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Abstract
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1 Introduction

The model described in this documentation is named SELMA. SELMA is a two country version of a New-
Keynesian DSGE model which depicts the Swedish economy and a Foreign economy, where the latter represents
the rest of the world. The non-�scal blocks of the model build on well-known contributions by, among others,
Christiano, Trabandt, and Walentin (2011), Christiano, Eichenbaum, and Evans (2005a), Smets and Wouters
(2003) and Adolfson et al. (2008). The most closely related model for the non-�scal part of SELMA is the model
described in Corbo and Strid (2020), whereas the most closely related model for the �scal part is the model
described in Coenen, Straub, and Trabandt (2013). The Swedish economy in SELMA is characterized by a
detailed �scal sector, with a �scal authority that conducts �scal policy and has several �scal instruments at its
disposal as well as the ability to issue government debt. With a detailed �scal sector, it is possible to analyze
the e�ects of �scal policy, taking into account general equilibrium e�ects as well as analyzing the interaction
between monetary and �scal policy. In addition, an energy sector similar to Corbo and Strid (2020) is included.

In the Swedish economy, unemployment is modelled following Galí (2011) and Galí, Smets, and Wouters
(2012).

The main di�erence between SELMA and its earlier counterparts in the models in Adolfson et al. 2008 and
Coenen, Straub, and Trabandt (2013), except for the presence of unemployment in SELMA, is the structure of
the Foreign economy. Both Adolfson et al. (2008) and Coenen, Straub, and Trabandt (2013) assume a vector
auto-regressive (VAR) representation of the Foreign economy, while in SELMA it is modelled as a structural
economy with optimizing, forward-looking households and �rms, in a similar manner as in Corbo and Strid
(2020). The main advantage of modelling the Foreign economy as structural is that shocks that originate in the
Foreign economy can be interpreted in terms of the model mechanisms.

The layout of the rest of the document is as follows: the model is presented in Section 2, the parametrization
of the model is presented in Section 3, and impulse response functions for selected shocks are presented in Section
4. The stationarized and log-linearized model equations are presented in Appendix A, the steady state equations
are in Appendix B, derivations of the model equations are in Appendix C, D and E, while the variable and
parameter de�nitions are in Appendix H and Appendix I respectively. The estimation methodology is described
in Appendix J, the details of data transformations in estimation is given in Appendix K, the observation equations
for the model estimation process are given in Appendix L. Finally, model-implied statistics of interest and the
impulse response functions of the selected model variables to model shocks are reported in the Appendix M.

2 The model

The world economy consists of two economies, Sweden, and the rest of the world, called Foreign.1 Sweden is
a small open economy, which means that Sweden relies heavily on trade with other countries. At the same
time, Sweden is a su�ciently small economy relative to the rest of the world that changes in the economic
environment or economic decisions in Sweden do not a�ect Foreign. In contrast, Foreign is a large economy,
which means that changes in the economic environment or the economic decisions in Foreign have an impact
on Sweden. Households and �rms in both economies make decisions based on optimizing behavior and rational,
forward-looking expectations. We assume trade in goods and bonds between the two economies, but we abstract
from the possibility of labor mobility between countries.

In the Swedish economy, the household sector is composed of two types of households: Ricardian and Non-
Ricardian. Both types of households consume and work. The di�erence between them is that the Ricardian
households have access to �nancial markets, which implies that they can save and borrow. Non-Ricardian
households do not have access to �nancial markets and can neither save nor borrow (which implies that they
cannot smooth their consumption over time). Production is carried out by intermediate good �rms that rent
capital and labor from households. Domestically produced intermediate goods are then combined with imported
goods to produce �nal goods, which are sold either on the domestic market, or on the export market. Separate
�rms specialize in the business of importing and exporting. Furthermore, Sweden has a detailed �scal sector
with a government that uses several sources of tax revenue to �nance government consumption, investment and
transfers to households. Figure 1 shows an overview of SELMA; the structure of the Swedish economy and how
it connects with the Foreign economy.

Foreign is partly a mirror-image of Sweden. However, as the main focus of the model is the analysis of
Sweden, Foreign is modelled with a more sparse structure. In particular, the �scal sector in Foreign is modelled
in much less detail compared to the Swedish economy,2 and there is only one type of household, the Ricardian
household.

Both Sweden and Foreign are a�ected by two non-stationary technology shocks for each, which determine
the long-run path for productivity. They are denoted zt and γt for Sweden, and zF,t and γF,t for Foreign.

1For a list of all variables and parameters, see Appendix H and I respectively.
2In Foreign, all of the proceeds from taxation are spent on transfers to households and the government runs a balanced budget every

period.
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For Sweden, zt and γt may be interpreted, respectively, as a labor augmenting technological process and a
technological process speci�c to the production of investment goods. z+t , which is a function of zt and γt,
summarizes the compound e�ect of technology on the level of production along the balanced growth path. For
the Foreign economy, the similar variable that summarizes the compound e�ect of technology is denoted by z+F,t.
In addition to these non-stationary technology shocks, each of the two economies are a�ected by a number of
country-speci�c shocks, where some of the shocks are allowed to be correlated.

The remainder of this section describes the problems solved by optimizing agents in the two economies, as
well as the policy rules that govern monetary and �scal policy. A complete list of the equilibrium conditions and
the derivations can be found in Appendix A, and Appendices C, D and E respectively.

2.1 The Swedish household sector: Ricardian households

The Swedish household sector consists of a continuum of households with total mass equal to one and indexed by
k. They can be divided into two types of representative households, Ricardian households, with mass (1−snr) and
Non-Ricardian households with mass snr. In this section, we describe the Ricardian households. A representative
Ricardian household earns income from wages and from the return on its savings, and it decides how much to
consume and how to allocate its remaining resources between di�erent kinds of savings. There are four kinds of
assets that the household can save in: 1) capital, which is owned by households and rented to �rms on a period-
by-period basis, 2) private bonds denominated in Swedish currency, 3) private bonds that are denominated in
the currency of Foreign, and 4) a portfolio of government bonds denominated in Swedish currency.

A representative household is a large structure with many members who are represented by the unit square
(h, j) ∈ [0, 1] × [0, 1], where each member is indexed by h according to their type of labor service they are
specialized in and indexed by j according to their degree of disutility of work. We drop the household's index k
because all households have the the same optimization problem. The objective of representative large household
is to maximize the following expected discounted life time utility:

E0

∞∑
t=0

βt

[
ζct u(C̃t − ρhC̃t−1)− ζnt Θn

t An

� 1

0

� Nh,t

0

jη djdh

]
, (1)

where ρh is the consumption habit formation parameter, ζct is the consumption preference shock and the com-
posite consumption C̃t of household is de�ned as a constant elasticity of substitution (CES) aggregate:

C̃t =

(
α

1
υG
G C

υG−1
υG

t + (1− αG)
1

υG G
υG−1
υG

t

) υG
υG−1

where Ct denotes the household's aggregate consumption of private consumption goods which is obtained by
integrating over all household members' consumption, Ct =

� 1

0

� 1

0
Ch,j,tdjdh. We assume full risk sharing of

consumption among household members which implies Ct = Ch,j,t for all (h, j). Gt measures government con-
sumption. Note that αG is a share parameter and υG > 0, where υG measures the elasticity of substitution
between private consumption and government consumption. υG → 0 implies perfect complementarity, υG →∞
gives perfect substitutability, and υG → 1 yields the Cobb-Douglas (CD) case. Following Coenen, Straub, and
Trabandt (2013), Bouakez and Rebei (2007), Leeper, Walker, and Yang (2009) and others, we allow government
consumption to enter household utility in a non-separable way. This feature has several implications. First,
changes in government consumption a�ect optimal private consumption decisions directly, as opposed to the
indirect wealth e�ect in case of separable government consumption. Second, conditional on the degree of com-
plementarity, a co-movement of private and government consumption may be obtained, which is observed in
macro data, see for example the discussion in Galí, López-Salido, and Vallés (2007). Intuitively, examples of
government consumption goods that represent complements to private consumption goods are public security
provision such as defense or police, and education. The term ρhC̃t−1 in the utility function captures an external
habit formation, which implies that households dislike to deviate from the last period's average consumption.

The term Nh,t denotes the employment level for profession h and by integrating disutility of work over j the
household utility can be written in the following way:

E0

∞∑
t=0

βt

[
ζct u(C̃t − ρhC̃t−1)− ζnt Θn

t An

� 1

0

N1+η
h,t

1 + η
dh

]
,

The functions u (·) is twice continuously di�erentiable function and βt is the subjective discount factor. The
term ζnt denotes an economy-wide preference shock to the disutility of labor that evolves stochastically and that
causes exogenous shifts in the supply of labor. The term Θn

t is an endogenous shifter de�ned as

Θn
t = Zn

t Uc,t (2)

where Zn
t is an approximation for the trend of marginal utility of consumption Uc,t and de�ned by
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Zn
t = (Zn

t−1)
1−χn(Uc,t)

−χn (3)

where χn ∈ [0, 1] and determines the persistency of Zn
t . The formulation of Θn

t implies a �consumption exter-
nality� to the labor force participation. When the marginal utility of consumption Uc,t is below its trend value
Zn

t , marginal disutility of work goes down for an individual household member through the value of Θn
t . This

mechanism helps to reduce the short-run �wealth e�ect� on labor force participation, the magnitude of which
is determined by the value of parameter χn. The lower the value of χn the lower is the �wealth e�ect� in the
short-run.

The household budget constraint is the following:

(1 + τCt )PC
t Ct︸ ︷︷ ︸

Consumption expenditure

+(1− τ It )
P I
t

γt
It + PK

t △K
t︸ ︷︷ ︸

Investment expenditure

+
Bpriv

t+1

Rtζt
+Bn

t +
StB

FH
t+1

RF,tζtΦ(at, st, ϕ̃t)︸ ︷︷ ︸
Bond savings

+Tt =

� 1

0

(1− τWt )Wh,tNh,t dh︸ ︷︷ ︸
Labor income

+

(1− τKt )

(
RK

t utKt −
P I
t

γt
a(ut)Kt

)
+ ιKτKt δP

K
t−1Kt︸ ︷︷ ︸

Capital income

+Bpriv
t +

(
αB + (RB

t−1 − 1)
)
Bt + StB

FH
t︸ ︷︷ ︸

Bond income

+ (1− τTR
t )TRt︸ ︷︷ ︸

Transfer income

+ ΞB,t + ΞBFH ,t +Ψt, (4)

PC
t is the price index of private consumption goods, P I

t is the price index of investment and PK
t is the price

of capital. Rt is the gross nominal interest rate on private bonds denominated in Swedish currency and RF,t is
the gross nominal interest rate of bonds denoted in the currency of Foreign. St is the nominal exchange rate,
expressed as the price in Swedish currency of one unit of Foreign currency. There are di�erent types of taxes
levied on the household: τCt denotes the consumption tax rate, τWt the labor income tax rate and τKt the capital
income tax rate. Moreover, τTR

t denotes the tax rate levied on transfers from the government. We also allow
for the possibility of investment tax credit/subsidy τ It .

3

In the budget constraint, Equation (4), the left-hand side items represent expenditure on private consumption(
1 + τCt

)
PC
t Ct, investment

(
1− τ It

) P I
t

γt
It, newly installed capital PK

t △K
t , domestic private bonds Bpriv

t+1 , newly

issued debt by the government Bn
t , and private bonds denominated in the currency of Foreign BFH

t+1 . Following
Smets and Wouters (2007), we also include a risk-premium shock ζt which a�ects the household's return on
bonds, hence also the Euler equation. ΞB,t +ΞBFH ,t denote lump-sum rebates of �nancial intermediation costs
associated with the risk premium shocks on domestic private bonds and foreign private bonds. The function Φ(·)
represents a premium on Foreign bond holdings, which we will refer to as an external risk premium.4 Its presence
in the budget constraint is motivated below in the discussions of �nancial assets (Section 2.1.2) and net foreign
assets (Section 2.7.4). The term 1/ (Rtζt) is the e�ective price of domestic private bonds, while the e�ective price
of private bonds denominated in the currency of Foreign is St/ (RF,tζtΦ(·)). The right-hand-side terms represent
labor income net of taxes (

� 1

0
(1− τWt )Wh,tNh,tdh), rental income from the capital stock

(
1− τKt

)
(RK

t utKt) and

the gross return on bonds carried from the previous period Bpriv
t + (αB + (RB

t−1 − 1))Bt + StB
FH
t .

The maintenance cost of the stock of capital is (
P I
t

γt
a(ut)Kt), where a(ut) is the cost of capital utilization and

Kt is the capital stock. The expression τ
K
t

P I
t

γt
a(ut)Kt captures the notion that the maintenance cost of capital

can be deducted from the capital tax bill. Moreover, τKt δP
K
t−1Kt captures the notion that depreciation of capital

can be deducted from the capital tax bill at its historical cost. The allowance of tax deduction of depreciation of
capital is contingent on the indicator variable ιK ∈ {0, 1} being set to 1. TRt and Tt denote lump-sum transfers
and taxes, respectively. The last term on the right-hand side, Ψt, denotes the sum of pro�t transfers from �rms.
Each individual Ricardian household owns an equal share of the domestic �rm sector and any pro�ts or losses
are returned on a period-by-period basis to the household sector. Since the access to �nancial markets and
the possibility to save is reserved for the Ricardian households, we now describe the average interest rate on
government bonds and the capital accumulation equation.

To capture the empirical fact that government bonds have di�erent maturities, which, among other things,
leads to an incomplete pass-though of a change in the monetary policy rate to the interest payments for the
government in the following period, we follow the approach of Krause and Moyen (2016) and allow the government
bonds to have stochastic maturity. The government issues bonds that mature with probability αB in a given

3Note that the modeling approach of τCt adopted here implies that there is a complete pass-through of changes in the consumption
tax rate into the sales price. In other words, the consumption tax rate modeling approach resembles a sales tax as in the U.S.

4As will be clear later, the external risk premium does not a�ect the Foreign household's return on their savings. Hence, Φ(·) can
also be interpreted as a pure exchange-rate shock.
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period. Until stochastic maturity, the bond pays a non-state contingent interest rate. The portfolio of government
bonds Bt+1 that the household holds evolves according to

Bt+1 = (1− αB)Bt +Bn
t (5)

where Bn
t denotes the newly issued debt by the government in period t. Following Krause and Moyen (2016),

households are assumed to buy a representative portfolio of government bonds with all possible stochastic
maturities. The average interest rate RB

t on outstanding government debt bought by the household is given by(
RB

t − 1
)
Bt+1 = (1− αB)

(
RB

t−1 − 1
)
Bt +

(
RB,n

t − 1
)
Bn

t (6)

where the interest rate on newly issued government debt is denoted by RB,n
t .

2.1.1 Investment and capital services

The stock of capital Kt+1 owned by the household evolves according to the following accumulation expression:

Kt+1 = (1− δ)Kt +ΥtF (It, It−1) +△K
k,t, (7)

where δ is a constant rate of depreciation. The stock of capital in t + 1 is given by the previous period's stock
of capital that survives the depreciation (1− δ)Kt, the stationary investment-speci�c technology shock Υt, the
new investment net of adjustment costs regulated by the function F (It, It−1), and the amount of capital traded
between household k and the other households in Sweden △K

t .
In particular, it is assumed that adjustments in the rate of investment are costly. Hence, the price of one

unit of installed capital, PK
t , may di�er from the cost of one unit of investment, which is denoted by

P I
t

γt
. The

presence of a market where households can trade capital △K
t allows us to conveniently derive the price PK

t .5

Firms in the intermediate goods sector rent capital services Ks
t from Ricardian households. The amount

of capital services rented and used in the intermediate goods production depends on the household's chosen
degree of utilization ut and the household's chosen level of capital Kt. In every period, the individual household
observes the going rental rate of capital services, RK

t , and decides how intensively to use its current stock of
capital. A higher degree of utilization ut implies that more capital services are rented to the �rm sector. The
cost of a higher utilization rate is higher maintenance costs. In the current version of the model, the households'
ability to vary the degree of capital utilization is de-activated, see Section 3.1.

2.1.2 Financial assets

We assume that there exists a set of contingent claims that allows an individual household member to diversify
the component of idiosyncratic risk that is associated with its wage income and employment status, which allows
full risk-sharing within the household. However, we also assume that individual members take into account
household utility rather than their personal utility while giving thier decisions. This second assumption coming
with the �rst assumption is crucial because under the full consumption risk-sharing being not working (or being
unemployed) gives more utility than being employed for an individual member, and thus not internalizing the
bene�ts to the household of members' employment would lead to no participation in the labor market.

Swedish private bonds purchased in period t yield a gross, nominal return of Rt, set by the Riksbank, times
an exogenous risk premium ζt in the subsequent period, which creates a wedge between the Riksbank policy rate
and the return that the household gets. This rate of return is known with certainty at the time of investment.
The gross return on Foreign bonds earned by Swedish households, in terms of Foreign currency, is determined
by the nominal interest rate in Foreign, RF,t, the risk premium ζt and by the external risk premium, Φ(·). The
presence of the external risk premium is motivated by two concerns, the �rst of which is to ensure the existence
of a well-de�ned steady state (see e.g. Schmitt-Grohe and Uribe (2001)). The second concern has to do with
model dynamics around the steady state and the empirical failure of the standard uncovered interest parity
(UIP) condition. Outside of the steady state, the external risk premium will cause deviations from the standard
UIP condition, helping the model to better �t the data, e.g. the behavior of the real exchange rate after a
monetary policy shock. We follow Adolfson et al. (2008) and specify the external risk premium as a function of
the (aggregate) net foreign asset position of Sweden, of the expected change in the nominal exchange rate and

of an exogenous shock, ϕ̃t.
6

5In equilibrium, all Ricardian households will want to hold the same quantity of capital. The market for capital will thus clear at a
price at which the individual household wants neither to buy nor to sell any units.

6The functional form of Φ(·) will be discussed further below, in Section (2.7.4).
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2.1.3 Wage setting

As in Erceg, Henderson, and Levin (2000), each individual member of the Ricardian household is assumed
to supply a di�erentiated labor service to the intermediate �rm sector. The labor market is characterized by
monopolistic competition and by staggered nominal wage contracts.
A representative employment agency rents di�erentiated labor services from Ricardian households and aggregates

them into a homogeneous labor service which can be written as Nt =

[� 1

0
(Nh,t)

εw,t−1

εw,t dh

] εw,t
εw,t−1

, which is

sold to intermediate �rms. The labor type h charges a wage rate Wh,t for its di�erentiated labor service
Nh,t, and the employment agency optimizes the input of di�erent labor services in order to minimize costs.
When doing so, it takes the wage rates of di�erentiated labor services and homogeneous labor service as given.
The minimum expenditure required to produce one unit of the homogeneous labor service is given by Wt =[� 1

0
(Wh,t)

(1−εw,t) dh
] 1

1−εw,t and Wt can be interpreted as the aggregate wage index. The agency's demand for

labor from the labor type h,

Nh,t =

(
Wh,t

Wt

)−εw,t

Nt, (8)

is derived from this cost minimization problem. εw,t is the wage-elasticity of demand for Nh,t, λ
W
t =

εw,t

εw,t−1
is

each labor type's desired wage markup and Nt is the aggregate employment.
The wage setting by the individual household is subject to Calvo-style frictions. At the beginning of each

period, labor type h learns if it is allowed to reset its wage in that period or not. The opportunity to reset
the wage occurs with constant probability (1− ξw). This probability is independent of the number of periods
that passed since the last time the household had the possibility to reset its wage.7 In periods when the wage

cannot be reset, it is indexed by a factor Π
W
t =

(
ΠW

t−1

)χw
(
Πtrend

t

)1−χw
, where ΠW

t = Wt
Wt−1

is the aggregate

wage in�ation in period t and Πtrend
t is the in�ation trend in the economy. χw ∈ [0, 1] governs the weight on

previous period's in�ation in the in�ation indexation. The higher χw is, the higher is the wage in�ation inertia.
Suppose labor type h has the opportunity to reset its wage in period t. Also recall that it considers households
utility rather than its individual utility. It then chooses the optimal wage rate W opt

h,t that maximizes (1), subject
to the budget constraint (4), the labor demand schedule (8) and the constraint that the wage rate Wh,t+k in any
future period (t+ k) evolves according to:

Wh,t+k =

{
Π

W
t+kWh,t+k−1 with probability ξw,

W opt
h,t+k with probability (1− ξw).

(9)

We assume that Non-Ricardian households set their wage equal to the average wage of Ricardian households
and face identical labor demand. This assumption implies that the group of Ricardian and the group of Non-
Ricardian households will have the same average wage rate and supply the same amount of labor.8

2.1.4 Labor supply and unemployment

We follow Galí (2011) and Galí, Smets, and Wouters (2012) in modelling labor force participation. Given the
assumption that household members take into account the household welfare and their own personal disutility
of work, the individual household member (h, j) will �nd it optimal to participate in the labor market in period
t if and only if

Ωc
t(1− τWt )

(
Wh,t

PC
t

)
≥ ζnt Θn

t Anj
η,

where Ωc
t is a modi�ed marginal utility of consumption de�ned below. Denote the labor supply of the

marginal supplier j by Lh,t. Labor force participation condition is then written as the following:

Ωc
t(1− τWt )

(
Wh,t

PC
t

)
= ζnt Θ

n
t AnL

η
h,t (10)

This condition is a unique feature of the Galì approach that enable us to incorporate unemployment into the
model in a theoretically coherent way. The condition says that household members are willing to participate to
the labor force as long as the consumption utility they receive from their wage income is bigger than or equal to
their disutility of work. Aggregate labor supply of the representative household is then given by

7The opportunity to reset the wage in any given period is also independently distributed across di�erent labor types.
8Note that the alternative assumption that both Ricardian and Non-Ricardian households supply their labor services via unions that

act as wage setters subject to the demand for labor services would give the same result that wages and labor supply are identical across
both groups, see Coenen, Straub, and Trabandt (2013).
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Lt =

� 1

0

Lh,tdh.

Having market power enables each labor type (or labor unions) to set its wage with a positive markup over
marginal rate of substitution. This results in wages that are higher than in the competitive equilibrium, implying
that markets do not clear and that unemployment exists in the model. Unemployment rate now can be written
by its standard de�nition:

unt =
Lt −Nt

Lt
(11)

2.1.5 First-order conditions

In every period t, the household chooses Ct, It, ut, △K
t , Kt+1, B

priv
t+1 , Bt+1, B

n
t and BFH

t+1 in order to maximize
Equation (1) subject to (4)-(7). The �rst-order conditions associated with this problem are presented next.
Denote ΩC

h,t as the marginal utility of consumption including the tax on consumption:

ΩC
t ≡

ζct uCt(C̃t, C̃t−1)

1 + τCt
=

Uc,t

1+τC
t
.

βr
t+1 ≡

βt+1

βt
represents the change in the subjective discount factor between two consecutive periods. θbt , θ

S
t ,

θRt and θkt are the Lagrange multipliers associated with the budget constraint (4), the equation for the stock
of government bonds (5), the equation for the average rate of return on government bonds (6) and the capital
accumulation equation (7), respectively.

Ct : θbtP
C
t = ΩC

t (12)

It : θbt
P I
t

γt

(
1− τ It

)
= θkt ΥtF1(It, It−1) + Et

[
βr
t+1θ

k
t+1Υt+1F2(It+1, It)

]
, (13)

ut : RK
t Kt =

P I
t

γt
a′(ut)Kt, (14)

△K
t : θbtP

K
t = θkt , (15)

Kt+1 : θkt = Etβ
r
t+1

[(
1− τKt+1

)
θbt+1

(
RK

t+1ut+1 −
P I
t+1

γt+1
a(ut+1)

)
+ θbt+1ι

KτKt+1δP
K
t + θkt+1(1− δ)

]
, (16)

Bpriv
t+1 : θbt = Etβ

r
t+1θ

b
t+1Rtζt, (17)

Bt+1 : Etβ
r
t+1θ

b
t+1

(
αB +

(
R

B
t − 1

))
= θ

S
t − Etβ

r
t+1θ

S
t+1 (1 − αB) +

(
θ
R
t − (1 − αB)Etβ

r
t+1θ

R
t+1

)(
R

B
t − 1

)
(18)

Bn
t : θbtβt = θSt βt + βtθ

R
t

(
RB,n

t − 1
)

(19)

RB
t : θRt EtBt+1 = Etβ

r
t+1θ

b
t+1Bt+1 + Etβ

r
t+1θ

R
t+1 (1− αB)Bt+1 (20)

BFH
t+1 : θbt St = Et

[
βr
t+1Φ

(
at, st, ϕ̃t

)
RF,tζt St+1 θ

b
t+1

]
. (21)

In periods when there is an opportunity to reset the wage, the household also chooses W opt
h,t . To simplify

notation, let Wh,t+k|t =W opt
h,t Π

W
t Π

W
t+1 . . .Π

W
t+k−1 denote the wage of labor type h in future period (t+ k), given

that the household last had the opportunity to reset its wage in period t. The �rst-order condition of the wage
optimization problem may then be written:

Et

∞∑
k=0

(ξw)
k

(
k∏

i=1

βr
t+i

)
Nh,t+k|t θ

b
h,t+k

[(
1− τWt+k

)
Wh,t+k|t − λW

t+k ζ
n
t+kAnΘt+k

N
(η)
h,t

θbh,t+k

]
= 0, (22)

where
∏k

i=1 β
r
t+i = βr

t+1β
r
t+2 . . . β

r
t+k and

∏0
i=1 β

r
t+i ≡ 1.9

9For future reference, we also derive the corresponding condition for the case of �exible prices and wages. When the household is
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2.2 The Swedish household sector: Non-Ricardian households

Non-Ricardian and Ricardian households have identical preferences. The di�erence between the two types of
households is that Non-Ricardian households have no access to capital or bonds markets. In addition, it is
assumed, for simplicity, that the wage and employment supplied by Non-Ricardian household equals the average
wage and employment supplied by Ricardian households.

Since a Non-Ricardian household has no ability to save nor borrow, its nominal consumption expenditure
equals its after-tax wage income plus the transfers it gets from the government. We index Non-Ricardian
household with m, but for notational convenience we drop the index. Formally,

(1 + τCt )PC
t Ct = (1− τWt )WtNt +

(
1− τTR

t

)
TRt. (24)

Note the assumption that the lump-sum taxes are only paid by Ricardian households. Furthermore, note that
an increase in government consumption has no direct e�ect on the consumption decision of the Non-Ricardian
household.

2.3 Aggregation of individual household variables

The private and government bonds owned by Ricardian households sum to the following aggregates:

Bpriv
t+1 =

1−snr�

0

Bpriv
k,t+1dk

Bt+1 =

1−snr�

0

Bk,t+1dk

Bn
t =

1−snr�

0

Bn
k,tdk

BFH
t+1 =

1−snr�

0

BFH
k,t+1dk

Aggregate consumption and transfers can be expressed as follow:

Cagg
t =

1−snr�

0

Ck,tdk +

1�

1−snr

Cm,tdm

TRagg
t =

1−snr�

0

TRk,tdk +

1�

1−snr

TRm,tdm

Aggregate private investments, aggregate capital traded between households, the aggregate capital stock and
the aggregate capital services respectively sum to:

It+1 =

1�

0

Ik,t+1dk

△K
t+1 =

1�

0

△K
k,t+1dk

Kt+1 =

1�

0

Kk,t+1dk

free to optimize its wage in every period, the �rst-order condition becomes:(
1− τWt

)
W fp

h,t = λWt ζnt AnΘ
n
t

(Nfp
h,t)

(η)

θb,fph,t

. (23)

where W fp
h,t, N

fp
h,t and θb,fph,t is the �exible-price equivalent expressions of wages, labor supplies and the Lagrange multiplier for the

budget constraint. When wages are �exible, labor type h achieves the desired markup λWt in every period.
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Ks
t+1 =

1�

0

Ks
k,t+1dk

2.4 The Swedish �rm sector

Several di�erent types of �rms operate in the Swedish economy. Some of these �rms are price setters and others
are price takers.

Six types of �rms operate in monopolistically competitive markets and they face nominal frictions in their
price setting. These are producers of domestic intermediate goods, import �rms for non-energy consumer goods,
import �rms for energy consumer goods, import �rms for investment goods, import �rms for export goods, and
export good producers. The rationale for including three di�erent types of import �rms is to be able to better
match the macro data on Swedish imports and import prices.

Four types of representative �rms operate under perfect competition. These �rms take both the prices of
their inputs and the prices at which they sell their output as given. Two representative �rms produce private
�nal consumption goods and private investment goods, while two other representative �rms produce government
consumption goods and government investment goods, respectively. The private consumption and investment
goods �rm use domestically produced intermediate goods as well as imported goods while the public consumption
and investment good �rms only use domestically produced intermediate inputs.

The optimization problems of the di�erent types of �rms are described below. In addition, the �rm sector
also consists of a number of aggregator �rms that aggregate the di�erent varieties of goods that are produced
within each of the markets characterized by monopolistic competition. All aggregator �rms operate under perfect
competition and their problems are not explicitly discussed in the text. Instead, the standard input demand
functions and price indices associated with these aggregators are stated as restrictions in the problems of other
�rms.

2.4.1 Swedish intermediate good producers

A continuum of �rms produce domestic intermediate goods, each of which is di�erentiated from other inter-
mediate goods produced in the sector. The total mass of these �rms is unity and they operate in a market
characterized by monopolistic competition. Each �rm sets its price to minimize the costs of producing the
associated output.

A representative aggregator �rm buys the di�erent varieties of goods and aggregates it into a homogeneous
intermediate good that is sold to the �rms producing consumption goods, investment goods and export goods.
The demand for the individual variety i, Yt(i), is a function of the relative price of that variety and of total
demand for the homogeneous, intermediate good:

Yt(i) =

[
Pt(i)

Pt

] λt
1−λt

Yt. (25)

Pt(i) denotes the price charged by �rm i, Pt =
(� 1

0
Pt(i)

1
1−λt di

)1−λt

is the price associated with the homoge-

neous, intermediate good and Yt denotes total demand. λt is a time-varying markup over marginal cost that
evolves according to an exogenous, stochastic process.10

The individual intermediate good �rm takes the rental rate of capital servicesRK
t , the wage rate

(
1 + τSSC

t

)
Wt

including social security contributions τSSC
t , and the public capital stock KG,t as given when it decides on an

optimal input of production factors: Ks
t (i) and Nt(i). In addition to these two variable costs, �rms also incur a

�xed cost z+t ϕ in each period. The cost-minimization problem of �rm i is given by

min
Ks

t (i),Lt(i)

{
RK

t K
s
t (i) +

(
1 + τSSC

t

)
WtNt(i)

}
s.t.

Yt(i) = εt
[
K̃s

t (i)
]α

[ztNt(i)]
1−α − z+t ϕ.

where K̃s
t (i) denotes a composite capital service input made up by private capital services Ks

t (i) and public
capital KG,t. We assume the following constant elasticity of substitution (CES) aggregator of private capital
services Ks

t (i) and the public capital stock KG,t:

10Note that λt may be interpreted as a function of a time varying elasticity of substitution between the di�erent varieties of intermediate
goods. One natural interpretation, therefore, of shocks to λt is of an exogenous change in the degree of market power enjoyed by the
individual �rms in this sector.
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K̃s
t (i) =

(
αK

1
υK (Ks

t (i))
υK−1
υK + (1− αK)

1
υK (KG,t)

υK−1
υK

) υK
υK−1

.

Hence, we assume that each intermediate good �rm i has access to the same public capital stock. We also
assume that public capital grows at the same rate as private capital services along the balanced growth path.
The parameter υK is the elasticity of substitution between private capital services and the public capital stock,
and αK is a share parameter. εt is a stationary stochastic process, with an unconditional mean of unity, that is
common to all �rms in the Swedish intermediate good sector. The shock captures temporary changes in total
factor productivity of the �rms. The stochastic process that governs the labor augmenting technology, zt, is
growth-stationary. Let µz,t =

zt
zt−1

denote the growth rate of zt.

The variable z+t ,which is multiplied by the �xed cost, ensures that the �xed cost grows in proportion to
output. It consists of a combination of the labor augmenting technology variable zt and an investment-speci�c
productivity variable γt and is given by

z+t = ztγ
α

1−α
t . (26)

The solution to the cost minimization problem can be expressed in terms of a marginal cost function:

MCt(i) =

(
(1+τSSC

t )Wt

zt

)1−α (
RK

t

)α
αα (1− α)1−α εtΓG,t(i)

. (27)

A relationship between the rental rate for capital services and the optimal capital-to-labor ratio:

RK
t = αεtz

1−α
t MCt(i)

(
K̃s

t (i)

Lt(i)

)α−1

(ΓG,t(i))
1
α . (28)

where

ΓG,t(i) =

(
αKK̃

s
t (i)

Ks
t (i)

) α
υK

,

The �rms face a Calvo style price friction when they set their prices. In every period t, there is a probability
(1− ξ) that the individual �rm i gets the opportunity to reset its price. With complementary probability ξ the
�rm does not have this opportunity. In the latter case, the non-reset price Pt−1(i) will instead be indexed by Πt

such that Pt(i) = ΠtPt−1(i), where Πt = (Πt−1)
χ (Πtrend

t

)1−χ
is a weighted average of previous period's gross

in�ation Πt−1 and the in�ation trend Πtrend
t . The in�ation trend does in turn follow a stochastic autoregressive

process which is speci�ed later. χ ∈ [0, 1] represents the weight on previous period's in�ation in indexation.
Suppose �rm i has the opportunity to reset its price in period t and let Pt+k|t(i) ≡ P opt

t Πt+1 · · ·Πt+k denote
the price that will apply in period (t+ k), conditional on the �rm not having any opportunity to reset its price
between periods t and (t + k). When choosing P opt

t , the �rm seeks to maximize the expected, discounted sum
of present and future pro�ts, which may be written as

Et

∞∑
k=0

ξkΛt,t+k

{
Pt+k|t(i)Yt+k|t(i)− TCt+k|t

[
Yt+k|t(i)

]}
, (29)

where Yt+k|t(i) is the demand in period (t+k) for the output of �rm i, conditional on the price Pt+k|t(i). Λt,t+k

represents the �rm's stochastic discount factor and TCt+k|t [·] denotes total cost, as a function of output.11 The
�rst-order condition associated with this problem may be written as12

Et

∞∑
k=0

ξkΛt,t+k

Yt+k|t

(λt+k − 1)

(
Pt+k|t − λt+kMCt+k

)
= 0. (31)

As mentioned above, private consumption goods, investment goods and export goods are assumed to be com-
posites of domestically produced intermediate goods and of imported goods. Before we proceed to describe the
�rms that are active in the markets for these �nal goods, we outline the problem of Swedish import �rms.

11In keeping with the assumption that Ricardian households own the �rms, �rms discount future pro�ts at the same rate as households

discount future income: Λt,t+k =
βt+kΩ

C
t+kP

C
t

βtΩ
C
t PC

t+k

.

12All �rms that have an opportunity to reset their price in period t will face the same problem. As a consequence, all such �rms will
choose the same optimal reset price and they will produce the same quantity of output in that period. Therefore, index i is dropped in
this equation. In the equilibrium with �exible prices and wages, the corresponding (standard) �rst-order condition of the �rm gives a
price equal to the desired markup times the marginal cost:

P fp
t = λtMCfp

t . (30)
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2.4.2 Swedish import �rms

Following Corbo and Strid (2020), there are four types of Swedish import �rms. One type of �rm specializes in
the business of importing intermediate goods from Foreign and transforming those imported goods into inputs
that are suitable for the production of export goods. A second type of import �rm transforms imported goods
to inputs suited for the production of private investment goods. The third type of import �rm transforms
imported goods to inputs suited for the production of non-energy consumption goods, and the fourth specializes
in transforming the energy good from Foreign into an input suited for the production of the energy consumption
good. We capture the local currency pricing through the import �rm's price setting. The import �rms face
sticky prices, allows for incomplete pass-through from the exchange rate to prices in the importing country.
There exists a continuum of individual import �rms of each type, and each of these individual �rms owns a
technology to make one-to-one transformations of the homogeneous Foreign export good into a di�erentiated
import good. The individual heterogeneous import goods are then again transformed into a homogeneous
import good by an aggregator �rm. Let n ∈ {X, I, {C, xe}, {C, e}} index the type of import �rm, and let Mn

t (i)
represent the quantity produced by the individual �rm i of type n. The cost to �rm i of producing Mnxe

t (i)

units of the di�erentiated import good of type nxe ∈ {X, I, {C, xe}} is StPF,t

[
Mnxe

t (i) + z+t ϕ
M,nxe

]
, where

PF,t is the price of the homogeneous Foreign intermediate good and StPF,tz
+
t ϕ

M,n denotes the �xed cost of
production. The cost to �rm i of producing MC,e

t (i) units of the di�erentiated energy import good is given by

StP
C,e
F,t

[
MC,e

t (i) + z+t ϕ
M,C,e

]
, where PC,e

F,t is the price of the Foreign energy good and PC,e
F,t z

+
t ϕ

M,C,e denotes

the �xed cost of production. The price of the di�erentiated product of the individual import �rm i of type n is

denoted by PM,n
t (i) and PM,n

t =

(� 1

0
PM,n
t (i)

1

1−λ
M,n
t di

)1−λ
M,n
t

denotes the price of the homogeneous import

good of type n. λM,n
t is a time-varying, exogenous markup that is speci�c to all import �rms of type n. The

individual �rm faces the following demand for its di�erentiated product:

Mn
t (i) =

[
Pt(i)

M,n

PM,n
t

] λ
M,n
t

1−λ
M,n
t Mn

t . (32)

Mn
t represents the total demand for the homogeneous import good of type n. Like �rms in the intermediate

good sector, import �rms face pricing frictions. With probability (1 − ξM,n), individual �rm i will be able to
reset its price in period t. The optimal reset price is denoted PM,n

t,opt. With complementary probability ξM,n,

the price from the previous period will instead be indexed according to PM,n
t (i) = Π

M,n
t PM,n

t−1 (i). The indexing

factor Π
M,n
t is de�ned as Π

M,n
t =

(
ΠM,n

t−1

)χm,n (
Πtrend

t

)1−χm,n
, where ΠM,n

t−1 =
P

M,n
t−1

P
M,n
t−2

. χm,n ∈ [0, 1] represents

the weight on previous period's in�ation of import goods. Let PM,n
t+k|t = PM,n

t,opt Π
M,n
t+1 · · ·Π

M,n
t+k denote the price

that will apply in period (t+ k), conditional on the �rm not having any opportunity to reset its price between
periods t and (t + k). In periods when the �rm does have an opportunity to reset its price, it chooses PM,n

t,opt in
order to maximize:

Et

∞∑
k=0

(ξm,n)
kΛt,t+k

{
PM,nxe

t+k|t (i)Mnxe

t+k|t(i)− StPF,t+kM
nxe

t+k|t(i)− St+kPF,t+kz
+
t+kϕ

M,nxe
}

(33)

for the non-energy �rms and

Et

∞∑
k=0

(ξm,n)
kΛt,t+k

{
PM,C,e
t+k|t (i)MC,e

t+k|t(i)− StP
C,e
F,t+kM

C,e
t+k|t(i)− St+kP

C,e
F,t+kz

+
t+kϕ

M,C,e
}

(34)

for the energy �rms. If we write the marginal costs of the �rms as

MCM,nxe

t (i) = StPF,t

MCM,C,e
t (i) = StP

Ce

F,t , (35)

then the �rst-order condition associated with the �rm's maximization problem may be written:13

Et

∞∑
k=0

(ξm,n)
kΛt,t+k

Mn
t+k|t(

λM,n
t+k − 1

) (PM,n
t+k|t − λ

M,n
t+k MCn

t+k(i)
)
= 0, n ∈ {X, I, {C, xe}, {C, e}} . (37)

13The corresponding �rst-order condition in the �exible price and wage equilibrium is:

PM,n
t,fp = λM,n

t MCn
t (i), n ∈ {X, I, Cxe, Ce} . (36)
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2.4.3 Swedish export �rms

Firms in the Swedish export sector use domestically produced intermediate goods and imported goods as inputs
in their production of export goods. Export �rms act as price takers in the markets for their input goods and
as price setters in the market for their output goods. There are in�nitely many export good producers, each of
which produce a di�erentiated good that is sold in a market characterized by monopolistic competition. The
di�erent export �rms share a common production technology and minimize the costs of production by choosing
an optimal mix of inputs. Let DX

t (i) and MX
t (i) denote, respectively, the quantity of the domestically produced

intermediate good and of the imported good used as inputs by individual �rm i in the export good sector. The
cost minimization problem is given by

min
DX

t (i),MX
t (i)

{
PtD

X
t (i) + PM,X

t MX
t (i)

}
s.t.

Xt(i) =

[(
ψX
) 1

νx DX
t (i)

νx−1
νx + (1− ψX)

1
νx MX

t (i)
νx−1
νx

] νx
νx−1

− z+t ϕX .

Xt(i) denotes the quantity produced by the individual �rm i and νx represents the elasticity of substitution
between domestically produced and imported inputs in the production of export goods. Furthermore, ψX =
ϑX+ 1

1+ω

(
1− ϑX

)
is the weight of the domestically produced intermediate good in production, where ϑX ∈ [0, 1]

may be interpreted as an index of home bias. z+t ϕ
X is the �xed cost of production. The marginal cost of the

export goods is given by14

MCX
t =

[
ψX (Pt)

(1−νx) +
(
1− ψX

)(
PM,X
t

)(1−νx)
] 1

1−νx

. (38)

A representative aggregator �rm buys the di�erent varieties of export goods and aggregates them into a homo-
geneous export good that is sold to import �rms in Foreign. The demand for the individual variety i, Xt(i), is a

function of the relative price of that variety and of total demand for Swedish exports: Xt(i) =
[
PX
t (i)

PX
t

] λX
t

1−λX
t Xt.

PX
t (i) denotes the price charged by �rm i, PX

t =

(� 1

0
PX
t (i)

1

1−λX
t di

)1−λX
t

is the price of the homogeneous

export good and Xt is total demand. λX
t denotes the desired markup of Swedish export �rms and is governed by

an exogenous, stochastic process. The pricing frictions faced by the individual export good producers are of the
same type as those faced by �rms in the intermediate good sector and the import good sector. The probability
that �rm i has an opportunity to reset its price in any given period is denoted (1 − ξx) and the optimal reset
price is represented by PX ,opt

t . The objective function of the export �rm may be written

Et

∞∑
k=0

(ξx)
kΛt,t+k

{
PX
t+k|t(i)St+kXt+k|t(i)− TCX

t+k|t
[
Xt+k|t(i)

]}
, (39)

where St enters the function due to local currency pricing15, TCX
t+k|t

[
Xt+k|t(i)

]
represents total costs and

PX
t+k|t = PX ,opt

t Π
X
t+1 · · ·Π

X
t+k. Π

X
t =

(
ΠX

t−1

)χx
(
Πtrend

F,t

)1−χx
denotes the indexing factor, ΠX

t−1 =
PX
t−1

PX
t−2

and

Πtrend
F,t is the trend in�ation in Foreign. In order for the reset price to be optimal, it must satisfy:16

Et

∞∑
k=0

(ξx)
kΛt,t+k

Xt+k|t(
λX
t+k − 1

) (PX
t+k|tSt+k − λX

t+kMCX
t+k

)
= 0. (41)

14For future reference, note that the �rst-order conditions from this problem may be used to derive input demand equations DX
t (i) =

ψX

(
MCX

t
Pt

)νx [
Xt(i) + z+t ϕ

X
]
andMX

t (i) = (1−ψX)

(
MCX

t

P
M,X
t

)νx [
Xt(i) + z+t ϕ

X
]
. DX

t (i) represents the demand for the domestically

produced, intermediate good from the individual export �rm i. MX
t (i) denotes the demand for the imported good from the same �rm.

15For the export good producer, local currency pricing implies that the export producers price their goods in the currency of Foreign.
They are, however, interested in maximizing pro�ts in Swedish currency, which is why the exchange rate enters the equation.

16In the equilibrium with �exible prices and wages, the corresponding �rst-order condition instructs the �rm to set its price (times
the exchange rate to denote it into Swedish currency) equal to the desired markup times the marginal cost:

PX,fp
t St = λXt MCX,fp

t . (40)
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2.4.4 Swedish investment good producers

After describing the sectors for intermediate goods and for imports and exports, we now turn to the production
of private investment goods. The investment good production sector consists of a continuum of investment good
�rms that operate on a market characterized by perfect competition. This means that they act as price takers,
both in the market for their inputs and in the market for their output. The representative investment good
producer use domestically produced intermediate goods and imported goods used for investment as inputs in its
production of investment goods. Let DI

t and MI
t denote, respectively, the quantity of the domestically produced

homogeneous intermediate good and of the homogeneous imported good used as inputs by the representative
investment good �rm. Furthermore, let V I

t = 1
γt

[It + a(ut)Kt] be the output of the investment good �rm

(meaning that the utilization cost is payed for via investment goods), and P I
t be the price of investment goods.

The maximization problem of the �rm is then given by

max
V I
t , DI

t ,M
I
t

{
P I
t V

I
t − PtD

I
t − PM,I

t MI
t

}
s.t.

V I
t =

[(
ψI
) 1

νI

(
DI

t

) νI−1
νI + (1− ψI)

1
νI

(
MI

t

) νI−1
νI

] νI
νI−1

.

ψI = ϑI + 1
1+ω

(
1− ϑI

)
is the weight of the domestically produced intermediate good in the production of

the investment good, and ϑv ∈ [0, 1] may be interpreted as an index of home bias. The �rst-order conditions

from this problem yield input demand functions DI
t = ψI

(
P I
t

Pt

)νI
V I
t and MI

t =
(
1− ψI

)( P I
t

P
M,I
t

)νI

V I
t . Note

that νI may be interpreted as the price-elasticity of demand for the two respective inputs. P I
t is the minimum

expenditure needed to produce one unit of each investment good:

P I
t =

[
ψI (Pt)

1−νI +
(
1− ψI

)(
PM,I
t

)1−νI
] 1

1−νI

. (42)

Given the assumption of perfect competition, the representative investment good �rm make zero pro�ts. There-
fore we interpret P I

t as the appropriate price index for the investment good.

2.4.5 Swedish consumption good producers

In the modelling of private consumption, we follow Corbo and Strid (2020) and let the private consumption
goods Cagg

t be created by a combination of non-energy consumption goods Cxe
t and energy consumption goods

Ce
t . These goods are in turn created by combining domestic and imported non-energy goods, DC,xe

t and MC,xe
t ,

and domestic and imported energy goods, DC,e
t andMC,e

t , respectively. All �rms face perfect competition, which
means that they are price takers both regarding their inputs and their outputs. The maximization problem for
the representative private consumption good �rm is given by

max
C

agg
t , Cxe

t , Ce
t

{
PC
t Cagg

t − PC,xe
t Cxe

t − PC,e
t Ce

t

}
s.t.

Cagg
t =

[(
ϑC
) 1

νC (Cxe
t )

νC−1
νC + (1− ϑC)

1
νC (Ce

t )
νC−1
νC

] νC
νC−1

where PC,xe
t is the price of non-energy consumption goods and PC,e

t is the price of energy consumption goods.
ϑC is the weight of non-energy consumption good in the production function. The �rst-order conditions from
this problem yield input demand functions

Cxe
t =ϑC

(
PC
t

PC,xe
t

)νC

Cagg
t (43)

Ce
t =

(
1− ϑC

)( PC
t

PC,e
t

)νC

Cagg
t . (44)

Note that νC may be interpreted as the price-elasticity of demand for the two respective inputs. PC
t is the

minimum expenditure needed to produce one unit of each consumption good:

PC
t =

[
ϑC
(
PC,xe
t

)1−νC
+
(
1− ϑC

)(
PC,e
t

)1−νC
] 1

1−νC

. (45)

The non-energy good producers face the following maximization problem:
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max
Cxe

t , D
C,xe
t ,M

C,xe
t

{
PC,xe
t Cxe

t − PtD
C,xe
t − PM,C,xe

t MC,xe
t

}
s.t.

Cxe
t =

[(
ϑC,xe

) 1
νC,xe

(
DC,xe

t

) νC,xe−1

νC,xe + (1− ϑC,xe)
1

νC,xe

(
MC,xe

t

) νC,xe−1

νC,xe

] νC,xe
νC,xe−1

where ϑC,xe is the weight of the domestically produced intermediate good in the production of goods. The
�rst-order conditions from this problem yield input demand functions

DC,xe
t =ϑC,xe

(
PC,xe
t

Pt

)νC,xe

Cxe
t (46)

MC,xe
t =

(
1− ϑC,xe

)( PC,xe
t

PM,C,xe
t

)νC,xe

Cxe
t (47)

Note that νC,xe may be interpreted as the price-elasticity of demand for the two respective inputs. PC,xe
t is the

minimum expenditure needed to produce one unit of each non-energy consumption good:

PC,xe
t =

[
ψC,xe (Pt)

1−νC,xe +
(
1− ψC,xe

)(
PM,C,xe
t

)1−νC,xe
] 1

1−νC,xe

. (48)

The energy good producers face the following maximization problem:

max
Ce

t , D
C,e
t ,M

C,e
t

{
PC,e
t Ce

t − PD,Ce
t DC,e

t − PM,C,e
t MC,e

t

}
s.t.

Ce
t =

[(
ϑC,e

) 1
νC,e

(
DC,e

t

) νC,e−1

νC,e + (1− ϑC,e)
1

νC,e

(
MC,e

t

) νC,e−1

νC,e

] νC,e
νC,e−1

where ϑC,e is the weight of the domestically produced intermediate good in the production of goods. The
�rst-order conditions from this problem yield input demand functions

DC,e
t =ϑC,e

(
PC,e
t

PD,C,e
t

)νC,e

Ce
t (49)

MC,e
t =

(
1− ϑC,e

)( PC,e
t

PM,Ce
t

)νC,e

Ce
t (50)

Note that νC,e may be interpreted as the price-elasticity of demand for the two respective inputs. PC,e
t is the

minimum expenditure needed to produce one unit of each non-energy consumption good:

PC,e
t =

[
ϑC,e (Pt)

1−νC,e +
(
1− ϑC,e

)(
PM,C,e
t

)1−νC,e
] 1

1−νC,e

. (51)

Note that the price of energy follows a stochastic process which is de�ned in Section 2.8.

2.4.6 Swedish government consumption and government investment good producers

Two representative �rms, a government consumption good producer and a government investment good producer,
use only domestically produced inputs in their production of �nal goods. These representative �rms act as price
takers, both in the markets for their inputs and in the markets for their respective outputs. There are no pricing

frictions in the markets for government consumption and investment goods. Let DvP

t be the quantity of the
domestically produced intermediate goods used as inputs by the representative �rm in sector vP ∈ {G, IG}.
Furthermore, let V P

t , P ∈ {G, IG} denote the output of such a representative �rm. The pro�t maximization
problem of such a representative �rm is given by

max
V P
t , DvP

t

{
P vP

t V P
t − PtD

vP

t

}
s.t.

V P
t = DvP

t .

which implies that the price of both types of goods is given by

P vP

t = Pt.
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Figure 2: Fiscal policy block
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2.5 Fiscal authority and central bank in Sweden

In Sweden, a �scal authority controls a large set of �scal instruments (described in detail below) and the central
bank, Riksbank, controls the nominal interest rate on private bonds.The interest rate is set according to a Taylor
rule, taking into account the zero or e�ective lower bound for the nominal interest rate.

2.5.1 The Swedish �scal authority

The government in Sweden collects taxes levied on household labor income, transfers, private consumption,
household capital income, as well as lump-sum taxes. Furthermore, it collects social security contributions from
the intermediate good �rms. The government uses the tax revenue and issues bonds to �nance expenditures. The
expenditures consist of government consumption, government investment, lump-sum transfers and an investment
tax credit as well as interest payments on government debt. Figure 2 illustrates the �scal sector and its �ows.
The government budget constraint is given by

τCt P
C
t C

agg
t +(τSSC

t +τWt )WtNt+Υ
K
t +Bn

t +Tt =
(
αB + (RB

t−1 − 1)
)
Bt+τ

I
t
P I
t

γt
It+PtGt+Pt

IGt
γt

+(1−τTR
t )TRagg

t

(52)
where

ΥK
t = τKt

(
RK

t utKt −
P I
t

γt
a(ut)Kt

)
− ιKτKt δPK

t−1Kt. (53)

τCt P
C
t C

agg
t denotes the aggregate revenue from the tax on private consumption, while

(
τSSC
t + τWt

)
WtNt denotes

the aggregate revenue from tax on labor income. ΥK
t denotes the capital income tax revenue, Bn

t denotes the
newly issued debt by the government in period t and Tt denotes lump-sum taxes. On the right hand side
of the government budget equation,

(
αB +

(
RB

t−1 − 1
))
Bt denotes interest rate payments on previously issued

government bonds, where RB
t is the average interest rate on outstanding government debt. τ It

P I
t

γt
It denotes

the expenses due to the investment tax credit. PtGt and
Pt
γt
IGt denote expenses on government consumption

and government investment, respectively. Finally
(
1− τTR

t

)
TRagg

t denotes aggregate lump-sum transfers net of
taxes.

The government owns and maintains the public capital stock in the economy:

KG,t+1 = (1− δG)KG,t + IGt
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where KG,t+1 denotes the public capital stock in the next period and IGt denotes government investment.17 18

Government surplus: We de�ne primary revenues PREVt as

PREVt = τCt P
C
t C

agg
t +

(
τSSC
t + τWt

)
WtNt + ΥK

t + τTR
t TRagg

t + Tt (54)

and primary expenditure PEXPt as

PEXPt = τ It
P I
t

γt
It + PtGt + Pt

IGt
γt

+ TRagg
t . (55)

Given the primary revenues and the primary expenditure, we use the government budget constraint and de�ne
the government surplus SURPt as

19

SURPt ≡ PREVt − PEXPt︸ ︷︷ ︸
primary surplus

−
(
RB

t−1 − 1
)

︸ ︷︷ ︸Bt

interest payments︸ ︷︷ ︸
total surplus (or gov. balance)

= αBBt −Bn
t

Hence, the surplus equals the incoming government debt that matures in period t minus the newly issued
government debt.

The �scal instruments: Fiscal policy can be conducted using the following di�erent instruments:

xt ∈
{
gt, I

G
t , τ

I
t , τ

C
t , τ

W
t , τKt , τ

TR
t , τSSC

t

}
,

and traggt . gt and IGt are the government transfers, government consumption and government investment per
capita, and τ It , τ

C
t , τ

W
t , τKt , τ

TR
t , τSSC

t are the di�erent tax rates in the economy. traggt is the aggregate transfers
in units of domestically produced intermediate goods. The equations for each of the instruments can be divided
into two di�erent parts: an ARMA(1,1) process and a �scal feedback rule, so that xt = xARMA

t + xRule
t . The

ARMA(1,1) part for all instruments except for the government transfers can be described by

xARMA
t = (1− ρx)x+ ρxxt−1 + εxt + ηxε

x
t−1. (56)

For the government transfers the AR component is adjusted with one component of xRule
t , see below.

The �scal feedback rule consists of three elements: the deviation of the government debt level as percent of
GDP from its target bȳ,t− bTarget

ȳ,t , the deviation of the structural government surplus as percent of steady state

GDP from its target Stsurpȳ.t − StsurpTarget
ȳ,t , and log deviation of GDP from its steady state level ŷt. On the

other hand, the feedback rule for traggt consists of bȳ,t − bTarget
ȳ,t , Stsurpȳ.t − StsurpTarget

ȳ,t and log deviation of
unemployment from its steady state level ûnt. In the �scal rules the surplus target is de�ned on the structural
surplus, that is the cyclically adjusted budget balance.

The structural surplus is de�ned as the di�erence between the structural primary revenue, Stprevt and the
structural primary expenditure, Stpexpt, net of the interest payments on the current debt (RB

t−1 − 1)Bt. The
structural primary expenditure is calculated by removing the business-cycle component (i.e. the output gap or
unemployment gap reactions of the variables in the �scal rules) from the actual primary expenditure while the
structural primary revenues are calculated by multiplying all tax rates with their respective structural tax bases.
Hence the structural surplus is given as20:

Stsurpt = Stprevt − Stpexpt − (RB
t−1 − 1)Bt (57)

with

Stprevt = τCt P
CCagg +

(
τSSC
t + τWt

)
WN + τKt K

(
RK − ιKδ P

K

Π

)
+ τTR

t (TRagg
t − Ftr,unY ŭnt) + T (58)

where PCCagg denotes the steady state consumption tax base while WN is the wage income tax base at the

steady state. K(RK − ιKδ PK

Π
) and TRagg

t − Ftr,yY ûnt denote the steady state capital income tax base and
structural transfer tax base, respectively. Stpexpt is de�ned as:

17Note that there is no investment adjustment cost for public capital.
18The aggregate investments in the economy can be written as I

agg

t = It + IGt .
19Government surplus is sometimes referred to as government net lending. Here we do, however, use government surplus to be in line

with the literature.
20For more detailed information on the structural surplus calculation see Appendix C.7.1.
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Stpexpt
Pt

=

(
TRagg

t

Pt
− Ftr,unY ûnt

)
+

(
IGt
γt
−FIG,y

IG

γY
(Yt − Y )

)
+

(
Gt −Fg,y

G

Y
(Yt − Y )

)
+ τ It

P I

γPt
I (59)

where P I

γ
I denotes the steady state level for investment tax base and all other government expenditure terms

are adjusted for their respective cyclical component.
A �scal rule equation has been de�ned for eight of the instruments.21 The investment subsidy has not been

assigned a rule as there is no such subsidy in Sweden at present. For government consumption and government
investment, xRule

t ∈
{
gt, I

G
t

}
, the rule is given by

xRule
t = Fx,b

(
bȳ,t − bTarget

ȳ,t

)
+ Fx,surp

(
Stsurpȳ,t − StsurpTarget

ȳ,t

)
+ Fx,y ŷt. (60)

The �rst two terms on the right-hand-side of the equations are supposed to capture the Swedish �scal framework,
which includes a surplus target and a debt anchor. This kind of feedback for the debt level can be found also in
e.g. Coenen, Straub, and Trabandt (2013) and Erceg and Lindé (2013). The third and last part of the equation
is supposed to capture automatic stabilizers. For the tax rates, xRule

t ∈
{
τCt , τ

W
t , τKt , τ

TR
t , τSSC

t

}
, the rule is

given by

xRule
t = Fx,b

(
bȳ,t − bTarget

ȳ,t

)
+ Fx,surp

(
Stsurpȳ,t − StsurpTarget

ȳ,t

)
. (61)

The eighth rule is the transfer rule which is normalized by steady-state GDP, y:

tragg,Rule
t = ȳFtr,b

(
bȳ,t − bTarget

ȳ,t

)
+ ȳFtr,surp

(
Stsurpȳ,t − StsurpTarget

ȳ,t

)
+ ȳFtr,unŭnt. (62)

The ARMA(1,1) component of government transfers is then given by

tragg,ARMA
t = (1− ρx)tragg + ρtr(tr

agg
t−1 − ȳFtr,unŭnt−1) + εxt + ηxε

x
t−1. (63)

where AR component is adjusted with the automatic stabilizer component of the rule to make sure that
persistence in transfers are only derived by �scal stabilization component.

There is a mapping between the debt-target and the surplus target. This mapping needs to hold in the steady
state, since a certain level of debt in percent of GDP in the long run implies a unique surplus in percent of GDP.
The mapping between the debt target and the surplus target is de�ned as

StsurpTarget
ȳ,t =

(
1

µz+Π
− 1

)
bTarget
ȳ,t .

Debt and surplus target shocks: The debt and surplus target are also �scal policy variables. The �scal

authority might want to deviate from the rules temporarily. This is captured by the debt target shock εb
Target

t .22

After such a shock, the debt target follows an AR(2) process which is described as

bTarget
ȳ,t − bȳ =

(
ρ1,bT + ρ2,bT

) (
bTarget
ȳ,t−1 − bȳ

)
− ρ1,bT ρ2,bT

(
bTarget
ȳ,t−2 − bȳ

)
+ ϵb

Target

t . (64)

Aggregate transfer distribution: The share of aggregate transfers that goes to Ricardian and Non-
Ricardian households respectively o� the steady state is governed by the following equation:

ϖdynt̆rt = (1−ϖdyn)t̆r
nr
t ,

where t̆rt and t̆r
nr
t are the deviations in transfers to Ricardians and Non-Ricardians in units of domestically

produced intermediate goods. The equation implies that the steady-state distribution of transfers between
Ricardian and Non-Ricardian households might di�er from the distribution o� the steady state.

21We calibrate the �scal rule parameters of all instruments except for the government transfers to zero, thus they are kept inactive
in our benchmark estimation. Moreover, the debt coe�cient in the government transfers rule is also set to zero so that only structural
surplus target is used for the �scal budget stabilization.

22Note that the debt target shock can also be used to capture a shock to the surplus target, since the debt target and the surplus
target are mirror images in the steady state.
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2.5.2 The Swedish central bank

The Riksbank sets the policy interest rate according to a Taylor rule. We follow Corbo and Strid (2020), and
let the interest rate be a�ected by the deviations of in�ation and unemployment from their steady-state levels,
and by the changes in in�ation and unemployment. The rule is written in deviations from steady state, where

ĭt is de�ned as the deviation of the policy rate from the neutral interest rate, de�ned below. Π̂C
t ≡ ln

(
ΠC

t

ΠC

)
is the deviation of in�ation from the Riksbank target rate ΠC which is also the steady state in�ation rate.
The Riksbank reacts to annual in�ation rather than quarterly in�ation, where the annual in�ation is de�ned as

Π̂a,C
t = 1

4

(
Π̂C

t + Π̂C
t−1 + Π̂C

t−2 + Π̂C
t−3

)
. ŭnt is the deviation of unemployment rate from its steady state level.

Furthermore, there is a lower bound on the interest rate ĭ. If the Taylor rule implies an interest rate level below
the lower bound, the interest rate is set to the lower bound. The following two equations govern the interest
rate:

ĭnotional
t = ρ̆inotional

t−1 + (1− ρ)
(
rπΠ̂

a,C
t−1 + runŭnt−1

)
+ r△π

(
Π̂C

t − Π̂C
t−1

)
+ r△un (ŭnt − ŭnt−1) + ϵit, (65)

ĭsst = max(̆i, ĭnotional
t + ĭnat

t ) (66)

where ĭnotional
t denotes the notional nominal policy rate, i.e. the nominal interest rate absent the e�ective lower

bound constraint, ĭsst is the deviation of the actual interest rate from its steady state value, and ĭnat
t is the

neutral interest rate, both in deviations from their respective steady state values. ϵit is an exogenous, stochastic
shock. The second equation introduces the zero or e�ective lower bound constraint into the model.

2.5.3 The neutral interest rate

We follow Corbo and Strid (2020) and introduce a neutral interest rate into the model. The neutral rate is
introduced for empirical reasons, given the observation that global interest rates have declined over time, at the
same time as it is di�cult to argue that actual monetary policy have become more and more expansionary. As
such, we interpret ĭt as being the policy rate deviation from the neutral rate rather than the deviation from its
steady state level, such that

ĭt = ĭsst − ĭnat
t (67)

A consequence of this assumption is that the resulting model simulations (except for the simulated policy
rate) are not a�ected by the introduction of a neutral interest rate, except for when the neutral interest rate lies
below the lower bound of the interest rate. Furthermore, we assume that the in�ation rate in the neutral rate
remains constant, so that changes in the neutral rate happens only via changes in the neutral real interest rate.
Hence, we can write the neutral interest rate in a similar manner as in Corbo and Strid (2020), as

ĭnat
t = rµµ̂z+,t − rζ ζ̂t + ẑRt (68)

where µ̂z+,t is the log-deviation of growth rate of from its steady-state level, ζ̂t is the log deviation of the risk-

premium shock from its steady-state level, and ẑRt is a shock process introduced to capture factors that are not
introduced into the model explicitly, but that can be assumed to change the neutral rate, such as demographic
factors. Given how the neutral rate is introduced into the model, we interpret an interest rate that is lower than
the neutral rate as expansionary monetary policy, while an interest rate that is higher than the neutral rate as
contractionary monetary policy.

2.6 The Foreign economy

We model Sweden as a small open economy. Due to its size relative to Sweden, the Foreign economy instead
behaves like a closed economy. From the perspective of the Foreign economy, any transactions between the two
countries will be arbitrarily small, compared to the total quantities of goods that are produced and consumed
within Foreign. Formally, we assume that the size ω of Foreign tends to in�nity, ω → ∞ implying that the
relative size of the Swedish economy in relation to world economy; 1

1+ω
, tends to zero. Given the size of Foreign,

we abstract from modelling the Foreign export and import sectors. The reasons are the following: Firstly, since
the exports and imports from Sweden are arbitrarily small compared to aggregate Foreign output, they will
not have any e�ect on the equilibrium allocations and prices in Foreign. Secondly, the modelling of Foreign
exports and imports adds an additional layer of complexity, but does not give any additional information to the
evolution of Swedish imports and exports that can not be captured by the modelling of the Swedish import and
export sectors. Note however, that we still need to model the demand for Swedish exports and supply of Swedish
imports. Both are discussed in the market clearing section. The derivation of the export demand is however
presented in Section E.
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The Foregin �rms' optimization problems are to a great extent identical to those in Sweden, up to a scaling
factor. There are also, however, important di�erences between the two economies. Compared to the Swedish
economy, the �scal sector in Foreign is modelled in much less detail. In addition, intermediate goods producers
use only private capital as physical capital in their production. Moreover, it is assumed that all households
in Foreign are Ricardian households, and that they can only save in bonds denominated in the currency of
Foreign. The following sections describe the di�erent agents in Foreign and their decision problems. Because
of the similarities with Sweden, the explanations given here are relatively sparse and emphasis is given to areas
where the two economies di�er.

