δBt+1 (j) =
(

1− δBt (j)
) Pt−1

Pt

Bh,t−1 (j)

Bh,t (j)

[(
δBt (j)

)αh
−
(
1− αh

)κh]
+
(
1− αh

)κh
. (10)

Maximizing (1) by substituting in for Ct from the budget constraint and subject to the constraints in (9) and (10) (and
also substituting in for IBt (j) from (4) into the budget constraint gives rise to the following Lagrangian:

L(Wt, Dt, Bh,t, Ht, δ
B
t , ωt, µt) =

Es

∞∑
t=s

βt−s



u



Wt(j)
Pt

Lt (j) [1− γt(j)]
+Bh,t (j) +Rdt−1

Pt−1
Pt

Dt−1 (j)

+ (1− δH)
PHt
Pt
Ht−1 (j)

+DIVt(j)
Pt

− TAXt(j)
Pt

−Dt (j)

−P
H
t

Pt
Ht (j)−RFt−1

Pt−1
Pt

Bh,t−1 (j)


+d(Dt (j)) + w(Ht (j))− v(Lt (j))

−ωt
[
Bh,t (j)− Pt−1

Pt

(1−δBt (j))
1+φt

Bh,t−1 (j)− φt
1+φt

Et

[
PHt+1
Pt+1

Pt+1
Pt

Ht (j)
]]

−µt
[
δBt+1 (j)−

(
1− δBt (j)

)
Pt−1
Pt

Bh,t−1(j)
Bh,t(j)

[(
δBt (j)

)αh
−
(
1− αh

)κh]− (1− αh)κh]


, (11)

where ωt is the Lagrangian multiplier associated with the borrowing constraint (9) and µt is the Lagrangian multiplier
associated with the repayment constraint (10). FOC (suppressing index j)
w.r.t. Bh,t

u′ (Ct)− Et
[
βu′ (Ct+1)RFt

Pt
Pt+1

]
− ωt

+Et

[
ωt+1β

Pt
Pt+1

(1− δBt+1)

1 + φt+1

]
− µt

Bh,t−1

B2
h,t

Pt−1

Pt
(1− δBt )

[(
δBt

)αh
− (1− αh)κ

h

]
+Et

[
µt+1

Pt
Pt+1

β

Bh,t+1
(1− δBt+1)

[(
δBt+1

)αh
− (1− αh)κ

h

]]
= 0

(12)

⇔ | ∗ Bh,t
u′ (Ct)

(13)

Bh,t −Bh,tEt
[
β
u′ (Ct+1)

u′ (Ct)

Pt
Pt+1

]
RFt −

ωt
u′ (Ct)

Bh,t

+Et

[
ωt+1

u′ (Ct+1)

u′ (Ct+1)

u′ (Ct)
β
Pt
Pt+1

(1− δBt+1)

1 + φt+1

Bh,t

]
− µt
u′ (Ct)

Bh,t−1

Bh,t

Pt−1

Pt
(1− δBt )

[(
δBt

)αh
− (1− αh)κ

h

]
(14)

+Et

[
β

µt+1

u′ (Ct+1)

u′ (Ct+1)

u′ (Ct)

Pt
Pt+1

Bh,t
Bh,t+1

(1− δBt+1)

[(
δBt+1

)αh
− (1− αh)κ

h

]]
= 0,
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w.r.t. Dt

−u′ (Ct) + Et

[
βu′ (Ct+1)

Pt
Pt+1

]
Rdt + d′(Dt) = 0

⇔

Et

[
β
u′ (Ct+1)

u′ (Ct)

Pt
Pt+1

]
Rdt = 1− d′(Dt)

u′ (Ct)
(15)

w.r.t. Ht:

−u′ (Ct)
PHt
Pt

+ Et

[
β (1− δH)u′ (Ct+1)

PHt+1

Pt+1

]
+ w′(Ht) + Et

[
ωt

φt
1 + φt

PHt+1

Pt+1

Pt+1

Pt

]
= 0

⇔
w′(Ht)

u′ (Ct)
=
PHt
Pt
− (1− δH)Et

[
β
u′ (Ct+1)

u′ (Ct)

PHt+1

Pt+1

]
− ωt
u′ (Ct)

φt
1 + φt

Et

[
PHt+1

Pt+1

Pt+1

Pt

]
, (16)

w.r.t. δBt

− µt−1 + µtβ
Bh,t−1

Bh,t

Pt−1

Pt

[
αh
(
δBt

)αh−1

(1− δBt )−
(
δBt

)αh
+ (1− αh)κ

h

]
− ωtβ

[
Bh,t−1

1 + φt

Pt−1

Pt

]
= 0, (17)

w.r.t. Wt (recall (8))

−v′ (Lt)
δLt
δWt

+ u′ (Ct)

[(
Lt
Pt

+
Wt

Pt

δLt
δWt

)
(1− γt)−

Wt

Pt
Lt

δγt
δWt

]
−Et

[
βu′ (Ct+1)

Wt+1

Pt+1
Lt+1

δγt+1

δWt

]
= 0

⇔

v′ (Lt)ψt
Lt
Wt

+ u′ (Ct)

[
Lt
Pt

(1− ψt) (1− γt)−
Wt

Pt
Ltφ

W

(
Wt/Wt−1

Wt−1/Wt−2
− 1

)
1/Wt−1

Wt−1/Wt−2

]
+Et

[
βu′ (Ct+1)

Wt+1

Pt+1
Lt+1φ

W

(
Wt+1/Wt

Wt/Wt−1
− 1

)
Wt+1

Wt/Wt−1

(
1

Wt

)2
]

= 0

⇔
v′ (Lt)

u′ (Ct)
ψt

Pt
Wt

=

[
(ψt − 1) (1− γt) + φW

(
Wt/Wt−1

Wt−1/Wt−2
− 1

)
Wt/Wt−1

Wt−1/Wt−2

]
−Et

[
β
u′ (Ct+1)

u′ (Ct)

Pt
Pt+1

Lt+1

Lt
φW

(
Wt+1/Wt

Wt/Wt−1
− 1

)
(Wt+1/Wt)

2

Wt/Wt−1

]
, (18)

where we have used that in symmetric equilibrium all households will set the same wage rate, hence: Wt(j) = Wt for all j,

so Wt =

 1∫
0

Wt(j)
1−ψtdj


1

1−ψt

=

 1∫
0

W t
1−ψtdj


1

1−ψt

= Wt

∫ 1

0
1dj = Wt = Wt(j) and

δLt (j)

δWt(j)
= −ψt

(
Wt(j)

Wt

)−(ψt+1)
Lt
Wt

⇒
in symmetric eq. (W (j)=W )

δLt (j)

δWt(j)
= −ψt

Lt
Wt

.

We have also used that

δγt(j)

δWt(j)
= φW

[
Wt (j) /Wt−1 (j)

Wt−1/Wt−2
− 1

]
1/Wt−1 (j)

Wt−1/Wt−2
,

δγt+1 (j)

δWt(j)
= −φW

[
Wt+1 (j) /Wt (j)

Wt/Wt−1
− 1

]
Wt+1 (j)

Wt/Wt−1

(
1

Wt (j)

)2

.
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2.2 Making the equations stationary

2.2.1 The in-period utility functions

From (2) we have: u (Ct) = zut (1− bc/πz) ln
[
Ct−bcCt−1

1−bc/πz

]
⇒ u′ (Ct) = zut

[
Ct−bcCt−1

1−bc/πz

]−1

= zut

[
C̃t−bcC̃t−1 1

πzt

1−bc/πz

]−1
1
Zt
⇒

Ztu
′ (Ct) = ũ′

(
C̃t

)
= zut

[
C̃t − bcC̃t−1

1
πzt

1− bc/πzss

]−1

, (19)

where ũ′
(
C̃t

)
is stationary. Similarly,

d̃′
(
D̃t

)
= zdt

[
D̃t − bdD̃t−1

1
πzt

1− bd/πzss

]−1

(= Ztd
′(Dt)) , (20)

v′ (Lt) =

[
Lt − blLt−1

1− bl

]ζ
, (21)

w̃′(H̃t) = zht

H̃t − bhH̃t−1
πht
πzt

1− bhπhss/πzss

−1(
=
Zt
Zht

w′(Ht)

)
. (22)

2.2.2 First-order conditions

First, define ω̃t = ωt
u′(Ct)

and µ̃t = µt
Ztu′(Ct)

, which are both stationary. The stochastic discount factor is defined as:

∆t,t+i ≡ βi u
′(Ct+i)
u′(Ct)

1
πt+i

,where πt+i ≡ Pt+i
Pt

. Note that

∆t,t+i = Λt,t+i ≡ βi
ũ′
(
C̃t+i

)
ũ′
(
C̃t

) 1

πt+i

1

πzt+i
, (23)

where Λt,t+i is the stochastic discount factor in stationary terms. We also define the stochastic discount factor for one period
ahead as

∆ = Λ ≡ β
ũ′
(
C̃t+1

)
ũ′
(
C̃t

) 1

πt+1

1

πzt+1

. (24)

Wage adjustment costs are already stationary. By using Wt(j) = Wt and defining πWt ≡ Wt

Wt−1
equation (8) can be

written:

γt ≡
φW

2

[
πWt
πWt−1

− 1

]2

. (25)

FOCs are given by:
w.r.t. Bh,t (recall (14))

B̃h,t − B̃h,tRFt Et [Λ]− ω̃tB̃h,t

+Et

[
ω̃t+1Λ

(1− δBt+1)

1 + φt+1

]
B̃h,t − µ̃t(1− δBt )

B̃h,t−1

B̃h,t

1

πtπzt

[(
δBt

)αh
− (1− αh)κ

h

]
(26)

+Et

[
µ̃t+1Λ(1− δBt+1)

B̃h,t

B̃h,t+1

[(
δBt+1

)αh
− (1− αh)κ

h

]]
= 0,

w.r.t. Dt (recall (15))

Et [Λ]Rdt =

1−
d̃′
(
D̃t

)
ũ′
(
C̃t

)
 , (27)

w.r.t. Ht (recall (16) and note that P̃Ht ≡
PHt
Pt

1
Zht
, which is stationary)
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w̃′(H̃t)

ũ′
(
C̃t

) = P̃Ht − (1− δH)Et

[
ΛP̃Ht+1π

h
t+1πt+1

]
− ω̃t

φt
1 + φt

Et

[
P̃Ht+1π

h
t+1πt+1

]
.

It is assumed that households do not have complete rational expectations w.r.t. house prices. Instead, we assume that
a share bsa of households expects house prices to follow a moving average process, whereas a share (1 − bsa) has rational
expectations. To model this assumption, the first-order conditions w.r.t. house prices need to be log-linearized. Let Yss
indicate the steady-state value of Yt and let Ŷ indicate the gap (log-deviation) from the steady-state value, Ŷt = log(Yt/Yss).
Then, house price expectations are (in gap form) given by

Et

[
̂̃
PHt+1

]
= bsaX̂H

t + (1− bsa)
̂̃
PHt+1, (28)

where

X̂H
t = λsa

̂̃
PHt−1 + (1− λsa)X̂H

t−1 (29)

is the moving average process. The log-linearized FOC
w.r.t. Ht:

w̃′(H̃t)

ũ′
(
C̃t

) ≈ P̃Ht − (1− δH) ΛssπssP̃
H
ssπ

h
ss

[
1 + Λ̂ + π̂t+1 + π̂ht+1 + bsaX̂H

t + (1− bsa)
̂̃
PHt+1

]

− φt
1 + φt

ω̃ssπssP̃
H
ssπ

h
ss

[
1 + ̂̃ωt + π̂t+1 + π̂ht+1 + bsaX̂H

t + (1− bsa)
̂̃
PHt+1

]
, (30)

Other FOCs are given by

w.r.t. δBt (recall (17), leaded):

− µ̃t + Et

[
µ̃t+1Λ

B̃h,t

B̃h,t+1

[
αh
(
δBt+1

)αh−1

(1− δBt+1)−
(
δBt+1

)αh
+ (1− αh)κ

h

]
− ω̃t+1Λ

B̃h,t
1 + φt+1

]
= 0, (31)

w.r.t. Wt (recall (18), and define πWt ≡ Wt

Wt−1
):

Wt

Pt
= ψtZtMRS(Lt, C̃t)


[ψt − 1] [1− γt]

+φW
πWt
πWt−1

(
πWt
πWt−1

− 1
)

−E
[
∆φW Pt

Pt+1

Lt+1
Lt

(πWt+1)2

πWt

(
πWt+1
πWt
− 1
)]

−1

=⇒

W̃t = ψtMRS(Lt, C̃t)


[ψt − 1] [1− γt]

+φW
πWt
πWt−1

(
πWt
πWt−1

− 1
)

−E
[
ΛφW Lt+1

Lt

πWt+1
πWt

(
πWt+1
πWt
− 1
)]

−1

, (32)

where we have used that

MRS(Lt, Ct) =
v′ (Lt)

u′ (Ct)
=
Ztv
′ (Lt)

Ztu′ (Ct)
=
Ztv
′ (Lt)

ũ′
(
C̃t

) = ZtMRS(Lt, C̃t). (33)

2.2.3 The constraints

Lastly, the constraints need to be stationary. From (9) we have: B̃h,t =
(1−δBt )
1+φt

1
πtπzt

B̃h,t−1 + φt
1+φt

Et

[
P̃Ht+1π

h
t+1πt+1H̃t

]
. By

log-linearizing the second term and again using the assumption that households do not have complete rational expectations
w.r.t. housing prices, (28), we get

B̃h,t =
(1− δBt )

1 + φt

1

πtπzt
B̃h,t−1 +

φt
1 + φt

H̃ssπssP̃
H
ssπ

h
ss

[
1 +

̂̃
Ht + π̂t+1 + π̂ht+1 + bsaX̂H

t + (1− bsa)
̂̃
PHt+1

]
. (34)

From (10) and lagged we have that

δBt = (1− δBt−1)
1

πt−1πzt−1

B̃h,t−2

B̃h,t−1

[(
δBt−1

)αh
− (1− αh)κ

h

]
+
(
1− αh

)κh
. (35)
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2.2.4 Equations included in the model

The following equations are included in the model file: (29), (27), (26), (24), (20), (19), (34), (35), (31), (30), (22), (32),
(33), (21) and (25).

2.3 Steady-state equations

2.3.1 The in-period utility functions

ũ′
(
C̃ss

)
=
zuss

C̃ss
, (36)

d̃′
(
D̃ss

)
=

zdss

D̃ss

, (37)

v′ (Lt) = Lζss, (38)

w̃′(H̃ss) =
zhss

H̃ss

. (39)

2.3.2 First-order conditions

Discount factor

Λss ≡
β

πssπzss
. (40)

FOC
w.r.t. Bh,t:

B̃h,ss − B̃h,ssRFssΛss − ω̃ssB̃h,ss + ω̃ssΛss
(1− δBss)
1 + φss

B̃h,ss

−µ̃ss(1− δBss)
1

πssπzss

[(
δBss

)αh
− (1− αh)κ

h

]
+ µ̃ssΛss(1− δBss)

[(
δBss

)αh
− (1− αh)κ

h

]
= 0. (41)

w.r.t. Dt:

ΛssR
d
ss =

1−
d̃′
(
D̃ss

)
ũ′
(
C̃ss

)
 . (42)

w.r.t. Ht:

w̃′(H̃ss)

ũ′
(
C̃ss

) = P̃Hss − (1− δH) ΛssπssP̃
H
ssπ

h
ss −

φss
1 + φss

ω̃ssπssP̃
H
ssπ

h
ss. (43)

w.r.t. δBt :

− µ̃ss + µ̃ssΛss

[
αh
(
δBss

)αh−1

(1− δBss)−
(
δBss

)αh
+ (1− αh)κ

h

]
− ω̃ssΛss

B̃h,ss
1 + φss

= 0. (44)

w.r.t. Wt:

γss = 0, (45)

γ′ss = 0, (46)

W̃ss =
ψss

ψss − 1
MRS(Lss, C̃ss). (47)

Definition of MRS:

MRS(Lss, C̃ss) =
v′ (Lss)

ũ′
(
C̃ss

) . (48)
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2.3.3 The constraints

B̃h,ss =

[
1− (1− δBss)

1 + φss

1

πssπzss

]−1
φss

1 + φss
H̃ssπssP̃

H
ssπ

h
ss, (49)

δBss =
1− δBss
πssπzss

[(
δBss

)αh
− (1− αh)κ

h

]
+
(
1− αh

)κh
. (50)

3 Intermediate goods sector

A continuum of firms in the intermediate goods sector use capital and labor to produce a differentiated intermediate good
which is sold under monopolistic competition to the final goods producers at home and abroad as exports.

3.1 Maximization problem

The intermediate firm n sells good Qt(n) to the final good sector and exports good M∗t (n). It has the following production
function (where Tt(n) = Qt(n) +M∗t (n)):

Tt(n) =
[
(1− α)

1
ξ (Ztz

L
t LI,t(n))1− 1

ξ + α
1
ξKI,t(n)1− 1

ξ

] ξ
ξ−1

, (51)

where α ∈ [0, 1] determines the capital share and ξ denotes the elasticity of substitution between labor and capital. The
variables LI,t (n) and KI,t (n) denote, respectively, hours and effective capital used by firm n in period t. There are two
exogenous shocks to productivity in the model: Zt refers to an exogenous permanent (level) technology process, which grows
at the gross rate πzt , whereas z

L
t denotes a temporary (stationary) shock to productivity (or labor utilization), which follows

an AR(1) process.

Total labor input to firm n is an index over used labor from all households j, i.e.

LI,t(n) =

 1∫
0

LI,t(n, j)
1− 1

ψt dj


ψt
ψt−1

, (52)

where ψt is the wage markup shock (and the elasticity of substitution between differentiated labor) and follows an AR(1)
process.4

Let WI,t be the wage rate and RKI,t be the rental rate of capital in the intermediate goods sector. Minimizing total
factor outlays gives rise to the conditional demand functions (taking factor prices as given). The Lagrangian becomes:

L = WI,tLI,t(n) +RKI,tKI,t(n)− λ
[
(1− α)

1
ξ (Ztz

L
t LI,t(n))1− 1

ξ + α
1
ξKI,t(n)1− 1

ξ − T
ξ−1
ξ

t (n)

]
.

