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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.! 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, PX denotes the nominal price of real variable X in period t. The consumption good is the
numeraire and has the price P,. Wy, is the nominal wage rate in sector X. Moreover, RX = 1+ r;X is the “gross interest
rate” associated with sector or variable X, where r{¥ 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 77 = Z;/Z;—1. We let X indicate the stationary form of X;. Hence, for consumption, C’t = Ct . The housing sector is

h.
assumed to have a weaker technology growth rate of 77 /77, where 7 = Z!"/Z]" |, hence H, = Ht—f 2 We use the notation
X, 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

=E; Zﬁt ° (1)) +d(D¢ (5)) + w(He (7)) — v(Le (5))], (1)

where ( is the discount factor, C; denotes consumption, D; is deposits, H; is housing stock and L; is supply labor. The
in-period utility functions are defined as:

w(C) = ot (-0 s [ ] @)
d
d(Dt(j))*Zt( bd/ﬂ) {W],
o T=b L () = b 4]
o) = ¢ | U=

w(H (7)) = 2 (1= b"ag,/7%,) In [W]

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 7%, denotes the exogenous steady-state (labor augmenting)
technology growth rate (i.e. 7§ = Z;/Z;_1). The weaker technology growth rate of the housing sector, 77 /77, is equal to
7%, /7l in the steady state. The degree of disutility of supplying labor is captured by the parameter ¢ > 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.

z
2The relative growth rate of the housing sector to the economy’s growth rate is :,ﬂ /71'?:7%,1. The growth rate of real house prices to consumer
t t

os i
prices 18 7Tt .



The household’s budget constraint is:

PCy(§) + PuDy () + P H: () + () + 67 () Pio1Boaa (9)

= Wi(5)Le () [L — 7, (§)] + Pelp () + R{_ Pim1Dy—1 (j) (3)
+(1=6y) P Hi1 (j) + DIV; (j) — TAX, (j)

where P, is the price level of final goods, P is the price level of the housing stock, r{" is the nominal net mortgage interest
rate faced by households, R{ is the gross interest on household’s deposits, 6? (j) denotes household j’s amortization rate
(mortgage repayment share), By, () is real household’s borrowing, Wy (j) is the nominal wage rate (in both the intermediate
sector and the oil sector) set by household j, 7,(j) is wage adjustment costs (defined below in (8)), L, (j) is the total
amount of hours worked (in both the intermediate sector and the oil sector), I ;(j) indicates new real loans by household
J, 0 denotes depreciation of the housing stock and DIV;(j) and TAX,(j) are dividends (in nominal terms) paid out to the
household and taxes paid by the household, respectively.

Household’s borrowing process:

Py

Bue (1) = (1= 0P() 5" B (1) + 1. (). @

Loan installments (repayments) are assumed to follow from an (approximated) annuity loan repayment formula®:
: IBt(j)) B\ It () hy R
58 (j) = <1 _ 2Bl (5 ) SRR SRV 5
t+1 (4) B ;) t (4) B ;) ( ) (5)

where o and k" are exogenous parameters. If o’ is 0, we have that 5f+1(j) =1 for all ¢, i.e. Bp.(j) = Ips (), but if
a® > 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):

P, Py
Py Py

Im@%B[ mmmﬂﬂ, ©)

where ¢, 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)):

Li(4) = (Vvvtéj)) o Ly, (7)

where W; is the wage rate and 1, 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

" [Wt () /Wer () 1]2
2 Wit /Wi_o ’

V4(7) (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 ¢W > 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:

Similarly, combining (5) and (4) gives

3See reference #[13], Gelain et.al (2014b)



N - (1-68()) BetB, , 1 (i o
- (12 202l ;(](?) OO0 (5 )
Biui () = (1= 87 () T Bram1 (9) 0
- B (5) - t-a)
=
52460 = (1-080) Tt Bt U [ (58 ) — -0y + (-0 (10)

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

L(WtaDta Bh ,ty Ht75tB,wt7Mt) =

WL, (5 ) (1= 7.(0)]
+Bh.i ( )+ R, PtlDt—l ()

u +(1_6H) %Ht,1 (])
+DI‘/t(.j) _ TAgt(j) D, ( )

Y 5 ~HUH, ()~ RE BB () R
+d(Dt( ) +w(Hy (j )) —U(Lt( /)

. Py, (1-6¢ (5)
—wt | Bne (4) — 5 (Hi(mj)Bh t—1( 1+¢t

—ut {&H( ) (1_53( )) Pt By [(53( )) - o )t } (1_ah),§h] _

where w; is the Lagrangian multiplier associated with the borrowing constraint (9) and p, is the Lagrangian multiplier
associated with the repayment constraint (10). FOC (suppressing index j)

)
A 3550

w.r.t. Bh,t
/ / F Pt
U (Ct) —Et {Bu (Ct+1)Rt P:| — Wy
t+1
(1 *55-1) Bpi—1 P B B a” harh
+E, Wt+1ﬁp+1 o | M, B ) (67) - -a"
P, B B [ B al h h:|:|
+FE ——(1-94 1) —(1-=a")" =0
t {Nwrl Pt Bh7t+1( t+1) ( t+1) ( )
(12)
By ¢
& | * 7 ()
(13)
u' (Cp1) Py ] F Wi
By, — By E — B,
hit ht Bt {5 7€) P oGy Ot
W41 U/(Ct+1) Py ( 5t+1) e DBri—1 P B [ B a” h,.@h]
+F — : 1-96 1) — (1 -« 14
oy w6 PR Tro B w6y B A0 |(6) —a-ah (14

h

u (C P, By o
+E, [5 Hiq1 (Ciy1) P h,t (1 5t+1) [(5t+1)

_(1— h lih:|:| ZO,
w (Cey1) W (Cr) Piy1 Bhisa (1=e



w.r.t. .Dt

(G + By [ﬂu (Ciir) Pi }Rder/(Dt) 0

B[ G

=

P

1

t+1
=

Py ] a_q1_ 4Dy

u' (Ct)

PH PH, P
Pt+ :| —&—w’(Ht)—kEt |:Wt ¢t t+1 t+1:| -0

14+ ¢, Pry1 P

u' (Ct) Py

h

u' (Cy)
w.r.t. H;:
i PtH !
—u' (Cy) ?t +E |B(1—0m)u (Ceyr)
w'(Hy) PP o (Co) PHLL)
(- U TonE 8-
w.r.t. Jf
BhtIPtl[h B\ 1 B B\“
— e+ (s 1-68)— (s
Pt + B j2) a(t) ( +) (t)

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

v (Ly) SLy +u' (Cy) KLt + =

oWy P,

u (Cy) 1+ ¢,

L
Wi é t>( _ t) WtL 5%

Wi (oN B [Ptlii Pt+1}

Py Py

+(1—ah)ﬂh] —wfB {B“ LB 1} -0,

L+o, B

/Wiy }
Wi1/Wis

Pf 6Wt 5Wf
_ / Wit Ve1
E, [5U (Ciy1) P Lty W, =0
=
Ly W, < Wi /Wi )
L —+ A=A -5 L Tl g
L b+ (O3 (=) (=70 = e (i
Wit - <Wt+1/wt > Wit < 1 )2
+E, |Bu (Cpar) =1L -1 — ] |=0
0| (Cnn) P Lo d T\ o W /Wiy \ W,
=
v' (L)

15
v = [ - D)+

/!
_E, {ﬁu (Cip1) P Lipa,w

¢W< Wi /Wiy _1> Wi /Wiy }

Wit /Wi

’U./(Ct) Pt+1 Lt

where we have used that in symmetric equilibrium all households will set the same wage rate, hence: W;(j) = W; for all 7,

<Wt+1/Wt _ 1) (Wt+1/Wt)2] ’

Wi/ Wis

1 1— 7/t _’/’t
so Wy = [/Wt(j)lwtdjl [/th wth] =W, [} 1dj = W, =
0

Wi /Wiy

We(j) and
SLG) _ (W) W L, _ 0L () _
(5Wt (]) ¢ Wy Wy in symmetric eq. (W (j)=W) (5Wt (])
We have also used that
5, () _ o [Wt () /W1 (§) 1} /W1 (5)
5Wt(]) Wt—l/Wt—2 Wt-l/Wt_Q’

M _ W |:Wt+1 () /Wi
Wi (5) Wi /Wia

o 1i vvvitfvlviji (Wt1<j>>2'

Wit /Wi s

tht.

(15)

(16)

(18)



2.2 Making the equations stationary
2.2.1 The in-period utility functions

c c —1
From (2) we have: u (Cy) = z;* (1 — b/7%) In [%ﬁﬁ;l] = (Cy) = 2} [%ﬁﬁ;l} =z [

Zo! (C) = (C u a_bc@*l”% B 19
W (0= (C) ==t | T | 19)
where U/ (C~’t) is stationary. Similarly,
N L S R
T(0) = | Sy, | (A, 0
Li—bLi_]°
v' (L) = [1—()5 ) (21)
h —1

S h ﬁt_bhﬁt—l% Zy
T = SN e e |\

2.2.2 First-order conditions

First, define w; = % and [, = #@7 which are both stationary. The stochastic discount factor is defined as:
_ i/ (Crys — Py
Apiyi = 5 uu(’(é:)) 7'rf,1+i ,where m,1; = It)j . Note that

ia/ (étH) 1 1
Appri =M =0 = PR
w (Cr) i iy

(23)

where Ay ;; is the stochastic discount factor in stationary terms. We also define the stochastic discount factor for one period
ahead as

W (@H) L

A=A=p - (@) ——

(24)

Wage adjustment costs are already stationary. By using W;(j) = W, and defining 7}V = WV:/; equation (8) can be
written:
2
o" [l
=— —1] . 25
e 2 thzl (25)

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

Eh,t — Bn,RFE,[A] - ‘:)tgh,t

~ (1=670) | ~ ~ sy Bri1 1 B\ hyk"
E A—T"| By — 1-— = —(1- " 2
e AT B = (1= 0F) Tt (67) —(-ah (26)
~ é,, a s
+E; Mt+1A(1 - 5tB+1) = ht [(5511) - (1= ah) H =0,
B}z,t+1
w.r.t. Dy (recall (15))
a (D)
E AR = |1- (27)

w(@)]

~ H
w.r.t. Hy (recall (16) and note that Pl = %%7 which is stationary)
t



@' (Hy)

w(C)

It is assumed that households do mot have complete rational expectations w.r.t. house prices. Instead, we assume that

a share b*® of households expects house prices to follow a moving average process, whereas a share (1 — b**) has rational
expectations. To model this assumption, the first-order conditions w.r.t. house prices need to be log-linearized. Let Y,

indicate the steady-state value of Y; and let Y indicate the gap (log-deviation) from the steady-state value, Y, = log(Y;/Yss).
Then, house price expectations are (in gap form) given by

h
By Pt+177t+177t+1

—PH _(1-3 E[AP 5
t ( u) B 17Tt+177t+1 Wt1+¢

E, {Pm} = b X + (1 - b*)PH,, (28)
where
X =3B+ (1= XX] (29)
is the moving average process. The log-linearized FOC
w.r.t. H;:
) j’_tr . —
v (j) ~ PH—(1-6g)AgmssPHrh [1 +A+Tm+ th + bS“XH + (1 - bsa)Pgl]
")
_ d) sa H _ psa /H\
T+ o Wesmes PHAl |1+ &y + o1 + 7Tt+1 +0M X+ (1 -0%")P, |, (30)
t

Other FOCs are given by
w.r.t. 02 (recall (17), leaded):

~ ~ gh1t @ _1 B B a” h Eht
=+ By |y A=—— [ 1 —041) = (01) + (1 —a")" | —@iA =0, (31)
t t+ o ( t+ ) t+ ( t+ ) [
w.r.t. Wy (recall (18), and define 7" = 7%-):
-1
[V, *Wl] (1 - Y4l
W, ~ W my Tt _
?t =, Z:MRS(Ly, Ch) ToT o iy 1 5
B T Ty
B [8M o e U (T 1)
—
—1
[V — 1] [1 =74

—~ ~ +¢W Ty ( TF:}V _ 1
Wi =, MRS (L, Cy) Mo AT ) (32)

W Lig1r Teqpr [ Teqr

~B[A R e (T 1)
where we have used that
"(L Zw' (L Zw' (L ~

MRS(Ly,Cy) = > (Le) _ Zev'(Ly) _ Zev'(Ly) _ Z:MRS(L;, Cy). (33)

uw (Cy)  Zw! (Cy) g (ét)

2.2.3 The constraints

Lastly, the constraints need to be stationary. From (9) we have: Bh ;= (11+‘; ) Ton? Bh -1+ 1+d> E; {Pt+17T?+17Tt+1Ht} By
t

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

By, =~——1B H,, sSP 1+ H, h pse X H —ps)pH | 4
hot 1+¢t e 1+1+¢t TosPys Mgy |1+ He + o1 + 7 g + i+ )Pt (34)

From (10) and lagged we have that

1 Bps a
o = (1= o) 22 (58

T—1T_1 Bp -1

h h

—(1- ah)“h} +(1-aM" . (35)




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

7 (C.,) = 2=, 36
(Cu) =3 (30)
7 (b..) = 2=, (37)
DSS
U/ (Lt) - Lss’ (38)
- h
@ (Ho) = = (39)
2.3.2 First-order conditions
Discount factor
Ay = p . (40)
TssTag
FOC
w.r.t. By
~ ~ o~ _ 1—-68) -
Bh,ss - Bh,ssRiAss - wsth,ss + oJssAss (1_|_<;S)Bh,ss
SSs
~ o _sBy 1 BN et~ B BYY 4 met]
/’Lss(l 658)7TSS7T§S (535) (1 @ ) +:U’ssASS(1 588) (65.9) (1 « ) _O (41)
w.r.t. .Dt
d (D,
AgsRE, = |1 - (~) (42)
!
u (Css>
w.r.t. Hy:
w' ﬁss = g ~ =
LN) =pH _ (1-0g) Agomes PERN — Dss Desmss PETN . (43)
_ SSs SSs SSs 1 SSs SS
u’ (CSS) + ¢ss
w.r.t. 6?: N
~ ~ B\ B B\ el |~ Bhss
s + T |0 (62) (1 =08) = (65) +(1-ah)| - Gashosi 5= =0 (44)
w.r.t. Wy:
Vss = 0, (45)
7;5 =0, (46)
Wss - %MRS(LSS7 5ss)~ (47)
Definition of MRS:
!
~ L
MRS(La, Cog) = 2 {Ess) (48)

10



2.3.3 The constraints

- SH_h
22 HSS SSP ) 4
1 + ¢ss ’n- SS T[-SS ( 9)

~ 1-65) 1
Bh o5 — 1 _ ( SS)
1 + ¢ss 7TSS7T§S

h

(o) ey &)

TesTs

B _
688_

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 Q:(n) to the final good sector and exports good M/ (n). It has the following production
function (where Ti(n) = Q¢(n) + M (n)):

Ty(n) = [(1 = @) (ZeaF Lia(n))' =% + o K p(n) =877 (51)

where « € [0, 1] determines the capital share and £ denotes the elasticity of substitution between labor and capital. The
variables Ly (n) and K. (n) denote, respectively, hours and effective capital used by firm n in period ¢. There are two
exogenous shocks to productivity in the model: Z; refers to an exogenous permanent (level) technology process, which grows
at the gross rate 77, whereas z denotes a temporary (stationary) shock to productivity (or labor utilization), which follows
an AR(1) process.