2.6.1 Foreign households

We model the foreign households slightly di�erent from the households in Sweden. We assume a standard
representative household setup which is the most commonly used in DSGE literature, where households (or its
members) di�erentiate from each other only by their labor type but not by their disutility of labor. We also use
hours worked as the unit of labor in foreign economy (intensive margin) while we use employment for the Swedish
economy (extensive margin). The total mass of households in Foreign is ω. Foreign households' preferences over
private consumption and hours worked are identical to the Ricardian households in Sweden. Furthermore, we
assume that Foreign households are able to hold assets that yield a risk-free return in terms of Foreign currency,
just like the Ricardian households in Sweden are able to hold assets with a risk-free return in terms of Swedish
currency. Foreign households are however not allowed to hold bonds in Swedish currency. The problem of the
individual household f in Foreign is to choose private consumption Cf,t, physical capital Kf,t+1, Investment It,
capital utilization uf,t, the change in capital stock by trading in the market △K

f,t, domestic nominal bonds that
are denominated in the Foreign currency BFF

f,t+1 and the nominal wage Wf,t, in order to maximize

E0

∞∑
t=0

βF,t

[
ζcF,tu(Cf,t, CF,t−1)− ζnF,tν(Nf,t)

]
, (69)

subject to the following budget constraint:

PC
F,tCf,t+

P I
F,t

γt
If,t+P

K
F,t△K

f,t+
BFF

f,t+1

RF,tζF,t
. = (1−τwF )Wf,tNf,t+R

K
F,tuf,tKf,t−

P I
F,t

γt
a(uf,t)Kf,t+B

FF
f,t +ΞBFF ,t+Ψf,t+TRf,t,

(70)
and the capital accumulation process:

Kf,t+1 = (1− δF )Kf,t +ΥF,tF (If,t, If,t−1) +△K
f,t, (71)

CF,t denotes aggregate consumption in Foreign. δF is the depreciation rate of the foreign capital and ΥF,t is the
stationary investment-speci�c technology shock. In periods when the household has an opportunity to reset its
wage, it also chooses W opt

f,t subject to the following condition:

Wf,t+k =

{
Π

W
F,t+k−1Wf,t+k with probability ξFw

W opt
f,t+k with probability 1− ξFw

(72)

for all k ≥ 0, and taking Nf,t+k = 1
ω

(
Wf,t+k

WF,t+k

)−εFw
NF,t as given. Let Wf,t+k|t = W opt

f,t Π
W
F,t+1 . . .Π

W
F,t+k denote

the wage of household f in future period (t+ k), given that the household last opportunity to set the wage
was in period t. The �rst-order conditions associated with this problem are presented next. ΩC

f,t denotes the

marginal utility of consumption and βr
F,t+1 =

βF,t+1

βF,t
represents changes in the subjective discount factor between

consecutive periods. θbf,t and θ
k
f,tdenote the Lagrange multipliers associated with the budget constraint (70) and

the capital accumulation equation (71), respectively.

Cf,t : θ
b
f,tP

C
F,t = ΩC

f,t, (73)

BFF
f,t+1 : θbf,tP

C
F,t = Et

[
βr
F,t+1θ

b
f,t+1P

C
F,tRF,tζF,t

]
(74)

Kf,t+1 : θkf,t = Etβ
r
F,t+1

[
θbf,t+1

(
RK

F,t+1uf,t+1 −
P I
F,t+1

γt+1
a(uf,t+1)

)
+ θkf,t+1(1− δF )

]
(75)

If,t : θ
b
f,t

P I
F,t

γt
= θkf,tΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1θ

k
f,t+1ΥF,t+1F2(If,t+1, If,t)

]
(76)

uf,t : R
K
F,tKf,t =

P I
F,t

γt
a′(uf,t)Kf,t (77)

△K
f,t : θ

b
f,tP

K
F,t = θkf,t. (78)
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The �rst-order condition associated with W opt
f,t is given by

Et

∞∑
k=0

(
ξFw

)k( k∏
i=1

βr
F,t+i

)
Nf,t+k|t θ

b
f,t+k

[
(1− τwF )Wf,t+k|t − λW

F ζnF,t+k

ν′
(
Nf,t+k|t

)
θbf,t+k

]
= 0, (79)

where
∏k

i=1 β
r
F,t+i = βr

F,t+1β
r
F,t+2 . . . β

r
F,t+k and

∏0
i=1 β

r
F,t+i ≡ 1.23

2.6.2 Foreign intermediate good producers

The intermediate good sector in Foreign is consist of a continuum of �rms with total mass ω. As in Sweden, a
representative aggregator �rm buys the di�erent varieties of goods and produces a homogeneous, intermediate
good that is sold to �rms in other sectors. The demand for the individual variety j, YF,t(j) is a function
of the relative price of that variety and of total demand for the homogeneous, intermediate good: YF,t(j) =

1
ω

[
PF,t(j)

PF,t

] λF,t
1−λF,t YF,t. PF,t(j) denotes the price charged by �rm j, PF,t =

(
1
ω

� ω

0
PF,t(j)

1
1−λF,t dj

)1−λF,t

is

the price index associated with the homogeneous, intermediate good and YF,t denotes total demand. λF,t is a
time-varying, stochastic markup. Intermediate good �rms in Foreign use labor and capital as inputs in their
production. The cost-minimization problem of �rm j is:

min
KF,t(j)LF,t(j)

{
RK

F,tK
s
F,t(j) +WF,tNF,t(j)

}
s.t.

YF,t(j) = εF,t

[
Ks

F,t(j)
]αF [ztNF,t(j)]

1−αF − z+F,tϕF ,

where εF,t is a stationary stochastic process with an unconditional mean of unity, that is common to all �rms

in the sector. As in Swedish economy, z+F,t is a function of the two stochastic variables zF,t and γF,t and is given
by

z+F,t = zF,tγ
αF

1−αF
F,t . (80)

The cost-minimization problem yields the following expression for nominal marginal cost:

MCF,t =

(
WF,t

zt

)1−αF (
RK

F,t

)αF

ααF
F (1− αF )

1−αF εF,t

. (81)

The rental rate of capital services can be written as a function of the marginal cost and the optimal capital-
to-labor ratio:

RK
F,t = αF εF,tz

1−αF
t MCF,t

(
Ks

F,t

NF,t

)αF−1

. (82)

The price setting problem of intermediate good �rms in Foreign is identical to that of the corresponding �rms
in Sweden. Therefore, we only state the �rst-order condition associated with that problem and refer the reader
to Section 2.4.1 for more details:24

Et

∞∑
k=0

(ξF )kΛF
t,t+k

YF,t+k|t

(λF,t+k − 1)

(
PF,t+k|t − λF,t+kMCF,t+k

)
= 0. (83)

23When the household is free to optimize its wage in every period, as is the case in the equilibrium with �exible prices and wages,
the �rst-order condition becomes: (

1− τFw

)
W fp

f,t = λWF ζnF,t

ν′
(
N fp

f,t

)
θb,fpf,t

.

24In the equilibrium with �exible prices and wages, the corresponding �rst-order condition is:

P fp
F,t = λF,tMCfp

F,t.
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2.6.3 Foreign consumption good producers

A representative �rm produces consumption goods that are sold to households in Foreign. As in Sweden, the
consumption good consists of a combination of non-energy and energy goods. The markets for the inputs and
outputs of this representative �rm are characterized by perfect competition, �exible prices and zero pro�ts. The
production function is similar to that of Sweden, i.e. given by

CF,t =

[(
ϑC
F

) 1
νF,C (Cxe

F.t)
νF,C−1

νF,C +
(
1− ϑC

F

) 1
νF,C (Ce

F.t)
νF,C−1

νF,C

] νF,C
νF,C−1

.

The respective demand functions for energy and non-energy goods are given by

Cxe
F.t =ϑ

C
F

(
PC
F,t

PC,xe
F,t

)νF,C

CF,t (84)

Ce
F.t =

(
1− ϑC

F

)( PC
F,t

PC,e
F,t

)νF,C

CF,t (85)

and the price of the Foreign consumption good is given by

PC
F,t =

[
ϑC
F

(
PC,xe
F,t

)1−νF,C

+
(
1− ϑC

F

)(
PC,e
F,t

)1−νF,C
] 1

1−νF,C

. (86)

Similarly to Sweden, non-energy consumption is produced by combining domestic and imported non-energy
goods according to the production function

Cxe
F,t =

[(
ϑC,xe
F

) 1
νF,C,xe

(
DC,xe

F.t

) νF,C,xe−1

νF,C,xe +
(
1− ϑC,xe

F

) 1
νF,C,xe

(
MC

F.t

) νF,C,xe−1

νF,C,xe

] νF,C,xe
νF,C,xe−1

.

However, due to Foreign being so large compared to Sweden, the share of Swedish imports in the production of
Foreign non-energy consumption goes to zero, meaning that ϑC,xe

F → 1.This reduces the production function to

Cxe
F,t = DC,xe

F.t . (87)

Furthermore, due to the assumption of perfect competition, the price of the non-energy good is given by

PC,xe
F,t =PF,t. (88)

Finally, the Foreign energy consumption good is produced by transforming Foreign domestic intermediate
goods to energy goods. Their production function is given by

Ce
F,t = DC,e

F.t . (89)

2.6.4 Fiscal authority and central bank in Foreign

The �scal authority in Foreign is modelled in a sparse manner. The �scal authority levies a tax on labor income,
and all tax income is returned to households using transfers. The government budget is balanced every period,
and there is no government debt. The �scal authority's budget constraint is given by

WF,tNF,tτ
w
F = TRF,t +GF,t. (90)

Concerning monetary policy, it is assumed that the central bank in Foreign sets its policy interest rate
according to a Taylor rule, where ĭF,t is the policy rate deviation from the neutral interest rate, following Corbo
and Strid (2020). The Taylor rule is similar to Sweden, but reacts to output rather than unemployment, since
unemployment is not modelled in Foreign. The Foreign central bank also reacts to annual in�ation rather than

quarterly in�ation, where the annual in�ation is de�ned as Π̂a,C
F,t = 1

4

(
Π̂C

F,t + Π̂C
F,t−1 + Π̂C

F,t−2 + Π̂C
F,t−3

)
. As in

Sweden, the interest rate in Foreign is restricted by its lower bound iF . The interest rate follows the following
equations:

ĭnotional
F,t = ρF ĭ

notional
F,t−1 + (1− ρF )

(
rF,πΠ̂

a,C
F,t + rF,y ŷF,t

)
+ rF,△π

(
Π̂C

F,t − Π̂C
F,t−1

)
+ rF,△y (ŷF,t − ŷF,t−1) + ϵiFt ,

(91)

ĭssF,t = max(iF , ĭ
notional
F,t + ĭnat

F,t ) (92)
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Just as in Sweden, we de�ne the monetary policy expansion as the di�erence between the actual rate ĭssF,t

and the the neutral rate ĭnat
F,t :

ĭF,t = ĭssF,t − ĭnat
F,t (93)

where the neutral rate is de�ned as

ĭnat
F,t = rF,µµ̂z+,t − rF,ζ ζ̂F,t + ẑRt (94)

2.7 Market clearing

In equilibrium, decisions taken by individual households and �rms must be consistent with market clearing in the
markets for goods, bonds and capital. For most types of goods and assets, the markets need to clear within each
country. In principle, the markets for traded goods between the country also needs to clear. For the export goods,
this is done by equalizing the supply of export goods, described in Section 2.4.3, and the demand for Swedish
exports, which is de�ned below. The goods that are imported to Sweden from Foreign does however either
consist of Foreign domestic goods or Foreign energy goods, which are created by Foreign domestic goods. Since
Sweden is so small compared to Foreign, the demand for Foreign domestic goods and energy goods by Swedish
�rms do not have any e�ect on the aggregate output in Foreign. Therefore, we abstract from the purchases by
Swedish import �rms in the Foreign market clearing conditions. The international payments between Sweden
and Foreign must however balance, which is achieved via the Balance of Payments equation. The expressions in
this section are derived in Appendix E.

2.7.1 Aggregate resources

As a necessary condition for the Swedish market for domestically produced intermediate goods to clear, the
sum of output from individual intermediate good producers must equal Swedish �nal good producers' (i.e.
private and government consumption, private and government investment and export good producers) demand
for domestically produced intermediate goods. Let Yt be the amount of domestically produced homogeneous

intermediate goods. Also, let
←→
P X

t =
� 1

0

(
PX
t (i)

PX
t

) λX
t

1−λX
t di be a measure of price dispersion among �rms in

the export good sector. Furthermore, let ND
t =

� 1

0
Nt(i)di denote total demand for labor services from the

intermediate good producers. The aggregate resource constraint for Sweden may then be written as

Yt = ψC,xe

(
PC,xe
t

PC
t

)νC,xe

Cxe
t +DC,e

t + ψI

(
P I
t

Pt

)νI [ It
γt

+ a (ut)
Kt

γt

]
+ ψX

(
MCX

t

Pt

)νx [
Xt
←→
P X

t + z+t ϕ
X
]
+Gt +

IGt
γt

(95)

Corresponding de�nitions are used to write the Foreign aggregate resource constraint. For example,
←→
P F,t =

� ω

0
1
ω

(
PF,t(j)

PF,t

) λF,t
1−λF,t dj is a measure of price dispersion in the Foreign market for intermediate goods, and

NF,t =
� ω

0
NF,t(j)dj denotes the total (or aggregate) demand for labor services in Foreign. Aggregate resources

in Foreign are used to satisfy the demand for non-energy consumption goods, energy consumption goods and
investment goods. Remember, however, that there is no government consumption and government investment.
Therefore, the Foreign aggregate resource constraint contains fewer terms than that of the Swedish economy:

εF,t

[
Ks

F,t

]αF [ztNF,t]
1−αF =

←→
P F,tψ

C.xe
F

(
PC,xe
F,t

PF,t

)−νF,C

Cxe
F,t +

←→
P F,tC

e
F,t (96)

+
←→
P F,tψ

I
F

(
P I
F,t

PF,t

)−νF,I [
IF,t

γt
+ a (uF,t)

KF,t

γt

]
+GF,t + z+F,tωϕF .

For future reference, we also de�ne Swedish and Foreign output (GDP), where GDP is the same as the
domestically produced homogeneous input goods Yt and YF,t, where

←→
P tYt =

� 1

0

(
εt [K

s
t (i)]

α [ztLt(i)]
1−α − z+t ϕ

)
di (97)

←→
P F,tYF,t =

� ω

0

(
εF,t

[
Ks

F,t(j)
]αF [ztNF,t(j)]

1−αF − z+F,tϕF

)
dj (98)

In the de�nition of Swedish and Foreign GDP given by Equation (97) and Equation (98), respectively, capital
utilization costs are included, since some of the output goes to paying these costs. These equations implicitly
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include utilization costs as a part of �nal demand. This de�nition is consistent with an interpretation of these
costs as a form of investment. Christiano, Trabandt, and Walentin (2011), however, suggest that a second and
alternative de�nition of output be used for the purpose of matching model variables to the data. We adopt their
approach and use Y m

t to denote `measured output' in Sweden and Y m
F,t in Foreign, which are equal to output less

of utilization costs. The capital utilization costs are represented by the term ψI
(

P I
t

Pt

)−νI
a (ut)

Kt
γt

in Equation

(95) and by the term ψI
F

(
P I
F,t

PF,t

)−νF,I

a (uF,t)
KF,t

γt
in Equation (98). Hence we have

Y m
t = Yt − ψI

(
P I
t

Pt

)−νI

a (ut)
Kt

γt
(99)

Y m
F,t = YF,t − ψI

F

(
P I
F,t

PF,t

)−νF,I

a (uF,t)
KF,t

γt
(100)

With this alternative concept of output, capital utilization costs are treated as a proper cost and are not
included in gross �xed capital formation.

2.7.2 Market clearing for bonds

There are three di�erent bond markets that have to clear. The �rst is the market for private bonds denominated
in Swedish currency. The market clearing condition is given by

Bpriv
t+1 = 0. (101)

The second is the market for Foreign bonds. First de�ne BFH
t+1 =

� 1−snr

0
BFH

k,t+1dk, the aggregate value of
purchases by all Swedish households of such bonds in period t. Since the bonds are traded across the two
countries, the clearing condition is given by

BFH
t+1 +

� ω

0

BFF
f,t+1df = 0. (102)

The third bond market is the market for government bonds. In that market, the total amount of newly issued
debt by the government Bn

t must equal the total household demand for newly issued government debt. The
market clearing condition is given by

Bn
t =

� 1−snr

0

Bn
k,tdk. (103)

2.7.3 International trade in goods

Let Xt denote aggregate demand for Swedish exports. The consumption and investment good �rms in Foreign
are using inputs from Sweden in their production. The demand function for Swedish export goods is derived in
Appendix E.3.5, and is given by

Xt =
(
1− ψC,xe

F

)( PX
t

PC,xe
F,t

)−νF,C,xe

Cxe
F,t +

(
1− ψI

F

)( PX
t

P I
F,t

)−νF,I

IF,t. (104)

We now move on to the import sector. Since Sweden is arbitrarily small in relation to Foreign, the demand for
imports does not a�ect the supply of goods in Foreign, meaning that Foreign will supply any number of goods
that the Swedish households demand for the given price. De�ne all Swedish non-energy imports Mxe

t as

Mxe
t =

� 1

0

MC,xe
t (i)di+

� 1

0

MI
t (i)di+

� 1

0

MX
t (i)di+ z+t ϕ

M,C,xe + z+t ϕ
M,I + z+t ϕ

M,X . (105)

Then total Swedish imports are given by

Mt =Mxe
t +

� 1

0

MC,e
t (i)di+ z+t ϕ

M,C,e. (106)

It is also useful to de�ne total imports of energy goods Me
t as

Me
t =

� 1

0

MC,e
t (i)di+ z+t ϕ

M,C,e. (107)
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2.7.4 Balance of payments and net foreign assets

Two types of international transactions occur between agents in Sweden and Foreign. Firms in the Swedish export
and import sectors trade with Foreign �rms, and Swedish households buy and sell in the Foreign (international)
market for bonds. In the aggregate, the nominal value of these di�erent transactions must balance. For the
purpose of de�ning a balance of payments relationship for Sweden, let us start by adding up the di�erent
transactions that occur in the market for international bonds. Note that the value of this aggregate position in

Swedish currency is At =
StB

FH
t+1

RF,tζtΦ(at,st,ϕ̃t)
. At may therefore be referred to as the period t nominal aggregate

net foreign asset position of Sweden.25 The value in Swedish currency of the settlement of bonds issued in the
previous period is

� 1−snr

0

[
StB

FH
k,t

]
dk = StB

FH
t .

Φ(·) represents an external risk premium on domestic (Swedish) holdings of Foreign bonds, and the choice
of a speci�c functional form for this premium merits some discussion. Note that st =

St
St−1

. The value of Φ(·)

is determined by the two aggregate variables at = At

z+t Pt
and Et

(
St+1

St

St
St−1

)
= Et (st+1st), as well as by the

(aggregate) shock ϕ̃t. For notational convenience, we let st represent the second argument of the risk premium

function and thus write Φ
(
at, st, ϕ̃t

)
.26 at = At

z+t Pt
=

StB
FH
t+1

RF,tζtΦ(at,st,ϕ̃t)z+t Pt
denotes the real, stationarized (per

capita) value of the net foreign asset position. Φ(·) is assumed to be a negative function of at, with the following
interpretation. If at < 0, so that Sweden is a net borrower on the international �nancial market in period t, then
Φ(·) is more likely to take on a positive value. In this case, Φ(·) represents a premium that Swedish households
will be charged over and above the international risk free, gross interest rate RF,t. If at > 0, then Sweden is
a net lender and the claims on Foreign bonds owned by Swedish households are more likely to pay a return
that is lower than the international rate. See Benigno (2009) for an early application of a similar functional

form with this interpretation. The second argument of Φ(·), Et (st+1st) = Et

(
St+1

St

St
St−1

)
, is due to Adolfson

et al. (2008). A positive value of Et (st+1st) implies a lower value of Φ(·), ceteris paribus. The motivation for
including this second argument is purely empirical, as it allows the model to reproduce the observed negative
correlation between the risk premium and the expected exchange rate depreciation. Adolfson et al. (2008) o�ers
a possible justi�cation for this speci�cation, namely that domestic investors are more likely to accept a lower
expected return on their international bond portfolio if the exchange rate is easier to predict. ϕ̃t represents an
exogenous shock that will absorb any residual movements in the external risk premium.

The purchase by Swedish households of Foreign bonds create a debit recording in Sweden's balance of pay-

ments, the total value of which is
StB

FH
t+1

RF,tζtΦ(at,st,ϕ̃t)
. Part or all of this purchase may be �nanced by the settlement

of international bonds that were acquired in the previous period StB
FH
t . The total or net debit recording arising

from �nancial transactions is therefore:

StB
FH
t+1

RF,tζtΦ
(
at, st, ϕ̃t

) − StB
FH
t .

We now turn to the payments that arise from international trade in goods. The value of Sweden's net exports in
period t is given by StP

X
t Xt−StPF,tM

xe
t −StP

C,e
F,t M

e
t , and represents a credit recording in the current account

of Sweden.27 In equilibrium, the total value of the credit recording from Swedish net exports must be balanced
by a debt recording of equal value, arising from the net value of all transactions in the international bond market:

StP
X
t Xt − StPF,tM

xe
t − StP

C,e
F,t M

e
t =

StB
FH
t+1

RF,tζtΦ
(
at, st, ϕ̃t

) − StB
FH
t . (108)

Using the de�nition of net foreign assets, At, to substitute for StB
FH
t+1 and St−1B

FH
t , this relationship may

alternatively be written as:

At −At−1 = StP
X
t Xt − StPF,tM

xe
t − StP

C,e
F,t M

e
t +

[
Φ
(
at−1, st−1, ϕ̃t−1

)
ζt−1RF,t−1

St

St−1
− 1

]
At−1. (109)

The right-hand-side terms in Equation (109) represent the value of Swedish net exports plus the net return
between periods t and (t− 1), in Swedish currency, on the net foreign asset position of Sweden. The sum of
receipts from net exports and net returns on the international investment position is equal to the change in the
international investment position, i.e. the change in Sweden net foreign assets.

25Since all these bonds mature one period after they are issued, At will consist of the total value of all outstanding Foreign bonds at
the end of period t. Note, however, that Swedish households can both save and borrow in Foreign bonds, implying that BFH

t+1 may be

either a positive or a negative number. If BFH
t+1 < 0, the period t aggregate net foreign asset position of Sweden is negative.

26For an explicit statement of the functional form, see Section (2.10).
27Recall from Section (2.4.2) in the main text that the prices of all traded goods are assumed to be set in the currency of the importing

country, so called local currency pricing.
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2.8 Shock processes

In this section, the shock processes are de�ned. They are all written in log-linear form, where the variable x̂t is
the log-deviation of the variable xt from it's steady-state value. The innovations are denoted ϵx,t where x is the
process in question. In addition, some processes are assumed to also have MA-term. There are three types of
shocks, global shocks that have an equal impact on both Sweden and Foreign, domestic shocks that a�ects only
Sweden, and Foreign shocks that a�ect Foreign directly, but leads to spill-over e�ects on the Swedish economy.

2.9 International spillovers and correlated shocks

While it is well documented empirically in the literature that global consumption and investment co-moves,
and also that Swedish economy is dependent on global economic developments, it is di�cult to generate cross-
country spillovers in a standard small open economy DSGE model, as shown in Justiniano and Preston (2010).
To overcome this problem and let model be able to get co-movements between global variables and co-movements
between Foreign and Swedish variables in the data, we allow correlated shock structure in the model. The private
bond risk premium shock, ζt, the utility of consumption shock ζct , the investment e�ciency shock Υt and the
stationary technology shock εt are assumed to be correlated with the equivalent Foreign shock process, so that
innovations to the Foreign shock process a�ects also the Swedish shock process. Finally the Foreign utility of
consumption ζcF,t and the Foreign marginal investment e�ciency ΥF,t are also allowed to be correlated.28 Below,
we illustrate simply how we model shock correlations, see Corbo and Strid (2020) for a thorough discussion
about the interpretation of shock correlations.

Let x1,t a Foreign shock and x2,t a domestic shock. The correlation structure between these shocks is built
into the shock processes as the following:

x1,t = ρ1x1,t−1 + ϵ1,t

x2,t = ρ2,1x1,t + ρ2x2,t−1 + ϵ2,t (110)

where ρ1 and ρ2 are shock persistence parameters, and ρ2,1 is the paramter that determines the correlation
between shocks, and we estimate these ρ2,1 parameters in the model. Also note that ϵ1,t = sσ1ϵ̃1,t and ϵ2,t =
sσ2ϵ̃2,t are assumed to be independent, where s is the scaling parameter, sσ1 and sσ2 are the shock standard
deviations, and ϵ̃s represent the independent and standard normally distributed innovations.

The implied estimated correlation coe�cient between shocks can be found by using the parameter ρ2,1, shock
standard deviations and shock persistence parameters.

2.9.1 Global exogenous shocks

The shock to the neutral interest rate is the only global shock process in the model. However, in the estimation
we assume zt = zF,t, thus treating Foreign labor-augmenting shock as a global shock.

µ̂zF ,t = ρµzF
µ̂zF ,t−1 + ϵµzF

,t (111)

ẑRt = ρzR ẑ
R
t−1 + ϵzR,t + θzRϵzR,t−1 (112)

2.9.2 Swedish exogenous shocks

Except for the monetary policy shock and the �scal shocks, which are de�ned in previous sections, the Swedish
economy shocks are

β̂r
t = ρβ β̂

r
t−1 + ϵβt (113)

ζ̂t = corrζ ζ̂F,t + ρζ ζ̂t−1 + ϵζt (114)

ζ̂ct = corrζc ζ̂
c
F,t + ρζc ζ̂

c
t−1 + ϵζ

c

t (115)

ˆ̃
ϕt = ρϕ̃

ˆ̃
ϕt−1 + ϵϕ̃t (116)

ζ̂nt = ρζn ζ̂
n
t−1 + ϵζ

n

t (117)

λ̂W
t = ρλW λ̂W

t−1 + ϵλ
W

t (118)

ε̂t = corrεε̂F,tρεε̂t−1 + ϵt (119)

Υ̂t = corrΥΥ̂F,t + ρΥΥ̂t−1 + ϵΥt (120)

λ̂t = ρλλ̂t−1 + ϵλt (121)

λ̂X
t = ρλX λ̂

X
t−1 + ϵλ

X

t (122)

28We start the estimation process by allowing a large set of correlated shocks but keep only the ones that have well identi�ed and
contribute to marginal likelihood.
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λ̂M,C,xe
t = ρλM,C,xe λ̂

M,C,xe
t−1 + ϵλ

M,C,xe

t (123)

λ̂M,I
t = ρλM,I λ̂

M,I
t−1 + ϵλ

M,I

t (124)

λ̂M,X
t = ρλM,X λ̂

M,X
t−1 + ϵλ

M,X

t (125)

p̂D,C,e
t = ρpD,C,e p̂

D,C,e
t−1 + ϵp

D,C,e

t (126)

Π̂trend
t = ρΠtrendΠ̂

trend
t−1 + ϵΠ

trend

t (127)

µ̂γ,t = ρµγ µ̂γ,t−1 + ϵµγ ,t (128)

2.9.3 Foreign exogenous shocks

The Foreign shocks, except for the monetary policy shock which is de�ned in a previous section, are
β̂r
F,t = ρβF β̂

r
F,t−1 + ϵβF,t (129)

ζ̂F,t = ρζF ζ̂F,t−1 + ϵζF,t (130)

ζ̂cF,t = corrζc
F
,ΥΥ̂F,t + ρζF ζ̂

c
F,t−1 + ϵζ

c

F,t (131)

ζ̂nF,t = ρζn
F
ζ̂nF,t−1 + ϵζ

n

F,t (132)

ε̂F,t = ρεF ε̂F,t−1 + ϵF,t (133)

Υ̂F,t = ρΥF Υ̂F,t−1 + ϵΥF,t (134)

λ̂F,t = ρλF λ̂F,t−1 + ϵλF,t (135)

p̂C,e
F,t = ρ

p
D,C,e
F

p̂D,C,e
F,t−1 + ϵp

D,C,e

F,t (136)

Π̂trend
F,t = ρΠtrend

F
Π̂trend

F,t−1 + ϵ
Πtrend

F
t (137)

ĝF,t = ρgF ĝF,t−1 + ϵgFt (138)

µ̂γF ,t = ρµγF
µ̂γF ,t−1 + ϵµγF

,t (139)

2.10 Functional forms

The utility function is chosen so as to be consistent with a balanced growth path, and is given by

u(C̃h,t − ρhC̃t−1) = ln(C̃h,t − ρhC̃t−1). (140)

The disutility of labor function for households in Sweden including endogenous shifter and weighting parameter
is given by

ν(nt) = Θn
t An

N1+η
t

1 + η
. (141)

The disutility of labor function in foreign economy is standard in the DSGE literature, and the same as in for
example Adolfson et al. (2005). It is given by

ν(nf,t) =
N1+η

f,t

1 + η
. (142)

The external risk premium function is as in Adolfson et al. (2008) and Corbo and Strid (2020), and is given by

Φ
(
at, st, ϕ̃t

)
= e−ϕ̃a(at−a)−ϕ̃sEt[st+1st−1]+ϕ̃t .

The investment adjustment cost function F (It, It−1) is taken from Christiano, Eichenbaum, and Evans (2005a)
and is given by

F (It, It−1) =

[
1− S̃

(
It
It−1

)]
It.

where the functional form of S̃ is de�ned as in Adolfson et al. (2005):

S̃

(
It
It−1

)
=

1

2

[
e

√
S′′

(
It

It−1
−µ

z+
µγ

)
+ e

−
√
S′′

(
It

It−1
−µ

z+
µγ

)
− 2

]
.

32



3 Model parametrization

In this section, we describe how the model parameter values are set. For this, we aim to match the Swedish
economy at a quarterly frequency between 1995Q1-2019Q4. Parameters are either calibrated or estimated. A
general strategy for selecting which parameters to calibrate or estimate is to calibrate parameters that determine
the steady state, while estimating parameters that don't a�ect the steady state and only determine the model
dynamics, e.g. persistence of shocks, shock standard deviations, etc.29 First, we calibrate the steady state and a
number of model structural parameters and then we estimate the remaining parameters that are not calibrated.

3.1 Calibration of steady state and structural parameters

We calibrate the steady state by matching the sample average of series or aggregate great ratios for the period
between 1995Q1-2019Q4, and by incorporating our assumptions into the model.

3.1.1 Great ratios and balanced growth path

The steady-state great ratios in SELMA are based on data from Statistic Sweden (SCB) for the period 1995Q1-
2019Q4. Table 1 provides the average great ratios over the sample period and the corresponding ratios in the
steady state calibration. The private investment-to-output ratio pII/y is set to 0.184, and is calculated as the
ratio of nominal private investment (including inventories) to nominal market price GDP. For exports-to-output
ratio pXx/y and the imports-to-output ratio pMm/y , we take nominal exports over nominal market price GDP.
Note that we equalize the exports and imports-to-output ratio in order to match the assumption of balanced
trade in the steady state. Thus, both the exports and imports-to-output ratios are calibrated to 0.432.

The government consumption-to-output ratio g/y is calculated as the ratio of nominal government consumption-

to-nominal market price GDP, which is 0.254. The government investment to output ratio I
G
/y is calibrated

to match the ratio of nominal government investment to nominal market price GDP of 0.041.30 Private con-
sumption to output ratio pCc/y, which equals 0.521, is a residual which can be obtained by using the following

expression : pCc/y = 1 - pXx/y + pMm/y-pII/y - g/y -I
G
/y.31 The aggregate transfers to output ratio tr

agg
/y

is calibrated to match the ratio of nominal public transfers excluding pension payments-to-nominal market price
GDP of 0.101.

Table 1 also shows the calibrated values of the parameters pertaining to the Swedish �scal policy framework.
Based on the Swedish �scal policy framework, the surplus target is 1/3 of a percent of GDP. Thus, the surplus
to output ratio target surpTarget/y is set to 1/3*0.01.

As Table 3 shows, the growth rate of labor augmenting technology µz is set to 1.003 which implies that the
annualized growth rate of labor augmenting technology is 1.3 percent per year, which matches the per capita
growth rate of Foreign economy over the sample period. The average annualized per capita investment growth
rate in Sweden over the sample period is 4.0 percent, which is signi�cantly higher than the per capita GDP
growth rate of 1.8 percent. Motivated by this large di�erence, the gross investment-speci�c technological growth
rate in Sweden, µγ is calibrated to 1.005, which is consistent with the di�erence between investment growth and
GDP growth. Note that the composite technological growth rate, µz+ can be de�ned as a function of the growth
rates of labor augmenting technology, µz and investment-speci�c technology, µγ :µz+ = µz(µγ)

α
1−α . Thus, the

Swedish economy grows at 1.8 percent and Swedish investment grows at 4.0 percent per year in per capita terms
along the balanced growth path.32 On the other hand, the Foreign economy grows only with labor augmenting
technology at 1.3 percent per year along the balance growth path. Finally, the steady state in�ation rate is set
to 2 percent per year in both Sweden and Foreign in line with the Riksbank's and the foreign central banks'
in�ation targets even though the average in�ation rate is lower than 2 percent over the sample period.

3.1.2 Labor market aggregates

Table 2 shows steady state labor market aggregates. The rates of labor force participation and employment
are based on their potential values in the NIER database over the period 1995Q1-2019Q4. The labor force
participation rate l is calculated as the period average of potential labor force over population aged 15-74, which

29This does not necessarily mean that we estimate all parameters that solely a�ect the model dynamics. In some cases, although
initially we aim to estimate certain parameters in the beginning of estimation process, we choose to calibrate them instead. This is
mostly due to weak identi�cation or due to their negligible e�ects on marginal likelihood. This criterion is fairly standard in estimating
DSGE models.

30Government investment excludes military spending items.
31Current account balance is positive on average over the sample period, thus consumption to GDP ratio is overstated in the model.
32Investment-to-output ratio is constant in the balanced growth path due to decrease in relative prices of investment in the rate of

technology. One can argue that investment is part of GDP, and in the far limit, GDP in real terms will consist of only investment.
Although we �nd these critics of our assumptions fair, we still believe that our technological growth assumptions would be a good way of
aligning theoretical assumptions with sample data properties, and also they are in line with earlier studies, e.g. Greenwood, Hercowitz,
and Krusell (1997).
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is 0.714. Similarly, employment rate n is calculated as the average of potential employment over population
aged 15-74 for the same period, which is 0.665. We de�ne the steady-state unemployment rate as the average
potential unemployment rate calculated with the average potential labor force participation and the average
potential employment over the sample period, by (l − n)/l which is 0.069.

3.1.3 Household sector parameters

Table 4 shows the values of the calibrated household parameters. The household discount factors β and βF in
Sweden and in the Foreign economy are set to 0.999. This, given that the steady state in�ation is 2 percent and
the steady state composite technology growth rate is 1.8 percent annualized terms, implies that the steady state
nominal net interest rate (or the monetary policy rate) is 4.3 percent in Sweden and 3.7 percent in Foreign in

annualized terms, given by R =
µ
z+

ΠC

β
and RF =

µ
z
+
F

ΠC
F

βF
, in which all variables are represented in quarterly

gross terms.33 Our model's theoretical set up, speci�cally the UIP condition, requires equal policy rates for a
steady state to exist. Therefore, we assume a constant negative steady state risk premium on Swedish bonds over
Foreign bonds which allows for a model equilibrium, where households face the same level of steady state interest
rate in Foreign and Sweden. The parameter associated with labor disutility An is a function of the marginal
utility of consumption, real wage, labor supply and wage income tax in steady state. The exact formulation can
be found in Appendix I.

We follow the calibration strategy in Coenen, Straub, and Trabandt (2013) by choosing the share of private
consumption in the composite consumption αG such that the marginal utility of private consumption equals the
marginal utility of government consumption. Thus, αG is calibrated to 0.66.

We set the share of aggregate transfers going to Non-Ricardians in steady state, ϖss and the share of aggregate
transfers going to Non-Ricardians o� steady state ϖdyn to 0.5. Thus, we assume the aggregate transfers goes
toward Ricardian and Non-Ricardian households are equal.34

3.1.4 Price and wage markups

Table 5 presents the values for the steady state markups of �rms. For intermediate good �rms and import goods
�rms to 1.2, a standard value in the DSGE literature. However, following Corbo and Strid (2020), Swedish
export goods producing �rms' markup is calibrated to a lower value to 1.05, in order to avoid double markup
on these goods. The steady state wage markup can be de�ned as λW = ( l

n
)η. Given the steady state values of

labor force participation l and employment n, the value of η determines the wage markup. Since we estimate
the Frisch elasticity parameter η, wage markup is implicitly estimated. The implicit estimated wage markup is
approximately 1.3.

3.1.5 Elasticities of substitution between imported and domestic good and other trade

parameters

The elasticities of substitution between imported intermediate goods and domestically produced intermediate
goods for di�erent sectors are mostly estimated. Table 6 shows the values of calibrated parameters. The elasticity
of substitution between domestic and Foreign energy, νC,e, is set to 0.5 as in Corbo and Strid (2020), which
implies a low substitutability between Foreign and Swedish energy goods.35 The elasticities of substitution
between energy and non-energy consumption in the creation of consumption goods, νc and νF,c, are set to 0.5
in both Sweden and Foreign. The parameter governing the share of non-energy in total consumption in Sweden
and Foreign, ϑC and ϑC,F , are set to match the shares of energy consumption to total private consumption in
data. These shares are 0.075 in Sweden and 0.09 in Foreign.

The Swedish elasticity of substitution between imported and domestically produced intermediate goods for
export goods production νx is set to 1.53, which is the estimated value for Sweden in Corbo and Strid (2020).36

The Swedish elasticity of substitution between imported goods and domestically produced intermediate goods
for non-energy consumption production, νC,xe, the elasticity of substitution between imported and domestically
produced intermediate goods for investment goods production, νI , and the elasticity of substitution between
imported and domestic consumption goods in Foreign, νF which captures the sensitivity of Swedish exports to
Foreign import (from Sweden) prices, are all estimated.37

The parameter determining the weight of consumption goods and investment goods in the export demand
function, ωX

C is also estimated.

33For example, annualized 2 percent is equivalent to 1.005 in quarterly gross terms.
34Model users can choose di�erent values for ϖdyn to study di�erent policy options.
35Sweden imports crude oil and petroleum products for fuel consumption but domestically produces electricity with nuclear and hydro

power for heating. Thus, imported energy goods are not good substitutes for domestically produce energy goods.
36We attempted to estimate this parameter but chose to calibrate it due to poor identi�cation.
37Since the Foreign economy behaves as a closed economy we do not need to specify value for the elasticity of substitution between

imported and domestic inputs in Foreign, νF,x.
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3.1.6 Capital and investment parameters

Table 7 shows parameters that are associated with capital and investment. We calibrate the capital share in
production α to be 0.24, and the private capital depreciation rate, δ to be 0.017, in order to match the average
investment to output ratio in the sample. The public capital depreciation rate δG is also calibrated to be 0.017
to simplify the interpretation of the parameter for the share of public capital in composite capital under e�cient
allocation, αK .

38 This value is solved numerically such that the steady state conditions of the composite capital
function and the private capital accumulation function hold.39 In SELMA, the government provides public
capital to intermediate good producers. Hence, the elasticity of substitution between private and public capital
υK determines the degree of complementary between private and government investment. The parameter αK

represents the weight of private capital in the composite capital function. We estimate υK and calibrate αK .
We follow the calibration strategy in Coenen, Straub, and Trabandt (2013) by choosing a value for αK such that
the marginal product of private capital equals the marginal product of public capital, which implies that αK is
calibrated to 0.82.

The Foreign capital share αF in production is calibrated to be 0.21, and the depreciation rate δF is calibrated
to be 0.016, in order to match the average investment-output ratio.

3.1.7 Tax rates

Table 8 reports the steady state tax rates. The tax rates are in general calculated by dividing the tax income by
the tax base. All data series used are nominal, and the averages are taken for the sample period 1995Q1-2019Q4.
For the labor income tax rate, τW , the tax revenue is calculated as the municipal and regional income tax plus
the state income tax minus the earned income tax credit.40 The municipal and regional income tax is however
paid on both transfers and wages in Sweden. To estimate how much of the municipal and regional income tax
is paid on wages, the tax income has been multiplied by the wage sum and divided by the sum of wages and
transfers. The tax base for τW is given by the wage sum. For the transfer tax, τTR, the tax revenue is calculated
as the municipal and regional income tax multiplied by the transfers divided by the sum of transfers and wages
(to get the share of tax revenue paid on transfers). The tax base for τTR is given by total public transfers. For
the capital income tax rate τK , we use paid corporate tax as the tax revenue, and use the private sector net
surplus excluding the net surplus of small houses as the tax base. For the social security contributions, the tax
revenue is given by the paid employee labor taxes plus the pension income contributions paid for employees.
The tax base for τSSC is the wage sum. The consumption tax, τC , is calculated by dividing tax revenue from
consumption by the di�erence between household consumption and consumption tax revenue.41 The investment
tax credit τ I is set to zero. To close the government budget constraint, a steady-state value of the lump-sum
tax needs to be introduced as well. This is set as a residual so that the government structural surplus is at its
target level in steady state.

3.1.8 Average maturity of government bonds

In SELMA, we allow for the government bonds to have a stochastic maturity. The government issues bonds that
mature with probability αB in a given period. Note that if αB is one, then we have a one-period government
bond as in the standard DSGE framework. In our current framework, we allow αB to be less than one, thus
allowing for long-term government bonds. We set αB to match the average maturity of Swedish government
bonds of 4 years.42 Thus, the probability that government debt will mature each period αB is set to 0.0625.

38E�cient allocation of public and private capital requires αK
1−αK

δ1−υK

(δG)1−υK
= I

IG
, when we assume public and private capital

depreciation rates to be equal, αK will determine the equilibrium ratios of government-private capital and investment.
39This method is required due to the inclusion of public capital to the composite capital which is used for the production of intermediate

goods.
40The earned income tax credit is calculated as total income tax credit minus the credit for public pensions.
41It is important to note here that these are all goods-related taxes, not only the ones paid for by households. This means that the

average tax rate implied by this revenue is higher than the one households actually pays on average.
42According to the Swedish National Debt O�ce Statistics the average maturity of debt (nominal krona debt) is close to 5 years in

between 2001-2019. But we target a lower value, which is 4, to incorporate the years with low maturity of debt, 1995-2000, into the
sample average.
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Table 1: Calibration: Great ratios

Symbol Description Data (or Target) Steady state

pII/y Private investment to gdp ratio 0.184 0.184
pCcagg/y Private consumption to gdp ratio 0.466 0.521
pXx/y Exports to gdp ratio 0.432 0.432
pMm/y Imports to gdp ratio 0.382 0.432
g/y Government consumption to gdp ratio 0.254 0.254

I
G
/y Government investment to gdp ratio 0.041 0.041

tr
agg

/y Government transfers to gdp ratio 0.101 0.101
surpTarget/y Government surplus to gdp ratio target 1/3*0.01 1/3*0.01

b
Target

/y Government debt to gdp ratio target 0.35*4 0.35*4
pCF cF /yF Foreign private consumption to gdp ratio 0.55 (EA) 0.55

pIF IF /yF Foreign private investment to gdp ratio 0.22 (EA) 0.22
gF /yF Foreign government consumption to gdp ratio - 0.23

Note: EA is Euro Area. Foreign government consumption to gdp ratio is a residual in the model, the data

related to this ratio is not used in the estimation or calibration.

Table 2: Calibration: Labor market aggregates

Symbol Description Data (or Target) Steady state
l Labor force participation rate 0.714 0.714
n Employment rate 0.665 0.665
un Unemployment rate 0.069 0.069

Table 3: Calibration: Technological growth and in�ation

Symbol Description Data Steady state
µz Gross growth rate of labor augmenting technology 1.003 1.003
µγ Gross growth rate of investment speci�c technology 1.005 1.005
µz+ Gross composite technological growth rate 1.005 1.005
µz+

F
Foreign composite technological growth rate 1.003 1.003

Π Gross in�ation rate of intermediate goods 1.004 1.005
Πtrend Gross in�ation trend - 1.005
ΠC Gross in�ation rate of consumption goods 1.004 1.005

ΠM,C Gross in�ation rate of imported consumption goods 1.001 1.005
ΠX Gross in�ation rate of export goods - 1.005
ΠW Gross in�ation rate of wages 1.008 1.01
ΠF Foreign gross in�ation rate of intermediate goods 1.004 1.005
ΠC

F Foreign gross in�ation rate of consumption goods 1.004 1.005
ΠW

F Foreign gross in�ation rate of wages 1.006 1.008
ΠX

F Foreign gross in�ation rate of export goods - 1.005

Table 4: Calibration: Household sector parameters

Symbol Description Value
β Household discount factor 0.999
βF Foreign household discount factor 0.999
αG Share of private consumption in the composite consumption 0.66
ϖss Share of aggregate transfers going to Non-Ricardians in steady state 0.5
ϖdyn Share of aggregate transfers going to Non-Ricardians o� steady state 0.5
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Table 5: Calibration: Steady state values of markups

Symbol Description Value
λ Intermediate good price markup 1.2
λX Export price markup 1.05
λM Imported good price markup (consumption, investment and export) 1.2
λW Wage markup 1.3
λF Foreign intermediate good price markup 1.2
λW
F Foreign wage markup 1.6

Note: Steady state wage markup for Sweden is implicitly estimated when Frisch elasticity parameter, η is estimated.

[p]

Table 6: Calibration: Elasticities of substitution in production sector

Symbol Description Value
νC Elasticity between non-energy and energy goods in consumption goods 0.5
νC,e Elasticity between domestic and imported goods in energy consumption 0.5
νF,c Elasticity between non-energy and energy goods in consumption goods in Foreign 0.5
νx Elasticity between domestic and imported goods in exports goods 1.53

Table 7: Calibration: Capital and investment parameters

Symbol Description Value
α Capital share in production 0.24
αK Share of private capital in composite capital function 0.82
δ Private capital depreciation rate 0.017
δG Public capital depreciation rate 0.017
αF Foreign capital share in production 0.21
δF Foreign capital depreciation rate 0.016

Table 8: Calibration: Steady state level of tax rates

Symbol Description Value
τC Consumption tax rate 0.341
τW Labor income tax rate 0.286
τSSC Social security contribution rate 0.306
τK Capital income tax rate 0.169
τTR Tax rate on transfers to households 0.279
τ I Investment tax credit 0
τWF Foreign labor income tax rate 0.286
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Table 9: Swedish data used for the steady state calibration

Data series Description and trans-
formation

Frequency Source NIER's database folder/code

GDP Current prices, SA Quarterly SCB Fb/nbnpmpls
Potential GDP At market prices, con-

stant prices
Quarterly NIER Gappr/bnppot

Consumption Current prices, SA Quarterly SCB Fb/nkohls
Investment Current prices, SA Quarterly SCB Inv/n�nl
Exports Current prices, SA Quarterly SCB Fb/nexls
Imports Current prices, SA Quarterly SCB Fb/nimls
Public consumption Current prices, SA Quarterly SCB Fb/nkools
Public investment Current prices, SA Quarterly SCB Inv/n�omls
Unemployment rate in percent Quarterly SCB Am/arali1574s
Potential employment Quarterly NIER Gappr/asypot
Labor income Quarterly SCB Loner/nlsls
Working age population Interpolated to quar-

terly
Annual SCB and NIER Befpr/bef1574to

Gross debt Interpolated to quar-
terly

Annual NIER O�pr/skuldo

Municipal income tax revenue SA Quarterly NIER O�kv/dshk
State income tax revenue Interpolated to quar-

terly
Annual SCB, ESV and

NIER
Skattpr/statsk

State income tax reductions Interpolated to quar-
terly

Annual SCB, ESV and
NIER

Skattpr/skred

Tax deduction for pensioners SA Quarterly SCB and NIER O�kv/eaho
Firms' pension contributions SA Quarterly SCB and NIER O�kv/pstsivlon

SCB:Statistics Sweden; SNMO:Swedish National Mediation O�ce; ESV:The Swedish National Financial Management
Authority.



3.2 Estimation

The remaining model parameters that are not calibrated are estimated using Bayesian methods as described in
An and Schorfheide (2007) and Herbst and Schorfheide (2015). A brief overview of these methods, which are
fairly standard in the literature, can be found in Appendix J. All computations are done by using the Dynare
4.6.4 toolbox. We estimate model parameters in two steps. First, we estimate Foreign parameters by using only
Foreign data and by treating the Foreign economy block as a separate closed economy DSGE model. Second, we
estimate Swedish parameters taking the estimated values of Foreign parameters as given. This is a technically
easier as compared to the joint estimation of Foreign and Swedish parameters.43 This two-step estimation
strategy, in which Foreign estimated parameters are not a�ected by Swedish data, is consistent with a modelling
framework in which Sweden is treated as a small open economy with negligible e�ects on Foreign.

3.2.1 Description of data used

The model is estimated using 24 Swedish data series and 9 Foreign aggregated data series. The estimation sample
period is 1995Q1-2019Q4, which is based on data availability as well as so that to include in�ation targeting
regime periods and to exclude the COVID-19 crisis period.

In this section, we describe the data used in estimation for Foreign and Sweden, respectively.

Foreign data: The Foreign sector data series used for estimation are 9 trade-weighted quarterly data series
for KIX-6 (krona index-6) countries, including the euro area (19 countries), the US, the UK, Denmark, Japan
and Norway.44 These are the most important trading partners of Sweden representing around 90 percent of
the total Swedish international trade. As observable variables for the estimation, we use annualized quarterly
growth of per capita gross domestic product (GDP), consumption, investment and hours worked, annualized
quarterly in�ation, in�ation excluding energy and wage in�ation, monetary policy rate and credit spread.45 The
data series necessary to construct the observable variables for Foreign along with their respective data sources
are summarized in Table 10.46 The transformation of raw data series into the observable variables can be found
in Appendix K.

43In other words, we obtain the conditional posterior distribution of domestic parameters. Obviously, the uncertainty in the estimated
domestic parameters is smaller than in the estimation of domestic parameters and Foreign parameters jointly.

44We use time-varying trade weights.
45The per capita hours worked series is non-stationary based on the ADF test, hence we decided to use its growth rate to make it

stationary.
46In the table, we also provide NIER's database (Mbserier) codes for each series at the far right column.
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Table 10: Foreign data for estimation
Data series Data title Source Frequency NIER code
Euro area

GDP Euro Area 19, Eurostat, ESA 2010, Main GDP Aggregates, GDP and Main Components (Output,
Expenditure and Income), Volumes, Gross Domestic Product, 2010 Reference Year, Calendar Adjusted,
Constant Prices, SA, Chained, Market Prices, EUR

Eurostat Quarterly ea19gdp

Investment Euro Area 19, ECB, Gross Fixed Capital Formation, Total Fixed Assets (Gross), Total - All Activities,
Reference Sector: Total Economy, Counterpart Area: World (All Entities, Including Reference Area and
IO), Calendar Adjusted, Constant Prices, SA, Chained, EUR

ECB Quarterly ecb_00169530

Working age pop. Euro Area 17, Working-Age Population, Age 15-74, OECD Economic Outlook, Estimate, Calendar
Adjusted, SA

OECD Annual ea19popa

Euro Area 19, OECD MEI, Labour Force Survey - Quarterly Levels, Working Age Population, Aged
15-74, All Persons

OECD Quarterly ea19popq

Hours worked Euro Area 19, OECD QNA, Employment by Industry - Domestic Concept, Employment, Total, Total,
Hours Worked, SA

OECD Quarterly hoursea

HICP Euro Area 19, Eurostat, HICP, All-Items HICP, 2015=100, Index Eurostat Monthly ea19hicp
HICP excl energy Euro Area 19, Eurostat, HICP, Overall Index Excluding Energy, 2015=100, Index Eurostat Monthly ea19hicpee
Wages Euro Area 19, OECD MEI, Unit Labour Costs, Early Estimate of Quarterly ULC Indicators, Labour

Compensation per Unit of Labour Input, Total, SA, Index
OECD Quarterly ea19ulc

Credit rates Euro Area, ECB, MFI Interest Rates, Non-Financial Corporations, Loans Other than Revolving Loans
and Overdrafts, Convenience and Extended Credit Card Debt [A20-A2Z], Annualised Agreed Rate
(AAR) / Narrowly De�ned E�ective Rate (NDER), All Maturities, Total, New Business, Currency
Denominator: Euro

ECB Monthly ecb_00015235

Mon. policy rate Euro Area, ECB, Financial Market Provider: ECB, Money Market, EONIA Rate, Historical Close,
Average of Period

ECB Monthly ecb_00858122

Personal consump. expen. Euro Area 19, Eurostat, ESA 2010, Main GDP Aggregates, GDP and Main Components (Output,
Expenditure and Income), Volumes, Final Consumption Expenditure of Household and NPISH, 2010
Reference Year, Calendar Adjusted, Constant Prices, SA, Chained, EUR

Eurostat Quarterly ea19cons

US

GDP United States, Gross Domestic Product, Total, Constant Prices, SA, Chained, AR, USD BEA Quarterly usnaac0169
Investment United States, OECD QNA, Gross Domestic Product, Gross Domestic Product - Expenditure Approach,

Gross Capital Formation, Gross Fixed Capital Formation, Constant Prices, SA, Chained, USD
OECD Quarterly usgfcf

Working age pop. United States, OECD MEI, Labour Force Survey - Quarterly Levels, Working Age Population, Aged
15-74, All Persons, SA

OECD Monthly uspop

Hours worked United States, Productivity, Costs and Hours Worked, Hours Worked, Aggregate Quarterly Hours,
Nonfarm, Total, SA

BLS Quarterly uslama7604

CPI United States, Consumer Price Index, All Urban Consumers, U.S. City Average, All Items, SA, Index BLS Monthly uspric2156
CPI excl energy United States, Consumer Price Index, All Urban Consumers, U.S. City Average, All Items Less Energy,

SA, Index
BLS Monthly uspric2376

Wages United States, OECD MEI, Unit Labour Costs, Early Estimate of Quarterly ULC Indicators, Labour
Compensation per Unit of Labour Input, Total, SA, Index

OECD Quarterly usulc

Credit rates Weighted-Average E�ective Loan Rate for All Commercial and Industry Loans, All Commercial Banks,
Not Seasonally Adjusted

FRED Quarterly

Mon. policy rate United States, Policy Rates, Target Rates, Federal Funds Target Rate FRB Daily usrate0001
Personal consump. expen. United States, Expenditure Approach, Personal Consumption Expenditures, Total, Constant Prices, SA,

Index
BEA Monthly usnaac0591



Table 10: Foreign data for estimation (continued)
Data series Data title Source Frequency NIER code
UK

GDP United Kingdom, Gross Domestic Product, At Market Prices, Constant Prices, SA, GBP ONS Quarterly gbnaac00072
Investment United Kingdom, Expenditure Approach, Domestic Expenditure, Gross Capital Formation, Fixed, at

Market Prices, Constant Prices, SA, GBP
ONS Quarterly gbnaac00462

Working age pop. United Kingdom, Working-Age Population, Age 15-74, OECD Economic Outlook, Estimate, Calendar
Adjusted, SA

OECD Annual ukpopa

United Kingdom, OECD MEI, Labour Force Survey - Quarterly Levels, Working Age Population, Aged
15-74, All Persons

OECD Quarterly ukpopq

Hours worked United Kingdom, Productivity, Costs and Hours Worked, Total, Weekly, SA ONS Monthly gblama00361
HICP United Kingdom, Eurostat, HICP, All-Items HICP, 2015=100, Index Eurostat Monthly ukhicp
HICP excl energy United Kingdom, Eurostat, HICP, Overall Index Excluding Energy, 2015=100, Index Eurostat Monthly ukhicpee
Wages United Kingdom, OECD MEI, Unit Labour Costs, Early Estimate of Quarterly ULC Indicators, Labour

Compensation per Unit of Labour Input, Total, SA, Index
OECD Quarterly ukulc

Mon. policy rate United Kingdom, Policy Rates, Bank Rate BoE Daily gbrate0001
Personal consump. expen. United Kingdom, OECD QNA, Gross Domestic Product, Gross Domestic Product - Expenditure Ap-

proach, Final Consumption Expenditure, Private Final Consumption Expenditure, Total, OECD Refer-
ence Year, Constant Prices, SA, AR, GBP

OECD Quarterly ukcons

Denmark

GDP Denmark, Eurostat, ESA 2010, Main GDP Aggregates, GDP and Main Components (Output, Expendi-
ture and Income), Volumes, Gross Domestic Product, 2010 Reference Year, Calendar Adjusted, Constant
Prices, SA, Chained, Market Prices, DKK

Eurostat Quarterly dkgdp

Investment Expenditure Approach, Gross Fixed Capital Formation, Total, Chained, Constant Prices, SA, DKK Statistics Denmark Quarterly dknaac0946
Working age pop. Denmark, Working-Age Population, Age 15-74, OECD Economic Outlook, Estimate, Calendar Adjusted,

SA
OECD Annual dkpopa

Denmark, OECD MEI, Labour Force Survey - Quarterly Levels, Working Age Population, Aged 15-74,
All Persons, SA

OECD Quarterly dkpopq

Hours worked Productivity, Costs and Hours Worked, Hours Worked, Total, Total Industry (incl. Non-Residents), SA Statistics Denmark Quarterly dklama0415
HICP Denmark, Harmonized CPI, Total, Index Statistics Denmark Monthly dkpric0358
HICP excl energy Denmark, Eurostat, HICP, Overall Index Excluding Energy, 2005=100, Index Eurostat Monthly dkhicpee
Wages Denmark, OECD MEI, Unit Labour Costs, Early Estimate of Quarterly ULC Indicators, Labour Com-

pensation per Unit of Labour Input, Total, SA, Index
OECD Quarterly dkulc

Mon. policy rate Denmark, Policy Rates, Lending Rate CB. of Denmark Daily dkrate0001
Personal consump. expen. Denmark, OECD QNA, Gross Domestic Product, Gross Domestic Product - Expenditure Approach,

Final Consumption Expenditure, Private Final Consumption Expenditure, Total, Constant Prices, SA,
Chained, DKK

OECD Quarterly dkcons



Table 10: Foreign data for estimation (continued)
Data series Data title Source Frequency NIER code
Norway

GDP Norway, Gross Domestic Product, Total, Constant Prices, SA, Market Prices, NOK Statistics Norway Quarterly nonaac0182
Investment Expenditure Approach, Gross Fixed Capital Formation, Total, Constant Prices, SA,

NOK
Statistics Norway Quarterly nonaac0157

Working age pop. Norway, Working-Age Population, Age 15-74, OECD Economic Outlook, Estimate, Cal-
endar Adjusted, SA

OECD Annual nopopa

Norway, Norway, OECD MEI, Labour Force Survey - Quarterly Levels, Working Age
Population, Aged 15-74, All Persons

OECD Quarterly nopopq

Hours worked Norway, OECD QNA, Employment by Industry - Domestic Concept, Employees, Total,
Total, Hours Worked, SA

OECD Quarterly nohours

Norway, OECD QNA, Employment by Industry - Domestic Concept, Self-Employed,
Total, Total, Hours Worked, SA

OECD Quarterly nosemp

HICP Norway, Harmonized CPI, Total, Index Statistics Norway Monthly nopric0044
HICP excl energy Norway, Eurostat, HICP, Overall Index Excluding Energy, 2005=100, Index Eurostat Monthly nohicpee
Wages Norway, OECD MEI, Unit Labour Costs, Early Estimate of Quarterly ULC Indicators,

Labour Compensation per Unit of Labour Input, Total, SA, Index
OECD Quarterly noulc

Mon. policy rate Norway, Policy Rates, Sight Deposit (Folio) Rate CB. of Norway Daily norate0001
Personal consump. expen. Norway, OECD QNA, Gross Domestic Product, Gross Domestic Product - Expenditure

Approach, Final Consumption Expenditure, Private Final Consumption Expenditure,
Total, Constant Prices, SA, Chained, NOK

OECD Quarterly nocons

Japan

GDP Japan, Gross Domestic Product, Total, Constant Prices, SA, AR, JPY Japanese Cabinet O�ce (CaO) Quarterly jpnaac0004
Investment Japan, Expenditure Approach, Gross Capital Formation, Gross Fixed Capital Formation,

Total, Constant Prices, SA, AR, JPY
Japanese Cabinet O�ce Quarterly jpnaac2404

Working age pop. Japan, OECD MEI, Labour Force Survey - Quarterly Levels, Working Age Population,
Aged 15-74, All Persons

OECD Monthly jppop

Hours worked Japan, Productivity, Costs and Hours Worked, Hours Worked, Total, Industries Covered,
Establishments with 5 or More Employees

Japanese Ministry of Health, Labour
and Welfare

Monthly jplama0246

Japan, Employment, Employed Persons, Total, National, Males and Females, SA Japanese Statistics Bureau Monthly jplama0402
HICP Japan, Consumer Price Index, Total, All Japan, Index Japanese Statistics Bureau Monthly jppric0513
HICP excl energy Japan, Consumer Price Index, Total, Excluding Fresh Food and Energy, All Japan, Index Japanese Statistics Bureau Monthly jppric5237
Wages Japan, OECD MEI, Unit Labour Costs, Early Estimate of Quarterly ULC Indicators,

Labour Compensation per Unit of Labour Input, Total, SA, Index
OECD Quarterly jpulc

Mon. policy rate Bank of Japan jpys
Personal consump. expen. Japan, OECD QNA, Gross Domestic Product, Gross Domestic Product - Expenditure

Approach, Final Consumption Expenditure, Private Final Consumption Expenditure,
Total, Constant Prices, SA, Chained, JPY

OECD Quarterly jpcons



Swedish data: This section describes the Swedish data used in the estimation of SELMA. We use 24 data
series for Sweden in the estimation, which are summarized along with their NIER database sources in Table 11.
The data series were retrieved from the NIER's internal database in December 2021. The transformations of all
the raw series to make them compatible with model observation equations are explained in Appendix K.
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Table 11: Swedish data for estimation
Data series Description and transformation Frequency Source NIER's database folder/code
GDP Constant prices, SA, annualized per capita growth, in percent Quarterly SCB Fb/nbnpmpfs
GDP gap Deviation from potential, in percent Quarterly NIER Gappr/gapp
Consumption Constant prices, SA, annualized per capita growth, in percent Quarterly SCB Fb/nkohfs
Investment Constant prices, SA, annualized per capita growth, in percent Quarterly SCB Inv/n�nfs
Exports Constant prices, SA, annualized per capita growth, in percent Quarterly SCB Fb/nexfs
Imports Constant prices, SA, annualized per capita growth, in percent Quarterly SCB Fb/nimfs
HICP in�ation SA, annualized, in percent Quarterly SCB Kpi/kpifs
HICP excl. energy SA, annualized, in percent Quarterly SCB Kpi/kpifees
CPI Imp. cons. goods excl.
energy in�.

SA, annualized, in percent Quarterly SCB Kpi/kpiimpees

Monetary policy rate in percent Quarterly Riksbank Rantor/repo
Real exchange rate growth, in percent Quarterly Macrobond, Riks-

bank and NIER
Vx/realkix6s

Wages Annual change, in percent Quarterly SNMO, NIER Loner/kltot
Employment gap Deviation from potential, in percent Quarterly NIER Gappr/asypot and Am/asy1574s
Unemployment rate in percent Quarterly SCB Am/arali1574s
Capacity utilization in percent Quarterly SCB Barforq/btvi104s
Corporate spread Di�erence between lending rates to non-Financial corp and the policy rate,

in perc. points
Monthly SCB Mbserier/sebank0008 and

Rantor/repo
Public consumption Constant prices, SA, annualized per capita growth, in percent Quarterly SCB Fb/nkoofs
Public investment Constant prices, SA, annualized per capita growth, in percent Quarterly SCB and NIER Inv/n�omfs
Transfers to households Current prices, SA, ratio to potential GDP, �rst di�erence Quarterly NIER O�kv/troh and O�kv/trah
Consumption tax �rst di�erence Quarterly SCB and NIER O�kv/pstsv
Firms' social security con-
tributions

�rst di�erence Quarterly SCB O�kv/fahainkpens

Structural savings Interpolated to quarterly Annual NIER O�pr/bbhp
Labor income tax �rst di�erence Quarterly SCB and NIER O�kv/troh, dshk, eaho; loner/nlsls
Transfers tax �rst di�erence Quarterly SCB and NIER O�kv/troh, dshk, eaho

SCB:Statistics Sweden; SNMO:Swedish National Mediation O�ce.



3.2.2 Data properties

In this section, we provide some stylized facts that we can observe from the data. The properties that we
highlight serve, among others, two main purposes. First, they help us to understand how the model's theoretical
assumptions are in line with data. Second, these properties can be used to assess model �t.

Foreign data properties: Figure 3 shows the Foreign data used in the estimation, where real variables
are expressed as annualized quarterly per capita growth rates, and in�ation variables are expressed as quarterly
annualized rates. In each graph, we note the sample mean and the standard deviation of the series.