FOC:
w.r.t. LI,t(n):

WI,t − λ(1− 1

ξ
)(1− α)

1
ξ (Ztz

L
t )

1− 1
ξ
LI,t(n)−

1
ξ = 0

⇔
1

WI,t
λ(1− 1

ξ
)(1− α)

1
ξ (Ztz

L
t )

1− 1
ξ

= LI,t(n)
1
ξ

⇔[
1

WI,t
λ(1− 1

ξ
)(1− α)

1
ξ (Ztz

L
t )

1− 1
ξ

]ξ−1

= LI,t(n)1− 1
ξ . (53)

w.r.t. KI,t(n):

4For the model to be able to replicate the importance of the oil sector for the Norwegian economy, we have added a direct impact from the oil
price and the labor demand from oil supply firms to the wage markup shock. See eq. 368 in Section 16.
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RKI,t − λ(1− 1

ξ
)α

1
ξKI,t(n)−

1
ξ = 0

⇔[
1

RKI,t
λ(1− 1

ξ
)α

1
ξ

]ξ−1

= KI,t(n)1− 1
ξ . (54)

By inserting (53) and (54) into the production function we get

(1− α)
1
ξ (Ztz

L
t )1− 1

ξ

[
1

WI,t
λ(1− 1

ξ
)(1− α)

1
ξ (Ztz

L
t )

1− 1
ξ

]ξ−1

+ α
1
ξ

[
1

RKI,t
λ(1− 1

ξ
)α

1
ξ

]ξ−1

= Tt(n)
ξ−1
ξ

⇔

(1− α)(1− 1

ξ
)ξ−1(λZtz

L
t )ξ−1W 1−ξ

I,t + α(1− 1

ξ
)ξ−1λ

ξ−1
(RKI,t)

1−ξ = Tt(n)
ξ−1
ξ

⇔

(1− 1

ξ
)ξ−1λ

ξ−1
[
(1− α)(Ztz

L
t )ξ−1W 1−ξ

I,t + α(RKI,t)
1−ξ
]

= Tt(n)
ξ−1
ξ . (55)

To obtain an easier expression to work with, let MC1−ξ
t =

[
(1− α)

(
WI,t

ZtzLt

)1−ξ
+ α(RKI,t)

1−ξ
]
. Inserting this in (55) gives

(1− 1

ξ
)ξ−1λ

ξ−1
MC1−ξ

t = Tt(n)
ξ−1
ξ . (56)

Then, by inserting the two FOCs (53) and (54) into (56) gives the demand for labor and capital respectively:

LI,t(n)1− 1
ξ

[
1

WI,t
(1− α)

1
ξ (Ztz

L
t )

1− 1
ξ

]1−ξ
MC1−ξ

t = Tt(n)
ξ−1
ξ

⇔

LI,t(n)

[
1

WI,t
(1− α)

1
ξ (Ztz

L
t )

1− 1
ξ

]−ξ
MC−ξt = Tt(n)

⇔

LI,t(n) = (1− α)

(
WI,t

MCt

)−ξ
Tt(n)(Ztz

L
t )ξ−1, (57)

KI,t(n)1− 1
ξ (RKI,t)

ξ−1α
1−ξ
ξ MC1−ξ

t = Tt(n)
ξ−1
ξ

⇔

KI,t(n) = α

(
RKI,t
MCt

)−ξ
Tt(n). (58)

In symmetric equilibrium all n firms make the same decision LI,t(n) = LI,t, so LI,t =
∫ 1

0
LI,t(n)dn =

∫ 1

0
LI,tdn =

LI,t
∫ 1

0
1dn = LI,t = LI,t(n). Similarly, KI,t = KI,t(n) and Tt = Tt(n). To find the expenditure function, insert (57) and

(58) into Υt(WI,t, RKI,t, Tt) = WI,tLI,t +RKI,tKI,t to get

Υt = WI,t(1− α)

(
MCt
WI,t

)ξ
Tt(Ztz

L
t )ξ−1 +RKI,tα

(
MCt
RKt

)ξ
Tt

⇔

Υt = (1− α)

(
WI,t

ZtzLt

)1−ξ
MC

ξ

t Tt + α(RKI,t)
1−ξMCξt Tt

⇔

Υt = MC1−ξ
t MC

ξ

t Tt = MCtTt.

12



The marginal cost function can be found by:

dΥt

dTt
= MCt =

[
(1− α)

(
WI,t

ZtzLt

)1−ξ

+ α(RKI,t)
1−ξ

] 1
1−ξ

. (59)

Before we proceed with deriving firm n’s optimal prices, we will first find the conditional labor demand functions fac-
ing household j, LI,t(j) (as this was used in the household optimization problem above). Firm n will minimize labor
costs subject to the optimal level of labor input (remember that WI,t(j) = Wt(j)): min

lI,t(n,j)

∫ 1

0
LI,t(n, j)Wt(j)dj subject to 1∫

0

LI,t(n, j)
1− 1

ψt dj


ψt
ψt−1

= LI,t(n). This gives the following Lagrangian:

L =

∫ 1

0

LI,t(n, j)Wt(j)dj − λ

 1∫
0

LI,t(n, j)
1− 1

ψt dj − LI,t(n)
ψt−1
ψt

 .
FOC w.r.t. LI,t(n, j) :

Wt(j)− λ
(

1− 1

ψt

)
LI,t(n, j)

− 1
ψt = 0

⇔

Wt(j)

[
λ

(
1− 1

ψt

)]−1

= LI,t(n, j)
− 1
ψt

⇔

Wt(j)
1−ψt

[
λ

(
1− 1

ψt

)]ψt−1

= LI,t(n, j)
ψt−1
ψt . (60)

Inserting the FOC into the labor constraint gives

1∫
0

Wt(j)
1−ψt

[
λ

(
1− 1

ψt

)]ψt−1

dj = LI,t(n)
ψt−1
ψt

⇔[
λ

(
1− 1

ψt

)]ψt−1
1∫

0

Wt(j)
1−ψtdj = LI,t(n)

ψt−1
ψt .

The wage rate can be defined as: Wt ≡

 1∫
0

Wt(j)
1−ψtdj


1

1−ψt

. Inserting this, that Wt = WI,t and in the second line using

the FOC (60) gives

[
λ

(
1− 1

ψt

)]ψt−1

W
1−ψt
t = LI,t(n)

ψt−1
ψt

⇔

LI,t(n, j)
ψt−1
ψt Wt(j)

ψt−1W
1−ψt
t = LI,t(n)

ψt−1
ψt

⇔

LI,t(n, j) =

(
Wt(j)

Wt

)−ψt
LI,t(n)

Then, to find the labor demand curve facing household j, i.e. LI,t(j) =
∫ 1

0
LI,t(n, j)dn:

13



LI,t(j) =

∫ 1

0

LI,t(n, j)dn =

∫ 1

0

(
Wt(j)

WI,t

)−ψt
LI,t(n)dn

⇔

LI,t(j) =

(
Wt(j)

Wt

)−ψt ∫ 1

0

LI,t(n)dn

⇔

LI,t(j) =

(
Wt(j)

Wt

)−ψt
LI,t. (61)

Note that the labor demand from the oil sector LO,t(j) will follow similarly. Total demand facing facing household j:

LI,t(j) + LO,t(j) = Lt(j) =
(
Wt(j)
Wt

)−ψt
Lt (where we have used that WI,t = WO,t = Wt due to perfect labour mobility).

This is used in the household section. See eq. (7).

Firms in the intermediate sector sell their goods under monopolistic competition. Each firm n charges different prices
domestically and abroad: PQt (n) domestically and PM

∗

t (n) abroad, where the latter is denoted in foreign currency. Profits
(which are paid out as dividends to households) becomes:

Ψt (n) = PQt (n)Qt(n) + PM∗t (n)StM
∗
t (n)−WI,tLI,t (n)−RKI,t(n)KI,t(n), (62)

where Qt(n) +M∗t (n) = Tt(n), and St is the nominal exchange rate (“NOK per foreign currency unit”).

The costs of adjusting prices in the domestic and the foreign market are:

γPQ,t(n) ≡ φPQ

2

[
PQt (n) /PQt−1 (n)

PQt−1/P
Q
t−2

− 1

]2

, (63)

γPM∗,t(n) ≡ φPM
∗

2

[
PM

∗

t (n) /PM
∗

t−1 (n)

PM
∗

t−1/P
M∗
t−2

− 1

]2

, (64)

respectively, where PQt and P
M∗

t are price indices (PQt =
[∫ 1

0
PQt (n)

1−θHt dn
] 1

1−θHt , PM
∗

t =
[∫ 1

0
PM

∗

t (n)
1−θF

∗
t dn

] 1

1−θF∗t ). The

costs of changing prices are governed by the parameters φPQ and φPM
∗
.

As shown in chapter 4, the intermediate firm n faces the following demand function from the final good sector: Qt(n) =(
PQt (n)

PQt

)−θHt
Qt (see (85)), where θ

H
t is the elasticity of substitution between domestic goods produced by different firms

in the intermediate goods sector. This parameter is assumed to follow an AR process. Correspondingly, the demand from

abroad is M∗t (n) =
(
PM
∗

t (n)

PM
∗

t

)−θF∗t
M∗t , where θ

F∗

t is the elasticity of substitution across intermediate export goods, which is

also a shock that follows an AR process. Optimal price setting for firm n gives the following maximization problem:5

max
{PQt (n),PM

∗
t (n)}

ΠINT
s =

∞∑
t=s

∆s,t

 PQt (n)
(
PQt (n)

PQt

)−θHt
Qt + PM

∗

t (n)St

(
PM
∗

t (n)

PM
∗

t

)−θF∗t
M∗t −MCt

[(
PQt (n)

PQt

)−θHt
Qt +

(
PM
∗

t (n)

PM
∗

t

)−θF∗t
M∗t

]
−γPQ,t(n)PQt Qt − γPM∗,t(n)PM

∗

t StM
∗
t

 .

FOC w.r.t. PQt (n):

5Note, that the costs of adjusting prices are linear in PQt Qt and not P
Q
t (n)Qt(n).
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(
PQt (n)

PQt

)−θHt
Qt −

PQt (n)

PQt
θHt

(
PQt (n)

PQt

)−θHt −1

Qt

+MCtθ
H
t

(
PQt (n)

PQt

)−θHt −1
Qt

PQt
− φPQ

[
PQt (n) /PQt−1 (n)

PQt−1/P
Q
t−2

− 1

]
1/PQt−1 (n)

PQt−1/P
Q
t−2

PQt Qt

+Et

∆φPQ

[
PQt+1 (n) /PQt (n)

PQt /P
Q
t−1

− 1

]
PQt+1 (n)

PQt /P
Q
t−1

(
1

PQt (n)

)2

PQt+1Qt+1

 = 0.

In symmetric equilibrium, all firms will behave the same. Hence, from the definition of the price index,

PQt =
[∫ 1

0
PQt (n)

1−θHt dn
] 1

1−θHt =
[
P
Q

t
1−θHt

∫ 1

0
1dn

] 1

1−θHt = P
Q

t = PQt (n) . Using this, the FOC can be rewritten as

Qt − θHt Qt +MCtθ
H
t

Qt

PQt
− φPQ

[
PQt /P

Q
t−1

PQt−1/P
Q
t−2

− 1

]
PQt /P

Q
t−1

PQt−1/P
Q
t−2

Qt

+Et

{
∆φPQ

[
PQt+1/P

Q
t

PQt /P
Q
t−1

− 1

]
(PQt+1/P

Q
t )2

PQt /P
Q
t−1

Qt+1

}
= 0. (65)

Similarly, the FOC w.r.t. PM
∗

t (n) can be written as

StM
∗
t − θF

∗

t StM
∗
t +MCtθ

F∗

t

M∗t
PM

∗
t

− φPM
∗

[
PM

∗

t /PM
∗

t−1

PM
∗

t−1/P
M∗
t−2

− 1

]
PM

∗

t /PM
∗

t−1

PM
∗

t−1/P
M∗
t−2

StM
∗
t

+Et

{
∆φPM

∗

[
PM

∗

t+1/P
M∗

t

PM
∗

t /PM
∗

t−1

− 1

] (
PM

∗

t+1/P
M∗

t

)2
PM

∗
t /PM

∗
t−1

St+1M
∗
t+1

}
= 0. (66)

3.2 Making the equations stationary

3.2.1 Definitions

From (51) we get that

Tt
Zt

= T̃t =

[
(1− α)

1
ξ (zLt LI,t)

1− 1
ξ + α

1
ξ K̃

1− 1
ξ

I,t

] ξ
ξ−1

. (67)

To make the factor prices stationary, W̃I,t ≡ WI,t

PtZt
and R̃KI,t ≡ RKI,t

Pt
where Pt is the price of the final good.

3.2.2 Demand equations

From (59) we have: MCt
Pt

= M̃Ct =

[
(1− α)

(
W̃I,t

zLt

)1−ξ
+ α(R̃KI,t)

1−ξ

] 1
1−ξ

. Use this in (57) to get that

LI,t = (1− α)

(
W̃I,t

M̃Ct

)−ξ
T̃t(z

L
t )ξ−1. (68)

From (58) we get that

K̃I,t = α

(
R̃Kt

M̃Ct

)−ξ
T̃t. (69)

The costs of adjusting prices (equations (63) and (64)) are already stationary. Using PQt = PQt (n), PM
∗

t = PM
∗

t (n) and

defining πQt ≡
PQt
PQt−1

and πM
∗

t =
PM
∗

t

PM
∗

t−1
,the equations can be rewritten as
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γPQ,t =
φPQ

2

[
πQt

πQt−1

− 1

]2

, (70)

γPM∗,t =
φPM

∗

2

[
πM

∗

t

πM
∗

t−1

− 1

]2

. (71)

3.2.3 First-order conditions

From (65) we get that

Q̃t − θHt Q̃t + M̃Ctθ
H
t

Q̃t

P̃Qt
− φPQ

[
πQt

πQt−1

− 1

]
πQt

πQt−1

Q̃t

+Et

{
ΛφPQ

[
πQt+1

πQt
− 1

]
(πQt+1)2

πQt
Q̃t+1π

z
t+1

}
= 0. (72)

Similarly, for (66) we get that

S̃tM̃
∗
t − θF∗t S̃tM̃

∗
t + M̃Ctθ

F∗
t

M̃∗t

P̃M∗t

− φPM∗
[
πM∗t
πM∗t−1

− 1

]
πM∗t
πM∗t−1

S̃tM̃
∗
t

+Et

{
ΛφPM∗

[
πM∗t+1

πM∗t
− 1

]
(πM∗t+1)2

πM∗t
S̃t+1M̃

∗
t+1π

z
t+1

}
= 0. (73)

where we define the real exchange rate as

S̃t =
StP

∗
t

Pt
, (74)

where St is the nominal exchange rate and P ∗ is the price level abroad.

3.2.4 Equations included in the model

The following equations are included in the model in the intermediate good sector: (67), (68), (69), (70), (71), (72) and (73).

3.3 Steady-state equations

From (67):

T̃ss =

[
(1− α)

1
ξ (zLt LI,ss)

1− 1
ξ + α

1
ξ K̃

1− 1
ξ

I,ss

] ξ
ξ−1

. (75)

From (68):

LI,ss = (1− α)
(
zLss
)ξ−1

(
M̃Css

W̃I,ss

)ξ
T̃ss. (76)

From (69):

K̃I,ss = α

(
R̃Kss

M̃Css

)−ξ
T̃ss. (77)

The adjustment costs (from (70) and (71)): γPQ,ss = γPM∗,ss = 0. Finally, the optimal prices from (72) and (73) become:

P̃Qss = M̃Css
θHss

(θHss − 1)
, (78)

P̃M
∗

ss =
M̃Css

S̃ss

θF
∗

ss(
θF
∗

ss − 1
) . (79)
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4 Final goods sector

The final goods sector combines imported goods Mt and domestic goods Qt to produce a final good At that is sold at a price
Pt. The final good can be used for consumption, investments, government consumption and input to the oil supply firms.

The production function is given by

At =

(
ν
1
µ

t Q
1− 1

µ

t + (1− νt)
1
µM

1− 1
µ

t

) µ
µ−1

, (80)

where νt is the domestic goods share (degree of home bias) and µ is the elasticity of substitution between domestic and
imported goods. νt is regarded as an import shock and follows an AR process. The domestic goods Qt is a composite of
domestic goods produced by the different firms in the intermediate goods sector, Qt(n), i.e.

Qt =

[∫ 1

0

Qt(n)
1− 1

θHt dn

] θHt
θHt −1

. (81)

Here θHt is the elasticity of substitution between domestic goods produced by different firms in the intermediate goods sector.
The variable is a shock and assumed to follow an AR process. The imported goods Mt is a composite of imported goods
produced by the different firms in the intermediate goods sector abroad, Mt(f), i.e.

Mt =

[∫ 1

0

Mt(f)
1− 1

θFt df

] θFt
θFt −1

, (82)

where θFt is the elasticity of substitution between imported goods produced by different firms in the intermediate goods
sector abroad. It is a shock and assumed to follow an AR process.

4.1 Cost minimization

The final good sector needs to find the optimal combination of Qt and Mt, which is found by cost minimization (note that
PMt is in domestic currency):

min
{Qt,Mt}

[
PQt Qt + PMt Mt

]
,

s.t. (80).
FOCs

Qt = νt

(
PQt
Pt

)−µ
At, (83)

Mt = (1− νt)
(
PMt
Pt

)−µ
At, (84)

where Pt ≡
[
ν(PQt )1−µ + (1− ν)(PMt )1−µ

] 1
1−µ

. The price of the final good At is the marginal cost, Pt, which is the numeraire

of the model.

Then, to find the demand facing each intermediate firm n (and f abroad), the final good sector minimizes the cost of its
inputs Qt(n) given the prices set by different firms in the intermediate goods sector:

min
{Qt(n)}

∫ 1

0

PQt (n)Qt(n)dn,

s.t. (81).
FOC

Qt(n) =

(
PQt (n)

PQt

)−θHt
Qt, (85)

where

PQt =

[∫ 1

0

PQt (n)1−θHt dn

] 1

1−θHt
. (86)
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Same type of cost minimization problem for Mt(f) leads to

Mt(f) =

(
PMt (f)

PMt

)−θFt
Mt, (87)

where

PMt =

[∫ 1

0

PMt (f)1−θFt df

] 1

1−θFt
. (88)

4.2 Making the equations stationary

Ãt =

(
ν
1
µ

t Q̃
1− 1

µ

t + (1− νt)
1
µ M̃

1− 1
µ

t

) µ
µ−1

, (89)

Q̃t = νt

(
P̃Qt

)−µ
Ãt, (90)

M̃t = (1− νt)
(
P̃Mt

)−µ
Ãt. (91)

4.2.1 Equations included in the model

The following equations are included in the model file: (89), (90) and (91).

4.3 Steady-state equations

Ãss =

(
ν
1
µ
ssQ̃

1− 1
µ

ss + (1− νss)
1
µ M̃

1− 1
µ

ss

) µ
µ−1

, (92)

Q̃ss = νss

(
P̃Qss

)−µ
Ãss, (93)

M̃ss = (1− νss)
(
P̃Mss

)−µ
Ãss. (94)

5 Entrepreneurs

5.1 Maximization problem

Entrepreneurs are households, but this section focuses on a separate part of the households’budget balance (we suppress
index j in this section). We distinguish the problem like this because it is clearer (alternatively this sector could have been
modeled as a firm, owned by the households). Entrepreneurs rent capital to the intermediate goods sector and the oil sector
gaining the rental rate RK,t (= RKI,t = RKO,t due to perfect capital mobility). They rent out KI,t to the intermediate
goods sector and KO,t to the oil supply sector. Kt is then the aggregate utilized capital rented out by the entrepreneurs.
At the beginning of period t they sell the undepreciated capital (1− δ)Kt−1 at price PKt to the capital producers. The
latter combines it with investment goods to produce Kt to be sold back to entrepreneurs at the same price. To finance
their activity, entrepreneurs borrow Be,t from banks at net rate ret , providing capital goods as collateral. They enter in a
multi-period loan contract. Finally they also decide the capital utilization rate ut.

We define utilized capital in period t as

Kt = utKt−1. (95)

Entrepreneurs are subject to the following budget constraint:

RK,t
Pt

utKt−1 +
PKt
Pt

(1− δ)Kt−1 + IeB,t =
PKt
Pt

Kt + (ret + δet )
Pt−1

Pt
Be,t−1 + γ (ut)Kt−1 + Ct +

1

Pt
Ξt, (96)

where Ct is household consumption, IeB,t is new loans, r
e
t + δet represent the interest and principal payments to banks on

outstanding debt and γ (ut)Kt−1 is a cost that depends positively on the utilization rate of capital:

γ (ut) =
RK,ss
Pssφu

[
eφu(ut−1) − 1

]
, (97)
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where φu governs the cost of adjusting the utilization rate. Ξt represents all other terms that enter into the household budget
constraint (3). Similarly, all terms in (96) (except Ct and Ξt) are part of DIVt in (3).