Total labor input to firm 7 is an index over used labor from all households j, i.e.

Yt
1 Pr—1
o
Lisn) = | [Loatnd)“Fai| (52)
0

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

Let Wr . be the wage rate and Ry, 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:

1—

L=WiiLry(n)+ ReriKri(n) — A |(1— )¢ (ZizFLia(n)' "¢ + afKry(n)' "¢ =T, ¢ (n)

FOC:
w.r.t. Ly (n):
1 1 L 17% _1
Wi — A1 - g)(l —a)8(Zzy) " Lri(n) € =0
=
1 1 1-¢ 1
M1 = )1 —a)e(Z2E) © =Li(n)E
Wi ( €)( )€ (Ziezy) r,t(n)
4
1 1 -1757
ML= )1 —a)f(Z2l) ° = Ly4(n)"e. 53
Wi ( f)( )€ (Zezy) r,t(n) (53)
w.r.t. f“(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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1 1. 11571t
A1=2)at|  =Kp(n)' ¢,
APt =Fum)

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

-tz | A(l—i)(l—a)é(thtL)lérl+a§[ ! A(l—l)aérl

Wi

1

(1= D5 (= @) (Zesh) W + alBicr) 6| = Tu(m) T

3

1-¢

(55)

To obtain an easier expression to work with, let MC} ¢ = {(1 —a) <W“‘) + a(RKI,t)lg} . Inserting this in (55) gives

T
Zizy

(1- %)-fflflMc}*i =Ty(n)F.

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

1

1 1—< 1=¢ -1
(1 o)t (Zizh) ] MCI = Ty(n) 2

It
<
1 1 1*% -t
Li) |- )t ze) | arert = mm)

1-¢ _ £-1
Ki4(n) "€ (Rgr) e e MCHt =Ty(n) s
=
_ R -
K14(n) = a ( z\fé’:) Ty(n)

(56)

(57)

(58)

In symmetric equilibrium all n firms make the same decision L;¢(n) = Ly, so Ly = fol Lri(n)dn = fol Lydn =
L. fol ldn = Ly, = Ly 4(n). Similarly, K;; = K;4(n) and T, = T;(n). To find the expenditure function, insert (57) and

(58) into Y¢(Wr s, Ricre,Tt) = WriLri + Rir+K 1y to get

MC )\ ¢ MC, )\ ¢
thwu(l—a)(w t) Tt<thf)5—1+Rm,ta( t) T

It R
=
Wi \'C
T =(1-a) (ztifi> MG, T, + a(Rir) ¢ MCET,
t

=
Y, = MC} S MC;T, = MC,T,.

12



The marginal cost function can be found by:

1
1-¢

th WI,t — o

Before we proceed with deriving firm n’s optimal prices, we will first find the conditional labor demand functions fac-
ing household j, L;(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 Wy ,(j) = Wi(j)): l n%in_) fol L (n, j)Wi(5)dj subject to
I1,t\1n,7

Yt
Pye—1

1
/L]ﬁt(n,j)l_ﬁdj = Ly+(n). This gives the following Lagrangian:
0

Py—1

1
1
L= / Lio(n, YWo()dj — A / Lio(n, )% dj — Lyo(n)"5
0
0

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

%
=
1 —1
W) [A (1 - ) = Lro(n,j)%
=
1 Vel =1
W) [A (1 -1 } = Ly, ) 57 (60)

1 141 / Yp—1
[)\ (1 - 1/’) /Wt(j)l_w"dj = Lr(n) v .
t/ |
0

1 1—4¢

The wage rate can be defined as: W; = /Wt ()} ¥edj . Inserting this, that W; = Wy, and in the second line using
0
the FOC (60) gives
-1
1 t _ Py —
[)\ (1 - ﬂ W = L)
¥y
=
PNt Ao, —11rr L=y Py—1
Lr(n,j) 7e We(§)"e Wy 7t = Lry(n) 7
=
V(W@
L = —= L
r,¢(n,7) ( W, r(n)

Then, to find the labor demand curve facing household j, i.e. Ly.(j) = fol L (n,j)dn:

13



Li(j) = /01 Lii(n,j)dn = /01 (Wt(j)>wt Li(n)dn

Wre
=
Lie(j) = (W;‘Ej )>_wt /0 1 Ly¢(n)dn
<~
Lia(j) = (Ww(j))w Liy. (61)

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

N\ Y
Li+(5) + Lo (j) = Li(j) = (W‘jv—(:)) L, (where we have used that W;; = Wo = W; 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: PtQ (n) domestically and P’ (n) abroad, where the latter is denoted in foreign currency. Profits
(which are paid out as dividends to households) becomes:

Wy (n) = PP (n) Qi(n) + PM* (n) SM; (n) = WieLrs (n) — Rira(n)K (), (62)
where Q¢ (n) + M (n) = T;(n), and S; is the nominal exchange rate (“NOK per foreign currency unit”).

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

2
¢PQ PtQ (n) /Ptg1 (n)
n)= -1 , 63
'YPQ,t( ) 2 Pgl/PtQ_g ( )
* * * 2
¢PM PtM (n) /Ptﬂgl (n)
X = —1 4
YPMm ,t(’n’) 9 PtJ%I/PtJ\i[; 5 (6 )

1
E3

a1 .
respectively, where P@and PM " are price indices (P® = “01 PR (n)lfefl dn} ol pMT = [fol PM (n)lfgf dn|'="). The

costs of changing prices are governed by the parameters qSP Q and ¢P M

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

Q -7

(Ptpigl)) ' Q: (see (85)), where 8 is the elasticity of substitution between domestic goods produced by different firms
t

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

i
M* Yt *

abroad is M[(n) = (PtPM(*”)> M, where Hf is the elasticity of substitution across intermediate export goods, which is
t

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

max INT =

{P2(n),PM" (n)}

oo Q0 . M & Qim0 M e
a7 (58) e s (5 - () s () o
t=s

_’YPQ,t(n)PtQQt - ’YPM*,t(n)PtM*StMt*

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

5Note, that the costs of adjusting prices are linear in PtQQt and not PtQ (n)Qt(n).
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<Pﬁ<n>>“ o, >9H<PQ<n>>“‘ o

PR PR PR
—0F 1
+Mct9H<PtQ (n)) Qi _ypa [PEO/PE () (T VP2 () o
t
PtQ PtQ PtQ—l/PthQ t l/PtQQ
i d agre [Pl /Py PG (1 o L
t P2/P2, PP \PEm)) T

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

T T
= Uol PR (n)kef dn] 0 = {ﬁfh*ef{ fol 1dn} o ?tQ = P2 (n). Using this, the FOC can be rewritten as

PR /PR PR /PP
Qt gHQt + MCtGH& o d)PQ é / t—Ql _ é / tzgl Qt
Pt Pt—l/Pt—Q Pt—l/Pt—2
PQ /PQ (PQ /PQ)2
1B, A AgPQ | Tt ity t+1/ 1% —0. 65
t { ¢ PtQ/Pt(il PtQ/Pt(zl Qt+1 ( )
Similarly, the FOC w.r.t. PM" (n) can be written as
. M - | PMT/PM] PM" pM;
S, My — 0F S M+ MCoI b — M |2 tel g Tt Tt g
MO S MO0 e AT N
. [ Pry pM (PM; /PM")?
B Q AgPMT | L LS My ¢ = 0. 66
o s | e | s )
3.2 Making the equations stationary
3.2.1 Definitions
From (51) we get that
_£
Tt ~ 1 1—1 1— 7% €1
Z:Tt: (1—a)§(ZtLIt> 5+a£KIt (67)

To make the factor prices stationary, W; : = % and é;{[’t = frre where P, is the price of the final good.

3.2.2 Demand equations

From (59) we have: M??t = MC, =

—~ —£
Wi = Lye—1
Lis=0—a)| =] Tz 68
re=( )<M0t> t(2¢) (68)
From (58) we get that
~ =€
~ RK ~
K]’t =« A_t, Tt. (69)
MC,

The costs of adJustlng prlces (equatlons (63) and (64)) are already stationary. Using P = P2 (n), PM" = PM"(n) and

PR pM .
defining 7rt = PQ and 7M° = PtA—{; ,the equations can be rewritten as
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2
TPQt = -1, (70)
2 7TtQ—1
* * 2
(z)PM ’/TM
YPM=t = 9 7'(';\4* 1 (71)
t—1
3.2.3 First-order conditions
From (65) we get that
~ -~ 0 Q Q@ _
Qi — 0/ Q + Mctef% — ¢ [725 - 1] %Qt
Py M1 Te1
Q Q 2
T T ~
+E, {A(pr [ t51 . 11 ( tzl) Qt+17Tf+1} =0. (72)
Ty Ty
Similarly, for (66) we get that
o o . M* M oM _ __
StM*—GF*StM*—FMCt@F*A,t _¢PM*|: t . _1:| ti*StM*
Lot k b pM= Tl 3 '
y M aMxN2 .
+E, {A¢PM [Fg;; — 1} (7:;;*) StHMt*Hver} =0. (73)
t t
where we define the real exchange rate as
~  SP
Sf, = t?tta (74)

where S, 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):
~ 1 11 ~1-z]& 1
To= [0 =) GELr) ol | (75)
From (68):
e (MO
-1 ~
L ,88 (1 - Oé) Z.fs — Tss (76)
! ( ) ( WI,ss )
From (69):
~ —£
=~ RK ~
Krss=0a| == Tys. (77)
MU,
The adjustment costs (from (70) and (71)): Ypg s = Ypar+,ss = 0- Finally, the optimal prices from (72) and (73) become:
~ — o
P = MCyy—p—, (78)
(655 - 1)
~y- MC e
PM _ ~Css ess (79)

> Ses (95; - 1)'

16



4 Final goods sector

The final goods sector combines imported goods M; and domestic goods @); to produce a final good A; that is sold at a price
P;. The final good can be used for consumption, investments, government consumption and input to the oil supply firms.

The production function is given by

1 q_1 1 11\ »—1T
A = (VtMQt "4 (1 —vg)w M, M) ) (80)

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

1 1 9;;%
Q= M Qi(n) ¥ d”] : (81)

Here 9,{{ 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 M; is a composite of imported goods
produced by the different firms in the intermediate goods sector abroad, M;(f), i.e.

F
%
6F —1

M, = [ / 1Mt<f>16?df] T (s2)

where 95 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 ; and My, which is found by cost minimization (note that
PM is in domestic currency):

in [ pQ PMM}
{Qrfl,lﬁt}[ v Qr + P M|

s.t. (80).
FOCs

Q —H
Qe =1 <Pt> Ay, (83)

M, = (1) ()u Ay, (84)

1
where P; = {I/(PtQ)l_” +(1- u)(PtM)l_”} " The price of the final good A; is the marginal cost, P, 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 Q:(n) given the prices set by different firms in the intermediate goods sector:

1
min / PR(m)Qi(n)dn,
0

{Qu(n)}
s.t. (81).
FOC
—_oH
PR '
Quln) = (8”) Q. (85)
Pt
where
1 " 1—19fH
PR = { / PR(n)'—% dn} . (86)
0
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Same type of cost minimization problem for M;(f) leads to

F
PJM f —0;
M(f) = (fpjé, )> M, (87)
t
where
1
1 » 1—oF
pM = [/ PM(f) 0 df} . (88)
0
4.2 Making the equations stationary
~ R 1 ~1-1 ﬁ
Ay = (yt“Qt "+ (1—wv)e M, “) ) (89)
~ ~ —u o~
Qv =w (P?) " A, (90)
—~ ~ -~
M, = (1) (PtM) A, (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
~ 1 11 1 ~1—1 ulil
Ass = (V(“;Ls ss ¥+ (1 - Vss)ZMss #> ) (92)
@ss = Vss (ﬁst)iH fz{ssa (93)
—~ ~ — o~
Mg, = (1 - Vss) (P:\f) Ags. (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 R+ (= Rixr+ = Rxo,; due to perfect capital mobility). They rent out Fl,t to the intermediate
goods sector and Ko+ to the oil supply sector. K; is then the aggregate utilized capital rented out by the entrepreneurs.
At the beginning of period t they sell the undepreciated capital (1 — ) K;_1 at price PX to the capital producers. The
latter combines it with investment goods to produce K; to be sold back to entrepreneurs at the same price. To finance
their activity, entrepreneurs borrow B, : from banks at net rate rf, providing capital goods as collateral. They enter in a
multi-period loan contract. Finally they also decide the capital utilization rate u;.