In the Foreign economy, the average growth of consumption and GDP are nearly the same, while consumption
is less volatile than GDP. On the other hand, both the sample mean and the standard deviation of Foreign
investment growth is higher than Foreign GDP growth.47 The average Foreign corporate spread, which is
calculated as the di�erence between the interest rates on bank loans to non-�nancial institutions and the policy
rate, is around 1.8 percent and tends to be higher in the sample period after the global �nancial crisis.48 See
Appendix L on how we calculate the equilibrium corporate spread from the data to de�ne the observation
equations. Headline in�ation and in�ation excluding energy over the sample period are below the major foreign
central banks' in�ation target of 2 percent. Also, Foreign headline in�ation is more volatile than in�ation
excluding energy. An important observation from the Foreign data is that the monetary policy rate is downward-
sloping over the sample period. Also, within the sample period, wage growth before the �nancial crisis is higher
than the one that observed after the �nancial crisis. These consistently below-target in�ation �gures require
some extra attention regarding the modelling of in�ation.

Table 12 provides contemporaneous correlations between Foreign variables. Foreign GDP growth is positively
correlated with consumption growth, investment growth, hours worked growth and wage growth. In addition,
Foreign GDP demonstrates a positive correlation with headline in�ation and a negative correlation with in�ation
excluding energy, though both correlations are relatively weak. Growth of investment and consumption, are also
positively correlated with hours worked growth and wage growth. Furthermore, in�ation and in�ation excluding
energy are positively correlated with the wage growth rate and the monetary policy rate. The corporate spread
is negatively correlated with all the data series in our sample.

Table 12: Contemporaneous correlations between Foreign data variables

∆Y obs
F,t ∆Cobs

F,t ∆IobsF,t ΠC,xe,obs
F,t ΠC,obs

F,t ∆Nobs
F,t Robs

F,t ζobsF,t ∆wobs
F,t

∆Y obs
F,t 1.00

∆Cobs
F,t 0.81 1.00

∆IobsF,t 0.78 0.63 1.00

ΠC,xe,obs
F,t -0.20 -0.30 -0.10 1.00

ΠC,obs
F,t 0.25 0.00 0.23 0.60 1.00

∆Nobs
F,t 0.80 0.59 0.79 -0.12 0.19 1.00

Robs
F,t -0.04 0.01 -0.13 0.55 0.36 -0.08 1.00

ζobsF,t -0.17 -0.29 -0.12 -0.41 -0.29 -0.14 -0.80 1.00

∆wobs
F,t 0.47 0.32 0.33 0.28 0.41 0.39 0.49 -0.51 1.00

Notes: ∆ refers to growth rate.

Swedish data properties: Figure 4 shows the Swedish data used in the estimation, where real variables
are expressed as annualized quarterly per capita growth rates, and in�ation variables are expressed as quarterly
annualized rates. The average GDP growth in the sample period is 1.8 percent. While the average consump-
tion growth is close to the average GDP growth, the average private investment growth is notably higher at
4.0 percent. This observation motivates introducing an investment-speci�c technology in Sweden as the second
factor driving the economic growth, additional to the global labor augmenting technology. Similar to private
investment, the average growth of exports and imports are signi�cantly higher than GDP growth, 4.4 and 4.0
percent, respectively. However, to keep modelling trends simple, we handle the discrepancy between the data
and the model assumptions for export and import growth by introducing excess parameters in the corresponding
observation equations, see Appendix L.49 The average government consumption growth and government invest-

47Investment having a higher growth rate than GDP is not consistent with the theoretical assumption that there is one single
technology driving the economic growth together with the assumption of balanced growth. Since the di�erence is relatively small when
compared to Swedish data, we hesitate to introduce investment-speci�c technology in the Foreign economy, which would otherwise solve
the inconsistency to some extent.

48Recall that in the model there is only one equilibrium rate for the corporate spreads. Having di�erent average (or trend) equilibrium
corporate spreads in di�erent time horizons is not consistent with the model's assumptions.

49See also Section 3.2.4 for more details about how we incorporate excess parameters.
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Figure 3: KIX-6 data

ment growth, 0.5 percent and 1.5 percent respectively, are both lower than GDP growth over the sample period.
Again, it is di�cult to reconcile data and model assumptions, where government and private investment have the
same depreciation rates, and have constant shares to GDP ratios. For government investment, we introduce an
excess parameter in the corresponding observation equation, see Appendix L. The average unemployment rate
in the sample period is 7.6 percent. However, as the equilibrium unemployment rate we use the unemployment
rate derived from NIER's potential labor force participation and potential employment data, which is on average
6.9 percent.50 The average in�ation and the average in�ation excluding energy are below the Riksbank's 2
percent target. Both wage in�ation and the monetary policy rate are downward sloping over the sample period.
The average credit spread is 1.77 over the sample period, where the spread after �nancial crisis is higher than
pre-crisis period. Transfers and all the tax rates except the consumption tax are downward sloping over the
sample period, which probably re�ect structural changes in �scal policy to some extent. After 2006 elections
in Sweden, signi�cant changes in �scal policy were implemented, among others, concerning transfers and social
security contributions. To capture these structural changes we assume di�erent equilibrium government transfers
to GDP ratios and di�erent social security contributions rates for pre-2006 vs. post-2010. In between these dates
a smooth linear transition is assumed. For other taxes we use the �rst di�erence of the corresponding series as
observables.

50Namely, the unemployment rate is above its equilibrium level on average over the sample period, which is in line with the negative
sample mean of GDP gap, see Figure 4
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Figure 4: Swedish data used in estimation
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Figure 4: Swedish data used in estimation (continued)

Table 13 shows contemporaneous correlations for a subset of Swedish observable variables. GDP growth
is positively correlated with the growth of its components, private consumption, private investment, exports
and imports. In�ation doesn't have a strong correlation with any of the variables in the subset of the list
of observables in the table. Wage in�ation is strongly correlated with the monetary policy rate. Finally, the
corporate spread is negatively correlated with the policy rate, wage in�ation and the employment gap.51

We also provide a subset of cross-country contemporaneous correlations of variables in Sweden and Foreign in
Table 14. Foreign GDP, consumption and investment are positively correlated with Swedish GDP, consumption
and investment, respectively. These stylized facts, or in general, international spillovers to small open economy,
are di�cult to capture in small economy DSGE models as well documented in Justiniano and Preston (2010).
We incorporate a number of correlated shocks in the same way as in Corbo and Strid (2020) in an attempt to
capture international spillovers to Swedish economy and co-movements of aggregate variables both in Sweden and
Foreign.52 Moreover, Swedish exports is positively correlated with Foreign GDP, consumption and investment.
Furthermore, the real exchange rate displays a negative correlation with Foreign GDP. In�ation, the monetary
policy rate and corporate spreads are all positively correlated between Sweden and Foreign.

Table 13: Contemporaneous correlations between selected Swedish data variables
∆Y obs

t ∆Cobs
t ∆Iobst ∆Xobs

t ∆Mobs
t ΠC,obs

t ΠC,xe,obs
t n̂obs

t Robs
t ζobst ∆wobs

t ∆Qobs
t

GDP growth ∆Y obs
t 1.00

Consumption growth ∆Cobs
t 0.48 1.00

Investment growth ∆Iobst 0.42 0.09 1.00
Export growth ∆Xobs

t 0.62 0.18 0.31 1.00
Import growth ∆Mobs

t 0.53 0.34 0.44 0.74 1.00

CPI in�ation ΠC,obs
t 0.10 -0.06 -0.02 -0.02 -0.12 1.00

CPI in�ation excl. energy ΠC,xe,obs
t -0.05 -0.12 -0.15 -0.19 -0.25 0.70 1.00

Employment gap n̂obs
t -0.20 -0.16 -0.14 -0.24 -0.24 0.17 0.14 1.00

Monetary policy rate Robs
t 0.02 -0.03 0.09 0.07 -0.00 0.12 0.09 -0.29 1.00

Corporate Spread ζobst 0.07 0.02 0.01 0.10 0.10 -0.15 -0.05 -0.45 -0.45 1.00
Wage in�ation ∆wobs

t -0.08 0.04 -0.06 0.05 -0.02 0.11 0.02 -0.21 0.72 -0.43 1.00
R. Exch. rate ∆Qobs

t -0.29 -0.12 -0.20 -0.14 -0.31 -0.13 0.01 0.13 -0.07 0.07 -0.02 1.00

Notes: ∆ refers to growth rate.

51Several of the high correlations in the table are due to trends and structural changes, thus could be considered as �spurious�.
For example, the correlation between wage growth and the monetary policy rate is mostly driven by the downward sloping in�ation
(an important factor in determining nominal wage growth), and the downward-sloping neutral interest rate (an important factor in
determining the nominal interest rate).

52See Section 2.8 for details.

48



Table 14: Cross-country contemporaneous correlation of variables over the sample period, 1995Q1-2019Q4
Foreign Sweden Corr
GDP growth GDP growth 0.68
GDP growth Exports growth 0.39
GDP growth Imports growth 0.41
GDP growth Change in real exchange rate -0.32
Consumption growth GDP growth 0.60
Consumption growth Consumption growth 0.49
Consumption growth Exports growth 0.51
Investment growth GDP growth 0.43
Investment growth Investment growth 0.44
Investment growth Exports growth 0.51
In�ation In�ation 0.51
Policy rate Policy rate 0.92
Corporate spread Corporate spread 0.84

3.2.3 Trend assumptions

In many instances, theoretically sound model trend assumptions are not in line with the data used for the
estimation. We are not immune to these commonly seen contradictions between the theoretical assumptions of
the model and the sample data. There are three main trends that requires extra attention: which are the trend
in GDP components, the trend in price and wage in�ation, and the trend in interest rates. To reconcile the
model and the data, we follow a similar strategy as in Corbo and Strid (2020), explained below.

Modelling trend in GDP components and technology: In Section 2, where we describe the model,
and in Section 3.1.1, where we discussed the balanced growth, we explained our trend assumptions for GDP
components and underlying technologies to a large extent.

As mentioned earlier, the long-run balanced growth path of the Foreign economy is determined by a global
labor-augmenting technology z∗t , with a growth rate of µ∗

zt , and a global investment-speci�c technology γ∗
t , with

a growth rate of µ∗
γt
.53 Similarly, a labor-augmenting technology zt, with a growth rate µzt , and an investment-

speci�c technology γt, with a growth rate of µγt are assumed to determine productivity growth in Sweden. We
assume a common trend between Foreign and Sweden so that the growth rate of Swedish labor augmenting
technology equals the global growth rate, µzt = µ∗

zt . The calibration of growth rates are in Section 3.1.1.
A balanced growth path assumption of the model given de�ned technological process implies that GDP and

its components excluding private investment, and real wages have a common long-run trend both in Sweden
and Foreign. However, in the data, the average growth rates vary across those variables for the same sample
period.54 To deal with this, we incorporate excess trend parameters in the corresponding observation equations.
It is assumed that the trend component of the observable variable is partially explained by the model and that
the remaining unexplained part of the trend component is captured by an exogenous component, which can be
time-varying. We explain each observation equation and the respective trend assumption along with the excess
parameter in detail in Appendix L.

Modelling trend in the interest rates: The Swedish and Foreign monetary policy rates have been
trending down in the sample period and have been at record low levels since the euro-zone debt crisis until the
end of the sample period, see Figure 3 and Figure 4. Since in�ation is not trending down to the same degree,
it will be assumed that it is the real interest rate which is responsible for the trend. To capture the trend in
the policy rate empirically, we de�ne the monetary policy rate by following Corbo and Strid (2020), where the
monetary policy rate is changing not only in accordance with the Taylor rule, but also changing due to changes
in the neutral real interest rate.
Recall the Foreign monetary policy expansion (gap):

ĭgapF,t = ĭF,t − ĭnat
F,t (143)

where ĭF,t is the Foreign interest rate and ĭnat
F,t is the Foreign neutral interest rate, both are in deviations from

their long-run equilibrium levels. We assume that long-run in�ation expectations doesn't change over time.
Hence, the change in the nominal neutral interest rate is equal to the change in the neutral real interest rate,
ĭnat
F,t = r̆nat

F,t .
The Foreign neutral interest rate is de�ned as:

ĭnat
F,t = r̆nat

F,t = rF,µµ̂z+
F
,t
− rF,ζ ζ̂F,t + ẑRt . (144)

53Global investment-speci�c shock is inactive in the estimation, only the deterministic component of the trend exists in the model.
54For example, the average Swedish GDP per capita growth is 1.8 percent while the average export per capita growth rate is 4 percent.
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where the real neutral interest rate �uctuates in response to permanent shift in Foreign productivity µ̂
z+
F
,t
,

change in Foreign risk premium ζ̂F,t, and the neutral rate shock, ẑRt , which captures the trend in the policy rate
to a large extent with an estimated high degree of persistence.

Similarly recall Swedish monetary policy expansion (gap):

ĭgapt = ĭt − ĭnat
t (145)

where ĭnat
t is the change in the Swedish neutral interest rate. The same assumption about long-run in�ation

expectations holds in Sweden as in Foreign which gives ĭnat
t = r̆nat

t . Finally the Swedish neutral interest rate is
given by

ĭnat
t = r̆nat

t = rµµ̂z+,t − rζ ζ̂t + ẑRt . (146)

where the real neutral interest rate �uctuates in response to permanent shift in Swedish productivity µ̂z+,t,

change in Swedish risk premium ζ̂t, and a global neutral rate shock, ẑRt , which is common in Foreign and
Sweden.

Trend in in�ation: The sample means of CPIF in�ation in Foreign and Sweden are 1.7 and 1.6 percent,
respectively, which are signi�cantly lower than the Foreign and the Riksbank's in�ation targets of 2 percent.
CPIF in�ation excluding energy and import in�ation for consumption goods have even lower sample means, 1.4
and -0.3, respectively. In the estimation, we attribute these deviations from the target rates partly to household
and �rm behaviour and partly to exogenous in�ation trend shocks in Foreign and Sweden, Π̂C,trend

F,t and Π̂trend
t .

Moreover, for import in�ation, we utilize an excess parameter of -1.5 percent attributing a role to factors driving
the import in�ation that can not be explained by the model.

3.2.4 Observation equations

Observation equations of the model in vector form are given by:55

Y obs
t = c+ SSY +AYt +BsσY εY,t (147)

where Y obs
t is the vector of observed variables, c is the excess parameter vector introduced to make the model

steady state compatible with the data sample means of variables and also to capture trend and other special
assumptions, SSY is the vector for the steady state of the model, Yt is the vector for all model variables and
A is the matrix mapping model variables to data series. BsσY εY,t is the vector for observation errors, where
BsσY is the diagonal matrix containing the scaled standard deviation of each observation error, siσY,i, and εY,t

is assumed to be independently and normally distributed as εt ∼ N(0, 1). We calibrate each σY,i to the sample
standard deviation of the corresponding observable variable. In the majority of observation equations, the scaling
parameter si is set to 0.1, which implies that these errors account for a small fraction of the variation in the
observed variables. And yet, we set si = 0 for some variables which are assumed to be measured without an
error, i.e the monetary policy rate and the corporate spread.

When a data series used for an observed series de�ned in terms of growth rates, our model trend assumptions
matter for the observation equation. If the trend in the sample, which could simply be a linear trend with a
positive growth rate, and the model trend assumptions match, the excess parameter c would be set to zero and
thus our model variable would be in line with observations. However, the model-implied steady state growth rate
could be signi�cantly di�erent from the sample average growth rate. In that case, to make the model compatible
with the data, we use the excess parameter to reduce the discrepancy between the model and the data. This
strategy of handling trends allows us to incorporate some important features of the data into the model without
imposing a complex trend structure. Excess parameters could also be viewed as components of the data that are
not able to be explained by the model, and not necessarily constant over the whole sample period, which implies
that c could be time-varying, and can be represented as ct. We provide explanations in detail for observation
equations for each observed variable of the model in Appendix L.

3.2.5 Estimated parameters

We estimate, mostly, those parameters that only a�ects the dynamics of the model, but have no e�ect on the
steady state. This means that the list of parameters to be estimated consists, to a large extent, of those which
are related to real and nominal frictions in the model, as well as monetary and �scal policy parameters and
shock processes. See Table 15 for estimated Foreign economy parameters and Table 16, 17 and 18 for estimated
Swedish parameters.56

55The observation equations for each observable variable are illustrated in the Appendix L.
56We attempt to estimate more parameters than listed in Table 15, but we calibrate them if they exhibit poor identi�cation.
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3.2.6 Prior distributions and scaling

While assigning the prior distributions, the prior means and the standard deviations we follow the literature,
e.g., Smets and Wouters (2007) and Justiniano and Preston (2010) and standard practices in estimating policy
models, e.g., Kravik and Mimir (2019) and Corbo and Strid (2020). Parameters which are bounded by 0 and 1
are assigned a Beta distribution, parameters which are bounded only from below are assigned Gamma or inverse
Gamma distribution, parameters which are not bounded are assigned Normal distribution.

Priors for non-�scal structural parameters: The prior mean for the consumption habit persistence
parameters ρh,F and ρh are set to 0.75. Values between 0.5-0.75 is common practice and covers the range of
estimated values in the literature to a large extent. Calvo price and wage parameters are set to 0.75, which
implies that �rms and unions are able to set their prices and wages once every fourth quarter. The labor
disutility parameter ηF is given a prior mean of 3, which implies an inverse Frisch elasticity parameter of 0.33.
The estimates of the Frisch elasticity with micro data is in the range between 0.1-0.7.57 Investment adjustment
cost parameters, S′′

F for the Foreign economy and S′′ for Sweden, have a prior mean of 5, which is in line with
other studies, e.g., Smets and Wouters (2007). S′′

F (or S′′) is interpreted as the key parameter determining the
elasticity of investment to a shock in the price of installed capital, pKF (pK), see Christiano, Eichenbaum, and
Evans (2005b). In SELMA, the prior mean implies an elasticity of approximately 0.19 for Sweden, which is given
by 1/((S′′)(ln(µz+)ln(µγ))

2). The prior means for monetary policy rule are chosen with the prior information
that monetary policy is persistent, could respond to in�ation and resource utilization strong enough to change
the real interest rate accordingly. The prior mean values we assign for monetary policy rules are not o� the
range of other studies including Corbo and Strid (2020), from which we borrow the policy monetary policy rule
speci�cation and the strategy of handling the interest rate trend. Moreover, the prior means for monetary policy
parameters for Foreign and Sweden are chosen to be close to each other.58 We set the prior mean of the coe�cient
parameter for the risk premium in the neutral interest rate equation, rF,ζ to 0, and the prior standard deviation
to 1 with normal distribution to give room for �exibility for the parameter to have a positive or negative sign in
the estimation. For the correlation coe�cient parameter between Foreign investment and Foreign consumption,
CorrCζc

F
,ΥF , we choose a positive prior of 0.5, which is quite high, but we also estimate the model with zero

correlation coe�cient to reveal if a positive correlation coe�cient is still being supported statistically.59

Priors for �scal parameters: Regarding the elasticity of substitution parameters between public and
private capital and consumption we choose a Gamma distribution, restricting them to be positive, with prior
means of 0.5, and with a standard deviation of 0.15. These tight priors for public-private complementarity
parameters are in line with estimates in Coenen, Straub, and Trabandt (2013). The priors for government
transfers rule parameters, Ftr,surp and Ftr,un are set to 1 and 0, respectively. A positive prior (and a posterior)
value is necessary for Ftr,surp for having a stationary model because the government transfers rule is the only
channel in the model for �scal stabilization. For economic stabilization parameter Ftr,un in the government
transfers rule, we choose a normal distribution with zero mean to let the model consider negative values and
allow historical data to decide on the sign of the response of government transfers to unemployment. However,
we believe one of the prominent features of �scal policy-making in Sweden is a positive response of government
transfers to the unemployment rate. Priors for the AR parameters for government consumption, government
investment and the tax rates are set to 0.75, and MA parameters are set to 0.5.

Priors for shock processes: We implement the standard practice and choose 0.75 as a prior mean for
all shock processes, except the shock process for the neutral rate, which is set to 0.85. The reason for setting
the latter higher is to allow using the neutral rate as a tool to capture the trend in the monetary policy rate.
For the standard deviations of the innovations we use the prior mean of 0.2 for the majority of the parameters.
However, for the innovations of the monetary policy rate and the neutral interest rate, we choose 0.1, following
Corbo and Strid (2020). In the estimation, innovations are scaled mainly to prevent upward biases, which could
result in those innovations to be over-represented in explaining the business cycle. Scaling of innovations is also
displayed in Table 15. The implications of scaling for priors are illustrated below.

Let innovation ϵt ∼ N(0, 1). A shock process with a scaling parameter s can be written as:

yt = βyt−1 + sσϵt, (148)

57See the seminal estimates of Frisch elasticity with micro data, Altonji (1986) and MaCurdy (1981).
58Taylor rule for Foreign economy in Corbo and Strid (2020) has the unemployment rate as the resource utilization variable, but

Foreign Taylor rule in SELMA has the GDP gap with very similar speci�cation. For that reason, we set a higher prior mean than in
Corbo and Strid (2020) for resource utilization variable given that GDP is more volatile than the unemployment rate in the data.

59When we set a zero prior for CorrCζc
F
,ΥF

, it is estimated to be lower. By the posterior distribution, we can argue that they are
not statistically di�erent from zero. However, with a higher prior the model �t, in terms of marginal likelihood and model's ability to
capture international spillovers, is better. For these reasons, we estimate the parameter with a high prior even though the situation
shows some signs of weak identi�cation.
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where σ ∼ Inv-Gamma(a, b)→ E(σ) = 0.2, V (σ) =∞. A shock process without scaling is analogous to Equation
148 with s = 1.

To see the role of scaling we rewrite the shock process as the following:

yt = βyt−1 + σ̃ϵt,

where σ̃ = sσ. The distribution of σ would imply:

σ̃ ∼ Inv-Gamma(ã, b̃)→ E(σ̃) = 0.2s, V (σ̃) =∞

where ã and b̃ are new shape and scaling parameters of the inverse Gamma distribution that would provide the
calibrated mean and the variance.60

As a conclusion, scaling parameter shifts the prior mean of standard deviations up and down with its size, s.

3.2.7 Estimation results

Given our two-step strategy of estimating Foreign and Sweden sequentially the estimated parameters for Foreign
and Sweden are reported separately below.

The posterior estimates of the Foreign parameters: Table 15 shows the posterior mode, the median
and the 5% and 95% percentile estimates of the parameters we estimate. The posterior mode estimate of the
Foreign consumption habit persistence parameter is ρh,F = 0.70 which is in the range of estimated values in the
literature, e.g., Smets and Wouters (2007). Foreign Calvo pricing and wage setting parameters ξF and ξFw are
estimated to be 0.93 and 0.88, which are relatively high. For instance, ξF = 0.93 implies that �rms set their
prices in every 14 quarters. Nevertheless, the estimated values are very close to estimated values for the same
parameters in Corbo and Strid (2020).61 The Foreign labor disutility parameter, ηF , is estimated to be 4.42,
and implies a Frisch labor supply elasticity parameter of 0.23, which is in the range of empirical results in micro
studies.62 The Foreign investment adjustment cost parameter, S′′

F , is estimated to be 3.22, which is in line with
other studies mentioned previously. Price indexation in the Foreign economy is estimated to be weak, which is
also in line with other estimates, see Corbo and Strid (2020) and Smets and Wouters (2007). The estimates
for all the Foreign monetary policy rule parameters are in line with the values in Corbo and Strid (2020). The
coe�cient for the risk premium in the neutral interest rate equation, rF,ζ is estimated to be 0.65, which implies
that the neutral rate decreases when spreads on borrowing, or the risk premium, increases. The Foreign shock
persistence parameters are estimated to be high but in line with the studies mentioned earlier. The persistence
parameter for the interest rate trend shock is estimated to be notably high at 0.99. This is because the interest
rates shows a trend in the sample period which is captured by the estimation with a larger value of the shock
persistence. Finally, the correlation coe�cient parameter between the Foreign consumption preference shock
and the Foreign stationary investment-speci�c shock, CorrCζc

F
,ΥF is estimated to be 0.53, which is relatively

high, helping to capture the comovement between Foreign consumption and Foreign investment.

The posterior estimates of the non-�scal structural Swedish parameters: The posterior mode
estimate of the Swedish consumption habit persistence parameter is ρh = 0.91, which is relatively high compared
to other studies. Calvo pricing and wage setting parameters ξ, ξX , ξM,I , ξM,X , ξM,C,xe and ξw are estimated to
be in the high range of the earlier estimates in the literature but, still, slightly lower than the estimates of Corbo
and Strid (2020). The parameter that measures the elasticity of substitution between government consump-
tion and private consumption, υG is estimated to be 0.37, implying a strong complementarity. The elasticity
of substitution between public capital and private capital, υK is estimated to be 0.52, also implying a strong
complementarity. The estimates of these public-private complementarity parameters are close to the estimates in
Coenen, Straub, and Trabandt (2013) for the euro area, although υK , is estimated to be somewhat higher. The
elasticity of substitution between domestic and import goods for non-energy consumption goods, νC,xe, invest-
ment goods νI and export goods, νX , are all estimated to be low, implying a low degree of substitution, especially
for investment goods. The external risk premium parameter associated with the exchange rate �uctuations in
the UIP condition, ϕ̃s is estimated to be 0.26. This low value implies that the exchange rate volatility has a

60As an example, given the shape parameter a = 1.5, the scale parameter b needs to be 0.2 ∗ (a− 1) = 0.1 to achieve E(σ) = 0.2 and
V (σ) = ∞. Similarly, when the theoretical mean of the distribution is scaled by 10, E(σ) = 0.2 ∗ 10 keeping the theoretical variance
in�nite, and given the same value for the new shape parameter, ã = 1.5, the new scaling parameter will be b̃ = 0.2 ∗ 10(ã− 1) = 1.

61Recall that Corbo and Strid (2020) and SELMA have very similar Foreign blocks. Moreover, the list of observable variables used
for the estimation and the sample period for the data in both models are very close 1995Q2-2018Q4 vs 1995Q1-2019Q4. Furthermore,
estimated high persistence in price setting could be considered as plausible given persistent and low global in�ation in the sample period,
especially in the post-�nancial crisis period.

62For some macro economists labor disutility parameter in macro models and Frisch elasticity parameter in micro studies are distantly
related concepts, thus according to those estimated value to be signi�cantly di�erent from micro estimates shouldn't be a concern. See
useful discussion in Christiano, Trabandt, and Walentin (2010).
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small e�ect on the risk premium. Thus, a more predictable exchange rate doesn't give very strong incentives to
hold the Swedish krona, which is also the motivation for the risk premium speci�cation in SELMA, which is in
line with Adolfson et al. (2013) as illustrated in Section 2. The capital utilization parameter, σa is estimated
to be 0.54, which implies a quite �exible capital utilization structure for Swedish industry; nevertheless, the
estimate is larger than in Corbo and Strid (2020), which implies even more �exibility in capital utilization. The
investment adjustment cost parameter, S′′, is in line with the estimate in the Foreign block and other studies.
The labor disutility parameter, η, is estimated to be 3.53, which is very close to the estimate in Corbo and Strid
(2020), and implies a wage markup of 1.3. All the monetary policy rule parameters are close to estimates in
Corbo and Strid (2020). The monetary policy rate is estimated to be highly persistent and respond strongly to
the unemployment rate, both to deviation from its long run equilibrium rate and change in the unemployment
rate. The risk premium parameter for the Swedish neutral rate, rζ is estimated to be 0.78. This implies a strong
downward e�ect on the interest rates in Sweden after the �nancial crisis due to increasing demand for �safe asset�
as risk premiums increased. The share of non-Ricardians is estimated to be 0.14, which is a relatively small value
when compared to most of the earlier studies, e.g., Campbell and Mankiw (1991). However, it is well in line with
Coenen, Straub, and Trabandt (2013), where low estimate for share of non-Ricardians is attributed to strong
complementarity between government consumption and private consumption. This captures the comovement
between those two variables in the data.

The posterior estimates of shock process parameters: Persistence parameters for stationary tech-
nology shock, energy price shock, labor supply and external risk premium (UIP) are estimated to be higher
than the corresponding priors, and in line with estimates of their Foreign block counterparts and the estimates
in Corbo and Strid (2020). The estimates of persistence parameters of the risk premium shock, ρζ and the
stationary investment shock, ρΥ are lower than their Foreign block counterparts. The reason can partially be
attributed to the high estimates of correlation coe�cient parameters for these shocks.63 A low persistence pa-
rameter estimate in domestic shocks arise since the persistence is captured by the combination of high persistence
in Foreign shocks and a strong correlation between Foreign and domestic shocks, thus there is no need for a high
domestic persistence parameter. All the markup shock persistence parameters are estimated to be lower than
the priors, which could be attributed to Calvo pricing parameters being estimated to be high and capturing the
price stickiness to a large extent. The parameter that determines the correlation between Foreign and Swedish
consumption preference shock is estimated to be signi�cantly positive and high. Note that, the Swedish con-
sumption preference shock is modelled with no persistence, thus any persistence in the consumption preference
shock is driven by the Foreign consumption sentiment. The parameter that determines the correlation between
Foreign and Swedish stationary technology is estimated to be not signi�cant. In spite of this, we choose to
keep this parameter in the list of estimated parameters due to its contribution to the marginal likelihood. The
in�ation trend persistence parameter is estimated to be high, which is, thus, able to capture a period of highly
persistent below target in�ation period.

The posterior estimates of the �scal policy parameters: As noted earlier in Section 2, government
transfers is the only policy instrument designed for economic stabilization in the model. Thus, the coe�cient
estimate for government transfers to unemployment is very critical to study �scal policy with SELMA. The
coe�cient for the unemployment rate in the government transfers rule, Ftr,un, is estimated to be 0.34. This
implies that when the unemployment rate increase by one percentage point, government transfers to households
increase by 0.34 percent of GDP. The coe�cient for structural surplus, Ftr,surp is estimated to be 0.01. The
relatively small value implies that budget stabilization through government transfers takes a long time. All �scal
policy persistence parameters (AR components) are estimated to be higher than the priors. The persistence
parameter for government transfers is re�ecting mainly the persistence of government transfers for the budget
stabilization not for the economic stabilization because the government transfers rule is formulated in that way,
see Equation 62 and 63. MA components of government investment, transfers tax and the labor income tax are
small, but well identi�ed and reported in the table.

63Note that the values reported in the tables are not correlation coe�cient parameter values, but they are the estimated values of ρ2,1
in Equation 110, which in turn determines the level of correlation coe�cient between shocks. A value of ρ2,1 = 0.25 for risk premium
shock corresponds to 0.82 for the correlation coe�cient between shocks given the estimated values for shock persistence parameters and
shock standard deviations.
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Table 15: Estimation results: Foreign economy

Prior Posterior
Parameter Dist Mean Std Scale Mode Median Std 5% 95%
ρh,F habit B. 0.75 0.10 0.70 0.74 0.04 0.67 0.81
ξF Calvo, price B. 0.75 0.07 0.93 0.93 0.01 0.91 0.95
ξFw Calvo, wage B. 0.75 0.07 0.88 0.88 0.02 0.84 0.92
ηF Labor disutility G. 3.00 1.50 4.42 4.94 1.92 2.34 8.68
S′′
F Inv adj. cost N. 5.00 2.50 3.22 4.22 1.64 2.16 7.52

χF Indexation, price B. 0.50 0.20 0.19 0.22 0.09 0.09 0.37
ρF Smoothing, MP rule B. 0.85 0.05 0.92 0.92 0.03 0.87 0.96
rF,π In�ation, MP rule N. 1.75 0.15 1.57 1.56 0.17 1.27 1.83
rF,y Output, MP rule N. 0.12 0.12 0.05 0.05 0.03 -0.01 0.11
rF,△y Output change N. 0.30 0.07 0.15 0.15 0.02 0.11 0.18
rζ,F Risk prm, nat. rate N. 0.00 1.00 0.65 0.65 0.15 0.39 0.89
ρεF Temp. tech B. 0.75 0.10 0.82 0.83 0.10 0.62 0.93
ρpCe

F
Energy price B. 0.75 0.05 0.93 0.93 0.01 0.90 0.95

ρζF Risk prm B. 0.75 0.10 0.95 0.94 0.02 0.90 0.98
ρΥF

Inv. e�ciency B. 0.75 0.10 0.64 0.62 0.08 0.48 0.75
ρζc

F
Cons. preference B. 0.75 0.10 0.76 0.73 0.09 0.55 0.85

ρζn
F

Labor disutility B. 0.75 0.10 0.74 0.70 0.11 0.47 0.83
ρzR trend, nat rate B. 0.85 0.10 0.99 0.99 0.01 0.98 1.00
ρµzF

Permanent, labor tech B. 0.75 0.10 0.63 0.63 0.07 0.52 0.74
ρgF Gov, consumption B. 0.75 0.10 0.95 0.95 0.02 0.90 0.97
ρΠC,trend

F
In�ation trend B. 0.75 0.10 0.89 0.87 0.06 0.75 0.94

CorrCζc
F ,ΥF

Corr, inv and cons B. 0.50 0.20 0.60 0.49 0.14 0.25 0.71
σε Temp. tech Inv. G 0.20 Inf 0.01 0.17 0.17 0.02 0.14 0.21
σpCe

F
Energy price Inv. G 0.20 Inf 0.1 0.27 0.28 0.02 0.24 0.32

σiF Monetary policy Inv. G 0.20 Inf 0.01 0.11 0.14 0.05 0.07 0.25
σζF Risk prm Inv. G 0.20 Inf 0.001 0.32 0.32 0.03 0.28 0.37
σλF

Markup, price Inv. G 0.20 Inf 0.01 0.06 0.06 0.01 0.04 0.08
σµzF

Permanent, labor tech Inv. G 0.20 Inf 0.01 0.28 0.28 0.03 0.23 0.34
σΥ Inv. e�ciency Inv. G 0.20 Inf 0.1 0.22 0.27 0.09 0.16 0.46
σζc

F
Cons. preference Inv. G 0.20 Inf 0.1 0.07 0.09 0.02 0.06 0.12

σζn
F

Labor disutility Inv. G 0.20 Inf 10 0.07 0.08 0.03 0.05 0.14
σzR trend, nat rate Inv. G 0.20 Inf 0.01 0.34 0.34 0.05 0.27 0.43
σgF Gov, consumption Inv. G 0.20 Inf 0.1 0.10 0.11 0.01 0.09 0.12
σΠC,trend

F
In�ation trend Inv. G 0.20 Inf 0.01 0.10 0.10 0.02 0.08 0.14

Notes: Abbreviations at prior distribution column are used for the following distributions: B. is for the Beta distribution, G. is for the

Gamma distribution, Inv. G. is for the inverse Gamma distribution and N is for Normal distribution. 5% and 95% are the percentiles

of the posterior distribution of the corresponding parameter. Some other abbreviations are used as the following: Inv. adj. cost is for

investment adjustment cost, MP rule is for monetary policy rule, Risk prm is for risk premium, nat rate is for the neutral rate, Cons.

preference is for consumption preference, Temp. tech is for temporary technology, Perm. inv. is for permanent investment, Inv. e�ciency

is for investment e�ciency.
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Table 16: Estimation results: Swedish non-�scal policy structural parameters

Prior Posterior
Parameter Description Dist Mean Std Mode Median Std 5% 95%
snr Share of non-Ricardian B. 0.30 0.10 0.14 0.15 0.05 0.08 0.24
ρh Consumption habit B. 0.75 0.10 0.91 0.91 0.02 0.88 0.94
ξ Calvo, interm. goods price B. 0.75 0.07 0.92 0.91 0.02 0.88 0.94
ξX Calvo, exp. goods price B. 0.75 0.07 0.93 0.93 0.02 0.88 0.96
ξm,I Calvo, imp. for inv. goods price B. 0.75 0.07 0.66 0.65 0.06 0.54 0.74
ξm,X Calvo, imp. for exp. goods price B. 0.75 0.07 0.88 0.87 0.04 0.80 0.92
ξm,Cxe Calvo, imp. for non-E cons. goods price B. 0.75 0.07 0.89 0.88 0.02 0.86 0.91
ξw Calvo, wage B. 0.75 0.07 0.83 0.84 0.02 0.80 0.88
χw Wage indexation, wage setting B. 0.50 0.20 0.17 0.20 0.10 0.07 0.39
υG Public/private cons. complement. G. 0.50 0.15 0.37 0.41 0.12 0.26 0.66
υK Public/private inv. complement. G. 0.50 0.15 0.52 0.55 0.14 0.36 0.82
νC,xe Imp. elasticity, non-E cons. goods G. 1.01 0.50 0.51 0.60 0.30 0.23 1.22
νI Imp. elasticity, inv. goods G. 1.01 0.50 0.24 0.24 0.09 0.11 0.42
νF Export price elasticity G. 1.01 0.50 1.09 1.04 0.33 0.63 1.69
ωX
C For. consumption share in Swedish exports G. 0.50 0.20 0.37 0.38 0.14 0.17 0.62

ϕ̃s External risk prm, exchange rate B. 0.50 0.20 0.26 0.28 0.05 0.18 0.36
σa Capital util coef., rental rate B. 1.00 Inf 0.54 0.63 0.21 0.38 1.04
S′′ Investment adj. cost N. 5.00 2.50 8.16 8.61 1.12 6.94 10.62
η Labor disutility G. 3.00 0.20 3.53 3.55 0.20 3.24 3.90
ρ Smoothing, MP rule B. 0.75 0.10 0.91 0.90 0.02 0.87 0.93
rπ In�ation, MP rule N. 1.75 0.15 1.82 1.81 0.14 1.59 2.05
run Unemployment, MP rule N. 0.12 0.12 0.17 0.17 0.04 0.11 0.25
r△un Change in unemployment, MP rule N. 0.15 0.07 0.11 0.11 0.02 0.08 0.15
rζ Risk prm, nat. rate N. 0.00 1.00 0.78 0.78 0.16 0.51 1.05

Notes: Abbreviations at prior distribution column are used for the following distributions: B. is for the Beta distribution, G. is for the Gamma distri-

bution, Inv. G. is for the inverse Gamma distribution and N is for Normal distribution. %5 and %95 are the percentiles of the posterior distribution

of the corresponding parameter. Some other abbreviations are used as the following: Inv. adj. cost is for investment adjustment cost, MP rule is for

monetary policy rule, Risk prm is for risk premium, nat rate is for the neutral rate, Cons. preference is for consumption preference, Temp. tech is

for temporary technology, Perm. inv. is for permanent investment, Inv. e�ciency is for investment e�ciency.
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Table 17: Estimation results: Swedish parameters for non-�scal shock persistency and standard errors

Prior Posterior
Parameter Dist Mean Std Scale Mode Median Std 5% 95%
ρζ Risk prm, persistence B. 0.50 0.20 0.74 0.73 0.05 0.65 0.81
ρβ Discount factor, persistence B. 0.50 0.20 0.20 0.18 0.09 0.06 0.34
ρϕ̃ UIP risk prm., persistence B. 0.50 0.20 0.83 0.80 0.06 0.67 0.88

ρζn Labor disutility, persistence B. 0.50 0.20 0.92 0.91 0.03 0.86 0.96
ρλW Wage markup, persistence B. 0.50 0.20 0.20 0.19 0.09 0.06 0.36
ρλ Interm. goods price markup, persistence B. 0.50 0.20 0.41 0.41 0.14 0.19 0.66
ρλMC Imp. for non-E cons. goods price markup, persistence B. 0.50 0.20 0.11 0.14 0.08 0.04 0.29
ρλMI Imp. for inv. goods price markup, persistence B. 0.50 0.20 0.40 0.41 0.09 0.25 0.56
ρλMX Imp. for exp. goods price markup, persistence B. 0.50 0.20 0.15 0.18 0.09 0.06 0.36
ρε Stationary technology, persistence B. 0.50 0.20 0.85 0.84 0.06 0.73 0.92
ρΥ Stationary inv.-speci�c, persistence B. 0.50 0.20 0.14 0.16 0.08 0.05 0.33
ρpCeD

F
Energy price, persistence B. 0.50 0.20 0.93 0.92 0.02 0.88 0.96

ρµγ Non-stationary, inv speci�c, persistence B. 0.75 0.10 0.41 0.42 0.07 0.31 0.53
ρΠTr In�ation trend, persistence B. 0.50 0.20 0.94 0.93 0.04 0.84 0.97
σi Monetary policy, std Inv. G 0.20 Inf 0.01 0.05 0.06 0.00 0.05 0.07
σζ Risk prm, std Inv. G 0.20 Inf 0.001 0.34 0.34 0.03 0.30 0.39
σζc Cons. preference, std Inv. G 0.20 Inf 1 0.05 0.06 0.01 0.04 0.09
σβ Discount factor, std Inv. G 0.20 Inf 1 0.08 0.09 0.08 0.06 0.20
σϕ̃ UIP risk prm., std Inv. G 0.20 Inf 0.01 0.31 0.37 0.09 0.24 0.55

σζn Labor disutility, std Inv. G 0.20 Inf 0.1 0.11 0.12 0.01 0.10 0.14
σλW Wage markup, std Inv. G 0.20 Inf 10 0.11 0.12 0.05 0.07 0.21
σλ Interm. goods price markup, std Inv. G 0.20 Inf 0.01 0.19 0.19 0.03 0.13 0.25
σλX Exp. goods price markup, std Inv. G 0.20 Inf 0.1 0.19 0.20 0.07 0.12 0.35
σλMC Imp. for non-E cons. goods price markup, std Inv. G 0.20 Inf 0.01 0.42 0.42 0.04 0.35 0.49
σλMI Imp. for inv. goods price markup, std Inv. G 0.20 Inf 1 0.11 0.12 0.02 0.09 0.16
σλMX Imp. for exp. goods price markup, std Inv. G 0.20 Inf 0.1 0.35 0.36 0.04 0.30 0.42
σε Stationary technology, std Inv. G 0.20 Inf 0.01 0.52 0.53 0.04 0.47 0.60
σΥ Stationary inv.-speci�c, std Inv. G 0.20 Inf 1 0.23 0.24 0.04 0.19 0.31
σpCeD

F
Energy price, std Inv. G 0.20 Inf 0.1 0.50 0.50 0.04 0.45 0.57

σµγ Non-stationary, inv speci�c, std Inv. G 0.20 Inf 0.1 0.12 0.12 0.01 0.10 0.13
σΠTr In�ation trend, std Inv. G 0.20 Inf 0.01 0.10 0.11 0.03 0.08 0.16
corrζ Correlation, risk prm N. 0.00 0.20 0.25 0.25 0.05 0.17 0.33
corrε Correlation, stationary technology N. 0.00 0.20 0.12 0.12 0.14 -0.11 0.34
corrinv Correlation, private investment N. 0.50 0.20 0.52 0.52 0.19 0.21 0.83
corrcon Correlation, private consumption N. 0.50 0.20 0.57 0.56 0.18 0.26 0.87
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Table 18: Estimation results: Fiscal policy parameters

Prior Posterior
Parameter Dist Mean Std Scale Mode Median Std 5% 95%
Ftr,surp Gov. transfers, surplus target N. 1.00 0.50 0.01 0.02 0.01 0.01 0.05
Ftr,un Gov. transfers, unemployment N. 0.00 0.20 0.34 0.35 0.05 0.26 0.43
ρg Persistence, government cons. B. 0.75 0.10 0.95 0.95 0.02 0.91 0.98
ρIG Persistence, government inv. B. 0.75 0.10 0.94 0.93 0.03 0.88 0.97
ρtr Persistence, government transfers B. 0.75 0.10 0.96 0.96 0.02 0.93 0.98
ρτC Persistence, cons. tax B. 0.75 0.10 0.79 0.79 0.07 0.67 0.89
ρτTR Persistence, transfers tax B. 0.75 0.10 0.96 0.95 0.02 0.91 0.98
ρτW Persistence, labor income tax B. 0.75 0.10 0.95 0.95 0.02 0.91 0.97
ρτSSC Persistence, social security contribution. B. 0.75 0.10 0.75 0.75 0.06 0.65 0.84
σg Std. errors, government cons. Inv. G 0.20 Inf 0.1 0.06 0.06 0.00 0.05 0.06
σIG Std. errors, government inv. Inv. G 0.20 Inf 0.1 0.33 0.34 0.04 0.29 0.41
σtr Std. errors, government transfers Inv. G 0.20 Inf 0.01 0.34 0.35 0.03 0.30 0.41
στC Std. errors, cons. tax Inv. G 0.20 Inf 0.1 0.07 0.07 0.01 0.07 0.08
στTR Std. errors, transfers tax Inv. G 0.20 Inf 0.01 0.50 0.51 0.04 0.45 0.58
στW Std. errors, labor income tax Inv. G 0.20 Inf 0.01 0.50 0.51 0.04 0.45 0.58
στSSC Std. errors, social security contribution. Inv. G 0.20 Inf 0.01 0.33 0.33 0.03 0.29 0.38
ηIG MA coe�cient, government inv. B. 0.50 0.20 0.14 0.15 0.06 0.06 0.25
ητTR MA coe�cient, transfers tax B. 0.50 0.20 0.24 0.27 0.11 0.11 0.46
ητW MA coe�cient, Labor income tax B. 0.50 0.20 0.15 0.16 0.06 0.07 0.27

Notes: Abbreviations at prior distribution column are used for the following distributions: B. is for the Beta distribution, G. is for the Gamma distribu-

tion, Inv. G. is for the inverse Gamma distribution and N is for Normal distribution. 5% and 95% are the percentiles of the posterior distribution of the

corresponding parameter.
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3.2.8 Model properties

In this section, we assess the model �t by comparing data and empirical properties of the model using the
posterior estimates. First, we report business cycle moments of Foreign economy and Sweden, respectively.
Second, we present impulse response functions from selected shocks to explain transmission mechanisms in the
model. Third, we examine historical shock decompositions for selected macro variables to show the model's
explanation for the main drivers of the business cycles.

Business cycle moments: Table 19 and Table 20 show model-implied standard deviations for Foreign and
Sweden by percentile of the posterior distribution as well as the sample standard deviations, respectively. Table
21 shows model-implied cross country correlations. Table 22 shows model-implied correlations between selected
Swedish variables.64 In Appendix M, we provide model-implied contemporaneous correlations between selected
observable variables for Sweden and Foreign.

To calculate the posterior distributions of the Foreign statistics of interest, we obtain 3 chains with 500.000
draws from the posterior distribution of Foreign sector estimation. We drop the �rst 250.000 of those draws and
then randomly obtain 1500 sub-draws from the chains. We simulate the model 300 quarters and take the last
100 (the same size as the data period, 1995Q1-2019Q4) observations of the simulations and calculate the statics
from these simulations.

To calculate the posterior distributions of the Swedish statistics of interest, we obtain 5 chains with 1.500.000
draws from the posterior distribution. We drop the �rst 750.000 of those draws and then randomly obtain 1500
sub-draws from the chains. As in the Foreign sector case, we simulate the model 300 quarters and take the last
100 (the same size as the data period, 1995Q1-2019Q4) observations of the simulations and calculate the statics
from these simulations.

It is important to note that the posterior distributions we calculate for Sweden doesn't take into account the
parameter uncertainty in the Foreign sector, given that Swedish parameters are estimated conditional on the
Foreign estimated parameters at the posterior mode. Thus, the posterior distributions intervals are probably
narrower than the case where the Foreign parameters uncertainty is also taken into account. In that case, the
model's �t to data most likely would look better than the results below.

The model-implied variations of observed variables for Foreign are mostly in line with the data. However,
the model-implied variation in hours worked and wages are slightly larger than the variation in the data.

The model-implied variations of Swedish observed variables are also mostly in line with the data with small
di�erences. For GDP components, the model-implied variations for GDP, private investment and household
consumption are slightly larger than in the data, while variations in imports are smaller. The implied volatility
in in�ation and the the monetary policy rate are slightly larger in the model as compared to data. The model-
implied standard deviation for employment gap is also in line with the data, but it is closer to the data at lower
percentiles of the sample.

The model-implied cross-country (Foreign vs. Sweden) correlations show partial success in capturing interna-
tional spillovers. While cross-country correlations in nominal variables, the monetary policy rate, the corporate
spreads and in�ation are close to the data, correlations in real variables are not fully in line with the data.
The strong co-movement of global investment and Swedish investment (and household consumption) couldn't be
achieved, even though shock correlations for private investment (and household consumption) were incorporated.
Nevertheless, the correlations between Foreign investment and Swedish exports are well captured by the model.

The model-implied correlations of Swedish variables are also show partial success of being in line with the
data. For example, while the correlations between GDP and exports, and GDP and private investment are
well captured in the model, correlations between GDP and imports, and GDP and consumption; or correlations
between exports and imports are not in the 90% interval of the posterior distribution. Nevertheless, the results
in the table doesn't show large deviations from the data which would raise concerns about the estimation.

Table 19: Model implied standard deviations for Foreign variables (Sample)

Variable Data Post. dist. percentile
5 50 95

GDP 2.03 1.67 2.03 2.51
Consumption 1.48 1.24 1.55 1.98
Investment 4.94 4.48 5.58 6.95
CPI excl. energy 0.50 0.48 0.65 0.95
CPI 1.10 1.02 1.21 1.46
Hours worked 1.51 1.65 1.93 2.31
Monetary policy rate 1.94 0.72 1.17 1.95
Corporate spread 0.44 0.21 0.31 0.52
Wage 0.95 1.15 1.45 1.91

64Note that, in the tables below, GDP and its components and the real exchange rate are expressed in growth terms.
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Table 20: Model implied standard deviations for Swedish variables (Sample)

Variable Data Post. dist. percentile
5 50 95

GDP 3.46 3.44 3.98 4.58
Consumption 2.80 2.92 3.40 3.95
Investment 12.43 13.51 16.53 20.04
Export 9.18 7.52 8.84 10.42
Import 8.89 6.03 7.01 8.13
CPIF 1.20 1.34 1.56 1.83
CPIF excl. energy 0.93 1.03 1.25 1.52
Employment gap 1.89 1.83 2.58 3.87
Monetary policy rate 2.26 1.00 1.43 2.17
Corporate Spread 0.40 0.22 0.32 0.50
Wage growth 0.89 0.76 1.05 1.46
R. Exch. rate 2.38 2.19 2.56 3.00

Table 21: Model implied cross-country (Foreign vs. Sweden) correlations (Sample)

Foreign Sweden Data Post. dist. percentile
5 50 95

GDP GDP 0.70 0.13 0.32 0.47
GDP Export 0.70 0.17 0.34 0.51
GDP Import 0.70 -0.01 0.18 0.35
GDP R. Exch. rate -0.39 -0.10 0.08 0.26
Consumption GDP 0.61 0.05 0.25 0.41
Consumption Consumption 0.46 -0.05 0.13 0.31
Consumption Export 0.55 0.04 0.23 0.39
Investment GDP 0.49 0.14 0.32 0.49
Investment Investment 0.46 -0.18 0.04 0.26
Investment Export 0.53 0.22 0.42 0.57
In�ation CPI in�ation 0.53 0.07 0.25 0.42
Monetary policy rate Monetary policy rate 0.92 0.26 0.69 0.89
Corporate Spread Corporate Spread 0.84 0.38 0.73 0.89

Table 22: Model implied correlations for Swedish variables (Sample)

Variable 1 Variable 2 Data Posterior dist. percentile
5 50 95

GDP Consumption 0.48 0.13 0.29 0.45
Investment 0.42 0.24 0.42 0.56
Exports 0.62 0.43 0.57 0.68
Imports 0.53 -0.13 0.09 0.32
CPIF 0.10 -0.37 -0.21 -0.02
R. Exch. rate -0.29 -0.32 -0.16 0.02

CPIF Corporate Spread -0.15 -0.28 -0.03 0.24
R. Exch. rate -0.13 0.01 0.20 0.38
Monetary policy rate 0.12 -0.29 -0.02 0.26

Exports Imports 0.74 0.28 0.44 0.57
R. Exch. rate -0.14 -0.26 -0.09 0.09

Impulse response functions: We discuss impulse response functions separately in Section 4.

Historical shock decompositions: In this section, we present historical shock decompositions for Swedish
GDP growth and CPIF in�ation to show the model's assessment of main drivers behind the movements in these
variables. To interpret the results in a structured way, we categorize the shocks into 8 di�erent groups as follows:
foreign supply shocks, foreign demand shocks, domestic supply shocks, domestic demand shocks, monetary policy
shock (Swedish), �scal policy shocks, the exchange rate shocks, growth shocks and in�ation trend shocks. Table
23 shows the categorization of each shock in the model.65

65The distinction between supply and demand shocks is made according to following criterion. If a shock leads to higher in�ation and
output, then it is classi�ed as demand shock, and if a shock leads to higher in�ation but lower output, then it is classi�ed as a supply
shock.
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Table 23: Shock categorization
Group name Shock name
Foreign supply shocks Foreign labor disutility shock, Foreign stationary technology shock,

Foreign price markup shock, Foreign energy price shock,
Swedish exporters' price markup shock

Foreign demand shocks Foreign consumption preference shock, Foreign stationary investment e�ciency shock,
Foreign risk premium shock, Foreign discount factor shock,
Foreign monetary policy shock, Foreign �scal policy shock

Domestic supply shocks Labor disutility shock, Stationary technology shock,
(non-exporters) price and wage markup shocks, energy price shock

Domestic demand shocks Risk premium shock, consumption preference shock
Investment e�ciency shock, discount factor shock

Monetary policy shock Monetary policy shock
Fiscal policy shocks All �scal policy shocks
Exchange rate shock Exchange rate shock
Growth shocks Global labor-augmenting technology shock, Swedish investment-speci�c technology shock
In�ation trend shock In�ation trend shock

Figure 5 and 6 shows the historical shock decompositions, computed at the posterior mode, for the Swedish
annual GDP growth and CPIF in�ation between 1995Q1-2019Q4, respectively. The shock decomposition of
GDP growth reveals that Foreign shocks are the main drivers of Swedish business cycles in the sample period.
The shock decomposition of CPIF in�ation shows that the low and persistently below-target in�ation is largely
captured by the in�ation trend shock.

For the late 90s, the domestic supply side shocks explain high in�ation and contribute negatively to GDP
growth. In that period, an appreciated currency (mainly driven by the exchange rate shocks) lowered in�ation
and contributed positively to GDP growth. During the same period, which is the boom phase of dotcom boom-
bust cycle, Foreign shocks and growth shocks contribute positively to GDP growth and negatively to in�ation.
In the bust phase of the cycle, starting in 2001, Foreign shocks contribute signi�cantly negative to GDP growth
but their e�ect on in�ation is mixed and small. In this bust phase of the cycle, exchange rate shocks contribute
the most to CPIF in�ation, and its negative e�ect to GDP growth comes with a lag and continues to a�ect
negatively during the recovery period until 2004. A positive contribution of domestic supply shocks to GDP
growth in 2001 (the crisis year) re�ects the fact that Swedish trade balance improves, while both imports and
exports decrease. A larger decrease in imports compared to export is captured by domestic supply shocks,
speci�cally the imported goods used for exports goods price markup shock.66 The e�ect of this particular shock
on in�ation is relatively small. In the boom phase of the global �nancial crisis, while foreign shocks and growth
shocks contributed positively to GDP growth, domestic demand shocks and �scal policy shocks had a negative
contribution. Beyond the in�ation trend shock, the exchange rate shocks and growth shocks are the main drivers
of low in�ation up until the �nancial crisis. The Foreign shocks and the growth shocks (both global and domestic)
have large contributions both in the downturn phase and the following recovery phase. The same shocks also
have large e�ects in the euro area debt crisis, but these e�ects are relatively smaller compared to the �nancial
crisis. The recovery phase of the euro area crisis is mainly driven by domestic demand shocks and �scal policy
shocks. Fiscal policy shocks contribute to GDP growth after the �nancial crisis until the end of 2017. The
appreciation of the Swedish krona after the �nancial crisis is mostly captured by the exchange rate shocks, which
positively contributed to GDP growth until the end of 2015. The exchange rate shocks and the domestic supply
side shocks are the main drivers of low in�ation from the �nancial crisis up until 2015. After 2015, GDP growth
is negatively a�ected by domestic demand shocks and growth shocks and positively by Foreign shocks. The
negative e�ects of a depreciated currency start to be signi�cant in the latest part of the sample period.

66Recall that import price markup shocks are classi�ed as �domestic�, mostly because import �rms are modelled as �domestic� in the
model. It is important to keep in mind the classi�cation of shocks in Table 23 while interpreting results.
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Swedish GDP per capita, annual percentage change (deviation from trend growth)
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Figure 5: Historical shock decomposion, annual Swedish GDP growth
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4 Impulse response analysis

In this section, we present some impulse response functions (IRFs) from SELMA to show the model's response to
selected shocks.67 Before showing the results from the simulations, we discuss two key equations, the consumption
Euler equation and the modi�ed UIP condition.68.

The consumption Euler equation, which is a key equation to determine the Ricardian households' consump-
tion, can be written in log-linearized form as:

Ω̂C
t = Et

[
ζ̂t + β̂r

t+1 + Ω̂C
t+1 +

1

R
ĭt − Π̂C

t+1 − µ̂z+,t+1

]
.

A variable with the hat notation represents the log-linear approximation of the variable in deviation from
its steady-state value (which in turn can be interpreted as percent deviation of the variable from its steady
state), and a variable with breve notation is interpreted as an absolute deviation of the variable from its steady
state. For more details on notations, see Appendix A. Ω̂C

t is the marginal utility of consumption, ζ̂t is a risk
premium shock to private bonds, ĭt is the monetary policy rate set by the Riksbank, Π̂C

t+1 is the consumer price
in�ation (CPIF), and µ̂z+,t+1 is the compound e�ects of labor augmenting technological and investment-speci�c

technological processes. β̂r
t+1 is a time-varying discount factor.

Remember that since Ω̂C
t is concave, an increase in the marginal utility of consumption means that consump-

tion falls. On the balanced growth path, the marginal utility of consumption will decrease at a constant pace, so
that consumption grows at the same rate as the rest of the economy. If, however, the economy is hit by shocks,
the underlying economic conditions for the households will change, and the households might change how they
choose to consume. Note, however, that households prefer to smooth their consumption. The Ricardian house-
holds, who are able to do so, would like the e�ects of temporary disturbances to a�ect their current consumption

67The impulse response functions for other selected shocks of the model are plotted in the Appendix M.2.
68For the derivation of the non-linear equations, see Appendix C
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as little as possible, smoothing the burden of the shock over their whole lifespan.69

An increase in the monetary policy rate ĭt, will, ceteris paribus, increase the Ricardian households' incentives
to save, since one extra unit of savings gives a higher level of consumption tomorrow than without a rate increase.
As a result, Ω̂C

t will increase, meaning that current consumption will decrease. The e�ective interest rate on
private bonds for the household is however given by 1

R
ĭt + ζ̂t. Hence, a shock to the risk premium has a similar

direct e�ect on the household as a change in the nominal interest rate. Now paying attention to the in�ation
rate, an increase in the in�ation rate will, ceteris paribus, reduce the real interest rate that the household faces.
It will therefore have a similar e�ect on consumption as a decrease in the nominal interest rate. Turning to the
productivity parameter µ̂z+,t+1, an increase in productivity leads to an immediate consumption increase since
the households want to smooth consumption.

Next we discuss the modi�ed UIP condition that determines the exchange rate in the model, which in a
log-linearized form is expressed as:

1

R

(
ĭt − ĭF,t

)
=
(
1− ϕ̃s

)
Et [ŝt+1]− ϕ̃sŝt − ϕ̃aăt +

ˆ̃
ϕt.

The Swedish nominal interest rate, ĭt represents the expected return on Swedish private bonds. Likewise, ĭF,t

is the Foreign nominal interest rate. ŝt is the nominal exchange rate (a higher value means a depreciation of
the Swedish krona relative to the Foreign currency). ăt is the real value of net foreign asset position of Sweden,

which captures Foreign private bonds that are owned by Swedish Ricardian households, and
ˆ̃
ϕt is an exchange

rate shock, also referred to as the external risk premium shock.
If the Swedish monetary policy rate, ĭt, is higher than the Foreign policy rate, we would expect a depreciation

of the exchange rate between today and tomorrow, so that the returns on the two assets equalize. For this to
occur, the exchange rate must appreciate today. This is captured by the �rst term in the right-hand side of the
equation.

The next three terms on the right-hand-side of the equation captures an international bond market friction,
called the external risk premium. The friction makes the return on Foreign assets held by Swedish Ricardian
households decrease with the size of their Foreign bond portfolio. This means that it is more expensive for
Swedish Ricardian households to borrow from Foreign households if they already have negative net Foreign
assets. Similarly, the return on their Foreign bond portfolio is lower if they have positive net Foreign assets. The

friction does also include the shock
ˆ̃
ϕt.

Now, we continue by describing the model responses to di�erent shocks in the economy. Note that in the
IRF-diagrams, the monetary policy rate in Home and Foreign, all the in�ation rates and the government bond
interest rate are all presented in annualized quarter-on-quarter values.

4.1 A monetary policy shock in Sweden

In this section, we describe the model response to one standard deviation of monetary policy shock that increases
the annualized quarter-on-quarter Swedish monetary policy rate, ĭnotional

t , by approximately 0.2 percent. The
economic outcome is illustrated in Figures 7 and 8. A positive shock to the policy rate leads to an increase in the
returns to saving in private bonds for the Ricardian households in Sweden. Hence, ceterus paribus, they would
like to decrease their consumption and save more of their income. As a result of decreased demand, the price
level and consumption fall.

Furthermore, since it becomes more pro�table to save in Swedish bonds than in Foreign bonds, the households
would like to sell Foreign bonds and buy Swedish bonds, which leads to an appreciation of the exchange rate.
The appreciated exchange rate does in turn lead to lower revenues for the export �rms given the same set export
price, since the price is set in the currency of Foreign. The �rms respond to the decreased revenues by increasing
the price of export goods. This leads to a fall in exports.

Private investment decreases following the shock. Due to the lower demand for consumption and exports,
output decreases, which reduces the �rm's demand for physical capital. Furthermore, the increased interest rate
leads to an increased demand for bonds at the expense of other types of savings, in this case, physical capital.
Both these channels lead to lower investment.

The demand for the four type of import goods (energy, non-energy, investment and export) are functions of
the demand for their respective �nal good and of the price of the imported intermediate goods relative to the
price of the respective �nal good. As the real exchange rate appreciates, the import �rms decrease their prices.
The �nal goods demand e�ect dominates for the non-energy consumption good and the investment good �rms,
and they decrease their output. However, for the energy good and export �rms, the price e�ect dominates. Hence
they increase their output. In sum, total imports �rst decrease, but then increase again above the steady-state
level of imports in the medium term.

69We assume that Non-Ricardian households do not have access to capital markets. Therefore they consume all of their income in
every period.
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Due to the lower demand of domestic intermediate goods, output decreases. This leads to a reduced demand
for labor, decreasing employment and nominal wages. However, real wages increase due to lower CPIF in�ation.
As a result, unemployment increases.70 The wage income of the Non-Ricardian households decreases due to
the reduced employment, which dominates the e�ect of the real wage on income. Therefore, Non-Ricardian
consumption decreases.

Turning to the public sector, the reduced economic activity leads to a decrease in tax income, which in turn
reduces the government surplus and increases government debt. In the short term aggregate transfers increase
due to high unemployment, but in the medium term aggregate transfers are adjusted so that the structural
surplus returns to its target level with a reasonable pace. Due to the de�nition of the structural surplus, it
is a�ected by only discretionary �scal policies, except the government transfers rule, and the debt payments,
or permanent disturbances; hence the e�ects of a temporary monetary policy shock only a�ects the structural
surplus via the debt payments. In order to correct the deviation of structural surplus from its long run target,
the aggregate transfers fall, leading to a reduction in the Non-Ricardian households' consumption in the medium
term.

4.2 A stationary technology shock

In this section, we describe the economic outcome after an increase in ϵt, which is the shock to the intermediate
goods producers' technology εt, by one standard deviation. A temporary technology shock increases the produc-
tivity of Swedish intermediate goods producers; thus, they can produce more output for a given level of inputs.
The economic outcome is illustrated in Figures 9 and 10.

A positive technology shock generates a temporary increase in total factor productivity, which directly reduces
the marginal cost of production. As a consequence, this e�ect generates downward pressure on domestic in�ation.
The decrease in domestic in�ation generates downward pressure on CPIF in�ation. In addition, since �rms are
able to produce the same amount of output with lower input, the demand for labor, thus employment, decreases
and unemployment increases. The increase in unemployment induces the Riksbank to reduce the nominal interest
rate despite a modest increase in CPIF in�ation, stemming from higher import in�ation.

The fall in the nominal interest rate in Sweden leads to the return on savings abroad being higher than the
return on Swedish bonds. This induces Swedish households to buy Foreign bonds, which leads to an exchange rate
depreciation. The exchange rate depreciation increases the markups of the Swedish export �rms, who respond
by reducing their prices. The opposite holds for the Swedish import �rms, increasing the price of Swedish import
goods. These changes in prices increases Swedish exports and reduces Swedish imports.

The intermediate good �rms substitute capital for labor input in their production, leading to an increase in
the demand for capital. The increase in demand for capital, together with a lower interest rate path, leads to
higher private investment. The real wage decreases as nominal wage in�ation decreases while CPIF in�ation
increases. Real labor income drops since both employment and real wage decrease. Non-Ricardian households
reduce their consumption as their real labor income drops.

A decline in the interest rate path induces Ricardian households to increase their consumption. Overall
household consumption decrease in the initial periods, but afterwards the higher Ricardian consumption domi-
nates. The lower wage income reduces the labor income tax revenue and lower household consumption reduces
the consumption tax revenue. As a result, the government surplus decreases and the government debt increases.

Since the changes in the tax income is only temporary it does not a�ect the structural surplus. Thus, higher
transfers to the households are mainly driven by higher unemployment.