Total utilized capital rented out must be equal to the utilized capital demanded by the intermediate goods sector and by
the oil supply sector, Kt = KI,t +KO,t.

Whereas households could borrow against their housing capital, the entrepreneurs can borrow against their real capital
(1− δ)Kt. Corresponding to the household constraint (9) and (10), this gives the following collateral constraints that need
to hold:

Be,t =
(1− δet )
1 + φentt

Pt−1

Pt
Be,t−1 +

φentt

1 + φentt

Et

[
PKt+1

Pt+1

Pt+1

Pt
(1− δ)Kt

]
, (98)

δet+1 = (1− δet )
Pt−1

Pt

Be,t−1

Be,t

[
(δet )

αe − (1− αe)κ
e
]

+ (1− αe)κ
e

, (99)

where φentt governs the constraint on new loans, and is assumed to follow an AR process. See (414) for the relationship
between φentt and the loan-to-value ratio. δet is loan repayments and α

e and κe are exogenous parameters. See discussion on
page 5, section 2 for more on these parameters. Inserting for Ct from (96), we get the following Lagrangian:

L(Bet ,Kt, δ
e
t , ut, ω

e
t , µ

e
t ) =

Es

∞∑
t=s

βt−s


u
(
RK,t
Pt

utKt−1 +
PKt
Pt

(1− δ)Kt−1 +Be,t − PKt
Pt
Kt −Ret

Pt−1
Pt

Be,t−1 − γ (ut)Kt−1 − 1
Pt

Ξ
)

+ Γ

−ωet
[
Be,t − (1−δet )

1+φentt

Pt−1
Pt

Be,t−1 − φentt

1+φentt
Et

[
PKt+1
Pt+1

Pt+1
Pt

(1− δ)Kt

]]
−µet

[
δet+1 − (1− δet )

Pt−1
Pt

Be,t−1
Be,t

[
(δet )

αe − (1− αe)κ
e
]
− (1− αe)κ

e
]

 ,
where ωet and µ

e
t are the Lagrangian multipliers and Γ includes all elements of the households maximization problem (11)

not in focus here (i.e. the utility functions with respect to deposits, housing, leisure as well as the constraints).
FOC
w.r.t. Kt:

u′ (Ct)
PKt
Pt

= Et

[
ωet

φentt

1 + φentt

PKt+1

Pt+1

Pt+1

Pt
(1− δ)

]
+ Et

[
βu′ (Ct+1)

(
PKt+1

Pt+1
(1− δ) +

RK,t+1

Pt+1
ut+1 − γ (ut+1)

)]
. (100)

w.r.t. Bet (and multiplying with
Be,t
u′(Ct)

):

Be,t −Be,tEt
[
β
u′ (Ct+1)

u′ (Ct)

Pt
Pt+1

]
Ret −

ωet
u′ (Ct)

Be,t

+Et

[
ωet+1

u′ (Ct+1)

u′ (Ct+1)

u′ (Ct)
β
Pt
Pt+1

(1− δet+1)

1 + φentt+1

Be,t

]
− µet
u′ (Ct)

Be,t−1

Be,t

Pt−1

Pt
(1− δet )

[
(δet )

αe − (1− αe)κ
e
]

(101)

+Et

[
β

µet+1

u′ (Ct+1)

u′ (Ct+1)

u′ (Ct)

Pt
Pt+1

Be,t
Be,t+1

(1− δet+1)
[(
δet+1

)αe − (1− αe)κ
e
]]

= 0.

w.r.t. δet :

− µet−1 + µetβ
Be,t−1

Be,t

Pt−1

Pt

[
αe (δet )

αe−1
(1− δet )− (δet )

αe
+ (1− αe)κ

e
]
− ωetβ

[
Be,t−1

1 + φentt

Pt−1

Pt

]
= 0. (102)

w.r.t. ut:

RK,t
Pt

= γ′ (u,t) . (103)

where (recall (97))

γ′ (ut) =
RK,ss
Pss

eφu(ut−1). (104)

5.2 Making the equations stationary

First, define ω̃et =
ωet

u′(Ct)
and µ̃et =

µet
Ztu′(Ct)

, which are both stationary.
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5.2.1 First-order conditions

The stationary FOCs become:

w.r.t. Kt:

P̃Kt = Et

[
ω̃et

φentt

1 + φentt

P̃Kt+1πt+1 (1− δ)
]

+ Et

[
Λπt+1

(
P̃Kt+1 (1− δ) + R̃K,t+1ut+1 − γ (ut+1)

)]
. (105)

w.r.t. Bet :

B̃e,t − B̃e,tRetEt [Λ]− ω̃et B̃e,t

+Et

[
ω̃et+1Λ

(1− δet+1)

1 + φentt+1

]
Be,t − µ̃et (1− δet )

B̃e,t−1

B̃e,t

1

πtπzt

[
(δet )

αe − (1− αe)κ
e
]

(106)

+Et

[
µ̃et+1Λ(1− δet+1)

B̃e,t

B̃e,t+1

[(
δet+1

)αe − (1− αe)κ
e
]]

= 0.

w.r.t. δet (leaded):

− µ̃et + Et

[
µ̃et+1Λ

B̃e,t

B̃e,t+1

[
αe
(
δet+1

)αe−1
(1− δet+1)−

(
δet+1

)αe
+ (1− αe)κ

e
]
− ω̃et+1Λ

B̃e,t

1 + φentt+1

]
= 0. (107)

w.r.t. ut:

R̃K,t = γ′ (ut) . (108)

5.2.2 Definitions

K̃t =
uK̃t−1

πzt
, (109)

γ (ut) =
R̃K,ss
φu

[
eφu(ut−1) − 1

]
, (110)

γ′ (ut) = R̃K,sse
φu(ut−1). (111)

5.2.3 The constraints

B̃e,t =
(1− δet )
1 + φentt

1

πtπzt
B̃e,t−1 +

φentt

1 + φentt

Et

[
P̃Kt+1πt (1− δ) K̃t

]
, (112)

δet = (1− δet−1)
1

πt−1πzt−1

B̃e,t−2

B̃e,t−1

[(
δet−1

)αe − (1− αe)κ
e
]

+ (1− αe)κ
e

. (113)

5.2.4 Equations included in the model

The following equations are included in the model file: (105), (106), (107), (108), (109), (110), (111), (112) and (113).

5.3 Steady-state equations

5.3.1 First-order conditions

FOC
w.r.t. Kt:

P̃Kss =

[
1− πss (1− δ)

(
ω̃ess

φentss

1 + φentss

+ Λss

)]−1

ΛssπssR̃Kss. (114)

w.r.t. Be,t:
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B̃e,ss − B̃e,ssRessΛss − ω̃
e
ssB̃e,ss + ω̃essΛss

(1− δess)
1 + φentss

Be,ss

−µ̃ess(1− δess)
1

πssπzss

[
(δess)

αe − (1− αe)κ
e
]

+ µ̃essΛss(1− δess)
[
(δess)

αe − (1− αe)κ
e
]

= 0. (115)

w.r.t. δet :

− µ̃ess + µ̃essΛss

[
αe (δess)

αe−1
(1− δess)− (δess)

αe
+ (1− αe)κ

e
]
− ω̃essΛss

B̃e,ss

1 + φentss

= 0. (116)

w.r.t. ut:

R̃K,ss = γ′ (uss) . (117)

5.3.2 Definitions

uss = 1, (118)

K̃ss =
K̃ss

πzss
, (119)

γ (uss) = 0. (120)

5.3.3 Constraints

B̃e,ss =

[
1− (1− δess)

1 + φentss

1

πssπzss

]−1
φentss

1 + φentss

πss (1− δ) P̃Kss K̃ss, (121)

δess = (1− δess)
1

πssπzss

[
(δess)

αe − (1− αe)κ
e
]

+ (1− αe)κ
e

. (122)

6 Capital producers

Capital goods, Kt, are produced by a separate sector. At the beginning of period t the capital goods producers buy
undepreciated capital (1− δ)Kt−1 at price PKt from the entrepreneurs, and combine it with gross investment goods IC,t to
produce Kt to be sold back to entrepreneurs at the same price. The capital producers operate in a perfectly competitive
market, and therefore earn no profit. IC,t is bought from the final goods sector at a price Pt.

6.1 Maximization problem

Profit maximization for producer h leads to the following problem:

max
{IC,t(h)}

[PKt Kt(h)− PKt (1− δ)Kt−1(h)− PtIC,t(h)],

s.t. the capital accumulation equation:

Kt(h) = (1− δ)Kt−1(h) + κt(h)Kt−1(h), (123)

where we refer to the last term, κtKt−1, as “net investments”, that is investments net of adjustment costs:

κt(h) =
IC,t(h)

Kt−1(h)
− φI1

2

[
IC,t(h)

Kt−1(h)
− ĨC,ssπ

z
ss

K̃ss

zI,t

]2

− φI2
2

[
IC,t(h)

Kt−1(h)
− IC,t−1

Kt−2

]2

. (124)

The parameters φI1 and φI2 govern the degree of adjustment costs, and zI,t is an investment shock following an AR process.
Note that because of the adjustments costs, net investments are smaller than gross investments, κtKt−1 < IC,t (except in
steady-state).

Maximization gives the following FOC w.r.t. IC,t (suppressing h):

PKt
Pt

=
1

Kt−1κ′t
=

1

κ′t
, (125)
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where κ′t is the derivative of κt:

κ′t =
1

Kt−1
− φI1

[
IC,t
Kt−1

− ĨC,ssπ
z
ss

K̃ss

zI,t

]
1

Kt−1
− φI2

[
IC,t
Kt−1

− IC,t−1

Kt−2

]
1

Kt−1
, (126)

i.e.

κ′t = 1− φI1

[
IC,t
Kt−1

− ĨC,ssπ
z
ss

K̃ss

zI,t

]
− φI2

[
IC,t
Kt−1

− IC,t−1

Kt−2

]
. (127)

6.2 Making the equations stationary

Capital accumulation equation in symmetric equilibrium:

K̃t =
(1− δ)
πzt

K̃t−1 +
κt
πzt
K̃t−1. (128)

Capital adjustment costs:

κt =
ĨC,tπ

z
t

K̃t−1

− φI1
2

[
ĨC,tπ

z
t

K̃t−1

− ĨC,ssπ
z
ss

K̃ss

zI,t

]2

− φI2
2

[
ĨC,tπ

z
t

K̃t−1

−
ĨC,t−1π

z
t−1

K̃t−2

]2

. (129)

FOC w.r.t. IC,t:

P̃Kt =
1

κ′t
, (130)

where

κ′t = 1− φI1

[
ĨC,tπ

z
t

K̃t−1

− ĨC,ssπ
z
ss

K̃ss

zI,t

]
− φI2

[
ĨC,tπ

z
t

K̃t−1

−
ĨC,t−1π

z
t−1

K̃t−2

]
. (131)

6.2.1 Equations included in the model

The following equations are included in the model file: (128), (129), (130) and (131).

6.3 Steady-state equations

Capital accumulation equation:

K̃ss =
(1− δ)
πzss

K̃ss +
κss
πzss

K̃ss. (132)

Capital adjustment costs:

κss =
ĨC,ssπ

z
ss

K̃ss

. (133)

FOC w.r.t. IC,t:

P̃Kt =
1

κ′ss
= 1, (134)

where

κ′ss = 1. (135)

7 Housing producers

At the beginning of period t the housing producer buys the undepreciated housing stock (1− δH)Ht−1 at price PHt from
households, and combines it with housing investment goods IH,t to produce Ht to be sold back to households at the same
price. The housing producers are subject to a market with full competition, and therefore earns no profit. IH,t is bought
from the final goods sector at a price Pt.
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7.1 Maximization problem

The representative housing producer f maximizes:

max
{IH,t}

[
PHt Ht(f)− PHt (1− δH)Ht−1(f)− PtIH,t(f)

]
,

s.t. the housing accumulation equation:

Ht(f) = (1− δH)Ht−1(f) + γH,t(f)Ht−1(f), (136)

where γH,t(f)Ht−1(f) is “net housing investments”and γH,t(f) is defined as

γH,t(f) =
IH,t(f)

Ht−1(f)Zht
− φH1

2

[
IH,t(f)

Ht−1(f)Zht
− ĨH,ssπ

z
ss

H̃ssπhss
zIH,t

]2

− φH2

2

[
IH,t(f)

Ht−1(f)Zht
− IH,t−1

Ht−2Zht−1

]2

. (137)

The parameters φH1 and φH2 govern the degree of adjustment costs, and zIH,t is a housing investment shock following an
AR process. See section 1.1 for the definition of the housing productivity parameter Zht .

FOC w.r.t. IH,t (suppressing f):

PHt
Pt

=
1

Ht−1γ′H,t
= Zht

(
1− φH1

[
IH,t

Ht−1Zht
− ĨH,ssπ

z
ss

H̃ssπhss
zIH,t

]
− φH2

[
IH,t

Ht−1Zht
− IH,t−1

Ht−2Zht−1

])−1

, (138)

as

γ′H,t =
1

Ht−1Zht
− φH1

[
IH,t

Ht−1Zht
− ĨH,ssπ

z
ss

H̃ssπhss
zIH,t

]
1

Ht−1Zht
− φH2

[
IH,t

Ht−1Zht
− IH,t−1

Ht−2Zht−1

]
1

Ht−1Zht
. (139)

7.2 Making the equations stationary

First we note that

IH,t
Ht−1Zht

=

IH,t
Zt
Zt

Ht−1Zht−1
Zt−1

Zt−1
Zht−1

Zht

=
ĨH,t

Zt
Zt−1

H̃t−1
Zht
Zht−1

=
ĨH,tπ

z
t

H̃t−1πht
, (140)

and repeat how to make the real house price stationary:

P̃Ht =
PHt
PtZht

. (141)

Housing accumulation equation:

H̃t =
πht (1− δH)

πzt
H̃t−1 +

πht γH,t
πzt

H̃t−1. (142)

Housing adjustment costs:

γH,t =
ĨH,tπ

z
t

H̃t−1πht
− φH1

2

[
ĨH,tπ

z
t

H̃t−1πht
− ĨH,ssπ

z
ss

H̃ssπhss
zIH,t

]2

− φH2

2

[
ĨH,tπ

z
t

H̃t−1πht
−
ĨH,t−1π

z
t−1

H̃t−2πht−1

]2

. (143)

FOC w.r.t. IH,t:

P̃Ht =

(
1− φH1

[
ĨH,tπ

z
t

H̃t−1πht
− ĨH,ssπ

z
ss

H̃ssπhss
zIH,t

]
− φH2

[
ĨH,tπ

z
t

H̃t−1πht
−
ĨH,t−1π

z
t−1

H̃t−2πht−1

])−1

. (144)

7.2.1 Equations included in the model

The following equations are included in the model file: 142, 143 and 144.
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7.3 Steady-state equations

Housing accumulation equation:

H̃ss =
πhss(1− δH)

πzss
H̃ss +

πhssγH,ss
πzss

H̃ss. (145)

Housing adjustment costs:

γH,ss =
ĨH,ssπ

z
ss

H̃ssπhss
. (146)

FOC w.r.t. IH,t:

P̃Hss = zHS,ss. (147)

8 Banking sector

We assume that there is an infinite number of banks, indexed by i ∈ [0, 1]. Each bank consists of two retail branches and
a wholesale branch. One retail branch is responsible for providing differentiated loans to households and to entrepreneurs,
while the other retail branch takes care of the deposit side. Both branches set interest rates in a monopolistically competitive
fashion, subject to adjustment costs. The wholesale branch manages the capital position of the bank. Its task is to choose
the overall level of operations regarding deposit and lending, taking into account the risk-weighted capital requirements. We
assume that banks have to adhere to a regulatory capital requirement. Failing to do so, will incur a cost proportional to
total assets (lending).
Bank capital plays an important role for credit supply in the model through a feedback loop between the real and the

financial side of the economy.

The balance sheet of bank i (in real terms):

Bt (i) = BTOTF,t (i) +KB
t (i) , (148)

where Bt (i) is total assets (total lending). On the liability side, BTOTF,t (i) is total external bank funding and KB
t (i) is bank

capital (equity). Total external bank funding is the sum of household deposits and foreign debt, i.e.

BTOTF,t (i) = Dt(i) +B∗t (i) . (149)

Make note that PtB∗t (i) is nominal foreign bank debt in domestic currency. Total lending is the sum of lending to entrepre-
neurs and households:

Bt (i) = Be,t (i) +Bh,t (i) . (150)

If banks fail to meet their target level of risk-weighted capital requirements, $t, they incur a penalty cost. The target
level of risk-weighted capital requirements consists of two elements: “hard”capital requirements, γbt , and a countercyclical
capital buffer, CCBbt , (both are AR shocks):

$t = γbt + CCBbt .

Banks also face linear operational costs. Profits in period t for bank i as a whole is given by:

Jt (i) = rFt (i)Bh,t (i) + ret (i)Be,t (i)− rdt (i)Dt (i)−
[[

1− γB
∗

t

]
R∗t

St+1

St
− 1

]
B∗t (i)

−χoBt (i)− χc
2

[
KB
t (i)

BRWt (i)
−$t

]2

KB
t (i) , (151)

where rFt (i) is the net interest rate on loans to households, ret (i) is the net interest rate on loans to entrepreneurs and rdt (i)
is the net deposit interest rate. The bank pays a risk premium on foreign funding. The “full”net interest rate for foreign
funding hence becomes

[
1− γB∗t

]
R∗t

St+1
St
− 1, where 1 − γB∗t is the debt-elastic risk premium and R∗t is the foreign money

market rate and St is the nominal exchange rate. χo governs the operational costs, and χc governs the capital target costs.
BRWt (i) denotes the risk-weighted assets:

BRWt (i) = ςeBe,t (i) + ςhBh,t (i) , (152)
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where ςe and ςh are the risk-weights associated with credit to entrepreneurs and households respectively. Bank capital is
accumulated according to:

KB
t (i) = (1− δb)Pt−1

Pt
KB
t−1 (i) +

Pt−1

Pt
Jt−1 (i) , (153)

where δb is the dividend share of the bank capital paid out to shareholders (households).

8.1 Maximization problem

8.1.1 Wholesale branch

The wholesale branch lends to the loan branch at the interest rate Rb,et (i) for entrepreneurial loans and Rb,ht (i) for household
loans. It is funded through borrowing from the deposit branch and from abroad. The wholesale deposit rate is assumed to
be equal to the money market rate Rt, which follows from a no-arbitrage condition since we assume that banks have access
to unlimited financing at the money market rate. The wholesale branch takes these funding costs as given and solves the
following profit maximization problem:

max
{Be,t(i),Bh,t(i),Dt(i),B∗t (i)}

Et

[
Rb,et (i)Be,t (i) +Rb,ht (i)Bh,t (i)

]
,

−Et

[
RtDt (i) +

[
1− γB

∗

t

]
R∗t

St+1

St
B∗t (i) + χoBt (i) +

χc
2

[
KB
t (i)

BRWt (i)
−$t

]2

KB
t (i)

]
(154)

subject to the definitions in (148) - (150) and (152).

The first-order conditions for the wholesale bank becomes (in symmetric equilibrium):

Rb,et = Rt + χo − χcςe
[
KB
t

BRWt
−$t

](
KB
t

BRWt

)2

(155)

Rb,ht = Rt + χo − χcςh
[
KB
t

BRWt
−$t

](
KB
t

BRWt

)2

(156)

Rt = Et

[[
1− γB

∗

t

]
R∗t

St+1

St

]
(157)

where (157) is this model’s version of the uncovered interest parity (UIP). It is assumed that the risk premium depends
positively on the level of total foreign debt for the country as a whole, BTOT∗t . See section 11.