We define utilized capital in period ¢ as

?t = ’LLth_l. (95)

Entrepreneurs are subject to the following budget constraint:

Rre ok +§( §) Ky 1 + I —§K+(7‘5+56)£B + v () K 4Ot L (96)
2 -1 j2) t—1 Bt — P, t t t j2) e,t—1 T 7Y (Ut t—1 t Ptut,

where C} is household consumption, If , is new loans, ry + 0 represent the interest and principal payments to banks on
outstanding debt and « (us) K;—1 is a cost that depends positively on the utilization rate of capital:

R
K,ss 6¢u(ut71) —1 ,
P88¢u

v (ug) = (97)
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where ¢,, governs the cost of adjusting the utilization rate. Z; represents all other terms that enter into the household budget
constraint (3). Similarly, all terms in (96) (except C; and =) are part of DIV, 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, K; = KI + + Ko ‘-

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

( 59) Pt 1 ;mt |:PtI—(i-1 Pt+1 :|
Bey = —7% Be 1+ 1-0) K|, 98
T B T T e P P -0k (98)
Pi_1Bey1 af K K
o= (1-207 — | (6% —(1-af +(1-a%)" 99
t+1 ( t) Pt Be’t |:( t) ( ) :| ( ) ( )

where d)e”t governs the constraint on new loans, and is assumed to follow an AR process. See (414) for the relationship
between (;Se"t and the loan-to-value ratio. ¢; is loan repayments and o and k© are exogenous parameters. See discussion on
page 5, section 2 for more on these parameters. Inserting for C; from (96), we get the following Lagrangian:

E(BteaKtvatevutvwg?p’f) =
K K
- u (Rpit,tuth—l + % (1-0)Ki—1+ Bet — %Kt - Rf%Be -1 — 7y (ug) Kp1 — P%E) +T
—s e 1-67) Pi_ ot P Py
By 6 ~wf [Bey — LD P, - O, [ B (1 - ) K| :
= e Pt Be,+ a e\K© ek’
g [0 = (1= 07) B Bt [0)™ = (1= a9) | = (1= a9)" |

where w¢ and pf are the Lagrangian multipliers and T' 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. K;:

ent

PE. P
= E, |wf—t i1 t+11—6}+E[ '(C <
t{ 1+¢ent Py P ( ) | B’ (Cry)

P K
Py

K
(Ct) Pt+1 (1 — 5) + %Ut_irl - (ut+1)>} . (100)

Pt+1 t+1

w.r.t. Bf (and multiplying with ( ))

u' (Cry1) Py ] w§
Bt — BetE R¢ — B,
,t 4t |:ﬂ u/ (Ct) Pt+1 t u/ (Ct) ,t
wi W (Cry1) , P (1= 6740) i Beg1 Pyi1 a® e
+E t+1 + . t 1*66 56 — (1= af)F 101
t u (Ct+1) w (Ct) Py 1+ (z):Jnrtl it o (Ct) Be: P ( ) [( t) ( ) ] ( )

¢ "(C, P B,
VE, {5 Hit1 u' (Ciy1) Py it

T AR Be,t+1(1 —8,0) {(6t+1) —(1-a) H —0.

w.I.t. 0y
et 1Pt1 ena®—1 e e\a© e ethtl

— Sl °(s 1—6%) — (69 + (1 —a)" ¢ = 0. 102
iy B T ot 07T (=80 = ) + (-] - 6[1+¢m } (102)

w.r.t. U

R
p = (). (103)
where (recall (97))
R ss _

o () = et (104)

5.2 Making the equations stationary

First, define &y = u’o(Jié,) and f; = #&Ja’ which are both stationary.
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5.2.1 First-order conditions

The stationary FOCs become:

w.r.t. K;:

ent

ﬁtK = Et [@?Iﬁemtﬁt{(klﬂt“’l (1 — 5):| + Et |:A7Tt+1 (ﬁtij:l (1 — (5) + EK’t+1ut+1 - (ut+1))} .

14 ¢,

w.r.t. Bf:

+Ei ‘D§+1A

+E;

w.r.t. 07 (leaded):

~e ~e Be,t e a®=1 e « e\k° ~e
— g + By |y A=—— {04 (5§+1> (1=071) — (0741) +(1—0a) ] — Wi
e,t+1
w.r.t. U
EK,t = ’Y/ (Ut) .
5.2.2 Definitions
= U[?tfl
t — Z 9
Ty
~ (Ut) _ R(Ib(,ss ed)u(ut71) - 1] ;
’V/ (ut) = ﬁK,ss€¢1‘(Ut_1)~
5.2.3 The constraints
s 0= 1 - " T .
By =-——13 Be_+7mE{P T 175K],
.t ]_—’—(ﬁt'fﬂ'tﬂ'f -1 1+ t't t t+1 t( ) t
1 B,

5 = (1- 6 )=

== [( 571

5.2.4 Equations included in the

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. K;:

P -

SS

w.r.t. Be7t:

(1

1+ ¢y

Ee,t - Ee,tRfEt [A} - ‘:’f ~€,t

— 041)

~e e Be’
fig A1 — 6t+1)~7t [

z
T—1T¢_1 Be,t

model

Be — fis(1— &)

e, t+1

-1

881+¢

20

Boi1 1 o
Sl (0~ (1= af)"
Be,t T Ty

t

QSGTL
~e SS

[1 — s (1 —6) (w

ent
ss

(6?+1)ae - (1= ae)ﬁ” = 0.

)ae —-(1- ae)'ﬁe} +(1—a%)" .

-1

+ Ass>:| Assﬂ-ssEKs&

(105)

(106)

(107)

(108)

(109)

(110)

(111)

(112)

(113)

(114)



~ - L N st
Beyss = Be,ss s s — wisBe,ss + WZSASS(]AJ,-iSS)B

(bent €,ss
~e e 1 e ¢ e\k® ~e e e ¢ e\k®
g (1= %) —— (%)% = (1= )| + i A (1 = 8%) [(05)° = (1= )| =0. (115)
w.r.t. 03
~€ ~e e (2 Cve—l e e Cte e ){e ~e Ee SS
— Msgs + :ussASS |:Oé (635) (1 - 535) - (555) + (1 -« ) :| - o‘)SSASSW =0. (116)
1+ ¢
W.I.b. U

§K7SS - 71 (Uss) . (117)

5.3.2 Definitions
Ugs = 1, (118)

- I’E’ss

Kss = 7T§S y (119)
v (uss) = 0. (120)

5.3.3 Constraints

_ 1 - §¢ 1 1 ent o
Be ss = |:]- - ( ;st) ] ¢Ssent Tss (1 - 5) PSI§KSS) (121)
' 1 + ¢ss ﬂ-ssﬂ-gs ]‘ + ¢ss
e e 1 e yaf e ke

655 = (1 - 655) > |:(6ss) - (1 - Oée)"€ :| + (1 - ae) . (122)

Ssﬂ-ss

6 Capital producers

Capital goods, K;, are produced by a separate sector. At the beginning of period t the capital goods producers buy
undepreciated capital (1 —d) K;_1 at price PX from the entrepreneurs, and combine it with gross investment goods I, to
produce K; to be sold back to entrepreneurs at the same price. The capital producers operate in a perfectly competitive
market, and therefore earn no profit. I¢; is bought from the final goods sector at a price P;.

6.1 Maximization problem

Profit maximization for producer h leads to the following problem:

max [PFKy(h) — PX (1 —6) K;_1(h) — Pl (h)],
{Ic..(h)}

s.t. the capital accumulation equation:
Kt(h) = (1 — 6)Kt,1(h) + :‘it(h)thl(h% (123)
where we refer to the last term, k;K;_1, as “net investments”, that is investments net of adjustment costs:

2

2

~ 2
Ici(h)  ¢pn | Iot(h)  lcssmsg ZI,‘| P { Ici(h)  Ioi (124)

M= w2 | Bam k. Kia(h) K

The parameters ¢, and ¢, govern the degree of adjustment costs, and zy; is an investment shock following an AR process.
Note that because of the adjustments costs, net investments are smaller than gross investments, kK1 < Ic: (except in
steady-state).

Maximization gives the following FOC w.r.t. I¢; (suppressing h):

PK 1 1
t_ —— (125)
Pt thl"{/t Ry
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where k} is the derivative of k;:

W 1 Icy fc,ssﬂﬁs o 1 { Ic IC7t—1:| 1 (126)
=0 - - —= .t - - )
K ! Ki K, Ki 2 Ky Ki 2 | Ki
ie.
_ Io,  Icsen? { Ic:r  Ic t—1:|
R,=1— — — = 88, — — - . 127
t ¢ thl K.. It P12 K, 1 K, 5 ( )
6.2 Making the equations stationary
Capital accumulation equation in symmetric equilibrium:
~ 1-96) ~ Kt ~
K; = ( R )Kt_l + LK. (128)
t Ty
Capital adjustment costs:
Toums Toar;  Tossms | Toam;  Tewormiy ]
gy = Joami O\ foami  Tessmss | Ona | Towmi  JowcaTia | (129)
thl 2 thl Kss 2 thl Kt72
FOC w.rt. Icy:
~ 1
PK = =1 (130)
where
Icun? I s, Iom?  Iopmi
Fr=1—¢pn CitMe _ “CyosTas Zre| — P12 Oty _ 20t 1Tim1 ) (131)
K K Ky K
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:
- 1-6) ~ e~
Kss - ( )Kss + LK&& (132)
TSs TSs
Capital adjustment costs:
iy = LCus5Tas. (133)
KSS
FOC w.rt. Icy:
~ 1
PE =S =1, (134)
K:S«S‘
where
"L, = 1. (135)

7 Housing producers

At the beginning of period ¢ the housing producer buys the undepreciated housing stock (1 — §z) H;_; at price PH from
households, and combines it with housing investment goods Iy to produce H; 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. Iy is bought
from the final goods sector at a price F;.
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7.1 Maximization problem

The representative housing producer f maximizes:

max [P H(f) = BT (1= 0n) He-1(f) = Plra(f)]

{Im,e}

s.t. the housing accumulation equation:

Hi(f) = (1= 6m)Hi—1(f) + vu(F) He-a(f), (136)
where 7y, (f)Hi—1(f) is “net housing investments” and v ,(f) is defined as

(137)

fYHt(f) L(f) _ @ [ IH,t(f) _ fH,ssﬂzs 2 ;|2 . DHo |: IH7t(f) IH,t—l ]2 .

o Ht_l(f)Zth 2 Ht—l(f)Zth ﬁssﬂ-gs .

Hi 1 (f)2] HioZ]
The parameters ¢y, and ¢y, govern the degree of adjustment costs, and z;p; is a housing investment shock following an
AR process. See section 1.1 for the definition of the housing productivity parameter Z}.

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

~ -1
PH 1 ; I Ip ssm?y Iy I
7:7:Z7’ 1_¢ ) _ ~a* ééZIH, _¢ ) _ ) , 138
P Hi gy, ! MV Hy o zp Hgomh, ' M H 2} He o2 (138)

as

1 Ty Tneems 1 [ Thi T } 1
! SS
Vs = e — b HeoTes, —¢ I . 139
LR F AL AUV H L Z) Hgomh, t] Hy 17} "2\ H, Zh Hy 27} || Hi 12} (139)
7.2 Making the equations stationary
First we note that
ITp,e T Zt T
Tge z 4t ez Igeni (140)
h — H, 2" - = T )
HyaZP  HiaZiy Zf;—lﬁ:fhjzgl Hyoygi—  Hiant
and repeat how to make the real house price stationary:
~ pPH
Pl =_—1_ (141)
PZ]
Housing accumulation equation:
~  ah(1-46p) ~ Y ~
i, = Tl _ 1), 4 L, (142)
Ty t
Housing adjustment costs:
7 o [ T 7 Yo [T i ’
Tz Tz 5577'; ’ n? o, 7171_,2_
YH = i th _751 Lt th -2 X ZIH,t —712{2 e 1L t} - = ; o (143)
Hy 7} Hy imj Hg md, Hy_qmy Hy _omy
FOC w.rt. Ipy:
i L i i B
> T H,ssT s HiTF Hit—1Tf_1
Pl = 1=y | =0t — 2y | — gy | =0 - = : (144)
( Ht—lﬂ'? Hssﬂ'gs Ht—lﬂ'? Ht—ZW?_l

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:

h h
7 1-0 T Tss SS T7
Ho= Tl 200) g o TosVrss g7 (145)
TSs TS
Housing adjustment costs:
TH"SS’].rgS
A/H,ss - ﬁss’ﬂ?s . (146)
FOC w.rt. Ipy:
ﬁsI_SI = ZHS,ss- (147)

8 Banking sector

We assume that there is an infinite number of banks, indexed by ¢ € [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):

By (i) = Big" (i) + K (i), (148)

where B (i) is total assets (total lending). On the liability side, BE97 (i) is total external bank funding and K7 (i) is bank
capital (equity). Total external bank funding is the sum of household deposits and foreign debt, i.e.

BEST (i) = Du(i) + By (i) - (149)

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

Bt (Z) = Be,t (7’) + Bh,t (Z) . (150)

If banks fail to meet their target level of risk-weighted capital requirements, w;, they incur a penalty cost. The target

level of risk-weighted capital requirements consists of two elements: “hard” capital requirements, 4%, and a countercyclical
capital buffer, CCB?, (both are AR shocks):

@ =%+ COBY.

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

Q) =1 0) By (0) 4% ) B )~ i (0 D0 ) — | [L =8 %62 ] 1 0

KB (i ?

o ()= 5 | s | K20, (151)
where rf (i) is the net interest rate on loans to households, 7§ (i) is the net interest rate on loans to entrepreneurs and r¢ ()
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 — 7,53*] R;‘S’S—tl — 1, where 1 — 4P " is the debt-elastic risk premium and R} is the foreign money
market rate and S; is the nominal exchange rate. x, governs the operational costs, and x,. governs the capital target costs.
BEW (i) denotes the risk-weighted assets:

BfW (i) = ¢*Bet (i) + "B (i), (152)
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where ¢¢ and ¢” are the risk-weights associated with credit to entrepreneurs and households respectively. Bank capital is
accumulated according to:

Py
P,

Py

KP (i) = (1- ") -

KP (i) +

Je-1 (i), (153)

where 0° 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 Rf " (4) for entrepreneurial loans and Rf h (7) 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 R;, 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:

ma, E, |RY (i) Bey (i) + RY" (1) By, (3) |,
{%mﬂwﬁmﬂmt[to 4 (6) + R (3) Baa ()]
, St , [ KB G 2 ,
B, |RaDy () + [1 = | B2 By ) v )+ e [ B o | ke (154)
S, 2 | BEW (i)

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

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

KB KB \?
b,e e
Ry™ = Re+Xo — XS {ng - wt} (BtRl,tW) (155)
KP KB \?
b,k
R = Ri+x, — xos" [BthW — wt} (BthW> (156)

St+1
Sy

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, B ©T*. See section 11.