4.3 A risk premium shock to Foreign private bonds

In this section, we describe the economic outcome after an increase of ϵζFt , which is the shock to the Foreign
domestic risk premium ζF,t, by one standard deviation. This can also be interpreted more generally as negative
demand shock in Foreign, or as an increased demand for bond holdings by Foreign households. The economic
outcome is illustrated in Figures 11 and 12.

The shock leads to Foreign households wanting to save more and consume less. The decreased demand leads
to a decrease in demand for intermediate goods. As a response to the decreased demand, output and hours
worked in Foreign are reduced. This puts a downward pressure on Foreign wages, reducing the costs for the
Foreign intermediate good �rms. As a response, they reduce their prices, leading to Foreign consumption good
�rms to reduce their prices. The central bank in Foreign responds to the decline in output and in�ation by
reducing the monetary policy rate.

Since the foreign risk premium shock is correlated with the risk premium shock to Swedish private bonds,
a positive shock to the foreign risk premium leads to an increased demand for bond savings in Sweden as
well. Because of increased savings, consumption of the Ricardian households in Sweden and hence output of

70Employment and output are highly correlated, since the main part of the costs of the production of intermediate goods consists of
labor costs.
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Figure 7: Economic outcome after a shock to the monetary policy rate ĭnotationalt
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Figure 8: Economic outcome after a shock to the monetary policy rate ĭnotationalt
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Figure 9: Economic outcome after a shock to productivity εt
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Figure 10: Economic outcome after a shock to productivity εt
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consumption goods falls. This leads to a lower demand for domestically produced intermediate goods, which in
turn leads to a decreased demand for labor and a higher unemployment rate. The latter induces the Swedish
central bank to decrease the monetary policy rate. Initially the Foreign policy rate is lower than the Swedish
rate. However, in the determination of the exchange rate the whole interest rate path is taken into account. After
�ve years the foreign policy rate is higher than the Swedish one and the exchange rate is therefore depreciating.

Demand for Swedish exports falls due to the lower demand from abroad. The decline in Swedish exports
leads to an additional decrease in demand for both domestically produced and imported intermediate goods.
Due to lower demand in Sweden imports decrease as well.

Responding to the decline in wages following the lower demand, �rms reduce their prices. Hence domestic
in�ation falls. In contrast, imported in�ation doesn't change much due to mix e�ects from price stickiness and
movements in the exchange rate. The e�ect on domestic in�ation does thus dominate, leading CPIF in�ation to
fall.

An increase in the domestic risk premium leads to households requiring a higher return to capital and hence
an increased rental cost of capital. This, together with the lower demand for domestically produced goods,
reduces the demand for capital and hence private investments fall.

The decreased demand for domestically produced intermediate goods lowers the demand for labor and leads
to a decline in wages, both in nominal and in real terms. Due to the lower labor income following the wage and
employment decrease, Non-Ricardian households decrease their consumption.

Turning to the public sector, the tax on labor, consisting of both labor taxes levied on households and of
social security contributions levied on �rms, are the most important income source for the government. Tax
income decreases due to the fall in output, leading to an increase in debt. Since the change in the tax income
is only temporary it does not a�ect the structural surplus. The change in the structural surplus does primarily
stem from the increase in debt and the resulting higher debt service cost. The transfers to the households are
increased due to higher unemployment in the short and medium term but are decreased slightly to return the
structural surplus to its target in the long term. Since the change in transfers is relatively small, there is only a
small e�ect on Non-Ricardian consumption.

4.4 An external risk premium shock

In this section, we describe the economic outcome after an increase of ϵ
ˆ̃
ϕt
t , which is the shock to the external risk

premium
ˆ̃
ϕt, by one standard deviation. The positive external risk premium shock makes holding of domestic

currency bonds less attractive relative to holding bonds in foreign currency. As a result the exchange rate
depreciates. The economic outcome is illustrated in Figures 13 and 14.

The depreciation of the Krona leads to a higher marginal cost for the Swedish import �rms, leading to a
lower markup. To restore the markup, the �rms increase their prices, leading to a decrease in Swedish imports.
Furthermore, the exchange rate depreciation leads to a higher markup for Swedish export �rms. As a response,
they reduce their prices, leading to higher exports.

The increased price of imported goods leads to higher costs for the consumption and investment good pro-
ducers, who therefore increase their prices. The increased CPIF in�ation leads to lower Ricardian consumption
and private investment. Due to the lower demand for investment and consumption, demand for domestically
produced inputs to investment and consumption also decrease. Since the decrease in consumption and invest-
ment is stronger than increase in exports, output decreases. Due to the decreased output, labor demand also
decreases. This leads employment to be lower in the short term.

The increased demand for domestic goods leads to an increase in labor demand, putting a slight upwards
pressure on nominal wages. The CPIF in�ation does however increase more than the nominal wages, which
means that real wages fall. This does in turn leads to a lower consumption for Non-Ricardian households in the
short term. However, in the medium term, employment and real wages increase and thus the Non-Ricardian
consumption increases in the medium term as well. Labor force participation decreases in the short term due to
lower real wages, but increases in the medium term. Moreover, the decrease in employment is not strong thus
unemployment is moving around the steady state with mixed sign.

Turning to the public sector, consumption tax revenue increases but other taxes decrease. Simultaneously,
change in transfers are mixed due to mixed unemployment response. Therefore, overall, change in government
surplus and change in government debt are mixed.
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Figure 11: Economic outcome after a shock to Foreign bond risk premium ζF,t
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Figure 12: Economic outcome after a shock to Foreign bond risk premium ζF,t
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Figure 13: Economic outcome after a shock to the external risk premium
ˆ̃
ϕt

72



1 10 20 30 40
0

0.05

0.1

0.15

P
e

rc
e

n
ta

g
e

 p
o

in
ts Monetary policy Expansion

1 10 20 30 40
-0.2

-0.1

0

P
e

rc
e

n
t

Consumption, Non-Ric. hhs

1 10 20 30 40
-0.2

-0.1

0

P
e

rc
e

n
t

Real wage

1 10 20 30 40

-0.04

-0.02

0

P
e

rc
e

n
ta

g
e

 p
o

in
ts Unemployment rate

1 10 20 30 40
-0.05

0

0.05

P
e

rc
e

n
t

Employment

1 10 20 30 40

-0.04

-0.02

0

0.02

P
e

rc
e

n
t

Labor force part.

1 10 20 30 40
-0.02

-0.01

0

0.01

%
 o

f 
s
s
. 

G
D

P

Government transfers

1 10 20 30 40
-0.2

-0.1

0

0.1

%
 o

f 
s
s
. 

G
D

P

Government debt

1 10 20 30 40

-0.02

0

0.02

0.04

%
 o

f 
s
s
. 

G
D

P

Government surplus

1 10 20 30 40
0

1

2

%
 o

f 
s
s
. 

G
D

P

10-3 Structural Government surplus

Figure 14: Economic outcome after a shock to the external risk premium
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Appendix

A Appendix: Model equations

In this appendix, we present the non-linear model equations and the corresponding log-linearized model equa-
tions.

Before we present the model equations, we clarify some notations. Variables that are trending along the
balanced growth path have been stationarized. In most cases, we use the bar notation to distinguish station-

arized variables from the non-stationary variables. For example, C
agg
t =

C
agg
t

z+t
denotes the stationarized level

of aggregate household consumption in period t. Kt denotes the non-stationarized level of aggregate capital.
Thus, Kt =

Kt

zt−1(γt−1)
1

1−α
denotes the stationarized level of aggregate capital. Ks

t = utKt, in turn, denotes the

non-stationarized level of aggregate capital services, and K
s
t is the stationarized level of aggregate capital services

which is de�ned as K
s
t = utKt. The di�erent indexation variables, such as the gross in�ation of intermediate

good prices Πt, constitutes an exception to the bar notation. The di�erent gross in�ation rates do not need to
be stationarized. For these di�erent gross in�ation rates, the bar instead denotes the corresponding indexation
variable.

When applicable, variables that appear in the model equations are expressed in per capita terms. For
example, C

agg
t is the stationarized level of aggregate household consumption in the Swedish economy, and caggt

is the stationarized per capita level of aggregate household consumption in the Swedish economy. In the Swedish
economy, where the size of the population is normalized to unity, the distinction between aggregate and per

capita terms is trivial. For the Foreign economy, however, it is essential to distinguish, for example, between the
stationarized level of aggregate household consumption CF,t, and the stationarized level of aggregate consumption

per inhabitant, which is denoted by cF,t =
CF,t

z+t ω
, where ω is the size of the population in Foreign.71

In addition to the non-linear form of model equations, we also present the corresponding log-linearized
model equations. In this documentation, a variable with the hat notation can be interpreted as a log-linear
approximation of the variable around its steady state (percent deviations). Two examples may help to clarify
the use of the hat notation. The �rst example is for a variable such as caggt , which has been stationarized. Thus,

we have: ĉaggt = ln
(

c
agg
t

cagg

)
, where cagg denotes the steady state level of aggregate consumption per capita in the

Swedish economy. ĉaggt can be interpreted as a log-linear approximation of the stationarized level of aggregate
consumption per capita around its steady state level. The second example is for a variable such as Πt, which
does not need to be stationarized. Hence, we have: Π̂t = ln

(
Πt
Π

)
, where Π denotes the steady state level of gross

in�ation of intermediate good prices. Π̂t can be interpreted as a log-linear approximation of the gross in�ation
rate of intermediate goods around its steady state level.

Finally, a variable with breve notation is interpreted as an absolute deviation of the variable from its steady
state. The �rst example is for a variable such as the real government debt bt, which has been stationarized.
Thus, we have: b̆t = bt − b, where b is the steady state level of the real government debt. b̆t can be interpreted
as an absolute deviation of the stationarized level of the real government debt from its steady state level. The
second example for a variable such as τ̆Ct , is the time-varying consumption tax rate, which does not need to
be stationarized. Thus, we have: τ̆Ct = τCt − τC , where τC is the consumption tax rate in steady state. τ̆Ct
is interpreted as an absolute deviation of the consumption tax rate from its steady state (percentage point
deviations).

Our model equations include both equilibrium conditions and various de�nitions that are used to solve and
simulate the model. In the subsequent sections, we present these equations.

A.1 Sweden: Household sector

Consumption Euler equation:

Ω
C
t = RtζtEt

[
βr
t+1

1

µz+,t+1Π
C
t+1

Ω
C
t+1

]
(A.1a)

Ω̂C
t = Et

[
ζ̂t + β̂r

t+1 + Ω̂C
t+1 +

1

R
ĭt − Π̂C

t+1 − µ̂z+,t+1

]
(A.1b)

71One exception to the per capita notation is investment: because we use it to denote the net nominal interest rate, Īt denotes
both the stationarized level of aggregate investment and the stationarized level of aggregate investment per inhabitant in the Swedish
economy.
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De�nition of nominal gross interest rate on private bonds:

Rt = 1 + it (A.2a)

R̂t =
1

R
ĭt (A.2b)

Lagrange multiplier, marginal utility of consumption equation:

Ω
C
t =

ζct

(1 + τCt )

(
c̃t − ρh 1

µ
z+,t

c̃t−1

) (αG
c̃t
ct

) 1
υG

(A.3a)

Ω̂C
t = ζ̂ct +

(
1− ρh

µz+,

)−1 [
−ˆ̃ct +

ρh
µz+,

ˆ̃ct−1 −
ρh
µz+

µ̂z+,t

]
+

1

υG

(
ˆ̃ct − ĉt

)
− 1

1 + τC
τ̆Ct (A.3b)

Marginal utility of consumption equation:

Ūc,t =
ζct(

c̃t − ρh 1
µ
z+,t

c̃t−1

) (αG
c̃t
ct

) 1
υG

(A.4a)

Ûc,t = ζ̂ct +

(
1− ρh

µz+,

)−1 [
−ˆ̃ct +

ρh
µz+,

ˆ̃ct−1 −
ρh
µz+

µ̂z+,t

]
+

1

υG

(
ˆ̃ct − ĉt

)
(A.4b)

Composite consumption function:

c̃t =

(
α

1
υG
G c̄

υG−1
υG

t + (1− αG)
1

υG ḡ
υG−1
υG

t

) υG
υG−1

(A.5a)

(
c̃

c̄

) υG−1
υG

ˆ̃ct = α
1

υG
G ĉt + (1− αG)

1
υG

( ḡ
c̄

) υG−1
υG ĝt (A.5b)

Average interest rate on government bonds:

Ω̄R
t = Etβ

r
t+1

Ω̄C
t+1

Ω̄C
t Π

C
t+1µz+,t+1

[
1 + Ω̄R

t+1 (1− αB)
]

(A.6a)

Ω̂R
t = Et

[
β̂r
t+1 + Ω̂C

t+1 +
Ω̄R (1− αB)

1 + Ω̄R (1− αB)
Ω̂R

t+1 − Ω̂C
t − Π̂C

t+1 − µ̂z+,t+1

]
(A.6b)

Euler equation for government bond holdings:

1 = Etβ
r
t+1

Ω̄C
t+1

Ω̄C
t Π

C
t+1µz+,t+1

[
RB,n

t − (1− αB) Ω̄
R
t+1

(
RB,n

t+1 −R
B,n
t

)]
(A.7a)

0 = Etβ̂
r
t+1 + ˆEtΩ

C

t+1 − Ω̂C
t − ˆEtΠ

C

t+1 − Êtµz+,t+1 +
1

RB,n
R̆B,n

t − (1− αB) Ω̄
R
(
EtR̆

B,n
t+1 − R̆

B,n
t

)
(A.7b)

Capital utilization decision equation:

rKt = pIta
′(ut) (A.8a)

r̂Kt = p̂It + σaût (A.8b)

Household purchases of installed capital equation:

pKt = Etβ
r
t+1

Ω
C
t+1Πt+1

Ω
C
t Π

C
t+1µz+,t+1µγ,t+1

[(
1− τKt+1

)(
rKt+1ut+1 − pIt+1a(ut+1)

)
+ ιKδτKt+1

µγ,t+1

Πt+1
pKt + pKt+1(1− δ)

]
(A.9a)
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(
1− ιK 1

H
τKδ

µγ

Π
pK
)(

p̂Kt − Π̂t+1 + µ̂γ,t+1

)
=

Etβ̂
r
t+1+EtΩ̂

C
t+1−Ω̂C

t −EtΠ̂
C
t+1−Etµ̂z+,t+1+

1

H
rK
(
1− τK

)
Etr̂

K
t+1−

1

H

(
rK − ιKδ µγ

Π
pK
)
Etτ̆

K
t+1+

1

H
pK(1−δ)Etp̂

K
t+1

(A.9b)
Household investment decision equation:

pIt

(
1− τ It

)
= pKt ΥtF1(It, It−1, µz+,t, µγ,t) + Et

[
βr
t+1

Ω
C
t+1Πt+1

Ω
C
t Π

C
t+1

pKt+1

µz+,t+1µγ,t+1
ΥF,t+1F2(It+1, It, µz+,t+1, µγ,t+1)

]
(A.10a)

(1− τ I) pI

pKΥ
p̂It − τ̆ It = p̂Kt + Υ̂t − S′′ (µz+µγ)

2Et

[
△Ît + µ̂z+,t + µ̂γ,t − β△Ît+1 − βµ̂z+,t+1 − βµ̂γ,t+1

]
(A.10b)

De�nition of capital services:

k
s
t = utk̄t (A.11a)

k̂st = ût + k̂t (A.11b)

Capital accumulation equation:

kt+1 = (1− δ)kt
1

µz+,tµγ,t
+Υt

[
1− S̃

(
Itµz+µγ

It−1

)]
It +△

K

t (A.12a)

k̂t+1 =
(1− δ)
µz+µγ

(
k̂t − µ̂z+,t − µ̂γ,t

)
+
I

k
Υ
(
Ît + Υ̂t

)
(A.12b)

Optimal wage setting equation:

Et

∞∑
k=0

(ξw)
k

(
k∏

i=1

βr
t+i

)
nt+k|tΩ

C
t+k

1

(1− λW
t+k)

[(
1− τWt+k

)
wt+k|t − λW

t+kζ
n
t+k

ν′(nt+k|t)

Ω
C
t+k

]
= 0

(A.13a)

△ŵt = βEt [△ŵt+1]− κW (Ψ̂W
t − λ̂W

t ) + Π̂
W

t − µ̂z+,t − Π̂C
t − βEt

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1

]
(A.13b)

Labor force participation equation:

Ω
c
t(1− τWt )wt = ζnt Θ

n
t Anl

η
t (A.14a)

ŵt = ζ̂nt + Θ̂n
t + ηl̂t − Ω̂C

t +
1

1− τW τ̆Wt (A.14b)

De�nition of endogenous shifter equation:

Θn
t = Z̄n

t Ūc,t (A.15a)

Θ̂n
t = Ẑn

t + Ûc,t (A.15b)

Trend of wealth e�ect in endogenous shifter:

Z̄n
t = (

Z̄n
t−1

µ
z+,t

)1−χn(Ūc,t)
−χn (A.16a)

Ẑn
t = (1− χn)Ẑ

n
t−1 − (1− χn)µ̂z+,t − χnÛc,t (A.16b)

Unemployment de�nition:

unt =
Lt −Nt

Lt
(A.17a)

ŭnt =
n

l

(
l̂t − n̂t

)
(A.17b)
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Real wage markup equation:

Ψ
W
t =

(
1− τWt

)
wt

ζnt
ν′(nt)

Ω
C
t

(A.18a)

Ψ̂W
t = η

(
l̂t − n̂t

)
(A.18b)

De�nition of wage in�ation:

ΠW
t =

wt

wt−1
µz+,tΠ

C
t (A.19a)

Π̂W
t = △ŵt + µ̂z+,t + Π̂C

t (A.19b)

De�nition of wage in�ation indexation:

Π
W
t = (ΠW

t−1)
χw (Πtrend

t )1−χw (A.20a)

Π̂
W

t = χwΠ̂
W
t−1 + (1− χW )Π̂trend

t (A.20b)

Real wage relevant to employers:

we
t = wtp

C
t (A.21a)

ŵe
t = ŵt + p̂Ct (A.21b)

Modi�ed uncovered interest rate parity equation:

RtEt

[
βr
t+1

Ω
C
t+1

µz+,t+1Π
C
t+1

]
= RF,tΦ

(
at, st, ϕ̃t

)
Et

[
βr
t+1

Ω
C
t+1

µz+,t+1Π
C
t+1

st+1

]
(A.22a)

1

R

(
ĭt − ĭF,t

)
=
(
1− ϕ̃s

)
Et [ŝt+1]− ϕ̃sŝt − ϕ̃aăt +

ˆ̃
ϕt (A.22b)

Aggregate consumption:

c̄aggt = (1− snr)c̄t + snr c̄
nr
t (A.23a)

c̄agg ĉaggt = (1− snr)c̄ĉt + snr c̄
nr ĉnr

t (A.23b)

Non-Ricardian budget constraint:

(1 + τCt )pCt c̄
nr
t = (1− τWt ) w̄e

tnt +
(
1− τTR

t

)
tr

nr
t (A.24a)

(
1 + τC

)
pC c̄nr

(
ĉnr
t + p̂Ct

)
+ pC c̄nr τ̆Ct = (1− τW )w̄en

(
ŵe

t + n̂t

)
− w̄enτ̆Wt +(1− τTR)ťrnr

t − tr
nr
τ̆TR
t (A.24b)

A.2 Sweden: Firm sector

A.2.1 Sweden: Intermediate good producers

De�nition of composite technological growth rate:

µz+,t = µz,t (µγ,t)
α

1−α (A.25a)

µ̂z+,t = µ̂z,t +
α

1− αµ̂γ,t (A.25b)
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Real marginal cost of production for intermediate good producers equation:

mct =

((
1 + τSSC

t

)
we

t

)1−α
(rKt )α

εtαα(1− α)1−αΓ̄G,t
(A.26a)

m̂ct = (1− α)
(
ŵe

t +
1

1 + τSSC
τ̆t

SSC

)
+ αr̂Kt − ε̂t − Γ̂G,t (A.26b)

Simplifying expression variable Gamma:

Γ̄G,t = α
α

υK
K

(
k̃
s

t

k
s
t

) α
υK

(A.27a)

Γ̂G,t = −
α

υK

( ̂̃
kst − k̂st

)
(A.27b)

Real rental rate for capital services equation:

rKt = αεt

(
¯̃
kst
nt

1

µz+,tµγ,t

)α−1

mctΓ̄
1
α
G,t (A.28a)

r̂Kt = ε̂t + (α− 1)
(̂̃
k
s

t − n̂t − µ̂z+,t − µ̂γ,t

)
+ m̂ct +

1

α
Γ̂G,t (A.28b)

Composite capital function:

¯̃
kst =

(
αK

1
υK

(
k̄st
) υK−1

υK + (1− αK)
1

υK

(
k̄G,t

) υK−1
υK

) υK
υK−1

(A.29a)

̂̃
k
s

t = αK

1
υK

(
k̄s

k̃
s

) υK−1
υK

k̂st + (1− αK)
1

υK

(
kG

k̃
s

) υK−1
υK

k̂G,t (A.29b)

Public capital accumulation equation:

kG,t+1 = (1− δG)kG,t
1

µz+,tµγ,t
+ ĪGt (A.30a)

k̂G,t+1 =
(1− δG)
µz+µγ

(
k̂G,t − µ̂z+,t − µ̂γ,t

)
+
ĪG

kG
ÎGt (A.30b)

Optimal price of intermediate goods equation:72

Et

∞∑
k=0

(ξ)k
(

k∏
j=1

βr
t+j

)
Ω

C
t+k

Ω
C
t

(
k∏

j=1

Πt+j

ΠC
t+j

)
yt+k|t

(λt+k − 1)

[(
k∏

j=1

Πt+j

Πt+j

)
poptt

Πt
− λt+kmct+k

]
= 0 (A.31a)

Π̂t = βEt

[
Π̂t+1 − Π̂t+1

]
+ κ

(
1

κ
λ̂t + m̂ct

)
+ Π̂t (A.31b)

De�nition of intermediate good price in�ation indexation:

Πt = (Πt−1)
χ(Πtrend

t )1−χ (A.32a)

Π̂t = χΠ̂t−1 + (1− χ)Π̂trend
t (A.32b)

72We scale the markup shock λ̂t by
1
κ
.
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A.2.2 Sweden: Consumption good producers

Relative price of consumption goods equation:

pCt =

[
ϑC
(
pC,xe
t

)1−νC
+
(
1− ϑC

)(
pC,e
t

)1−νC
] 1

1−νC

(A.33a)

p̂t
C = ϑC

(
pC,xe

pC

)1−νC

p̂t
C,xe +

(
1− ϑC

)(pC,e

pC

)1−νc,xe

p̂t
C,e (A.33b)

De�nition of consumption good price in�ation:

ΠC
t =

pCt
pCt−1

Πt (A.34a)

Π̂C
t = p̂Ct − p̂Ct−1 + Π̂t (A.34b)

Demand for non-energy consumption goods equation:

c̄xet = ϑC

(
pC,xe
t

pCt

)−νC

c̄aggt (A.35a)

ĉxet = νC
(
p̂Ct − p̂C,xe

t

)
+ ĉaggt (A.35b)

Demand for energy consumption goods equation:

c̄et =
(
1− ϑC

)(pC,e
t

pCt

)−νC

c̄aggt (A.36a)

ĉet = νC
(
p̂Ct − p̂C,e

t

)
+ ĉaggt (A.36b)

Relative price of non-energy consumption goods equation:

pC,xe
t =

[
ϑC,xe +

(
1− ϑC,xe

)(
pM,C,xe
t

)1−νc,xe
] 1

1−νc,xe

(A.37a)

p̂t
C,xe =

(
1− ϑC,xe

)(pM,Cxe

pC,xe

)1−νc,xe

p̂t
M,C,xe (A.37b)

De�nition of non-energy consumption good price in�ation:

ΠC,xe
t =

pC,xe
t

pC,xe
t−1

Πt (A.38a)

Π̂C,xe
t = p̂C,xe

t − p̂C,xe
t−1 + Π̂t (A.38b)

Relative price of energy consumption goods equation:

pC,e
t =

[
ϑC,e

(
pD,C,e
t

)1−νc,e
+
(
1− ϑC,e

)(
pM,C,e
t

)1−νc,e
] 1

1−νc,e

(A.39a)

p̂t
C,e = ϑC,e

(
pD,C,e

pC,e

)1−νc,e

p̂t
D,C,e +

(
1− ϑC,e

)(pM,C,e

pC,e

)1−νc,e

p̂t
M,C,e (A.39b)

De�nition of energy consumption good price in�ation:

ΠC,e
t =

pC,e
t

pC,e
t−1

Πt (A.40a)

Π̂C,e
t = p̂C,e

t − p̂C,e
t−1 + Π̂t (A.40b)

Demand for domestic energy equation:

d̄et = ϑC,e

(
pD,C,e
t

pC,e
t

)−νC,e

c̄et (A.41a)

d̂et = νC,e

(
p̂C,e
t − p̂D,C,e

t

)
+ ĉet (A.41b)
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Demand for imported energy equation:

m̄C,e
t =

(
1− ϑC,e

)(pM,C,e
t

pC,e
t

)−νC,e

c̄et (A.42a)

ĉet = νC,e

(
p̂C,e
t − p̂M,C,e

t

)
+ ĉet (A.42b)

De�nition of domestic energy in�ation:

ΠD,C,e
t =

pD,C,e
t

pD,C,e
t−1

Πt (A.43a)

Π̂D,C,e
t = p̂D,C,e

t − p̂D,C,e
t−1 + Π̂t (A.43b)

A.2.3 Sweden: Investment good producers

Relative price of investment goods equation:

pIt =

[
ϑI +

(
1− ϑI

)(
pM,I
t

)1−νI
] 1

1−νI

(A.44a)

p̂It =
(
1− ϑI

)(pM,I

pI

)1−νI

p̂M,I
t (A.44b)

De�nition of investment good price in�ation:

ΠI
t =

pIt
pIt−1

Πt (A.45a)

Π̂I
t = p̂It − p̂It−1 + Π̂t (A.45b)

A.2.4 Sweden: Export good producers

Real marginal cost of production for export good producers equation:

mcXt =

[
ϑX +

(
1− ϑX

)(
pM,X
t

)1−νx
] 1

1−νx

(A.46a)

m̂cXt =
(
1− ϑX

)(pM,X

mcX

)1−νx

p̂M,X
t (A.46b)

Optimal price of export goods equation:73

Et

∞∑
k=0

(ξx)
k

(
k∏

j=1

βr
t+j

)
Ω

C
t+k

Ω
C
t

(
k∏

j=1

Πt+j

ΠC
t+j

)
xt+k|t(
λX
t+k − 1

) [( k∏
j=1

Π
X
t+jst+j

Πt+j

)
pX,opt
t − λX

t+kmc
X
t+k

]
= 0 (A.47a)

Π̂X
t = βEt

[
Π̂X

t+1 − Π̂
X

t+1

]
+ κX

(
1

κX
λ̂X
t + m̂cXt − p̂Xt

)
+ Π̂

X

t (A.47b)

De�nition of export good price in�ation indexation:

Π
X
t =

(
ΠX

t−1

)χx
(
Πtrend

F

)1−χx

(A.48a)

Π̂
X

t = χxΠ̂
X
t−1 + (1− χx)Π̂

trend
t (A.48b)

De�nition of export good price in�ation:

pXt
pXt−1

=
ΠX

t st
Πt

(A.49a)

p̂Xt = p̂Xt−1 + Π̂X
t − Π̂t + ŝt (A.49b)

73We scale the markup shock λ̂Xt by 1
κX

.
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A.2.5 Sweden: Import good producers

Optimal price for import �rms specializing in non-energy consumption goods equation:74

Et

∞∑
k=0

(ξm,C,xe)
k

(
k∏

j=1

βr
t+j

)
Ω

C,xe
t+k

Ω
C
t

(
k∏

j=1

Πt+j

ΠC,xe
t+j

)
mC,xe

t+k|t(
λM,C
t+k − 1

) [( k∏
j=1

Π
M,C,xe
t+j

Πt+j

)
pM,C,xe
t,opt − λM,C,xe

t mcM,C,xe
F,t+k

]
= 0

(A.50a)

Π̂M,C,xe
t = βEt

[
Π̂M,C,xe

t+1 − Π̂
M,C,xe

t+1

]
+ κM,C,xe

(
1

κM,C,xe
λ̂M,C,xe
t + m̂cM,C,xe

F,t − p̂M,C,xe
t

)
+ Π̂

M,C,xe

t (A.50b)

De�nition of import price in�ation indexation, import �rms specializing in non-energy consumption goods:

Π
M,C,xe
t =

(
ΠM,C,xe

t−1

)χm,C,xe

(Πtrend
t )1−χm,C,xe (A.51a)

Π̂
M,C,xe

t = χm,C,xeΠ̂
M,C,xe
t−1 + (1− χm,C,xe)Π̂

trend
t (A.51b)

De�nition of import price in�ation, import �rms specializing in non-energy consumption goods:

pM,C,xe
t

pM,C,xe
t−1

=
ΠM,C,xe

t

Πt
(A.52a)

p̂M,C,xe
t = p̂M,C,xe

t−1 + Π̂M,C,xe
t − Π̂t (A.52b)

Optimal price for import �rms specializing in investment goods equation:75

Et

∞∑
k=0

(ξm,I)
k

(
k∏

j=1

βr
t+j

)
Ω

C
t+k

Ω
C
t

(
k∏

j=1

Πt+j

ΠC
t+j

)
mI

t+k|t(
λM,I
t+k − 1

) [( k∏
j=1

Π
M,I
t+j

Πt+j

)
pM,I
t,opt − λ

M,I
t mcM,I

F,t+k

]
= 0 (A.53a)

Π̂M,I
t = βEt

[
Π̂M,I

t+1 − Π̂
M,I

t+1

]
+ κM,I

(
1

κM,I
λ̂M,I
t + m̂cM,I

F,t − p̂
M,I
t

)
+ Π̂

M,I

t (A.53b)

De�nition of import price in�ation indexation, import �rms specializing in investment goods:

Π
M,I
t =

(
ΠM,I

t−1

)χm,I

(Πtrend
t )1−χm,I (A.54a)

Π̂
M,I

t = χm,IΠ̂
M,I
t−1 + (1− χm,I)Π̂

trend
t (A.54b)

De�nition of import price in�ation, import �rms specializing in investment goods:

pM,I
t

pM,I
t−1

=
ΠM,I

t

Πt
(A.55a)

p̂M,I
t = p̂M,I

t−1 + Π̂M,I
t − Π̂t (A.55b)

Optimal price for import �rms specializing in export goods equation:76

Et

∞∑
k=0

(ξm,X)k
(

k∏
j=1

βr
t+j

)
Ω

C
t+k

Ω
C
t

(
k∏

j=1

Πt+j

ΠC
t+j

)
mX

t+k|t(
λM,X
t+k − 1

) [( k∏
j=1

Π
M,X
t+j

Πt+j

)
pM,X
t,opt − λ

M,X
t mcM,X

F,t+k

]
= 0 (A.56a)

Π̂M,X
t = βEt

[
Π̂M,X

t+1 − Π̂
M,X

t+1

]
+ κM,X

(
1

κM,X
λ̂M,X
t + m̂cM,X

F,t − p̂
M,X
t

)
+ Π̂

M,X

t (A.56b)

De�nition of import price in�ation indexation, import �rms specializing in export goods:

Π
M,X
t =

(
ΠM,X

t−1

)χm,X

(Πtrend
t )1−χm,X (A.57a)

Π̂
M,X

t = χm,XΠ̂M,X
t−1 + (1− χm,X)Π̂trend

t (A.57b)

74We scale the markup shock λ̂M,C,xe
t by 1

κM,C,xe
.

75We scale the markup shock λ̂M,I
t by 1

κM,I
.

76We scale the markup shock λ̂M,X
t by 1

κM,X
.
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De�nition of import price in�ation, import �rms specializing in export goods:

pM,X
t

pM,X
t−1

=
ΠM,X

t

Πt
(A.58a)

p̂M,X
t = p̂M,X

t−1 + Π̂M,X
t − Π̂t (A.58b)

Optimal price for import �rms specializing in energy consumption goods equation:77

Et

∞∑
k=0

(ξm,C,e)
k

(
k∏

j=1

βr
t+j

)
Ω

C
t+k

Ω
C
t

(
k∏

j=1

Πt+j

ΠC,e
t+j

)
mC,e

t+k|t(
λM,C,e
t+k − 1

) [( k∏
j=1

Π
M,C,e
t+j

Πt+j

)
pM,C,e
t,opt − λ

M,C,e
t mcM,C,e

t+k

]
= 0

(A.59a)

Π̂M,C,e
t = βEt

[
Π̂M,C,e

t+1 − Π̂
M,C,e

t+1

]
+ κM,C,e

(
1

κM,C,e
λ̂M,C,e
t + m̂cM,C,e

t − p̂M,C,e
t

)
+ Π̂

M,C,e

t (A.59b)

De�nition of import price in�ation indexation, import �rms specializing in energy consumption goods:

Π
M,C,e
t =

(
ΠM,C,e

t−1

)χm,C,e

(Πtrend
t )1−χm,C,e (A.60a)

Π̂
M,C,e

t = χm,C,eΠ̂
M,C,e
t−1 + (1− χm,C,e)Π̂

trend
t (A.60b)

De�nition of import price in�ation, import �rms specializing in energy consumption goods:

pM,C,e
t

pM,C,e
t−1

=
ΠM,C,e

t

Πt
(A.61a)

p̂M,C,e
t = p̂M,C,e

t−1 + Π̂M,C,e
t − Π̂t (A.61b)

Marginal cost of energy importer:

mcM,C,e
t = pC,e

F,tQt
pCt
pCF,t

(A.62a)

m̂cM,C,e
t = p̂C,e

F,t + Q̂t + p̂Ct − p̂CF,t (A.62b)

Marginal cost of non-energy importer:

mcM,xe
t = Qt

pCt
pCF,t

(A.63a)

m̂cM,xe
t = Q̂t + p̂Ct − p̂CF,t (A.63b)

De�nition of real exchange rate:

Qt

Qt−1
= st

ΠC
F,t

ΠC
t

(A.64a)

Q̂t − Q̂t−1 = ŝt + Π̂C
F,t − Π̂C

t (A.64b)

A.3 Swedish monetary policy rule

Monetary policy rule:

ĭnotional
t = ρ̆inotional

t−1 + (1− ρ)
(
rπΠ̂

a,C
t−1 + runŭnt−1

)
+ r△π

(
Π̂C

t − Π̂C
t−1

)
+ r△un (ŭnt − ŭnt−1) + ϵit, (A.65)

Π̂a,C
t =

1

4

(
Π̂C

t + Π̂C
t−1 + Π̂C

t−2 + Π̂C
t−3

)
77We scale the markup shock λ̂M,C,e

t by 1
κM,C,e

.
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Nominal interest rate with and without the zero lower bound:

ĭsst = max
{
ĭ, ĭ

notional
t + ĭnat

t

}
(A.66)

Real interest rate:
r̆t = ĭt − Π̂c

t+1 (A.67)

Monetary policy expansion, de�nition:
ĭt = ĭsst − ĭnat

t (A.68)

The neutral interest rate:
ĭnat
t = rµµ̂z+,t − rζ ζ̂t + ẑrt (A.69)

A.4 Swedish �scal authority

Government budget constraint:

τCt p
C
t c̄

agg
t +(τSSC

t +τWt )pCt w̄tnt+ Ῡ
K
t +b

n
t + tt =

(
αB + (RB

t−1 − 1)
) bt
µz+,tΠt

+gt+τ
I
t p

I
t Īt+ Ī

G
t +(1−τTR

t )t̄raggt

(A.70a)

pC c̄agg τ̆Ct +τCpC c̄agg
(
p̂Ct + ĉt

agg
)
+pCw̄nτ̆Wt +pCw̄nτ̆SSC

t +(τSSC+τW )pCw̄n
(
p̂Ct + ŵt + n̂t

)
+ ˘̄ΥK

t + b̆nt + ťt

= (αB +RB − 1)

(
1

µz+Π
b̆t −

b

µz+Π

(
µ̂z+,t + Π̂t

))
+

b

µz+Π
R̆B

t−1 + ĪGÎGt + gĝt + (1− τTR)t̆raggt

− t̄ragg τ̆TR
t + pI Ī τ̆ It + τ IpI Ī

(
p̂It + Ît

)
(A.70b)

Law of motion for aggregate total government debt stock:

bt+1 = (1− αB) bt
1

µz+,tΠt
+ b

n
t (A.71a)

b̆t+1 =
1− αB

µz+Π
b̆t −

(1− αB) b

µz+Π

(
µ̂z+,t + Π̂t

)
+ b̆nt (A.71b)

De�nition of average interest rate on all outstanding government debt:(
RB

t − 1
)
bt+1 = (1− αB)

(
RB

t−1 − 1
)
bt

1

µz+,tΠt
+
(
RB,n

t − 1
)
b
n
t (A.72a)

bR̆B
t +

(
RB − 1

)
b̆t+1 =

(1− αB)
(
RB − 1

)
µz+Π

[
b

RB − 1
R̆B

t−1 + b̆t − b
(
µ̂z+,t + Π̂t

)]
+ b

n
R̆B,n

t +
(
RB,n − 1

)
b̆nt

(A.72b)

Capital income tax revenues:

ῩK
t =

kt
µz+,tµγ,t

τKt

(
rKt ut − pIta(ut)− ιKδ

µγ,tp
K
t−1

Πt

)
(A.73a)

˘̄ΥK
t =

τKk

µz+µγ

[(
rK − ιKδ p

Kµγ

Π

)(
k̂t − µ̂z+,t

)
+ rK

(
r̂Kt − µ̂γ,t

)
+ ιKδ

pKµγ

Π

(
Π̂t − p̂Kt−1

)]
+

k

µz+µγ

(
rK − ιKδ p

Kµγ

Π

)
τ̆t

K (A.73b)

Aggregate transfers:

tr
agg
t = (1− snr)trt + snrtr

nr
t (A.74a)
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ťraggt = (1− snr) ˇtrt + snr ťr
nr
t (A.74b)

Transfer allocation:

ϖdyn

(
trt − tr

)
= (1−ϖdyn)(tr

nr
t − tr

nr
) (A.75a)

ϖdyn ˇtrt = (1−ϖdyn)ťr
nr
t (A.75b)

Government surplus:

surpt = αB
bt

µz+tΠt
− bnt (A.76a)

˘surpt =
αB

µz+Π

(
b̆t − b

(
µ̂z+t + Π̂t

))
− b̆nt (A.76b)

Fiscal policy rule for aggregate transfers:

t̆raggt =ρtr(t̆r
agg
t−1 −Ftr,unŭnt)

+y
(
Ftr,b

(
b̆ȳ,t − b̆Target

ȳ,t

)
+ Ftr,surp

(
St ˘surpȳ,t − ˘StsurpTarget

ȳ,t

)
+ Ftr,unŭnt

)
+ϵtr

agg

t (A.77)

Fiscal policy rule for government consumption:

ĝt =ρg ĝt−1

+Fg,b

(
b̆ȳ,t − b̆Target

ȳ,t

)
+ Fg,surp

(
˘Stsurpȳ,t − ˘StsurpTarget

ȳ,t

)
+ Fg,y ŷt

+ϵgt (A.78)

Fiscal policy rule for government investment:

ÎGt =ρIGÎ
G
t−1

+FIG,b

(
b̆ȳ,t − b̆Target

ȳ,t

)
+ FIG,surp

(
˘Stsurpȳ,t − ˘StsurpTarget

ȳ,t

)
+ FIG,y ŷt

+ϵIGt (A.79)

Fiscal policy rule for consumption tax, labor tax, social security contribution, capital tax and transfer tax:

τ̆xt =ρτx τ̆xt−1

+Fτx,b

(
b̆ȳ,t − b̆Target

ȳ,t

)
+ Fτx,surp

(
˘Stsurpȳ,t − ˘StsurpTarget

ȳ,t

)
+ϵτ

x

t , x ∈ {C,W,SSC,K, TR} (A.80)

Investment tax credits:

τ It = ρτI τ
I
t−1 + ϵτ

I

t (A.81)

Debt target equation:

b̆Target
ȳ,t =

(
ρ1,bT + ρ2,bT

)
b̆Target
ȳ,t−1 − ρ1,bT ρ2,bT

(
b̆Target
ȳ,t−2

)
+ ϵb

Target

t (A.82)

Structural government surplus:
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Stsurpt =Stprevt − Stpexpt −
RB

t−1 − 1

Πtµz+,t

b̄t (A.83a)

ˇStsurpt =
ˇStprevt − ˇStpexpt −

(
RB − 1

Πµz+
b̆t + b̄

(
1

RB − 1
R̆B

t−1 − µ̂z+,t − π̂t

))
(A.83b)

Structural primary expenditures:

Stpexpt = ((t̄raggt − ȳFtr,unŭnt)) +

(
ĪG −FIG,y Ī

G (ȳt − ȳ)
ȳ

)
+

(
ḡ −Fg,y ḡ

(ȳt − ȳ)
ȳ

)
+ τ It p

I Ī (A.84a)

˘Stpexpt =
(
t̆r

agg
t − ȳFtr,unŭnt

)
+ ĪG

(
ÎGt −FIG,y ŷt

)
+ ḡ (ĝt −Fg,y ŷt) + pI Ī τ̆ It (A.84b)

Structural primary revenues:

Stprevt =τ
C
t p

C c̄agg + (τSSC
t + τWt )wn+ τKt

kt
µz+µγ,

(
rKt − ιKδ

µγ,tp
K

Π

)
+ τTR

t

(
tr

agg
t − ȳFtr,unŭnt

)
+ t̄

(A.85a)

˘Stprevt =τ̆
C
t p

C c̄agg + (τ̆SSC
t + τ̆Wt )wn+ τ̆Kt

k

µz+µγ

(
rK − ιKδ p

Kµγ

Π

)
+τ̆TR

t (t̆r
agg
t −Ftr,unȳŭnt) + t̆t (A.85b)

Relation between debt target and surplus target:

StsurpTarget
ȳ,t =

(
1

µz+Π
− 1

)
bTarget
ȳ,t (A.86a)

˘StsurpTarget
ȳ,t =

(
1

µz+Π
− 1

)
b̆Target
ȳ,t (A.86b)

A.5 Auxiliary variables

There are some variables which do not a�ect the simulations of the model, but which are used for the purpose
of illustration and comparison with data. These are called auxiliary variables, and are stated below.

Aggregate investment:

Īaggt = Īt + ĪGt (A.87a)

Ît =
Ī

Ī + ĪG
Ît +

ĪG

Ī + ĪG
ÎGt (A.87b)

Price of aggregate investment:

pIaggt =
Īt

Īaggt

pIt +
ĪGt
Īaggt

(A.88a)

p̂Iaggt =
I

I
agg

pI

pIagg
(p̂It + Ît) +

I

I
agg

1

pIagg
ÎGt − Îaggt (A.88b)

Aggregate investment in�ation:

pIaggt = pIaggt−1

ΠIagg
t

Πt
(A.89a)

p̂Iaggt = p̂Iaggt−1 + Π̂Iagg
t − Π̂t (A.89b)

Aggregate import prices:
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pMt m
D
t = mC,xe

t pMC,xe
t +mI

tp
MI
t +mX

t p
MX
t +mC,e

t pMC,e
t (A.90a)

p̂Mt =
mC,xe

mD
p̂MC,xe
t +

mI

mD
p̂MI
t +

mX

mD
p̂MX
t +

mC,e

mD
p̂MC,e
t (A.90b)

Aggregate import in�ation:

pMt
pMt−1

=
ΠM

t

Πt
(A.91a)

p̂Mt = p̂Mt−1 + Π̂M
t − Π̂t (A.91b)

Consumption tax revenues:

Rev
τC

t = τCt p
C
t c̄

agg
t (A.92a)

˘Revτ
C

t = pC c̄agg τ̆Ct + τCpC c̄agg
(
p̂Ct + ĉt

agg
)

(A.92b)

Labor tax revenues:

Rev
τW

t = τWt pCt w̄tnt (A.93a)

˘Revτ
W

t = pCw̄nτ̆ + τW pCw̄n
(
p̂Ct + ŵt + n̂t

)
(A.93b)

Social security contribution revenues:

Rev
τSSC

t = τSSC
t pCt w̄tnt (A.94a)

˘Revτ
SSC

t = pCw̄nτ̆ + τSSCpCw̄n
(
p̂Ct + ŵt + n̂t

)
(A.94b)

Transfer tax revenues:

Rev
τTR

t = τTR
t t̄raggt (A.95a)

˘Revτ
TR

t = τTR t̆raggt + t̄ragg τ̆TR
t (A.95b)

Primary revenues:

PRevt = Rev
τC

t +Rev
τW

t +Rev
τSSC

t +Rev
τTR

t + ῩK
t (A.96a)

˘Prevt = R̆ev
τC

t + R̆ev
τW

t + R̆ev
τSSC

t + R̆ev
τTR

t + ῨK
t (A.96b)

Investment tax credit expenditures:

Exp
τI

t = τ It p
I
t Īt (A.97a)

˘Expτ
I

t = pI Ī τ̆ It + τ IpI Ī
(
p̂It + Ît

)
(A.97b)

Primary expenditure:

Pexpt = τ It p
I
t Īt + gt + ĪGt + t̄raggt (A.98a)

˘Pexpt = pI Ī τ̆ It + τ IpI Ī
(
p̂It + Ît

)
+ gĝt + ĪGÎG,t + t̆raggt (A.98b)
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Primary surplus:

Psurpt =PRevt − Pexpt (A.99a)

˘Psurpt = ˘Prevt − ˘Pexpt (A.99b)

Aggregate transfers, percent of GDP:

traggoyt =
t̄raggt

ymt
(A.100a)

˘traggoyt =
1

y
t̆raggt − t̄ragg

y
ŷmt (A.100b)

Government debt to GDP:

boyt =
b̄t
ymt

(A.101a)

˘boyt =
1

y
b̆t −

b

y
ŷmt (A.101b)

Surplus to GDP:

surpoyt =
surpt
ymt

(A.102a)

˘surpoyt =
1

y
˘surpt −

surp

y
ŷmt (A.102b)

Net exports:

nxt = x̄t − m̄t (A.103a)

n̆xt =x̄x̂t − m̄m̂t (A.103b)

A.6 Foreign: Household sector

Foreign consumption Euler equation:

Ω
C
F,t = RF,tζF,tEt

[
βr
F,t+1

Ω
C
F,t+1

µ
z+
F
,t+1

ΠC
F,t+1

]
(A.104a)

Ω̂C
F,t = Et

[
ζ̂F,t + β̂r

F,t+1 + Ω̂C
F,t+1 +

1

RF
ĭF,t − Π̂C

F,t+1 − µ̂z+
F
,t+1

]
(A.104b)

Foreign marginal utility of consumption equation:

Ω
C
F,t =

ζcF,t(
cF,t − ρh,F 1

µ
z
+
F

,t

cF,t−1

) (A.105a)

Ω̂C
F,t = ζ̂cF,t

(
1− ρh,F

µ
z+
F

)−1 [
−ĉF,t +

ρh,F
µ
z+
F

(
ĉF,t−1 − µ̂z+

F
,t

)]
(A.105b)

Foreign capital utilization decision equation:

rKF,t = pIF,ta
′(uF,t) (A.106a)

r̂KF,t = p̂IF,t + σaûF,t (A.106b)

Foreign household purchases of installed capital equation:

pKF,t = Etβ
r
F,t+1

Ω
C
F,t+1

Ω
C
F,t

ΠF,t+1

ΠC
F,t+1

1

µ
z+
F
,t+1

µγ,t+1

[
rKF,t+1uF,t+1 − pIF,t+1a(uF,t+1) + pKF,t+1(1− δF )

]
(A.107a)
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(
p̂KF,t − Π̂F,t+1 + µ̂γ,t+1

)
=

Etβ̂
r
F,t+1 + EtΩ̂

C
F,t+1 − Ω̂C

F,t − EtΠ̂
C
F,t+1 − Etµ̂z+

F
,t+1

+
1

HF
rKF Etr̂

K
F,t+1 +

1

HF
pKF (1− δF )Etp̂

K
F,t+1 (A.107b)

Foreign household investment decision equation:

pIF,t = pKF,tΥF,tF1(IF,t, IF,t−1, µz+
F
,t
, µγ,t) + Et

[
βr
F,t+1

Ω
C
F,t+1

Ω
C
F,t

ΠF,t+1

ΠC
F,t+1

pKF,t+1

µ
z+
F
,t+1

µγ,t+1
ΥF,t+1F2(IF,t+1, IF,t, µz+

F
,t+1

µγ,t+1)

]
(A.108a)

pIF
pKF ΥF

p̂IF,t = p̂KF,t + Υ̂F,t − S′′
(
µ
z+
F
µγ

)2
Et

[
△ÎF,t + µ̂

z+
F
,t
+ µ̂γ,t − βF△ÎF,t+1 − βF µ̂z+

F
,t+1
− βF µ̂γ,t+1

]
(A.108b)

Foreign de�nition of capital services:

k
s
F,t = uF,tk̄F,t (A.109a)

k̂sF,t = ûF,t + k̂F,t (A.109b)

Foreign capital accumulation equation:

kF,t+1 = (1− δ)kF,t
1

µ
z+
F
,t
µγ,t

+ΥF,t

1− S̃
IF,tµz+

F
µγ

IF,t−1

 IF, +△
K

F,t (A.110a)

k̂F,t+1 =
(1− δF )
µ
z+
F
µγ

(
k̂F,t − µ̂z+

F
,t
− µ̂γ,t

)
+
ĪF

k̄F
ΥF

(
ÎF,t +ΥF,t

)
(A.110b)

Foreign optimal wage setting equation:

Et

∞∑
k=0

(
ξFw

)k( k∏
j=1

βr
F,t+j

)
nF,t+k|tΩ

C
F,t+k

[
(1− τwF )wF,t+k|t − λW

F ζnF,t+k

ν′(nF,t+k|t)

Ω
C
F,t+k

]
= 0 (A.111a)

△ŵF,t = βFEt [△ŵF,t+1]− κF,W Ψ̂W
F,t + Π̂

W

F,t − µ̂z+
F
,t
− Π̂C

F,t − βFEt[Π̂
W

F,t+1 − µ̂z+
F
,t+1
− Π̂C

F,t+1] (A.111b)

Foreign real wage markup equation:

Ψ
W
F,t =

(1− τwF )wF,t

ζnF,t

ν′
F (nF,t)
Ω

C
F,t

(A.112a)

Ψ̂W
F,t = ŵF,t − ζ̂nF,t − ηF n̂F,t + Ω̂C

F,t (A.112b)

De�nition of Foreign wage in�ation:

ΠW
F,t =

wF,t

wF,t−1
µ
z+
F
,t
ΠC

F,t (A.113a)

Π̂W
F,t = △ŵF,t + µ̂

z+
F
,t
+ Π̂C

F,t (A.113b)

De�nition of Foreign wage in�ation indexation:

Π
W
F,t = (ΠW

F,t−1)
χF,w (Πtrend

F,t )1−χF,w (A.114a)

Π̂
W

F,t = χF,wΠ̂
W
F,t−1 + (1− χF,w) Π̂

trend
F,t (A.114b)

Real wage relevant to Foreign employers:

we
F,t = wF,tp

C
F,t (A.115a)

ŵe
F,t = ŵF,t + p̂CF,t (A.115b)
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A.7 Foreign: Firm sector

A.7.1 Foreign: Intermediate good producers

De�nition of Foreign composite technological growth rate

µ
z+
F
,t
= µz,t (µγ,t)

αF
1−αF (A.116a)

µ̂
z+
F
,t
= µ̂z,t +

αF

1− αF
µ̂γ,t (A.116b)

Real marginal cost of production for Foreign intermediate good producers equation:

mcF,t =

(
we

F,t

)1−αF (rKF,t)
αF

εF,tα
αF
F (1− αF )1−αF

(A.117a)

m̂cF,t = (1− αF ) ŵ
e
F,t + αF r̂

K
F,t − ε̂F,t (A.117b)

Real rental rate for capital services equation:

rKF,t = αF εF,t

(
k̄sF,t

nF,t

1

µ
z+
F
,t
µγ,t

)αF−1

mcF,t (A.118a)

r̂KF,t = ε̂F,t + (αF − 1)
(
k̂sF,t − n̂F,t − µ̂z+

F
,t
− µ̂γ,t

)
+ m̂cF,t (A.118b)

Optimal price of Foreign intermediate goods equation:78

Et

∞∑
k=0

(
ξF
)k( k∏

j=1

βr
F,t+j

)
Ω

C
F,t+k

Ω
C
F,t

(
k∏

j=1

ΠF,t+j

ΠC
F,t+j

)
yF,t+k|t

(λF,t+k − 1)[(
k∏

j=1

ΠF,t+j

ΠF,t+j

)
poptF,t

ΠF,t
− λF,t+kmcF,t+k

]
= 0 (A.119a)

Π̂F,t = βFEt

[
Π̂F,t+1 − Π̂F,t+1

]
+ κF

(
1

κF
λ̂F,t + m̂cF,t

)
+ Π̂F,t (A.119b)

De�nition of Foreign intermediate good price in�ation indexation:

ΠF,t = (ΠF,t−1)
χF (Πtrend

F,t )1−χF (A.120a)

Π̂F,t = χF Π̂F,t−1 + (1− χF ) Π̂
trend
F,t (A.120b)

A.7.2 Foreign: Consumption good producers

Relative price of Foreign consumption goods equation:

pCF,t =

[
ϑC
F

(
pC,xe
F,t

)1−νF,C

+
(
1− ϑC

F

)(
pC,e
F,t

)1−νF,C
] 1

1−νF,C

(A.121a)

p̂CF,t = ϑC
F

(
pC,xe
F

pCF

)1−νF,C

p̂C,xe
F,t +

(
1− ϑC

F

)(pC,e
F

pCF

)1−νF,C

p̂C,e
F,t (A.121b)

De�nition of Foreign consumption good price in�ation:

ΠC
F,t =

pCF,t

pCF,t−1

ΠF,t (A.122a)

Π̂C
F,t = p̂CF,t − p̂CF,t−1 + Π̂F,t (A.122b)

78We scale the markup shock λ̂F,t by
1

κF
.
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Demand for non-energy consumption goods equation:

c̄xeF,t = ϑC
F

(
pC,xe
F,t

pCF,t

)−νF,C

c̄F,t (A.123a)

ĉxeF,t = νF,C

(
p̂CF,t − p̂C,xe

F,t

)
+ ĉF,t (A.123b)

Demand for energy consumption goods equation:

c̄eF,t =
(
1− ϑC

F

)(pC,e
F,t

pCF,t

)−νF,C

c̄F,t (A.124a)

ĉeF,t = νF,C

(
p̂CF,t − p̂C,e

F,t

)
+ ĉF,t (A.124b)

Relative price of non-energy consumption good:

pC,xe
F,t = 1 (A.125a)

p̂C,xe
F,t = 0 (A.125b)

De�nition of Foreign non-energy consumption good price in�ation:

ΠC,xe
F,t = ΠF,t (A.126a)

Π̂C,xe
F,t = Π̂F,t (A.126b)

De�nition of Foreign energy consumption good price in�ation:

ΠC,e
F,t =

pC,e
F,t

pC,e
F,t−1

ΠF,t (A.127a)

Π̂C,e
F,t = p̂C,e

F,t − p̂
C,e
F,t−1 + Π̂F,t (A.127b)

A.7.3 Foreign: Investment good producers

Relative price of Foreign investment:

pIF,t = 1 (A.128a)

p̂IF,t = 0 (A.128b)

Foreign investment in�ation:

ΠI
F,t =

pIF,t

pIF,t−1

ΠF,t (A.129a)

Π̂I
F,t = p̂IF,t − p̂IF,t−1 + Π̂I

F,t−1 (A.129b)

A.7.4 Price of Swedish exports in terms of Foreign intermediate goods

De�nition of relative price of Swedish export goods in terms of Foreign intermediate goods:

p̃Xt =
pXt p

C
F,t

Qt pCt
(A.130a)

ˆ̃p
X

t = p̂Xt + p̂CF,t − Q̂t − p̂Ct (A.130b)
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A.8 Foreign monetary policy rule

Foreign monetary policy rule:

ĭnotational
F,t = ρF ĭ

notational
F,t−1 +(1− ρF )

(
rF,πΠ̂

a,C
F,t−1 + rF,y ŷF,t−1

)
+rF,△π

(
Π̂C

F,t − Π̂C
F,t−1

)
+rF,△y (ŷF,t − ŷF,t−1)+ϵ

iF
t ,

(A.131)

Π̂a,C
F,t =

1

4

(
Π̂C

F,t + Π̂C
F,t−1 + Π̂C

F,t−2 + Π̂C
F,t−3

)

Foreign nominal interest rate with and without the zero lower bound:

ĭssF,t = max(iF , ĭ
notional
F,t + ĭnat

F,t ) (A.132)

De�nition of monetary policy expansion
ĭF,t = ĭssF,t − ĭnat

F,t (A.133)

Foreign nominal interest rate with and without the zero lower bound:

ĭnat
F,t = rF,µµ̂z+

F
,t
− rF,ζ ζ̂F,t + ẑrt (A.134)

Foreign real interest rate:

r̆F,t = ĭFt − Π̂c
F,t+1 (A.135)

A.9 Market clearing

A.9.1 Swedish aggregate resource constraint

ȳt = ϑC,xe
(
pC,xe
t

)νc,xe

cxet + d̄C,e
t + ϑI

(
pIt

)νI [
It + a (ut)

kt
µ
z+
F
,t
µγ,t

]
+ ϑX

(
mcXt

)νx [
xt
←→
P X

t + ϕX
]
+ ḡt + ĪGt (A.136a)

ŷt = ϑC,xe(pC,xe)νc
cxe

y

(
νc,xep̂

C,xe
t + ĉxet

)
+
d̄C,e

y
d̂et + ϑI(pI)νI

I

y

νI p̂It + Ît +
a′k

µ
z+
F
µγI

ût


+ ϑX

(
mcX

)νx (x+ ϕX
)

y

(
νxm̂c

X
t +

x

(x+ ϕX)
x̂t

)
+
g

y
ĝt +

ĪG

y
ÎGt (A.136b)

A.9.2 Foreign aggregate resource constraint

ȳF,t = c̄xeF,t + c̄eF,t + IF,t + a (uF,t) kF,t
1

µ
z+
F
,t
µγ,t

+ ḡt (A.137a)

ŷF,t =
c̄xe

ȳF
ĉxet +

c̄e

ȳF
ĉet +

ĪF
ȳF

(
ÎF,t +

a′k̄F

µ
z+
F
µγ ĪF

ûF,t

)
+
ḡF
ȳF
ĝF,t (A.137b)

A.9.3 Balance of payments

at = pXt xt − m̄cM,xe
t mxe

t − m̄cM,C,e
t m̄e

t +Φ
(
at−1, st−1, ϕ̃t−1

)
RF,t−1ζt−1 st at−1

1

µ
z+
F
,t
Πt

(A.138a)

ăt = pXx
(
p̂Xt + x̂t

)
− m̄cM,xemxe

(
m̂cM,xe

t + m̂xe
t

)
− m̄cM,C,eme

(
m̂cM,C,e

t + m̂e
t

)
+
a

β

[
−ϕ̃aăt−1 − ϕ̃s(ŝt + ŝt−1) +

ˆ̃
ϕt−1 +

1

RF
ĭF,t−1 + ζ̂t−1 + ŝt − µ̂z+

F
,t
− Π̂t

]
+

1

β
ăt−1 (A.138b)
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A.9.4 Swedish exports

x̄t =
(
1− ϑC,xe

F

)( p̃Xt

pC,xe
F,t

)−νF,C,xe

c̄xeF,t +
(
1− ϑI

F

)( p̃Xt
pIF,t

)−νF,I

ĪF,t (A.139a)

x̂t = −νF ˆ̃p
X

t + ωX
C ĉ

xe
F,t +

(
1− ωX

C

)
ÎF,t (A.139b)

A.9.5 Swedish imports for non-energy consumption

←→
P M,C,xe

t mC,xe
t =

(
1− ϑC,xe

)[
ϑC,xe

(
pM,C,xe
t

)νC,xe−1

+ 1− ϑC,xe

] νC,xe
1−νC,xe

cxet (A.140a)

m̂C,xe
t = (1− ϑC,xe)

(
pC,xe

pM,C,xe

)νC,xe cxe

mC,xe

[
ĉxet − νC,xeϑ

C,xe
(
pC,xe

)νC,xe−1

p̂M,C,xe
t

]
(A.140b)

A.9.6 Swedish imports for investment

←→
P M,I

t mI
t = (1− ϑI)

[
ϑI
(
pM,I
t

)νI−1

+ 1− ϑI

] νI
1−νI

[
It + a(ut)kt

1

µz+,t, µγ,t

]
(A.141a)

m̂I
t = (1− ϑI)

(
pI

pM,I

)νI I

mI

[
Ît +

(
a′

µz+µγ − 1 + δ

)
ût − νIϑI

(
pI
)νI−1

p̂M,I
t

]
(A.141b)

A.9.7 Swedish imports for export

←→
P M,X

t mX
t =

(
1− ϑX

)[
ϑX
(
pM,X
t

)νx−1

+ 1− ϑX

] νx
1−νx

[
xt
←→
P X

t + ϕX
]

(A.142a)

m̂X
t = (1− ϑX)

(
mcX

pM,X

)νx x

mX

[
x̂t − νxϑXλX

(
mcX

)νx−1

p̂M,X
t

]
(A.142b)

A.9.8 Imports of non-energy goods including �xed costs

mxe
t =

←→
P M,C,xe

t mC,xe
t +

←→
P M,I

t mI
t +
←→
P M,X

t mX
t + ϕM,C,xe + ϕM,I + ϕM,X (A.143a)

m̂xe
t =

mC,xe

mxe m̂C,xe
t +

mI

mxe m̂
I
t +

mX

mxe m̂
X
t (A.143b)

A.9.9 Imports of non-energy goods excluding �xed costs

mD,xe
t =

←→
P M,C,xe

t mC,xe
t +

←→
P M,I

t mI
t +
←→
P M,X

t mX
t (A.144a)

m̂D,xe
t =

mC,xe

mD,xe
m̂C,xe

t +
mI

mD,xe
m̂I

t +
mX

mD,xe
m̂X

t (A.144b)

A.9.10 Imports of energy goods including �xed cost

me
t =
←→
P M,C,e

t mC,e
t + ϕM,C,e (A.145a)

m̂e
t =

mC,e

me m̂C,e
t (A.145b)
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A.9.11 Aggregate imports excluding �xed costs

mD
t = mD,xe

t +
←→
P M,C,e

t mC,e
t (A.146a)

m̂D
t =

mD,xe

mD
m̂D,xe

t +
mC,e

mD
m̂C,e

t (A.146b)

A.9.12 Aggregate imports including �xed costs

mt = mxe
t +

←→
P M,C,e

t mC,e
t + ϕM,C,e (A.147a)

m̂t =
mxe

m
m̂xe

t +
mC,e

m
m̂C,e

t (A.147b)

A.9.13 Swedish aggregate output

yt
←→
P t =

(
εt

[
¯̃
kst

µz+,tµγ,t

]α
n1−α
t

)
− ϕ (A.148a)

ŷt =
λ

F

(
ε̂t + α

(
ˆ̃
kst − µ̂z+,t − µ̂γ,t

)
+ (1− α)n̂t

)
(A.148b)

A.9.14 Measured Swedish aggregate output

ymt = yt − ϑ
I(pIt )

νIa(ut)
kt

µz+,tµγ,t
(A.149a)

ŷmt = ŷt −
ϑI(pI)νI

y

(
rK

pI
k

µz+µγ

)
ût (A.149b)

A.9.15 Foreign aggregate output

yF,t

←→
P F,t =

(
εF,t

[ ¯̃
ksF,t

µ
z+
F
,t
µγ,t

]αF

n1−αF
F,t

)
− ϕF (A.150a)

ŷt = λF

(
ε̂t + αF

(
ˆ̃
ksF,t − µ̂z+

F
,t
− µ̂γ,t

)
+ (1− αF )n̂F,t

)
(A.150b)

A.9.16 Measured Foreign aggregate output

ymF,t = yF,t − a(uF,t)
kF,t

µ
z+
F
,t
µγ,t

(A.151a)

ŷmF,t = ŷF,t −
1

ȳF

(
rKF
pIF

k̄F
µ
z+
F
µγ

)
ûF,t (A.151b)
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A.10 Stochastic exogenous shocks

A.10.1 Global exogenous shocks

Labor augmenting technology shock:
µ̂z,t = ρµz µ̂z,t−1 + ϵµz ,t (A.152)

Investment-speci�c technology shock:
µ̂γ,t = ρµγ µ̂γ,t−1 + ϵµγ ,t (A.153)

Neutral rate shock:
ẑRt = ρzR ẑ

R
t−1 + ϵzR,t + θzRϵzR,t−1 (A.154)

A.10.2 Swedish exogenous shocks

Discount factor shock:
β̂r
t = ρβ β̂

r
t−1 + ϵβt (A.155)

Monetary policy shock

ϵi,t (A.156)

Private bond risk premium shock:
ζ̂t = corrζ ζ̂F,t + ρζ ζ̂t−1 + ϵζt (A.157)

Consumption preference shock:
ζ̂ct = corrζc ζ̂

c
F,t + ρζc ζ̂

c
t−1 + ϵζ

c

t (A.158)

Exchange rate shock (external risk premium shock):