8.1.2 Loan branch

The loan branch lends to households and entrepreneurs (at net rates rFt (i) and ret (i) , respectively) and borrows from the
wholesale branch at the interest rates Rb,ht (i) and Rb,et , respectively. It faces costs when changing the rates, governed
by the parameter φF and φe. To find the demand curve for household loans facing the loan branch i, every household

will solve min
Bh,t(i,j)

∫ 1

0
rFt (i)Bh,t (i, j) di subject to

[∫ 1

0
Bh,t (i, j)

1− 1

θIHt di

] θIHt
θIHt −1

= Bh,t (j) , where θIHt is the elasticity of

substitution between loans from all loan branches (it is also a shock and is assumed to follow an AR process). This

will give the demand from household j for loans from branch i : Bh,t (i, j) =
(
rFt (i)

rFt

)−θIHt
Bh,t(j), where r

F
t is defined

as rFt =
[∫ 1

0
rFt (i)1−θIHt di

] 1

1−θIHt . Summing over all households gives the total demand facing the loan branch i from the

household sector: Bh,t (i) =
∫ 1

0
Bh,t (i, j) dj =

(
rFt (i)

rFt

)−θIHt ∫ 1

0
Bh,t(j)dj =

(
rFt (i)

rFt

)−θIHt
Bh,t.

A similar exercise for the entrepreneurs gives their corresponding demand function for Be,t (i), with the corresponding
elasticity of substitution θet , which is also a shock in the model and assumed to follow an AR process. The maximization
problem becomes:

max
{rFt (i),ret (i)}

Es

∞∑
t=s

∆s,t


(
rFt (i)− rb,ht (i)

)
Bh,t (i) +

(
ret (i)− rb,et (i)

)
Be,t (i)

−φ
F

2

(
rFt (i)

rFt−1(i)
− 1
)2

rFt Bh,t − φe

2

(
ret (i)
ret−1(i) − 1

)2

retBe,t

 ,
25



s.t.

Bt (i) = Be,t (i) +Bh,t (i) , (158)

Bht (i) =

(
rFt (i)

rFt

)−θIHt
Bht , (159)

Bet (i) =

(
ret (i)

ret

)−θet
Bet . (160)

FOC w.r.t. rFt (i):

Bh,t (i) + rFt (i)
[
δBh,t(i)

δrFt (i)

]
− rb,ht (i)

[
δBh,t(i)

δrFt (i)

]
− φF

(
rFt (i)

rFt−1(i)
− 1
)

rFt
rFt−1(i)

Bh,t

+Et∆φ
F
(
rFt+1(i)

rFt (i)
− 1
)(

1
rFt (i)

)2

rFt+1 (i) rFt+1
Pt+1
Pt

Bh,t+1 = 0
, (161)

where
δBh,t (i)

δrFt (i)
= −θIHt

Bh,t(i)

rFt (i)
. (162)

All banks will behave the same and set the same interest rate, rFt (i) = rFt for all i: rFt =
[∫ 1

0
rFt (i)1−θIHt di

] 1

1−θIHt =[∫ 1

0
rFt

1−θIHt di
] 1

1−θIHt =
[
rFt

1−θIHt
∫ 1

0
1di
] 1

1−θIHt = rFt = rFt (i) . Using this and substitute in from (162) we can rewrite (161)
as

1− θIHt + θIHt
rb,ht
rFt
− φF

(
rFt
rFt−1

− 1

)
rFt
rFt−1

+ Et

[
∆φF

(
rFt+1

rFt
− 1

)(
rFt+1

rFt

)2
Pt+1

Pt

Bh,t+1

Bh,t

]
= 0. (163)

Similarly, the FOC w.r.t. ret (i) becomes:

1− θet + θet
rb,et
ret
− φe

(
ret
ret−1

− 1

)
ret
ret−1

+ Et

[
∆φe

(
ret+1

ret
− 1

)(
ret+1

ret

)2
Pt+1

Pt

Be,t+1

Be,t

]
= 0. (164)

8.1.3 Deposit branch

The deposit branch lends to the wholesale branch at the money market interest rate rt and pays out interest on household
deposits at rate rdt (i). It faces costs when changing the deposit rate, governed by the parameter φD. Total household demand
for deposits facing branch i, Dt (i) , is found in the same way as the demand for loans (see above).

max
{rdt (i)}

Es

∞∑
t=s

∆s,t

[
rtDt (i)− rdt (i)Dt (i)− φD

2

(
rdt (i)

rdt−1 (i)
− 1

)2

rdtDt

]
,

s.t.

Dt (i) =

(
rdt (i)

rdt

)−θDt
Dt, (165)

where θDt < 0 is the elasticity of substitution between deposit services from all branches, and is a shock and assumed to
follow an AR process.

The FOC w.r.t. Rdt (i) becomes:

− (1− θDt )− θDt
rt
rdt
− φD

(
rdt
rdt−1

− 1

)
rdt
rdt−1

+ Et

[
∆φD

(
rdt+1

rdt
− 1

)(
rdt+1

rdt

)2
Pt+1

Pt

Dt+1

Dt

]
= 0, (166)

where we have used rdt (i) = rdt for all i (analogous to the loan branches).
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8.1.4 Balance sheet for the bank sector

The full balance sheet of the banking sector is then given by

Bt = BTOTF,t +KB
t , (167)

where Bt is total assets (total lending). On the liability side, BTOTF,t is total external bank funding and KB
t is bank capital

(equity). Total external bank funding is the sum of household deposits and foreign debt:

BTOTF,t = Dt +B∗t . (168)

Total lending is the sum of lending to entrepreneurs and households:

Bt = Be,t +Bh,t. (169)

8.2 Making the equations stationary

8.2.1 Wholesale branch

J̃t = rFt B̃h,t + ret B̃e,t − rdt D̃t − rtB̃∗t − χoB̃t −
χc
2

[
K̃B
t

B̃RWt
−$t

]2

K̃B
t , (170)

K̃B
t = (1− δb)

K̃B
t−1

πtπzt
+
J̃t−1

πtπzt
, (171)

B̃RWt = ςeB̃e,t + ςhB̃h,t, (172)

Rb,et = Rt + χo − χcςe
[
KB
t

BRWt
−$t

](
KB
t

BRWt

)2

(173)

Rb,ht = Rt + χo − χcςh
[
KB
t

BRWt
−$t

](
KB
t

BRWt

)2

(174)

8.2.2 Loan branch

FOC
w.r.t. rFt :

1− θIHt + θIHt
rb,ht
rFt
− φF

(
rFt
rFt−1

− 1

)
rFt
rFt−1

+ Et

[
∆φF

(
rFt+1

rFt
− 1

)(
rFt+1

rFt

)2

πzt+1πt+1
B̃h,t+1

B̃h,t

]
= 0. (175)

w.r.t. ret :

1− θet + θet
rb,et
ret
− φe

(
ret
ret−1

− 1

)
ret
ret−1

+ Et

[
Λφe

(
ret+1

ret
− 1

)(
ret+1

ret

)2

πzt+1πt+1
B̃e,t+1

B̃e,t

]
= 0. (176)

8.2.3 Deposit branch

FOC w.r.t. rdt :

− (1− θDt )− θDt
rt
rdt
− φD

(
rdt
rdt−1

− 1

)
rdt
rdt−1

+ Et

[
ΛφD

(
rdt+1

rdt
− 1

)(
rdt+1

rdt

)2

πzt+1πt+1
D̃t+1

D̃t

]
= 0. (177)

8.2.4 Balance sheet

B̃TOTF,t + K̃B
t = B̃t, (178)

B̃t = B̃e,t + B̃h,t, (179)

B̃TOTF,t = D̃t + B̃∗t . (180)

27



8.2.5 Equations included in the model

The following equations are included in the model file: (170), (171), (172), (173), (174), (175), (177), (178), (179) and (180).

8.3 Steady-state equations

8.3.1 Wholesale branch

J̃ss = rFssB̃h,ss + ret B̃e,ss − rdt D̃ss − rtB̃∗ss − χoB̃ss, (181)

K̃B
ss =

[
1− (1− δb)

πssπzss

]−1

J̃ss, (182)

B̃RWss = ςeB̃e,ss + ςhB̃h,ss, (183)

Rb,ess = Rss + χo (184)

Rb,hss = Rss + χo (185)

KB
ss

BRWss
= $ss (186)

8.3.2 Loan branch

From the FOC w.r.t. rFt , we see that the lending rate to households will be set as a mark up on the wholesale lending rate
in steady-state, i.e.

rFss =
θIHss

θIHss − 1
rb,hss . (187)

From the FOC w.r.t. ret , we see that the lending rate to entrepreneurs will be set as a mark up on the wholesale lending rate
in steady-state, i.e.

ress =
θess

θess − 1
rb,ess . (188)

8.3.3 Deposit branch

From the FOC w.r.t. rdt , we see that the deposit rate will be set as a mark down on the money market rate in steady-state
(as θDss < 0), i.e.

rdss =
θDss

(θDss − 1)
rss. (189)

8.3.4 Balance sheet

B̃ss = B̃TOTF,ss + K̃B
ss, (190)

B̃ss = B̃e,ss + B̃h,ss, (191)

B̃TOTF,ss = D̃ss + B̃∗ss. (192)
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9 Oil sector

9.1 Maximization

9.1.1 Supply firms

A continuum of oil supply firms, indexed r, combine final goods QO,t(r), labor from households LO,t(r) and utilized capital
rented from entrepreneurs KO,t(r) to produce a good YR,t(r) that is used for oil investments by an extraction firm and
exports to a foreign oil extraction firm. PQOt is the price of QO,t(r) —as it is a final good we have that P

QO
t = Pt. The

wage earned by households working in the oil supply sector is WO,t (equal to Wt because of perfect labor mobility), while
the rental price of utilized capital is RKO,t (equal to RK,t due to perfect mobility of capital).
The production function is as follows:

YR,t(r) = ZR,tQ
αq
O,t(r)(ZtLO,t(r))

αlK
1−αq−αl
O,t (r), (193)

where αq is the final goods share, αl is the labor share and 1−αq−αl is the capital share in production. ZR,t is an exogenous
shock, assumed to follow an AR process. Minimizing costs (PQOt QO,t(r) + WO,tLO,t(r) + RKO,tKO,t(r)) subject to (193)
gives rise to the following conditional demand functions and marginal cost function (as in section 3):

QO,t(r) = αq

(
PQOt
MCR,t

)−1

YR,t(r), (194)

LO,t(r) = αl

(
WO,t

MCR,t

)−1

YR,t(r), (195)

KO,t(r) = (1− αq − αl)
(
RKO,t
MCR,t

)−1

YR,t(r), (196)

MCR,t =
1

ZR,t

(
PQOt
αq

)αq (
WO,t

αl

)αl ( RKO,t
1− αq − αl

)1−αq−αl
.

In symmetric equilibrium all firms make the same decisions, so QO,t(r) = QO,t, LO,t(r) = LO,t,and KO,t(r) = KO,t.

Oil supply firms sell their goods under monopolistic competition. Each firm r charges different prices at home and abroad,
PRt (r) in the home market and PR

∗

t (r) abroad, where the latter is denoted in foreign currency. Dividends (which are paid
out to households) becomes:

Ψt (r) = PRt (r) IOF,t(r) + PR∗t (r)StMO∗,t(r)−MCR,tYR,t(r), (197)

where IOF,t(r) are goods delivered to the domestic extraction firm, MO∗,t(r) are supply goods for exports and St is the
nominal exchange rate. YR,t = IOF,t(r) +MO∗,t(r).

In the same way as elsewhere in this document, it can be shown that supply firm r faces the following demand functions,

IOF,t(r) =
(
PRt (r)

PRt

)−θR
IOF,t and MO∗,t(r) =

(
PR∗t (r)

PR∗t

)−θR∗
MO∗,t, from the domestic and foreign extraction sectors, where

θR and θR
∗
are the elasticities of substitution between goods in the two markets respectively. Additionally, the costs of

adjusting prices in the domestic and the foreign markets are given by

γPR,t(r) ≡
φPR

2

[
PRt (r) /PRt−1 (r)

PRt−1/P
R
t−2

− 1

]2

, (198)

γPR∗,t(r) ≡
φPR

∗

2

[
PR

∗

t (r) /PR
∗

t−1 (r)

PR
∗

t−1/P
R∗
t−2

− 1

]2

, (199)

respectively, where φPR and φPR
∗
govern the cost of adjusting prices.

The maximization problem becomes

max
{PRt (r),PR∗t (r)}

ΠOS
s =

∞∑
t=s

∆s,t


PRt (r)

(
PRt (r)

PRt

)−θR
IOF,t + PR∗t (r)St

(
PR∗t (r)

PR∗t

)−θR∗
MO∗,t

−MCR,t

[(
PRt (r)

PRt

)−θR
IOF,t +

(
PR∗t (r)

PR∗t

)−θR∗
MO∗,t

]
−γPR,t(r)PRt IOF,t − γPR∗,t(r)PR

∗

t StMO∗,t


.
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Following the same procedure as in chapter 3, and using that in symmetric eq., PRt = PRt (r) and PR∗t = PR∗t (r) , the FOC
w.r.t. PRt is given by

IOF,t − θRIOF,t +MCR,tθ
R IOF,t
PRt

− φPR
[
PRt /P

R
t−1

PRt−1/P
R
t−2

− 1

]
PRt /P

R
t−1

PRt−1/P
R
t−2

IOF,t

+Et

{
∆φPR

[
PRt+1/P

R
t

PRt /P
R
t−1

− 1

]
(PRt+1/P

R
t )2

PRt /P
R
t−1

IOF,t+1

}
= 0, (200)

w.r.t. PR
∗

t is given by

StMO∗,t − θR
∗
StMO∗,t +MCR,tθ

R∗MO∗,t

PR
∗

t

− φPR
∗

[
PR

∗

t /PR
∗

t−1

PR
∗

t−1/P
R∗
t−2

− 1

]
PR

∗

t /PR
∗

t−1

PR
∗

t−1/P
R∗
t−2

StMO∗,t

+Et

{
φPR

∗

[
PR

∗

t+1/P
R∗

t

PR
∗

t /PR
∗

t−1

− 1

] (
PR

∗

t+1/P
R∗

t

)2
PR

∗
t /PR

∗
t−1

St+1M
∗
O,t+1

}
= 0. (201)

9.1.2 Extraction firm, domestic

The domestic oil extraction firm is also a producer of rigs. It buys oil supply goods from the oil supply sector, which is
abbreviated IO,t. This good is then used to produce rigs FO,t. Rigs depreciate with a constant rate δO, and are subject to
a degree of utilization UF,t. There will be a trade-off between raising the utilization rate (by buying more supply goods) to
increase oil production, and to decrease it to reduce the wear and tear of the rigs. This unit cost of increasing the utilization
rate is measured in oil supply goods, and represented by the function a(UF,t). Total demand for supply goods from the
domestic extraction firms is then given by

IOF,t = IO,t + a(UF,t)FO,t−1. (202)

The oil production is given by YO,t, which is exported at a price PO∗t in foreign currency (see chapter 10 equation (273) for
more on the oil price). This means that the oil price in home currency is given by StPO∗t where St is the nominal exchange
rate. The problem at period s will then be

max
{YO,t,FO,t,IO,t,UF,t}

∞∑
t=s

∆s,t

[
StP

O∗
t YO,t − PRt IOF,t

]
, (203)

where ∆s,t is the stochastic discount factor between period s and t.

Rigs accumulate according to:

FO,t = (1− δO)FO,t−1 + ZIOIL,t

[
1−ΨO

(
IO,t
IO,t−1

)]
IO,t, (204)

where ΨO

(
IO,t
IO,t−1

)
represents the costs of changing investment levels (defined in (213)) and ZIOIL,t is an oil investment

productivity shock, assumed to follow an AR process. “Effective rigs usage”is defined as

FO,t = FO,t−1UF,t, (205)

and the production function is Cobb-Douglas, i.e.

YO,t = ZO,t(FO,t)
αo(Ot)

1−αo , (206)

where ZO,t is oil extraction productivity shock that follows an AR process, αo is the rigs share and Ot is oil in the ground
(which is a shock that follows an AR process).

The domestic extraction firm maximizes profits subject to (204), (205), (202) and (206), taking profits as given. Inserting
from (205), (206), (202), the Lagrangian becomes:

L(YO,t, FO,t, IO,t, UF,t,ΩO,t) =

∞∑
t=s

∆s,t

[
StP

O∗
t ZO,t(FO,t−1UF,t)

αoO1−αo
t − PRt (IO,t + a(UF,t)FO,t−1)

−ΩO,t

[
FO,t − (1− δO)FO,t−1 − ZIOIL,t

[
1−ΨO

(
IO,t
IO,t−1

)]
IO,t

] ] , (207)

where ΩO,t is the Lagrange multiplier for the rigs accumulation constraint, (204). FOC

30



w.r.t. FO,t:

ΩOt = E
[
∆

(
αoSt+1P

O∗
t+1ZO,t+1(FO,tUF,t+1)αoO1−αo

t+1 F−1
O,t

−PRt+1a(UF,t+1) + (1− δO)ΩO,t+1

)]
⇐⇒

ΩO,t = E
[
∆
(
αoSt+1P

O∗
t+1YO,t+1F

−1
O,t − P

R
t+1a(UF,t+1) + (1− δO)ΩO,t+1

)]
. (208)

w.r.t. IO,t:

PRt =
ΩO,tZIOIL,t

[
1−Ψ

′

O

(
IO,t
IO,t−1

)
IO,t
IO,t−1

−ΨO

(
IO,t
IO,t−1

)]
+E

[
∆ΩO,t+1ZIOIL,t+1Ψ

′

O

(
IO,t+1
IO,t

)(
IO,t+1
IO,t

)2
]

. (209)

w.r.t. UF,t:

αoStP
O∗
t

YO,t
UF,t

= PRt a
′
(UF,t)FO,t−1. (210)

The cost of increasing the rigs utilization rate is assumed equal to:

a(UF,t) = a
′
(UF,ss)(UF,t − 1) +

a
′
(UF,ss)φ

uf

2
(UF,t − 1)2, (211)

which means that

a
′
(UF,t) = a

′
(UF,ss) + a

′
(UF,ss)φ

uf (UF,t − 1). (212)

Furthermore, the costs of changing investment levels are

ΨO

(
IO,t
IO,t−1

)
=
φRI

2

[
IO,t
IO,t−1

− πzt
]2

. (213)

It follows that

Ψ′O

(
IO,t
IO,t−1

)
= φRI

[
IO,t
IO,t−1

− πzt
]
. (214)

The cost of changing the utilization rate is governed by the parameter φuf , while the cost of adjusting the oil investment
level is governed by the parameter φRI .

9.1.3 Extraction firm, abroad

The foreign extraction firm produces oil, YO∗,t, invests, IO∗,t, and imports oil supply goods from the domestic country’s oil
supply sector, MO∗,t. It has the following production function:

YO∗,t = Mαo∗
O∗,tI

αio∗
O∗,t(O∗,t)

1−αio∗−αo∗ , (215)

where O∗,t is oil in ground (and may be set to a shock process following an AR process, otherwise constant), and αo∗ is the
share of oil supply goods from home used in production.