Ry = E, “1 - ’YtB*} Ry (157)

8.1.2 Loan branch

The loan branch lends to households and entrepreneurs (at net rates 7" (i) and 7§ (i), respectively) and borrows from the

wholesale branch at the interest rates Rf’h (¢) and Rf’e, respectively. It faces costs when changing the rates, governed

by the parameter ng and ¢°. To find the demand curve for household loans facing the loan branch i, every household
ofH

1— L
will solve Bmi(r_l_) fol rE (i) B (i,7) di subject to {fol Bpy (i,5) %" dz} = B (j), where 0;7 is the elasticity of
h,t(2,]

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

_plH
will give the demand from household j for loans from branch i : By, (4,7) = (—F) ' By, 1(j), where rf is defined

T
1
as rf’ = [ fol rf (z‘)l’gtlH di] ot Summing over all households gives the total demand facing the loan branch ¢ from the

P — oo\ —0TH
household sector: By, ; (i) = fol Bt (i,7)dj = (%) fol B +(5)dj = (%ﬁp) ' Bt

A similar exercise for the entrepreneurs gives their corresponding demand function for B, (¢), with the corresponding
elasticity of substitution 6f, which is also a shock in the model and assumed to follow an AR process. The maximization
problem becomes:

IH
Gt

. i A (rF ) = 12" () Bua ) + (15 () = 777 (0)) Bea ()
max s s,t . 2 . e/ 2 ,
@i} _g ( . 1) r{ Bhi — % ( ) 1) 7§ Be t

t=s 7'5;1('5) Tff1(i)
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s.t.

By (i) = Bey (i) + Buy (i) , (158)
N\ -0

B} (i) = <Tti£2)) By, (159)
e(; —07

Bf (i) = (”Ttg )) B;. (160)

FOC w.r.t. rf (4):

7 rF rr
By (i) +rf (i [SB“ } " ( [5&,@())} =" (%~ 1) i B

Tt—1

T - , (161)
+EtA¢ ( t+1 ) ( ) 7"t+1( )Tt+1 p *Bpt41 =0
where 5B, (i) B (i)
h,t (2 1H Dh,t\l
— = _f ’ . 162
SEW D ez
1
All banks will behave the same and set the same interest rate, rf (i) = 7% for all i: rf = [fol rtF(i)lfefHdi} -
[ A FF1-01" g } e[ _ [?flfatm I 1dz} 10T —#F — vF (§) . Using this and substitute in from (162) we can rewrite (161)
as
e F F F F \2
Piy1 Brga
1 g 4 glH Tt F ( LT 1) "t g | AGF <Tt+1 _ 1) <Tt+1> s . =0. 163
o R B o \oF ) P Bu (163
Similarly, the FOC w.r.t. r{ (i) becomes:
b,e
ry re re Ty ¢\’ Py1 B
1—0 051 — g - —1)— Age [ 2L —p) (L) L Zet ) ) 164
e ri i (Tf—1 ) Ti-1 i rE rE Py Bey 1oy

8.1.3 Deposit branch

The deposit branch lends to the wholesale branch at the money market interest rate r; and pays out interest on household
deposits at rate r{ (7). It faces costs when changing the deposit rate, governed by the parameter #”. Total household demand
for deposits facing branch i, D, (i), is found in the same way as the demand for loans (see above).

_ _ﬁ rf(z’) . ’ d
r¢Dy (i) — 7 (i) Dy (4) 5 <Ttd—1(i) 1) TtDt]V

max FE, ZASt
{Tt(l)} t=s

s.t.
e (ﬁ;ﬂ)*’ D (165)

where 9? < 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. R{ (i) becomes:

D DT D Tf Tf
—(1-6y)— 9——(;5 — =1 + E;
t 1 re

Ti— t—1

rd T Py D
A | t41 L e ) 166
d) < Tt ) ( ’I"g Pt Dt ’ ( )

where we have used ¢ (i) = r 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

B, = B¢ + K7, (167)

where B, is total assets (total lending). On the liability side, B;?T is total external bank funding and K7 is bank capital
(equity). Total external bank funding is the sum of household deposits and foreign debt:

Bp9" =Dy + B;. (168)

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

By = Bt + Bp . (169)
8.2 Making the equations stationary
8.2.1 Wholesale branch
~ 2
Gy = vF By +1Bo — 10Dy — By — x, By — X | BL | R 170
=7t Bra riBey = 1Dy =By = Xo B = 7 | =pm — @ KL (170)
t
. KB, J_
KPP =(1-8"—"=+ =, (171)
T¢Ty Ty
B =<“Bey + <" B, (172)
KB KB\’
RV = Ry +x, — Xu5° {t - wt} <t> (173)
K BfEW BEW
KB KB\’
RbJL — Rt + Xy — Xcgh |: t _ wt:| ( t ) (174)
K BEW BEW
8.2.2 Loan branch
FOC
w.r.t. vl
b,h F F F F o\ 2 >
; T r Bhp i1
1— HIH + HIH rt _ (bF ( Tt _ 1) Tf, + Et A¢F ( t+1 _ 1) < t+1> 7TZ 7Tt+1 i — O (175)
! ok iy iy rf rf o B
w.r.t. re:
e ¢ ( i 1) LB, (A <”e+1 1) (”f“)Q ; Beest| _ (176)
- e e e t e e T Tt1—=—| =Y.
g Ti_1 Ti_1 Ty Ty o By
8.2.3 Deposit branch
FOC w.r.t. rf:
d d d d 2 D
(1 —gPy Pt P (Tt g ) Tt g AP (DL g (D) g Sa Y 177
( ) t rd ¢ rd rd t [Ag rd rd Ti1Ti+1 D, (177)
8.2.4 Balance sheet
BF9" + KP = By, (178)
B; = ée,t + Eh,t; (179)
BFOT = D, + B;. (180)
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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

b};s = 'rstEh,ss + 'rfge,ss - 'rgﬁss - Tt-g;ks - XoBssv (18]‘)
1

~ 1—¢° ~

Kf@ =1|1- g Jss, (182)
7T837T§s
E;%SW = §e§e7ss + §h§h7587 (183)
Ry = R+ X, (184)
R = Rys + X, (185)
B

BRI — Ts (186)

8.3.2 Loan branch

From the FOC w.r.t. 7f", 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.

k= bl (187)

From the FOC w.r.t. r{, 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.

06
re — ss ,r,b,e' (188)

ss 925 _ 1 s

8.3.3 Deposit branch

From the FOC w.r.t. ¢, we see that the deposit rate will be set as a mark down on the money market rate in steady-state
(as 02 < 0), i.e.

i O (189)
Coen -1 "

8.3.4 Balance sheet

Ess = Es,ss + Eh,ssa (191)
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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 +(r), labor from households Lo ;(r) and utilized capital
rented from entrepreneurs Ko ;(r) to produce a good Yg(r) that is used for oil investments by an extraction firm and
exports to a foreign oil extraction firm. PtQO is the price of Qo +(r) — as it is a final good we have that PtQO = P;,. The
wage earned by households working in the oil supply sector is Wo ; (equal to Wy because of perfect labor mobility), while
the rental price of utilized capital is Rxo, (equal to Rk ; due to perfect mobility of capital).

The production function is as follows:

o o TFlmag—«a
Yri(r) = ZraQy' (1) (ZiLo(r)* Ko, ¢ (1), (193)
where oy is the final goods share, «; is the labor share and 1 —ay — oy is the capital share in production. Zg; is an exogenous

shock, assumed to follow an AR process. Minimizing costs (PtQOQQt(r) + Wo.Loi(r) + Rko.tKo,.(r)) subject to (193)
gives rise to the following conditional demand functions and marginal cost function (as in section 3):

peo \ 7!
QO,t(r) = Qq (MtC’R t) YR,t(T)a (194)
Wo. \ "
Loutr) =an (30 Yiealr) (195)
- Rio, !
Ko(r) = (1= aq — o) (3725 ) Yislr), (196)

1 pRe . Wo.i\™ Riot =g
MCr: = _ .
ZRyt 0y o -0y —oy

In symmetric equilibrium all firms make the same decisions, so Qo .+(7) = Qo+, Lo+(r) = Lo t,and Ko +(r) = Ko+

Oil supply firms sell their goods under monopolistic competition. Each firm r charges different prices at home and abroad,
PL(r) in the home market and P (r) abroad, where the latter is denoted in foreign currency. Dividends (which are paid
out to households) becomes:

Uy (1) = PE(r) Iop(r) + P (r) SiMow .t (r) — MCRtYr,(r), (197)
where Iop(r) are goods delivered to the domestic extraction firm, Mo. ¢(r) are supply goods for exports and S; is the

nominal exchange rate. Yr; = Ior(r) + Mou (7).

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

R —R R+ —oR"
Iops(r) = (PtT,(;)) Iop: and Moy (1) = (P;DtR(f)) Mo t, from the domestic and foreign extraction sectors, where

0" and 0% 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

2

_ ¢PR PtR(T) /Ptli1 (r)

vendn) = 5 [P 1) (199)
T [PE )P )

TPRea(r) = 5 P BT, —11 , (199)

respectively, where ¢P R and ¢P R govern the cost of adjusting prices.

The maximization problem becomes

R 79R Rx* 70R*
[ () o () s
HOS _ As R, —oF R (. _gR”"
(PEOYPR ) ; ! ~MCry l(P}g(e)) lors + (Tap)  Mow

—vpr(r)PFIop: — Vpre 1 (r)PE S Mou
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Following the same procedure as in chapter 3, and using that in symmetric eq., P® = PE(r) and PF* = PF* (r), the FOC
w.r.t. PF is given by

IOFt PR PtR/PtIil PtR/Ptlil
Tors — 08 Iop, + MCr 0722 — ¢ - Iors
PtR Ptlil/PtIEQ Pt}il/PtPEQ
PR /PR (PRI/PR)Q
+E; {A¢PR { e } L IOF,zH—l} =0, (200)
PtR/Pt}zl PtR/PtIil
w.r.t. PE is given by
* * MO* t PR* PtR* /Pt}z*l PtR*/PtR—*l
SiMous — 0% SMo. s + MCr 0% — — ¢ e S Moy
PtR Pt}il/ PtIEQ Pt}il/ ‘Pt}iQ
* * * *y 2
. | PR /PR (PtR 1/PtR )
+E oM | | S M =0. (201)
{ PE" /P PE" /P A

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 Ip . This good is then used to produce rigs Fp ;. Rigs depreciate with a constant rate d,, and are subject to
a degree of utilization Ug,;. 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(Urp;). Total demand for supply goods from the
domestic extraction firms is then given by

Iory =Io+ a(Up)Fo 1. (202)

The oil production is given by Yo ;, which is exported at a price PP* 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 S; P°* where S; is the nominal exchange
rate. The problem at period s will then be

> A [SiPP* Yo — PlIory) (203)

max
Yo.t.Fo,t,lo.t.Ur} {2

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

Rigs accumulate according to:

1
FO,t = (]_ - 5O)FO,2€—1 + ZIOIL,t |:]. — U <IOO¢1>] IO,t’ (204)
=

where U ( Iéotil) represents the costs of changing investment levels (defined in (213)) and Z;orL,: is an oil investment

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

Foi=Fo1-1Ury, (205)
and the production function is Cobb-Douglas, i.e.

Yo = Zo,t(Fo,t)a" (Ot)lf%, (206)

where Zp; is oil extraction productivity shock that follows an AR process, o, is the rigs share and O 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:

i S¢PC*Z6 1(Fo,4-1Ur )0, — PE(Ios + a(Urs)Foi—1)
[’(Yo,tyFO,t; IO,t7 UF,tv Qo,t) = tz:; As,t _QOﬂf |:FO7t _ (1 _ 6O)FO7t—1 _ ZIOIL,t |:1 _ \I/O (Ié()t:l>:| IO,t:| ’ (207)

where Qo ¢ is the Lagrange multiplier for the rigs accumulation constraint, (204). FOC
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w.r.t. Fog:
W=E {A ( 811 P 20,441 (Fo.Ura1)* O Fo )]
¢ —PEa(Upi41) + (1 = 60)Q0 141

—
Qo =F [A (aostﬂptﬂ’;yo,tHFO—; — PP La(Upyn) +(1— 5O)Qo7t+1)} . (208)
w.r.t. Tog:
QO’tZIOIL’t |:]' - \Iléj (I(I).Oti1) 1(1)04:1 — Yo (I(I)Oti1>}
ph— o (1o \2] (209)
+E|AQo i1 Zrorn,i+1% ( o ) (ﬁ)
w.r.t. Upy:
O YOJ‘/ R/
OZoStPt = Pt a (UF,t)FO,t—L (210)
Ur:
The cost of increasing the rigs utilization rate is assumed equal to:
’ a/ U ss uf
a(UF,t) =a (UF,ss)(UF,t — 1) + %(Uﬂt — 1)2, (211)
which means that
0 (Urpy) = a (Ups) + 0 (Ups) 6™ (Upy — 1) (212)
Furthermore, the costs of changing investment levels are
Io ) ¢RI[IOt ]2
v ! = — —— — i . 213
° (Io,t_l 2 [Topa (219)
It follows that I I
o (724 ) =0t |2t -], (214
Ioi—1 Ioi—1

The cost of changing the utilization rate is governed by the parameter qbuf , while the cost of adjusting the oil investment
level is governed by the parameter ¢,

9.1.3 Extraction firm, abroad
The foreign extraction firm produces oil, Yo, ¢, invests, Io« ¢, and imports oil supply goods from the domestic country’s oil
supply sector, Mo +. It has the following production function:

Your = MG 155 (O )t~ o =, (215)
where O, ; is oil in ground (and may be set to a shock process following an AR process, otherwise constant), and . is the

share of oil supply goods from home used in production.

Maximizing profits:

max yoar, [PtO*YO*,t — PR Mo, — PtIO*IO*,t] : (216)

{YO*,uMO*,taIO*,t} t=s

s.t. (215), where A7, is the foreign stochastic discount factor between period s and ¢.