ˆ̃
ϕt = ρϕ̃

ˆ̃
ϕt−1 + ϵϕ̃t (A.159)

Labor disutility shock:
ζ̂nt = ρζn ζ̂

n
t−1 + ϵζ

n

t (A.160)

Wage markup shock:

λ̂W
t = ρλW λ̂W

t−1 + ϵλ
W

t (A.161)

Productivity shock (stationary technology shock):

ε̂t = ρεε̂t−1 + ϵt (A.162)

Stationary investment-speci�c shock:

Υ̂t = corrΥΥ̂F,t + ρΥΥ̂t−1 + ϵΥt (A.163)

Intermediate good price markup shock:
λ̂t = ρλλ̂t−1 + ϵλt (A.164)

Export price markup shock:

λ̂X
t = ρλX λ̂

X
t−1 + ϵλ

X

t (A.165)

Markup shock to import �rms specializing in non-energy consumption goods:

λ̂M,C,xe
t = ρλM,C,xe λ̂

M,C,xe
t−1 + ϵλ

M,C,xe

t (A.166)
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Markup shock to import �rms specializing in investment goods:

λ̂M,I
t = ρλM,I λ̂

M,I
t−1 + ϵλ

M,I

t (A.167)

Markup shock to import �rms specializing in export goods:

λ̂M,X
t = ρλM,X λ̂

M,X
t−1 + ϵλ

M,X

t (A.168)

Markup shock to import �rms specializing in energy consumption goods:

λ̂M,C,e
t = ρλM,C,xe λ̂

M,C,e
t−1 + ϵλ

M,C,e

t (A.169)

Domestic energy price shock:

p̂D,C,e
t = ρpD,C,e p̂

D,C,e
t−1 + ϵp

D,C,e

t (A.170)

In�ation trend shock:
Π̂trend

t = ρΠtrendΠ̂
trend
t−1 + ϵΠ

trend

t (A.171)

A.10.3 Foreign exogenous shocks

Discount factor shock:
β̂r
F,t = ρβF β̂

r
F,t−1 + ϵβF,t (A.172)

Monetary policy shock

ϵFi,t (A.173)

Private bond risk premium shock:
ζ̂F,t = ρζF ζ̂F,t−1 + ϵζF,t (A.174)

Consumption preference shock:
ζ̂cF,t = corrζc

F,ΥF
Υ̂F,t + ρζc

F
ζ̂cF,t−1 + ϵζ

c

F,t (A.175)

Labor disutility shock:
ζ̂nF,t = ρζn

F
ζ̂nF,t−1 + ϵζ

n

F,t (A.176)

Productivity shock (stationary technology shock):

ε̂F,t = ρεF ε̂F,t−1 + ϵF,t (A.177)

Stationary investment-speci�c shock:
Υ̂F,t = ρΥF Υ̂F,t−1 + ϵΥF,t (A.178)

Intermediate good price markup shock:
λ̂F,t = ρλF λ̂F,t−1 + ϵλF,t (A.179)

Foreign domestic energy price shock:

p̂C,e
F,t = ρ

p
D,C,e
F

p̂D,C,e
F,t−1 + ϵp

D,C,e

F,t (A.180)

Foreign in�ation trend shock:

Π̂C,trend
F,t = ρ

Π
C,trend
F

Π̂C,trend
F,t−1 + ϵ

Π
C,trend
F

t (A.181)

Foreign government consumption shock:

ĝF,t = ρgF ĝF,t−1 + ϵgFt (A.182)
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B Appendix: Steady state

B.1 The Swedish economy

B.1.1 Sweden: Household sector

Consumption Euler equation:

R =
µz+Π

C

β
(B.1)

De�nition of nominal gross interest rate on private bonds:

R = 1 + i (B.2)

Lagrange multiplier, Marginal utility of consumption equation:

Ω
C
=

(αG)
1

υG

(1 + τC) c̄
(
1− ρh

µ
z+

) ( c̃
c

) 1
υG

−1

(B.3)

Marginal utility of consumption equation:

Ūc =
(αG)

1
υG

c̄
(
1− ρh

µ
z+

) ( c̃
c

) 1
υG

−1

(B.4)

Composite consumption function:

c̃

c̄
=

(
α

1
υG
G + (1− αG)

1
υG

( ḡ
c̄

) υG−1
υG

) υG
υG−1

(B.5)

Average interest rate on government bonds:

Ω̄R =
β

ΠCµz+ − β(1− αB)
(B.6)

Euler equation for government bond holdings:

RB,n =
ΠCµz+

β
(B.7)

Capital utilization decision equation:
rK = pIa′ (B.8)

Household purchases of installed capital equation:

pK =
β
(
1− τK

)
rK

µz+µγ − β(1− δ)− βτKδ µγ

Π

(B.9)

Household investment decision equation:

pI
(
1− τ I

)
= pK (B.10)

De�nition of capital services:
k̄s = k (B.11)

Capital accumulation equation:

1 = (1− δ) 1

µz+µγ
+
I

k
(B.12)
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Optimal wage setting equation:

(1− τw)w = λW ζn
ν′(n)

Ω
C

(B.13)

Labor force participation equation:

Ω
C
(1− τw)w = ζnΘnAnl

η (B.14)

De�nition of endogenous shifter:
Θn = Z̄nŪc (B.15)

Trend of wealth e�ect in endogenous shifter:

Z̄n = (µz+)
(
χn−1
χn

)
(Ūc)

−1 (B.16)

Unemployment rate de�nition:

un =
l − n
l

(B.17)

Real wage markup equation:

Ψ
W

= ( l
n
)η (B.18)

De�nition of wage in�ation:
ΠW = µz+Π

C (B.19)

De�nition of wage in�ation indexation:

Π
W

= ΠW (B.20)

Real wage relevant to employers:
we = wpC (B.21)

Modi�ed uncovered interest rate parity equation:

R = sRF (B.22)

Aggregate consumption:

c̄agg = (1− snr)c̄+ snr c̄
nr (B.23)

Non-Ricardian budget constraint:

(1 + τC)pC c̄nr = (1− τW ) w̄en+
(
1− τTR

)
tr

nr
(B.24)

B.1.2 Sweden: Firm sector

De�nition of composite technological growth rate:

µz+ = µz (µγ)
α

1−α (B.25)

Real marginal cost of production for intermediate good producers equation:

mc =

((
1 + τSSC

)
we
)1−α

(rK)α

εαα(1− α)1−αΓ̄G
(B.26)
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Simplifying expression variable Gamma:

Γ̄G,t = α
α

υK
K

(
k̃
s

t

k
s
t

) α
υK

(B.27)

Real rental rate for capital services equation:

rK = αε

(
¯̃
ks

n

1

µz+µγ

)α−1

mcΓ̄
1
α
G,t (B.28)

Composite capital function:

¯̃
ks =

(
αK

1
υK

(
k̄s
) υK−1

υK + (1− αK)
1

υK

(
k̄G
) υK−1

υK

) υK
υK−1

(B.29)

Public capital accumulation equation:

1 = (1− δG)
1

µz+µγ
+
I
G

kG
(B.30)

Optimal price of intermediate goods equation:

mc =
1

λ
(B.31)

De�nition of intermediate good price in�ation indexation:

Π = ΠC (B.32)

Relative price of consumption goods equation:

pC =

[
ϑC
(
pC,xe

)1−νc
+
(
1− ϑC

)(
pC,e

)1−νc
] 1

1−νc

(B.33)

De�nition of consumption good price in�ation:
ΠC = Π (B.34)

Demand for non-energy consumption goods equation:

c̄xe = ϑC

(
pC,xe

pC

)−νC

c̄agg (B.35)

Demand for energy consumption goods equation:

c̄e =
(
1− ϑC

)(pC,e

pC

)−νC

c̄agg (B.36)

Relative price of consumption goods equation:

pC,xe =

[
ϑC,xe +

(
1− ϑC,xe

)(
pM,C,xe

)1−νc,xe
] 1

1−νc,xe

(B.37)

De�nition of non-energy consumption good price in�ation:

ΠC,xe = Π (B.38)
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Relative price of energy consumption goods equation:

pC,e =

[
ϑC,e

(
pD,C,e

)1−νc,e
+
(
1− ϑC,e

)(
pM,C,e

)1−νc,e
] 1

1−νc,e

(B.39)

De�nition of consumption good price in�ation:

ΠC,e = Π (B.40)

Demand for non-energy consumption goods equation:

d̄e = ϑC,e

(
pD,C,e

pC,e

)−νC,e

c̄e (B.41)

Import demand for energy consumption goods equation:

m̄C,e =
(
1− ϑC,e

)(pM,C,e

pC,e

)−νC,e

c̄e (B.42)

De�nition of consumption good price in�ation:

ΠD,C,e = Π (B.43)

Relative price of investment goods equation:

pI =

[
ϑI +

(
1− ϑI

)(
pM,I

)1−νI
] 1

1−νI

(B.44)

De�nition of investment good price in�ation:
ΠI = Π (B.45)

Real marginal cost for export good producers equation:

mcX =

[
ϑX +

(
1− ϑX

)(
pM,X

)1−νx
] 1

1−νx

(B.46)

Optimal price of export goods equation:

mcX =
pX

λX
(B.47)

De�nition of export good price in�ation indexation:

Π
X

= ΠC (B.48)

De�nition of export good price in�ation:
ΠX = Π (B.49)

Optimal price for import �rms specializing in non-energy consumption goods equation:

pM,C,xe = λMmcM,xe (B.50)

De�nition of import price in�ation indexation, import �rms specializing in non-energy consumption goods:

Π
M,C,xe

= ΠC,xe (B.51)

De�nition of import price in�ation, import �rms specializing in non-energy consumption goods:

ΠM,C,xe = Π (B.52)
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Optimal price for import �rms specializing in investment goods equation:

pM,I = λMmcM,xe (B.53)

De�nition of import price in�ation indexation, import �rms specializing in investment goods:

Π
M,I

= ΠC (B.54)

De�nition of import price in�ation, import �rms specializing in investment goods:

ΠM,I = Π (B.55)

Optimal price for import �rms specializing in export goods equation:

pM,X = λMmcM,xe (B.56)

De�nition of import price in�ation indexation, import �rms specializing in export goods:

Π
M,X

= ΠC (B.57)

De�nition of import price in�ation, import �rms specializing in export goods:

ΠM,X = Π (B.58)

Optimal price for import �rms specializing in energy consumption goods equation:

pM,C,e = λMmcM,C,e (B.59)

De�nition of import price in�ation indexation, import �rms specializing in energy consumption goods:

Π
M,C,e

= ΠC,e (B.60)

De�nition of import price in�ation, import �rms specializing in energy consumption goods:

ΠM,C,e = Π (B.61)

Marginal cost of energy importer:

mcM,C,e = peFQ
pC

pCF
(B.62)

Marginal cost of non-energy importer:

mcM,xe = Q
pC

pCF
(B.63)

De�nition of real exchange rate:
s = 1 (B.64)

B.1.3 Swedish monetary policy rule

Monetary policy rule:
i = R− 1 (B.65)
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B.1.4 Swedish �scal authority equations

Government budget constraint:

τCpC c̄agg + (τSSC + τW )pCw̄n+ ῩK + b
n
+ t̄ =

(
αB + (RB − 1)

)
b

1

µz+Π
+ ḡ + τ IpI Ī + I

G
+ (1− τTR)t̄ragg

Law of motion for aggregate total government debt stock:

b
n
=

(
1− 1− αB

µz+Π

)
b

De�nition of average interest rate on all outstanding government debt:
RB = RB,n

Capital income tax revenues:

ῩK =
k

µz+µγ
τK
(
rK − δ µγp

K

Π

)
Aggregate transfers:

t̄ragg = (1− snr)t̄r + snr t̄r
nr

Transfer allocation:

ϖsst̄r = (1−ϖss)t̄r
nr

Government surplus:

surp = αB
b̄

µz+Π
− bn (B.66)

B.1.5 Auxiliary variables

Aggregate investment:

Īagg = Ī + ĪG (B.67)

Price of aggregate investment:

pIagg =
Ī

Īagg
pI +

ĪG

Īagg
(B.68)

Aggregate investment in�ation:

ΠIagg = Π (B.69)

Aggregate import prices:

pM =
mC,xe

mD
pMC,xe +

mI

mD
pMI +

mX

mD
pMX +

mC,e

mD
pMC,e (B.70)

Aggregate import in�ation:

ΠM = Π (B.71)

Consumption tax revenues:

Rev
τC

= τCpC c̄agg (B.72)
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Labor tax revenues:

Rev
τW

= τW pCw̄n (B.73)

Social security contribution revenues:

Rev
τSSC

= τSSCpCw̄n (B.74)

Transfer tax revenues:

Rev
τTR

= τTR t̄ragg (B.75)

Primary revenues:

Prev = Rev
τC

+Rev
τW

+Rev
τSSC

+Rev
τTR

+ ῩK (B.76)

Investment tax credit expenditures:

Exp
τI

= τ IpI Ī (B.77)

Primary Expenditure:

Pexp = τ IpI Ī + g + ĪG + t̄ragg (B.78)

Primary surplus:

Psurp =Prev − Pexp (B.79)

Aggregate transfers, percent of GDP:

traggoy =
t̄ragg

ym
(B.80)

Government debt to GDP:

boy =
b̄

ym
(B.81)

Surplus to GDP:

surpoy =
surp

ym
(B.82)

Net exports:

nx = x̄− m̄ (B.83)
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B.2 Foreign economy

B.2.1 Foreign: Household sector

Foreign consumption Euler equation:

RF =
µ
z+
F
ΠC

F

βF
(B.84)

Foreign marginal utility of consumption equation:

Ω
C
F =

1

cF (1−
ρh,F

µ
z
+
F

)
(B.85)

Foreign capital utilization decision equation:
rKF = pIF a

′
F (B.86)

Foreign household purchases of installed capital equation:

pKF =
βF r

K
F

µ
z+
F
µγ − βF (1− δF )

(B.87)

Foreign household investment decision equation:

pIF = pKF (B.88)

Foreign de�nition of capital services:
k̄sF = kF (B.89)

Foreign capital accumulation equation:

1 = (1− δF )
1

µ
z+
F
µγ

+
IF

k̄F
(B.90)

Foreign optimal wage setting equation:

(1− τwF )wF = λW
F ζnF

ν′(nF )

Ω
C
F

(B.91)

Foreign real wage markup equation:

Ψ
W
F = λW

F (B.92)

De�nition of Foreign wage in�ation:
ΠW

F = µ
z+
F
ΠC

F (B.93)

De�nition of Foreign wage in�ation indexation equation:

Π
W
F = ΠW

F (B.94)

Real wage relevant to Foreign employers:
we

F = wF p
C
F (B.95)
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B.2.2 Foreign: Firm sector

De�nition of Foreign composite technological growth rate:

µ
z+
F
= µz (µγ)

αF
1−αF (B.96)

Real marginal cost of production for Foreign intermediate good producers equation:

mcF =
(we

F )
1−αF (rKF )αF

εFα
αF
F (1− αF )1−αF

(B.97)

Foreign rental rate for capital services equation:

rKF = αF εF

(
k̄sF
nF

1

µ
z+
F
µγ

)αF−1

mcF (B.98)

Optimal price of Foreign intermediate goods equation:

mcF =
1

λF
(B.99)

Foreign Intermediate good in�ation indexation:

ΠF = ΠC
F (B.100)

Relative price of Foreign consumption goods equation:

pCF =

[
ϑC
F

(
pC,xe
F

)1−νF,C

+
(
1− ϑC

F

)(
pC,e
F

)1−νF,C
] 1

1−νF,C

(B.101)

De�nition of Foreign consumption good price in�ation:

ΠC
F = ΠF (B.102)

Demand for non-energy consumption:

c̄xeF = ϑC
F

(
pC,xe
F

pCF

)−νF,C

c̄F (B.103)

Demand for energy consumption:

c̄eF =
(
1− ϑC

F

)(pC,e
F

pCF

)−νF,C

c̄F (B.104)

Relative price of non-energy consumption good:

pC,xe
F = 1 (B.105)

De�nition of Foreign non-energy consumption good price in�ation:

ΠC,xe
F = ΠF (B.106)

De�nition of Foreign energy consumption good price in�ation:

ΠC,e
F = ΠF (B.107)

De�nition of Foreign investment good price in�ation:

ΠI
F = ΠF (B.108)

De�nition of relative price of Swedish export goods in terms of Foreign intermediate goods:

p̃X =
pXpCF
QpC

(B.109)
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B.2.3 Foreign monetary policy rule

Foreign monetary policy rule:
iF = RF − 1 (B.110)

B.3 Market clearing

B.3.1 Swedish aggregate resource constraint

ȳ = ϑC,xe(pC,xe)νc,xecxe + d̄C,e + ϑI(pI)νI I

+ ϑX(mcX)νx
(
x+ ϕX

)
+ g + I

G (B.111)

B.3.2 Foreign aggregate resource constraint

ȳF = c̄xeF + c̄eF + ĪF ++ḡF
(B.112)

B.3.3 Balance of payments

a =
β

(1− β) (m̄c
M,xemxe − m̄cM,C,eme − pXx) (B.113)

B.3.4 Swedish exports

x̄ =
(
1− ϑC,xe

F

)( p̃X

pC,xe
F

)−νF,C,xe

c̄xeF +
(
1− ϑI

F

)( p̃X
pIF

)−νF,I

ĪF (B.114)

B.3.5 Swedish imports for consumption

mC,xe = (1− ϑC,xe)
[
ϑC,xe(pM,C,xe)νc,xe−1 + 1− ϑC,xe

] νc,xe
1−νc,xe cxe (B.115)

B.3.6 Swedish imports for investment

mI = (1− ϑI)
[
ϑI(pM,I)νI−1 + 1− ϑI

] νI
1−νI I (B.116)

B.3.7 Swedish imports for export

mX = (1− ϑX)
[
ϑX(pM,X)νx−1 + 1− ϑX

] νx
1−νx (x+ ϕX) (B.117)

B.3.8 Import of non-energy goods including �xed costs

mxe = mC,xe +mI +mX + ϕM,C,xe + ϕM,I + ϕM,X (B.118)

B.3.9 Import of non-energy goods excluding �xed costs

mD,xe = mC,xe +mI +mX (B.119)
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B.3.10 Import of energy goods including �xed costs

me = mC,e + ϕM,e (B.120)

B.3.11 Aggregate imports excluding �xed costs

mD = mD,xe +mC,e (B.121)

B.3.12 Aggregate imports including �xed costs

m = mxe +mC,e + ϕM,e (B.122)

B.3.13 Swedish aggregate output

y = ε

[
¯̃
ks

µz+µγ

]α
n1−α − ϕ (B.123)

B.3.14 Measured Swedish aggregate output

ym = y (B.124)

B.3.15 Foreign aggregate output

yF = ε

[
¯̃
ksF

µ
z+
F
µγ

]α
n1−α
F − ϕF (B.125)

B.3.16 Measured Foreign aggregate output

ymF = yF (B.126)

C Technical appendix: The Swedish economy

In this technical appendix, we derive the key equilibrium conditions and model equations for the Swedish
economy.

C.1 Household sector

There are two types of households, Ricardian households and Non-Ricardian households. The problem of Ricar-
dian household is described in Section C.1.1 and the problem of Non-Ricardian household is described in Section
C.1.10.

C.1.1 Ricardian household

There is a continuum of household members who are represented by the unit square (h, j) ∈ [0, 1]× [0, 1], where
each member is indexed by h according to their type of labor service they are specialized in and indexed by j
according to their degree of disutility of work. The utility function of househol memeber (h, j) is de�ned as:

Eh,j
0

∞∑
t=0

βt
[
ζct u(C̃h,j,t − ρhC̃t−1)− 1(h, j)ζnt Θ

n
t Anj

η
]
. (C.1)

where β is the household's factor, C̃h,j,t is composite consumption of household member (h, j), 1(h, j) is an
indicator that is equal to one if the household member works and zero otherwise. ζct is the consumption preference
shock, ρh is the consumption habit formation parameter. We assume external habit formation and in line with
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that C̃t−1 is aggregate consumption. ζnt is a labor disutility preference shock,Θn
t is the endogenous shifter, Anis

a parameter that determines the weight of disutility of work.
Under symmetric equilibrium and full consumption risk sharing C̃h,j,t = C̃t for all (h, j) and integrating over

all household members' utilities gives

E0

∞∑
t=0

βt

[
ζct u(C̃t − ρhC̃t−1)− ζnt Θn

t An

� 1

0

� Nh,t

0

jη djdh

]
, (C.2)

= E0

∞∑
t=0

βt

[
ζct u(C̃t − ρhC̃t−1)− ζnt Θn

t An

� 1

0

N1+η
h,t

1 + η
dh

]
. (C.3)

The composite consumption C̃t is consist of Ct and public consumption Gt. The weight on private consumption is
αG and υG is the elasticity of substitution between private and public consumption. The composite consumption
function is given by:

C̃t =

(
α

1
υG
G C

υG−1
υG

t + (1− αG)
1

υG G
υG−1
υG

t

) υG
υG−1

. (C.4)

The Ricardian household chooses private consumption Ct, investment It, capacity utilization ut, capital Kt+1,
transacted capital between households △K

t , domestic nominal private bonds Bpriv
t+1 , domestic nominal govern-

ment bonds Bt+1, newly issued domestic nominal government bonds Bn
t and Foreign nominal private bonds

BFH
t+1 . The aggregate nominal wage Wt is described later. The household's budget constraint is given by:

(1 + τCt )PC
t Ct + (1− τ It )

P I
t

γt
It + PK

t △K
t +

Bpriv
t+1

Rtζt
+Bn

t +
StB

FH
t+1

RF,tζtΦ(at, st, ϕ̃t)
+ Tt =

(1− τWt )

� 1

0

Wh,tNh,tdh+ (1− τKt )

(
RK

t utKt −
P I
t

γt
a(ut)Kt

)
+ ιKτKt δP

K
t−1Kt

+Bpriv
t +

(
αB + (RB

t−1 − 1)
)
Bt + StB

FH
t + (1− τTR

t )TRt + ΞB,t + ΞBFH ,t +Ψt. (C.5)

Now, we explain the budget constraint. The right-hand side of the budget constraint represents the Ricardian
household's income sources. (1− τWt )

� 1

0
Wh,tNh,tdh captures the after-tax labor income, where τWt is the labor

income tax rate.
(
1− τKt

)
RK

t utKt represents the return from renting capital services to intermediate good

�rms and taxes on the return from renting capital services to intermediate good �rms. The term ιKτKt δP
K
t−1Kt

captures the notion that the capital depreciation can be exempted from taxation, and ιK is an indicator variable,

where ιK ∈ {0, 1}. If ιK is set to 1, the capital depreciation can be exempted from taxation.
(
1− τKt

) P I
t

γt
a(ut)Kt

captures that the maintenance cost of capital can be deducted from the capital tax bill. The stock of private
bonds from the previous period is Bpriv

t . StB
FH
t is the return from owning Foreign bonds and the return is

a�ected by nominal exchange rate St.
(
1− τTR

t

)
TRt represents transfers from the government and τTR

t is the
tax rate on transfers. Ψt is a lump-sum pro�t from owning Swedish �rms. The Ricardian household owns a
representative portfolio of government bonds Bt. The government issues bonds that mature with a probability
αB in a given period. Until stochastic maturity, the government pays a non-state contingent interest rate RB

t−1

on the government bonds. ΞB,t and ΞBBF ,t , t are �nancial intermediation premia associated with Swedish and
Foreign bonds that are rebated in form of lump-sum payments.

Now, we explain the left-hand side of the budget constraint which represents the Ricardian household's
expenditures. This term

(
1 + τCt

)
PC
t Ct captures the consumption expenditure, where τCt is the consumption

tax rate and PC
t is the price of consumption goods. The Ricardian household uses some of her\his income for

purchasing investment goods which are captured by the following term
(
1− τ It

) P I
t

γt
It, where τ

I
t represents the

investment tax credit, and P I
t is the price of investment goods subjected to investment-speci�c technological

process γt. The Ricardian household can trade capital in the capital market which is captured by the following
term PK

t △K
t , where P

K
t is the price of capital. The Ricardian household buys Swedish private bonds Bpriv

t+1 and
the e�ective price of Swedish private bonds is 1

Rtζt
, where Rt is the nominal gross interest rate and ζt is a risk

premium shock to private bonds. The Ricardian household can also invest in newly issued government bonds
Bn

t . Finally, the Ricardian household can buy Foreign bonds BFH
t+1 and the e�ective price of Foreign bonds is

St

RF,tζtΦ(at,st,ϕ̃t)
. RF,t is Foreign nominal gross interest rate and Φ(at, st, ϕ̃t) is the external risk premium term.

For the exact functional form of Φ(at, st, ϕ̃t), please see Section 3.1. Finally, the Ricardian household pays the
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lump-sum taxes Tt.

Now, we present law of motion equations. First, the stock of government bonds that the Ricardian house-
hold holds evolves as:

Bt+1 = (1− αB)Bt +Bn
t , (C.6)

where Bn
t denotes the newly issued debt by the government in period t. Following Krause and Moyen, 2016, Ri-

cardian households are assumed to buy a representative portfolio of government bonds with all possible stochastic
maturities.

Second, the average interest rate RB
t on outstanding government debt bought by Ricardian household h is

given by: (
RB

t − 1
)
Bt+1 = (1− αB)

(
RB

t−1 − 1
)
Bt +

(
RB,n

t − 1
)
Bn

t (C.7)

where the interest rate on newly issued government debt is denoted by RB,n
t .

Finally, the capital accumulation equation for private capital is given by:

Kt+1 = (1− δ)Kt +ΥtF (It, It−1) +△K
t . (C.8)

C.1.2 Ricardian household's �rst-order conditions

Ricardian household chooses Ct, It, ut, △K
t , Kt+1, B

priv
t+1 , Bt+1, B

n
t , and B

FH
t+1 to maximize its expected utility

(C.1) subject to the composite consumption equation (C.4), the budget constraint (C.5), the capital accumula-
tion equation (C.8), the government bond equation (C.6) and the average interest rate on long-term government
debt equation (C.7) .

We derive the FOC:s by setting up the Lagrangian Lt. We denote θbt as the Lagrange multiplier associated with
the budget constraint (C.5), θkt as the Lagrange multiplier associated with the capital accumulation equation
(C.8), θSt as the Lagrange multiplier associated with the stock of long-term government bond accumulation
equation (C.6), and θRt as the Lagrange multiplier associated with the average interest rate on outstanding
government debt equation (C.7). The Lagrangian for the household's optimization problem is expressed as:

Lt = E0

∞∑
t=0

βt{

[
ζct u(C̃t, C̃t−1)− ζnt Θn

t An

� 1

0

N1+η
h,t

1 + η
dh

]

+ θbt

[
(1− τWt )

� 1

0

Wh,tNh,tdh+
(
1− τKt

)(
RK

t utKt −
P I
t

γt
a(ut)Kt

)]
+ θbt

[
ιKτKt δP

K
t−1Kt +Bpriv

t +
(
αB +

(
RB

t−1 − 1
))

Bt + StB
FH
t +

(
1− τTR

t

)
TRt + ΞB,t + ΞBFH ,t +Ψt

]
− θbt

[(
1 + τCt

)
PC
t Ct +

(
1− τ It

) P I
t

γt
It + PK

t △K
t +

Bpriv
t+1

Rtζt
+Bn

h,t +
StB

FH
t+1

RF,tζtΦ(at, st, ϕ̃t)
+ Tt

]
+ θSt [(1− αB)Bt +Bn

t −Bt+1]

+ θRt

[
(1− αB)

(
RB

t−1 − 1
)
Bt +

(
RB,n

t − 1
)
Bn

t −
(
RB

t − 1
)
Bt+1

]
+ θkt

[
(1− δ)Kt +ΥtF (It, It−1) +△K

t −Kt+1

]
}.

(C.9)

When one is solving this optimization problem, one has to keep in mind that the utility function is a function
of Ct via the following composite consumption function:

C̃t =

(
α

1
υG
G C

υG−1
υG

t + (1− αG)
1

υG G
υG−1
υG

t

) υG
υG−1

.

First, we derive the FOC for Ct. We take the �rst derivative of the Lagrangian Lt with respect to Ct, and we
obtain the following equation:
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∂Lt

∂Ct
= βt

[
ζct uCt(C̃t − ρhC̃t−1)− θbtPC

t

(
1 + τCt

)]
= 0.

Rearranging the �rst order condition above equation, we have the following equation:

θbtP
C
t

(
1 + τCt

)
= ζct uCt(C̃t − ρhC̃t−1). (C.10)

We de�ne ΩC
t as the marginal utility of consumption:

ΩC
t =

ζct uCt(C̃t − ρhC̃t−1)

1 + τCt
=

Uc,t

1+τC
t
. (C.11)

Note that the de�nition of ΩC
t includes consumption taxes to simplify the derivations below.

We use Equation (C.11) to rewrite Equation (C.10) as

θbtP
C
t = ΩC

t . (C.12)

Equation (C.12), which is the same as Equation (12) in Section 2.1.5, represents the FOC for Ct.

Second, we derive the FOC with respect to It. We take the �rst derivative of the Lagrangian Lt with respect to
It, and we have the following equation:

∂Lt

∂It
= βt

[
−θbt

P I
t

γt

(
1− τ It

)
+ θkt F1(It, It−1)

]
+ Et

[
βt+1θ

k
t+1 F2(It+1, It)

]
= 0.

Rearranging the above equation and using the following de�nition: βr
t+1 =

βt+1

βt
, we have the following FOC for It:

θbh,t
P I
t

γt

(
1− τ It

)
= θkt ΥtF1(It, It−1) + Et

[
βr
t+1θ

k
t+1Υt+1F2(It+1, It)

]
. (C.13)

Equation (C.13), which is the same as Equation (13) in Section 2.1.5, captures the FOC for It.

Third, we derive the FOC for ut. We take the �rst derivative of the Lagrangian Lt with respect to ut, and we
have the following equation:

∂Lt

∂ut
=
(
1− τKt

)
βtθ

b
t R

K
t Kt −

(
1− τKt

)
βtθ

b
t
P I
t

γt
a′(ut)Kt = 0.

Rewriting the above equation, we obtain the following FOC for ut:

RK
t Kt =

P I
t

γt
a′(ut)Kt. (C.14)

Equation (C.14), which is the same as Equation (14) in Section 2.1.5, represents the FOC for ut.

Fourth, we �nd the FOC for ∆K
t . We take the �rst derivative of the Lagrangian Lt with respect to ∆K

t , and we
obtain the following equation:

∂Lt

∂∆K
t

= −θbtβtPK
t + θkt βt = 0.

We rewrite the above equation, and we have the following FOC for ∆K
t :

θbtP
K
t = θkt . (C.15)

Equation (C.15), which is the same as Equation (15) in Section 2.1.5, represents the FOC for ∆K
t .

Fifth, we �nd the FOC for Kt+1. We take the �rst derivative of the Lagrangian Lt with respect to Kt+1, and
we have the following equation:

∂Lt

∂Kt+1
= −βtθkt + Etβt+1

[(
1− τKt+1

)(
θbt+1R

K
t+1ut+1 − θbt+1

P I
t+1

γt+1
a(ut+1)

)]
+ Etβt+1

[
ιKθbt+1τ

K
t+1δP

K
t + θkt+1(1− δ)

]
= 0.

111



Rearranging the above equation and using the following de�nition: βr
t+1 =

βt+1

βt
, we obtain the following FOC

for Kt+1:

θkt = Etβ
r
t+1

[(
1− τKt+1

)
θbt+1

(
RK

t+1ut+1 −
P I
t+1

γt+1
a(ut+1)

)
+ θbt+1ι

KτKt+1δP
K
t + θkt+1(1− δ)

]
. (C.16)

Equation (C.16), which is the same as Equation (16) in Section 2.1.5, represents the FOC for Kt+1.

Sixth, we derive the FOC for Bpriv
t+1 . We take the �rst derivative of the Lagrangian Lt with respect to Bpriv

t+1 ,
and this gives us the following equation:

∂Lt

∂Bpriv
t+1

= −βtθbt
1

Rtζt
+ Etβt+1θ

b
t+1 = 0.

We rearrange the above equation, and then we use the following de�nition: βr
t+1 =

βt+1

βt
and multiply both sides

by PC
t . Hence, we have the following FOC for Bpriv

t+1 :

θbtP
C
t = Etβ

r
t+1θ

b
t+1P

C
t Rtζt. (C.17)

Equation (C.17), which is the same as Equation (17) in Section 2.1.5, captures the FOC for Bpriv
t+1 .

Seventh, we take the �rst derivative of the Lagrangian Lt with respect to Bt+1. We have the following FOC for
Bt+1:

∂Lt

∂Bh,t+1
= Etβt+1θ

b
t+1

(
αB +

(
RB

t − 1
))

+ Etβt+1θ
S
t+1 (1− αB)− βtθSt

+βt+1θ
R
t+1 (1− αB)

(
RB

t − 1
)
− βtθRt

(
RB

t − 1
)
= 0.

We rearrange the above equation, and then we use the following de�nition: βr
t+1 =

βt+1

βt
. We have the following

equation:

∂Lt

∂Bt+1
= Etβ

r
t+1θ

b
t+1

(
αB +

(
RB

t − 1
))

+ Etβ
r
t+1θ

S
t+1 (1− αB)− θSt (C.18)

+ Et

(
βr
t+1θ

R
t+1 (1− αB)− θRt

)(
RB

t − 1
)
= 0.

The above equation can be rewritten as follows:

Etβ
r
t+1θ

b
t+1

(
αB +

(
RB

t − 1
))

= θSt − Etβ
r
t+1θ

S
t+1 (1− αB) +

(
θRt − (1− αB)Etβ

r
t+1θ

R
t+1

)(
RB

t − 1
)
. (C.19)

Equation (C.19), which is the same as Equation (18) in Section 2.1.5, which captures the FOC of government
bond holdings.

Eighth, we take the �rst derivative of the Lagrangian Lt with respect to Bn
t . We have the following FOC for

Bn
t :

∂Lt

∂Bn
t

= −θbtβt + θSt βt + βtθ
R
t

(
RB,n

t − 1
)
= 0. (C.20)

Rearranging the above equation, we have the following FOC for Bn
t :

θbtβt = θSt βt + βtθ
R
t

(
RB,n

t − 1
)
. (C.21)

Equation (C.21), which is the same as Equation (19) in Section 2.1.5, captures the FOC of newly issued govern-
ment bonds.

Ninth, we take the �rst derivative of the Lagrangian Lt with respect to RB
t . We have the following FOC for RB

t :

∂Lt

∂RB
t

= Etβt+1θ
b
t+1Bt+1 + Etβt+1θ

R
t+1 (1− αB)Bt+1 − βtθRt Bt+1 = 0. (C.22)

We use the following de�nition: βr
t+1 =

βt+1

βt
, and the above equation can be rewritten as follows:

θRt Bt+1 = Etβ
r
t+1θ

b
t+1Bt+1 + Etβ

r
t+1θ

R
t+1 (1− αB)Bt+1. (C.23)
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Equation (C.23), which is the same as Equation (20) in Section 2.1.5, captures the FOC for average interest rate
on outstanding government debt (or the price of government bonds that the household is willing to pay).

Finally, we �nd the FOC for BFH
t+1 . We take the �rst derivative of the Lagrangian Lt with respect to BFH

t+1 , and
we have the following equation:

∂Lt

∂BFH
t+1

= − βtθ
b
tSt

Φ(at, st, ϕ̃t)RF,t

+ Et

[
βt+1θ

b
t+1St+1

]
= 0.

Rearranging the above equation and using the following de�nition: βr
t+1 =

βt+1

βt
, we have the following FOC for

BFH
h,t+1:

θbtSt = Et

[
βr
t+1Φ(at, st, ϕ̃t)RF,tζtSt+1θ

b
t+1

]
. (C.24)

Equation (C.24), which is the same as Equation (21) in Section 2.1.5, captures the FOC for BFH
t+1 .

C.1.3 Consumption Euler equation

In this section, we derive the stationarized version of consumption Euler equation (A.1a).

We use equation (C.12), which shows θbtP
C
t = ΩC

t and the following de�nitions: pCt =
PC
t
Pt

, and ΠC
t+1 =

PC
t+1

PC
t

.

Thus, we can rewrite Equation (C.17) as follows:

θbtP
C
t = Et

[
βr
t+1θ

b
t+1P

C
t

PC
t+1

PC
t+1

Rtζt

]
,

ΩC
t = Et

[
βr
t+1

Rtζt
ΠC

t+1

ΩC
t+1

]
.

Given our assumptions about the possibility of households to diversify the idiosyncratic risk component associated
with their wage income, all households in Sweden will choose the same level of consumption in every period (see
Section 2.1.2 in the main text). We may drop the subscript h from the above equation. We have the following
non-stationarized version of the consumption Euler equation:

ΩC
t = Et

[
βr
t+1

Rtζt
ΠC

t+1

ΩC
t+1

]
. (C.25)

We now stationarize the consumption Euler equation. In particular, we stationarize Equation (C.25) by using

the following de�nitions: µz+,t+1 =
z+t+1

z+t
, Ω

C
t = z+t ΩC

t . Equation (C.25) becomes:

z+t ΩC
t = Et

[
βr
t+1z

+
t+1

z+t
z+t+1

Rtζt
ΠC

t+1

ΩC
t+1

]
,

and we obtain the following stationarized version of consumption Euler equation:

Ω
C
t = RtζtEt

[
βr
t+1

1

µz+,t+1Π
C
t+1

Ω
C
t+1

]
. (C.26)

Equation (C.26), which represents the stationarized version of consumption Euler equation, is the same as Equa-
tion (A.1a).

C.1.4 Marginal utility of consumption

In this section, �rst we explicitly de�ne the functional form of the household utility function. Second, we derive
the stationarized version of marginal utility of consumption equation (A.3a).

Recall from Section 2.10, we have the following functional form for the utility function:

u(C̃t − ρhC̃t−1) = ln(C̃t − ρhC̃t−1).
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Recall, Equation (C.11), which shows the de�nition of marginal utility of consumption including the consumption
tax, is expressed as:

ΩC
t =

ζct uCt(C̃t − ρhC̃t−1)

1 + τCt
.

Recall, the composite consumption function is expressed as:

C̃t =

(
α

1
υG
G C

υG−1
υG

h,t + (1− αG)
1

υG G
υG−1
υG

t

) υG
υG−1

.

Using the above utility functional form and the above composite consumption function and taking the �rst
derivative of the utility function with respect to Ct, we can obtain the following marginal utility of consumption
equation Uc,t:

Uc,t = uCt(C̃t − ρhC̃t−1) =
ζct

C̃t − ρhC̃t−1

(
αG

C̃t

Ct

) 1
υG

. (C.27)

Using Equation (C.27), we can rewrite Equation (C.11) as:

ΩC
t = Uc,t

1

1 + τCt
=

ζct

C̃t − ρhC̃t−1

(
αG

C̃t

Ct

) 1
υG 1

1 + τCt
. (C.28)

We stationarize Equation (C.28) by using the following de�nitions: µz+,t =
z+t

z+t−1

, Ω
C
t = z+t ΩC

t , Ct = Ct

z+t
and

C̃t =
C̃t

z+t
. Equation (C.28) becomes:

z+t ΩC
t =

ζct

(1 + τCt )

(
1

z+t
C̃t − ρh 1

z+t

z+t−1

z+t−1

C̃t−1

) (αG
z+t C̃t

z+t Ct

) 1
υG

,

and we obtain the following equation:

Ω
C
t =

ζct

(1 + τCt )

(
C̃t − ρh 1

µ
z+,t

C̃t−1

) (αG
C̃t

Ct

) 1
υG

.

We de�ne Ḡt as
Gt

z+t
, and the composite consumption function can be written in stationarized form as follows:

C̃t =

(
α

1
υG
G C̄

υG−1
υG

t + (1− αG)
1

υG Ḡ
υG−1
υG

t

) υG
υG−1

. (C.29)

In the Swedish economy, where the size of the population is normalized to unity, the distinction between aggregate
and per capita variables are trivial. Nonetheless, we express the above equation in per capita terms, so we
denote ct as the stationarized aggregate consumption of Ricardian households per capita terms, and c̃t as the
stationarized composite consumption in per capita terms. Hence, the stationarized version of marginal utility of
consumption equation can be written as:

Ω
C
t =

ζct

(1 + τCt )

(
c̃t − ρh 1

µ
z+,t

c̃t−1

) (αG
c̃t
ct

) 1
υG

. (C.30)

Equation (C.30), which represents the stationarized version of marginal utility of consumption equation, is the
same as Equation (A.3a).

We can rewrite Equation (C.29) in per capita terms. We denote ḡt as the stationarized government consumption
in per capita terms. Thus, the stationarized composite consumption equation in per capita terms can be expressed
as:

c̃t =

(
α

1
υG
G c̄

υG−1
υG

t + (1− αG)
1

υG ḡ
υG−1
υG

t

) υG
υG−1

.

The above equation is the same as Equation (A.5a).
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C.1.5 Capital utilization and household purchases of installed capital

This section derives the capital utilization decision equation (A.8a) and the household purchases of installed
capital equation (A.9a) respectively.

First, we derive the capital utilization decision equation. Recall, Equation (C.14), which shows the FOC for
uh,t, is written as:

RK
t Kt =

P I
t

γt
a′(ut)Kt.

Using the following de�nitions: rKt =
γtR

K
t

Pt
, and pIt =

P I
t

Pt
, the above equation can be rewritten as follows:

γtR
K
t

Pt
=
P I
t

Pt
a′(ut),

rKt = pIta
′(ut).

Note that the optimal rate of utilization is a function of the two aggregate relative prices rKt and pIt . All
households in Sweden will then choose the same utilization rate, and the subscript h may be dropped from the
above equation. Thus, we have the following capital utilization decision equation:

rKt = pIta
′(ut). (C.31)

Equation (C.31), which captures the capital utilization decision, is the same as Equation (A.8a).

Next, we derive the household purchases of installed capital equation (A.9a). Recall, Equation (C.16), which
represents the FOC for Kh,t+1, is expressed as:

θkt = Etβ
r
t+1

[(
1− τKt+1

)
θbt+1

(
RK

t+1ut+1 −
P I
t+1

γt+1
a(ut+1)

)
+ θbt+1ι

KτKt+1δP
K
t + θkt+1(1− δ)

]
.

Using Equation (C.15) that shows θbtP
K
t = θkt , we can rewrite the above equation as:

θbtP
K
t = Etβ

r
t+1

[(
1− τKt+1

)
θbt+1

(
RK

t+1ut+1 −
P I
t+1

γt+1
a(ut+1)

)
+ θbt+1ι

KτKt+1δP
K
t + θbt+1P

K
t+1(1− δ)

]
.

We use Equation (C.12) that shows θbtP
C
t = ΩC

t and use the following de�nition: ΠC
t+1 =

PC
t+1

PC
t

. Thus, we can

rewrite the above equation as follows:

PC
t θ

b
tP

K
t = Etβ

r
t+1

(1− τKt+1

)
θbt+1P

C
t+1

1

ΠC
t+1

RK
t+1ut+1 −

P I
t+1

γt+1
a(ut+1) + ιK

τKt+1(
1− τKt+1

) δPK
t


+ Etβ

r
t+1

[
θbt+1P

C
t+1

1

ΠC
t+1

PK
t+1(1− δ)

]
,

and

ΩC
t P

K
t = Etβ

r
t+1

(1− τKt+1

)
ΩC

t+1

1

ΠC
t+1

RK
t+1ut+1 −

P I
t+1

γt+1
a(ut+1) + ιK

τKt+1(
1− τKt+1

) δPK
t

+ΩC
t+1

1

ΠC
t+1

PK
t+1(1− δ)

 .

We multiply both sides of the above equation by γt
Pt
, and then we rewrite the above equation as follows:

γtPK
t

Pt
= Etβ

r
t+1

(1− τKt+1

) ΩC
t+1

ΩC
t

1

ΠC
t+1

γt

Pt

RK
t+1ut+1 −

P I
t+1

γt+1
a(ut+1) + ιK

τKt+1(
1− τKt+1

) δPK
t


+ Etβ

r
t+1

[
ΩC

t+1

ΩC
t

1

ΠC
t+1

γt

Pt
PK
t+1(1− δ)

]
.
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In order to stationarize the above equation, we use the following de�nitions: rKt+1 =
γt+1R

K
t+1

Pt+1
, pIt+1 =

P I
t+1

Pt+1
,

µγ,t+1 =
γt+1

γt
, pKt =

γtP
K
t

Pt
, and Πt+1 =

Pt+1

Pt
. Thus, we have the following equation for the household purchases

of installed capital:

γtPK
t

Pt
= Etβ

r
t+1

(1− τKt+1

) ΩC
t+1

ΩC
t

1

ΠC
t+1

γt

Pt

Pt+1

γt+1

rKt+1ut+1 − pIt+1a(ut+1) + ιK
τKt+1(

1− τKt+1

) δ µγ,t+1

Πt+1
pKt


+ Etβ

r
t+1

[
ΩC

t+1

ΩC
t

1

ΠC
t+1

γt

Pt
PK
t+1(1− δ)

]
.

We use the following de�nition: pKt =
γtP

K
t

Pt
, and the above equation can be written as follows:

pKt = Etβ
r
t+1

ΩC
t+1

ΩC
t

Πt+1

ΠC
t+1

1

µγ,t+1

[(
1− τKt+1

)(
rKt+1ut+1 − pIt+1a(ut+1)

)
+ ιKτKt+1δ

µγ,t+1

Πt+1
pKt + pKt+1(1− δ)

]
.

(C.32)

Using the following de�nitions: Ω
C
t = z+t ΩC

t and µz+,t+1 =
z+t+1

z+t
, Equation (C.32) can be written as:

pKt = Etβ
r
t+1

Ω
C
t+1

Ω
C
t

Πt+1

ΠC
t+1

1

µz+,t+1µγ,t+1

[(
1− τKt+1

)(
rKt+1ut+1 − pIt+1a(ut+1)

)
+ ιKδτKt+1

µγ,t+1

Πt+1
pKt + pKt+1(1− δ)

]
.

(C.33)
Equation (C.33) is the same as Equation (A.9a), which shows the stationarized version of the household purchase
of installed capital.

C.1.6 Investment decision

This section derives the household investment decision equation (A.10a). Recall that we have Equation (C.13)
that shows the following FOC for Ih,t:

θbt
P I
t

γt

(
1− τ It

)
= θkt ΥtF1(It, It−1) + Et

[
βr
t+1θ

k
t+1 Υt+1F2(It+1, It)

]
.

The above equation can be expressed as:

P I
t

(
1− τ It

)
=
γtθ

k
t

θbt
ΥtF1(It, It−1) + Et

[
βr
t+1

γtθ
k
t+1

θbt
Υt+1F2(It+1, It)

]
.

We use Equation (C.15), which shows θbtP
K
t = θkt . We can rewrite the above equation as follows:

P I
t

(
1− τ It

)
=
γtθ

b
tP

K
t

θbt
ΥtF1(It, It−1) + Et

[
βr
t+1

γtθ
b
t+1P

K
t+1

θbt
Υt+1F2(It+1, It)

]
,

P I
t

(
1− τ It

)
= γtP

K
t ΥtF1(It, It−1) + Et

[
βr
t+1

γtθ
b
t+1P

K
t+1

θbt
Υt+1F2(It+1, It)

]
.

We use the following de�nition: pIt = P I
t /Pt, and the above equation becomes:

pIt

(
1− τ It

)
=
γtP

K
t

Pt
ΥtF1(It, It−1) + Et

[
βr
t+1

γtθ
b
t+1P

K
t+1

Ptθbt
Υt+1F2(It+1, It)

]
.

We multiply the second term on the right hand side of the above equation by
Pt+1γt+1

Pt+1γt+1
. We use the following

de�nitions: µγ,t+1 =
γt+1

γt
and Πt+1 =

Pt+1

Pt
. The above equation can then be rewritten as follows:

pIt

(
1− τ It

)
=
γtP

K
t

Pt
ΥtF1(It, It−1) + Et

[
βr
t+1

θbt+1

θbt

γt+1P
K
t+1

Pt+1

Pt+1

Pt

γt
γt+1

Υt+1F2(It+1, It)

]
,

pIt

(
1− τ It

)
=
γtP

K
t

Pt
ΥtF1(It, It−1) + Et

[
βr
t+1

θbt+1

θbt

γt+1P
K
t+1

Pt+1
Πt+1

1

µγ,t+1
Υt+1F2(It+1, It)

]
.
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Using the following de�nition: pKt =
γtP

K
t

Pt
, this gives us the following equation:

pIt

(
1− τ It

)
= pKt ΥtF1(It, It−1) + Et

[
βr
t+1

θbt+1

θbt
pKt+1Πt+1

1

µγ,t+1
Υt+1F2(It+1, It)

]
.

Using the following de�nitions: ΠC
t+1 =

PC
t+1

PC
t

and ΩC
h,t = θbh,tP

C
t , we can rewrite the above equation as follows:

pIt

(
1− τ It

)
= pKt ΥtF1(It, It−1) + Et

[
βr
t+1

θbt+1P
C
t+1

θbtP
C
t

PC
t

PC
t+1

pKt+1Πt+1
1

µγ,t+1
Υt+1F2(It+1, It)

]
,

pIt

(
1− τ It

)
= pKt ΥtF1(It, It−1) + Et

[
βr
t+1

θbt+1P
C
t+1

θbtP
C
t

1

ΠC
t+1

pKt+1Πt+1
1

µγ,t+1
Υt+1F2(It+1, It)

]
,

and we can obtain the following equation:

pIt

(
1− τ It

)
= pKt ΥtF1(It, It−1) + Et

[
βr
t+1

ΩC
t+1

ΩC
t

1

ΠC
t+1

pKt+1Πt+1
1

µγ,t+1
Υt+1F2(It+1, It)

]
.

Hence, we have the following equation for the household investment decision:

pIt

(
1− τ It

)
= pKt ΥtF1(It, It−1) + Et

[
βr
t+1

ΩC
t+1

ΩC
t

1

ΠC
t+1

pKt+1Πt+1
1

µγ,t+1
Υt+1F2(It+1, It)

]
. (C.34)

Now, we continue the e�ort to stationarize Equation (C.34). Using the following de�nitions: Ω
C
t = z+t ΩC

t and

µz+,t+1 =
z+t+1

z+t
, Equation (C.34) can be written as follows:

pIt

(
1− τ It

)
= pKt ΥtF1(It, It−1) + Et

[
βr
t+1

z+t+1Ω
C
t+1

z+t ΩC
t

z+t
z+t+1

1

ΠC
t+1

pKt+1Πt+1
1

µγ
t+1

Υt+1F2(It+1, It)

]
,

pIt

(
1− τ It

)
= pKt ΥtF1(It, It−1) + Et

[
βr
t+1

Ω
C
t+1

Ω
C
t

Πt+1

ΠC
t+1

pKt+1

µz+,t+1µγ,t+1
Υt+1F2(It+1, It)

]
. (C.35)

Furthermore, we need to express F1(It, It−1) and F2(It+1, It) as functions of stationary variables. Recall from
Section 2.10, we have the following investment adjustment cost function F (It, It−1):

F (It, It−1) =

[
1− S̃

(
It
It−1

)]
It.

We take the �rst derivative of F (It, It−1) with respect to It, and we can �nd F1(It, It−1). We then take the �rst
derivative of F (It+1, It) with respect to It, and we can �nd F2(It+1, It). We have the following results:

F1(It, It−1) = −S̃′
(

It
It−1

)
It
It−1

+

[
1− S̃

(
It
It−1

)]
, (C.36)

and

F2(It+1, It) = S̃′
(
It+1

It

)(
It+1

It

)2

. (C.37)

We express Equation (C.36) and Equation (C.37) by applying the following de�nition: It =
It

z+t γt
. Using this def-

inition, together with µz+,t =
z+t

z+t−1

and µγ,t =
γ+
t

γ+
t−1

, the ratio It
It−1

can be written as: µz+,t µγ,t
It

It−1
. We use the

notation F1(It, It−1, µz+,t, µγ,t) to express F1(It, It−1) as a function of the stationary variables It, It−1, µz+,t

and µγ,t. Moreover, F2(It+1, It, µz+,t+1, µγ,t+1) represents F2(It+1, It) expressed as a function of stationary
variables. Hence, Equation (C.36) and Equation (C.37) become:

F1(It, It−1, µz+,t, µγ,t) = −S̃′

(
µz+,t µγ,tIt

It−1

)
µz+,t µγ,tIt

It−1

+

[
1− S̃

(
µz+,t

It−1

)]
, (C.38)

and

F2(It+1, It, µz+,t+1, µγ,t+1) = S̃′

(
µz+,t+1 µγ,t+1It+1

It

)(
µz+,t+1 µγ,t+1It+1

It

)2

. (C.39)
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With these notations, we can rewrite Equation (C.35) as:

pIt

(
1− τ It

)
= pKt ΥtF1(It, It−1, µz+,t, µγ,t) + Et

[
βr
t+1

Ω
C
t+1

Ω
C
t

Πt+1

ΠC
t+1

pKt+1

µz+,t+1µγ,t+1
Υt+1F2(It+1, It, µz+,t+1, µγ,t+1)

]
.

(C.40)
Equation (C.40), which represents the stationarized version of the household investment decision equation, is
the same as Equation (A.10a).

C.1.7 Modi�ed uncovered interest rate parity

This section derives the stationarized version of uncovered interest rate parity equation (A.22a).

Recall, Equation (C.24), which shows the FOC for BFH
t+1 , is written as:

θbtSt = Et

[
βr
t+1Φ(at, st, ϕ̃t)RF,tζtSt+1θ

b
t+1

]
.

Using the following de�nitions: θbtP
C
t = ΩC

t and ΠC
t+1 =

PC
t+1

PC
t

, the above equation can be written as follows.

θbtP
C
t = Et

[
βr
t+1Φ

(
at, st, ϕ̃t

) PC
t

PC
t+1

θbt+1P
C
t+1RF,tζt

St+1

St

]
, (C.41)

ΩC
t = Et

[
βr
t+1Φ

(
at, st, ϕ̃t

) 1

ΠC
t+1

ΩC
t+1RF,tζt

St+1

St

]
.

Using the following de�nition: st+1 =
St+1

St
, the above equation can be expressed as:

ΩC
t = Et

[
βr
t+1Φ

(
at, st, ϕ̃t

) 1

ΠC
t+1

ΩC
t+1RF,tζtst+1

]
. (C.42)

Recall, we have the following non-stationarized version of consumption Euler equation (C.25), which is expressed
as:

ΩC
t = Et

[
βr
t+1

Rtζt
ΠC

t+1

ΩC
t+1

]
.

Using the above non-stationarized version of consumption Euler equation and Equation (C.42), we can obtain
the following non-stationarized version of the uncovered interest parity equation:

Et

[
βr
t+1

Rtζt
ΠC

t+1

ΩC
t+1

]
= Et

[
βr
t+1Φ

(
at, st, ϕ̃t

)
ζt
RF,t

ΠC
t+1

ΩC
t+1st+1

]
.

Now, we stationarize the above equation. Using the following de�nitions: Ω
C
t+1 = z+t+1Ω

C
t+1 and µz+,t+1 =

z+t+1

z+t
,

the above equation becomes:

Et

[
βr
t+1

Rtζt
ΠC

t+1

z+t
z+t+1

z+t+1

ΩC
t+1

]
= Et

[
βr
t+1Φ

(
at, st, ϕ̃t

) RF,tζt
ΠC

t+1

z+t
z+t+1

z+t+1

ΩC
t+1st+1

]
.

We have the following stationarized version of the uncovered interest rate parity equation:

RtEt

[
βr
t+1

Ω
C
t+1

µz+,t+1Π
C
t+1

]
= RF,tΦ

(
at, st, ϕ̃t

)
Et

[
βr
t+1

Ω
C
t+1

µz+,t+1Π
C
t+1

st+1

]
. (C.43)

Equation (C.43) is the same as Equation (A.22a), which shows the stationarized version of the modi�ed uncov-
ered interest rate parity equation.
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C.1.8 Average interest rate on government bonds and Euler equation for government

bonds

In this section, we derive the optimal condition for average interest rate on government bonds, Equation (A.6a)
and Euler equation for government bond holdings, Equation (A.7a).

The FOC for average interest rate on outstanding government debt, Equation (C.23) can be written as:

θRt
θbt

= Etβ
r
t+1

θbt+1

θbt

[
1 +

θRt+1

θbt+1

(1− αB)

]
. (C.44)

The FOC of newly issued government bonds, Equation (C.21) can be written as:
θSt
θbt

= 1− θRt
θbt

(
RB,n

t − 1
)
. (C.45)

The FOC of government bond holdings, Equation (C.19) can be written as:

θSt
θbt

+
θRt
θbt

(
RB

t − 1
)
= Etβ

r
t+1

θbt+1

θbt

[(
αB +

(
RB

t − 1
))

+
θSt+1

θbt+1

(1− αB) +
θRt+1

θbt+1

(1− αB)
(
RB

t − 1
)]
. (C.46)

Using Equation (C.45), we can rewrite Equation (C.46) as:

1 +
θRt
θbt

(
RB

t −RB,n
t

)
= Etβ

r
t+1

θbt+1

θbt

[
RB

t − (1− αB)
θRt+1

θbt+1

(
RB,n

t+1 −R
B
t

)]
.

Using Equation (C.44), we can rewrite the above equation as:

1 = Etβ
r
t+1

θbt+1

θbt

[
RB,n

t − (1− αB)
θRt+1

θbt+1

(
RB,n

t+1 −R
B,n
t

)]
. (C.47)

We use the following de�nitions: θbtP
C
t = ΩC

t , Ω
C
t = z+t ΩC

t , Ω̄
R
t =

θRt
θbt
, and ΠC

t+1 =
PC
t+1

PC
t

. Thus, we can rewrite

Equation (C.44) as:

Ω̄R
t = Etβ

r
t+1

Ω̄C
t+1

Ω̄C
t Π

C
t+1µz+,t+1

[
1 + Ω̄R

t+1 (1− αB)
]
. (C.48)

Equation (C.48), which represents the stationarized version of the optimal condition for average interest rate on
government bonds, is the same as Equation (A.6a).

We use the following de�nitions: θbtP
C
t = ΩC

t , Ω
C
t = z+t ΩC

t , Ω̄
R
t =

θRt
θbt
, and ΠC

t+1 =
PC
t+1

PC
t

as well as we drop the

subscript h. Thus, we can rewrite Equation (C.47) as:

1 = Etβ
r
t+1

Ω̄C
t+1

Ω̄C
t Π

C
t+1µz+,t+1

[
RB,n

t − (1− αB) Ω̄
R
t+1

(
RB,n

t+1 −R
B,n
t

)]
. (C.49)

Equation (C.49), which represents the stationarized version of Euler equation for government bond holdings, is
the same as Equation (A.7a).

C.1.9 Wage setting

This section derives Equation (A.13a), which represents the stationarized version of the optimal wage setting
equation. Ricardian household member labor type h choose the optimal wage rate W opt

h,t that maximizes the
expected utility of household (C.1) rather than its individual utility, subject to the household budget constraint
(C.5), the labor demand schedule (C.50), and the Calvo wage contract (C.51). In each period, the individ-
ual labor type resets its wage with probability (1 − ξw). With probability ξw, the household member cannot

reset its wage, in which case the wage rate evolves according to: Wh,t+k|t = W opt
h,t Π

W
t1Π

W
t+2 . . .Π

W
t+k. Note

Π
W
t =

(
ΠW

t−1

)χw
(
ΠC,trend

t

)1−χw

.

The demand for labor is given by
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Nh,t+k|t =

(
Wh,t+k|t

Wt+k

)−εw,t

Nt+k (C.50)

and the Calvo wage contract is given by

Wh,t+k =

{
Π

W
t+kWh,t+k−1 with probability ξw,

W opt
h,t+k with probability (1− ξw).

(C.51)

We let θbt denote the Lagrange multiplier associated with the budget constraint (C.5). To solve the optimization
problem, we set up the following Lagrangian:

L W
t = βt

[
ζct u(C̃t, C̃t−1)− ζnt Θn

t An
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]

− θbt

[
(1 + τCt )PC

t Ct + (1− τ It )
P I
t

γt
It + PK

t △K
t +
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+ Tt

]

+ ξwβt+1
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t+1An

� 1

0

N1+η
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1 + η
dh
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))
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FH
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(
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t+2)TRt+2 + ΞB,t+2 + ΞBFH ,t+2 +Ψt+2
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C
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P I
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+ . . .

(C.52)
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We take the �rst derivative of L W
t with respect to W opt

h,t , and we obtain the following equation:

∂L W
h,t

∂W opt
h,t

= βtEt[−ζnt ν′(Nh,t|t)
∂Nh,t|t

∂W opt
h,t

+ θbt (1− τWt )

(
Nh,t|t +W opt

h,t

∂Nh,t|t

∂W opt
h,t|t

)
]

+ ξw Etβt+1[−ζnt+1ν
′(Nh,t+1|t)

∂Nh,t+1|t

∂Wh,t+1|t

∂Wh,t+1|t

∂W opt
h,t

+ θbt+1(1− τWt+1)

(
Nh,t+1|t

∂Wh,t+1|t

∂W opt
h,t

+Wh,t+1|t
∂Nh,t+1|t

∂Wh,t+1|t

∂Wh,t+1|t

∂W opt
h,t

)
]

+ (ξw)
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′(Nh,t+2|t)
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∂Wh,t+2|t
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∂W opt
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∂W opt
h,t

)
] + . . . = 0.

(C.53)

We use the following de�nition: βr
t+k =

βt+k

βt+k−1
, and then we rearrange the above equation. Note that

βt+2

βt
=

βr
t+1β

r
t+2. We have the following equation:
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∂Wh,t+1|t

)−1

+ 1

)

− ζnt+1

ν′(Nh,t+1|t)

θbt+1

∂Nh,t+1|t

∂Wh,t+1|t
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] + . . .

(C.54)

Recall, we have the following de�nition: Wh,t+k|t = W opt
h,t Π

W
t+1Π

W
t+2 . . .Π

W
t+k. Thus, the partial derivative of

Wh,t+k|t with respect to W opt
h,t is:

∂Wh,t+k|t

∂W opt
h,t

= Π
W
t+1Π

W
t+2 . . .Π

W
t+k. (C.55)

Using Equation (C.55), Equation (C.54) can be written as:

0 = θbtEt[W
opt
h,t
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+ 1
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2Etβ
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r
t+2θ

b
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Π
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W
t+2] + . . .

(C.56)

Using the labor demand schedule, which is captured by Equation (C.50), we can �nd the following wage-elasticity
of labor demand:

−
∂Nh,t+k|t

∂Wh,t+k|t

Wh,t+k|t

Nh,t+k|t
= εw,t. (C.57)

Using the following de�nition: εw,t =
λW
t

λW
t −1

and the result from Equation (C.57), we have the following equation:

∂Nh,t+k|t

∂Wh,t+k|t

Wh,t+k|t

Nh,t+k|t
=

λW
t

1− λW
t

. (C.58)
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Using the result from Equation (C.58), the derivative of Nh,t+k|t with respect to Wh,t+k|t is:

∂Nh,t+k|t

∂Wh,t+k|t
=

λW
t

1− λW
t

Nh,t+k|t

Wh,t+k|t
. (C.59)

We use Equation (C.58) and Equation (C.59); hence, Equation (C.56) can be expressed as:
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Π
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]
] + . . .

We use the following de�nition: Wh,t+k|t = W opt
h,t Π

W
t+1Π

W
t+2 . . .Π

W
t+k, and we multiply both sides of the above

equation by W opt
h,t . We have following equation:

0 = θbt
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Using the following de�nitions:
∏k

i=1 β
r
t+i = βr

t+1β
r
t+2 . . . β

r
t+k and

∏0
i=1 β

r
t+i = 1, the above equation can be

written as:
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]
= 0. (C.60)

Equation (C.60) is the FOC for W opt
h,t , which is the optimal wage decision by a household member with labor

type h. Equation (C.60) is the same as Equation (22) in Section 2.1.5.

Since all labor types in the household face the same optimization problem, we can drop the subscript h from the
above equation. Thus, the optimal wage setting condition can be rewritten as:

Et
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θbt+k

]
= 0. (C.61)

Using the following de�nition: θbt+k P
C
t+k = ΩC

t+k, the above equation can be written as follows:
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= 0. (C.62)

We continue the stationarization of Equation (C.62) by using the following de�nitions: wt+k|t =
Wt+k|t

z+
t+k

PC
t+k

and

Ω
C
t+k = z+t+kΩ

C
t+k. The above equation can be expressed as:
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]
= 0,

and we have the following stationarized version of the optimal wage setting equation:
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Equation (C.63) is the same as Equation (A.13a), which shows the stationarized version of the optimal wage
setting equation. We assume that Non-Ricardian households set their wage rate equal to the average wage rate of
Ricardian households and face identical labor demand, this assumption implies that Ricardian and Non-Ricardian
households will have the same wage rate and supply the same amount of labor.

C.1.10 Non-Ricardian Household

We assume that Non-Ricardian households has the same wage, employment and labor supply as Ricardian
households. Hence, we have the following results:

Wm,t = Wt

nm,t = nt

lm,t = lt

Since Non-Ricardian households are not able to save, each Non-Ricardian household m sets her nominal con-
sumption expenditure equal to after-tax disposable wage income plus transfers. We have the following the
nominal consumption expenditure for Non-Ricardian household m:

(1 + τCt )PC
t Cm,t = (1− τWt )Wm,tNm,t +

(
1− τTR

t

)
TRm,t.