Maximizing profits:

max
{YO∗,t,MO∗,t,IO∗,t}

∞∑
t=s

∆∗s,t

[
PO∗t YO∗,t − PR

∗

t MO∗,t − P IO
∗

t IO∗,t

]
, (216)

s.t. (215), where ∆∗s,t is the foreign stochastic discount factor between period s and t.

FOC w.r.t. MO∗,t (the export demand for oil supply goods from abroad):

MO∗,t = αo∗

(
PR

∗

t

PO∗t

)−1

YO∗,t, (217)

where YO∗,t is an exogenous shock and is assumed to follow an AR process.
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9.1.4 Oil fund

In Norway, the Government Pension Fund Act stipulates that the government’s cash flow from the petroleum industry shall
be transferred to the “Government Pension Fund Global”(GPFG). A fiscal rule specifies that the transfers from the GPFG
to the central government’s fiscal budget shall follow the expected real return on the GPFG over time. In NEMO, this
relationship is simplified, as the GPFG and fiscal policy are independently treated. The full sales revenue is transferred to
the GPFG in every period. Hence, the GPFG, BF,t, accumulates according to:

BF,t = (1− ρGF )

[
R∗t

Pt−1

Pt

St
St−1

BF,t−1

]
+ St

PO∗t
Pt

YO,t, (218)

where the amount (in real terms) transferred from the sovereign wealth fund is given by:

GF,t = ρGF

[
R∗t

Pt−1

Pt

St
St−1

BF,t−1

]
. (219)

The transfer, GF,t, ensures that the sovereign wealth fund, BF,t, is stationary. In the model, we assume that the transfer
from the fund goes to the banking sector (and not to the government sector).

9.2 Making the equations stationary

9.2.1 Supply firms

Production function:

YR,t
Zt

= ZR,t

(
QO,t
Zt

)αq (ZtLO,t
Zt

)αl (KO,t

Zt

)1−αq−αl

⇐⇒

ỸR,t = ZR,t(Q̃O,t)
αq (LO,t)

αl(K̃O,t)
1−αq−αl , (220)

Q̃O,t = αq

(
P̃QOt

M̃CR,t

)−1

ỸR,t. (221)

We assume that Q̃O,t is a final good, so P̃
QO
t = 1:

LO,t = αl

(
W̃O,t

M̃CR,t

)−1

ỸR,t, (222)

K̃O,t = (1− αq − αl)
(
R̃KO,t

M̃CR,t

)−1

ỸR,t. (223)

Optimal prices:

ĨOF,t − θRĨOF,t + M̃CR,tθ
R ĨOF,t

P̃Rt
− φPR

[
πRt
πRt−1

− 1

]
πRt
πRt−1

ĨOF,t

+Et

{
ΛφPR

[
πRt+1

πRt
− 1

]
(πRt+1)2

πRt
ĨOF,t+1π

z
t+1

}
= 0, (224)

S̃tM̃O∗,t − θR
∗
S̃tM̃O∗,t + M̃CR,tθ

R∗ M̃O∗,t

P̃R
∗

t

− φPR
∗
[
πR∗t
πR∗t−1

− 1

]
πR∗t
πR∗t−1

S̃tM̃O∗,t

+Et

{
ΛφPR

∗
[
πR∗t+1

πR∗t
− 1

]
(πR∗t+1)2

πR∗t
S̃t+1M̃O∗,t+1π

z
t+1

}
= 0. (225)
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9.2.2 Extraction firms, domestic

As the oil sector has diminishing return to scale, the stochastic trend level in this sector is Zαot . We assume in this model that

the value of the oil production is stationary, which means that the stochastic trend level in the oil price is
Zαot+1
Zt+1

. Therefore

we define the stationary real oil price as P̃O∗t =
PO∗t Zαot
P∗t Zt

. By using this we get the following stationary solution:

YO,t
Zαot

= ZO,t

(
FO,t
Zt

)αo
(Ot)

1−αo

=⇒

ỸO,t = ZO,t

(
F̃O,t

)αo
(Ot)

1−αo , (226)

F̃O,t =
F̃O,t−1

πzt
UF,t. (227)

By definition

ĨOF,t = ĨO,t + a(UF,t)F̃O,t−1
1

πzt
. (228)

FOC extraction firms:

ΩO,t
Pt

= E
[
∆
Pt+1

Pt

(
αo
St+1P

∗
t+1

Pt+1

PO∗t+1Z
αo
t+1

P ∗t+1Zt+1

YO,t+1Zt
FO,tZ

αo
t+1

Zt+1

Zt
−
PRt+1

Pt+1
a(UF,t+1) + (1− δO)

ΩO,t+1

Pt+1

)]
⇔

Ω̃O,t = E

[
Λπt+1

(
αoS̃t+1P̃

O∗
t+1

ỸO,t+1

F̃O,t
πzt+1 − P̃Rt+1a(UF,t+1) + (1− δO)Ω̃O,t+1

)]
, (229)

PRt
Pt

=

ΩO,t
Pt

ZIOIL,t

[
1−Ψ

′

O

(
IO,t
Zt

IO,t−1
Zt−1

Zt
Zt−1

)
IO,t
Zt

IO,t−1
Zt−1

Zt
Zt−1

−ΨO

(
IO,t
Zt

IO,t−1
Zt−1

Zt
Zt−1

)]

+E

∆Pt+1
Pt

ΩO,t+1
Pt+1

ZIOIL,t+1Ψ
′

O

(
IO,t+1
Zt+1
IO,t
Zt

Zt+1
Zt

)(
IO,t+1
Zt+1
IO,t
Zt

Zt+1
Zt

)2


⇔

P̃Rt =
Ω̃O,tZIOIL,t

[
1−Ψ

′

O

(
ĨO,t

ĨO,t−1
πzt

)
ĨO,t

ĨO,t−1
πzt −ΨO

(
ĨO,t

ĨO,t−1
πzt

)]
+E

[
Λπt+1Ω̃O,t+1ZIOIL,t+1Ψ

′

O

(
ĨO,t+1

ĨO,t
πzt+1

)(
ĨO,t+1

ĨO,t
πzt+1

)2
] , (230)

αo
StP

∗
t

Pt

PO∗t Zαot
P ∗t Zt

YO,t
Zαot UF,t

=
PRt
Pt

a
′
(UF,t)

FO,t−1

Zt−1

Zt−1

Zt

αoS̃tP̃
O∗
t

ỸO,t
UF,t

= P̃Rt a
′
(UF,t)

F̃O,t−1

πzt
, (231)

a(UF,t) = a
′
(UF,ss)(UF,t − 1) +

a
′
(UF,ss)φ

uf

2
(UF,t − 1)2, (232)

a
′
(UF,t) = a

′
(UF,ss) + a

′
(UF,ss)φ

uf (UF,t − 1), (233)

ΨO

(
ĨO,t

ĨO,t−1

πzt

)
=
φRI

2

[
ĨO,t

ĨO,t−1

πzt − πzss

]2

, (234)

Ψ
′

O

(
ĨO,t

ĨO,t−1

πzt

)
= φRI

[
ĨO,t

ĨO,t−1

πzt − πzss

]
. (235)
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9.2.3 Producer of rigs

FO,t
Zt

= (1− δO)
FO,t−1

Zt−1

Zt−1

Zt
+ ZIOIL,t

[
1−ΨO

(
IO,tZt−1

IO,t−1Zt

Zt
Zt−1

)]
IO,t
Zt

F̃O,t = (1− δO)
F̃O,t−1

πzt
+ ZIOIL,t

[
1−ΨO

(
ĨO,t

ĨO,t−1

πzt

)]
ĨO,t. (236)

9.2.4 Extraction firm abroad

Lets define Z∗,t as the stochastic trend level abroad. To get a stationary solution we must assume that Z∗,t = Zt. This leads
to

MO∗,t
Zt

= ao∗

 PR∗t
P∗t

PO∗t
P∗t

Z
αo∗+αio∗
∗,t
Zt


−1

YO∗,t

Zαo∗+αio∗∗,t
.

We must assume a Cobb-Douglas production function for the foreign extraction firm and that αo∗ + αio∗ = αo, (where αo∗
and αio∗ are oil investment shares in the production function of the foreign extraction firm, see (215), and αo is the rigs
share in the domestic extraction firm, see (226)), or else we will not get a well-defined stationary model. Using this we get
that

MO∗,t
Zt

= ao∗

 PR∗t
P∗t

PO∗t
P∗t

Zαot
Zt

−1

YO∗,t
Zαot

M̃O∗,t = ao∗

(
P̃R∗t

P̃O∗t

)−1

ỸO∗,t. (237)

9.2.5 Oil fund

B̃F,t = (1− ρGF )

[
R∗t
π∗tπ

z
t

S̃t

S̃t−1

B̃F,t−1

]
+ S̃tP̃

O∗
t ỸO,t (238)

G̃F,t = ρGF

[
R∗t
π∗tπ

z
t

S̃t

S̃t−1

B̃F,t−1

]
. (239)

9.2.6 Equations included in the model

The following equations are included in the model file: (220), (221), (222), (223), (224), (225), (226), (227), (228), (229),
(230), (231), (232), (233), (234), (235), (236), (237), (238) and (239).

9.3 Steady-state equations

9.3.1 Supply firms

Production function:

ỸR,ss = (Q̃O,ss)
αq (LO,ss)

αl(K̃O,ss)
1−αq−αl . (240)

Marginal cost function,

M̃CR,ss =

(
P̃QOss
αq

)αq (
W̃O,ss

αl

)αl (
R̃KO,ss

1− αq − αl

)1−αq−αl

. (241)

Factor demand:
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Q̃O,ss = αq

(
P̃QOss

M̃CR,ss

)−1

ỸR,ss, (242)

LO,ss = αl

(
W̃O,ss

M̃CR,ss

)−1

ỸR,ss, (243)

K̃O,ss = (1− αq − αl)
(
R̃KO,ss

M̃CR,ss

)−1

ỸR,ss. (244)

Optimal prices:

P̃Rss = M̃CR,ss
θR

(θR − 1)
, (245)

P̃M
∗

ss =
M̃CR,ss

S̃ss

θR
∗(

θR
∗ − 1

) . (246)

9.3.2 Extraction firms, domestic

Production function:

ỸO,ss = ZO,ss

(
F̃O,ss

)αo
(Oss)

1−αo , (247)

ZO,ss = constant and Oss = constant, (248)

F̃O,ss =
F̃O,ss
πzss

. (249)

FOC extraction firms:

Ω̃O,ss = πssΛss

(
αoS̃ssP̃

O∗
ss

ỸO,ss

F̃O,ss
πzss − P̃R,ssa(UF,ss) + (1− δO)Ω̃O,ss

)
, (250)

UF,ss = 1 and a(UF,ss) = 0, (251)

P̃Rt =
Ω̃O,ssZIOIL,ss

[
1−Ψ

′

O

(
ĨO,ss

ĨO,ss
πzss

)
ĨO,ss

ĨO,ss
πzss −ΨO

(
ĨO,ss

ĨO,ss
πzss

)]
+πssΛssΩ̃O,ssΨ

′

O

(
ĨO,ss

ĨO,ss
πzss

)(
ĨO,ss

ĨO,ss
πzss

)2 , (252)

ZIOIL,ss = 1, ΨO (πzss) = 0 and Ψ
′

O (πzss) = 0, (253)

αoS̃ssP̃
O∗
ss

ỸO,ss
UF,ss

= P̃Rssa
′
(UF,ss)

F̃O,ss
πzss

, (254)

ĨOF,ss = ĨO,ss. (255)

9.3.3 Producer of rigs

F̃O,ss = (1− δO)
F̃O,ss
πzss

+ ZIOIL,ss

[
1−ΨO

(
ĨO,ss

ĨO,ss
πzss

)]
ĨO,ss. (256)

9.3.4 Oil price

P̃O∗ss = constant. (257)
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9.3.5 Extraction firms abroad

M̃O∗,ss = ao∗

(
P̃R∗ss

P̃O∗ss

)−1

ỸO∗,ss, (258)

ỸO∗,ss = constant. (259)

9.3.6 Oil fund

G̃F,ss = ρGF

[
R∗ss
π∗ssπ

z
ss

B̃F,ss

]
. (260)

B̃F,ss = (1− ρGF )

[
R∗ss
π∗ssπ

z
ss

B̃F,ss

]
+ S̃ssP̃

O∗
ss ỸO,ss

⇔

=
R∗ss
π∗ssπ

z
ss

B̃F,ss − ρGF
R∗ss
π∗ssπ

z
ss

B̃F,ss + S̃ssP̃
O∗
ss ỸO,ss (261)

⇔

=
R∗ss
π∗ssπ

z
ss

B̃F,ss − G̃F,ss + S̃ssP̃
O∗
ss ỸO,ss

⇔

=

[
1− R∗ss

π∗ssπ
z
ss

]−1 [
S̃ssP̃

O∗
ss ỸO,ss − G̃F,ss

]

10 Foreign sector

As the intermediate sector abroad is symmetric to the intermediate sector home we can in the same way as in section 3
derive the optimal price setting rule for the imported real price P̃Mt (that goes into the final good sector):

M̃t − θFt M̃t + S̃tM̃C
∗
t θ
F
t

M̃t

P̃Mt
− φPM

[
πMt
πMt−1

− 1

]
πMt
πMt−1

M̃t

+Et

{
Λ∗φPM

[
πMt+1

πMt
− 1

]
(πMt+1)2

πMt
M̃t+1π

z
t+1

S̃t

S̃t+1

}
= 0, (262)

where Λ∗ is the foreign stochastic discount factor in stationary terms (and assumed equal to (R∗t )
−1 for simplicity), φPM is

a parameter that captures the cost of changing the price of exported goods from home and θFt is the substitution elasticity
between imported goods from home. In steady-state we get that

P̃Mss =
θFss

θFss − 1
S̃ssM̃C

∗
ss. (263)

Marginal costs abroad is a shock and follow an exogenous AR process.

Tuning to exports, the demand from (the final goods sector) abroad for exports (facing the domestic intermediate sector)
is given by (symmetric to the domestic final goods sector):

M̃∗t = (1− ν∗t )
(
P̃M∗t

)−µ∗
Ỹ ∗NAT,t, (264)

where ν∗t is the domestic share abroad, assumed to follow an AR process. Y
∗
NAT,t is output abroad. In steady-state we get

that

M̃∗ss = (1− ν∗ss)
(
P̃M∗ss

)−µ∗
ỸNAT,ss. (265)

Foreign output, money market interest rates, inflation and the international oil price are modeled as a block exogenous
system of equations, based on a simple New Keynesian model with added backward looking terms to add more dynamics
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and realism. Foreign output is divided into trading partners (a predefined list of Norway’s closest trading partners) and
non-trading partners (the rest of the world). The model variables are in gap form and stationary.

The output gap for trading partners ( ˜̂Y ∗NAT,t) is partly backward looking (controlled by a parameter φY ∗), and partly equal
to ̂
Ỹ ∗FNAT,t (defined below) by (1− φY ∗). Additionally it is affected negatively by the oil price gap (P̂O∗t ), as this increases

costs, and positively by the output gap among non-trading partners, ˜̂Y NTPNAT,t (φ
O∗ and φY NTP∗ are positive parameters):

˜̂Y ∗NAT,t = φY ∗
̂

Ỹ ∗NAT,t−1 + (1− φY ∗) ̂
Ỹ ∗FNAT,t − φ

O∗P̂O∗t + φY NTP∗ ˜̂Y NTPNAT,t + ẑU∗,t. (266)

ẑU∗,t is a shock that follows an AR process and
̂
Ỹ ∗FNAT,t is specified as a dynamic IS curve:

̂
Ỹ ∗FNAT,t =

̂
Ỹ ∗FNAT,t+1 − ψ

R∗(R̂∗t − π̂∗t+1), (267)

where ψR∗ relates the real interest rate to output. Output gap for non-trading partners, ˜̂Y NTPNAT,t, is assumed to follow:

˜̂Y NTPNAT,t = λY NTP
̂

Ỹ Y NTPNAT,t−1 − φ
ONTP P̂O∗t + φY NTP ˜̂Y ∗NAT,t + ̂zY NTP,t. (268)

where ̂zY NTP,t is a shock, and λY NTP (∈ [0, 1]), φONTP (∈ (0,∞)) and φY NTP (∈ (0,∞)) are parameters. The total global
output gap is a weighted sum of trading partners and non-trading partners’output:

˜̂Y GLOBNAT,t = αGLOB ˜̂Y ∗NAT,t + (1− αGLOB) ˜̂Y NTPNAT,t, (269)

where αGLOB is the weight on trading partners output gap in the global output gap. The inflation gap for trading partners
is given by

π̂∗t = φP∗π̂∗t−1 + (1− φP∗)π̂∗F,t + φOP∗P̂O∗t + ẑθH∗,t, (270)

where some agents are backward looking (controlled by a parameter φP∗), φOP∗ is a positive parameter picking up the effect
that increasing real oil prices increases real marginal cost for trading partner firms, ẑθH∗,t is a shock that follows an AR

process and π̂∗F,t is specified according to a Phillips curve:

π̂∗F,t = αP∗π̂∗F,t+1 + αY ∗ ˜̂Y ∗NAT,t, (271)

where αP∗ and αY ∗ are parameters. The foreign monetary policy rate (equal to the money market interest rate) is given by
a Taylor rule with smoothing:

R̂∗t = ωR∗R̂∗t−1 + (1− ωR∗)
[
ωP∗π̂∗t + ωY ∗ ˜̂Y ∗NAT,t]+ ẑR∗,t, (272)

where ẑR∗,t is a shock that follows an AR process, the parameter ωR∗ governs interest rate smoothing, and ωP∗ and ωY ∗ are
weights on inflation and output respectively. Lastly, the oil price gap is given by

P̂O∗t = βOP̂O∗t+1 + κO ˜̂Y GLOBNAT,t + ẑPO∗,t, (273)

where ẑPO∗,t is an oil supply shock that follows an AR process. β
O and κO are parameters.

10.1 Equations included in the model

The following equations are included in the model file: (262), (264), (266), (267), (270), (271), (272) and (273).

11 The aggregate resource constraint and the UIP

The uncovered interest rate parity was derived in Section 8.1.1 and repeated here:

Rt = Et

[[
1− γB

∗

t

]
R∗t

St+1

St

]
,
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where 1−γB∗t is the debt-elastic risk premium and R∗t is the foreign money market rate and St is the nominal exchange rate.
It is assumed that the risk premium depends positively on the country’s net foreign debt position (BTOT∗t , defined below)
and the anticipated growth rate of the exchange rate:

1− γB
∗

t = exp
[
φB
(
B̃TOT∗t − B̃TOT∗ss

)
+ φS

(
EtS̃t+1S̃t − S̃2

ss

)]
+ zBt ,

where zBt is an exogenous exchange rate risk premium shock following an AR(1) process and φB and φS are non-negative

parameters. Note that the risk premium is defined in stationary terms (B̃TOT∗t ≡ BTOT∗t

Zt
and S̃t =

StP
∗
t

Pt
).

The country’s net foreign debt position (BTOT∗t ) is equal to mainland private foreign debt, B∗t (held by banks), less
government claims, BF,t:

BTOT∗t = B∗t −BF,t.