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

PtR* —1
MO*,t = Qpx W YO*,tv (217)
t

where Yo, ; 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, B, accumulates according to:

P, S po*
Bri=(1-pg,) |:Rt ;tl StleF,tl] + S }t Yo, (218)

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

Gre = pa, |1 (219)

The transfer, G+, ensures that the sovereign wealth fund, Br, 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:

e
Yii = Zri(Qo.t)" (Los)* (Ko 4)t o, (220)
. peo 7
Qo.t = ayg (ﬁé) YRt (221)
Rt
We assume that @O,t is a final good, so ﬁtQO =1:
W -1
Lot = (ﬂ?@o,t ) Vi, (222)
Rt
_ i -1
XO,t = (1 — qu — al) <J/\4\I(§j0,t > YR,t- (223)
Rt

Optimal prices:

T RT V7 RTOFt PR Wﬁ ? >~
Iopt — 0" Iop: + MCRr+0 —=n o] —— — 1| g lor
P T q T2
R <R )2
+E; {A¢PR { ;;1 - 1} ( ;J;,}) IOF,t+17Tf+1} =0, (224)
t ¢

— .~ — o . M . . Rx* Rx
S, Moy — 0% 5, Mo, + MCp 07 =021 — gPR [”t - 1] b Si Mo

PtR* ﬂ-ﬁ—*l 5—*1 ’
Rx Rx \2
« [ (mw ~ o~ R
+E, {A¢>PR [;;: —1} ;;1) St+1MO*,t+17Tt+1}:0- (225)
t t
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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 Z;*>. 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 Zfi Therefore
~ Ox* ryao
we define the stationary real oil price as PC* = Ptpé’: . By using this we get the following stationary solution:
2
_ o
Yor Fo.u (Op)1—0
Zxe — o\ "z,
=
~ =~ Qo 1
You=Zou(Fou) (0™, (226)
= Fou_
Fou=-"2Up,. (227)
t
By definition
~ ~ ~ 1
lorpt=1Io + a(UF,t)FO,t—1;~ (228)

t
FOC extraction firms:

Q P, Sy 1Pr POYZ2 Yo 14124 7, PE 0
O,t =E|:A t+1 <ao t+14 41 P tH14e+1 LOt+14t Lt+1 N t+1a(UF,t+1)+(1_5O) O,t+1>:|

P, P, Piv1 PiZi FouZie, Zy P P
=
5 & 30« Youtr1 . SR 5
QO,t =F A7Tt+1 OLOSt+1Pt+1 ﬁ‘ Ty — Pt+1a(UF7t+1) =+ (1 — 50)90,15_;,_1 s (229)
0.t

Qo.t
5 ZI0IL¢

, 1ot 1ot Iot
1—T Zt Zy Zt Zy U Zt Zt
o Tot—1 Zy 1 Tot—1 Zy 1 O lot—1 Z; 1

Zt—1 Zt—1 Zi—1

PtR _
+E A Zioen Vo | 16 5 Tou 7
Zt Z
&
B _ ) ; O\loe1't) Toe1' t Iow1t 3 (230)
t = ~ 1 (I I ’
+E {Aﬂt-&-lQO,t-i-lZIOIL,t-i-l‘I/o (I%:jlﬂfH) (I?g:17t2+1) }
o Sy P} PP*Z7e Yo, _ P—tRa/(UF )%@
° P, Pt*Zt Z?OUF,t = ! Zi1 Iy
~ o~ .}7 -~ ’ ﬁ —
%Stpto*ﬁ — BRd (Ur) o,w; L (231)
Fit T}
’ a/ U ss uf
a(UF,t) —a (UF,ss)(UF,t _ 1) + %(UFJ — 1)2’ (232)
a/(UF,t) = al(UF,ss) + a/(UF,ssWuf(UFJ - 1), (233)
~ ~ 2
7 RI[ 7
Uo (20 m;) = 2o | 20 mp o | (23
IO,t—l 2 IO,t—l
! f .’Z:-/
o | =i | = o | =2t i, | (235)
I07t71 IO,tfl



9.2.3 Producer of rigs

Fo
Zy

Fou12i4

=(1-4°
( )th Zy

Io 121 Z, 1
+ Ziorns [1\110(0,t -1 Zy ﬂ ot

Iot1Z: Zi 1 )| Zp

Zy
~ Foi I
FO,t = (1 —50) O,t—1 +ZIOIL,t 1—-9p N&ﬂ't’z
Ioi—1

z
T

Ioy. (236)

9.2.4 Extraction firm abroad

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

-1

PR*
MO*,t —a Py YO*J
Zt o* PO~ Z}‘:‘z**%‘,o* Z?;*+aio* :
Pz ’

We must assume a Cobb-Douglas production function for the foreign extraction firm and that qe. + Qiox = @, (Where ap.
and .. are oil investment shares in the production function of the foreign extraction firm, see (215), and «, 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

-1

PfR*
MO*,t o Pt* YO*,t
Z = Qox PO~ 750 Zt%
Py 7
~ -1
— PR+ ~
Mot = Gox <ﬁt0*> Yout- (237)
t
9.2.5 OQOil fund
~ R S ~ ~
Bri=(1-pg,) | 55 =—Bri1| +SiPP"Yo, (238)
Ty Ty Stfl
~ R S, ~
Gpi = L Bpi |- 239
Fit = PGp T S, Fit 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:

?R,ss = (éo,ss)aq (LO,ss)al (Fo,ss)l_aq_al . (240)

~QO Qg —~ ag ~ l—ag—ay
J%R s = Pss WO,SS RKO,ss . (241)
’ oy oY) l—a;—o

Marginal cost function,

Factor demand:
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Optimal prices:

R _ 17/ 6"
P.. = MCRss ,
e
pMT _ M\TC:R,&& 0"
* S (eR* - 1)
9.3.2 Extraction firms, domestic
Production function:
?O,ss = ZO,ss (FO,SS) ’ (Oss)liaoa

Zo,ss = constant and O,, = constant,

FO,ss

P .
7TSS

FO,SS =
FOC extraction firms:

5 s 50 Y05 . 5
QO,ss = TssNss (aossspg = Tgs — P,I;sa(URSS) + (1 - 60)90733) )

FO,ss

Upss =1and a(Upss) =0,

O 4 Io.ss 16,55 15,55
~ Q0,55 2101L,ss {1 -V, (;77T§5> =i — Yo (ﬁﬂ-is)}
PtR _ O,ss O,ss

O / 10 ss fo, s
+7TssAssQO,ss\IjO (IN - 5’rrgs) ( . ﬂ—zs)

O,ss 1o, ss

Z1011,ss = 1, Wo (n%,) = 0 and W, (n%,) =0,

g5y PO* Yoss _ Jgﬁa/(UF,ss)FOZ’SS,
F,ss Tss
TOF,ss = TO,ss~
9.3.3 Producer of rigs
5 Fo.s

FO,ss = (]- - 50) + ZIOIL,SS

z
SS

f ss T
1-Uo [ 2272 )| To.s.
IO,ss

P9* = constant.

9.3.4 Qil price
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(243)

(244)

(245)

(246)

(247)

(248)

(249)

(250)

(251)

(252)

(253)

(254)

(255)

(256)

(257)



9.3.5 Extraction firms abroad

_ B\ !
MO*,ss = Qox ﬁ:oz* YO*,ss, (258)
)70*783 = constant. (259)
9.3.6 Oil fund
~ RZS ~
GF,SS = PGr |:’/T:S7T§S BF,SS:| . (260)

*

Rss 5y o pOxv,
BF,ss = (1 - pGF) |:ﬂ_* v BF,ss:| + SssPSOS YO,ss
ssllss

=

R, = R:, =~ S =ous
= 22 BF,ss_pGF =2 BF,ss+SssPsOs*YO,ss (261)

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 P (that goes into the final good sector):

[V T et or M pu [ T Y
M, — 0F M, + S,MC,0F =~ — ¢ —1| =M,
! i PM !, ey
oM aM 2 g
FE, { A*pPM [H—Ml _ 1] ( t-g/}) Mt+1ﬂ'f+1~7t =0, (262)
T Ty St+1

where A* is the foreign stochastic discount factor in stationary terms (and assumed equal to (R} )71 for simplicity), ¢P M g
a parameter that captures the cost of changing the price of exported goods from home and Qf is the substitution elasticity

between imported goods from home. In steady-state we get that

F
935
F j—
ss

pM — S, MC.,. (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):

e * oM x _'U‘* %

M = (1-vy) (Pt ) YNAT,tv (264)
where v} is the domestic share abroad, assumed to follow an AR process. Yy ar,t 1s output abroad. In steady-state we get
that

— ~ —p*
M = (1—-vg) (PSIZI*) YN AT, 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.

L

The output gap for trading partners (371\*, AT’t) is partly backward looking (controlled by a parameter gby*), and partly equal

—

to 171}* nar (defined below) by (1 — #¥*). Additionally it is affected negatively by the oil price gap (P°*), as this increases
costs, and positively by the output gap among non-trading partners, }N/J{,\fgf . (¢O* and (bYN TP are positive parameters):
Yiars =0 Viar 1+ (L= 0" Winar, — 67 PO+ " VYA, + 200 (266)

ZUw1 is a shock that follows an AR process and XN/F* ~ar,t 18 specified as a dynamic IS curve:

~*/\ ~*/\ Rx /?k /*\
YFNAT,t = YFNAT,t+1 — (R — 7Tt+1)v (267)

where wR* relates the real interest rate to output. Output gap for non-trading partners, ?&VXL‘TT{) +» is assumed to follow:

L —

— _ —
f/NTP _ )\YNTP}N/YNTP ONTPPO* YNTPT;* —— 268
NATt = NAT -1~ @ e+ 0 NAT, T 2YNTP;t- (268)

where 2y n7p, is a shock, and AY VT (€ [0,1]), 6OV (€ (0,00)) and ¢* VT (€ (0,00)) are parameters. The total global
output gap is a weighted sum of trading partners and non-trading partners’ output:

YEERP = a® 0PV + (1 - a“FOR)YEE, (269)
where a“LOF is the weight on trading partners output gap in the global output gap. The inflation gap for trading partners
is given by

m = ¢y + (1— o7 ), + 00T PO + Zgn- 4, (270)

where some agents are backward looking (controlled by a parameter ¢P*), c;SOP* is a positive parameter picking up the effect
that increasing real oil prices increases real marginal cost for trading partner firms, @ is a shock that follows an AR

process and 7?;; is specified according to a Phillips curve:

ﬂ';‘,t = O‘P*”?«“,Hl + O‘Y*f/JTIAT,tv (271)
where af* and o¥* are parameters. The foreign monetary policy rate (equal to the money market interest rate) is given by

a Taylor rule with smoothing:
Ri = ™R+ (1= w™) |0 4+ 0" Vi, | + s, (272)

where @ is a shock that follows an AR process, the parameter w’* governs interest rate smoothing, and w’* and w™* are
weights on inflation and output respectively. Lastly, the oil price gap is given by

—

PO* = BOPY, + kOYGHOP + Zrowm, (273)

where 2?0\*7,5 is an oil supply shock that follows an AR process. BO and k@ 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:

Ry = E; Hl _’Y?*] R:Skgl} )
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where 1 —~7P " is the debt-elastic risk premium and R} is the foreign money market rate and S; is the nominal exchange rate.
It is assumed that the risk premium depends positively on the country’s net foreign debt position (B 9T, defined below)
and the anticipated growth rate of the exchange rate:

1-— ")/tB* = exp |:(,Z§B (E;TOT* — ESTSOT*) + ¢S (Et§t+1§t — Sii)] + ZtB7
where 2P is an exogenous exchange rate risk premium shock following an AR(1) process and #P and (bs are non-negative

RTOTx* BloT~ S SiPl
B; ty—and S, = =5*+).

parameters. Note that the risk premium is defined in stationary terms ( 7

The country’s net foreign debt position (Bf©7*) is equal to mainland private foreign debt, B; (held by banks), less
government claims, Bp:

BI'9T* = Bf — Bp,.

Bp,; 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;}. We start
out from the housholds’ budget constraint (removing all indices):

PCy + P, Dy + PtHHt + (Tf_1 + 5?) P 1Bh -1
=WiLi[1 -7, + Pips+ R} P 1Dy 1+ (1 —8y) PEH, y + DIV, - TAX,. (274)

First, define TAX, :

Then, we need to find DIV;. Starting with intermediate sector profits, TI}VT":

NT = PRQ, + PM S, M} — WreLiy — RiraKrs — ’YPQ,tPtQQt - 'VPM*,tPtM*StM:' (276)

From (151), bank sector profits (including adjustment costs):
Povdioy =r{ P 1Bpy1+1i_Pr1Bey 1 —r{_ PioyDyy — 1y 1 P Bj_| — P, ADJEANE, (277)
where we have defined bank adjustment costs

KP °
Py ADJPANK =\ P 1B,y + ¢ [ L wt—l} P K7

2 | B

o" (ri 2F ¢° (i ? o” (i, 2d

£ (1 P, i Bnyq4+ o[22 1) ¢ P Begg + o (=2 1 P,_,D,_
+2 (7{_2 >7”t1t1 h,t 1+2<7’fz )Tt1t1 it 1+2 <rf_2 )Tt1t1 t—1

Also remembering dividends from eq. (153):
PKP=01-6"P,_ KB, +P_1J
54
P, KP =P, KB, -~ PKE+P,_1J,_,. (278)

Oil supply profits:
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9% = PRIop, + P*S;Mo.; — PQos — Wo Lot — RkotKo — “YPR,tPtRIOF,t - ”YPR*,tPtR* StMosi- (279)

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

PFEK,—PF(1-0)K; 1= Ploy (280)
In similar fashion for housing profit:
PHH, — P* (1 —6g)Hi_1 = Py, (281)
Entrepreneurs’ surplus (S¢"):
Ptstent = RKﬁtuth,l + PtK (1 — 5) Kt71 + Ptlﬁyt — PtKKt — (7"? + 6§)Ptlee,t71 — Pt’}/ ('th) Kt71~ (282)

Inserting for intermediate profit, bank dividends, oil supply profits and entrepreneurs’ surplus for DIV, and for TAX;
into (274) gives:

P,C, + P.D, + PEH, + (rf_l + 5?) P_1Bp -1
= WL —yWiLi + PiIgs+ R P, 1Dy 1+ (1—0y)PPH,
~TAX, + DIV, (283)
<~
P.C; + P,D, + PP H, + (TtF,l + 5?) P;_1Bpt1
= WiLy — v WiLe + Py + R} Pio1Dy 1+ (1 — 65) PP H, 4
~P,Gy. + P2Qy + PM S,M; — WiyLiy — Ri14K 14 — Ypoi PEQe — Ypar- o P SeM; (284)
+0°P KPP |
+PIops + PR SiMows — PQot — Wo Lot — RrkotKo.i — ’YPR,tPtRIOF,t - ’YPR*,tPtR*StMo*,t
+Ri w1+ PF (1= 0) Ky + P, — PRK, — (rf +67)Pim1Bei—1 — Py (w) Ki—1.