We can drop subscript m from the above equation since we assume all Non-Ricardian households face the same
budget constraint and will choose the same level of consumption. We denote Cnr

t as aggregate Non-Ricardian
household consumption, and TRnr

t as aggregate transfers to Non-Ricardian households. The above equation can
be written as:

(1 + τCt )PC
t C

nr
t = (1− τWt )WtNt +

(
1− τTR

t

)
TRnr

t .

We can express the above equation in per capita terms. Especially, we de�ne cnr
t as the stationarized aggregate

Non-Ricardian household consumption in per capita terms, tr
nr
t is transfers to Non-Ricardian households in per

capita terms, and nt is aggregate employment per capita (employment rate). We use the following de�nitions

to stationarize the above equation: cnr
t =

cnr
t

z+t
, tr

nr
t =

trnr
t

Ptz
+
t

, pCt =
PC
t
Pt

, we
t = Wt

z+t Pt
. The above equation can be

rewritten as:
(1 + τCt )pCt c̄

nr
t = (1− τWt )we

tnt +
(
1− τTR

t

)
tr

nr
t . (C.64)

Equation (C.64) is the same as Equation (A.24a), which captures the stationarized aggregate Non-Ricardian
household consumption.

C.1.11 Aggregation of households

Recall, snr is a share of Non-Ricardian households over total population, and we denote Cagg
t as aggregate house-

hold consumption. Aggregate private consumption Cagg
t is a sum of aggregate Ricardian household consumption

and aggregate Non-Ricardian household consumption, which is written as:

Cagg
t =

1−snr�

0

Ck,tdh+

1�

1−snr

Cm,tdm.

Ct is aggregate Ricardian household consumption and Cnr
t as aggregate Non-Ricardian household consumption.

Aggregate private consumption can be written as:

Cagg
t = (1− snr)Ct + snrC

nr
t .

We can express the above equation in per capita terms. Especially, we de�ne cnr
t as the stationarized aggregate

Non-Ricardian household consumption in per capita terms, ct as the stationarized aggregate Ricardian household
consumption in per capita terms, and caggt as the stationarized aggregate household consumption in per capita

terms. As in Section C.1.10, we can stationarize the above equation by using the following de�nitions: caggt =
c
agg
t

z+t
, ct =

ct
z+t

, and cnr
t =

cnr
t

z+t
. Thus, we have the following equation:

c̄aggt = (1− snr)c̄t + snr c̄
nr
t . (C.65)
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Equation (C.65) is the same as Equation (A.23a), which captures the stationarized aggregate private consump-
tion equation.

Aggregate transfers TRt is a sum of transfers to Ricardian and Non-Ricardian households:

TRagg
t =

1−snr�

0

TRk,tdk +

1�

1−snr

TRm,tdm.

We denote TRagg
t as aggregate transfers, TRnr

t as aggregate transfers to Non-Ricardian households, and TRt as
aggregate transfers to Ricardian households. Thus, aggregate transfer equation TRagg

t can be expressed as:

TRagg
t = (1− snr)TRt + snrTR

nr
t .

We can express the above equation in per capita terms. Especially, tr
nr
t is transfers to Non-Ricardian households

in per capita terms, trt is transfers to Ricardian households in per capita terms, and tr
agg
t is aggregate transfers in

per capita terms. We stationarize the above equation by using the following de�nitions: trt =
trt

Ptz
+
t

, tr
nr
t =

trnr
t

Ptz
+
t

and tr
agg
t =

tr
agg
t

Ptz
+
t

. Hence, we have the following equation:

tr
agg
t = (1− snr)trt + snrtr

nr
t . (C.66)

Equation (C.66) is the same as Equation (A.74a), which is the stationarized version of aggregate transfer equation.

The stationarized version of aggregate transfer distribution o� steady state equation is given by:

ϖdyn

(
trt − tr

)
= (1−ϖdyn)(tr

nr
t − tr

nr
). (C.67)

Equation (C.67) is the same as Equation (A.75a).

Similarly, the transfer distribution in steady state equation is expressed as:

ϖsstr = (1−ϖss)tr
nr
.

C.2 Intermediate good producers

In this section, �rst we derive the stationarized version of the real marginal cost of production for intermediate
good producers, Equation (A.26a). Second, we derive the stationarized version of the real rental rate for capital
services, Equation (A.28a). There is a continuum of intermediate good producers of mass one, and i denotes
the individual �rm in the Swedish economy. Now, we present the optimization problem of intermediate good
producers in the Swedish economy.

Firm i chooses capital services Ks
t (i) and labor input Nt(i) to minimize the following cost function:

TCt(i) = RK
t K

s
t (i) +

(
1 + τSSC

t

)
WtNt(i) (C.68)

subject to the production constraint:

Yt(i) = εt
[
K̃s

t (i)
]α

[ztNt(i)]
1−α − z+t ϕ. (C.69)

where τSSC
t denotes the social security � or payroll � tax paid by �rms.

K̃s
t (i) denotes a composite capital input made up by private capital services Ks

t (i) and public capital KG,t. We
assume the following constant elasticity of substitution (CES) aggregator of private capital services Ks

t (i) and
public capital stock KG,t(i):

K̃s
t (i) =

(
αK

1
υK (Ks

t (i))
υK−1
υK + (1− αK)

1
υK (KG,t)

υK−1
υK

) υK
υK−1

.

Hence, we assume that each intermediate-good �rm i has access to the same public capital stock. We also assume
that public capital grows at the same speed as private capital services along the balanced growth path. The
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parameter υK is the elasticity of substitution between private capital services and the public capital stock, and
αK is a share parameter. For αK = 1 we obtain the standard production function without public capital stock.
For υK → 1 the production function converges to a Cobb-Douglas speci�cation.

We denote θt(i) as the Lagrange multiplier associated with the production constraint (C.69). To solve the
optimization problem, we set up the following Lagrangian Lt(i):

Lt(i) = RK
t K

s
t (i) +

(
1 + τSSC

t

)
WtNt(i)− θt(i)

[
εt
[
K̃s

t (i)
]α

[ztNt(i)]
1−α − z+t ϕ− Yt(i)

]
, (C.70)

where

K̃s
t (i) =

(
αK

1
υK (Ks

t (i))
υK−1
υK + (1− αK)

1
υK (KG,t)

υK−1
υK

) υK
υK−1

.

We take the partial derivative of Lt(i) with respect to Ks
t (i) and Nt(i) respectively, and we can �nd the FOC

for Ks
t (i) and Nt(i).

The FOC for Kt(i) is:

RK
t − αθt(i)εt

K̃s
t (i)

α

Ks
t (i)

[ztNt(i)]
1−α αK

1
υK

(
Ks

t (i)

K̃s
t (i)

) υK−1
υK

= 0. (C.71)

The FOC for Nt(i) is: (
1 + τSSC

t

)
Wt − θt(i) (1− α) εt

[
K̃s

t (i)
]α
z1−α
t [Nt(i)]

−α = 0. (C.72)

Using Equation (C.71) and Equation (C.72), we obtain the following capital-labor input e�ciency condition:

Ks
t (i) =

α

1− α

(
1 + τSSC

t

)
Wt

RK
t

Nt(i)αK

1
υK

(
Ks

t (i)

K̃s
t(i)

) υK−1
υK

. (C.73)

Note that Equation (C.69) can be written as:[
Yt(i) + z+t ϕ

]
= εt

[
K̃s

t (i)
]α

[ztNt(i)]
1−α . (C.74)

Now, we �nd the total cost of production equation. We substitute Equation (C.71) and Equation (C.72) into
Equation (C.68), and we have the following equation:

TCt(i) = θt(i)

αεtK̃s
t (i)

α [ztNt(i)]
1−α αK

1
υK

(
Ks

t (i)

K̃s
t (i)

) υK−1
υK

+ (1− α) εt
[
K̃t

s
(i)
]α
z1−α
t [Nt(i)]

1−α

 . (C.75)

Using Equation (C.74), we can rewrite Equation (C.75) as follows:

TCt(i) = θt(i)

(1− α) + ααK

1
υK

(
Ks

t (i)

K̃s
t (i)

) υK−1
υK

(Yt(i) + z+t ϕ
)
. (C.76)

We use Equation (C.76), and we take the partial derivative of TCt(i) with respect to Yt(i). Hence, the lagrangian
multiplier, θt(i), can be de�ned as the marginal cost of production MCt(i):

∂TCt(i)

∂Yt(i)
=MCt(i) =

1

αα(1− α)1−αεt

(
(1 + τSSC

t )Wt

zt

)α(
Ks

t (i)

αKK̃s
t (i)

) α
υK

. (C.77)

There are three equations that summarize optimal input decisions by �rms: 1) the capital-labor input e�ciency
condition, 2) the optimal capital inputs in terms of marginal cost and 3) the composite capital equation. First,
we �nd the capital-labor input e�ciency equation. In particular, we rewrite Equation (C.73) as follows:

Ks
t (i)

Lt(i)
=

α

1− α

(
1 + τSSC

t

)
Wt

RK
t

αK

1
υK

(
Ks

t (i)

K̃s
t (i)

) υK−1
υK

. (C.78)

Equation (C.78) is the capital-labor input e�ciency condition.
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Second, we �nd the equation for the optimal capital input in terms of marginal cost. Using Equation (C.77) and
Equation (C.78), Equation (C.71). can be written as

RK
t = αMCt(i) [zt]

1−α εt

(
α

1− α

)α−1
((

1 + τSSC
t

)
Wt

RK
t

)α−1

ΓG,t (C.79)

ΓG,t =

(
αKK̃

s
t (i)

Ks
t (i)

) α
υK

,

RK
t = αMCt(i) [zt]

1−α εt

(
α

1− α

)α−1
((

1 + τSSC
t

)
Wt

RK
t

)α−1

ΓG,t

The above equation is the optimal capital input in terms of marginal cost.

Finally, we have the following composite capital function:

K̃s
t (i) =

(
αK

1
υK (Ks

t (i))
υK−1
υK + (1− αK)

1
υK (KG,t)

υK−1
υK

) υK
υK−1

.

We can simplify Equation (C.79) by letting: ΓG,t(i) =
(

αKK̃s
t (i)

Ks
t (i)

) α
υK . Thus, Equation (C.79) can be rewritten

as:

MCt(i) =
RK

t

αz1−α
t εt

(
α

1−α

)α−1

((1 + τSSC
t )Wt)α−1(RK

t )1−αΓG,t

.

The above equation can be expressed as:

MCt(i) =

(
(1+τSSC

t )Wt

zt

)1−α (
RK

t

)α
αα (1− α)1−α εtΓG,t(i)

. (C.80)

Equation (C.80), which is the same as Equation (27) in Section 2.4.1, is the nominal marginal cost of production
for the intermediate good �rm i.

Firms hiring from homogeneous labor and private markets, i.e. face the same wage and rental rates. In the
standard model without public capital, this implies that marginal costs are identical across �rms. With added
public capital, the expression ΓG,t(i) in principle would make marginal costs di�erent across �rms. For simplicity,
we assume that each �rm uses a constant private to public capital ratio in its production. This means that the
amount of private capital services operated is proportional and constant in relation to the amount of public
capital used. For example, the number of plants operated by a �rm requires the same number of roads to get to
the plants. With this assumption, marginal costs are identical across �rms, and thus we can drop the subscript
i. Equation (C.80) can be written as:

MCt =

(
(1+τSSC

t )Wt

zt

)1−α (
RK

t

)α
αα (1− α)1−α εtΓG,t

, (C.81)

where

ΓG,t =

(
αKK̃

s
t (i)

Ks
t (i)

) α
υK

,

Equation (C.81) is the non-stationarized version of the nominal marginal cost of production for intermediate
good �rm.

Next, we derive the non-stationarized version of the rental rate for capital services. Using Equation (C.71) and
that the lagrange multiplier θt(i) equals the marginal cost MCt(i), we obtain the following equation:

RK
t = αεtz

1−α
t MCt(i)

(
K̃s

t (i)

Nt(i)

)α−1

(ΓG,t(i))
1
α , (C.82)

where

ΓG,t =

(
αKK̃

s
t (i)

Ks
t (i)

) α
υK

,
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Equation (C.82), which captures the nominal rental rate for capital services, is the same as Equation (28) in
Section 2.4.1.

We assume identical capital labor ratios, identical marginal costs and identical private to public capital ratios.
This means that we can drop the subscript i and rewrite equation (C.82) as:

RK
t = αεtz

1−α
t MCt

(
K̃s

t

Nt

)α−1

(ΓG,t)
1
α . (C.83)

Equation (C.83), captures the non-stationarized version of rental rate for capital services.

Now, we �nd the stationarized version of the marginal cost of production for intermediate good producers. We

stationarize Equation (C.81) by applying the following de�nitions: rKt =
γtR

K
t

Pt
, we

t = Wt

z+t Pt
, z+t = zt (γt)

α
1−α ,

and mct =
MCt
Pt

. Stationarizing ΓG,t is trivial as private and public capital services have the same growth rate
along a balanced growth path. Equation (C.81) can be written as follows:

MCt

Pt
=

(
(1+τSSC

t )Wt
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)1−α (
1
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1
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,
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K
t
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)α
αα (1− α)1−α εtΓ̄G,t

.

Thus, the stationarized version of the marginal cost of production for intermediate good producers (the real
marginal cost of production) equation can be expressed as:

mct =

((
1 + τSSC

t

)
we

t

)1−α
(rKt )α

εtαα(1− α)1−αΓ̄G,t
. (C.84)

Equation (C.84), which represents the real marginal cost of production for intermediate good producers, is the
same as Equation (A.26a) in Section A.2.

Lastly, we �nd the stationarized version of the rental rate for capital services. We stationarize Equation (C.83)

by applying the following de�nitions: rKt =
γtR

K
t

Pt
, z+t γt = ztγ

1/1−α
t , K̄s

t =
Ks

t

z+t−1γt−1
, and mct =

MCt
Pt

. We follow

the similar steps when deriving the stationarized version of the marginal cost for intermediate good producers
equation. Hence, Equation (C.83) can be written as:

rKt = αεt

(
¯̃Ks
t

Nt

1

µz+,tµγ,t

)α−1

mct (ΓG,t)
1
α

Furthermore, we can rewrite the above equation in terms of per capita, so we denote k
s
t as stationarized capital

services per capita, and nt as aggregate labor input per capita. Hence, we can rewrite the above equation as:

rKt = αεt

(
¯̃
kst
nt

1

µz+,tµγ,t

)α−1

mct (ΓG,t)
1
α (C.85)

Equation (C.85), which is the real rental rate for capital services equation, is the same as Equation (A.28a) in
Section A.2.

Finally, the equation for composite capital in stationary form is written as:

¯̃
kst =

(
αK

1
υK

(
k̄st
) υK−1

υK + (1− αK)
1

υK

(
k̄G,t

) υK−1
υK

) υK
υK−1

(C.86)

Equation (C.86) is the same as Equation (A.29a) in Section A.2.

Note that, the law of motion for public capital is given by:
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KG,t+1 = (1− δG)KG,t + IGt .

We stationarize the law of motion for public capital by dividing the non-stationarized function by γtz
+
t , and we

have the following equation:
KG,t+1

γtz
+
t

= (1− δG)
KG,t

γtz
+
t

+
IGt
γtz

+
t

The above equation can be written in per capita terms:

kG,t+1 = (1− δG)kG,t
1

µz+,tµγ,t
+ ĪGt . (C.87)

Equation (C.87) is the same as Equation (A.30a) in Section A.2.

C.2.1 Optimal price of intermediate goods

In this section, we derive the stationarized version of the optimal price of intermediate goods equation (A.31a).
In this section, �rm i chooses the optimal price P opt

t (i) that maximizes its pro�t, subject to its demand
schedule and the Calvo price contract. In each period, the individual �rm i resets its price with probability
(1 − ξ). With probability ξ, the �rm cannot reset its price, and then it faces the following price evolution:

Pt+k|t(i) = P opt
t (i)Πt+1Πt+2 . . .Πt+k. We de�ne the stochastic discount factor as Λt,t+k =

βt+k

βt

ΩC
t+k

ΩC
t

PC
t
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t+k

.

Firm i chooses the optimal price of intermediate goods P opt
t (i) to maximize the following pro�t function:

max
P
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t (i)

Et
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Yt+k|t(i)

]}
υK (C.88)

subject to the demand function:

Yt+k|t(i) =

(
Pt+k|t(i)

Pt+k

) λt+k
1−λt+k

Yt+k, (C.89)

and the Calvo price setting contract:

Pt+k(i) =

{
Πt+kPt+k−1(i) with probability ξ

P opt
t+k(i) with probability (1− ξ).

(C.90)

The FOC for P opt
t (i) is:
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(C.91)

Recall, we have the following de�nition: Pt+k|t(i) = P opt
t (i)Πt+1Πt+2 . . .Πt+k. Hence, the partial derivative of

Pt+k|t(i) with respect to P opt
t (i) is:

∂Pt+k|t(i)

∂P opt
t (i)

= Πt+1Πt+2 . . .Πt+k. (C.92)
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Using Equation (C.92), Equation (C.91) can be rewritten as:
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]
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Based on Equation (C.81), we have the following result: MCt+k(i) =MCt+k. We rearrange the above equation,
and we obtain the following equation:

Et{
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(C.93)

Given the demand schedule for intermediate goods, which is captured by Equation (C.89), we can �nd the
following price elasticity of demand for intermediate goods:

−
∂Yt+k|t(i)

∂Pt+k|t(i)

Pt+k|t(i)

Yt+k|t(i)
=

λt+k

λt+k − 1
. (C.94)

Using the result from Equation (C.94), the derivative of Yt+k|t(i) with respect to Pt+k|t(i) is:
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∂Pt+k|t(i)
=
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. (C.95)

Using Equation (C.94) and Equation (C.95), we can rewrite Equation (C.93) as follows:
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We use the following de�nition: Pt+k|t(i) = P opt
t (i)Πt+1Πt+2 . . .Πt+k. We multiply both sides of the above

equation by P opt
t (i) and −1. We can obtain the following equation:
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We can drop the subscript i from the above equation because when �rms can reset their price, they will set the
same price. As a result, all �rms will choose the same quantity of output. We rewrite the above equation, and
the optimal price of intermediate goods equation can be expressed as:
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= 0. (C.96)
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Equation (C.96), which is the non-stationarized version of the optimal price of intermediate goods equation, is
the same as Equation (31) in Section 2.4.1.

Now, we would like to derive the stationarized version of the optimal price of intermediate goods equation. We

use the following de�nition: Λt,t+k =
βt+k
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ΩC
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, and then we expand Equation (C.96). Hence, we have the

following equation:
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We multiply the third term of the above equation by
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, and we obtain the following equation:
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We use the following de�nition: Pt+k|t = P opt
t Πt+1Πt+2 . . .Πt+k. We multiply the optimal �rm price P opt
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. Thus, the above equation can be rewritten as:
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Using the following de�nitions: poptt =
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, and mct+k =
MCt+k

Pt+k
, we can

obtain the following equation:
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We express the above equation in terms of per capita, so we denote yt+k|t as output per capita, and we rearrange
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the above equation. Thus, we have the following equation:
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Using the following de�nitions: βr
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C
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+
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, we rewrite the above

equation. We have the following stationarized version of the optimal price of intermediate goods equation under
the sticky price assumption:
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)
yt+k|t

(λt+k − 1)

[(
k∏

j=1

Πt+j

Πt+j

)
poptt

Πt
− λt+kmct+k

]
= 0. (C.97)

Equation (C.97), which is the stationarized version of the optimal price of intermediate goods, is the same as
Equation (A.31a).

C.3 Private consumption good producers

C.3.1 Consumption good producers

This section presents the optimization problem of the consumption good producers in the Swedish economy
and derives the demand functions of non-energy and energy consumption, and derives the relative price of the
consumption goods equation.

The optimization problem of the representative non-energy consumption good producer can be de�ned as follows:

max
C

agg
t ,Cxe

t ,Ce
t

PC
t C

agg
t − PC,xe

t Cxe
t − PC,e

t Ce
t

subject to the CES aggregate consumption good function

Cagg
t =

[(
ϑC
) 1

νC (Cxe
t )

νC−1
νC +

(
1− ϑC

) 1
νC (Ce

t )
νC−1
νC

] νC
νC−1

. (C.98)

By substituting the CES aggregate consumption good equation (C.98) into the above pro�t function, we can
rewrite the pro�t function as:

PC
t

[(
ϑC
) 1

νC (Cxe
t )

νC−1
νC +

(
1− ϑC

) 1
νC (Ce

t )
νC−1
νC

] νC
νC−1

− PC,xe
t Cxe

t − PC,e
t Ce

t .

Taking the derivatives of Cxe
t and Ce

t respectively gives us the two following �rst-order-conditions:

(
ϑC
) 1

νC (Cxe
t )

νC−1
νC

−1
PC
t

[(
ϑC
) 1

νC (Cxe
t )

νC−1
νC +

(
1− ϑC

) 1
νC (Ce

t )
νC−1
νC

] νC
νC−1

−1

− PC,xe
t = 0

(
1− ϑC

) 1
νC (Ce

t )
νC−1
νC

−1
PC
t

[(
ϑC
) 1

νC (Cxe
t )

νC−1
νC +

(
1− ϑC

) 1
νC (Ce

t )
νC−1
νC

] νC
νC−1

−1

− PC,e
t = 0

If we substitute the expression in square brackets by the production function, and put the prices of non-energy
and energy respectively on the right-hand-side of the equation, the two equations can be written as

PC,xe
t =

(
ϑC
) 1

νC (Cxe
t )

− 1
νC PC

t (Cagg
t )

1
νC

PC,e
t =

(
1− ϑC

) 1
νC (Ce

t )
− 1

νC PC
t (Cagg

t )
1

νC .
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Rearrange and multiply through with νC in the two equations above to get the demand function for the
non-energy and energy consumption goods:

Cxe
t =ϑC

(
PC
t

PC,xe
t

)νC

Cagg
t (C.99)

Ce
t =

(
1− ϑC

)( PC
t

PC,e
t

)νC

Cagg
t (C.100)

which are the same equations that are presented in Equation (43) and Equation (44). Next, we create the price
index. This is done by substituting the two demand functions into the production function:

Cagg
t =

[(
ϑC
) 1

νC (Cxe
t )

νC−1
νC +

(
1− ϑC

) 1
νC (Ce

t )
νC−1
νC

] νC
νC−1

Cagg
t =

(ϑC
) 1

νC

(
ϑC

(
PC
t

PC,xe
t

)νC

Cagg
t

) νC−1
νC

+
(
1− ϑC

) 1
νC

((
1− ϑC

)( PC
t

PC,e
t

)νC

Cagg
t

) νC−1
νC


νC

νC−1

Cagg
t =

[(
ϑC
) 1

νC
+

νC−1
νC

(
PC
t

PC,xe
t

)νC−1

(Cagg
t )

νC−1
νC +

(
1− ϑC

) 1
νc

+
νC−1
νC

(
PC
t

PC,e
t

)νC−1

(Cagg
t )

νC−1
νC

] νC
νC−1

Cagg
t =Cagg

t

[(
ϑC
)( PC

t

PC,xe
t

)νC−1

+
(
1− ϑC

)( PC
t

PC,e
t

)νC−1
] νC

νC−1

1 =

[(
ϑC
)( PC

t

PC,xe
t

)νC−1

+
(
1− ϑC

)( PC
t

PC,e
t

)νC−1
] νC

νC−1

1 =
(
PC
t

)(νC−1)
νC

νC−1

[
ϑC

(
1

PC,xe
t

)νC−1

+
(
1− ϑC

)( 1

PC,e
t

)νC−1
] νC

νC−1

(
PC
t

)−νC
=

[
ϑC
(
PC,xe
t

)1−νC
+
(
1− ϑC

)(
PC,e
t

)1−νC
] νC

νC−1

PC
t =

[
ϑC
(
PC,xe
t

)1−νC
+
(
1− ϑC

)(
PC,e
t

)1−νC
] 1

1−νC

which is the same function as is presented in Equation (45). Now, we are going to stationarize all equations and
write the equations in per capita form (using the fact the the population is normalized to 1 for convenience). We
use the de�nitions pCt = PC

t /Pt, p
C,xe
t = PC,xe

t /Pt, p
C,e
t = PC,e

t /Pt, c̄
agg
t = Cagg

t /z+t , c̄
xe
t = Cxe

t /z+t , c̄
e
t = Ce

t /z
+
t .

The non-energy consumption demand function can be written as

Cxe
t =ϑC

(
PC
t

PC,xe
t

)νC

Cagg
t

Cxe
t

z+t
=ϑC

(
PC
t

PC,xe
t

Pt

Pt

)νC Cagg
t

z+t

c̄xet =ϑC

(
pCt

pC,xe
t

)νC

c̄aggt (C.101)

Equation (C.101), which captures the demand for non-energy consumption goods, is the same as Equation
(A.35a).

Next, we stationarize the demand for energy goods:

Ce
t =

(
1− ϑC

)( PC
t

PC,e
t

)νC

Cagg
t

Ce
t

z+t
=
(
1− ϑC

)( PC
t

PC,e
t

Pt

Pt

)νC Cagg
t

z+t

c̄et =
(
1− ϑC

)( pCt

pC,e
t

)νC

c̄aggt (C.102)

Equation (C.102), which captures the demand for energy consumption goods, is the same as Equation (A.36a).
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Finally, we stationarize the price index:

PC
t =

[
ϑC
(
PC,xe
t

)1−νC
+
(
1− ϑC

)(
PC,e
t

)1−νC
] 1

1−νC

PC
t

Pt
=

1

Pt

[
ϑC
(
PC,xe
t

)1−νC
+
(
1− ϑC

)(
PC,e
t

)1−νC
] 1

1−νC

PC
t

Pt
=

[(
ϑC
(
PC,xe
t

)1−νC
+
(
1− ϑC

)(
PC,e
t

)1−νC
)
P νC−1
t

] 1
1−νC

pCt =

[(
ϑC

(
PC,xe
t

Pt

)1−νC

+
(
1− ϑC

)(PC,e
t

Pt

)1−νC
)] 1

1−νC

pCt =

[(
ϑC
(
pC,xe
t

)1−νC
+
(
1− ϑC

)(
pC,e
t

)1−νC
)] 1

1−νC

. (C.103)

Equation (C.103), which captures the demand for energy consumption goods, is the same as Equation (REF).

C.3.2 Non-energy consumption good producers

This section presents the optimization problem of non-energy consumption good producers in the Swedish econ-
omy and derives the relative price of the non-energy consumption goods equation.

The optimization problem of the representative non-energy consumption good producer can be de�ned as follows:

max
D

C,xe
t ,M

C,xe
t

PC,xe
t Cxe

t − PtD
C,xe
t − PM,C,xe

t MC,xe
t

subject to the CES aggregate consumption good function

Cxe
t =

[(
ψC,xe

) 1
νc
(
DC,xe

t

) νC,xe−1

νC,xe +
(
1− ψC,xe

) 1
νC,xe

(
MC,xe

t

) νC,xe−1

νC,xe

] νC,xe
νC,xe−1

. (C.104)

By substituting the CES aggregate consumption good equation (D.49) into the above pro�t function, we can
rewrite the pro�t function as:

PC,xe
t

[(
ψC,xe

) 1
νC,xe

(
DC,xe

t

) νC,xe−1

νC,xe +
(
1− ψC,xe

) 1
νC,xe

(
MC,xe

t

) νC,xe−1

νC,xe

] νC,xe
νC,xe−1

−PtD
C,xe
t −PM,C,xe

t MC,xe
t .

First, we derive the demand function for the domestically produced intermediate goods used as inputs by the
representative �rm in the consumption good sector. The FOC for the domestically produced intermediate goods
DC,xe

t is:

νC,xe

νC,xe − 1
PC,xe
t

[(
ψC,xe

) 1
νC,xe

(
DC

t

) νC,xe−1

νC,xe +
(
1− ψC,xe

) 1
νC,xe

(
MC,xe

t

) νC,xe−1

νC,xe

] νC,xe
νC,xe−1

−1

νC,xe − 1

νC,xe

(
DC,xe

t

) νC,xe−1

νC,xe
−1 (

ψC,xe
) 1

νC,xe −Pt = 0.

We can rewrite the above FOC for DC,xe
t as:

PC,xe
t

[(
ψC,xe

) 1
νC,xe

(
DC

t

) νC,xe−1

νC,xe +
(
1− ψC,xe

) 1
νC,xe

(
MC,xe

t

) νC,xe−1

νC,xe

] νC,xe
νC,xe−1

−1 (
DC,xe

t

) −1
νC,xe

(
ψC,xe

) 1
νC,xe −Pt = 0.

Note that the CES aggregate consumption good equation (D.49) can be written as:

(Cxe
t )

1
νC,xe =

[(
ψC,xe

) 1
νC,xe

(
DC

t

) νC,xe−1

νC,xe +
(
1− ψC,xe

) 1
νC,xe

(
MC,xe

t

) νC,xe−1

νC,xe

] 1
νC,xe−1

. (C.105)

Using Equation (C.105), we can rewrite the FOC for DC,xe
t as:

PC,xe
t (Cxe

t )
1

νC,xe

(
DC,xe

t

) −1
νC,xe

(
ψC,xe

) 1
νC,xe − Pt = 0.
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The demand function for the domestically produced intermediate goods can be written as:

DC,xe
t = ψC,xe

(
PC,xe
t

Pt

)νC,xe

Cxe
t . (C.106)

Next, we �nd the demand function for imported goods used as inputs by the representative �rm in the consump-
tion good sector. The FOC for the imported good MC

t is:

PC,xe
t

[(
ψC,xe

) 1
νC,xe

(
DC

t

) νC,xe−1

νC,xe +
(
1− ψC,xe

) 1
νC,xe

(
MC,xe

t

) νC,xe−1

νC,xe

] 1
νC,xe−1 (

MC,xe
t

) −1
νC,xe

(
1− ψC,xe

) 1
νC,xe −PM,C,xe

t = 0.

Using Equation (C.105), the FOC for MC,xe
t can be rewritten as:

PC,xe
t (Cxe

t )
1

νC,xe

(
MC,xe

t

) −1
νC,xe

(
1− ψC,xe

) 1
νC,xe − PM,C,xe

t = 0.

The demand function for the imported goods can be expressed as:

MC,xe
t =

(
1− ψC,xe

)( PC,xe
t

PM,C,xe
t

)νC,xe

Cxe
t . (C.107)

Substituting the above demand functions (C.106) and (C.107) into the CES aggregate consumption equation
(D.49), and we have the following equation:

Cxe
t =

[
ψC,xe (Cxe

t )
νC,xe−1

C,xe

(
PC,xe
t

Pt

)νc−1

+
(
1− ψC,xe

)
(Cxe

t )
νC,xe−1

C,xe

(
PC,xe
t

PM,C,xe
t

)νC,xe−1
] νC,xe

νC,xe−1

(C.108)

Cxe
t = Cxe

t

[
ψC,xe

(
PC,xe
t

Pt

)νc−1

+
(
1− ψC,xe

)( PC,xe
t

PM,C,xe
t

)νC,xe−1
] νC,xe

νC,xe−1

,

1 =
(
PC,xe
t

)νC,xe

[
ψC,xe

(
PC,xe
t

Pt

)νc−1

+
(
1− ψC,xe

)( PC,xe
t

PM,C,xe
t

)νC,xe−1
] νC,xe

νC,xe−1

,

(
PC,xe
t

)νC,xe

=

[
ψC,xe

(
1

Pt

)νc−1

+
(
1− ψC,xe

)( 1

PM,C,xe
t

)νC,xe−1
] νC,xe

νC,xe−1

,

PC,x
t =

[
ψC,xe

(
1

Pt

)νc−1

+
(
1− ψC,xe

)( 1

PM,C,xe
t

)νC,xe−1
] 1

νC,xe−1

.

The above equation can be rewritten as:

PC,xe
t =

[
ψC,xe (Pt)

1−νC,xe +
(
1− ψC,xe

)(
PM,C,xe
t

)1−νC,xe
] 1

1−νC,xe

. (C.109)

Equation (C.109) captures the aggregate consumption price index. Equation (C.109) is the same as Equation
(48) in Section 2.4.5.

Using the following de�nitions: pC,xe
t = PC,xe

t /Pt and p
M,C,xe
t = PM,C,xe

t /Pt, Equation (C.109) becomes:

P
C,xe
t
Pt

=

[
(Pt)

νC,xe−1

(
ψC,xe (Pt)

1−νC,xe +
(
1− ψC,xe

) (
PM,C,xe
t

)1−νC,xe
)] 1

1−νC,xe

,

P
C,xe
t
Pt

=

[
ψC,xe +

(
1− ψC,xe

)(P
M,C,xe
t

Pt

)1−νC,xe
] 1

1−νC,xe

.

Thus, the relative price of consumption goods equation is expressed as:

pC,xe
t =

[
ψC,xe +

(
1− ψC,xe

)(
pM,C,xe
t

)1−νC,xe
] 1

1−νC,xe

. (C.110)
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Note that: ψC,xe = ϑC,xe + 1
1+ω

(1− ϑC,xe), where 1
1+ω

is the relative size of the Swedish economy, and ϑC,xe ∈
[0, 1] is a measure of home bias in the production of consumption goods in Sweden. Since the size of the Foreign
economy ω is in�nitely larger than the Swedish economy, we have: ψC,xe = ϑC,xe. Equation (C.110) becomes:

pC,xe
t =

[
ϑC,xe +

(
1− ϑC,xe

)(
pM,C,xe
t

)1−νC,xe
] 1

1−νC,xe

. (C.111)

Equation (C.111), which captures the relative price of consumption goods, is the same as Equation (A.37a).

C.3.3 Energy good producers

This section presents the optimization problem of the energy consumption good producers in the Swedish econ-
omy, derives the demand functions of domestic and imported energy consumption, and derives the relative price
of the energy consumption goods equation.

The optimization problem of the representative non-energy consumption good producer can be de�ned as follows:

max
Ce

t ,D
C,e
t ,M

C,e
t

PC
t C

e
t − PD,C,e

t DC,e
t − PM,C,e

t MC,e
t

subject to the CES aggregate consumption good function

Ce
t =

[(
ψC,e

) 1
νc,e

(
DC,e

t

) νC,e−1

νC,e +
(
1− ψC,e

) 1
νC,e

(
MC,e

t

) νC,e−1

νC,e

] νC,e
νC,e−1

. (C.112)

First note, that the de�nition of ψC,e = ϑC,e + 1
1+ω

(1− ϑC,xe) and since ω →∞, ψC,e = ϑC,e. By substituting
the CES aggregate consumption good equation (C.112) into the above pro�t function, we can rewrite the pro�t
function as:

PC,e
t

[(
ϑC,e

) 1
νc,e

(
DC,e

t

) νC,e−1

νC,e +
(
1− ϑC,e

) 1
νC,e

(
MC,e

t

) νC,e−1

νC,e

] νC,e
νC,e−1

− PD,C,e
t DC,e

t − PM,C,e
t MC,e

t .

Taking the derivatives of DC,e
t and MC,e

t respectively gives us the two following �rst-order-conditions:

(
ϑC,e

) 1
νC,e

(
DC,e

t

) νC,e−1

νC,e
−1

PC,e
t

[(
ϑC,e

) 1
νC,e

(
DC,e

t

) νC,e−1

νC,e +
(
1− ϑC,e

) 1
νC,e

(
MC,e

t

) νC,e−1

νC,e

] νC,e
νC,e−1

−1

− PD,C,e
t = 0

(
1− ϑC,e

) 1
νC,e

(
MC,e

t

) νC,e−1

νC,e
−1

PC,e
t

[(
ϑC,e

) 1
νC,e

(
DC,e

t

) νC,e−1

νC,e +
(
1− ϑC,e

) 1
νC,e

(
MC,e

t

) νC,e−1

νC,e

] νC,e
νC,e−1

−1

− PM,C,e
t = 0

If we substitute the expression in square brackets by the production function, and put the prices of non-energy
and energy respectively on the right-hand-side of the equation, the two equations can be written as

PD,C,e
t =

(
ϑC,e

) 1
νC,e

(
DC,e

t

)− 1
νC,e PC,e

t (Ce
t )

1
νC,e

PM,C,e
t =

(
1− ϑC,e

) 1
νC,e

(
MC,e

t

)− 1
νC,e PC,e

t (Ce
t )

1
νC,e .

Rearrange and multiply through with νC,e in the two equations above to get the demand function for the
non-energy and energy consumption goods:

DC,e
t =ϑC,e

(
PC,e
t

PD,C,e
t

)νC,e

Ce
t (C.113)

MC,e
t =

(
1− ϑC,e

)( PC,e
t

PM,C,e
t

)νC,e

Ce
t (C.114)

which are the same equations that are presented in section 2.4.5. Next, we create the price index. This is done
by substituting the two demand functions into the production function:
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Ce
t =

[(
ϑC,e

) 1
νc,e

(
DC,e

t

) νC,e−1

νC,e +
(
1− ϑC,e

) 1
νC,e

(
MC,e

t

) νC,e−1

νC,e

] νC,e
νC,e−1

Ce
t =

(ϑC,e
) 1

νc,e

(
ϑC,e

(
PC,e
t

PD,C,e
t

)νC,e

Ce
t

) νC,e−1

νC,e

+
(
1− ϑC,e

) 1
νC,e

((
1− ϑC,e

)( PC,e
t

PM,C,e
t

)νC,e

Ce
t

) νC,e−1

νC,e


νC,e

νC,e−1

Ce
t =

[(
ϑC,e

) 1
νC,e

+
νC,e−1

νC,e

(
PC,e
t

PD,C,e
t

)νC,e−1

(Ce
t )

νC,e−1

νC,e +
(
1− ϑC,e

) 1
νC,e

+
νC,e−1

νC,e

(
PC,e
t

PM,C,e
t

)νC,e−1

(Ce
t )

νC,e−1

νC,e

] νC,e
νC,e−1

Ce
t =Ce

t

[(
ϑC,e

)( PC,e
t

PD,C,e
t

)νC,e−1

+
(
1− ϑC,e

)( PC,e
t

PM,C,e
t

)νC,e−1
] νC,e

νC,e−1

1 =

[(
ϑC,e

)( PC,e
t

PD,C,e
t

)νC,e−1

+
(
1− ϑC,e

)( PC,e
t

PM,C,e
t

)νC,e−1
] νC,e

νC,e−1

1 =
(
PC,e
t

)(νC−1)
νC

νC−1

[(
ϑC,e

)( 1

PD,C,e
t

)νC,e−1

+
(
1− ϑC,e

)( 1

PM,C,e
t

)νC,e−1
] νC,e

νC,e−1

(
PC,e
t

)−νC
=

[
ϑC,e

(
PD,C,e
t

)1−νC,e

+
(
1− ϑC,e

)(
PM,C,e
t

)1−νC,e
] νC,e

νC,e−1

PC,e
t =

[
ϑC,e

(
PD,C,e
t

)1−νC,e

+
(
1− ϑC,e

)(
PM,C,e
t

)1−νC,e
] 1

1−νC,e

which is the same function as is presented in section 2.4.5. Now, we are going to stationarize all equations and
write the equations in per capita form (using the fact the the population is normalized to 1 for convenience).
We use the de�nitions pC,e

t = PC,e
t /Pt, p

D,C,e
t = PD,C,e

t /Pt, p
M,C,e
t = PM,C,e

t /Pt, c̄
e
t = Ce

t /z
+
t , d̄

C,e
t = DC,e

t /z+t ,
m̄C,e

t =MC,e
t /z+t . The non-energy consumption demand function can be written as

DC,e
t =ϑC,e

(
PC,e
t

PD,C,e
t

)νC,e

Ce
t

DC,e
t

z+t
=ϑC,e

(
PC,e
t

PD,C,e
t

Pt

Pt

)νC,e
Ce

t

z+t

d̄C,e
t =ϑC,e

(
pC,e
t

pD,C,e
t

)νC,e

c̄et (C.115)

Equation (C.115), which captures the demand for non-energy consumption goods, is the same as Equation
(A.41a).

Next, we stationarize the demand for energy goods:

MC,e
t =

(
1− ϑC,e

)( PC,e
t

PM,C,e
t

)νC,e

Ce
t

MC,e
t

z+t
=
(
1− ϑC,e

)( PC,e
t

PM,C,e
t

Pt

Pt

)νC,e
Ce

t

z+t

m̄C,e
t =

(
1− ϑC,e

)( pC,e
t

pM,C,e
t

)νCe

c̄et (C.116)

Equation (C.116), which captures the demand for energy consumption goods, is the same as Equation (A.42a).
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Finally, we stationarize the price index:

PC,e
t =

[
ϑC,e

(
PD,C,e
t

)1−νC,e

+
(
1− ϑC,e

)(
PM,C,e
t

)1−νC,e
] 1

1−νC,e

PC,e
t

Pt
=

1

Pt

[
ϑC,e

(
PD,C,e
t

)1−νC,e

+
(
1− ϑC,e

)(
PM,C,e
t

)1−νC,e
] 1

1−νC,e

PC,e
t

Pt
=

[(
ϑC,e

(
PD,C,e
t

)1−νC,e

+
(
1− ϑC,e

)(
PM,C,e
t

)1−νC,e
)
(Pt)

νC,e−1

] 1
1−νC,e

pC,e
t =

[(
ϑC,e

(
PD,C,e
t

Pt

)1−νC,e

+
(
1− ϑC,e

)(PM,C,e
t

Pt

)1−νC,e
)] 1

1−νC,e

pC,e
t =

[(
ϑC,e

(
pD,C,e
t

)1−νC,e

+
(
1− ϑC,e

)(
pM,C,e
t

)1−νC,e
)] 1

1−νC,e

. (C.117)

Equation (C.117), which captures the demand for energy consumption goods, is the same as Equation (A.39a).

C.4 Private investment good producers

This section presents the optimization problem of the investment good producers, and derives the relative price
of investment goods equation (A.44a). We de�ne V I

t to be the output of a representative investment �rm. We
de�ne V I

t as 1
γt

[It + a(ut)Kt].

A pro�t function of the representative investment good producer is de�ned as:

P I
t V

I
t − PtD

I
t − PM,I

t MI
t .

The investment good producer faces the following CES investment function:

V I
t =

[(
ψI
) 1

νI

(
DI

t

) νI−1
νI +

(
1− ψI

) 1
νI

(
MI

t

) νI−1
νI

] νI
νI−1

. (C.118)

The optimization problem can be de�ned as follows:

max
DI

t ,M
I
t

P I
t V

I
t − PtD

I
t − PM,I

t MI
t

subject to

V I
t =

[(
ψI
) 1

νI

(
DI

t

) νI−1
νI +

(
1− ψI

) 1
νI

(
MI

t

) νI−1
νI

] νI
νI−1

.

We follow the similar steps as described in Section C.3 to �nd the demand functions for the domestically produced
intermediate goods and for the imported goods used in the production of investment goods. The demand function
for the domestically produced intermediate goods used in the production of investment goods DI

t is:

DI
t = ψI

(
P I
t

Pt

)νI

V I
t .

This demand function is the same the demand function that is presented in Section 2.4.4.

Using the following de�nition: V I
t = 1

γt
[It + a(ut)Kt], the above demand function for the domestically produced

intermediate goods used in the production of investment goods can be rewritten as:

DI
t = ψI

(
P I
t

Pt

)νI 1

γt
[It + a(ut)Kt] . (C.119)

The demand function for the imported goods used in the production of investment goods is:

MI
t = (1− ψI)

(
P I
t

PM,I
t

)νI

V I
t .
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This demand function is the same the demand function that is presented in Section 2.4.4.

Using the following de�nition: V I
t = 1

γt
[It + a(ut)Kt], the above demand function for the imported goods used

in the production of investment goods can be rewritten as:

MI
t = (1− ψI)

(
P I
t

PM,I
t

)νI 1

γt
[It + a(ut)Kt] . (C.120)

Substituting the above demand functions (C.119) and (C.120) into the CES investment equation (C.118), this
gives us the following aggregate investment price index equation:

P I
t =

[
ψI (Pt)

1−νI +
(
1− ψI

)(
PM,I
t

)1−νI
] 1

1−νI

. (C.121)

Equation (C.121) captures the aggregate investment price index. Equation (C.121) is the same as Equation (42)
in Section 2.4.4.

Equation (C.121) can be rewritten as:

P I
t

Pt
=

[
ψI +

(
1− ψI

)(PM,I
t

Pt

)1−νI
] 1

1−νI

. (C.122)

Using the following de�nitions: pIt = P I
t /Pt and p

M,I
t = PM,I

t /Pt. The relative price of investment goods equation
can be expressed as:

pIt =

[
ψI +

(
1− ψI

)(
pM,I
t

)1−νI
] 1

1−νI

. (C.123)

Note that: ψI = ϑI + 1
1+ω

(1−ϑI). 1
1+ω

is the relative size of the Swedish economy, and ϑI ∈ [0, 1] is a measure of
home bias in the production of investment goods in the Swedish economy. Since the size of the Foreign economy
ω is in�nitely larger than the Swedish economy, we have: ψI = ϑI . Thus, the relative price of investment goods
equation can be rewritten as:

pIt =

[
ϑI +

(
1− ϑI

)(
pM,I
t

)1−νI
] 1

1−νI

. (C.124)

Equation (C.124), which represents the relative price of investment goods equation, is the same as Equation
(A.44a).

C.5 Export good producers

This section presents the optimization problem of export good producers in the Swedish economy. First, we
derive the real marginal cost of production for export good producers, Equation (A.46a). Second, we derive the
optimal price for export good producers, Equation (A.47a). There is a continuum of export good producers.
Each �rm i produces export goods Xt(i) by using domestically produced intermediate goods DX

t (i) and imported
goods MX

t (i) as inputs.

The export good �rm i faces the following cost minimization problem:

min
DX

t (i),MX
t (i)

TCX
t (i) = PtD

X
t (i) + PM,X

t MX
t (i), (C.125)

subject to the following production function:

Xt(i) =

[(
ψX
) 1

νx DX
t (i)

νx−1
νx +

(
1− ψX

) 1
νx MX

t (i)
νx−1
νx

] νx
νx−1

− z+t ϕX . (C.126)

We let θXt (i) to be the Lagrange multiplier associated with the production constraint for export goods (C.126).
To solve the optimization problem, we set up the following Lagrangian L X

t (i):

L X
t (i) =

[
PtD

X
t (i) + PM,X

t MX
t (i)

]
+ θXt (i)

{
Xt(i)−

[(
ψX
) 1

νx DX
t (i)

νx−1
νx +

(
1− ψX

) 1
νx MX

t (i)
νx−1
νx

] νx
νx−1

+ z+t ϕ
X

}
.

138



We take the partial derivative of L X
t (i) with respect to DX

t (i) and MX
t (i) respectively, and we can �nd the

FOC for DX
t (i) and MX

t (i).

The FOC for DX
t (i) is:

Pt = θXt (i)
(
ψX
) 1

νx

[(
ψX
) 1

νx DX
t (i)

νx−1
νx +

(
1− ψX

) 1
νx MX

t (i)
νx−1
νx

] 1
νx−1

DX
t (i)

−1
νx . (C.127)

The FOC for MX
t (i) is:

PM,X
t = θXt (i)

(
1− ψX

) 1
νx

[(
ψX
) 1

νx DX
t (i)

νx−1
νx +

(
1− ψX

) 1
νx MX

t (i)
νx−1
νx

] 1
νx−1

MX
t (i)

−1
νx . (C.128)

We rewrite Equation (C.126) as:

[
Xt(i) + z+t ϕ

X
]
=

[(
ψX
) 1

νx DX
t (i)

νx−1
νx +

(
1− ψX

) 1
νx MX

t (i)
νx−1
νx

] νx
νx−1

. (C.129)

We use (C.127) and Equation (C.128) to �nd the following total cost function:

TCX
t (i) = θXt (i)

(
ψX
) 1

νx

[(
ψX
) 1

νx DX
t (i)

νx−1
νx +

(
1− ψX

) 1
νx MX

t (i)
νx−1
νx

] 1
νx−1

DX
t (i)

−1
νx DX

t (i)

+ θXt (i)
(
1− ψX

) 1
νx

[(
ψX
) 1

νx DX
t (i)

νx−1
νx +

(
1− ψX

) 1
νx MX

t (i)
νx−1
νx

] 1
νx−1

MX
t (i)

−1
νx MX

t (i),

TCX
t (i) =

θXt (i)

[(
ψX
) 1

νx DX
t (i)

νx−1
νx +

(
1− ψX

) 1
νx MX

t (i)
νx−1
νx

] [(
ψX
) 1

νx DX
t (i)

νx−1
νx +

(
1− ψX

) 1
νx MX

t (i)
νx−1
νx

] 1
νx−1

.

(C.130)

Using Equation (C.129), Equation (C.130) can be rewritten as follows:

TCX
t (i) = θXt (i)

[
Xt(i) + z+t ϕ

X
] νx−1

νx
[
Xt(i) + z+t ϕ

X
] 1

νx ,

TCX
t (i) = θXt (i)

[
Xt(i) + z+t ϕ

X
]
. (C.131)

We take the derivative of the function of TCX
t (i) with respect to Xt(i), and we have the following de�nition:

MCX
t (i) =

∂TCX
t (i)

∂Xt(i)
= θXt (i). (C.132)

Equation (C.132) implies that θXt (i) =MCX
t (i). We can now establish that θXt (i) is the nominal marginal cost

of production for export good producers MCX
t (i).

We use the result from Equation (C.132), and then we rearrange Equation (C.127) and Equation (C.128). We
have the following equations:

DX
t (i) = ψX

(
MCX

t (i)

Pt

)νx [(
ψX
) 1

νx
(
DX

t (i)
) νx−1

νx +
(
1− ψX

) 1
νx
(
MX

t (i)
) νx−1

νx

] νx
νx−1

, (C.133)

MX
t (i) =

(
1− ψX

)(MCX
t (i)

PM,X
t

)νx [(
ψX
) 1

νx
(
DX

t (i)
) νx−1

νx +
(
1− ψX

) 1
νx
(
MX

t (i)
) νx−1

νx

] νx
νx−1

. (C.134)

We substitute Equation (C.133) and Equation (C.134) into Equation (C.125), and Equation (C.125) can be
expressed as:
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TCX
t (i) =[(
ψX
) 1

νx
(
DX

t (i)
) νx−1

νx +
(
1− ψX

) 1
νx
(
MX

t (i)
) νx−1

νx

] νx
νx−1

[
ψX

(
MCX

t (i)
)νx

(Pt)
(1−νx) +

(
1− ψX

)(
MCX

t (i)
)νx (

PM,X
t

)(1−νx)
]
.

Using Equation (C.129), the above equation can be simpli�ed to the following equation:

TCX
t (i) =

[
Xt(i) + z+t ϕ

X
] [
ψX

(
MCX

t (i)
)νx

(Pt)
(1−νx) +

(
1− ψX

)(
MCX

t (i)
)νx (

PM,X
t

)(1−νx)
]
. (C.135)

We use Equation (C.135) and Equation (C.132), and we take the partial derivative of TCX
t (i) with respect to

Xt(i). We have the following equation:

MCX
t (i) =

∂TCX
t (i)

∂Xt(i)
=

[
ψX

(
MCX

t (i)
)νx

(Pt)
(1−νx) +

(
1− ψX

)(
MCX

t (i)
)νx (

PM,X
t

)(1−νx)
]
. (C.136)

We rearrange the above equation, and we can obtain the nominal marginal cost of production for Swedish
exports, which depends on the domestic intermediate good and imported good prices. The nominal marginal
cost of Swedish export goods can be expressed as:

MCX
t =

[
ψX (Pt)

(1−νx) +
(
1− ψX

)(
PM,X
t

)(1−νx)
] 1

1−νx

. (C.137)

Equation (C.137) is the same as Equation (38) in Section 2.4.3. The marginal cost of �rm i is independent to
the �rm-speci�c variables, so there is no subscripti in the RHS of Equation (C.137). As a consequence, we have
the following result: MCX

t (i) =MCX
t .

Using the following de�nition: pM,X
t =

P
M,X
t
Pt

and mct =
MCX

t
Pt

, Equation (C.137) can be rewritten as:

mcXt =

[
ψX +

(
1− ψX

)(
pM,X
t

)1−νx
] 1

1−νx

. (C.138)

Note that: ψX = ϑX + 1
1+ω

(1− ϑX), where 1
1+ω

is the relative size of the Swedish economy, and ϑX ∈ [0, 1] is

a measure of home bias in the production of export goods in Sweden. We thus have ψX → ϑX as ω →∞, and
Equation (C.138) becomes:

mcXt =

[
ϑX +

(
1− ϑX

)(
pM,X
t

)1−νx
] 1

1−νx

. (C.139)

Equation (C.139), which represents the real marginal cost of production for export good producers, is the same
as Equation (A.46a).

Furthermore, we can �nd the demand function for domestically produced intermediate goods that are used in
the production of export goods by �rm i and the demand function for imported goods that are used in the
production of export goods by �rm i. We apply Equation (C.129) and the result that the marginal cost across
�rms are equal: MCX

t (i) =MCX
t . Thus, we can rewrite Equation (C.133) and Equation (C.134) as follows.

The demand function for domestically produced intermediate goods that are used in the production of export
goods DX

t (i) is:

DX
t (i) = ψX

(
MCX

t

Pt

)νx [
Xt(i) + z+t ϕ

X
]
. (C.140)

The demand function for imported goods that are used in the production of export goods MX
t (i) is:

MX
t (i) =

(
1− ψX

)(MCX
t

PM,X
t

)νx [
Xt(i) + z+t ϕ

X
]
. (C.141)

These demand functions are the same as the demand functions in the footnote of Section 2.4.3.

Now, we derive the optimal price of export goods equation (A.47a). Export �rm i chooses the optimal price
of export goods PX,opt

t (i) that maximizes its pro�t, subject to its demand schedule for export goods and the
Calvo price contract. In each period, the individual �rm resets its price with probability (1 − ξx). With
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probability ξx, the �rm cannot reset its price, and then it faces the following price evolution: PX
t+k|t(i) =

PX,opt
t (i)Π

X
t+1Π

X
t+2 . . .Π

X
t+k. Recall that the prices of Swedish export goods are set in the currency of Foreign,

so called local currency pricing. We de�ne the stochastic discount factor as Λt,t+k =
βt+k

βt

ΩC
t+k

ΩC
t

PC
t

PC
t+k

.

The pro�t function of �rm i is written as:

max
P

X,opt
t (i)

Et

∞∑
k=0

(ξx)
kΛt,t+k

{
PX
t+k|t(i)St+kXt+k|t(i)− TCX

t+k|t
[
Xt+k|t(i)

]}
, (C.142)

subject to the demand function:

Xt+k|t(i) =

(
PX
t+k|t(i)

PX
t+k

) λX
t+k

1−λX
t+k

Xt+k, (C.143)

and the Calvo price setting contract:

PX
t+k(i) =

{
Π

X
t+kP

X
t+k−1(i) with probability ξx

PX,opt
t+k (i) with probability (1− ξx).

(C.144)

The FOC of PX,opt
t (i) is:

Et{StXt|t(i) + StP
X,opt
t (i)

∂Xt|t(i)

∂PX,opt
t (i)

−MCX
t (i)
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∂PX
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∂PX
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∂PX
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∂PX,opt
t (i)

−MCX
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∂PX
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∂PX
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t (i)

]
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∂PX
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t (i)

−MCX
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∂Xt+2|t(i)

∂PX
t+2|t(i)

∂PX
t+2|t(i)

∂PX,opt
t (i)

]
+ . . .} = 0.

(C.145)

Recall, we have the following de�nition: PX
t+k|t(i) = PX,opt

t (i)Π
X
t+1Π

X
t+2 . . .Π

X
t+k. Hence, the partial derivative of

PX
t+k|t(i) with respect to PX,opt

t (i) is:

∂PX
t+k|t(i)

∂PX,opt
t (i)

= Π
X
t+1Π

X
t+2 . . .Π

X
t+k. (C.146)

Using Equation (C.146), Equation (C.145) can be rewritten as:

Et{StXt|t(i) + StP
X,opt
t (i)

∂Xt|t(i)

∂PX,opt
t (i)

−MCX
t (i)
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X
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X
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X
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∂XX
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∂PX
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St+2Π

X
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X
t+2Xt+2|t(i) + St+2P

X
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X
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X
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∂Xt+2|t(i)

∂PX
t+2|t(i)

−MCX
t+2(i)Π

X
t+1Π

X
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∂PX
t+2|t(i)

]
+ . . .} = 0.

From Equation (C.137), we have the following result: MCX
t+k(i) = MCX

t+k. We rearrange the above equation,
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and we can obtain the following equation:

Et{
∂Xt|t(i)

∂PX,opt
t (i)

[
StP

X,opt
t (i)

(
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∂PX
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)−1
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)
−MCX
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]
+ . . .} = 0.

(C.147)

Given the demand schedule for export goods, which is captured by Equation (C.143), we can �nd the following
price elasticity of demand for export goods:

−
∂Xt+k|t(i)

∂PX
t+k|t(i)

PX
t+k|t(i)

Xt+k|t(i)
=

λX
t+k

λX
t+k − 1

. (C.148)

Using the result from Equation (C.148), the derivative of Xt+k|t(i) with respect to PX
t+k|t(i) is:

∂Xt+k|t(i)

∂PX
t+k|t(i)

=
λX
t+k

1− λX
t+k

Xt+k|t(i)

PX
t+k|t(i)

. (C.149)

Using Equation (C.148) and Equation (C.149), we can rewrite Equation (C.147) as follows:

Et{
Xt|t(i)
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λX
t
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t

[
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1

λX
t+1

−MCX
t+1

]
+ (ξx)

2 Λt,t+2Π
X
t+1Π
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Xt+2|t(i)

PX
t+2|t(i)

λX
t+2

1− λX
t+2

[
St+2P

X
t+2|t(i)

1

λX
t+2

−MCX
t+2

]
+ . . .} = 0.

We use the following de�nition: PX
t+k|t(i) = PX,opt

t (i)Π
X
t+1Π

X
t+2 . . .Π

X
t+k. We multiply both sides of the above

equation by PX,opt
t (i) and −1. We can obtain the following equation:

Et{
Xt|t(i)

λX
t − 1

[
StP

X,opt
t (i)− λX

t MCX
t

]
+ ξxΛt,t+1

Xt+1|t(i)

λX
t+1 − 1

[
St+1P

X
t+1|t(i)− λX

t+1MCX
t+1

]
+ (ξx)

2 Λt,t+2
Xt+2|t(i)

λX
t+2 − 1

[
St+2P

X
t+2|t(i)− λX

t+2MCX
t+2

]
+ . . .} = 0.

We can drop the subscript i from the above equation because when �rms can reset their price, they will set the
same price. As a result, all �rms that reset their price in period t will choose the same quantity of output. We
rewrite the above equation, and the optimal price of export goods equation can be expressed as:

Et

∞∑
k=0

(ξx)
k Λt,t+k

Xt+k|t(
λX
t+k − 1

) [St+kP
X
t+k|t − λX

t+kMCX
t+k

]
= 0. (C.150)

Equation (C.150), which is the non-stationarized version of the optimal price of export goods, is the same as
Equation (41) in Section 2.4.3.

The above equation can be rewritten in terms of per capita quantities. To this end, we let xt+k|t denote the per
capita quantity of output of export �rms that reset their price in period t. The optimal price for export goods
equation can be written as:

Et

∞∑
k=0

(ξx)
k Λt,t+k

xt+k|t(
λX
t+k − 1

) [St+kP
X
t+k|t − λX

t+kMCX
t+k

]
= 0. (C.151)
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Now, we stationarize Equation (C.151). We use the following de�nition: Λt,t+k =
βt+k

βt

ΩC
t+k

ΩC
t

PC
t

PC
t+k

, and we expand

Equation (C.151). Thus, we have the following equation:

Et{
xt|t

(λX
t − 1)

[
StP

X,opt
t − λX

t MCX
t

]
+ ξx

βt+1

βt

ΩC
t+1

ΩC
t

PC
t

PC
t+1

xt+1|t

(λX
t+1 − 1)

[
St+1P

X
t+1|t − λX

t+1MCX
t+1

]
+ (ξx)

2 βt+2

βt

ΩC
t+2

ΩC
t

PC
t

PC
t+2

xt+2|t

(λX
t+2 − 1)

[
St+2P

X
t+2|t − λX

t+2MCX
t+2

]
+ . . .} = 0.

We expand further and multiply through by 1
Pt

to get:

Et{
xt|t

(λX
t − 1)

Pt

Pt

[
StP

X,opt
t

Pt
− λX

t MCX
t

Pt

]
+ ξx

βt+1

βt

ΩC
t+1

ΩC
t

PC
t

PC
t+1

xt+1|t

(λX
t+1 − 1)

Pt+1

Pt

[
St+1P

X
t+1|t

Pt+1
− λX

t+1MCX
t+1

Pt+1

]

+ (ξx)
2 βt+2

βt

ΩC
t+2

ΩC
t

PC
t

PC
t+2

xt+2|t

(λX
t+2 − 1)

Pt+1

Pt

Pt+2

Pt+1

[
St+2P

X
t+2|t

Pt+2
− λX

t+2MCX
t+2

Pt+2

]
+ . . .} = 0.

We use the following de�nition: PX
t+k|t = PX,opt

t Π
X
t+1Π

X
t+2 . . .Π

X
t+k. We multiply the marginal utility of con-

sumption ΩC
t+k by z+t+k, and divide export goods xt+k|t by z

+
t+k and expand further to get:

Et{
xt|t

(λX
t − 1) z+t

[
StP

X,opt
t

Pt
− λX

t
MCX

t

Pt

]
+ ξx

βt+1

βt

ΩC
t+1z

+
t+1

ΩC
t z

+
t

PC
t

PC
t+1

xt+1|t(
λX
t+1 − 1

)
z+t+1

Pt+1

Pt

[
St+1Π

X
t+1P

X,opt
t

Pt+1
− λX

t+1

MCX
t+1

Pt+1

]

+ (ξx)
2 βt+2

βt

ΩC
t+2z

+
t+2

ΩC
t z

+
t

PC
t

PC
t+2

PC
t+1

PC
t+1

xt+2|t(
λX
t+2 − 1

)
z+t+2

Pt+1

Pt

Pt+2

Pt+1[
St+2Π

X
t+1Π

X
t+2P

X,opt
t

Pt+2
− λX

t+2

MCX
t+2

Pt+2

]
+ . . .} = 0.

We multiply the second term of the above equation by St
St
, and Pt

Pt
, whereas we multiply the third term of the

above equation by
St+1St

St+1St
and

PtPt+1

PtPt+1
. We have the following equation:

Et{
xt|t

(λX
t − 1) z+t

[
StP

X,opt
t

Pt
− λX

t
MCX

t

Pt

]
+ ξx

βt+1

βt

ΩC
t+1z

+
t+1

ΩC
t z

+
t

PC
t

PC
t+1

xt+1|t(
λX
t+1 − 1

)
z+t+1

Pt+1

Pt

[
Pt

Pt

St

St

St+1Π
X
t+1P

X,opt
t

Pt+1
− λX

t+1

MCX
t+1

Pt+1

]

+ (ξx)
2 βt+2

βt

ΩC
t+2z

+
t+2

ΩC
t z

+
t

PC
t

PC
t+2

PC
t+1

PC
t+1

xt+2|t(
λX
t+2 − 1

)
z+t+2

Pt+1

Pt

Pt+2

Pt+1[
St+1St

St+1St

PtPt+1

PtPt+1

St+2Π
X
t+1Π

X
t+2P

X,opt
t

Pt+2
− λX

t+2

MCX
t+2

Pt+2

]
+ . . .} = 0.

We use the following de�nitions: pX,opt
t =

StP
X,opt
t
Pt

, mcXt+k =
MCX

t+k

Pt+k
, st+k =

St+k

St+k−1
, Πt+k =

Pt+k

Pt+k−1
, and

143



ΠC
t+k =

PC
t+k

PC
t+k−1

. We can obtain the following equation:

Et{
xt|t

(λX
t − 1) z+t

[
pX,opt
t − λX

t mc
X
t

]
+ ξx

βt+1

βt

ΩC
t+1z

+
t+1

ΩC
t z

+
t

Πt+1

ΠC
t+1

xt+1|t(
λX
t+1 − 1

)
z+t+1

[
Π

X
t+1st+1p

X,opt
t

Πt+1
− λX

t+1mc
X
t+1

]

+ (ξx)
2 βt+2

βt

ΩC
t+2z

+
t+2

ΩC
t z

+
t

Πt+2Πt+1

ΠC
t+2Π

C
t+1

xt+2|t(
λX
t+2 − 1

)
z+t+2[

Π
X
t+1Π

X
t+2st+1st+2p

X,opt
t

Πt+2Πt+1
− λX

t+2mc
X
t+2

]
+ . . .} = 0.

Using the following de�nitions: βr
t+j =

βt+j

βt+j−1
, Ω

C
t+k = ΩC

t+kz
+
t+k and xt+k =

xt+k

z+
t+k

, the stationarized version of

the optimal price of export goods equation can be written as:

Et

∞∑
k=0

(ξx)
k

(
k∏

j=1

βr
t+j

)
Ω

C
t+k

Ω
C
t

(
k∏

j=1

Πt+j

ΠC
t+j

)
xt+k|t(
λX
t+k − 1

) [( k∏
j=1

Π
X
t+jst+j

Πt+j

)
pX,opt
t − λX

t+kmc
X
t+k

]
= 0. (C.152)

Equation (C.152), which is the stationarized version of the optimal price of export goods, is the same as Equation
(A.47a).