BF,t was derived in Section 9.1.4. Taking the household budget constraint as the point of departure and inserting for
profits, dividends and lump-sum taxes, we will now derive mainland Norway’s debt accumulation expression, B∗t . We start
out from the housholds’budget constraint (removing all indices):

PtCt + PtDt + PHt Ht +
(
rFt−1 + δBt

)
Pt−1Bh,t−1

= WtLt [1− γt] + PtIB,t +Rdt−1Pt−1Dt−1 + (1− δH)PHt Ht−1 +DIVt − TAXt. (274)

First, define TAXt :

TAXt = PtGt. (275)

Then, we need to find DIVt. Starting with intermediate sector profits, ΠINT
t :

ΠINT
t = PQt Qt + PM

∗

t StM
∗
t −WI,tLI,t −RKI,tKI,t − γPQ,tP

Q
t Qt − γPM∗,tPM

∗

t StM
∗
t . (276)

From (151), bank sector profits (including adjustment costs):

Pt−1Jt−1 = rFt−1Pt−1Bh,t−1 + ret−1Pt−1Be,t−1 − rdt−1Pt−1Dt−1 − rt−1Pt−1B
∗
t−1 − Pt−1ADJ

BANK
t−1 , (277)

where we have defined bank adjustment costs

Pt−1ADJ
BANK
t−1 = χoPt−1Bt−1 +

χc
2

[
KB
t−1

BRWt−1

−$t−1

]2

Pt−1K
B
t−1

+
φF

2

(
rFt−1

rFt−2

− 1

)2

rFt−1Pt−1Bh,t−1 +
φe

2

(
ret−1

ret−2

− 1

)2

ret−1Pt−1Be,t−1 +
φD

2

(
rdt−1

rdt−2

− 1

)2

rdt−1Pt−1Dt−1

Also remembering dividends from eq. (153):

PtK
B
t = (1− δb)Pt−1K

B
t−1 + Pt−1Jt−1

⇔
δbPt−1K

B
t−1 = Pt−1K

B
t−1 − PtKB

t + Pt−1Jt−1. (278)

Oil supply profits:
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ΠOS
t = PRt IOF,t + PR∗t StMO∗,t − PQO,t −WO,tLO,t −RKO,tKO,t − γPR,tPRt IOF,t − γPR∗,tPR

∗

t StMO∗,t. (279)

.

Capital producers’profits while inserting from eq. (123), and the zero profit condition:

PKt Kt − PKt (1− δ)Kt−1 = PtIC,t (280)

In similar fashion for housing profit:

PHt Ht − PHt (1− δH)Ht−1 = PtIH,t. (281)

Entrepreneurs’surplus (Sentt ):

PtS
ent
t = RK,tutKt−1 + PKt (1− δ)Kt−1 + PtI

e
B,t − PKt Kt − (ret + δet )Pt−1Be,t−1 − Ptγ (ut)Kt−1. (282)

Inserting for intermediate profit, bank dividends, oil supply profits and entrepreneurs’surplus for DIVt and for TAXt

into (274) gives:

PtCt + PtDt + PHt Ht +
(
rFt−1 + δBt

)
Pt−1Bh,t−1

= WtLt − γtWtLt + PtIB,t +Rdt−1Pt−1Dt−1 + (1− δH)PHt Ht−1

−TAXt +DIVt (283)

⇔

PtCt + PtDt + PHt Ht +
(
rFt−1 + δBt

)
Pt−1Bh,t−1

= WtLt − γtWtLt + PtIB,t +Rdt−1Pt−1Dt−1 + (1− δH)PHt Ht−1

−PtGt. + PQt Qt + PM
∗

t StM
∗
t −WI,tLI,t −RKI,tKI,t − γPQ,tP

Q
t Qt − γPM∗,tPM

∗

t StM
∗
t (284)

+δbPt−1K
B
t−1

+PRt IOF,t + PR∗t StMO∗,t − PQO,t −WO,tLO,t −RKO,tKO,t − γPR,tPRt IOF,t − γPR∗,tPR
∗

t StMO∗,t

+RK,tutKt−1 + PKt (1− δ)Kt−1 + PtI
e
B,t − PKt Kt − (ret + δet )Pt−1Be,t−1 − Ptγ (ut)Kt−1.

Then we define all adjustment costs including capital requirement costs as:

ADJt = γtWtLt + γPQ,tP
Q
t Qt + γPM∗,tP

M∗

t StM
∗
t + γPR,tP

R
t IOF,t + γPR∗,tP

R∗

t StMO∗,t (285)

+Pt−1ADJ
BANK
t−1 + Ptγ (ut)Kt−1.

We insert (285) and (??) in (284) and also substitute the expression for bank dividends from eq. (278)

PtCt + PtDt + PHt Ht +
(
rFt−1 + δBt

)
Pt−1Bh,t−1

= WtLt + PtIB,t +Rdt−1Pt−1Dt−1 + (1− δH)PHt Ht−1

−PtGt. + PQt Qt + PM
∗

t StM
∗
t −WI,tLI,t −RKI,tKI,t (286)

+Pt−1K
B
t−1 − PtKB

t + Pt−1Jt−1

+PRt IOF,t + PR∗t StMO∗,t − PQO,t +WO,tLO,t +RKO,tKO,t

+RK,tutKt−1 + PKt (1− δ)Kt−1 + PtI
e
B,t − PKt Kt − (ret + δet )Pt−1Be,t−1 − (ADJt − Pt−1ADJ

BANK
t−1 ).
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Inserting for bank profits, Pt−1Jt−1:

PtCt + PtDt + PHt Ht +
(
rFt−1 + δBt

)
Pt−1Bh,t−1

= WtLt + PtIB,t +Rdt−1Pt−1Dt−1 + (1− δH)PHt Ht−1

−PtGt. + PQt Qt + PM
∗

t StM
∗
t −WI,tLI,t −RKI,tKI,t (287)

+Pt−1K
B
t−1 − PtKB

t + rFt−1Pt−1Bh,t−1 + ret−1Pt−1Be,t−1 − rdt−1Pt−1Dt−1 − rt−1Pt−1B
∗
t−1 − Pt−1ADJ

BANK
t−1

+PRt IOF,t + PR∗t StMO∗,t − PQO,t +WO,tLO,t +RKO,tKO,t

+RK,tutKt−1 + PKt (1− δ)Kt−1 + PtI
e
B,t − PKt Kt − (ret + δet )Pt−1Be,t−1 − (ADJt − Pt−1ADJ

BANK
t−1 ).

Replacing gross interest rate Rxt = 1 + rxt and cancelling terms:

PtCt + PtDt + PHt Ht + δBt Pt−1Bh,t−1

= WtLt + PtIB,t + Pt−1Dt−1 + (1− δH)PHt Ht−1

−PtGt. + PQt Qt + PM
∗

t StM
∗
t −WI,tLI,t −RKI,tKI,t (288)

+Pt−1K
B
t−1 − PtKB

t − rt−1Pt−1B
∗
t−1

+PRt IOF,t + PR∗t StMO∗,t − PQO,t −WO,tLO,t −RKO,tKO,t

+RK,tutKt−1 + PKt (1− δ)Kt−1 + PtI
e
B,t − PKt Kt − δetPt−1Be,t−1 −ADJt.

We then make use of the borrowing constraints for households, (4), and similar for entrepreneurs and the banks sector’s
balance sheet :

PtIB,t = PtBh,t − Pt−1Bh,t−1 + δBt Pt−1Bh,t−1, (289)

PtI
e
B,t = PtBe,t − Pt−1Be,t−1 + δetPt−1Be,t−1, (290)

PtK
B
t + PtB

∗
t = PtBe,t + PtBh,t − PtDt. (291)

Inserting these and cancelling more terms:

PtCt + PHt Ht + Pt−1K
B
t−1 + Pt−1B

∗
t−1

= WtLt + (1− δH)PHt Ht−1

−PtGt. + PQt Qt + PM
∗

t StM
∗
t −WI,tLI,t −RKI,tKI,t (292)

+Pt−1K
B
t−1 − PtKB

t − rt−1Pt−1B
∗
t−1 + PtK

B
t + PtB

∗
t

+PRt IOF,t + PR∗t StMO∗,t − PQO,t −WO,tLO,t −RKO,tKO,t

+RK,tutKt−1 + PKt (1− δ)Kt−1 − PKt Kt −ADJt.

Using (280) and (281) and Lt = LI,t + LO,t and KO,t +KI,t = Kt = utKt−1 and cancelling terms

PtCt + Pt−1B
∗
t−1 + PtIC,t + PtIH,t

=

−PtGt. + PQt Qt + PM
∗

t StM
∗
t (293)

−rt−1Pt−1B
∗
t−1 + PtB

∗
t

+PRt IOF,t + PR∗t StMO∗,t − PQO,t
−ADJt.

Then inserting for the final goods zero profit condition and the market clearing condition, eq. (310):
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PtAt − PMt Mt = PQt Qt, (294)

PtAt = PtCt + PtIC,t + PtIH,t + PtGt + PtQO,t

gives

Pt−1B
∗
t−1

=

−PMt Mt + PM
∗

t StM
∗
t (295)

−rt−1Pt−1B
∗
t−1 + PtB

∗
t

+PRt IOF,t + PR∗t StMO∗,t

−ADJt.

Rearranging:

PtB
∗
t = Rt−1Pt−1B

∗
t−1 + PMt Mt − PR∗t StMO∗,t − PM

∗

t StM
∗
t − PRt IOF,t +ADJt. (296)

In the model, we set ADJt = 0, and subtract GF,t to get:

PtB
∗
t = Rt−1Pt−1B

∗
t−1 + PMt Mt − PR∗t StMO∗,t − PM

∗

t StM
∗
t − PRt IOF,t −GF,t. (297)

11.1 Making the equations stationary

The UIP condition:

Et

[
R∗t
Rt

πt+1

π∗t+1

S̃t+1

S̃t

[
1− γB

∗

t

]]
= 1, (298)

Private foreign debt:

B̃TOT∗t = B̃∗t − B̃F,t. (299)

Mainlands’s net foreign debt position

B̃∗t =
Rt−1

πztπt
B̃∗t−1 +

[
P̃Mt M̃t − S̃tP̃R

∗

t M̃O∗,t − S̃tP̃M∗t M̃∗t − P̃Rt ĨOF,t − G̃F,t
]
. (300)

11.1.1 Equations included in the model

The following equations are included in the model file: (298), (299) and (300).

11.2 Steady-state equations

Risk premium

1− γB
∗

ss = zBss = 0⇒ γB
∗

ss = 1, (301)

The UIP condition

R∗ss
π∗ss

=
Rss
πss

, (302)
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Private foreign debt

B̃TOT∗ss = B̃∗ss − B̃F,ss, (303)

Mainlands Norway’s net foreign debt position

B̃∗ss =

[
1− Rss

πzssπss

]−1 [
P̃Mss M̃ss − S̃ssP̃R

∗

ss M̃O∗,ss − S̃ssP̃M∗ss M̃∗ss − P̃RssĨOF,ss − G̃F,ss
]
. (304)

12 Monetary policy

Monetary policy can either follow a Taylor type rule:

Rt = (Rt−1)
ωR

(
Rss

(
πt
πss

)ωP ( ỸNAT,t

ỸNAT,ss

)ωY )1−ωR

eZRN3M,t , (305)

where ωR governs interest rate persistence and ωP and ωY are the weights on inflation and output respectively, while ZRN3M,t

represents a monetary policy shock that follows an AR process, or it can minimize a loss function (either under commitment
or discretionary policies), i.e.

min
{R̂P,t}

∞∑
t=s

βt−sp

[
(π̂pol,t)

2
+ λy

(̂̃
Y NAT,t

)2

+ λdr (4RP,t)2
+ λlr

(
R̂Y EARP,t

)2
]
, (306)

where βp is the central bank’s discount factor, x̂t denotes a variable deviation from steady-state, R̂P,t is the key policy rate

gap and ̂̃Y NAT,t is the output gap (see section 14). Furthermore, the annualized key policy rate change is defined as
4RP,t = 4 (RP,t −RP,t−1) , (307)

the annualized key policy rate gap is defined as

R̂Y EARP,t = 4R̂P,t,

and the 4-quarter inflation rate gap is given by

π̂pol,t = π̂t + π̂t−1 + π̂t−2 + π̂t−3 + log

(
zinf,t
zinf,ss

)
, (308)

where zinf,t is a monetary policy preference shock that follows an AR process. λy, λdr and λlr are the corresponding weights
in the loss function.

13 Market clearing

Intermediate goods market:

Tt = Qt +M∗t . (309)

Final goods market:

At = Ct + IC,t + IH,t +Gt +QO,t. (310)

Total investment:

It = IC,t + IH,t. (311)

Capital goods sector:

Kt = KO,t +KI,t. (312)

Labor market:
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Lt = LO,t + LI,t. (313)

Oil supply sector:

YR,t = IOF,t +MO∗,t. (314)

13.1 Making the equations stationary

Intermediate goods market:

T̃t = Q̃t + M̃∗t . (315)

Final goods market:

Ãt = C̃t + ĨC,t + ĨH,t + G̃t + Q̃O,t. (316)

Total investment:

Ĩt = ĨC,t + ĨH,t. (317)

Capital goods sector:

K̃t = K̃O,t + K̃I,t. (318)

Labor market:

Lt = LO,t + LI,t. (319)

Oil supply sector:

ỸR,t = ĨOF,t + M̃O∗,t. (320)

13.1.1 Equations included in the model

The following equations are included in the model file: (315), (316), (317), (318), (319) and (320).

13.2 Steady-state equations

Intermediate goods market:

T̃ss = Q̃ss + M̃∗ss. (321)

Final goods market:

Ãss = C̃ss + ĨC,ss + ĨH,ss + G̃ss + Q̃O,ss. (322)

Total investment:

Ĩss = ĨC,ss + ĨH,ss. (323)

Capital goods sector:

K̃ss = K̃O,ss + K̃I,ss. (324)

Labor market:

Lss = LO,ss + LI,ss. (325)

Oil supply sector:

ỸR,ss = ĨOF,ss + M̃O∗,ss. (326)
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14 Extra definitions

14.1 Interest rates

The policy rate, RP,t, is the product of the money market interest rate, Rt, and the money market risk premium, Zprem,t
(which is assumed to be a shock that follows an AR process):

RP,t = RtZprem,t. (327)

14.2 Prices

Inflation:

πt ≡
Pt
Pt−1

. (328)

Inflation abroad:

π∗t ≡
P ∗t
P ∗t−1

.

Imported inflation:

πMt = πt
P̃Mt

P̃Mt−1

. (329)

Exported inflation:

πM∗t = π∗t
P̃M∗t

P̃M∗t−1

. (330)

Inflation of domestically produces goods:

πQt = πt
P̃Qt

P̃Qt−1

. (331)

Oil supply goods domestic inflation:

πRt = πt
P̃Rt

P̃Rt−1

. (332)

Oil supply goods export inflation:

πR∗t = π∗t
P̃R∗t

P̃R∗t−1

. (333)

House price inflation:

πHt =
P̃Ht

P̃Ht−1

πtπ
h
t . (334)

Wage inflation (W̃I,t = W̃O,t = W̃t):

πWt =
W̃t

W̃t−1

πtπ
z
t . (335)

Oil supply sector wage inflation:

πWO
t = πWt . (336)

Intermediate sector wage inflation:

πWI
,t = πWt . (337)

4-quarter inflation:
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π̂Y EARt =

3∑
i=0

π̂t−i. (338)

4-quarter inflation abroad,

π̂∗Y EARt =

3∑
i=0

π̂∗t−i. (339)

4-quarter inflation for imported goods:

π̂M,Y EAR
t =

3∑
i=0

π̂Mt−i. (340)

4-quarter inflation for exported goods:

π̂M∗,Y EARt =

3∑
i=0

π̂M∗t−i . (341)

14.3 Variables in CPI units

To aggregate variables we need them to be given in same unit of account. We choose to cast all variables in CPI units. The
steady-state versions are straight forward.

The intermediate goods export is given by

X̃I
NAT,t = S̃tP̃

M∗

t M̃∗,t. (342)

The oil supply goods export:

X̃O
NAT,t = S̃tP̃

R∗
t M̃O∗,t. (343)

Total export:

X̃NAT,t = X̃I
NAT,t + X̃O

NAT,t. (344)

Total import, with measurement error/shock (that follows an AR process):

M̃NAT,t = P̃Mt M̃t. (345)

Oil investment:

ĨOILNAT,t = P̃Rt ĨO,t. (346)

Oil production:

ÕILNAT,t = S̃tP̃
O∗
t ỸO,t. (347)

Oil supply goods:

ỸR,NAT,t = P̃Rt ĨOF,t + S̃tP̃
R∗
t M̃O∗,t. (348)

Output (mainland economy) is then given by (inserting for A from 322)

ỸNAT,t =
(
Ãt − Q̃O,t + ĨOILNAT,t + X̃NAT,t − M̃NAT,t

) 1

1− log(zx,t)
(349)

⇔

ỸNAT,t =
(
C̃t + ĨC,t + ĨH,t + G̃t + ĨOILNAT,t + X̃NAT,t − M̃NAT,t

) 1

1− log(zx,t)
,

where zx,t is an inventory shock to the mainland economy, that follows an AR process. Total output is then given by

Ỹ OILNAT,t = ỸNAT,t + ÕILNAT,t. (350)
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15 Measurement equations

The following equations measure the growth rate gaps of key variables. We do not include measurement errors. (Note that
4 does not relate to the variable ∆, where the latter being the stochastic discount rate.)

4C̃t = log

(
C̃t

C̃t−1

)
+ log

(
πzt
πzss

)
, (351)

4G̃t = log

(
G̃t

G̃t−1

)
+ log

(
πzt
πzss

)
, (352)

4ĨC,t = log

(
ĨC,t

ĨC,t−1

)
+ log

(
πzt
πzss

)
, (353)

4ĨH,t = log

(
ĨH,t

ĨH,t−1

)
+ log

(
πzt
πzss

)
, (354)

4ỸNAT,t = log

(
ỸNAT,t

ỸNAT,t−1

)
+ log

(
πzt
πzss

)
, (355)

4M̃∗t = log

(
M̃∗t

M̃∗t−1

)
+ log

(
πzt
πzss

)
, (356)

4M̃t = log

(
M̃t

M̃t−1

)
+ log

(
πzt
πzss

)
, (357)

4W̃t = log

(
W̃t

W̃t−1

)
+ log

(
πzt
πzss

)
. (358)

16 Shock processes

There are various shocks in the model. All are assumed to be AR(1) processes, where the λ’s govern the persistence of the
processes (i.e. autocorrelation), the ε’s are normally distributed white noise innovations and the σ’s are parameters governing
the standard deviations of the respective shocks. Most shock processes are modeled as deviations from the steady state. The
shocks included in the model are the following:

House price stochastic trend inflation shock:

log(πht ) = (1− λπh) log(πhss) + λπh log(πht−1) + επh,tσπh . (359)

Shock to productivity in the intermediate sector:

log(zLt ) = (1− λzL) log(zLss) + λzL log(zLt−1) + εzL,tσzL . (360)

Stochastic trend growth shock:

log(πzt ) = (1− λπz ) log(πzss) + λπz log(πzt−1) + επz,tσπz . (361)

Government expenditure shock:

log(G̃t) = (1− λG) log(G̃ss) + λG log(G̃t−1) + εG,tσG. (362)

Export demand shock:

log(ν∗t ) = (1− λν∗) log(ν∗ss) + λν∗ log(ν∗t−1) + εν∗,tσν∗ . (363)

Import demand shock:
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log(νt) = (1− λν ) log(νss) + λν log(νt−1) + εν,tσν . (364)

Oil in the ground shock:

log(Ot) = (1− λO) log(Oss) + λO log(Ot−1) + εO,tσO. (365)

Shock to a parameter that can be mapped to the corporate loan-to-value ratio, see (414):

log(φentt ) = (1− λφent) log(φentss ) + λφent log(φentt−1) + εφent,tσφent . (366)

Shock to a parameter that can be mapped to the household loan-to-value ratio, see (476):

log(φt) = (1− λφ) log(φss) + λφ log(φt−1) + εφ,tσφ. (367)

Shock to the competition in the labor market (wage markup shock):

log(ψt) = (1− λψ) log(ψss) + λψ log(ψt−1) + εψ,tσψ − ρffmFFMt, (368)

where we have that FFM = 0.75L̂O,t + 0.25P̂O∗t .