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

ADJy = Wil +7pq PP Qe +vpu- o PN SIM] 41 pp Pl ors +7pre 1 P Si Mo (285)
+P,_ADJBANE 4 Py (uy) Ky 1.

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

P.C, + P,D, + PP H, + (rf_l n 5?) Pro1Bhia
=WiL;+ PlIp,; + Rf_lPt_lDt_1 +(1—9m) PtHHt—l
—P,Gy. + PPQu+ PM S, M; — Wi Liy — Rir Ko, (286)
+Pt71K£1 - PthB +P1Ji
+PtRIOF,t + PtR*StMO*7t —PQo,+Wo. Lo, + RKOﬂE?O,t
+Riu K1+ PN (1= 6) Ky + Py, — PFK, — (rf + 0;)Pi—1Bey—1 — (ADJ, — Py ADJPANE).
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Inserting for bank profits, P;_1J;_1:

P.C, + P.D, + P H, + (rﬁl n 5?) Pr_1Bhs
=W,Li + Py + R{ | Pr1Dy_y + (1—6pg) P Hy 4
—P,Gy. + P2Q, + PM S, M} — WiLit— Ri14Krq (287)
+Pt—1KtB_1 — PthB + Tf_lpt—lBh,t—l +ri 1 Po1Bet—1 — rg_lpt—lDt—l —ry 1P Bl — Pt—lADJtB_‘?NK
+Plops + P8 Mowy — PQot +Wo Lot + Rxo Ko
+Riu K1+ PN (1-6) K1+ Py, — PFK, — (rf + 0;)Pr—1Bey—1 — (ADJ, — Py ADJEANE).

Replacing gross interest rate Rf = 1+ r¥ and cancelling terms:

P.Cy+ P.Dy + PP Hy + 67 1By
=WiLi+ Plpy+ Pio1Dy1+ (1 —6) PEH, 4
—P,Gy + PRPQ; + PM S, M; — Wi L — Rxr K14 (288)
+P,_ KB, - PKP —r,_ \P,_B; |
+Plops + P8 Mowy — PQot — Wo Lot — Rxko Koy
+Riu Ky + P (1-0) Ky + Pl — PFK, — ;P _1Bey—1 — ADJy.

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

Pig;=PiBn;— P 1Bpi1+02P 1By, (289)
Py =PBet — Pr1Be -1+ 0 Pi—1Be i1, (290)
PK{ + P,B; = PiBe + PiBy; — PiD;. (291)

Inserting these and cancelling more terms:

PC,+PMH, + P, \KP , + P B} |
=W,Li+ (1 —6g) PP H,
—P,Gy + PPQ; + PM S, M; — Wi L — Rxr K14 (292)
+P KPP, - PKP —r, P, \B , + P,KP + P.B;
+PtRIOF,t + PtR*StMO*,t —PQo+—Wo.iLot — Rko+Ko
+Ryut Ky 1+ PX(1-60)K,  — PXK, — ADJ,.

Using (280) and (281) and L; = Ly ¢ + Lo and Ko + Ki4 = K¢ = u4K¢—1 and cancelling terms

P.Cy+ P,_1Bf_ |+ Plci+ Py

—P,Gy + PRQ, + PM" S, M; (293)
—r4_1P_1Bf | + P,B;
+P[ op, + P S Mo — PQoy
—ADJ,.

Then inserting for the final goods zero profit condition and the market clearing condition, eq. (310):
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PtAt - PtMMt = PtQQta

PA, = PCy + Plcy+ Plpy + PGy + PQo ¢

gives
Pt—lB:—l
—PMM, + PM" S, M;
_rtflptlet*fl + PtB;:
+PtRIOF,t + PtR*StMO*,t
—ADJ;.
Rearranging:

P,B = R,_1Pi_1B}_, + P M, — PE*S; Mo, — PM S, M; — PEIop, + ADJ,.

In the model, we set ADJ; = 0, and subtract Gp; to get:

P,Bf = R, 1P,_1B} | + PMM, — PF*S; Mo, — PM " S;M; — PEIop: — Gry.

11.1 Making the equations stationary
The UIP condition:

R} S, .
p [ Sy el
Rt 7Tt+1 St
Private foreign debt:
BIOT _ B _ By,
Mainlands’s net foreign debt position
533 Ry % DM s Q DR* 1 Q DMx 7 r* DRT ~
B = #BH + | BMM, — 8,PE Mo, — S,PM*M; — PFlop, — GF,t} .
t 1t

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—7535 :zﬁzoévss =1,
The UIP condition

*
TrSS
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(294)

(295)

(296)

(297)

(298)

(299)

(300)

(301)

(302)



Private foreign debt

BIOT* = B}, — Br.s, (303)
Mainlands Norway’s net foreign debt position
- R e SO SO -
B, = [1 = } | P My = 8,0 P Mow,ss — Sus PX* M, = PRIorss — Gryss| - (304)
ﬂ-s‘;ﬂ'bs

12 Monetary policy

Monetary policy can either follow a Taylor type rule:

~ wyy\ l—wr
w Y
Ry = (Rtfl) 8 (Rss (:t ) (W) > eZRNSM’t7 (305)
S8 NAT,ss

where wp governs interest rate persistence and wp and wy are the weights on inflation and output respectively, while Zrn3as,¢
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.

~ 2
mln Zﬁ [ Tpol, t + >\y (YNAT,t> + >\dr (ARP,t)2 + )\l’l’ (RYEAR> ) (306)

{Rpf}t s

where f3,, is the central bank’s discount factor, Z; denotes a variable deviation from steady-state, }A%Rt is the key policy rate

gap and Y NAT,: is the output gap (see section 14). Furthermore, the annualized key policy rate change is defined as

ARpy=4(Rps — Rpt-1), (307)
the annualized key policy rate gap is defined as

RYEAR — 4RP’t,

and the 4-quarter inflation rate gap is given by

~ ~ ~ ~ ~ Zin
Tpol,t = T¢ + Tp—1 + Ty—2 + T3 + log (ft) ) (308)

Zinf,ss

where 2, ¢ is a monetary policy preference shock that follows an AR process. Ay, Agr and A are the corresponding weights
in the loss function.

13 Market clearing

Intermediate goods market:

= Q¢+ M. (309)
Final goods market:
=C; +Ilci+1Ins+ G+ Qo (310)
Total investment:
Li=1Ici+ Iy (311)
Capital goods sector:
Ft = Fo,t + K})t. (312)

Labor market:
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Li=Los + L. (313)
Oil supply sector:

Yri = lori + Mox- (314)

13.1 Making the equations stationary

Intermediate goods market:

T, = Q: + M. (315)
Final goods market:
Ay =Cy + 1oy + I+ Gi + Qo (316)
Total investment:
Iy =1Ios+ Iy (317)
Capital goods sector:
Ki=Ko: + Ky (318)
Labor market:
Lt = LO,t + L],t. (319)
Oil supply sector:
?R,t = fOF,t + MO*,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:

fss = @ss =+ M;q (321)
Final goods market:
Avss = 583 + TC7SS + TH7SS + éss + QVO,S& (322)
Total investment:
Zss = fC,ss + TH,SS' (323)
Capital goods sector:
Fss = FO,ss + Fl,ss- (324)
Labor market:
Ly = LO7ss + Ll,ss- (325)
Oil supply sector:
?R,ss = TOF,SS + MO*,ss' (326)
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14 Extra definitions

14.1 Interest rates

The policy rate, Rp;, is the product of the money market interest rate, R;, and the money market risk premium, Zp em, ¢
(which is assumed to be a shock that follows an AR process):

14.2 Prices

Inflation:

Inflation abroad:

Imported inflation:

Exported inflation:

Inflation of domestically produces goods:

Oil supply goods domestic inflation:

Oil supply goods export inflation:

House price inflation:

Wage inflation (Wl,t = WO,t = Wt):

Oil supply sector wage inflation:

Intermediate sector wage inflation:

4-quarter inflation:

RP,t = Rt Zprem,t .

Py
T+ = .
Py
*
7'['* — Pt
t — P*
t—1
M Ptjw
. = Tt =
Pt—l
f)M*
7_[_%7\4* — ﬂ_zc "'tM
*
Pt—l
PR
Ty = Tt—= .
t 150
Ptfl
PR
Ty = T N;
Ptfl
DR
Rx * Pt
=T
t—1
ﬁH
7_[_H _ ~t T ﬂ_h
t PH tiht
t—1
W,
7V = ——mmn?
t (2057
Wi_1
wo _ W
Ty =Ty
wIi _ W
Ty =Ty
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(327)

(328)

(329)

(330)

(331)

(332)

(333)

(334)

(335)

(336)

(337)



¢ = TTt—4
i=0
4-quarter inflation abroad,
3
~xYEAR ~%
Ty = t—i*
i=0
4-quarter inflation for imported goods:
3
~M,YEAR _ ~M
Tt Ti—i
i=0
4-quarter inflation for exported goods:
3
~M%YEAR __ ~Mx
Ty = Tg—i
i=0

14.3 Variables in CPI units

(338)

(339)

(340)

(341)

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
XJIVAT,t = 5, PM M~ ,.
The oil supply goods export:

~o S
XNare = el Mo s

Total export:

Xnart = XJIVAT,t + XI%AT,t'
Total import, with measurement error/shock (that follows an AR process):
My ars = PMM,.
Oil investment:
FOIL BDRT
INAT,t = Pt IO,t-
Oil production:

OILyars = SiPP*Yo,.
Oil supply goods:

_ o~ S g~
Yrnare = P lop: + St P Mo .

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

ffNAT,t = (Zt - @o,t + fg%ﬂ,t + XNAT,t - MNAm)

=

?NAT,t = (ét + :fC’,t + fH,t + Gy + fg{fT,t + )N(NAT,t - MNAT,t)

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

SOIL > 57
Ynar: = Ynart: + OILNaTt.
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1 —log(2z.,t)

1—1log(zz)’

(342)

(343)

(344)

(345)

(346)

(347)

(348)

(349)

(350)



15 Measurement equations

The following equations measure the growth rate gaps of key variables. We do not include measurement errors. (Note that

A does not relate to the variable A, where the latter being the stochastic discount rate.)

AC, = log ~Ct + log <7th) ,
Ot—l Tss

16 Shock processes

(351)

(352)

(353)

(354)

(355)

(356)

(357)

(358)

There are various shocks in the model. All are assumed to be AR(1) processes, where the A’s govern the persistence of the
processes (i.e. autocorrelation), the €’s are normally distributed white noise innovations and the ¢’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(m)) = (1 — Agn) log(mly) + A log (71 1) + €xn 1T

Shock to productivity in the intermediate sector:

log(21) = (1= A,z)log(zL,) + A.e log(2f 1) + €, 40,1

Stochastic trend growth shock:

log(77) = (1 — Arz)log(nZ,) + Arz log(mi_1) + €z 40 r=.

Government expenditure shock:

log(ét) =(1-Xg) log(éss) + Ag log(ét,l) +egioa.

Export demand shock:

log(vy) = (1= Auv-) log(vg,) + Au- 1og(vi_1) + € 00+

Import demand shock:

46

(359)

(360)

(361)

(362)

(363)



log(v,) = (1 — \y) log(vy,) + A log(v, ) + €v,t0v-

Oil in the ground shock:

log(O:) = (1 — Xo) log(Oss) + Ao log(Os—1) + €0,t00-

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

log(¢§"™") = (1 — Agent) log(¢Sa") + Agent 1og(¢§™)) + €gent 10 gent .

Shock to a parameter that can be mapped to the household loan-to-value ratio, see (476):
log(¢;) = (1 — Ap) log(dys) + Aplog(dy_1) + €400

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

log(1,) = (1 — Ay) log(t,) + Ay log(y_y) + €p,t0y — pypp FF My,

where we have that FF'M = 0~75ZO,1§ + 0.25]3to*.

Shock to banks’ capital requirement:

log(15) = (1= Ayo) 1og(12) + Ao log(1E ,) + €5 1.
Shock to the competition in the deposit market:

log(07) = (1 — Agn)log(02.) + Ago log(6; ) + €gD 10D
Shock to the competition in the loan market for the entrepreneurs:

log(07) = (1 = Ag=) log(65,) + Age log(0;_1) + €ge 10p-.

Shock to the competition in the market for exports Z\Z*:

log (67 ") = (1 = Agr) log(04,") + Agr 10g(0{ 1) + egre yogr-.
Shock to the competition in the market for imports ]\/Zt:

log(07) = (1 — Agr+)log(05,) + Ngr- log (6 ;) + €gF 4O gF .
Shock to the competition in the market for the domestic good @t:

log(07") = (1 = Agn) 10g(025) + Agrr 10g(01,) + egrr yogr.
Shock to the competition in the market for household lending:

log(0; ) = (1= Agrer) log (052" ) + Agru log(077) + egrun yogin.
Exogenous exchange rate risk premium shock:
z? =(1- )\B)zfs + )\Bzf_l +€eB10B.

Shock to the households preferences for deposits:

log(2f) = (1 — Ag)log(2%,) + Aalog(z |) + €qt0a.
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(365)

(366)

(367)

(368)

(369)

(370)

(371)

(372)

(373)

(374)

(375)

(376)

(377)



Shock to the productivity of oil investments:

log(Zrorrt) = (1 = Arorr) 108(Zror1L,ss) + Arorp 108(Zrorr,e—1) + €rorL,t0rorr.-

Shock to the households preferences for housing:
log(2/') = (1= M) log(24) + An log(2(_ ) + e eon.
Investment shock:
log(zr¢) = (1 — A1) log(zr,ss) + Arlog(zrt—1) + €1407.

Housing investment shock:

log(zrmt) = (1 — Arm) log(2rm,ss) + Arm log(2rme—1) + €1m,t01H.