C.6 Import good producers

This section presents the optimization problem of import good producers in the Swedish economy and derives
optimal prices. There are four di�erent types of import �rms in the Swedish economy. Each type operates in a
separate and monopolistically competitive market. The �rst type of import �rm is denoted by index Cxe and
provides imported inputs to the non-energy consumption good producers. The second type of import �rm is
denoted by index I and provides imported goods to investment good producers. The third type of import �rm
is denoted by index X and provides imported goods to export �rms. The fourth type of �rm is denoted by index
Ce and provides imported goods to the energy consumption producers. We derive the optimal price for import
�rms specializing in consumption goods, Equation (A.50a), investment goods, Equation (A.53a), export goods
Equation (A.56a) and energy consumption goods, Equation (REF).

Let nϵ{Cxe, I,X,Ce} be the index for di�erent types of import �rm, and let Mn
t (i) represents the quantity

produced by the individual �rm i of type n. The individual import �rm i of type n chooses the optimal price
of imported goods PM,n

t,opt(i) that maximizes its pro�t, subject to its demand schedule and the Calvo sticky price
friction. In each period, the individual �rm i resets its price with probability (1−ξm,n). With probability ξm,n, the

�rm cannot reset its price, and then it faces the following price evolution: PM,n
t+k|t(i) = PM,n

t,opt(i)Π
M,n
t+1 Π

M,n
t+2 . . .Π

M,n
t+k .

We de�ne the stochastic discount factor as Λt,t+k =
βt+k

βt

ΩC
t+k

ΩC
t

PC
t

PC
t+k

.

The �rms have to purchace the import goods from abroad, which di�ers between the three non-energy good
�rms, and the energy good �rms. The non-energy good �rms purchace Foreign domestic intermediate goods for
the price StPF,t and transforms the goods to import good suitable for the respective input good purchaser. The
energy good �rms purchace foreign energy goods for the price StP

C,e
F,t and transform them into goods suitable for

the Swedish energy producer. This means that we can de�ne the marginal cost for the di�erent types of �rms as

MCM,n
t =StPF,t =

QtP
C
t

pCF,t

, n ∈ {Cxe, I,X}

MCM,n
t =StP

C,e
F,t =

QtP
C
t

pCF,t

pC,e
F,t , n ∈ {Ce}

using the de�nition that Qt = StP
C
F,t/P

C
t , pCF,t = PC

F,t/PF,t and p
C,e
F,t = PC,e

F,t /PF,t.
The optimization problem of import good producers under sticky prices can then be de�ned as follows:

max
P

M,n
t,opt(i)

Et

∞∑
k=0

(ξm,n)
kΛt,t+k

{
PM,n
t+k|t(i)M

n
t+k|t(i)−MCM,n

F,t+kM
n
t+k|t(i)−MCM,n

t+k z
+
t+kϕ

M,n
}

(C.153)
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subject to the demand function:

Mn
t+k|t(i) =

(
PM,n
t+k|t(i)

PM,n
t+k

) λ
M,n
t+k

1−λ
M,n
t+k

Mn
t+k, (C.154)

and the Calvo price setting contract:

PM,n
t+k (i) =

{
Π

M,n
t+k P

M,n
t+k−1(i) with probability ξm,n

PM,n
t+k,opt(i) with probability (1− ξm,n).

(C.155)

The FOC of PM,n
t,opt(i) is:

Et{Mn
t|t(i) + PM,n

t,opt(i)
∂Mn

t|t(i)

∂PM,n
t,opt(i)

−MCM,n
t+k

∂Mn
t|t(i)

∂PM,n
t,opt(i)

+ ξm,nΛt,t+1

[
∂PM,n

t+1|t(i)

∂PM,n
t,opt(i)

Mn
t+1|t(i) + PM,n

t+1|t(i)
∂Mn

t+1|t(i)

∂PM,n
t+1|t(i)

∂PM,n
t+1|t(i)

∂PM,n
t,opt(i)

−MCM,n
t+1

∂Mn
t+1|t(i)

∂PM,n
t+1|t(i)

∂PM,n
t+1|t(i)

∂PM,n
t,opt(i)

]
+ (ξm,n)

2 Λt,t+2[
∂PM,n

t+2|t(i)

∂PM,n
t,opt(i)

Mn
t+2|t(i) + PM,n

t+2|t(i)
∂Mn

t+2|t(i)

∂PM,n
t+2|t(i)

∂PM,n
t+2|t(i)

∂PM,n
t,opt(i)

−MCM,n
t+2

∂Mn
t+2|t(i)

∂PM,n
t+2|t(i)

∂PM,n
t+2|t(i)

∂PM,n
t,opt(i)

]
+ . . .} = 0.

(C.156)

Recall, we have the following de�nition: PM,n
t+k|t(i) = PM,n

t,opt(i)Π
M,n
t+1 Π

M,n
t+2 . . .Π

M,n
t+k . Hence, the partial derivative

of PM,n
t+k|t(i) with respect to PM,n

t,opt(i) is:

∂PM,n
t+k|t(i)

∂PM,n
t,opt(i)

= Π
M,n
t+1 Π

M,n
t+2 . . .Π

M,n
t+k . (C.157)

Using Equation (C.157), Equation (C.156) can be rewritten as:

Et{Mn
t|t(i) + PM,n

t,opt(i)
∂Mn

t|t(i)

∂PM,n
t,opt(i)

−MCM,n
t

∂Mn
t|t(i)

∂PM,n
t,opt(i)

+ ξm,nΛt,t+1

[
Π

M,n
t+1 M

n
t+1|t(i) + PM,n

t+1|t(i)Π
M,n
t+1

∂MM,n
t+1|t(i)

∂PM,n
t+1|t(i)

−MCM,n
t+1 Π

M,n
t+1

∂Mn
t+1|t(i)

∂PM,n
t+1|t(i)

]
+ (ξm,n)

2 Λt,t+2[
Π

M,n
t+1 Π

M,n
t+2 M

n
t+2|t(i) + PM,n

t+2|t(i)Π
M,n
t+1 Π

M,n
t+2

∂Mn
t+2|t(i)

∂PM,n
t+2|t(i)

−MCM,n
t+2 Π

M,n
t+1 Π

M,n
t+2

∂Mn
t+2|t(i)

∂PM,n
t+2|t(i)

]
+ . . .} = 0.

We rearrange the above equation, and we can obtain the following equation:

Et{
∂Mn

t|t(i)

∂PM,n
t,opt(i)

[
PM,n
t,opt(i)

(
Mn

t|t(i)

PM,n
t,opt(i)

(
∂Mn

t|t(i)

∂PM,n
t,opt(i)

)−1

+ 1

)
−MCM,n

t

]

+ ξm,nΛt,t+1Π
M,n
t+1

∂Mn
t+1|t(i)

∂PM,n
t+1|t(i)

[
PM,n
t+1|t(i)

(
Mn

t+1|t(i)

PM,n
t+1|t(i)

(
∂Mn

t+1|t(i)

∂PM,n
t+1|t(i)

)−1

+ 1

)
−MCM,n

t+1

]

+ (ξm,n)
2 Λt,t+2Π

M,n
t+1 Π

M,n
t+2

∂Mn
t+2|t(i)

∂PM,n
t+2|t(i)

[
PM,n
t+2|t(i)

(
Mn

t+2|t(i)

PM,n
t+2|t(i)

(
∂Mn

t+2|t(i)

∂PM,n
t+2|t(i)

)−1

+ 1

)
−MCM,n

t+2

]
+ . . .} = 0.

(C.158)

Given the demand schedule for imported goods, which is captured by Equation (C.154), we can �nd the following

145



price elasticity of demand for imported goods:

−
∂Mn

t+k|t(i)

∂PM,n
t+k|t(i)

PM,n
t+k|t(i)

Mn
t+k|t(i)

=
λM,n
t+k

λM,n
t+k − 1

. (C.159)

Using the result from Equation (C.159), the derivative of Mn
t+k|t(i) with respect to PM,n

t+k|t(i) is:

∂Mn
t+k|t(i)

∂PM,n
t+k|t(i)

=
λM,n
t+k

1− λM,n
t+k

Mn
t+k|t(i)

PM,n
t+k|t(i)

. (C.160)

Using Equation (C.159) and Equation (C.160), we can rewrite Equation (C.158) as follows:

Et{
Mn

t (i)

PM,n
t,opt(i)

λM,n
t

1− λM,n
t

[
PM,n
t,opt(i)

1

λM,n
t

−MCM,n
t+k

]

+ ξm,nΛt,t+1Π
M,n
t+1

Mn
t+1|t(i)

PM,n
t+1|t(i)

λM,n
t+1

1− λM,n
t+1

[
PM,n
t+1|t(i)

1

λM,n
t+1

−MCM,n
t+1

]

+ (ξm,n)
2 Λt,t+2Π

M,n
t+1 Π

M,n
t+2

Mn
t+2|t(i)

PM,n
t+2|t(i)

λM,n
t+2

1− λM,n
t+2

[
PM,n
t+2|t(i)

1

λM,n
t+2

−MCM,n
t+2

]
+ . . .} = 0.

We use the following de�nition: PM,n
t+k|t(i) = PM,n

t,opt(i)Π
M,n
t+1 Π

M,n
t+2 . . .Π

M,n
t+k . We multiply both sides of the above

equation by PM,n
t,opt(i) and −1. We can obtain the following equation:

Et{
Mn

t|t(i)

λM,n
t − 1

[
PM,n
t,opt(i)− λ

M,n
t MCM,n

t

]
+ ξm,nΛt,t+1

Mn
t+1|t(i)

λM,n
t+1 − 1

[
PM,n
t+1|t(i)− λ

M,n
t+1 MCM,n

t+1

]
+ (ξm,n)

2 Λt,t+2

Mn
t+2|t(i)

λM,n
t+2 − 1

[
PM,n
t+2|t(i)− λ

M,n
t+2 MCM,n

t+2

]
+ . . .} = 0.

We can drop the subscript i from the above equation because when �rms can reset their price, they will set the
same price. As a result, all �rms that reset their price in period t will choose the same quantity of output. We
rewrite the above equation, and the optimal price of imported goods equation can be expressed as:

Et

∞∑
k=0

(ξm,n)
k Λt,t+k

Mn
t+k|t(

λM,n
t+k − 1

) [PM,n
t+k|t − λ

M,n
t+kMCM,n

t+k

]
= 0. (C.161)

Equation (C.161), which is the non-stationarized version of the optimal price of imported goods, is the same as
Equation (37) in Section 2.4.2.

We can rewrite the above equation in per capita terms, so we let mn
t denote per capita output of import �rms

of type n who reset their price in period t. The optimal price of imported goods equation can be written as:

Et

∞∑
k=0

(ξm,n)
k Λt,t+k

mn
t+k|t(

λM,n
t+k − 1

) [PM,n
t+k|t − λ

M,n
t+kMCM,n

t+k

]
= 0. (C.162)

Now, we stationarize Equation (C.162). We use the following de�nition: Λt,t+k =
βt+k

βt

ΩC
t+k

ΩC
t

PC
t

PC
t+k

, and we expand

Equation (C.162). Thus, we have the following equation:

Et{
mn

t|t

(λM,n
t − 1)

[
PM,n
t,opt − λ

M,n
t MCM,n

t

]
+ ξm,n

βt+1

βt

ΩC
t+1

ΩC
t

PC
t

PC
t+1

mn
t+1|t

(λM,n
t+1 − 1)

[
PM,n
t+1|t − λ

M,n
t+1 MCM,n

t+1

]
+ (ξm,n)

2 βt+2

βt

ΩC
t+2

ΩC
t

PC
t

PC
t+2

mn
t+2|t

(λM,n
t+2 − 1)

[
PM,n
t+2|t − λ

M,n
t+2 MCM,n

t+2

]
+ . . .} = 0.
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We multiply all terms of the above equation by 1
Pt

and expand. We can obtain the following equation:

Et{
mn

t|t

(λM,n
t − 1)

[
PM,n
t,opt

Pt
− λM,n

t MCM,n
t

Pt

]

+ ξm,n
βt+1

βt

ΩC
t+1

ΩC
t

PC
t

PC
t+1

mn
t+1|t

(λM,n
t+1 − 1)

Pt+1

Pt

[
PM,n
t+1|t

Pt+1
−
λM,n
t+1 MCM,n

t+2

Pt+1

]

+ (ξm,n)
2 βt+2

βt

ΩC
t+2

ΩC
t

PC
t

PC
t+2

mn
t+2|t

(λM,n
t+2 − 1)
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]
+ . . .} = 0.

We use the following de�nition: PM,n
t+k|t = PM,n

t,optΠ
M,n
t+1 Π

M,n
t+2 . . .Π

M,n
t+k . We multiply the marginal utility of con-

sumption ΩC
t+k by z+t+k, and divide imported goods mn

t+k|t by z
+
t+k, and expand further to get:
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+ (ξm,n)
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]
+ . . .} = 0.

We multiply the second term of the above equation by Pt
Pt
, whereas we multiply the third term of the above

equation by
PtPt+1

PtPt+1
. We have the following equation:

Et{
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t|t(
λM,n
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)
z+t

[
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λM,n
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Π
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+
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Π
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]
+ . . .} = 0.

We use the following de�nitions: pM,n
t,opt =

P
M,n
t,opt

Pt
, mcM,n

F,t+k =
MC

M,n
t+k

Pt+k
, Πt+k =

Pt+k

Pt+k−1
, and ΠC

t+k =
PC
t+k

PC
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. We

can obtain the following equation:
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]
+ . . .} = 0.

Using the following de�nitions: βr
t+j =

βt+j

βt+j−1
, Ω

C
t+k = ΩC

t+kz
+
t+k and mn

t+k =
mn

t+k

z+t
, the stationarized version of
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optimal price of imported goods equation can be written as:

Et

∞∑
k=0

(ξm,n)
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Π
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M,n
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M,n
F,t+k

]
= 0. (C.163)

Equation (C.163), which is the stationarized version of optimal price of imported goods. Recall that, nϵ{Cxe, I,X,Ce}
represents di�erent types of import �rms in the Swedish economy.

Replacing the index n with C, we have the following optimal price for import �rms specializing in consumption
goods:

Et
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(ξm,C)
k
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)
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) [( k∏
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Π
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)
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M,C
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M,n
F,t+k

]
= 0. (C.164)

Equation (C.164), which is the stationarized version of optimal price for import �rms specializing in consumption
goods is the same as Equation (A.50a).

Replacing the index n with I, we have the following optimal price for import �rms specializing in investment
goods:
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∞∑
k=0

(ξm,I)
k
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]
= 0. (C.165)

Equation (C.166), which is the stationarized version of optimal price for import �rms specializing in investment
goods is the same as Equation (A.53a).

Replacing the index n with X, we have the following optimal price for import �rms specializing in export goods:
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(

k∏
j=1

βr
t+j

)
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]
= 0. (C.166)

Equation (C.166) which is the stationarized version of optimal price for import �rms specializing in export goods
is the same as Equation (A.56a).
Finally, note that the stationarized marginal costs of the �rms can be written as

mcM,n
t =

StPF,t

Pt
=
Qtp

C
t

pCF,t

, n ∈ {Cxe, I,X} (C.167)

mcM,n
t =

StP
C,e
F,t

Pt
=
Qtp

C
t

pCF,t

pC,e
F,t , n ∈ {Ce} (C.168)

Equation (C.168), which is the stationarized marginal cost for the energy importer, is the same as Equation
(A.62a).

C.7 Fiscal authority

Given the �scal authority budget constraint described in section 2.5, we can derive the stationarized version of
the government budget constraint. The government budget constraint is given by:

τCt P
C
t C

agg
t +(τSSC

t +τWt )WtNt+Υ
K
t +Bn

t +Tt =
(
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)
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I
t
P I
t

γt
It+PtGt+Pt
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γt

+(1−τTR
t )TRagg

t .

(C.169)

We stationarize the above equation by dividing the above equation by z+t Pt:
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+
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+
t
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TRagg
t

z+t Pt

.

148



In the Swedish economy, where the size of the population is normalized to unity, the distinction between aggre-
gate and per capita variables are trivial. Nonetheless, we can express the above equation in terms of per capita.
We denote caggt as the stationarized aggregate consumption in per capita, gt is the stationarized government con-
sumption in per capita, tt is lump-sum tax in per capita, and tr

agg
t is aggregate transfers in per capita. We use

the following de�nitions: caggt =
c
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t

z+t
, wt =
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z+t PC
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t
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.79

The above government budget constraint can be written as:

τCt p
C
t c̄
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n
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(C.170)

Note that equation (C.170) is the same as equation (A.70a) in Section A.4.

Capital income tax revenues are given by:

ΥK
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(
RK

t utKt −
P I
t
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a(ut)Kt

)
− ιKτKt δPK

t−1Kt. (C.171)

We stationarize the above equation by dividing the above equation by z+t Pt:
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Using the following de�nitions: Υ
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We express the above equation in per capita terms as follows:
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Equation (C.172) is the same as Equation (A.73a) in Section A.4.

From Section 2.5, the government surplus is given by:

SURPt = αBBt −Bn
t .

We stationarize the above equation by dividing the above equation by z+t Pt:

SURPt

Ptz
+
t

= αB
Bt

Ptz
+
t

− Bn
t

Ptz
+
t

.
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can be written as:

surpt = αB
bt

µz+tΠt
− bnt . (C.173)

Note that equation (C.173) is the same as equation (A.76a) in Section A.4.

79Two exceptions to the per capita notation are private and government investment: because we use it to denote the net nominal
interest rate, Īt denotes both the stationarized level of aggregate investment and the stationarized level of aggregate investment per

inhabitant in the Swedish economy. I
G
t is the stationarized level of government investment and the stationarized level of government

investment per capita.
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C.7.1 The structural surplus

The structural surplus is de�ned as the di�erence between the structural primary revenue, Stprevt and the
structural primary expenditure, Stpexpt, net of the interest payments on the current debt:

Stsurpt = Stprevt − Stpexpt − (RB
t−1 − 1)Bt (C.174)

where the structural primary expenditure is given by the cyclically adjusted government expenditure:
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and the structural primary revenues are given by the structural tax bases times the tax rates:

Stprevt = τCt P
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)
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where the variables without any time notation are the steady-state values of the stationarized per-capita equiv-
alents of the variables.

The structural surplus and its right-hand-side variables can be stationarized by dividing all variables with
Ptz

+
t except for Bt, which is stationarized via b̄t = Bt/(Pt−1z

+
t−1), which can be written as b̄ = Bt/(Pt−1z

+
t−1) =

BtΠtµz+,t/(Ptz
+
t ). Hence we can write the stationarized structural surplus as

Stsurpt = Stprevt − Stpexpt −
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Πtµz+,t

b̄t (C.177)

Equation C.177 is equivalent to equation A.83a in Section A.4.
The equation for structural primary expenditures (equation C.176) is stationarized by dividing through the

equation by Ptz
+
t to get
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(
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Equation C.178 is equivalent to equation A.84a in Section A.4.
The equation for structural primary revenues (equation C.175) is stationarized by dividing through the

equation by Ptz
+
t to get:
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Equation C.179 is equivalent to equation A.85a in Section A.4.

D Technical appendix: Foreign economy

In this technical appendix, �rst we present the optimization problems for households and �rms in the Foreign
economy. Second, we present the key equilibrium conditions and model equations for the Foreign economy. We
denote ω as the size of Foreign economy. We denote the subscript f as the individual household in the Foreign
economy, and we denote the subscript j as the individual �rm in the Foreign economy. We use the subscript F
to denote the aggregate variables and the economy-wide average variables for the Foreign economy.
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D.1 Foreign: Household sector

In this section, �rst we present the optimization problem of households in the Foreign economy. Second, we
present the �rst-order conditions (FOCs) for households in the Foreign economy. The optimization problem of
households in the Foreign economy are similar to those of the Swedish economy. However, households in the
Foreign economy do not have an access to the market for bonds denominated in the Swedish currency. Moreover,
there are no Non-Ricardian consumers and no �scal sector. Households in the Foreign economy can only buy
bonds that are denominated in the currency of Foreign. We let θbf,t denote the Lagrangian multiplier associated

with the budget constraint and θkf,t denote Lagrangian multiplier associated with capital accumulation equation
for the household f .

The utility function of individual household f is de�ned as:

E0

∞∑
t=0

βF,t

[
u(Cf,t − ρF,hCF,t−1)− ζnF,tν(Nf,t)

]
. (D.1)

where ρF,h is the consumption habit formation parameter.
The individual household f chooses consumption Cf,t, physical capital Kf,t+1, investment If,t, capital utilization
uf,t, the change in capital stock by trading in the market △K

f,t, domestic nominal bonds that are denominated
in the Foreign currency BFF

f,t+1 and the nominal wage Wf,t to maximize its expected utility subject to,

the budget constraint:

PC
F,tCf,t +

P I
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γt
If,t + PK

F,t△K
f,t +
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RF,tζF,t
= (1− τwF )Wf,tNf,t +RK

F,tuf,tKf,t −
P I
F,t

γt
a(uf,t)Kf,t

+BFF
f,t + ΞBFF ,t +Ψf,t + TRf,t, (D.2)

the labor demand schedule:

Nf,t =
1

ω

(
Wf,t

WF,t

)−εFw

NF,t, (D.3)

the capital accumulation:
Kf,t+1 = (1− δ)Kf,t +ΥF,tF (If,t, If,t−1) +△K

f,t, (D.4)

the Calvo wage contract:

Wf,t+k =

{
Π

W
F,t+kWf,t+k−1 with probability ξFw

W opt
f,t+k with probability (1− ξFw ).

(D.5)

We make the use of the following de�nition: βr
F,t+1 =

βF,t+1

βF,t
, and we follow the similar steps to those in Section

C.1.2, we can obtain the FOC for Cf,t, B
FF
f,t+1, Kf,t+1, If,t, uf,t and △K

f,t.

The FOC for Cf,t is:
θbf,tP

C
F,t = ΩC

f,t. (D.6)

Equation (D.6) is the same as Equation (73) in Section 2.6.1.

The FOC for BFF
f,t+1 is:

θbf,tP
C
F,t = Et

[
βr
F,t+1θ

b
f,t+1P

C
F,tRF,tζF,t

]
. (D.7)

Equation (D.7) is the same as Equation (74) in Section 2.6.1.

The FOC for Kf,t+1 is:

θkf,t = Etβ
r
F,t+1

[
θbf,t+1

(
RK

F,t+1uf,t+1 −
P I
F,t+1

γt+1
a(uf,t+1)

)
+ θkf,t+1(1− δF )

]
. (D.8)

Equation (D.8) is the same as Equation (75) in Section 2.6.1.
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The FOC for If,t is:

θbf,t
P I
F,t

γF,t
= θkf,tΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1θ

k
f,t+1ΥF,t+1F2(If,t+1, If,t)

]
. (D.9)

Equation (D.9) is the same as Equation (76) in Section 2.6.1.

The FOC for uf,t is:

RK
F,tKf,t =

P I
F,t

γt
a′(uf,t)Kf,t. (D.10)

Equation (D.10) is the same as Equation (77) in Section 2.6.1.

The FOC for △K
f,t. is:

θbf,tP
K
F,t = θkf,t. (D.11)

Equation (D.11) is the same as Equation (78) in Section 2.6.1.

D.1.1 Foreign: Consumption Euler equation

This section presents the stationarized version of consumption Euler equation. We use Equation (D.6) and Equa-

tion (D.7), and apply the following de�nitions: pCF,t =
PC
F,t

PF,t
, and ΠC

F,t+1 =
PC
F,t+1

PC
F,t

to �nd the non-stationarized

version of consumption Euler equation for the Foreign economy.

Following the similar steps that are used to derive the non-stationarized version of consumption Euler equation
for the Swedish economy in Section C.1.3, we can obtain the following non-stationarized version of consumption
Euler equation for the Foreign economy:

ΩC
F,t = Et

[
βr
F,t+1

RF,tζF,t

ΠC
F,t+1

ΩC
F,t+1

]
. (D.12)

We use the following de�nitions: µ
z+
F
,t+1

=
z+
F,t+1

z+
F,t

, Ω
C
F,t = z+F,tΩ

C
F,t. To �nd the stationarized version of con-

sumption Euler equation for the Foreign economy. Following the similar steps as in Section C.1.3, we can �nd the
stationarized version of consumption Euler equation for the Foreign economy. Thus, Equation (D.12) becomes:

Ω
C
F,t = RF,tζF,tEt

[
βr
F,t+1

Ω
C
F,t+1

µ
z+
F
,t+1

ΠC
F,t+1

]
. (D.13)

Equation (D.13), which represents the stationarized version of consumption Euler equation for the Foreign econ-
omy, is the same as Equation (A.104a).

D.1.2 Foreign: Marginal utility of consumption

In this section, we present the stationarized version of marginal utility of consumption for the Foreign economy
equation.

The Foreign utility function is the same as the Swedish utility function, and the functional form of the Foreign
utility function is:

u(Cf,t − ρF,hCF,t−1) = ln(Cf,t − ρF,hCF,t−1).

Note that we abstract from government consumption in the foreign economy and thereby we can abstract from
potential non-separability between foreign private consumption and government consumption.
We use the above utility functional form and follow the similar steps that are used to derive the non-stationarized
version of the Swedish marginal utility of consumption equation in Section C.1.4. Thus, we can obtain the
following non-stationarized version of the Foreign marginal utility of consumption:

ΩC
F,t =

1

(CF,t − ρF,hCF,t−1)
. (D.14)

Equation (D.14) can be written in per capita terms by applying the following de�nition: cF,t =
CF,t

ω
. We de�ne
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cF,t as Foreign consumption per capita and ω is the size of the Foreign economy. We stationarize Equation

(D.14) by using the following de�nitions: µ
z+
F
,t+1

=
z+
F,t+1

z+
F,t

, Ω
C
F,t = z+F,tΩ

C
F,t, and cF,t =

cF,t

z+
F,t

. Equation (D.14)

becomes:

Ω
C
F,t =

1(
cF,t − ρF,h

1
µ
z
+
F

,t

cF,t−1

) . (D.15)

Equation (D.15), which represents the stationarized version of the Foreign marginal utility of consumption, is
the same as Equation (A.105a).

D.1.3 Foreign: Capital utilization and household purchase of installed capital

This section derives stationarized capital utilization decision equation and the household purchases of installed
capital equation respectively.

First, we derive the capital utilization decision equation. Recall, Equation (D.10), which shows the FOC for
uf,t, is written as:

RK
F,tKf,t =

P I
F,t

γt
a′(uf,t)Kf,t.

Using the following de�nitions: rKF,t =
γtR

K
F,t

PF,t
, and pIF,t =

P I
F,t

PF,t
, the above equation can be rewritten as follows:

γtR
K
F,t

PF,t
=
P I
F,t

PF,t
a′(uf,t),

rKF,t = pIF,ta
′(uf,t).

Note that the optimal rate of utilization is a function of the two aggregate relative prices rKF,t and pIF,t. All
households in Foreign will then choose the same utilization rate, and the subscript f may be dropped from the
above equation. Thus, we have the following capital utilization decision equation:

rKF,t = pIF,ta
′(uF,t). (D.16)

Equation (D.16), which captures the capital utilization decision, is the same as Equation (A.106a).

Next, we derive the household purchases of installed capital equation (A.107a). Recall, Equation (D.8), which
represents the FOC for Kf,t+1, is expressed as:

θkf,t = Etβ
r
F,t+1

[
θbf,t+1

(
RK

F,t+1uf,t+1 −
P I
F,t+1

γt+1
a(uf,t+1)

)
+ θkf,t+1(1− δF )

]
.

Using Equation (D.11) that shows θbf,tP
K
F,t = θkf,t, we can rewrite the above equation as:

θbf,tP
K
F,t = Etβ

r
F,t+1

[
θbf,t+1

(
RK

F,t+1uf,t+1 −
P I
F,t+1

γt+1
a(uf,t+1)

)
+ θbf,t+1P

K
F,t+1(1− δF )

]
.

We use Equation (D.6) that shows θbf,tP
C
F,t = ΩC

f,t and use the following de�nition: ΠC
F,t+1 =

PC
F,t+1

PC
F,t

. Thus, we

can rewrite the above equation as follows:

PC
F,tθ

b
f,tP

K
F,t = Etβ

r
F,t+1

[
θbf,t+1P

C
F,t+1

1

ΠC
F,t+1

(
RK

F,t+1uf,t+1 −
P I
F,t+1

γt+1
a(uf,t+1)

)]

+ Etβ
r
F,t+1

[
θbf,t+1P

C
F,t+1

1

ΠC
F,t+1

PK
F,t+1(1− δF )

]
,

and

ΩC
f,tP

K
F,t = Etβ

r
F,t+1

[
ΩC

f,t+1

1

ΠC
F,t+1

(
RK

F,t+1uf,t+1 −
P I
F,t+1

γt+1
a(uf,t+1)

)
+ΩC

f,t+1

1

ΠC
F,t+1

PK
F,t+1(1− δF )

]
.

153



We multiply both sides of the above equation by γt
PF,t

, and then we rewrite the above equation as follows:

γtPK
F,t

PF,t
= Etβ

r
F,t+1

[
ΩC

f,t+1

ΩC
f,t

1

ΠC
F,t+1

γt

PF,t

(
RK

F,t+1uf,t+1 −
P I
F,t+1

γt+1
a(uf,t+1)

)]

+ Etβ
r
F,t+1

[
ΩC

f,t+1

ΩC
f,t

1

ΠC
F,t+1

γt

PF,t
PK
F,t+1(1− δF )

]
.

In order to stationarize the above equation, we use the following de�nitions: rKF,t+1 =
γt+1R

K
t+1

PF,t+1
, pIF,t+1 =

P I
F,t+1

PF,t+1
,

µγ,t+1 =
γt+1

γt
, pKF,t =

γtP
K
F,t

PF,t
, and ΠF,t+1 =

PF,t+1

PF,t
. Also, since all households choose the same level of consump-

tion and the same utilization rate, the subscript f may be dropped from the above equation. Thus, we have the
following equation for the household purchases of installed capital:

γtPK
F,t

PF,t
= Etβ

r
F,t+1

[
ΩC

F,t+1

ΩC
F,t

1

ΠC
F,t+1

γt

PF,t

PF,t+1

γt+1

(
rKF,t+1uF,t+1 − pIF,t+1a(uF,t+1)

)]

+ Etβ
r
F,t+1

[
ΩC

F,t+1

ΩC
F,t

1

ΠC
F,t+1

γt

PF,t
PK
F,t+1(1− δF )

]
.

We use the following de�nition: pKF,t =
γtP

K
F,t

PF,t
, and the above equation can be written as follows:

pKF,t = Etβ
r
F,t+1

ΩC
F,t+1

ΩC
F,t

ΠF,t+1

ΠC
F,t+1

1

µγ,t+1

[
rKF,t+1uF,t+1 − pIF,t+1a(uF,t+1) + pKF,t+1(1− δF )

]
. (D.17)

Using the following de�nitions: Ω
C
F,t = z+F,tΩ

C
F,t and µz+

F
,t+1

=
z+
F,t+1

z+
F,t

, Equation (D.17) can be written as:

pKF,t = Etβ
r
F,t+1

Ω
C
F,t+1

Ω
C
F,t

ΠF,t+1

ΠC
F,t+1

1

µ
z+
F
,t+1

µγ,t+1

[
rKF,t+1uF,t+1 − pIF,t+1a(uF,t+1) + pKF,t+1(1− δF )

]
. (D.18)

Equation (D.18) is the same as Equation (A.107a), which shows the stationarized version of the household pur-
chase of installed capital.

D.1.4 Foreign: Investment

This section derives the household investment decision equation (A.108a). Recall that we have Equation (D.9)
that shows the following FOC for If,t:

θbf,t
P I
F,t

γF,t
= θkf,t ΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1θ

k
f,t+1 ΥF,t+1F2(If,t+1, If,t)

]
.

The above equation can be expressed as:

P I
F,t =

γtθ
k
f,t

θbf,t
ΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

γtθ
k
f,t+1

θbf,t
ΥF,t+1F2(If,t+1, If,t)

]
.

We use Equation (D.11), which shows θbf,tP
K
F,t = θkf,t. We can rewrite the above equation as follows:

P I
F,t =

γtθ
b
f,tP

K
F,t

θbf,t
ΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

γtθ
b
f,t+1P

K
F,t+1

θbf,t
ΥF,t+1F2(If,t+1, If,t)

]
,

P I
F,t = γtP

K
F,t ΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

γtθ
b
f,t+1P

K
F,t+1

θbf,t
ΥF,t+1F2(If,t+1, If,t)

]
.

We use the following de�nition: pIF,t = P I
F,t/PF,t, and the above equation becomes:

pIF,t =
γtP

K
F,t

PF,t
ΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

γtθ
b
f,t+1P

K
F,t+1

PF,tθbf,t
ΥF,t+1F2(If,t+1, If,t)

]
.
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We multiply the second term on the right hand side of the above equation by
PF,t+1γt+1

PF,t+1γt+1
. We use the following

de�nitions: µγ,t+1 =
γt+1

γt
and ΠF,t+1 =

PF,t+1

PF,t
. The above equation can then be rewritten as follows:

pIF,t =
γtP

K
F,t

PF,t
ΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

θbf,t+1

θbf,t

γt+1P
K
F,t+1

PF,t+1

PF,t+1

PF,t

γt
γt+1

ΥF,t+1F2(If,t+1, If,t)

]
,

pIF,t =
γtP

K
F,t

PF,t
ΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

θbf,t+1

θbf,t

γt+1P
K
F,t+1

PF,t+1
ΠF,t+1

1

µγ,t+1
ΥF,t+1F2(If,t+1, If,t)

]
.

Using the following de�nition: pKF,t =
γF,tP

K
F,t

PF,t
, this gives us the following equation:

pIF,t = pKF,tΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

θbf,t+1

θbf,t
pKF,t+1ΠF,t+1

1

µγ,t+1
ΥF,t+1F2(If,t+1, If,t)

]
.

Using the following de�nitions: ΠC
F,t+1 =

PC
F,t+1

PC
F,t

and ΩC
f,t = θbf,tP

C
F,t, we can rewrite the above equation as follows:

pIF,t = pKF,tΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

θbf,t+1P
C
F,t+1

θbf,tP
C
F,t

PC
F,t

PC
F,t+1

pKF,t+1ΠF,t+1
1

µγ,t+1
ΥF,t+1F2(If,t+1, If,t)

]

pIF,t = pKF,tΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

θbf,t+1P
C
F,t+1

θbf,tP
C
F,t

1

ΠC
F,t+1

pKF,t+1ΠF,t+1
1

µγ,t+1
ΥF,t+1F2(If,t+1, If,t)

]
,

and we can obtain the following equation:

pIF,t = pKF,tΥF,tF1(If,t, If,t−1) + Et

[
βr
F,t+1

ΩC
f,t+1

ΩC
f,t

1

ΠC
F,t+1

pKF,t+1ΠF,t+1
1

µγ,t+1
ΥF,t+1F2(If,t+1, If,t)

]
.

Since all households choose the same level of investment we replace the subscript f with F and write the equation
in aggregate variables. Hence, we have the following equation for the household investment decision:

pIF,t = pKF,tΥF,tF1(IF,t, IF,t−1) + Et

[
βr
F,t+1

ΩC
F,t+1

ΩC
F,t

1

ΠC
F,t+1

pKF,t+1ΠF,t+1
1

µγ,t+1
ΥF,t+1F2(IF,t+1, IF,t)

]
. (D.19)

Now, we continue the e�ort to stationarize Equation (D.19). Using the following de�nitions: Ω
C
F,t = z+F,tΩ

C
F,t and

µ
z+
F
,t+1

=
z+
F,t+1

z+
F,t

, Equation (D.19) can be written as follows:

pIF,t = pKF,tΥF,tF1(IF,t, IF,t−1)+Et

[
βr
F,t+1

z+F,t+1Ω
C
F,t+1

z+F,tΩ
C
F,t

z+F,t

z+F,t+1

1

ΠC
F,t+1

pKF,t+1ΠF,t+1
1

µγ,t+1
ΥF,t+1F2(IF,t+1, IF,t)

]
,

pIF,t = pKF,tΥF,tF1(IF,t, IF,t−1) + Et

[
βr
F,t+1

Ω
C
F,t+1

Ω
C
F,t

ΠF,t+1

ΠC
F,t+1

pKF,t+1

µ
z+
F
,t+1

µγ,t+1
ΥF,t+1F2(IF,t+1, IF,t)

]
. (D.20)

Furthermore, we need to express F1(IF,t, IF,t−1) and F2(IF,t+1, IF,t) as functions of stationary variables. Recall
from Section 2.10 , we have the following investment adjustment cost function F (IF,t, IF,t−1):

F (IF,t, IF,t−1) =

[
1− S̃

(
IF,t

IF,t−1

)]
IF,t.

We take the �rst derivative of F (IF,t, IF,t−1) with respect to IF,t, and we can �nd F1(IF,t, IF,t−1). We then take
the �rst derivative of F (IF,t+1, IF,t) with respect to IF,t, and we can �nd F2(IF,t+1, IF,t). We have the following
results:

F1(IF,t, IF,t−1) = −S̃′
(

IF,t

IF,t−1

)
IF,t

IF,t−1
+

[
1− S̃

(
IF,t

IF,t−1

)]
, (D.21)

and

F2(IF,t+1, IF,t) = S̃′
(
IF,t+1

IF,t

)(
IF,t+1

IF,t

)2

. (D.22)
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We express Equation (D.21) and Equation (D.22) by applying the following de�nition: IF,t =
IF,t

z+
F,t

γt
. Using this

de�nition, together with µ
z+
F
,t
=

z+
F,t

z+
F,t−1

and µγ,t =
γ+
t

γ+
t−1

, the ratio
IF,t

IF,t−1
can be written as: µ

z+
F
,t
µγ,t

IF,t

IF,t−1
. We

use the notation F1(IF,t, IF,t−1, µz+,t, µγ,t) to express F1(IF,t, IF,t−1) as a function of the stationary variables

IF,t, IF,t−1, µ
F

z+
F
,t
and µF

γ,t. Moreover, F2(IF,t+1, IF,t, µz+
F
,t+1

, µγ,t+1) represents F2(IF,t+1, IF,t) expressed as a

function of stationary variables. Hence, Equation (D.21) and Equation (D.22) become:

F1(IF,t, IF,t−1, µz+
F
,t
, µγ,t) = −S̃′

µz+
F
,t
µγ,tIt

IF,t−1

 µ
z+
F
,t
µγ,tIF,t

IF,t−1

+

[
1− S̃

( µ
z+
F
,t

IF,t−1

)]
,

and

F2(IF,t+1, IF,t, µz+
F
,t+1

, µγ,t+1) = S̃′

µz+
F
,t+1

µγ,t+1IF,t+1

IF,t

µz+
F
,t+1

µγ,t+1IF,t+1

IF,t

2

.

With these notations, we can rewrite Equation (D.20) as:

pIF,t = pKF,tΥF,tF1(IF,t, IF,t−1, µz+
F
,t
, µγ,t)+Et

[
βr
F,t+1

Ω
C
F,t+1

Ω
C
F,t

ΠF,t+1

ΠC
F,t+1

pKF,t+1

µ
z+
F
,t+1

µγ,t+1
ΥF,t+1F2(IF,t+1, IF,t, µz+

F
,t+1

, µγ,t+1)

]
(D.23)

Equation (D.23), which represents the stationarized version of the household investment decision equation, is
the same as Equation (A.108a).

D.1.5 Foreign: Wage setting

This section presents the stationarized version of the optimal wage setting equation. In this section, the house-
hold f chooses the optimal wage rate W opt

f,t that maximizes the expected utility (D.1), subject to the budget
constraint (D.2), the labor demand schedule (D.3), and the Calvo wage contract (D.5). In each period, the
individual household resets its wage with probability (1− ξFw ). With probability ξFw , the household cannot reset

its wage, in which case the wage rate evolves according to: Wf,t+k|t = W opt
f,t Π

W
F,t+1Π

W
F,t+2 . . .Π

W
F,t+k. Note that

Π
W
F,t =

(
ΠW

F,t−1

)χF,w
(
ΠC,trend

F,t

)1−χF,w

.

We apply the following de�nitions: εFw =
λW
F

λW
F

−1
and

∂Nf,t+k|t
∂Wf,t+k|t

Wf,t+k|t
Nf,t+k|t

=
λW
F

1−λW
F

. We also use the following

de�nition: Wf,t+k|t = W opt
f,t Π

W
F,t+1Π

W
F,t+2 . . .Π

W
F,t+k. We follow the same steps to those in Section C.1.9; hence,

we can �nd the following non-stationarized version of the optimal wage setting equation for the Foreign economy:

Et

∞∑
k=0

(
ξFw

)k( k∏
i=1

βr
F,t+i

)
Nf,t+k|t θ

b
f,t+k

[
(1− τwF )Wf,t+k|t − λW

F ζnF,t+k

v′
(
Nf,t+k|t

)
θbf,t+k

]
= 0. (D.24)

Equation (D.24) is the same as Equation (79) in Section 2.6.1.

Equation (D.24) can be expressed in terms of per capita quantities by applying the following de�nition: nF,t =
NF,t

ω
. We de�ne nF,t as Foreign aggregate hours per capita and ω is the size of the Foreign economy. We sta-

tionarize Equation (D.24) by using the following de�nitions: wF,t+k|t =
WF,t+k|t

z+
F,t+k

PC
F,t+k

and Ω
C
F,t+k = z+F,t+kΩ

C
F,t+k.

We follow the similar steps as in Section C.1.9, and we can obtain the following stationarized version of the
optimal wage setting equation for the Foreign economy:

Et

∞∑
k=0

(
ξFw

)k( k∏
j=1

βr
F,t+j

)
nF,t+k|tΩ

C
F,t+k

[
(1− τwF )wF,t+k|t − λW

F ζnF,t+k

ν′(nF,t+k|t)

Ω
C
F,t+k

]
= 0. (D.25)

Equation (D.25), which represents the stationarized version of the optimal wage setting for the Foreign economy,
is the same as Equation (A.111a).
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D.2 Foreign: Intermediate good producers

In this section, we present the stationarized version of the expression for the real marginal cost of production
of Foreign intermediate good producers. Intermediate good producers in the Foreign economy use labor and
private capital as inputs, so di�erent from the Swedish economy they do not use public capital. As in Swedish
economy, z+F,t combines a global labor augmenting technological process zt and a technological process speci�c
to the production of investment goods γt. There is a continuum of intermediate good producers of mass ω. The
individual �rm in the Foreign economy is denoted by j. Firm j uses capital services Kf,t(j) and labor LF,t(j)
to minimize the following cost function:

TCt(j) = RK
F,tK

s
F,t(j) +WF,tNF,t(j) (D.26)

subject to the production constraint:

YF,t(j) = εF,t

[
Ks

F,t(j)
]αF [ztNF,t(j)]

1−αF − z+F,tϕF . (D.27)

We denote θF,t(j) as the Lagrange multiplier associated with the production constraint D.27. To solve the
optimization problem, we set up the following Lagrangian LF,t(j):

Lt(i) = RK
F,tK

s
F,t(j) +WF,tNF,t(j)− θF,t(j)

[
εF,t

[
Ks

F,t(j)
]αF [ztNF,t(j)]

1−αF − z+F,tϕF − YF,t(j)
]
.

We take the partial derivative of LF,t(j) with respect to Ks
F,t(j) and NF,t(j) respectively, and we can �nd the

FOCs.

The FOC for KF,t(j) is:

RK
F,t − αF θF,t(j)εF,t

[
Ks

F,t(j)
]αF−1

[ztNF,t(j)]
1−αF = 0. (D.28)

The FOC for NF,t(j) is:

WF,t − θF,t(j) (1− αF ) εF,t

[
Ks

F,t(j)
]αF z1−α

t [NF,t(j)]
−αF = 0. (D.29)

Using Equation (D.28) and Equation (D.29), we obtain the following capital-labor input e�ciency condition:

Ks
F,t(j) =

αF

1− αF

WF,t

RK
F,t

NF,t(j).

Note that Equation (D.27) can be written as:[
YF,t(j) + z+t ϕ

F
]
= εF,t

[
Ks

F,t(j)
]αF [ztNF,t(j)]

1−αF . (D.30)

Now, we �nd the total cost of production equation. We substitute Equation (D.28) and Equation (D.29) into
Equation (D.26) , and we have the following equation:

TCF,t(j) = θF,t(j)
[
αF εF,tK

s
F,t(j)

αF [ztNF,t(j)]
1−αF + (1− αF ) εF,t

[
Ks

F,t(j)
]αF z1−αF

t [NF,t(j)]
1−αF

]
.

(D.31)

Using Equation (D.30), we can rewrite Equation (D.31) as follows:

TCF,t(j) = θF,t(j) [(1− αF ) + αF ]
(
YF,t(j) + z+F,tϕ

F
)
. (D.32)

We use Equation (D.32), and we take the partial derivative of TCF,t(j) with respect to YF,t(j). Hence, the
lagrangian multiplier, θF,t(j), can be de�ned as the marginal cost of production MCF,t(j):

∂TCF,t(j)

∂YF,t(j)
=MCF,t(j) = θF,t(j).

Combining the two �rst-order conditions and solving for NF,t(j) yields

NF,t(j) =
(1− αF )R

K
F,tK

S
F,t(j)

αFWK
F,t

. (D.33)

Substituting this expression back into the �rst-order condition with respect to for NF,t(j) gives

157



θF,t(j) =
WF,t

(1− αF )εF,t

[
KS

F,t(j)
]αF z1−αF

F,t

[NF,t(j)]
αF =

[
RK

F,t

]αF W 1−αF
F,t

ααF
F (1− αF )1−αF εF,tz

1−αF
F,t

,

and hence

∂TCF,t(j)

∂YF,t(j)
=MCF,t(j) = θF,t(j) =

W 1−αF
F,t

(
RK

F,t

)αF

ααF
F (1− αF )1−αF εF,tz

1−αF
t

(D.34)

Equation (D.34), which is the same as Equation (81) in Section 2.6.2, is the nominal marginal cost of production
for the intermediate good �rm j.
There are two equations that summarize optimal input decisions by �rms: 1) the capital-labor input e�ciency
condition and 2) the optimal capital inputs in terms of marginal cost First, we �nd the capital-labor input
e�ciency equation. In particular, we rewrite Equation (D.33) as follows:

Ks
F,t(j)

NF,t(j)
=

αF

1− αF

WF,t

RK
F,t

. (D.35)

Equation (D.35) is the capital-labor input e�ciency condition.
Firms hiring from homogeneous labor and private markets, i.e. face the same wage and rental rates. This implies
that marginal costs are identical across �rms. Equation (D.34) can be written as:

MCF,t =

(
WF,t

zt

)1−αF (
RK

F,t

)αF

ααF
F (1− αF )

1−αF εF,t

. (D.36)

Equation (D.36) is the non-stationarized version of the nominal marginal cost of production for intermediate
good �rm.

Next, we derive the non-stationarized version of the rental rate for capital services. Using Equation (D.35) and
Equation (D.36), we obtain the following equation:

RK
F,t = αF εF,tMCF,t(j)

[
Ks

F,t(j)
]αF−1

[ztNF,t(j)]
1−αF . (D.37)

Since we have identical capital labor ratios and identical marginal costs, we can drop the subscript j and rewrite
Equation (D.37) as:

RK
F,t = αF εF,tz

1−αF
t MCF,t

(
Ks

F,t

NF,t

)αF−1

. (D.38)

Equation (D.38) is the same as Equation (82) in Section 2.6.2 and captures the non-stationarized version of
rental rate for capital services.

Now, we �nd the stationarized version of the marginal cost of production for intermediate good producers.

We stationarize Equation (D.36) by applying the following de�nitions: rKF,t =
γtR

K
F,t

PF,t
, we

F,t =
WF,t

z+
F,t

PF,t
, z+F,t =

zt (γt)
αF

1−αF , and mcF,t =
MCF,t

PF,t
. Equation (D.36) can be written as follows:

MCF,t

PF,t
=

(
WF,t

zt

)1−αF
(

1
PF,t

)1−αF
(

1
PF,t

)αF (
RK

F,t

)αF γ
αF
t

γ
αF
t

ααF
F (1− αF )

1−αF εF,t

,

mcF,t =

(
WF,t

zt(γt)
αF /(1−αF ) PF,t

)1−αF
(

γtR
K
F,t

PF,t

)αF

ααF
F (1− αF )

1−αF εF,t

,

mcF,t =

(
WF,t

z+
F,t

PF,t

)1−αF
(

γtR
K
F,t

PF,t

)αF

ααF
F (1− αF )

1−αF εF,t

.

Thus, the stationarized version of the marginal cost of production for intermediate good producers (the real
marginal cost of production) equation can be expressed as:

mcF,t =

(
we

F,t

)1−αF (rKF,t)
αF

εF,tα
αF
F (1− αF )1−αF

. (D.39)

Equation (D.39), which represents the real marginal cost of production for intermediate good producers, is the
same as Equation (A.117a) in Section A.
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Lastly, we �nd the stationarized version of the rental rate for capital services. We stationarize Equation (D.38)

by applying the following de�nitions: rKF,t =
γtR

K
F,t

PF,t
, z+F,tγt = ztγ

1/(1−αF )
t , K̄s

F,t =
Ks

F,t

z+
F,t−1

γt−1
, andmcF,t =

MCF,t

PF,t
.

We follow the similar steps when deriving the stationarized version of the marginal cost for intermediate good
producers equation. Hence, Equation (D.38) can be written as:

rKF,t = αF εF,t

(
K̄s

F,t

NF,t

1

µ
z+
F
,t
µγ,t

)αF−1

mcF,t

Furthermore, we can rewrite the above equation in terms of per capita, so we denote k
s
F,t as stationarized capital

services per capita, and nF,t as aggregate labor input per capita by using the following de�nitions: k̄sF,t =
K̄s

F,t

ω

and nF,t =
NF,t

ω
. Hence, we can rewrite the above equation as:

rKF,t = αF εF,t

(
k̄sF,t

nF,t

1

µ
z+
F
,t
µγ,t

)αF−1

mcF,t (D.40)

Equation (D.40), which is the real rental rate for capital services equation, is the same as Equation (A.118a) in
Section A.

D.2.1 Foreign: Optimal price of intermediate goods

In this section, we present the stationarized version of the expression for the optimal price of intermediate goods
for Foreign intermediate good producers. The �rm j chooses the optimal price P opt

F,t (j) that maximizes its pro�t,
subject to its demand schedule and the Calvo price contract. In each period, the individual �rm j resets its
price with probability (1 − ξF ). With probability ξF , the �rm cannot reset its price, and then it faces the
following price evolution: PF,t+k|t(j) = P opt

F,t (j)ΠF,t+1ΠF,t+2 . . .ΠF,t+k. We de�ne the stochastic discount factor

as ΛF
t,t+k =

βF,t+k

βF,t

ΩC
F,t+k

ΩC
F,t

PC
F,t

PC
F,t+k

.

Firm j chooses the optimal price of intermediate goods P opt
F,t (j) to maximize the following pro�t function:

max
P

opt
F,t

(j)

Et

∞∑
k=0

(ξF )kΛF
t,t+k

{
PF,t+k|t(j)YF,t+k|t(j)− TCF,t+k|t

[
YF,t+k|t(j)

]}
subject to the demand function:

YF,t+k|t(j) =
1

ω

(
PF,t+k|t(j)

PF,t+k

) λF,t+k
1−λF,t+k

YF,t+k,

and the Calvo price setting contract:

PF,t+k(j) =

{
ΠF,t+kPF,t+k−1(j) with probability ξF

P opt
F,t+k(j) with probability (1− ξF ).

We apply the following de�nitions: − ∂YF,t+k|t(j)

∂PF,t+k|t(j)

PF,t+k|t(j)

YF,t+k|t(j)
=

λF,t+k

λF,t+k−1
, and

PF,t+k|t(j) = P opt
F,t (j)ΠF,t+1ΠF,t+2 . . .ΠF,t+k, and we follow the same steps to those in Section C.2.1. Hence,

we can �nd the following non-stationarized version of the optimal price of intermediate goods equation for the
Foreign economy:

Et

∞∑
k=0

(ξF )kΛF
t,t+k

YF,t+k|t

(λF,t+k − 1)

(
PF,t+k|t − λF,t+kMCF,t+k

)
= 0. (D.41)

Equation (D.41), which is the non-stationarized version of the optimal price of intermediate goods equation, is
the same as Equation (83) in Section 2.6.2.

Equation (D.41) can be written in terms of per capita quantities by using the following de�nition: yF,t =
YF,t

ω
.

We de�ne yF,t as Foreign aggregate output per capita and ω is the size of the Foreign economy. We stationarize

Equation (D.41) by using the following de�nitions: poptF,t =
P

opt
F,t

PF,t−1
, ΠF,t+k =

PF,t+k

PF,t+k−1
, ΠC

F,t+k =
PC
F,t+k

PC
F,t+k−1

, and

mcF,t+k =
MCF,t+k

PF,t+k
. We also use the following de�nitions: yF,t =

yF,t

z+
F,t

and Ω
C
F,t+k = z+F,t+kΩ

C
F,t+k when we
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stationarize Equation (D.41).

We follow the similar steps as in Section C.2.1, and we can obtain the following stationarized version of the
optimal price for intermediate good producers in the Foreign economy:

Et

∞∑
k=0

(
ξF
)k( k∏

j=1

βr
F,t+j

)
Ω

C
F,t+k

Ω
C
F,t

(
k∏

j=1

ΠF,t+j

ΠC
F,t+j

)
yF,t+k|t

(λF,t+k − 1)

[(
k∏

j=1

ΠF,t+j

ΠF,t+j

)
poptF,t

ΠF,t
− λF,t+kmcF,t+k

]
= 0.

(D.42)
Equation (D.42), which captures the stationarized version of the optimal price for Foreign intermediate good
producers, is the same as Equation (A.119a).

D.3 Foreign: Consumption good producers

This section presents the optimization problem of the consumption good producers in the Foreign economy and
derives the demand functions of non-energy and energy consumption and derives the relative price of the con-
sumption goods equation.

The optimization problem of the representative consumption good producer can be de�ned as follows:

max
CF,t,C

xe
F,t

,Ce
F,t

PC
F,tCF,t − PC,xe

F,t Cxe
F,t − PC,e

F,t C
e
F,t

subject to the CES aggregate consumption good function

CF,t =

[(
ϑC
F

) 1
νF,C (Cxe

t )
νF,C−1

νF,C +
(
1− ϑC

F

) 1
νF,C

(
Ce

F,t

) νF,C−1

νF,C

] νF,C
νF,C−1

. (D.43)

By substituting the CES aggregate consumption good equation (D.43) into the above pro�t function, we can
rewrite the pro�t function as:

PC
F,t

[(
ϑC
F

) 1
νF,C (Cxe

t )
νF,C−1

νF,C +
(
1− ϑC

F

) 1
νF,C

(
Ce

F,t

) νF,C−1

νF,C

] νF,C
νF,C−1

− PC,xe
F,t Cxe

F,t − PC,e
F,t C

e
F,t.

Taking the derivatives of Cxe
F,t and C

e
F,t respectively gives us the two following �rst-order-conditions:

(
ϑC
F

) 1
νF,C

(
Cxe

F,t

) νF,C−1

νF,C
−1
PC
F,t

[(
ϑC
F

) 1
νF,C (Cxe

t )
νF,C−1

νF,C +
(
1− ϑC

F

) 1
νF,C

(
Ce

F,t

) νF,C−1

νF,C

] νF,C
νF,C−1

−1

− PC,xe
F,t = 0

(
1− ϑC

F

) 1
νF,C

(
Ce

F,t

) νF,C−1

νF,C
−1
PC
F,t

[(
ϑC
F

) 1
νF,C (Cxe

t )
νF,C−1

νF,C +
(
1− ϑC

F

) 1
νF,C

(
Ce

F,t

) νF,C−1

νF,C

] νF,C
νF,C−1

−1

− PC,e
F,t = 0

If we substitute the expression in square brackets by the production function, and put the prices of non-energy
and energy respectively on the right-hand-side of the equation, the two equations can be written as

PC,xe
F,t =

(
ϑC
F

) 1
νF,C

(
Cxe

F,t

)− 1
νF,C PC

F,t (CF,t)
1

νF,C

PC,e
F,t =

(
1− ϑC

F

) 1
νF,C

(
Ce

F,t

)− 1
νF,C PC

F,t (CF,t)
1

νF,C .

Rearrange and multiply through with νF,C in the two equations above to get the demand function for the
non-energy and energy consumption goods:

Cxe
F,t =ϑ

C
F

(
PC
F,t

PC,xe
F,t

)νC

CF,t (D.44)

Ce
F,t =

(
1− ϑC

F

)( PC
F,t

PC,e
F,t

)νC

CF,t (D.45)

which are the same equations that are presented in Equation (84) and Equation (85). Next, we create the price
index. This is done by substituting the two demand functions into the production function:
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CF,t =

[(
ϑC
F

) 1
νF,C (Cxe

t )
νF,C−1

νF,C +
(
1− ϑC

F

) 1
νF,C

(
Ce

F,t

) νF,C−1

νF,C

] νF,C
νF,C−1

CF,t =

(ϑC
F

) 1
νF,C

(
ϑC
F

(
PC
F,t

PC,xe
F,t

)νC

CF,t

) νF,C−1

νF,C

+
(
1− ϑC

F

) 1
νF,C

((
1− ϑC

F

)( PC
F,t

PC,e
F,t

)νC

CF,t

) νF,C−1

νF,C


νF,C

νF,C−1

CF,t =

[(
ϑC
F

) 1
νF,C

+
νF,C−1

νF,C

(
PC
F,t

PC,xe
F,t

)νF,C−1

(CF,t)
νF,C−1

νF,C +
(
1− ϑC

F

) 1
νF,C

+
νF,C−1

νF,C

(
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F,t

PC,e
F,t

)νF,C−1

(CF,t)
νF,C−1

νF,C

] νF,C
νF,C−1

CF,t =

[
ϑC
F

(
PC
F,t

PC,xe
F,t

)νF,C−1

+
(
1− ϑC

F

)( PC
F,t

PC,e
F,t

)νF,C−1] νF,C
νF,C−1

1 =

[
ϑC
F

(
PC
F,t

PC,xe
F,t

)νF,C−1

+
(
1− ϑC

F

)( PC
F,t

PC,e
F,t

)νF,C−1] νF,C
νF,C−1

1 =
(
PC
F,t

)(νF,C−1)
νF,C

νF,C−1

[
ϑC
F

(
1

PC,xe
F,t

)νF,C−1

+
(
1− ϑC

F

)( 1

PC,e
F,t

)νF,C−1] νF,C
νF,C−1

(
PC
F,t

)−νF,C

=

[
ϑC
F

(
PC,xe
F,t

)1−νF,C

+
(
1− ϑC

F

)(
PC,e
F,t

)1−νF,C
] νF,C

νF,C−1

PC
F,t =

[
ϑC
F

(
PC,xe
F,t

)1−νF,C

+
(
1− ϑC

F

)(
PC,e
F,t

)1−νF,C
] 1

1−νF,C

which is the same function as is presented in . We use the de�nitions pCF,t = PC
F,t/PF,t, p

C,xe
F,t = PC,xe

F,t /PF,t,

pC,e
F,t = PC,e

F,t /PF,t, c̄F,t = CF,t/z
+
F,t, c̄

xe
F,t = Cxe

F,t/z
+
F,t, c̄

e
F,t = Ce

F,t/z
+
F,t. The non-energy consumption demand

function can be written as

Cxe
F,t =ϑ

C
F

(
PC
F,t

PC,xe
F,t

)νF,C

CF,t

Cxe
F,t

z+t
=ϑC

F

(
PC
F,t

PC,xe
F,t

PF,t

PF,t

)νF,C
CF,t

z+t

c̄xeF,t =ϑ
C
F

(
pCF,t

pC,xe
F,t

)νF,C

c̄F,t (D.46)

Equation (D.46), which captures the demand for non-energy consumption goods, is the same as Equation
(A.123a).

Next, we stationarize the demand for energy goods:

Ce
F,t =

(
1− ϑC

F

)( PC
F,t

PC,e
F,t

)νF,C

CF,t

Ce
F,t

z+t
=
(
1− ϑC

F

)( PC
F,t

PC,e
F,t

PF,t

PF,t

)νF,C
CF,t

z+t

c̄eF,t =
(
1− ϑC

F

)( pCF,t

pC,e
F,t

)νF,C

c̄F,t (D.47)

Equation (D.47), which captures the demand for energy consumption goods, is the same as Equation (A.124a).
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Finally, we stationarize the price index:

PC
F,t =

[
ϑC
F

(
PC,xe
F,t

)1−νF,C

+
(
1− ϑC

F

)(
PC,e
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] 1
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=
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)(
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] 1
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=
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(
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(
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)(
PC,e
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)
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] 1
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[(
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(
PC,xe
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+
(
1− ϑC

F

)(PC,e
F,t
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)] 1
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[(
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(
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)1−νF,C

+
(
1− ϑC
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)(
pC,e
F,t

)1−νF,C
)] 1

1−νF,C

. (D.48)

Equation (D.48), which captures the demand for energy consumption goods, is the same as Equation (A.121a).

D.3.1 Foreign: Non-energy consumption good producers

This section presents the optimization problem of non-energy consumption good producers in the Foreign econ-
omy and derives the relative price of the non-energy consumption goods equation (A.37a).

The optimization problem of the representative non-energy consumption good producer can be de�ned as follows:

max
D

C,xe
F,t

,M
C,xe
F,t

PC,xe
F,t Cxe

F,t − PF,tD
C,xe
F,t − P

M,C,xe
F,t MC,xe

F,t

subject to the CES aggregate consumption good function

Cxe
F,t =

[(
ψC,xe

F

) 1
νF,C.xe

(
DC,xe

F,t

) νF,C,xe−1

νF,C,xe +
(
1− ψC,xe

F

) 1
νF,C,xe

(
MC,xe

F,t

) νF,C,xe−1

νF,C,xe

] νF,C,xe
νF,C,xe−1

. (D.49)

Following the same procedures as in Section (C.3), we can obtain the demand function for intermediate goods
used in the production of non-energy consumption goods in the Foreign economy, DC,xe

F,t , and the demand function

for imported goods used in the production of non-energy consumption goods in the Foreign economy, MC,xe
F,t .

The demand for intermediate goods used in the production of non-energy consumption goods in Forein economy,
DC,xe

F,t is:

DC,xe
F,t = ψC,xe

F

(
PC,xe
F,t

PF,t

)νF,C,xe

Cxe
F,t. (D.50)

The demand for import goods used in the production of non-energy consumption goods in Forein economy,
MC,xe

F,t is:

MC,xe
F,t = (1− ψC,xe

F )

(
PC,xe
F,t

PX
t

)νF,C,xe

Cxe
F,t.

Note that ψC,xe
F = ϑC,xe

F + ω
1+ω

(
1− ϑC,xe

F

)
, and that, Foreign being in�nitely large compared to Sweden. This

means that ψC,xe
F → 1, and that the share of imports become arbitrtarily small. Hence, the production function

reduces to:
Cxe

F,t = DC,xe
F,t (D.51)

and the pro�t function then reduces to

PC,xe
F,t DC,xe

F,t − PF,tD
C,xe
F,t .

This means that we get the following relationship between the price of Foreign domestic goods and Forein
non-energy goods:

PC,xe
t = PF,t (D.52)

We stationarize this equation by using the de�nition pC.xe
t = PC,xe

t /PF,t which simply means that

pC.xe
t = 1 (D.53)

Equation (D.53), which captures the relative price of consumption goods, is the same as Equation (A.125a).
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D.4 Foreign: Investment good producers

This section presents optimization problem of investment good producers and derives the relative price of in-
vestment goods equation for the Foreign economy. Note that if the Swedish economy is in�nitely small relative
to the Foreign economy, then the investment goods and the intermedite goods will have the same price. Then
the intermediate goods and investment goods will essentially be the same. We de�ne V I

F,t to be the output of a
representative investment �rm. We de�ne V I

F,t as
1

γF,t
[IF,t + a(ut)KF,t].

The representative investment good producer maximizes the following pro�t function:

max
DI

F,t
,MI

F,t

P I
F,tV

I
F,t − PF,tD

I
F,t − PM

F,tM
I
F,t,

subject to the following CES aggregate investment good function:

V I
F,t =

[(
ψI

F

) 1
νF,c

(
DI

F,t

) νF,I−1

νF,I +
(
1− ψI

F

) 1
νF,I

(
MI

F,t

) νF,I−1

νF,I

] νF,I
νF,I−1

. (D.54)

Following the same procedures as in Section (D.3), we can obtain the demand function for intermediate goods
used in the production of investment goods in the Foreign economy, DI

F,t, and the demand function for imported
goods used in the production of investment goods in the Foreign economy, MI

F,t.
The demand for intermediate goods used in the production of investment goods in Forein economy, DI

F,t is:

DI
F,t = ψI

F

(
P I
F,t

PF,t

)νI

V I
F,t. (D.55)

The demand for import goods used in the production of investment goods in Foreign economy, MI
F,t is:

MI
F,t = (1− ψI

F )

(
P I
F,t

PX
t

)νI

V I
F,t.

The assumption that Sweden is small economy implies that Foreign imports have a negligible share in the pro-
duction of foreign investment goods. Thus, ψI

F → 1 and the demand for the domestically produced intermediate
good for investment good production is:

DI
F,t = V I

F,t (D.56)

and the price index for foreign investment goods is:

P I
F,t = PF,t.