Shock to banks’capital requirement:

log(γBt ) = (1− λγB ) log(γBss) + λγB log(γBt−1) + εγB ,tσγB . (369)

Shock to the competition in the deposit market:

log(θDt ) = (1− λθD ) log(θDss) + λθD log(θDt−1) + εθD,tσθD . (370)

Shock to the competition in the loan market for the entrepreneurs:

log(θet ) = (1− λθe) log(θess) + λθe log(θet−1) + εθe,tσθe . (371)

Shock to the competition in the market for exports M̃∗t :

log(θF∗t ) = (1− λθF ) log(θF∗ss ) + λθF log(θF∗t−1) + εθF∗,tσθF∗. (372)

Shock to the competition in the market for imports M̃t:

log(θFt ) = (1− λθF∗) log(θFss) + λθF∗ log(θFt−1) + εθF ,tσθF . (373)

Shock to the competition in the market for the domestic good Q̃t:

log(θHt ) = (1− λθH ) log(θHss) + λθH log(θHt−1) + εθH ,tσθH . (374)

Shock to the competition in the market for household lending:

log(θIHt ) = (1− λθIH ) log(θIHss ) + λθIH log(θIHt−1) + εθIH ,tσθIH . (375)

Exogenous exchange rate risk premium shock:

zBt = (1− λB)zBss + λBz
B
t−1 + εB,tσB . (376)

Shock to the households preferences for deposits:

log(zdt ) = (1− λd) log(zdss) + λd log(zdt−1) + εd,tσd. (377)
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Shock to the productivity of oil investments:

log(ZIOIL,t) = (1− λIOIL) log(ZIOIL,ss) + λIOIL log(ZIOIL,t−1) + εIOIL,tσIOIL. (378)

Shock to the households preferences for housing:

log(zht ) = (1− λh) log(zhss) + λh log(zht−1) + εh,tσh. (379)

Investment shock:

log(zI,t) = (1− λI) log(zI,ss) + λI log(zI,t−1) + εI,tσI . (380)

Housing investment shock:

log(zIH,t) = (1− λIH) log(zIH,ss) + λIH log(zIH,t−1) + εIH,tσIH . (381)

Oil price shock (in gap-form):

ẑPO∗,t = λPO∗ ̂zPO∗,t−1 + εPO∗,tσPO∗. (382)

Oil production shock abroad:

log(ỸO∗,t) = (1− λY O∗,t) log(ỸO∗,ss) + λY O∗,t log(ỸO∗,t−1) + εY O∗,tσY O∗. (383)

Oil extraction firms productivity shock:

log(ZO,t) = (1− λOIL) log(ZO,ss) + λOIL log(ZO,t−1) + εOIL,tσOIL. (384)

Money market risk premium shock:

log(zprem,t) = (1− λprem) log(zprem,ss) + λprem log(zprem,t−1) + εprem,tσprem. (385)

Oil supply firms productivity shock:

log(ZR,t) = (1− λR) log(ZR,ss) + λR log(ZR,t−1) + εR,tσR. (386)

Monetary policy preference shock (when solved under optimal policy):

log(zinf,t) = (1− λrnfolio) log(zinf,ss) + λrnfolio log(zinf,t−1) + εinf,tσinf . (387)

Monetary policy shock (when solved with a Taylor rule):

zRN3M,t = λRN3MzRN3M,t−1 + εRN3M,tσRN3M . (388)

Shock to the households preferences for consumption:

log(zut ) = (1− λu) log(zuss) + λu log(zut−1) + εu,tσu. (389)

Inventory shock:

log(zx,t) = (1− λwedge) log(zx,ss) + λwedge log(zx,t−1) + εwedge,tσwedge. (390)
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Shock to foreign money market interest rates (in gap-form):

ẑR∗,t = λR∗ẑR∗,t−1 + εR∗,tσR∗. (391)

Shock to output abroad, trading partners (in gap-form):

ẑU∗,t = λU∗ẑU∗,t−1 + εU∗,tσU∗. (392)

Shock to output abroad, non-trading partners (in gap-form):

̂zY NTP,t = εY NTP,tσY NTP . (393)

Shock to inflation abroad (in gap-form):

ẑθH∗,t = λθH∗ ̂zθH∗,t−1 + εθH∗,tσθH∗ . (394)

Shock to marginal costs abroad:

log(M̃C
∗
t ) = (1− λMC∗) log(M̃C

∗
ss) + λMC∗ log(M̃C

∗
t−1) + εMC∗,tσMC∗. (395)

17 The steady state of the model

This chapter derives the steady state of NEMO.

17.1 Setting exogneous parameters

We start with some calibrated steady-state values. As the Norwegian inflation target has up until recently been 2.5%:

πss = (1.025)
1
4 = πMt = πM∗ss = πQt . (396)

Weighted foreign inflation is assumed to be 2%:

π∗ss = (1.02)
1
4 . (397)

Average trend growth (technology growth) in Norway (and abroad) is assumed to be 1%:

πzss = (1.01)
1
4 . (398)

Nominal wage growth must be the product of inflation and technology growth:

πW,ss = πWI,ss = πWO,ss = πssπ
z
ss. (399)

House prices are assumed to grow by approximately 4.6 % above inflation (annualized), which leads to:

πhss = (1.0460)
1
4 . (400)

The weighted foreign interest rate is assumed to be 3.44 % on annual basis:

R∗ss =
π∗ssπ

z
ss

β∗
≈ (1.0344)

1
4 . (401)

Government’s share of final goods is assumed to be 100 · og%:

og =
G̃ss

Ãss
= calibrated. (402)

The share of final goods used as input to the oil supply sector, is assumed to be 100 · oq%:

oq =
S̃ssP̃

O∗
ss ỸO,ss

Ãss
= calibrated. (403)

Maximum loan-to-value ratio for entrepreneurs is assumed to be 100 · LTV ess%:
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LTV ess = calibrated. (404)

Maximum loan-to-value ratio for households is assumed to be 100 · LTVss%:

LTVss = calibrated. (405)

The stationary real price level of houses:

P̃Hss = 1. (406)

17.2 Solution

From the UIP condition (302) we get that

Rss =
R∗ss
π∗ss

πss. (407)

From definition of the policy rate (327) we have that

RP,ss =
Rss

Zprem,ss
. (408)

From (189) we can see that the deposit branch sets the deposit rate as a mark-down on the money market rate in steady-state
(as θDss < 0):

rdss =
θDss

θDss − 1
rss. (409)

From equations (184) and (185) we can find the steady-state values of the wholesale lending rates (Rb,hss , R
b,e
ss ). Then from

(187) we see that the loan branch sets the loan rate to households as a mark up on the wholesale rate, Rb,hss , in steady-state:

rFss =
θIHss

θIHss − 1
rb,hss . (410)

From (188) we see that loan branch sets the loan rate to entrepreneurs as a mark up on the wholesale rate, Rb,ess , in steady-
state:

ress =
θess

1− θess
rb,ess . (411)

From the optimal total investment condition (134) we get that

P̃Kss =
1

κ′ss
= 1. (412)

Next, we want to find R̃K,ss, i.e. the real return on capital, but first we need to find the δ
e
ss and φ

ent
ss . By using (122) we can

find δess by fixed-point iterations, and by using the assumed value of LTV
e
ss ≡

PssBe,ss
PKss(1−δ)Kss and (121) we get the steady-state

loan to value ratio:

LTV ess =

[
1− (1− δess)

1 + φentss

1

πssπzss

]−1
φentss

1 + φentss

πss (413)

⇐⇒

LTV ess =

[(
1− 1

1 + φentss

(1− δess)
πssπzss

)
1 + φentss

φentss πss

]−1

, (414)

1− LTV ess

1 + φentss −
(1−δess)
πssπzss

φentss πss

 = 0, (415)

which means that we can find φentss by fixed-point iterations of (415) until convergence. From the first-order condition w.r.t.
δet (116) we get that

ω̃essB̃e,ss = µHELP1
e µ̃ess, (416)
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where (remember that we can find the steady-state value of the stochastic discount factor from (40)), i.e.

µHELP1
e =

[(
Λssδ

e,prime − 1
) (

1 + φentss

)
Λss

]
, (417)

where we define

δe,prime = αe (δess)
αe−1

(1− δess)− (δess)
αe

+ (1− αe)κ
e

. (418)

Rearrange the FOC w.r.t. Be,t (115):

[1− ΛssR
e
ss] B̃e,ss +

[
Λss

[
(1−δess)
1+φentss

]
− 1
]
ω̃essB̃e,ss,

− (1−δess)
πssπzss

[
(δess)

αe − (1− αe)κ
e
]
µ̃ess + Λss(1− δess)

[
(δess)

αe − (1− αe)κ
e
]
µ̃ess = 0

⇐⇒
[1− ΛssR

e
ss] B̃e,ss + µHELP2

e ω̃essB̃e,ss + µHELP3
e µ̃ess = 0,

(419)

where

µHELP2
e =

[
Λss

[
(1− δess)
1 + φentss

]
− 1

]
, (420)

µHELP3
e = [Λssπssπ

z
ss − 1]

[
δess − (1− αe)κ

e
]
, (421)

and we have used that

δess − (1− αe)κ
e

=
1

πssπzss
(1− δess)

[
(δess)

αe − (1− αe)κ
e
]
. (422)

Insert for ω̃essB̃e,ss from (416) into (419) to get that

[1− ΛssR
e
ss] B̃e,ss + µHELP2

e µHELP1
e µ̃ess + µHELP3

e µ̃ess = 0
⇐⇒

µ̃ess =
[
µHELP2
e µHELP1

e + µHELP3
e

]−1
[1− ΛssR

e
ss] B̃e,ss.

(423)

Insert this into (416):

ω̃ess =
µHELP1
e

µHELP2
e µHELP1

e + µHELP3
e

[ΛssR
e
ss − 1] . (424)

Then by using (40), (424), δess, φ
ent
ss and FOC w.r.t. K̃t, (114) we get that

R̃K,ss =

[
1− (1− δ)πss

(
ω̃ess

φentss

1 + φentss

+ Λss

)]
P̃Kss

Λssπss
. (425)

From (117):

γ′ss(uss) = R̃K,ss. (426)

Insert the demand function for Qt (93) and Mt (94) into the final goods production function (92) to find the steady-state
value of real domestic prices (using P̃Mss = 1):

Ãss =

[
ν
1
µ
ss

(
νss

(
P̃Qss

)−µ
Ãss

)1− 1
µ

+ (1− νss)
1
µ

(
(1− νss)

(
P̃Mss

)−µ
Ãss

)1− 1
µ

] µ
µ−1

⇐⇒

1 =

[
νss

(
P̃Qss

)1−µ
+ (1− νss)

(
P̃Mss

)1−µ
] µ
µ−1

⇐⇒

P̃Qss =

(
1−(1−νss)(P̃Mss )

1−µ

νss

) 1
1−µ

.

(427)

From the FOC of optimal domestic price setting (78):

M̃Css =
θHss − 1

θHss
P̃Qss. (428)
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From the FOC of optimal imported price setting (263):

S̃ss =
θF − 1

θF
P̃Mss

1

M̃C
∗
ss

. (429)

From the FOC of optimal exported price setting (79):

P̃M∗ss =
θF∗ss

θF∗ss − 1

M̃Css

S̃ss
. (430)

Using the intermediate goods production function (75), demand for labor (76) and the demand for utilized capital (77):

T̃ss =

[
(1− α)

1
ξ
(
zLssLI,ss

)1− 1
ξ + α

1
ξ

(
K̃I,ss

)1− 1
ξ

] ξ
ξ−1

. (431)

LI,ss = (1− α)
(
zLss
)ξ−1

(
M̃Css

W̃I,ss

)ξ
T̃ss. (432)

K̃I,ss = α

(
M̃Css

R̃K,ss

)ξ
T̃ss. (433)

Insert (433) and (432) into (431) to get:

T̃ss =


(1− α)

1
ξ

(
zlss (1− α)

(
zlss
)ξ−1

(
M̃Css
W̃I,ss

)ξ
T̃ss

) ξ−1
ξ

+α
1
ξ

(
α
(
M̃Css
R̃K,ss

)ξ
T̃ss

) ξ−1
ξ


ξ
ξ−1

⇐⇒

1 =


(1− α)

1
ξ

(
(1− α)

(
zlss

M̃Css
W̃I,ss

)ξ) ξ−1
ξ

+α
1
ξ

(
α
(
M̃Css
R̃K,ss

)ξ) ξ−1
ξ


ξ
ξ−1

⇐⇒

1 =

[
(1− α)

(
zlss
W̃I,ss

)ξ−1

+ α
(

1

R̃K,ss

)ξ−1
](
M̃Css

)ξ−1

⇐⇒

(1− α)
(
W̃I,ss

zlss

)1−ξ
=
(
M̃Css

)1−ξ
− α

(
R̃K,ss

)1−ξ

⇐⇒

W̃I,ss =

(
(M̃Css)

1−ξ−α(R̃K,ss)
1−ξ

1−α

) 1
1−ξ

zlss.

(434)

Where zLss = 1. From the wage setting rule by households (47):

W̃I,ss = W̃ss =
ψss

ψss − 1
MRS(Lss, C̃ss), (435)

At this stage we know W̃ss (from (435)):

MRS(Lss, C̃ss) = W̃ss
ψss − 1

ψss
. (436)

To proceed, we need to switch our attention to the oil sector. First we assume that ZR,ss = 1, ZO,ss = 1, P̃O∗ss = 1,
ỸO∗,ss = 1, Oss = 0.1011. Given that Q̃O,t is bought from the final goods sector we have that

P̃QOss = 1. (437)

From the production of rigs (256) we get:
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F̃O,ss

ĨO,ss
=

πzss
πzss − 1 + δO

. (438)

From the production function of the extraction firm (247) and using that F̃O,ss = F̃O,ssπ
z
ss (249):

ỸO,ss = ZO,ss

(
F̃O,ss
πzss

)αo
(Oss)

1−αo . (439)

From the FOC of extraction firms w.r.t. FOt (250), remember that we know Λss and S̃ss:

Ω̃O,ss = πssΛss

(
αoS̃ssP̃

O∗
ss π

z
ss

ỸO,ss

F̃O,ss
+ (1− δO)Ω̃O,ss

)
(440)

=⇒

ỸO,ss

F̃O,ss
= Ω̃O,ss

(
δO + 1

πssΛss
− 1
)

αoS̃ssP̃O∗ss π
z
ss

. (441)

From the FOC of extraction firms w.r.t. IO,t (252):

P̃Rss = Ω̃O,ss. (442)

From the FOC of extraction firms w.r.t. UF,t (254):

ỸO,ss

F̃O,ss
=

1

αoS̃ssP̃O∗ss π
z
ss

P̃Rssa
′
(UF,ss). (443)

=⇒

ỸO,ss

F̃O,ss
=

Ω̃O,ssa
′
(UF,ss)

αoS̃ssP̃O∗ss π
z
ss

. (444)

Combining (441) and (444) we get that

a
′
(UF,ss) =

(
δO +

1

πssΛss
− 1

)
. (445)

From the supply firm production function (240):

ỸR,ss = (Q̃O,ss)
αq (LO,ss)

αl(K̃O,ss)
1−αq−αl . (446)

From (241), we get that marginal costs is given by

M̃CR,ss =

(
P̃QOss
αq

)αq (
W̃O,ss

αl

)αl (
R̃KO,ss

1− αq − αl

)1−αq−αl

. (447)

Supply firm factor demands ((242), (243) and (244)):

Q̃O,ss

ỸR,ss
= αq

(
P̃QOss

M̃CR,ss

)−1

, (448)

LO,ss

ỸR,ss
= αl

(
W̃O,ss

M̃CR,ss

)−1

, (449)

K̃O,ss

ỸR,ss
= (1− αq − αl)

(
R̃KO,ss

M̃CR,ss

)−1

. (450)

Then, from market clearing in the oil supply goods market ((255) and (326)):

ĨOF,ss = ĨO,ss, (451)
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ỸR,ss = ĨOF,ss + M̃O∗,ss. (452)

From perfect factor mobility we get that

W̃O,ss = W̃ss. (453)

Now we have 4 unknowns and 4 equations (446), (448), (449) and (450):

1 =

(
Q̃O,ss

ỸR,ss

)αq (
LO,ss

ỸR,ss

)αl (
K̃O,ss

ỸR,ss

)1−αq−αl

, (454)

1 =

(
αq
M̃CR,ss

P̃QOss

)αq (
αl
M̃CR,ss

W̃O,ss

)αl (
(1− αq − αl)

M̃CR,ss

R̃KO,ss

)1−αq−αl

, (455)

1 = ααqq ααll (1− αq − αl)(1−αq−αl)
(
P̃QOss

)−αq (
W̃O,ss

)−αl (
R̃KO,ss

)−(1−αq−αl)
M̃CR,ss, (456)

M̃CR,ss = α−αqq α−αll (1− αq − αl)αq+αl−1
(
P̃QOss

)αq (
W̃O,ss

)αl (
R̃KO,ss

)1−αq−αl
, (457)

We can then solve for M̃CR,ss,
Q̃O,ss

ỸR,ss
, LO,ss
ỸR,ss

and K̃O,ss

ỸR,ss
. From (245) and (246):

P̃Rss = M̃CR,ss
θR

(θR − 1)
, (458)

P̃R
∗

ss =
M̃CR,ss
Sss

θR
∗(

θR
∗ − 1

) . (459)

From (441) we get (since P̃Rss = Ω̃O,ss) that

F̃O,ss

ỸO,ss
=

[
P̃Rss

a
′
(UF,ss)

αoS̃ssP̃O∗ss π
z
ss

]−1

. (460)

Then by using (438):

ĨO,ss

ỸO,ss
= (πzss − 1 + δO)

F̃O,ss

ỸO,ss
. (461)

We know S̃ss, P̃O∗ss , P̃
R∗
ss and we set ỸO∗,ss so from the demand from extraction firms abroad (258) we get that

M̃O∗,ss = ao∗

(
P̃R∗ss

P̃O∗ss

)−1

ỸO∗,ss. (462)

From (439), we find that

ỸO,ss =

[
ZO,ss

(
F̃O,ss

πzssỸO,ss

)αo] 1
1−αo

Oss, (463)

which means we can back out F̃O,ss, ĨO,ss and get F̃O,ss from:

F̃O,ss =
F̃O,ss
πzss

. (464)

From (452) we can then back out ỸR,ss, and we can therefore solve for K̃O,ss, LO,ss and Q̃O,ss. From the definition of oq
(403), we get that

Ãss =
S̃ssP̃

O∗
ss ỸO,ss
oq

. (465)

Imports (M̃ss) and Q̃ss can then be found from eq. (94), (93) and (427) (P̃Mss is calibrated to 1):
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M̃ss = (1− νss)
(
P̃Mss

)−µ
Ãss,

Q̃ss = νss

(
P̃Qss

)−µ
Ãss.