Oil price shock (in gap-form):

—_— —_—
ZPOx,t = APO%ZPOx,t—1 + €PO%,t0 POx-

Oil production shock abroad:

log(i}O*,t) =(1—-Avoxt) log(f/oms) + Ay ost 10g(}70*,t—1) + €Y 04,t0Y O

Oil extraction firms productivity shock:

log(Zot) = (1 — Aorr)10g(Zo ss) + Aorr log(Zo 1—1) + €ornio01L-

Money market risk premium shock:

log(zp’rem,t) = (1 - )\prem) IOg(Zprem,ss) + >\p7'em IOg(Zp’r'e’rn,t—l) + €prem,tOprem-

Oil supply firms productivity shock:

log(ZR)t) = (1 — )\R) log(ZR7ss) + Ar log(ZR,t_l) + €RtOR-

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

log(zinf,t) = (1 - )\Tnfolio) log(zinf,ss) + )\Tnfolio log(zinf,t—l) + €inft0inf-

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

ZRN3M,t = ARN3MZRN3M,t—1 + €ERN3M,t0 RN3M -

Shock to the households preferences for consumption:

log(z;') = (1 — Au) log(zgs) + Ay log(zf" 1) + €u,tOu-

Inventory shock:

log(zx,t) = (]- - )\wedge) log(zm,ss) + )\wedge log(zx,tfl) + €wedge,t Owedge-
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(380)

(381)

(382)

(383)

(384)

(385)

(386)

(387)

(388)
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Shock to foreign money market interest rates (in gap-form):

—

—_—
ZR#,t = AR#ZRx,t—1 T €Rx,t0 Rx- (391)

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

—

—_—
ZUxt = AU#ZUs,t—1 + €U, 10U (392)

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

Z@J = €YNTP,tOYNTP- (393)
Shock to inflation abroad (in gap-form):
2’7&_1*\’15 = A@H*Z@l + €gHx» (T gH . (394)
Shock to marginal costs abroad:
log(]/\/Tét) = (1 — /\MC*) log(Msts) + Ao log(]\/fat_l) + EMO*,tTMCx- (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%:

Tas = (1.025)1 = 7M = M — 79, (396)

SS§

Weighted foreign inflation is assumed to be 2%:

7, = (1.02)7. (397)
Average trend growth (technology growth) in Norway (and abroad) is assumed to be 1%:

72, = (1.01)7. (398)

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

TW,ss — TWli,ss — TWO,ss — 7Tss77§s- (399)

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

7t = (1.0460)%. (400)
The weighted foreign interest rate is assumed to be 3.44 % on annual basis:

ko

R:, = T ~ (1.0344)7. (401)
Government’s share of final goods is assumed to be 100 - 09%:

og = Ciss = calibrated. (402)

S8

The share of final goods used as input to the oil supply sector, is assumed to be 100 - 0q%:

o S;ssﬁsos*i\}o,ss
gss

Maximum loan-to-value ratio for entrepreneurs is assumed to be 100 - LTVE %:

oq = calibrated. (403)
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LTVE = calibrated. (404)

Maximum loan-to-value ratio for households is assumed to be 100 - LTV, %:

LTV, = calibrated. (405)
The stationary real price level of houses:
P —1. (406)
17.2 Solution
From the UIP condition (302) we get that
R*
Rss == Tss- (407)

*
SS

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

Zprem,ss

Rpss = (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 62 < 0):

gD
i = o T (409)

From equations (184) and (185) we can find the steady-state values of the wholesale lending rates (R, R%¢). Then from

8s )

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

olH
F byl
Toe = ngs— 1rssb. (410)
From (188) we see that loan branch sets the loan rate to entrepreneurs as a mark up on the wholesale rate, R%¢, in steady-
state:
0¢ b
i = Tl (411)
From the optimal total investment condition (134) we get that
5 1
PE = - = 1. (412)

88

ent

oo*. By using (122) we can
and (121) we get the steady-state

Next, we want to find EKSS, i.e. the real return on capital, but first we need to find the §, and ¢

find 6%, by fixed-point iterations, and by using the assumed value of LTV = %

loan to value ratio:

1—§¢ 1 -1 ent
LTve, = [1 — ( esst) } ¢ssent Tes (413)
]- + ¢SS WSST{-?S ]' + ¢ss
e
-1
1 (1=05)\ 1495
LT‘/:S = |:(1 - 1 +¢ent 7Tss7rz ) (bentﬂ_ ) (414)
¢ent _ (@=6g)
1— LTV, L ) (415)

ent
¢)ss Tss

ent

which means that we can find ¢;,

d; (116) we get that

by fixed-point iterations of (415) until convergence. From the first-order condition w.r.t.

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

HELP1 _ (A0 — 1) (14 ¢51") (417)
¢ ASS ’
where we define
BEPTINE = 0 (85,)™ TN (1= 05) = (82)° + (1 - )" (418)
Rearrange the FOC w.r.t. B., (115):
e R (1—-65,) ~e
[1 - AssRss] Be,ss + |:Ass |:1+¢§2t:| - 1] wssBe,ssa
SO0 (627 = (1= af)™ | Jig + A (1= 05, [(05) = (1= a®)"| fig, =0 (419)
—
[1 = AgsRS,] Bess + plt 205 Be ss + pl PH3 05, = 0,
where
1 _ €
pe T = [Ass [( e } - 1] : (420)
L4 @5
(1;1ELP3 — [Assﬂssﬂ—zs _ 1] I:(SZS _ (1 N ae)n"’:| 7 (421)
and we have used that
P ]_ e e af e P
0= (1= a)" = ——(1-65) [(62)" = (1 = a9)"]. (422)
ﬂ-SSTrss
Insert for ¢, Be qs from (416) into (419) to get that
[1 - ASSRSS] Ee,ss + MEELPZNfELPIﬁzs + MfELPgﬁgs =0
= (423)
¢, = [uHELP2 HELPL MHELPS]*1 [1— AysRS] Beye.
Insert this into (416):
o2, = b [AgsRS, —1]. (424)
(HELP2 HELPL || HELP3
Then by using (40), (424), 6¢,, ¢ and FOC w.r.t. K;, (114) we get that
~ e o PK
Ricos = |1— (1= 8)mes (0°.—P55 L AL, s 425
e = 1= 0= (@ 0 ) (425)
From (117):
'7/55 (uss) = EK,ss- (426)

Insert the demand function for @; (93) and M; (94) into the final goods production function (92) to find the steady-state

value of real domestic prices (using PM = 1):

= o (v () 2 o (v () )
—

=) ()

T~

—
g - (L)
From the FOC of optimal domestic price setting (78):
— o

—1~
_ Vs 150
MCyy= =2 ~P

88°
SS
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From the FOC of optimal imported price setting (263):

Sss = P - (429)

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

pus — _Osf MCur
*” 95:: -1 Sss
Using the intermediate goods production function (75), demand for labor (76) and the demand for utilized capital (77):

(430)

¢
- 1 o~ 1-1]&1
T = |(1= )t (hLre) ¢ +at (Kis) 1 . (431)
e\
-1 ss —
Liw=(0—-0a)(zL) " [ = Ts. (432)
WI,ss
-~ Me.\
FI,SS =« ~755 TSS‘ (433)
K,ss
Insert (433) and (432) into (431) to get:
£-1 £—1

e g
1
(1—a) ((1 —a) (zis %V{C) )
1 MC.y.
+a§ (a (EK,SS) >
<~
! £—-1 £-1 _ &1
— Zis 1
t=[a- () e ()] ()
<~
— 1-¢ 1€ ~ 1-¢
(1 - a) (VZ«I{;:S> = (Mcss> -« (RK,ss) (434)
<~
1
__ Fe NV o(R 1-6\ T-¢
WI,ss - ((MCSS) lfa(RK SS) ) Zés'
Where zL = 1. From the wage setting rule by households (47):
WI,SS = Wss = 1/)’(/}88 1MRS(L557 555)7 (435)
At this stage we know W, (from (435)):
~ T 74 "/}ss -1
MRS (Lss,Css) = WSST. (436)
Ss

To proceed, we need to switch our attention to the oil sector. First we assume that Zg s = 1, Zoss = 1, JSSOS* =1,
You,ss = 1, Oss = 0.1011. Given that Qo,; is bought from the final goods sector we have that

PRO =1, (437)
From the production of rigs (256) we get:
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z

FO7SS _ 7Tss

FIVO’SS 7T§S—1—|-(5O.

From the production function of the extraction firm (247) and using that Fo s = Fo 577, (249):

O ﬁO Ss e _
YO,ss = ZO,ss (ﬂf) (Oss)l Yo

From the FOC of extraction firms w.r.t. FC (250), remember that we know A, and Sgs:

~ s D ? ss P
QO,ss = ﬂ—ssAss (OéoSsng*Wis ~07 + (1 - 5O)Qo,ss>

~ 1
YO ss Q (60 + Toshss 1)
ﬁo ss 7 aogssﬁsos*ﬂ—gs .

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

]Ssif = ﬁo,sy
From the FOC of extraction firms w.r.t. Up; (254):

}70 1 ~ /
% — = PRa (Upss).
FO,ss aosssPSS*ﬂ-gs

—

?O,ss o QO,ssa/ (UF,SS)

FO,ss aoSssPsos*ﬂ—gs

Combining (441) and (444) we get that

' 1
= —-1].
¢ (UF7SS) (60 N TosNss )

From the supply firm production function (240):

?R,ss = (@O,ss)aq (LO,ss)al (FO,ss)liaqial .
From (241), we get that marginal costs is given by

~ [P — ay ~ l—ag—ay
]%R — P;go WO,ss RKO,ss )
5 oy o l—a;—o

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

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

IOF,ss = IO,SSv
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(442)

(443)

(444)

(445)

(446)

(447)

(448)

(449)

(450)

(451)



YR,ss = IOF,SS + MO*,ss~
From perfect factor mobility we get that

WO,SS = Wss~
Now we have 4 unknowns and 4 equations (446), (448), (449) and (450):

~ «@ [} = l—ag—a
QO,SS ! LO,ss l KO,ss ’ l
i}R,ss }A}R,ss ?R,ss ’

— ay — g — l-—ag—ag
1= MCR,ss MCR,ss MOR,ss
=\ %—=g5 == (1 —ay—) = '
P WO ss RKO ss
~ —Qq o~ - oy~ —(1—ag—ay)
l=afaf" (1 —aq— al)(lfa“fal) (PS%O) (Wo,ss) l (RKO,SS) L

H
I

— B -~ 1= Qg [~ Qp o~ l—ag—ay
MCR,SS = qu aqal il (]. — Qg — Ozl)anral (PSQSO> (Wo,ss) (RKO,SS) ’

We can then solve for Z\/J\E’&ss, ©0.es  LOss ynq I;O““. From (245) and (246):

ffR,ss’ YR,SS R,ss
R _ 27c 0"
Pss :MCRSS(HR_ 1)7

From (441) we get (since PR = 50755) that

~ , -1
FO,ss _ ?R a (UF,ss)
*® 0o Sss PO %,

Then by using (438):

YO,SS YO7ss

We know gss, PO* PR and we set }70*,35 so from the demand from extraction firms abroad (258) we get that

ss 7 SSs

[30)
PSS*

1
~ Qo m
Fo ss
ZO,ss - = 0ssv
ﬂ-ssYO,SS

which means we can back out Fp s, Io,ss and get Fo,ss from:

_ pre\ '
MO*,SS = Qox 25 YO*,ss~

From (439), we find that

YO,ss =

]%R,ssv

(452)

(453)

(454)

(455)

(456)

(457)

(458)

(459)

(460)

(461)

(462)

(463)

(464)

From (452) we can then back out ?R,ssa and we can therefore solve for FO,ssa Lo,ss and @O,ss~ From the definition of og

(403), we get that

A“SS _ SssPs(Z*YO,ss.
oq

Imports (M) and Q,, can then be found from eq. (94), (93) and (427) (P is calibrated to 1):

SS
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My = (1-v) (PM) " A,

S8

Qu = v (P2) " AL

To find traditional exports (M:s) we use the trade balance. Using eq. (304) and (261) in (303), setting ESTSOT* =0, gives:

nTOoT n /5]
Bss *:B:s_BF753
54

> Rss ey~ S DR 1 S D e SRT ~
st;OT* = |:]- - :| |:PSA;IM55 - SSSP£ MO*,ss - SssPSAg*M:S - PslzIOF,ss - GF,SSi|

T5sTss

R 1 ' rs <o ~
- l:l - SS:l I:Stps(z*YO,ss - GF,SS:| =0

X T

88'° 8s
R} R
& using —2 = —
55 Tss
st\ngs - SssPsIg*MO*,ss - Ssspé\g*M:s - PSIEIOF,SS = StPsOs*Y0735
54
27 SDMyr o DR*7 1 PRT o DOxv~ 1
]\4'5S = [PSJ\S/IMSS - Sss-PSIZ5 MO*,ss - PSR;IOF,SS - StPSOS YO,ss W
SSSPSS *
From the demand for export (265), we must have:
f 1 M <Psﬂg*) (466)
14 = _— .
* Ynar« ss

We can then substitute M *. into the market clearing equation for the intermediate good (321) to find Tys, ice.

fss = @ss + M; (467)

As we now have TSS, we can use (432) and (433) to find Lj s and %1755 respectively. So from (324) we get that

Ky = %I,ss + %O,ss- (468)
By the definitions of utilized capital (119) we then have

Koo = Koot (469)

EER

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):

~ 1—9) ~ ~
Kss = ( P )Kss+IC,ss
Tss
<
~ 1—4 ~
IC,ss = |:1 - ( ):| Kss- (470)
TSs
Then by using this and (133), we get that
fros = 2022 Tos _ 7z 1§,
K,

As we now know both Ly s, (from 432) and Lo ss (from 243), we can find aggregate labor from (325):
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Lgs = Ll,ss + LO,ss~ (471)
To proceed, we can use the definition of MRS (48):

MRS (Las, Cag) = 2 Lss)
( ) U’(Css)
= (472)
~1 _ v (Lss)
" (C) = MRS(Lo..Cr)
By using the calibrated value of 2% and (36), we can find Ci,:
_ o (cy)

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

éss = ogﬁss. (474)

We now switch our attention to the households FOC’s. By using (50), we can find 6538 by fixed-point iterations, and by

using the definition of LTV, = P;éBﬁss and (49), we get the loan to value ratio in steady-state:

(1—-6) 1 ¢ h
LTV, = — 22 55 s 475
1 + ¢SS 7T5571'§5 1 + ¢ss " ﬂ-SS ( )

=
[ 1 1=\ 146, ]

LTV,, = 1- s s , 476
( 1 + ¢ss ﬂ-SSﬂ-gs > ¢ssﬂSSWéLs] ( )
1 — LTV, 2 T | = 477
d)ss’rrssﬂ—?s ( )

We can find ¢, by fixed-point iterations of (477) until convergence. From the first-order condition w.r.t. 5? (44), we get
that

wsséh,ss = NHELPlﬁ (478)

587

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

pHELPL (Ass(sprimeA_ 1) (1+6s) , (479)
where we define
Py al—1 ah h
orrime —at (65) " (1-oB)— (o8) +(1—ahy". (480)
Rearrange the FOC w.r.t. By, (41):
(1= AeoRE] Brss + [Ass [4552] = 1] @usBss
a R al iy
A [(55;) ~(1-ah) ] oo+ Asa(1 - 62) [(65;) ~(1-ah) } fius =0 (481)

<
[1 - ASSRst] Bh,ss + ,U*HELPQC&SSBh,sS + ,U*HELP3/7 = 07

SS

where 5
HELP2 (1 — 638)
A | Sl g 482
I s 1+ ¢,, ‘| ( )
h
/’LHELP3 = [Assﬂ-ssﬂ-zs - 1] |:6SBS - (1 - Oéh),Li :| ) (483)
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and we have used that

68— (1—a = L (148 [(5i)ah (- (484)

MssTag

Insert for @Sséh)ss from (478) into (481) to get:

[1— AwRE] Biygs + pHELP2 HELPAG HELP3S )
— (485)
igs = [T ELP2HELPL 4 MHELP?,]_l [1— AwRE] By e

Insert this into (478) to get:

HELP1
I

HELP2, HELP1 HELP3
I I + p

[AssRE, —1]. (486)

Wss =

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 Iy 4:

fH,ss = gss - 655 - TC,ss - éss - éO,ss‘ (487)

We now have both TH7SS and fC7ss; so I,s can be found from (323). From the housing accumulation equation (145), the
housing adjustment costs (146) and the solution of If s from (487) we have that

~ h(1-¢ -
H,. = [1 _ 7758(21‘1)] Thss, (488)
7TSS
which means that
Tes
’yH,SS = 7'('h -1+ 5H (489)

S8

Given the assumption that the steady-state value of P2 =1, we use (40), (486), ¢,, and FOC w.r.t. to Hy; (43) to find that

@' (Hys) = PH (6) {1 — (1= 6p) Agymrgsnh, — 1%; BosTsst | | (490)

ie. (from eq. (39))

2 = @' (H,s)Hys. (491)

8Ss

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

ZHs.ss = PH. (492)

SS

Now we can then find E;hss from the constraint on households loans (49) and therefore fi,, from (485). Likewise we can solve

for ES’SS from the constraint on entrepreneurs loans (121), and the fact that we now know ¢, K 1,55 and INEK,SS. Given this
we can find g5, from (423).

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

Ess = Ee,ss + -éh,s& (493)
By using the FOC w.r.t. to deposits (42) and (37) and setting 2%, = 0.1889:

AgsRI, =1— fl;((g:;
Sad
@ (Do) = (Cos) [1 = Ao RE] (494)
~ <~ B
Doz =

@' (Css) [1SiASS R4

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 wgs (186) we get:

KB = o, BEW (495)
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By using total assets and bank capital, we can find banks’ total external funding from (190) :
EIIJ;,(SJE = Ess - I?fs (496)
(497)

TOT D
ss-

Then by using this and deposits above, we can find banks’ foreign funding from (192):
E:s = gF,ss D

By using (181) we can find J,,. To make the J,, and KB consistent with (182), we need to set the value of 6° as follows:
o
O =22 gt + 1 (498)
K
Using that BZOT* = 0 and (303) we get:
EF,SS = E:s‘ (499)
Lastly, where we have set ?N ATx,ss = 1.
We can now find the transfer from the oil fund to the banks (p ) by using and (261):
E ss = (1 — :S E ss gssﬁo*i; ss
(500)

=

* N -1
Ss
BF,SS:|

1- PGr = |:§F,ss - gssﬁsos*?o,ss] |: .
g 71-ssﬂ-gs

<~
3 D }70 ss R -
=1—|1- 8P =" | =2
pGF [ o BF,ss |:7T:67T§.S:|
And then from (260):
GF,ss = PGr |:7T:Sj:§5 F,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
al 0.9959 Parameter governing the dynamics of the amortization rate for households
K" 1.0487 Parameter governing the dynamics of the amortization rate for households
b5 0.6393 Share of households with backward-looking expectations regarding house prices
b¢ 0.9384 Habit persistence in consumption
b? 0.4813 Habit persistence in deposits
I5) 0.99 Discount factor
bt 0.9867 Habit persistence in housing services
bt 0.5862 Habit persistence in leisure
ot 0.0228 Depreciation rate for housing capital
A5 0.9495 Degree of how backward-looking agents are while forming house price expectations
oW 666.92 Cost of changing wages
2% 0.1889 Deposit preferences
¢ 3 The inverse of the Frisch elasticity of labor supply
Intermediate goods sector
« 0.256  Share of capital used in intermediate-goods production
Py 285.60 Cost of changing export prices in foreign currency
pT? 669 Costs of changing domestic prices
oF* 6 Elasticity of substitution between exported goods
13 0.929 Elasticity of substitution between capital and labor
Final goods
I 0.5 Elasticity of substitution between domestic and imported goods
Entrepreneurs
at 0 Parameter governing the dynamics of the amortization rate for entrepreneurs
K® 0.9977 Parameter governing the dynamics of the amortization rate for entrepreneurs
D 0.2192  Cost of changing the utilization rate for entrepreneurs
Capital producers
) 0.0108 Depreciation rate of capital
on 12.5432  Cost of changing business investment from its steady-state value
19 165.6624  Cost of changing business investment from the previous period’s value
Housing sector
D1 60.7278  Cost of changing housing investment from its steady-state value
Do 199.6549 Cost of changing housing investment from the previous period’s value
Banking sector
Xe 10 Cost of deviating from the target capital-to-assets ratio
Xo 0.0046 Fixed operational cost of banks (spread btw wholesale lending rate and money market rate)
&° 0.0161 Fraction of bank capital that is paid as dividends to shareholders
qu 0.0016  Elasticity of interest rate risk premium w.r.t. net foreign assets
P 0.0732  Adjustment costs for changing deposit rate
@° 18.5013  Adjustment costs for changing business loan rate
o 18.3597  Adjustment costs for changing household loan rate
¢S 0 Elasticity of interest rate risk premium w.r.t. real exchange rate
6P 7.007 Elasticity of substitution between household deposits
¢h 0.4 Risk weight on loans to households
S 0.8 Risk weights on loans to households
Oil sector
g 0.28 Share of labor used in oil supply goods production
Qox 0.15 Foreign oil extractor’s share of oil supply goods from home country in production
Q, 0.55 Share of rigs used in oil production
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0y 0.69 Share of final goods used in oil supply goods production

do 0.021 Depreciation rate of oil rigs

~© 0.0336  Cost of changing utilization rate for oil extractors (first)

o 17.7955 Cost of changing utilization rate for oil extractors (second)

(bP R 1245.6  Cost of adjusting oil supply goods prices in the domestic market

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

Pttt 8.2151 Cost of changing oil investment

PGp 0.0501 The fraction of transfer from GPFG to banking sector

of 400 Elasticity of substitution between oil supply goods domestically

o 5 Elasticity of substitution between oil supply goods for export

Zo 1 Oil extraction productivity

Zr 1 Oil supply productivity

Foreign sector

af* 0.1497 Parameter governing how expected inflation affects current inflation of trading partners
aGLoOB 0.1 Weight of trading partner’s output gap in global output gap

a¥* 0.0462 Parameter governing how trading partners’ output affects current inflation of trading partners
BO 0.2026 Parameter governing how expected real oil price affects current real oil price

B 0.999 Discount factor abroad

k9 4.0027 Parameter governing how global output gap affects real oil price

N NTE 0.9258 Persistence of non-trading partners output gap

*

0.5 Foreigners’ elasticity of substitution between foreign and exported goods
1.4606 Response coefficient to inflation in the Taylor rule for trading partners
0.8414 Interest rate smoothing in the Taylor rule for trading partners

0.04 Response coefficient to output in the Taylor rule for trading partners

0.8862 Persistence of trading partners’ inflation process
0.0006 Parameter governing how real oil price affects trading partners’ inflation
830.10  Cost of changing prices of imported goods
0.0012 Parameter governing how real oil price affects non-trading partners’ output gap
0.0114 Parameter governing how trading partners’ output gap affects non-trading partners’ output gap
0.6146 Persistence of trading partners’ output gap
0.0048 Parameter governing how real oil price affects trading partners’ output gap
YNTPx 1.0994 Parameter governing how non-trading partners’ output gap affects trading partners’ output gap

T O U< I
S
*

Qo =
* ¥

ol
*

@%\%%%E%Q%%%E £ & F
z 2
N S
v

0.7569 Parameter governing how foreign real interest rate affects trading partners’ output gap
6 Elasticity of substitution between imported goods

>
B

Monetary policy

By 0.99 Discount factor of the central bank

Ndr 0.4 Weight on the annualized policy rate change in the loss function

Air 0.02 Weight on the annualized interest rate gap in the loss function

Ay 0.3 Weight on the output gap in the loss function

wp 0 Response coeflicient to inflation in the mimicking rule

wp1 0.2921 Response coefficient to future expected inflation in the mimicking rule
WPREM 0 Response coefficient to money market premium in the mimicking rule
WR 0.6663 Interest rate smoothing in the mimicking rule

WRF 0 Response coefficient to foreign interest rate in the mimicking rule

ws 0.0159 Response coeflicient to real exchange rate in the mimicking rule

ww 0.8705 Response coeflicient to wage inflation in the mimicking rule

wy 0.2417 Response coefficient to output in the mimicking rule

60



Shock-related parameters

Parameter Value Description

Persistence parameters

AB 0.737 Exchange rate risk premium shock

Ag 0.9145 Government spending shock

Ah 0.6938 Housing preferences shock

AI 0.6457 Shock to business investment adjustment costs

AIH 0.8608 Shock to housing investment adjustment costs

Xinf 0.75 Monetary policy shock (Optimal policy)

AIOIL 0.834 Shock to oil investment technology

AL 0.804 Temporary productivity shock in the intermediate goods sector
AMC 0.0965 Shock to marginal costs abroad

Ay 0.9336 Import demand shock

Av, 0.9238 Export demand shock

APOx 0.8736  Real oil price (supply) shock

Agent 0.9102 Shock to LTV ratio of entrepreneurs

Ao 0.783 Shock to LTV ratio of households

Aprem 0.8168 Shock to money market premium

Ay 0.2797  Wage markup shock

ARN3M 0.7919 Monetary policy shock (Taylor rule)

AR« 0.3222 Monetary policy shock (trading partners)

Age 0.9641 Markup shock to lending rate for loans to entrepreneurs
AoH 0.4347  Price markup shock

AgH+ 0.0523 Trading partners’ price markup shock

AgrH 0.8895 Markup shock to lending rate for loans to households
Au 0.7248 Consumption preference shock

AU« 0.7825 Trading partners’ demand shock

Awedge 0.838 Inventory shock

Ay Ox 0.7458 Shock to the oil production abroad

St.dev. (multiplied by 100)

op 0.6178 Exchange rate risk premium shock

oG 0.3806 Government spending shock

oh 28.6767 Housing preferences shock

o1 23.0179  Shock to business investment adjustment costs

org 2.575  Shock to housing investment adjustment costs

Tinf 1 Monetary policy shock (Optimal policy)

OI0IL 2.6119  Shock to oil investment technology

O,L 0.598 Temporary productivity shock in the intermediate goods sector
O MCx 34.629 Shock to marginal costs abroad

oy 0.4277 Import demand shock

ou, 4.2376  Export demand shock

OPOx 7.9181 Real oil price (supply) shock

T pent 2.5902  Shock to LTV ratio of entrepreneurs

O 25.4232  Shock to LTV ratio of households

O prem 0.0372  Shock to money market premium

Oy 63.3097 Wage markup shock

ORN3M 0.0302 Monetary policy shock (Taylor rule)

O R+ 0.0841 Monetary policy shock (Trading partners)

Oge 84.8579 Markup shock to lending rate for loans to entrepreneurs
OgH 20.1448  Price markup shock

O gH~ 0.8327 Trading partners’ price markup shock

OprH 167.9416 Markup shock to lending rate for loans to households
Ou 3.0209 Consumption preference shock

OU« 1.1147 Trading partners’ demand shock

O wedge 0.1844 Inventory shock

OYNTP 0.1828 Global demand shock

OYOx 3.4093 Shock to oil production abroad

Other

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

Parameter Value Description

Tss 1.0062  Gross inflation (quarterly)

T 1.005 Gross foreign inflation (quarterly)

mh 1.0113  Relative house price trend inflation (quarterly)

T2 1.0025 Trend productivity growth (quarterly)

Gss 1.5484 Government spending as a share of output

Zinf,ss 1 Inflation target shock

Mos,ss 0.11  Oil supply goods export volume

MC:, 1 Foreign marginal cost

7o 0.136  Bank capital-to-risk-weighted assets ratio target

CCB, 0.02 Countercyclical capital buffer

YN AT, ss 1 Foreign output

Vss 0.65 Share of domestic goods in final goods production

Vig 0.212  Share of domestic goods abroad (export demand)

Oss 0.1011  Oil in the ground

PO 1 Real oil price

ot 0.9917 Collateral coefficient governing LTV ratio for entrepreneurs
Dss 0.1095 Collateral coefficient governing LTV ratio for households
Vs 2.5 Elasticity of substitution between differentiated labor
R, 1.005 Money market interest rate abroad (quarterly)

0%, 13.95 Elasticity of substitution between loans to entrepreneurs
Hi 6 Elasticity of substitution between intermediate goods
oLH 29.2846 Elasticity of substitution between loans to households
ZB,ss 0 Risk premium shock

2 0.523 Housing preference shock

ZI,ss 1 Shock to business investment adjustment costs

ZIH,ss 1 Shock to housing investment adjustment costs

Z101L,ss 1 Shock to oil investment specific technology

2L 1 Temporary productivity shock in the intermediate goods sector
Zprem,ss 1.0012 Shock to money market risk premium

Z3 2.6315 Consumption preference shock

Zg,ss 1.0772 Inventory shock
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