To find traditional exports (M̃∗ss) we use the trade balance. Using eq. (304) and (261) in (303), setting B̃
TOT∗
ss = 0, gives:

B̃TOT∗ss = B̃∗ss − B̃F,ss
⇔

B̃TOT∗ss =

[
1− Rss

πzssπss

]−1 [
P̃Mss M̃ss − S̃ssP̃R

∗

ss M̃O∗,ss − S̃ssP̃M∗ss M̃∗ss − P̃RssĨOF,ss − G̃F,ss
]

−
[
1− R∗ss

π∗ssπ
z
ss

]−1 [
S̃tP̃

O∗
ss ỸO,ss − G̃F,ss

]
= 0

⇔ using
R∗ss
π∗ss

=
Rss
πss

P̃Mss M̃ss − S̃ssP̃R
∗

ss M̃O∗,ss − S̃ssP̃M∗ss M̃∗ss − P̃RssĨOF,ss = S̃tP̃
O∗
ss ỸO,ss

⇔

M̃∗ss =
[
P̃Mss M̃ss − S̃ssP̃R

∗

ss M̃O∗,ss − P̃RssĨOF,ss − S̃tP̃O∗ss ỸO,ss
] 1

S̃ssP̃M∗ss

.

From the demand for export (265), we must have:

ν∗ss = 1−
M̃∗ss

(
P̃M∗ss

)µ∗
ỸNAT∗,ss

. (466)

We can then substitute M̃∗ss into the market clearing equation for the intermediate good (321) to find T̃ss, i.e.

T̃ss = Q̃ss + M̃∗ss. (467)

As we now have T̃ss, we can use (432) and (433) to find LI,ss and K̃I,ss respectively. So from (324) we get that

K̃ss = K̃I,ss + K̃O,ss. (468)

By the definitions of utilized capital (119) we then have

K̃ss = K̃ssπ
z
ss, (469)

i.e. we have found the aggregate capital stock in steady-state. Then, by using the expression for capital accumulation (132)
and the definition of capital adjustment costs (133):

K̃ss =
(1− δ)
πzss

K̃ss + ĨC,ss

⇐⇒

ĨC,ss =

[
1− (1− δ)

πzss

]
K̃ss. (470)

Then by using this and (133), we get that

κss =
ĨC,ssπ

z
ss

K̃ss

= πzss − 1− δ.

As we now know both LI,ss (from 432) and LO,ss (from 243), we can find aggregate labor from (325):
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Lss = LI,ss + LO,ss. (471)

To proceed, we can use the definition of MRS (48):

MRS(Lss, C̃ss) = v′(Lss)

ũ′(C̃ss)
⇐⇒

ũ′
(
C̃ss

)
= v′(Lss)

MRS(Lss,C̃ss)
.

(472)

By using the calibrated value of zuss and (36), we can find C̃ss:

C̃ss =
ũ′
(
C̃ss

)
zuss

. (473)

The government expenditure can be found by using the definition of og (402):

G̃ss = ogÃss. (474)

We now switch our attention to the households FOC’s. By using (50), we can find δBss by fixed-point iterations, and by
using the definition of LTVss ≡ PssBh,ss

PHssHss
and (49), we get the loan to value ratio in steady-state:

LTVss =

[
1− (1− δBss)

1 + φss

1

πssπzss

]−1
φss

1 + φss
πssπ

h
ss (475)

⇐⇒

LTVss =

[(
1− 1

1 + φss

(1− δBss)
πssπzss

)
1 + φss
φssπssπ

h
ss

]−1

, (476)

1− LTVss

1 + φss −
(1−δBss)
πssπzss

φssπssπ
h
ss

 = 0. (477)

We can find φss by fixed-point iterations of (477) until convergence. From the first-order condition w.r.t. δBt (44), we get
that

ω̃ssB̃h,ss = µHELP1µ̃ss, (478)

where, remember that we can find the steady-state value of the stochastic discount factor from (40):

µHELP1 =

[(
Λssδ

prime − 1
)

(1 + φss)

Λss

]
, (479)

where we define

δprime = αh
(
δBss

)αh−1

(1− δBss)−
(
δBss

)αh
+ (1− αh)κ

h

. (480)

Rearrange the FOC w.r.t. B̃h,t (41): [
1− ΛssR

F
ss

]
B̃h,ss +

[
Λss

[
(1−δBss)
1+φss

]
− 1
]
ω̃ssB̃h,ss

− (1−δBss)
πssπzss

[(
δBss

)αh
−
(
1− αh

)κh]
µ̃ss + Λss(1− δBss)

[(
δBss

)αh
−
(
1− αh

)κh]
µ̃ss = 0

⇐⇒[
1− ΛssR

F
ss

]
B̃h,ss + µHELP2ω̃ssB̃h,ss + µHELP3µ̃ss = 0,

(481)

where

µHELP2 =

[
Λss

[
(1− δBss)
1 + φss

]
− 1

]
, (482)

µHELP3 = [Λssπssπ
z
ss − 1]

[
δBss −

(
1− αh

)κh]
, (483)
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and we have used that

δBss −
(
1− αh

)κh
=

1

πssπzss
(1− δBss)

[(
δBss

)αh
−
(
1− αh

)κh]
. (484)

Insert for ω̃ssB̃h,ss from (478) into (481) to get:[
1− ΛssR

F
ss

]
B̃h,ss + µHELP2µHELP1µ̃ss + µHELP3µ̃ss = 0

⇐⇒
µ̃ss =

[
µHELP2µHELP1 + µHELP3

]−1 [
1− ΛssR

F
ss

]
B̃h,ss.

(485)

Insert this into (478) to get:

ω̃ss =
µHELP1

µHELP2µHELP1 + µHELP3

[
ΛssR

F
ss − 1

]
. (486)

We have now the possibility to solve the steady state of the housing market. From market clearing in the final goods market
(322) we can now find ĨH,ss:

ĨH,ss = Ãss − C̃ss − ĨC,ss − G̃ss − Q̃O,ss. (487)

We now have both ĨH,ss and ĨC,ss, so Ĩss can be found from (323). From the housing accumulation equation (145), the
housing adjustment costs (146) and the solution of ĨH,ss from (487) we have that

H̃ss =

[
1− πhss(1− δH)

πzss

]−1

ĨH,ss, (488)

which means that

γH,ss =
πzss
πhss
− 1 + δH . (489)

Given the assumption that the steady-state value of P̃Hss = 1, we use (40), (486), φss and FOC w.r.t. to H̃t (43) to find that

w̃′(H̃ss) = P̃Hss ũ
′
(
C̃ss

)[
1− (1− δH) Λssπssπ

h
ss −

φss
1 + φss

ω̃ssπssπ
h
ss

]
, (490)

i.e. (from eq. (39))

zhss = w̃′(H̃ss)H̃ss. (491)

From the FOC w.r.t. to housing (147), we then get that

zHS,ss = P̃Hss . (492)

Now we can then find B̃h,ss from the constraint on households loans (49) and therefore µ̃ss from (485). Likewise we can solve
for B̃e,ss from the constraint on entrepreneurs loans (121), and the fact that we now know φentss , K̃I,ss and R̃K,ss. Given this
we can find µ̃ess from (423).

Then we turn to the banking sector. Total loans are given by (191):

B̃ss = B̃e,ss + B̃h,ss. (493)

By using the FOC w.r.t. to deposits (42) and (37) and setting zdss = 0.1889:

ΛssR
d
ss = 1− d̃′(D̃ss)

ũ′(C̃ss)
⇐⇒

d̃′
(
D̃ss

)
= ũ′

(
C̃ss

) [
1− ΛssR

d
ss

]
⇐⇒

D̃ss =
zdss

ũ′(C̃ss)[1−ΛssRdss]

(494)

Now we can find the value of the risk-weighted lending by using (183). Then by the definition of the capital requirement
and by given value of $ss (186) we get:

KB
ss = $ssB

RW
s (495)
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By using total assets and bank capital, we can find banks’total external funding from (190) :

B̃TOTF,ss = B̃ss − K̃B
ss. (496)

Then by using this and deposits above, we can find banks’foreign funding from (192):

B̃∗ss = B̃TOTF,ss − D̃ss. (497)

By using (181) we can find J̃ss. To make the J̃ss and K̃B
ss consistent with (182), we need to set the value of δ

b as follows:

δb =
J̃ss

K̃B
ss

− πssπzss + 1. (498)

Using that B̃TOT∗ss = 0 and (303) we get:

B̃F,ss = B̃∗ss. (499)

Lastly, where we have set ỸNAT∗,ss = 1.

We can now find the transfer from the oil fund to the banks (ρGF ) by using and (261):

B̃F,ss = (1− ρGF )

[
R∗ss
π∗ssπ

z
ss

B̃F,ss

]
+ S̃ssP̃

O∗
ss ỸO,ss

⇔

1− ρGF =
[
B̃F,ss − S̃ssP̃O∗ss ỸO,ss

] [ R∗ss
π∗ssπ

z
ss

B̃F,ss

]−1

(500)

⇔

ρGF = 1−
[

1− S̃ssP̃O∗ss
ỸO,ss

B̃F,ss

] [
R∗ss
π∗ssπ

z
ss

]−1

And then from (260):

G̃F,ss = ρGF

[
R∗ss
π∗ssπ

z
ss

B̃F,ss

]
. (501)

The rest is found by trivial substitution.
- We did it!
- Now what?
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18 List of all parameters

Dynamic parameters

Parameter Value Description
Households
αh 0.9959 Parameter governing the dynamics of the amortization rate for households
κh 1.0487 Parameter governing the dynamics of the amortization rate for households
bsa 0.6393 Share of households with backward-looking expectations regarding house prices
bc 0.9384 Habit persistence in consumption
bd 0.4813 Habit persistence in deposits
β 0.99 Discount factor
bh 0.9867 Habit persistence in housing services
bl 0.5862 Habit persistence in leisure
δH 0.0228 Depreciation rate for housing capital
λsa 0.9495 Degree of how backward-looking agents are while forming house price expectations
φW 666.92 Cost of changing wages
zd 0.1889 Deposit preferences
ζ 3 The inverse of the Frisch elasticity of labor supply

Intermediate goods sector
α 0.256 Share of capital used in intermediate-goods production
φPM

∗
285.60 Cost of changing export prices in foreign currency

φPQ 669 Costs of changing domestic prices
θF∗ 6 Elasticity of substitution between exported goods
ξ 0.929 Elasticity of substitution between capital and labor

Final goods
µ 0.5 Elasticity of substitution between domestic and imported goods

Entrepreneurs
αe 0 Parameter governing the dynamics of the amortization rate for entrepreneurs
κe 0.9977 Parameter governing the dynamics of the amortization rate for entrepreneurs
φu 0.2192 Cost of changing the utilization rate for entrepreneurs

Capital producers
δ 0.0108 Depreciation rate of capital
φI1 12.5432 Cost of changing business investment from its steady-state value
φI2 165.6624 Cost of changing business investment from the previous period’s value

Housing sector
φH1 60.7278 Cost of changing housing investment from its steady-state value
φH2 199.6549 Cost of changing housing investment from the previous period’s value

Banking sector
χc 10 Cost of deviating from the target capital-to-assets ratio
χo 0.0046 Fixed operational cost of banks (spread btw wholesale lending rate and money market rate)
δb 0.0161 Fraction of bank capital that is paid as dividends to shareholders
φB 0.0016 Elasticity of interest rate risk premium w.r.t. net foreign assets
φD 0.0732 Adjustment costs for changing deposit rate
φe 18.5013 Adjustment costs for changing business loan rate
φF 18.3597 Adjustment costs for changing household loan rate
φS 0 Elasticity of interest rate risk premium w.r.t. real exchange rate
θD 7.007 Elasticity of substitution between household deposits
ςh 0.4 Risk weight on loans to households
ςe 0.8 Risk weights on loans to households

Oil sector
αl 0.28 Share of labor used in oil supply goods production
αo∗ 0.15 Foreign oil extractor’s share of oil supply goods from home country in production
αo 0.55 Share of rigs used in oil production
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αq 0.69 Share of final goods used in oil supply goods production
δO 0.021 Depreciation rate of oil rigs
γO 0.0336 Cost of changing utilization rate for oil extractors (first)
φuf 17.7955 Cost of changing utilization rate for oil extractors (second)
φPR 1245.6 Cost of adjusting oil supply goods prices in the domestic market
φPR

∗
1723.1 Cost of adjusting oil supply goods prices in the foreign market

φRI 8.2151 Cost of changing oil investment
ρGF 0.0501 The fraction of transfer from GPFG to banking sector
θR 400 Elasticity of substitution between oil supply goods domestically
θR
∗

5 Elasticity of substitution between oil supply goods for export
ZO 1 Oil extraction productivity
ZR 1 Oil supply productivity

Foreign sector
αP∗ 0.1497 Parameter governing how expected inflation affects current inflation of trading partners
αGLOB 0.1 Weight of trading partner’s output gap in global output gap
αY ∗ 0.0462 Parameter governing how trading partners’output affects current inflation of trading partners
βO 0.2026 Parameter governing how expected real oil price affects current real oil price
β∗ 0.999 Discount factor abroad
κO 4.0027 Parameter governing how global output gap affects real oil price
λY NTP 0.9258 Persistence of non-trading partners output gap
µ∗ 0.5 Foreigners’elasticity of substitution between foreign and exported goods
ωP∗ 1.4606 Response coeffi cient to inflation in the Taylor rule for trading partners
ωR∗ 0.8414 Interest rate smoothing in the Taylor rule for trading partners
ωY ∗ 0.04 Response coeffi cient to output in the Taylor rule for trading partners
φP∗ 0.8862 Persistence of trading partners’inflation process
φOP∗ 0.0006 Parameter governing how real oil price affects trading partners’inflation
φPM 830.10 Cost of changing prices of imported goods
φONTP 0.0012 Parameter governing how real oil price affects non-trading partners’output gap
φY NTP 0.0114 Parameter governing how trading partners’output gap affects non-trading partners’output gap
φY ∗ 0.6146 Persistence of trading partners’output gap
φO∗ 0.0048 Parameter governing how real oil price affects trading partners’output gap
φY NTP∗ 1.0994 Parameter governing how non-trading partners’output gap affects trading partners’output gap
ψR∗ 0.7569 Parameter governing how foreign real interest rate affects trading partners’output gap
θF 6 Elasticity of substitution between imported goods

Monetary policy
βp 0.99 Discount factor of the central bank
λdr 0.4 Weight on the annualized policy rate change in the loss function
λlr 0.02 Weight on the annualized interest rate gap in the loss function
λy 0.3 Weight on the output gap in the loss function
ωP 0 Response coeffi cient to inflation in the mimicking rule
ωP1 0.2921 Response coeffi cient to future expected inflation in the mimicking rule
ωPREM 0 Response coeffi cient to money market premium in the mimicking rule
ωR 0.6663 Interest rate smoothing in the mimicking rule
ωRF 0 Response coeffi cient to foreign interest rate in the mimicking rule
ωS 0.0159 Response coeffi cient to real exchange rate in the mimicking rule
ωW 0.8705 Response coeffi cient to wage inflation in the mimicking rule
ωY 0.2417 Response coeffi cient to output in the mimicking rule
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Shock-related parameters

Parameter Value Description
Persistence parameters
λB 0.737 Exchange rate risk premium shock
λG 0.9145 Government spending shock
λh 0.6938 Housing preferences shock
λI 0.6457 Shock to business investment adjustment costs
λIH 0.8608 Shock to housing investment adjustment costs
λinf 0.75 Monetary policy shock (Optimal policy)
λIOIL 0.834 Shock to oil investment technology
λzL 0.804 Temporary productivity shock in the intermediate goods sector
λMC∗ 0.0965 Shock to marginal costs abroad
λν 0.9336 Import demand shock
λν∗ 0.9238 Export demand shock
λPO∗ 0.8736 Real oil price (supply) shock
λφent 0.9102 Shock to LTV ratio of entrepreneurs
λφ 0.783 Shock to LTV ratio of households
λprem 0.8168 Shock to money market premium
λψ 0.2797 Wage markup shock
λRN3M 0.7919 Monetary policy shock (Taylor rule)
λR∗ 0.3222 Monetary policy shock (trading partners)
λθe 0.9641 Markup shock to lending rate for loans to entrepreneurs
λθH 0.4347 Price markup shock
λθH∗ 0.0523 Trading partners’price markup shock
λθIH 0.8895 Markup shock to lending rate for loans to households
λu 0.7248 Consumption preference shock
λU∗ 0.7825 Trading partners’demand shock
λwedge 0.838 Inventory shock
λY O∗ 0.7458 Shock to the oil production abroad

St.dev. (multiplied by 100)
σB 0.6178 Exchange rate risk premium shock
σG 0.3806 Government spending shock
σh 28.6767 Housing preferences shock
σI 23.0179 Shock to business investment adjustment costs
σIH 2.575 Shock to housing investment adjustment costs
σinf 1 Monetary policy shock (Optimal policy)
σIOIL 2.6119 Shock to oil investment technology
σzL 0.598 Temporary productivity shock in the intermediate goods sector
σMC∗ 34.629 Shock to marginal costs abroad
σν 0.4277 Import demand shock
σν∗ 4.2376 Export demand shock
σPO∗ 7.9181 Real oil price (supply) shock
σφent 2.5902 Shock to LTV ratio of entrepreneurs
σφ 25.4232 Shock to LTV ratio of households
σprem 0.0372 Shock to money market premium
σψ 63.3097 Wage markup shock
σRN3M 0.0302 Monetary policy shock (Taylor rule)
σR∗ 0.0841 Monetary policy shock (Trading partners)
σθe 84.8579 Markup shock to lending rate for loans to entrepreneurs
σθH 20.1448 Price markup shock
σθH∗ 0.8327 Trading partners’price markup shock
σθIH 167.9416 Markup shock to lending rate for loans to households
σu 3.0209 Consumption preference shock
σU∗ 1.1147 Trading partners’demand shock
σwedge 0.1844 Inventory shock
σY NTP 0.1828 Global demand shock
σY O∗ 3.4093 Shock to oil production abroad

Other
ρffm 0.5269 Oil price-induced effects on wage bargaining
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Steady-state parameters

Parameter Value Description
πss 1.0062 Gross inflation (quarterly)
π∗ss 1.005 Gross foreign inflation (quarterly)
πhss 1.0113 Relative house price trend inflation (quarterly)
πzss 1.0025 Trend productivity growth (quarterly)
Gss 1.5484 Government spending as a share of output
zinf,ss 1 Inflation target shock
MO∗,ss 0.11 Oil supply goods export volume
MC∗ss 1 Foreign marginal cost
γbss 0.136 Bank capital-to-risk-weighted assets ratio target
CCBbss 0.02 Countercyclical capital buffer
YNAT∗,ss 1 Foreign output
νss 0.65 Share of domestic goods in final goods production
ν∗ss 0.212 Share of domestic goods abroad (export demand)
Oss 0.1011 Oil in the ground
PO∗ss 1 Real oil price
φentss 0.9917 Collateral coeffi cient governing LTV ratio for entrepreneurs
φss 0.1095 Collateral coeffi cient governing LTV ratio for households
ψss 2.5 Elasticity of substitution between differentiated labor
R∗ss 1.005 Money market interest rate abroad (quarterly)
θess 13.95 Elasticity of substitution between loans to entrepreneurs
θHss 6 Elasticity of substitution between intermediate goods
θIHss 29.2846 Elasticity of substitution between loans to households
ZB,ss 0 Risk premium shock
zhss 0.523 Housing preference shock
zI,ss 1 Shock to business investment adjustment costs
zIH,ss 1 Shock to housing investment adjustment costs
ZIOIL,ss 1 Shock to oil investment specific technology
zLss 1 Temporary productivity shock in the intermediate goods sector
Zprem,ss 1.0012 Shock to money market risk premium
zuss 2.6315 Consumption preference shock
zx,ss 1.0772 Inventory shock
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