Using de�nition of relative foreign investment price pIF,t =
P I
F,t

PF,t
, we have

pIF,t = 1. (D.57)

E Technical appendix: Market clearing

This section shows how to derive the Swedish aggregate resource constraint, the expressions for Swedish exports
and imports, the Foreign aggregate resource constraint, as well as the balance of payments equation. These
equilibrium conditions are stated and discussed in Section (2.7) in the main text. In addition, this section also
includes a discussion of the value of the di�erent �xed cost of production that exist in the Swedish and Foreign
�rm sectors.

Several of the equilibrium conditions to be discussed here are stated in two versions: one version that ap-
plies to the general case when the size of the Foreign economy, ω, can take on any non-negative value; and
a second version that applies to the limiting case when ω tends to in�nity. In all derivations that apply to
the second case, we assume that all relative prices and all stationarized real quantities, expressed in per capita

terms, take on non-negative, �nite values in the limit as ω → ∞. We thus assume, for example, that the sta-
tionarized (per capita) level of Swedish exports converges to a non-negative, �nite number as ω →∞, i.e. that

limω→∞

(
Xt

z+t

)
= limω→∞ (xt) is a non-negative, �nite number. Concerning these derivations and the associated

notation, a note of caution is warranted. In order to keep the notation relatively simple, we do not stringently
distinguish between, on the hand, relative prices and stationarized (per capita) quantities that apply to any
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equilibrium where ω take on any positive, �nite value and, on the hand, the corresponding relative prices and
stationarized (per capita) quantities that apply to the limiting equilibrium. In the end, our focus is on the
limiting equilibrium that obtains when ω → ∞ and when we state equilibrium conditions in terms of relative
prices and stationarized (per capita) quantities, the �nal aim is always to make statements about this limiting
equilibrium.

E.1 Swedish aggregate resource constraint

This subsection shows how to derive the aggregate resource constraint of the Swedish economy. In the �rst part
of the subsection, di�erent market clearing conditions are combined to derive the non-stationarized version of
the Swedish aggregate resource constraint. This is Equation (95) in the main text. In a second part of the
section, we derive a stationarized version of the constraint that applies to the limiting case when ω → ∞ and
that can be used to solve the model with numerical methods. The result is Equation (A.136a).

E.1.1 Market clearing in Sweden

Yt represents total demand for the homogeneous intermediate good, which in turn is the sum of demand from
consumption and investment good producers, from export good producers and from the government. We denote

these di�erent demand components DC,xe
t ,DC,e

t , DI
t , D

X
t and Gt and D

IG

t , respectively, and thus write:

Yt = DC,xe
t +DC,e

t +DI
t +DX

t +Gt +DIG

t (E.1)

Based on Equation (C.140), we have: DX
t (i) = ψX

(
MCX

t
Pt

)νx [
Xt(i) + z+t ϕ

X
]
. DX

t (i) represents demand from

the individual export good producer i and whereXt(i) denotes production of the same �rm. LetXP
t =

� 1

0
Xt(i)di

denote total production of Swedish export goods. Thus, total demand for the homogeneous, intermediate good
from Swedish export good producers can be written as:

DX
t =

� 1

0

DX
t (i)di =

� 1

0

{
ψX

(
MCX

t

Pt

)νx [
Xt(i) + z+t ϕ

X
]}

di, (E.2)

= ψX

(
MCX

t

Pt

)νx [� 1

0

Xt(i)di+ z+t ϕ
X

]
= ψX

(
MCX

t

Pt

)νx [
XP

t + z+t ϕ
X
]
.

The market for di�erentiated Swedish export goods clears when production of each individual export good �rm
i equals demand for the export goods produced by the same �rm. For the individual �rm i, this implies Xt(i) =[
PX
t (i)

PX
t

] λX
t

1−λX
t Xt, where Xt denotes total demand for the homogeneous Swedish export good (see Section 2.4.3

in the main text). Aggregating over all �rms in the export good sector, and de�ning
←→
P X

t =
� 1

0

[
PX
t (i)

PX
t

] λX
t

1−λX
t di

as a measure of price dispersion in the export good sector, we have:

XP
t =

� 1

0

Xt(i)di =

� 1

0


[
PX
t (i)

PX
t

] λX
t

1−λX
t
Xt

 di = Xt
←→
P X

t . (E.3)

Substituting Xt
←→
P X

t into Equation (E.2), we have the following equation:

DX
t = ψX

(
MCX

t

Pt

)νx [
Xt
←→
P X

t + z+t ϕ
X
]
.

Note we have the following demand functions: Equation (C.106), DC,xe
t = ψC,xe

(
P

C,xe
t
Pt

)νC,xe

Cxe
t ; Equation

(C.119), DI
t = ψI

(
P I
t

Pt

)νI [
It
γt

+ a (ut)
Kt
γt

]
; DX

t = ψX
(

MCX
t

Pt

)νx [
Xt
←→
P X

t + z+t ϕ
X
]
and DIG

t =
IGt
γt
.

Substituting DC
t , D

I
t , D

X
t and DIG

t into Equation (E.1), we have the following equation:

Yt = ψC,xe

(
PC,xe
t

Pt

)νC,xe

Cagg
t +DC,e

t +ψI

(
P I
t

Pt

)νI [ It
γt

+ a (ut)
Kt

γt

]
+ψX

(
MCX

t

Pt

)νx [
Xt
←→
P X

t + z+t ϕ
X
]
+Gt+

IGt
γt
.

(E.4)
Equation (E.4) is the same as Equation (95) in the main text.
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E.1.2 Stationarizing the Swedish aggregate resource constraint

In the stationarization of the Swedish aggregate resource constraint, we make use of the following de�nitions

of relative prices and of the real marginal cost of export good producers: pC,xe
t =

P
C,xe
t
Pt

, pIt =
P I
t

Pt
, mcXt =

MCX
t

Pt
. Furthermore, real variables are stationarized as follows: C

xe
t =

Cxe
t

z+t
, D

e
t =

De
t

z+t
, It = It

ztγ
1

1−α
t

, Kt =

Kt

zt−1(γt−1)
1

1−α
, Xt =

Xt

z+t
, and Gt =

Gt

z+t
. With these de�nitions, Equation (E.4) can be rewritten as follows:

Yt

z+t
= ψC,xe

(
PC,xe
t

Pt

)νC,xe
Cxe

t

z+t
+
De

t

z+t
+ψI

(
P I
t

Pt

)νI [ It

z+t γt
+ a (ut)

Kt

z+t γt

]
+ψX

(
MCX

t

Pt

)νx
[←→
P X

t Xt

z+t
+ ϕX

]
+
Gt

z+t
+

IGt
z+t γt

.

Expressing the above equation in stationarized per capita terms, we have the following equation:

ȳt = ψC,xe
(
pC,xe
t

)νC,xe

cxet + d̄C,e
t + ψI

(
pIt

)νI [
It + a (ut) kt

1

µz+,tµγ,t

]
+ ψX

(
mcXt

)νx [
xt
←→
P X

t + ϕX
]
+ ḡt + I

G
t

(E.5)

The last step to take, in order to arrive at Equation (A.136a), is to consider the implications of letting the size
of the Foreign economy, ω, tend to in�nity. Consider ψC = ϑC + 1

1+ω

(
1− ϑC

)
, where ϑC ∈ [0, 1]. Note that

limω→∞ ψC = ϑC . By analogous arguments, we have limω→∞ ψI = ϑI and limω→∞ ψX = ϑX . Substituting for
ψC , ψI and ψX in Equation (E.5), we have:

ȳt = ϑC,xe
(
pC,xe
t

)νC,xe

cxet + d̄C,e
t + ϑI

(
pIt

)νI [
It + a (ut) kt

1

µz+,tµγ,t

]
+ ϑX

(
mcXt

)νx [
xt
←→
P X

t + ϕX
]
+ ḡt + I

G
t .

(E.6)

Equation (E.6) is the same as Equation (A.136a).

E.2 Fixed costs

In the Swedish economy, z+t ϕ, z
+
t ϕ

X and z+t ϕ
M,n for n ∈ {Cxe, I,X,Ce} represent real, �xed costs associated

with the production, respectively, of intermediate goods, export goods and the three di�erent types of import
goods. z+t ϕF , z

+
t ϕ

M
F and z+t ϕ

X
F represent corresponding �xed costs in the Foreign economy. For all of these

di�erent �xed costs, it is assumed that their value is such that along the balanced growth path, ex post pro�ts
are zero. In this subsection, we discuss the implication of this assumption for the value of ϕ, the stationarized
�xed cost associated with the production of intermediate goods in Sweden. ϕ is chosen as an example and it
should be noted that the same reasoning that applies to the value of ϕ also applies to the values of the other
�xed costs mentioned here.

Yt(i) denotes the supply of good i from �rm i in the Swedish intermediate good sector. Pt(i) and TCt(i)
represents, respectively, the price charged by �rm i and the total cost of production of the same �rm. Pro�ts in
period t may thus be written Pt(i)Yt(i)− TCt(i), and real pro�ts are

Yt(i)−
1

Pt(i)
TCt(i). (E.7)

We assume that along a balanced growth path, enough time has elapsed that all �rms charge the same price.
This price will be the �rms' desired price, i.e. the one that maximizes pro�ts. We now focus on an equilibrium
associated with such a balanced growth path, and we thus drop the subscript i from Pt(i). Note that it follows,
if pro�ts are maximized, that Pt = λMCt, where λ is the (steady state) value of the desired markup and where
MCt denotes the nominal, marginal cost. Using equations (C.76) and (C.77) from Section (C.2), total costs may

be written: TCt(i) = MCt

[
(1− α) + ααK

1
υK

(
Ks

t (i)

K̃s
t (i)

) υK−1
υK

] [
Yt(i) + z+t ϕ

]
. Use this expression to substitute

for TCt(i) in (E.7):

Yt(i)−
1

Pt
MCtFt(i)

[
Yt(i) + z+t ϕ

]
. (E.8)

where

Ft(i) =

(1− α) + ααK

1
υK

(
Ks

t (i)

K̃s
t (i)

) υK−1
υK


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Using Pt = λMCt to substitute for MCt
Pt

in the above equation, we have the following equation:

Yt(i)−
Ft(i)

λ

[
Yt(i) + z+t ϕ

]
=

(
1− Ft(i)

λ

)
Yt(i)−

Ft(i)

λ
z+t ϕ. (E.9)

Impose zero pro�ts and rearrange:(
λ− Ft(i)

λ

)
Yt(i)−

Ft(i)

λ
z+t ϕ = 0, (E.10)

ϕ =

(
λ

Ft(i)
− 1

)
Yt(i)

z+t
. (E.11)

Aggregate over all �rms, using the de�nition Y P
t =

� 1

0
Yt(i)di for total (aggregate) production of intermediate

goods: � 1

0

ϕdi = ϕ =

� 1

0

(
λ

Ft(i)
− 1

)
Yt(i)

z+t
di =

(
λ

Ft
− 1

)
Y P
t

z+t
. (E.12)

From the previous subsection we have Y P
t = Yt

←→
P t, where

←→
P t ≡

� 1

0

(
Pt(i)
Pt

) λt
1−λt di. Given, however, that we

consider the case (along a balanced growth path) where all intermediate good �rms charge the same price Pt, we

have Y P
t = Yt and thus ϕ =

(
λ
Ft
− 1
)

Yt

z+t
. Using our notation for stationarized variables expressed in per capita

terms, this may be stated: ϕ =
(

λ
Ft
− 1
)
yt. This expression indicates that yt is a constant, and this is indeed the

case along a balanced growth path, where Swedish output (GDP) grows at the constant rate µz+ =
z+t

z+t−1

. We may

therefore write ϕ =
(

λ
F
− 1
)
y. By analogous reasoning, the following results may be obtained: ϕX =

(
λX − 1

)
x,

ϕM,n =
(
λM,n − 1

)
mn for n ∈ {{C, xe}, I,X, {C, e}}, ϕF = (λF − 1) yF ,

80

E.3 Imports and exports

This section contains derivations of the expressions for Swedish imports and exports. Because one country's
imports is the other countries exports, this is also a treatment of Foreign exports and imports. The �rst part
of this section focuses on Swedish imports, while a second part contains the derivations of an expression for
Swedish exports.

E.3.1 Swedish imports of consumption goods

The total demand for the homogeneous imported intermediate good used in the production of non-energy con-
sumption goods is denoted MP,C,xe

t . This must equal the production of these goods minus the �xed costs:

MP,Cxe
t =

� 1

0

[
MC,xe

t (i)
]
di (E.13)

From Section 2.4.2 we have MC,xe
t (i) =

[
P

M,C,xe
t (i)

P
M,C,xe
t

] λ
M,C,xe
t

1−λ
M,Cxe
t MC,xe

t , where PM,C,xe
t (i) is the price charged by

�rm i and where PM,C,xe
t is the price index of the homogeneous Swedish import good. Now let

←→
P M,C,xe

t =

� 1

0

(
P

M,C,xe
t (i)

P
M,C,xe
t

) λ
M,C,xe
t

1−λ
M,C,xe
t di be a measure of price dispersion in the sector for Swedish import goods. Thus, the

total demand for the homogeneous imported intermediate good used in the production of consumption goods
can be written as:

MP,Cxe
t =

� 1

0

MC,xe
t (i)di =

� 1

0

[
Pt(i)

M,C,xe

PM,C,xe
t

] λ
M,C,xe
t

1−λ
M,C,xe
t MC,xe

t di =
←→
P M,C,xe

t MC,xe
t . (E.14)

Recall from Equation (C.107), we have the following demand function for imported consumption goods:

80There are four di�erent types of import �rms in the Swedish economy, as described in Section (2.4.2) in the main text. For each

of these three types, there exists an exogenous markup λM,n
t , that �uctuates stochastically around its long-run (unconditional) mean.

Three markup shocks in the Swedish import sector are assumed to share the same unconditional mean. Also, note that mn refers to
the total demand for Swedish import good of type n, and that mD

F denotes total demand (from Foreign consumption good producers
and Foreign export �rms) of the homogenous Foreign import good.
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MCxe
t =

(
1− ψC,xe

)( PC,xe
t

PM,Cxe
t

)νC,xe

Cxe
t .

Substituting the above demand function for imported consumption goods into Equation (E.14), we have the
following equation:

←→
P M,C,xe

t MC,xe
t =

←→
P M,C,xe

t

(
1− ψC,xe

)( PC,xe
t

PM,C,xe
t

)νC,xe

Cxe
t . (E.15)

Using the following de�nition pM,C,xe
t =

P
M,C,xe
t

Pt
and Equation (C.109) which captures the consumption good

price index, we can obtain the following equation for price ratio:

PC,xe
t

PM,C,xe
t

=
1

PM,C,xe
t

[
ψC,xe (Pt)

1−νC,xe +
(
1− ψC

)(
PM,C,xe
t

)1−νC,xe
] 1

1−νC,xe

,

PC,xe
t

PM,C,xe
t

=

[
ψC,xe

(
Pt

PM,C,xe
t

)1−νC,xe

+
(
1− ψC,xe

)(PM,C,xe
t

PM,C,xe
t

)1−νC,xe
] 1

1−νC,xe

,

PC,xe
t

PM,C,xe
t

=

[
ψC,xe

(
pM,C,xe
t

)νC,xe−1

+ 1− ψC,xe

] 1
1−νC,xe

. (E.16)

Using Equation (E.16), Equation (E.15) can be written as follows:

←→
P M,C,xe

t MC,xe
t =

(
1− ψC,xe

)[
ψC,xe

(
pM,C,xe
t

)νC,xe−1

+ 1− ψC,xe

] νC,xe
1−νC,xe

Cxe
t (E.17)

We stationarize this expression by dividing both sides by z+t and express the above equation in per capita terms.
Thus, we have the following equation:

←→
P M,C,xe

t mC,xe
t =

(
1− ψC,xe

)[
ψC,xe

(
pM,C,xe
t

)νC,xe−1

+ 1− ψC,xe

] νC,xe
1−νC,xe

cxet . (E.18)

Next, consider the limit as ω tends to in�nity. Recall from Section (E.1.2) that limω→∞ ψC = ϑC . Then we can
rewrite the above equation as:

←→
P M,C.xe

t mC,xe
t =

(
1− ϑC,xe

)[
ϑC,xe

(
pM,C,xe
t

)νC,xe−1

+ 1− ϑC,xe

] νC,xe
1−νC,xe

cxet . (E.19)

Note that Equation (E.19) is the same as Equation (A.140a) in Section A.9.

E.3.2 Swedish imports of investment goods

The total demand for the homogeneous imported intermediate good used in the production of investment goods
is denoted MP,I

t . This must equal the production of these goods minus the �xed costs:

MP,I
t =

� 1

0

[
MI

t (i)
]
di (E.20)

From Section 2.4.2 we haveMI
t (i) =

[
P

M,I
t (i)

P
M,I
t

] λ
M,I
t

1−λ
M,I
t MI

t , where P
M,I
t (i) is the price charged by �rm i and where

PM,I
t is the price index of the homogeneous Swedish import good. Now let

←→
P M,I

t =
� 1

0

(
P

M,I
t (i)

P
M,I
t

) λ
M,I
t

1−λ
M,I
t di be a

measure of price dispersion in the sector for Swedish import goods. Thus, the total demand for the homogeneous
imported intermediate good used in the production of investment goods can be written as:

MP,I
t =

� 1

0

MI
t (i)di =

� 1

0

[
Pt(i)

M,I

PM,I
t

] λ
M,I
t

1−λ
M,I
t MI

t di =
←→
P M,I

t MI
t . (E.21)

Recall from Equation(C.120), we have the following demand function for imported investment goods:
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MI
t = (1− ψI)

(
P I
t

PM,I
t

)νI 1

γt
[It + a(ut)Kt] . (E.22)

Substituting the above demand function into Equation (E.21), we have the following equation:

←→
P M,I

t MI
t =
←→
P M,I

t

(
1− ψI

)( P I
t

PM,I
t

)νI 1

γt
[It + a(ut)Kt] . (E.23)

Using the de�nition pM,I
t =

P
M,I
t
Pt

and Equation (C.121) which shows the investment good price index, we can
obtain the following price ratio:

P I
t

PM,I
t

=
1

PM,I
t

[
ψI (Pt)

1−νI +
(
1− ψI

)(
PM,I
t

)1−νI
] 1

1−νI

,

P I
t

PM,I
t

=

[
ψI

(
Pt

PM,I
t

)1−νI

+
(
1− ψI

)(PM,I
t

PM,I
t

)1−νI
] 1

1−νI

,

P I
t

PM,I
t

=

[
ψI
(
pM,I
t

)νI−1

+ 1− ψI

] 1
1−νI

.

We substitute the above price ratio equation into Equation (E.23). Thus, we have the following equation:

←→
P M,I

t MI
t =

(
1− ψI

)[
ψI
(
pM,I
t

)νI−1

+ 1− ψI

] νI
1−νI 1

γt
[It + a(ut)Kt] . (E.24)

We stationarize the above expression by dividing both sides by z+t and then express the above equation in per

capita terms. Thus, we have the following equation:

←→
P M,I

t mI
t =

(
1− ψI

)[
ψI
(
pM,I
t

)νI−1

+ 1− ψI

] νI
1−νI

[
Īt + a(ut)k̄t

1

µz+,tµγ,t

]
(E.25)

Next, consider the limit as ω tends to in�nity. Recall from Section (E.1.2) that limω→∞ ψI = ϑI . Then we can
write as:

←→
P M,I

t mI
t =

(
1− ϑI

)[
ϑI
(
pM,I
t

)νI−1

+ 1− ϑI

] νI
1−νI

[
Īt + a(ut)k̄t

1

µz+,tµγ,t

]
(E.26)

Note that Equation (E.26) is the same as Equation (A.141a) in Section A.9.

E.3.3 Swedish imports of export goods

The total demand for the homogeneous imported intermediate good used in the production of export goods is
denoted MP,X

t . This must equal the production of these goods minus the �xed costs:

MP,X
t =

� 1

0

[
MX

t (i)
]
di (E.27)

From Section 2.4.2 we have MX
t (i) =

[
P

M,X
t (i)

P
M,X
t

] λ
M,X
t

1−λ
M,X
t MX

t , where PM,X
t (i) is the price charged by �rm i and

where PM,X
t is the price index of the homogeneous Swedish import good. Now let

←→
P M,X

t =
� 1

0

(
PX
t (i)

P
M,X
t

) λ
M,X
t

1−λ
M,X
t di

be a measure of price dispersion in the sector for Swedish import goods. Thus, the total demand for the homo-
geneous imported intermediate good used in the production of export goods can be written as:

MP,X
t =

� 1

0

MX
t (i)di =

� 1

0

[
Pt(i)

M,X

PM,X
t

] λ
M,I
t

1−λ
M,I
t MX

t di =
←→
P M,X

t MX
t . (E.28)

Recall from Equation (C.141), we have the following demand function for imported goods for export production:

MX
t (i) =

(
1− ψX

)(MCX
t

PM,X
t

)νx [
Xt(i) + z+t ϕ

X
]
. (E.29)
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Substituting the above demand function into Equation (E.28), we have the following equation:

←→
P M,X

t MX
t =

←→
P M,X

t

(
1− ψX

)(MCX
t

PM,X
t

)νX � 1

0

[
Xt(i) + z+t ϕ

X
]
di. (E.30)

Using the de�nition pM,X
t =

P
M,X
t
Pt

and Equation (C.137) which captures nominal marginal cost of export
production , we can obtain the following marginal cost of export production ratio:

MCX
t

PM,X
t

=
1

PM,X
t

[
ψX (Pt)

(1−νx) +
(
1− ψX

)(
PM,X
t

)(1−νx)
] 1

1−νx

,

MCX
t

PM,X
t

=

[
ψX

(
Pt

PM,X
t

)1−νx

+
(
1− ψX

)(PM,X
t

PM,X
t

)1−νx
] 1

1−νx

,

MCX
t

PM,X
t

=

[
ψX

(
pM,X
t

)νx−1

+ 1− ψX

] 1
1−νx

.

De�ning the price dispersion of export goods as
←→
P X

t , and using the above marginal cost of export production
ratio, we can rewrite Equation (E.30) as follows:

←→
P M,X

t MX
t =

(
1− ψX

)[
ψX

(
pM,X
t

)νx−1

+ 1− ψX

] 1
1−νx

[←→
P X

t Xt + z+t ϕ
X
]
. (E.31)

We stationarize this expression by dividing both sides by z+t and express the above equation in per capita terms.
Thus, we have the following equation:

←→
P M,X

t mX
t =

(
1− ψX

)[
ψX

(
pM,X
t

)νx−1

+ 1− ψX

] 1
1−νx

[←→
P X

t xt + ϕX
]
. (E.32)

Next, consider the limit as ω tends to in�nity. Recall from Section (E.1.2) that limω→∞ ψX = ϑX . Then we can
write as follows:

←→
P M,X

t mX
t =

(
1− ϑX

)[
ψX

(
pM,X
t

)νx−1

+ 1− ψX

] 1
1−νx

[←→
P X

t xt + ϕX
]

(E.33)

Note that Equation (E.33) is the same as Equation (A.142a) in Section A.9.

E.3.4 Total Swedish non-energy imports

Total demand for Swedish imports from Foreign is given by

Mxe
t =

←→
P M,C,xe

t MC,xe
t +

←→
P M,I

t MI
t +
←→
P M,X

t MX
t + z+t ϕ

M,C,xe + z+t ϕ
M,I + z+t ϕ

M,X . (E.34)

We stationarize the above expression by dividing both sides by z+t and express the above equation in per capita

terms.

mxe
t =

←→
P M,C

t mC
t +
←→
P M,I

t mI
t +
←→
P M,X

t mX
t + ϕC,xe + ϕM,I + ϕM,X (E.35)

Note that Equation (E.35) is the same is Equation (A.143a) in Section A.9.
It is also useful to have an equation of total import demand mD,xe

t , that is, the amount of import goods which
are used as intermediate goods in the other sectors in the economy. This expression is given by removing the
�xed cost:

mD,xe
t =

←→
P M,C

t mC
t +
←→
P M,I

t mI
t +
←→
P M,X

t mX
t . (E.36)

Note that Equation (E.36) is the same is Equation (A.144a) in Section A.9.
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E.3.5 Swedish exports

We turn now to the discussion of Swedish exports, and the demand for Swedish export goods in Foreign.
Since we allow the two economies, Sweden and Foreign, to potentially grow at di�erent paces via z+t and z

+
F,t,

we also need to make some additional assumptions about the weights of Swedish export goods in the production
of Foreign, to assure that Swedish exports grow at the same rate as output on the balanced growth path. More
speci�cally, we need to let the weights ψI

F,t and ψ
C
F,t vary over time. We abstract from the time varying weights

in the main text to make it more easy for the reader to follow, since limω→∞ ψI
F,t = 1 and limω→∞ ψC,xe

F,t = 1.
The demand for Swedish exports that goes to Foreign investment is given by

XI
t =

(
1− ψI

F,t

)( PX
t

P I
F,t

)−νF,I

IF,t (E.37)

where ψI
F is the share of Swedish exports in Foreign investment good production. PX

t is the price of Swedish
export goods in Foreign currency, P I

F,t is the price of the Foreign investment good and IF,t is Foreign investment.
Similarly, the demand for Swedish exports that goes to Foreign consumption is given by

XC
t =

(
1− ψC,xe

F,t

)( PX
t

PC,xe
F,t

)−νF,C,xe

Cxe
F,t (E.38)

where ψC,xe
F,t is the share of Swedish exports in Foreign non-energy consumption good production. PX

t is the

price of Swedish export goods in Foreign currency, PC,xe
F,t is the price of the Foreign non-energy good and Cxe

F,t

is Foreign non-energy consumption.
This means that total demand for exports is given by

Xt =
(
1− ψC,xe

F,t

)( PX
t

PC,xe
F,t

)−νF,C,xe

Cxe
F,t +

(
1− ψI

F,t

)( PX
t

P I
F,t

)−νF,I

IF,t (E.39)

We stationarize this equation by dividing through with z+t and divide the prices with PF,t , using the de�nitions

p̃Xt =
PX
t

PF,t
, pC,xe

F,t =
P

C,xe
F,t

PF,t
and pIF,t =

P I
F,t

PF,t
to get

Xt

z+t
=
(
1− ψC,xe

F,t

)( p̃Xt

pC,xe
F,t

)−νF,C,xe
Cxe

F,t

z+t
+
(
1− ψI

F,t

)( p̃Xt
pIF,t

)−νF,I
IF,t

z+t

Xt

z+t
=
(
1− ψC,xe

F,t

)( p̃Xt

pC,xe
F,t

)−νF,C,xe
Cxe

F,t

z+F,t

z+F,t

z+t
+
(
1− ψI

F,t

)( p̃Xt
pIF,t

)−νF,I
IF,t

z+F,t

z+F,t

z+t
(E.40)

Xt

z+t
=
ω

ω

(
1− ψC,xe

F,t

)( p̃Xt

pC,xe
F,t

)−νF,C,xe
Cxe

F,t

z+F,t

z+F,t

z+t
+
ω

ω

(
1− ψI

F,t

)( p̃Xt
pIF,t

)−νF,I
IF,t

z+F,t

z+F,t

z+t
(E.41)

Xt

z+t
=
ω

ω

(
1− ψC,xe

F,t

)( p̃Xt

pC,xe
F,t

)−νF,C,xe
Cxe

F,t

z+F,t

γ
αF /(1−αF )−α/(1−α)
t +

ω

ω

(
1− ψI

F,t

)( p̃Xt
pIF,t

)−νF,I
IF,t

z+F,t

γ
αF /(1−αF )−α/(1−α)
t

(E.42)
Write it in per-capita form (using the fact that the size of the population in Sweden is 1 and the size of the

population in Foreign is ω):

x̄t = ω
(
1− ψC,xe

F,t

)( p̃Xt

pC,xe
F,t

)−νF,C,xe

c̄xeF,tγ
αF /(1−αF )−α/(1−α)
t +ω

(
1− ψI

F,t

)( p̃Xt
pIF,t

)−νF,I

ĪF,tγ
αF /(1−αF )−α/(1−α)
t

(E.43)
Now, we let ψC,xe

F,t = ϑ̃C,xe
F,t + ω

1+ω
(1− ϑ̃C,xe

F,t ) and ψI
F,t = ϑ̃I

F,t +
ω

1+ω
(1− ϑ̃I

F,t) where ϑ̃
C,xe
F,t and ϑ̃I

F,t denotes
the home-bias in the production functions of Foreign exports and investment. Using these expressions we can
write

x̄t =γ
αF /(1−αF )−α/(1−α)
t

[
ω

(
1− ϑ̃C,xe

F,t −
ω

1 + ω
(1− ϑ̃C,xe

F,t )

)(
p̃Xt

pC,xe
F,t

)−νF,C,xe

c̄xeF,t

]
(E.44)

+γ
αF /(1−αF )−α/(1−α)
t

[
ω

(
1− ϑ̃I

F,t −
ω

1 + ω
(1− ϑ̃I

F,t)

)(
p̃Xt
pIF,t

)−νF,I

ĪF,t

]
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or

x̄t = γ
αF /(1−αF )−α/(1−α)
t

[(
ω(1 + ω)− ω2

1 + ω
(1− ϑ̃C,xe

F,t )

)(
p̃Xt

pC,xe
F,t

)−νF,C,xe

c̄xeF,t +

(
ω(1 + ω)− ω2

1 + ω
(1− ϑ̃I

F,t)

)(
p̃Xt
pIF,t

)−νF,I

ĪF,t

]

Note that since ω →∞,we can use l'hôspital's rule, which means that

limω→∞
ω(1 + ω)− ω2

1 + ω
=

1 + 2ω − 2ω

1
= 1

Hence, we can write the above expression as

x̄t = γ
αF /(1−αF )−α/(1−α)
t

[(
1− ϑ̃C,xe

F,t

)( p̃Xt

pC,xe
F,t

)−νF,C,xe

c̄xeF,t +
(
1− ϑ̃I

F,t

)( p̃Xt
pIF,t

)−νF,I

ĪF,t

]
.

Now, we make the two following restrictive assumptions above the home bias processes:

ϑ̃C,xe
F,t = 1−(1− ϑC,xe

F,t )γ
−αF /(1−αF )+α/(1−α)
t

ϑ̃I
F,t = 1−(1− ϑI

F,t)γ
−αF /(1−αF )+α/(1−α)
t

These imply that if the global economy grows faster than the Swedish economy due to the investment technology
process, then the Swedish market share of the global economy will shrink over time and vice versa. Inserting
these two equations into the demand for export gives us the following stationarized export demand function:

x̄t =
(
1− ϑC,xe

F

)( p̃Xt

pC,xe
F,t

)−νF,C,xe

c̄xeF,t +
(
1− ϑI

F

)( p̃Xt
pIF,t

)−νF,I

ĪF,t. (E.45)

Equation (E.45) is the same as Equation (A.139a) in Appendix A.

E.4 Swedish aggregate output

E.4.1 Swedish aggregate output

Swedish aggregate output is given by:

←→
P tYt =

� 1

0

(
εt
[
K̃s

t (i)
]α

[ztNt(i)]
1−α − z+t ϕ

)
di. (E.46)

We stationarize the above equation by dividing the equation with z+t . Note that z
+
t = ztγ

α
1−α
t , and the de�nition

of stationarized capital services is given by:
¯̃
kst (i) = K̃s

t (i)/(zt−1γ
1

1−α
t−1 ) = K̃s

t (i)/

[
(ztγ

1
1−α
t )/(µz,tµ

1
1−α
γ,t )

]
. This

means that if we divide both sides of the Swedish aggregate output expression with z+t , we have the following
equation:

Yt

z+t

←→
P t =

1�

0

εt
 K̃s

t (i)

(ztγ
1

1−α
t )/(µz,tµ

1
1−α
γ,t )

α [
Nt(i)

z+t

]1−α
 di− ϕ,

Y t
←→
P t =

1�

0

(
εt

[
¯̃Ks
t (i)

µz+,tµγ,t

]α
Lt(i)

1−α

)
di− ϕ

We can remove the subscript i since it is shown above that the �rms in Sweden choose the same capital stock.
We rewrite the above equation in terms of stationarized variables in per-capita:

yt
←→
P t =

(
εt

[
¯̃
kst

µz+,tµγ,t

]α
n1−α
t

)
− ϕ (E.47)

Note that Equation (E.47) is the same as Equation (A.148a) in Section A.
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E.4.2 Measured Swedish aggregate output

The measured Swedish aggregate input is given by

Y m
t = Yt − ψI

(
P I
t

Pt

)νI

a (ut)
Kt

γt
. (E.48)

We follow Section E.4.1. In particular, we divide both sides of the above equation by z+t and express the equation
in per-capita terms. This yields:

ymt = yt − ϑ
I(pIt )

νIa(ut)
kt

µz+,tµγ,t
. (E.49)

Note that since ω →∞ and ψI = ϑI + 1
1+ω

(1−ϑI),we get that ψI = ϑI . Note that Equation (E.49) is the same
as Equation (A.149a) in Section A.

E.5 Foreign aggregate resource constraint

The derivation of the aggregate resource constraint for Foreign proceeds in much the same way as the corre-
sponding derivations for Sweden, which were laid out in Section (E.1) above. In the �rst part of this section, we
derive the non-stationary version of the Foreign aggregate resource constraint, which corresponds to Equation
(96) in the main text. In the second part of the section, a stationarized version is derived (Equation A.137a).

E.5.1 Market clearing in Foreign

The market for intermediate goods in Foreign clears when the production of each individual �rm j, YF,t(j),

equals the demand for the output of the same �rm: YF,t(j) =
1
ω

[
PF,t(j)

PF,t

] λF,t
1−λF,t YF,t. YF,t represents aggregate

demand for the homogeneous, intermediate good in Foreign, and PF,t is the associated aggregate price index.
PF,t(j) denotes the price charged by the individual �rm j and λF,t is a time varying markup. After having

de�ned Y P
F,t =

� ω

0
YF,t(j)dj as aggregate production of intermediate goods and

←→
P F,t =

� ω

0
1
ω

(
PF,t(j)

PF,t

) λF,t
1−λF,t dj

as a measure of price dispersion, we proceed by aggregating over all �rms in the sector:

Y P
F,t =

� ω

0

 1

ω

[
PF,t(j)

PF,t

] λF,t
1−λF,t

YF,t

 dj = YF,t

� ω

0

1

ω

[
PF,t(j)

PF,t

] λF,t
1−λF,t

dj = YF,t
←→
P F,t. (E.50)

Recall from Section (2.6.2) that YF,t(j) = εF,t

[
K̃s

F,t(j)
]αF

[ztNF,t(j)]
1−αF − z+F,tϕF . Once again aggregating

over all �rms in the sector, write:

Y P
F,t =

� ω

0

(
εF,t

[
K̃s

F,t(j)
]αF

[ztNF,t(j)]
1−αF − z+F,tϕF

)
dj = YF,t

←→
P F,t. (E.51)

Turn now to the demand side of the economy. In Foreign, demand for the homogeneous intermediate good
comes from non-energy consumption good producers, energy consumption good producers and investment good
producers:

YF,t = DC,xe
F,t +DC,e

F,t +DI
F,t +GF,t (E.52)

From Equation (D.51), we have DC,xe
F,t = Cxe

F,t represents demand from non-energy foreign consumption good

production. Similarly, demand for intermediate goods for foreign energy consumption production is DC,e
F,t = Ce

F,t

and from Equation (D.56), we have DI
F,t = V I

F,t represents demand from foreign investment good production
where V I

F,t =
1

γF,t
[IF,t + a(ut)KF,t] .

Continue by substituting for DC,xe
F,t and DI

F,t in Equation (E.52). We have:

YF,t = Cxe
F,t + Ce

F,t + V I
F,t +GF,t. (E.53)

Now use Equation (E.53) to substitute for YF,t in (E.50), and then combine this expression with (E.51) to get:

Y P
F,t =

� ω

0

εF,t

[
K̃s

F,t(j)
]αF

[ztNF,t(j)]
1−αF dj − z+F,tωϕF =

←→
P F,tC

xe
F,t +

←→
P F,tC

e
F,t +

←→
P F,t

1

γF,t
[IF,t + a(ut)KF,t] +

←→
P F,tGF,t.
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Rearrange slightly to get the aggregate resource constraint for Foreign, the same as Equation (96) in the main
text:81

εF,t

[
Ks

F,t

]αF [ztNF,t]
1−αF =

←→
P F,tC

xe
F,t +

←→
P F,tC

e
F,t (E.54)

+
←→
P F,t

1

γF,t
[IF,t + a(ut)KF,t] +

←→
P F,tGF,t + z+F,tωϕF .

E.5.2 Stationarizing and simplifying the Foreign aggregate resource constraint

The following de�nitions are needed to stationarize Equation (E.54), and to express it in per capita values:

ȳF,t =
YF,t

z+
F,t

ω
, cxeF,t =

Cxe
F,t

z+
F,t

ω
, ceF,t =

Ce
F,t

z+
F,t

ω
, gF,t =

GF,t

z+
F,t

ω
, and IF,t =

IF,t

ωztγ

1
1−αF
t

. Also, let k̄sF,t =
Ks

F,t

zt−1γ

1
1−αF
t−1 ω

and

nF,t =
Nf,t

ω
. Moreover, use Y P

F,t = YF,t
←→
P F,t Using these de�nitions, and then dividing through by z+F,tω, we get:

ȳF,t = c̄xeF,t + c̄eF,t + IF,t + a (uF,t) kF,t
1

µ
z+
F
,t
µγ,t

+ gF,t (E.55)

E.6 Balance of payments and net foreign assets

Section (2.7.4) in the main text established the balance of payments identity of Sweden (Equation 108), which
we reproduce here for convenience:

StP
X
t Xt − StPFtM

xe
t − StP

C,e
Ft M

e
t =

StB
FH
t+1

RF,tζtΦ(at, st, ϕ̃t)
− StB

FH
t . (E.56)

Note that the prices of imported goods are the same as the marginal costs of the import �rms, StP
C,e
Ft =MCM,C,e

t

and StPFt =MCM,xe
t . Therefore, we can write the expression as the following:

StP
X
t Xt −MCM,xe

t Mxe
t −MCM,C,e

t Me
t =

StB
FH
t+1

RF,tζtΦ(at, st, ϕ̃t)
− St

St−1
St−1B

FH
t .

Now substitute At for
StB

FH
t+1

RF,tζtΦ(at,st,ϕ̃t)
, as well as At−1 for

St−1B
FH
t

RF,t−1ζt−1Φ(at−1,st−1,ϕ̃t−1)
. Then subtract At−1 from

both sides to get:

At −At−1 = StP
X
t Xt −MCM,xe

t Mxe
t −MCM,C,e

t Me
t +Φ

(
at−1, st−1, ϕ̃t−1

)
RF,t−1ζt−1

St

St−1
At−1 −At−1.

Simplify the last term to arrive at:

At −At−1 = StP
X
t Xt −MCM,xe

t Mxe
t −MCM,C,e

t Me
t +

[
Φ
(
at−1, st−1, ϕ̃t−1

)
RF,t−1ζt−1

St

St−1
− 1

]
At−1,

which is the same as Equation (109) in the main text.
Let at =

At

z+t Pt
denote the stationarized net foreign asset position of the Swedish economy, and use the following

de�nitions to rewrite the above condition: p̃XF,t =
PX
F,t

Pt
, m̄cM,C,xe

t =
MC

M,xe
t
Pt

, mxe
t = Mt

z+t
, m̄cM,C,e

t =
MC

M,C,e
t
Pt

,

m̄e
t =

M
,e
t

z+t
, pXt =

StP
X
t

Pt
, xt =

Xt

z+t
, st =

St
St−1

, µz+,t =
z+t

z+t−1

and Πt =
Pt

Pt−1
. The above equation can be written

as:

m̄cM,C,xe
t mxe

t + m̄cM,C,e
t m̄e

t + at = pXt xt +Φ
(
at−1, st−1, ϕ̃t−1

)
RF,t−1ζt−1 st at−1

1

µz+,tΠt
.

81Note that ψC.xe
F

(
PF,t

P
C,xe
F,t

)−νF,C

Cxe
F,t = Cxe

F,t and ψ
I
F

(
PF,t

P I
F,t

)−νF,I [ IF,t

γt
+ a

(
uF,t

) KF,t

γt

]
= 1

γF,t

[
IF,t + a(ut)KF,t

]
.
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Note that the demand function for individual goods imported energy goods are given by m̄C,e
t (i) =

(
p
M,C,e
t (i)

p
M,C,e
t

) λ
M,C,e
t

1−λ
M,C,e
t m̄C,e

t .

Denote ←→p M,C,e
t =

� 1

0

(
p
M,C,e
t (i)

p
M,C,e
t

) λ
M,C,e
t

1−λ
M,C,e
t di and rearrange slightly to get an expression that is identical to

Equation (A.138a) in Appendix A:

at = pXt xt − m̄cM,xe
t mxe

t − m̄cM,C,e
t m̄e

t +Φ
(
at−1, st−1, ϕ̃t−1

)
RF,t−1ζt−1 st at−1

1

µz+,t Πt
. (E.57)

E.7 Total energy imports

Total energy imports is given by

Me
t =

� 1

0

MC,e
t (i)di+ z+t ϕ

M,C,e (E.58)

Note that the demand function for individual goods imported energy goods are given byMC,e
t (i) =

(
P

M,C,e
t (i)

P
M,C,e
t

) λ
M,C,e
t

1−λ
M,C,e
t PC,e

t .

Denote
←→
P M,C,e

t =
� 1

0

(
p
M,C,e
t (i)

p
M,C,e
t

) λ
M,C,e
t

1−λ
M,C,e
t di to write the import function as

Me
t =
←→
P M,C,e

t MC,e
t + z+t ϕ

M,C,e (E.59)

To stationarize, divide through with z+t to get

m̄e
t =
←→
P M,C,e

t m̄C,e
t + ϕM,C,e (E.60)

which is the same equation as Equation (A.147a) in Appendix A.

F Appendix: Log-linearization

F.1 Log-linearization method

Suppose, we have the following function: F (Xt, Zt). We take the natural log of the function F (Xt, Zt), and then
we take a �rst-order Taylor approximation of the function F (Xt, Zt) around the steady state X and the steady
state Z respectively.

A log-linear approximation of F (Xt, Zt) around the steady state X and the steady state Z is:

ln [F (Xt, Zt)] ≈ ln [F (X,Z)] +
FX(X,Z)

F (X,Z)
X

[
Xt −X
X

]
+
FZ(X,Z)

F (X,Z)
Z

[
Zt − Z
Z

]
.

Note that: X̂t = ln(Xt)− ln(X) ≈ Xt−X
X

. We can interpret X̂t as a log-linear approximation of the variable Xt

around its steady state value X.

F.2 Example of log-linearization method

In this section, we demonstrate how to implement a �rst-order log-linear approximation. For an illustrative
purpose, we will take a �rst-order log-linear approximation of the stationarized version of consumption Euler
equation (C.26).

Recall, the stationarized version of consumption Euler equation is written as:

Ω
C
t = RtζtEt

[
βr
t+1

Ω
C
t+1

µz+,t+1Π
C
t+1

]
.
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Note that βr = β and ζ = 1. Thus, the steady state of consumption Euler equation can be expressed as:

Ω
C
= Rβ

1

µz+Π
C
Ω

C

R =
µz+Π

C

β
.

(F.1)

The �rst-order log-linear approximation of the LHS of Equation (C.26) is:

lnΩ
C
t ≈ lnΩ

C
+

1

Ω
C
Ω

C

(
Ω

C
t − Ω

C

Ω
C

)
= lnΩ

C
+ Ω̂C

t . (F.2)

We have the following de�nitions:

ζ̂t =
ζt − ζ
ζ

ζ = 1

ĭt = Rt −R.

We use the above de�nitions, and the �rst-order log-linear approximation of the RHS of Equation (C.26) can be
written as follows:

lnΩ
C
+

1

Ω
C
βΩ

C 1

µz+Π
C
(Rt −R)

+
1

Ω
C
βΩ

C Rζ

µz+Π
C

(
ζt − ζ
ζ

)
+

1

Ω
C
RβΩ

C 1

µz+Π
C

(
βr
t+1 − β
β

)
+

1

Ω
C
RβΩ

C 1

µz+Π
C

(
Ω

C
t+1 − Ω

C

Ω
C

)

− 1

Ω
C
RβΩ

C 1

ΠC

(
1

µz+

)2

µz+

(
µz+,t+1 − µz+

µz+

)
− 1

Ω
C
RβΩ

C 1

µz+

(
1

ΠC

)2

ΠC

(
ΠC

t+1 −ΠC

ΠC

)
.

(F.3)

Using Equation (F.1) and the above de�nitions, Equation (F.3) can be written as:

lnΩ
C
+ ζ̂t +

1

R
(Rt −R) + β̂r

t+1 + Ω̂C
t+1 − µ̂z+,t+1 − Π̂C

t+1. (F.4)

Combing Equation (F.2) and Equation (F.4), this gives us the following log-linearized version of consumption of
Euler equation:

Ω̂C
t = Et

[
ζ̂t + β̂r

t+1 + Ω̂C
t+1 +

1

R
ĭt − Π̂C

t+1 − µ̂z+,t+1

]
. (F.5)

Equation (F.5) is the same as Equation (A.1b).

G Appendix: Derivation of log-linear wage equation

This section derives the log-linearized version of the optimal wage condition, Equation (A.13b). First, we present
the key equations that will be used to derive the �nal log-linearized version of the optimal wage equation. The key
equations are the real wage markup, aggregate wage index and labor demand equation. Second, we log-linearize
Equation (C.63) which is the nonlinear version of the optimal wage equation and then use the key equations to
obtain the �nal log-linearized version of the optimal wage equation.

G.1 Real wage markup

In this section, we present Equation (A.18b) that captures the log-linearized version of the real wage markup.
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Recall, Equation (A.18a), which shows the non-linearized version of the real wage markup, is expressed as:

Ψ
W
t =

(
1− τWt

)
wt

ζnt
ν′(nt)

Ω
C
t

. (G.1)

Recall from Section 2.10, the labor disutility function is speci�ed as:

ν(Nh,t) = Θn
t An

N1+η
h,t

1 + η
. (G.2)

We can drop the subscript h since all household members choose the same optimal wage when they have chance
to update their wage. As a result those labor types will have the same employment in this model. We can
also rewrite the labor disutility function in terms of per capita, so nt is denoted as employment per capita

(employment rate). Thus, we have the following labor disutility function:

ν(nt) = Θn
t An

n1+η
t

1 + η
. (G.3)

The �rst derivative of ν(nt) with respect to nt is:

ν′(nt) = Θn
t Ann

η
t . (G.4)

The second derivative of ν(nt) with respect to nt is:

ν′′(nt) = ηΘn
t Ann

η−1
t . (G.5)

We can rewrite Equation (G.1) as follows:

Ψ
W
t =

(
1− τWt

)
wt

ζnt
Θn

t Ann
η
t

Ω
C
t

. (G.6)

We apply the log-linearization method from Section F.1 to Equation (G.6), and we can obtain the following
log-linearized version of the real wage markup:

Ψ̂W
t = ŵt −

1

1− τW τ̆Wt − ζ̂nt − ηn̂t + Ω̂C
t . (G.7)

Furthermore, the labor force participation condition, Equation (A.14a) can be written as:

ŵt = ζ̂nt + Θ̂n
t + ηl̂t − Ω̂C

t +
1

1− τW τ̆Wt (G.8)

When we combine Equation (G.8) and Equation (G.7) we obtain the following relationship between the wage
markup and unemployment:

Ψ̂W
t = ηûnt (G.9)

Equation (G.9) is the same as Equation (A.18b).

G.2 Aggregate wage index

In this section, we present the log-linearized version of the aggregate wage index. Recall from the main text in
Section 2.1.3, the aggregate wage index in non-linear terms is speci�ed as follows:

Wt =

[� 1

0

W
(1−εw,t)
h,t dh

] 1
1−εw,t

. (G.10)

Recall from Section 2.1.3, we have the following Calvo wage contract:

Wh,t =

{
Π

W
t Wh,t−1 with probability ξw

W opt
h,t with probability (1− ξw).

(G.11)
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We apply the above Calvo wage contract and the following de�nition: εw,t =
λW
t

λW
t −1

. Thus, we can rewrite

Equation (G.10) as follows:

Wt =

[� 1

0

W

1

1−λW
t

h,t dh

]1−λW
t

, (G.12)

W

1

1−λW
t

t =

� 1

0

(Wh,t)
1

1−λW
t dh, (G.13)

W

1

1−λW
t

t =

� ξw

0

(
Π

W
t Wh,t−1

) 1

1−λW
t dh+

� 1

ξw

(
W opt

h,t

) 1

1−λW
t dh, (G.14)

W

1

1−λW
t

t =
(
Π

W
t

) 1

1−λW
t

� ξw

0

(Wh,t−1)
1

1−λW
t dh+

� 1

ξw

(
W opt

h,t

) 1

1−λW
t dh. (G.15)

Now, we evaluate the integrals in Equation (G.15). First, we evaluate the �rst term of the RHS of Equation
(G.15). Recall that the opportunity to reset the wage in any given period is governed by a random variable, and
that this variable is identically and independently distributed across individual labor types and across di�erent
time periods. From this assumption, it follows that the subset of labor types that do not have the opportunity
to reset their wage in period t will constitute a representative sample of all labor types. The wages posted by
those same labor types in period (t− 1) will, by the same argument, constitute a representative sample of all the

individual wages that were posted in that period. By the law of large numbers, the term
� ξw
0

(Wh,t−1)
1

1−λW
t dh

may therefore be evaluated as follows:

� ξw

0

(Wh,t−1)
1

1−λW
t dh = ξwW

1

1−λW
t

t−1 , (G.16)

where Wt−1 =

[� 1

0
W

1

1−λW
t

h,t−1 dh

]1−λW
t

. Using Equation (G.16), Equation (G.15) can be written as:

W

1

1−λW
t

t =
(
Π

W
t

) 1

1−λW
t ξw (Wt−1)

1

1−λW
t +

� 1

ξw

(
W opt

h,t

) 1

1−λW
t dh. (G.17)

Now, we evaluate the second term of the RHS of Equation (G.15). All labor types that get the opportunity
to reset their wage in period t will face the same maximization problem. This follows from our assumption
concerning the existence of contingent claims that allow individual household members to diversify the risk
associated with the nominal wage friction (see Section 2.1.2 in the main text). As a consequence, all labor
types that have the opportunity to reset their wage in period t will choose the same optimal wage, and we may
therefore write W opt

h,t =W opt
t . Hence, Equation (G.17) can be written as follows:

W

1

1−λW
t

t =
(
Π

W
t

) 1

1−λW
t ξw (Wt−1)

1

1−λW
t +

(
W opt

t

) 1

1−λW
t

� 1

ξw

dh. (G.18)

Using the following result:
� 1

ξw
dh = (1− ξw), Equation (G.18) can be expressed as:

W

1

1−λW
t

t =
(
Π

W
t

) 1

1−λW
t ξw (Wt−1)

1

1−λW
t + (1− ξw)

(
W opt

t

) 1

1−λW
t . (G.19)

We stationarize the above equation. Using the following de�nitions: wt =
Wt

z+t PC
t

, wopt
t =

W
opt
t

z+t PC
t

, ΠC
t =

PC
t

PC
t−1

and

µz+,t =
z+t

z+t−1

, Equation (G.19) becomes:

(
Wt

z+t P
C
t

) 1

1−λW
t =

(
Π

W
t

) 1

1−λW
t ξw

(
1

µz+,tΠ
C
t

Wt−1

z+t−1P
C
t−1

) 1

1−λW
t

+ (1− ξw)
(
W opt

t

z+t P
C
t

) 1

1−λW
t
.

The above equation can be simpli�ed to the following equation:

(wt)
1

1−λW
t = ξw

(
Π

W
t

µz+,tΠ
C
t

) 1

1−λW
t

(wt−1)
1

1−λW
t + (1− ξw)

(
wopt

t

) 1

1−λW
t . (G.20)
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Equation (G.20) captures the stationarized version of the aggregate wage index.

We apply the log-linearization method from Section F.1 to Equation (G.20), and we can obtain the following
log-linearized version of the aggregate wage index:

ŵt = ξw

(
Π̂

W

t − µ̂z+,t − Π̂C
t + ŵt−1

)
+ (1− ξw)ŵopt

t . (G.21)

Equation (G.21) captures the log-linearized version the aggregate wage index.

G.3 Labor demand

In this section, we present the log-linearized version of labor demand equation.

Recall from Section C.1.9, we have the following labor demand schedule:

Nh,t+k|t =

(
Wh,t+k|t

Wt+k

)−εw,t+k

Nt+k.

Recall, Nh,t+k|t denotes demand for labor type h, whereas Nt+k is aggregate labor demand. First, we can drop
the subscript h from the labor demand schedule since all labor types choose the same optimal wage as a result
the same amount of labor supply. Second, we stationarize the above demand schedule by using the following

de�nitions: wt+k|t =
Wt+k|t

z+
t+k

PC
t+k

and wt+k =
Wt+k

z+
t+k

PC
t+k

. We also rewrite the above equation in per capita terms.

The stationarized version of the labor demand schedule is:

nt+k|t =

(
wt+k|t

wt+k

)−εw,t+k

nt+k. (G.22)

Recall from Section C.1.9, we have the following de�nition:

Wt+k|t =W opt
t Π

W
t+1Π

W
t+2 . . .Π

W
t+k. (G.23)

We stationarize Equation (G.23) by applying the following de�nitions: wt+k =
Wt+k

z+
t+k

PC
t+k

, wopt
t =

W
opt
t

z+t PC
t

, ΠC
t+k =

PC
t+k

PC
t+k−1

, and µz+,t+k =
z+
t+k

z+
t+k−1

. Thus, Equation (G.23) becomes:

wt+k|t =
wopt

t Π
W
t+1Π

W
t+2 . . .Π

W
t+k

µz+,t+1µz+,t+2 . . . µz+,t+kΠ
C
t+1Π

C
t+2 . . .Π

C
t+k

. (G.24)

Recall, Equation (A.19a), which shows the de�nition of wage in�ation, is expressed as:

ΠW
t =

wt

wt−1
µz+,tΠ

C
t .

Note that along the balanced growth path, the de�nition of wage in�ation is:

ΠW
t = Π

W
= µz+Π

C . (G.25)

Along the balanced growth path, Equation (G.24) can be expressed as:

w =

(
Π

W

µz+Π
C

)k

wopt. (G.26)

We apply the log-linearization method from Section F.1 to Equation (G.22) and also take into account Equation
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(G.24), (G.25) and (G.26) when log-linearizing Equation (G.22). Hence, we can obtain the following log-linearized
version of the labor demand equation:

n̂t+k|t = εwŵt+k + n̂t+k − εwŵopt
t

− εwΠ̂
W

t+1 − εwΠ̂
W

t+2 − . . .− εwΠ̂
W

t+k

+ εwµ̂z+,t+1 + εwµ̂z+,t+2 + . . .+ εwµ̂z+,t+k

+ εwΠ̂
C
t+1 + εwΠ̂

C
t+2 + . . .+ εwΠ̂

C
t+k

+
λW

(1− λW )2
log(

w̄opt

w̄
)λ̂W

t+1 +
λW

(1− λW )2
log

(
Π

W

µz+Π
C

)−2

λ̂W
t+2 . . .+

λW

(1− λW )2
log

(
Π

W

µz+Π
C

)−k

λ̂W
t+k

(G.27)

Equation (G.27) is the log-linearized version of labor demand equation.

G.4 Optimal wage equation

In this section, we derive the log-linearized version of the optimal wage equation, Equation (A.13b). The �rst
step is to log-linearize Equation (C.63), which captures the nonlinear version of the optimal wage condition. In
the second step, we use the following key equations: Equation (G.7), Equation (G.21) and Equation (G.27) to
obtain the �nal log-linearized version of the optimal wage condition, Equation (A.13b).

Recall, we have the nonlinear version of the optimal wage equation:

Et

∞∑
k=0

(ξw)
k

(
k∏

i=1

βr
t+i

)
nt+k|tΩ

C
t+k

1

1− λW
t+k

[(
1− τWt+k

)
wt+k|t − λW

t+kζ
n
t+k

ν′(nt+k|t)

Ω
C
t+k

]
= 0 (G.28)

Equation (G.28) is the same as Equation (C.63) which shows the stationarized version of the optimal wage
setting equation.

We rewrite Equation (G.28) as follows:

Et

∞∑
k=0

(ξw)
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(
k∏

i=1

βr
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C
t+k

λW
t+k
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Ω
C
t+k

.

(G.29)

We expand Equation (G.29), and we can obtain the following equation:

nt|tΩ
C
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1

1− λW
t

(
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t + Et
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+ . . .
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(G.30)

Recall from Section G.3, we have the following de�nition:

wt+k|t =
wopt

t Π
W
t+1Π

W
t+2 . . .Π

W
t+k

µz+,t+1µz+,t+2 . . . µz+,t+kΠ
C
t+1Π

C
t+2 . . .Π

C
t+k

. (G.31)

Recall from Section G.3, along the balanced growth path, the de�nition of wage in�ation is written as:

Π
W

= µz+Π
C . (G.32)

Along the balanced growth path, Equation (G.31) can be expressed as:

w =

(
Π

W

µz+Π
C

)k

wopt. (G.33)
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When log-linearizing Equation (G.30), we take account of Equation (G.31), (G.32) and (G.33). We also let

H1 = 1
1−λW

(
1− τW

)
w. Note that variables such as nt+k|t, β

r
t , and Ω

C
t+k are that common to both sides of

Equation (G.30) will cancel out after we have log-linearized. We therefore ignore them when log-linearizing, but
we still have to log-linearize 1

Ω
C
t+k

as this particular variable only appears in the RHS of Equation (G.30). Note

that in equilibrium, we have βr = β and de�ne τ̆Wt as τWt − τW .

Now, we log-linearize the LHS of Equation (G.30) and we can obtain the following equation:
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wτ̆Wt+1

]

− 1

H1
Et

[
(ξwβ)

2 nΩ
C 1

1− λW

(
Π

W

µz+Π
C

)2

wτ̆Wt+2 − . . .

]

+
1

H1
nΩ

C 1

(1− λW )2
w
(
1− τW

)
λW λ̂W

t +
1

H1
Et

[
ξwβnΩ

C λW

(1− λW )2

(
1− τW

)( Π
W

µz+Π
C

)
w̄λ̂W

t+1

]

+
1

H1
Et

[
ξwβnΩ

C λW

(1− λW )2

(
1− τW

)( Π
W

µz+Π
C

)2

w̄λ̂W
t+2 − . . .

]
.

(G.34)

We let H2 = λW

1−λW ζn ν′(n)

Ω
C . Also recall Equation G.4 below:

ν′(nt) = Θn
t Ann

η
t , (G.35)

and denote �rst derivative of ν′(nt) with respect to Θn
t as ν′Θn(nt), which is ν′Θn(nt)=

∂ν′(nt)
∂Θn

t
= Ann

η
t = ν′(nt)

Θn
t

.

In steady state ν′Θn(n) = ν′(n)
Θn and we use it below while we log-linearize the RHS of Equation (G.30), and we

have the following equation:
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lnH2 +
1

H2
nΩ

C λW

1− λW

ν′(n)

Ω
C
ζnζ̂nt

+
1

H2
Et

[
ξwβnΩ

C λW

1− λW

ν′(n)

Ω
C
ζnζ̂nt+1

]
+

1

H2
Et

[
(ξwβ)

2 nΩ
C λW

1− λW

ν′(n)

Ω
C
ζnζ̂nt+2 + . . .

]
+

1

H2
nΩ

C λW

1− λW
ζn

1

Ω
C
ν

′′
(n)nn̂t|t

+
1

H2
Et

[
ξwβnΩ

C λW

1− λW
ζn

1

Ω
C
ν

′′
(n)nn̂t+1|t

]
+

1

H2
Et

[
(ξwβ)

2 nΩ
C λW

1− λW
ζn

1

Ω
C
ν

′′
(n)nn̂t+2|t + . . .

]
+

1

H2
nΩ

C λW

1− λW
ζn

1

Ω
C

ν′(n)

Θn
ΘnΘ̂n

t

+
1

H2
Et

[
ξwβnΩ

C λW

1− λW
ζn

1

Ω
C

ν′(n)

Θn
Θn ˆΘn

t+1

]
+

1

H2
Et

[
(ξwβ)

2 nΩ
C λW

1− λW
ζn

1

Ω
C

ν′(n)

Θn
Θn ˆΘn

t+2 + . . .

]
− 1

H2
nΩ

C λW

1− λW
ζnν′(n)

(
1

Ω
C

)2

Ω
C
Ω̂C

t

− 1

H2
Et

[
ξwβnΩ

C λW

1− λW
ζnν′(n)

(
1

Ω
C

)2

Ω
C
Ω̂C

t+1

]

− 1

H2
Et

[
(ξwβ)

2 nΩ
C λW

1− λW
ζnν′(n)

(
1

Ω
C

)2

Ω
C
Ω̂C

t+2 + . . .

]

+
1

H2
nΩ

C
ζn
ν′(n)

Ω
C

1

(1− λW )2
λW λ̂W

t

+
1

H2
Et

[
ξwβnΩ

C
ζn
ν′(n)

Ω
C

λW

(1− λW )2
λ̂W
t+1

]
+

1

H2
Et

[
(ξwβ)

2 nΩ
C
ζn
ν′(n)

Ω
C

λW

(1− λW )2
λ̂W
t+2 + . . .

]
.

(G.36)

Note that in steady state, Equation (G.5) is: ν′′(n) = ηΘnAnn
η−1. We use the following results: ν′′(n) =

ηΘnAnn
η−1 and ν′(n) = ΘnAnn

η. Thus, ν′′(n)n can be de�ned as:

ν′′(n)n = ηΘnAnn
η = ην′(n). (G.37)

Using Equation (G.37), Equation (G.36) can be rewritten as follows:
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lnH2 +
1

H2
nΩ

C λW

1− λW

ν′(n)

Ω
C
ζnζ̂nt

+
1

H2
Et

[
ξwβnΩ

C λW

1− λW

ν′(n)

Ω
C
ζnζ̂nt+1

]
+

1

H2
Et

[
(ξwβ)

2 nΩ
C λW

1− λW

ν′(n)

Ω
C
ζnζ̂nt+2 + . . .

]
+

1

H2
nΩ

C λW

1− λW
ζn

1

Ω
C
ην′(n)n̂t|t

+
1

H2
Et

[
ξwβnΩ

C λW

1− λW
ζn

1

Ω
C
ην′(n)n̂t+1|t

]
+

1

H2
Et

[
(ξwβ)

2 nΩ
C λW

1− λW
ζn

1

Ω
C
ην′(n)n̂t+2|t + . . .

]
+

1

H2
nΩ

C λW

1− λW
ζn

1

Ω
C

ν′(n)

Θn
ΘnΘ̂n

t|t

+
1

H2
Et

[
ξwβnΩ

C λW

1− λW
ζn

1

Ω
C

ν′(n)

Θn
ΘnΘ̂n

t+1|t

]
+

1

H2
Et

[
(ξwβ)

2 nΩ
C λW

1− λW
ζn

1

Ω
C

ν′(n)

Θn
ΘnΘ̂n

t+2|t + . . .

]
− 1

H2
nΩ

C λW

1− λW
ζnν′(n)

(
1

Ω
C

)2

Ω
C
Ω̂C

t

− 1

H2
Et

[
ξwβnΩ

C λW

1− λW
ζnν′(n)

(
1

Ω
C

)2

Ω
C
Ω̂C

t+1

]

− 1

H2
Et

[
(ξwβ)

2 nΩ
C λW

1− λW
ζnν′(n)

(
1

Ω
C

)2

Ω
C
Ω̂C

t+2 + . . .

]

+
1

H2
nΩ

C
ζn
ν′(n)

Ω
C

1

(1− λW )2
λW λ̂W

t

+
1

H2
Et

[
ξwβnΩ

C
ζn
ν′(n)

Ω
C

λW

(1− λW )2
λ̂W
t+1

]
+

1

H2
Et

[
(ξwβ)

2 nΩ
C
ζn
ν′(n)

Ω
C

λW

(1− λW )2
λ̂W
t+2 + . . .

]
.

(G.38)

We use the following result: H1 = H2 , and multiply the terms with τ̆Wt+k by (1−τW )

(1−τW )
. We then combine Equation
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(G.34) and (G.38). Thus, we have the following equation:

nΩ
C (

1− τW
)
wŵopt

t

+ξwβnΩ
C (

1− τW
) (

Π
W

µ
z+

ΠC

)
wŵopt

t

+(ξwβ)
2 nΩ

C (
1− τW

) (
Π

W

µ
z+

ΠC

)2
wŵopt

t + . . .

+Et

[
ξwβnΩ

C (
1− τW

) (
Π

W

µ
z+

ΠC

)
wΠ̂

W

t+1

]

+Et

[
(ξwβ)

2 nΩ
C (

1− τW
) (

Π
W

µ
z+

ΠC

)2
wΠ̂

W

t+1

]
+ . . .

+Et

[
(ξwβ)

2 nΩ
C (

1− τW
) (

Π
W

µ
z+

ΠC

)2
wΠ̂

W

t+2 + . . .

]

−Et

[
ξwβnΩ

C (
1− τW

) (
Π

W

µ
z+

ΠC

)
wµ̂z+,t+1

]
−Et

[
(ξwβ)

2 nΩ
C (

1− τW
) (

Π
W

µ
z+

ΠC

)2
wµ̂z+,t+1 − . . .

]

−Et

[
(ξwβ)

2 nΩ
C (

1− τW
) (

Π
W

µ
z+

ΠC

)2
wµ̂z+,t+2 − . . .

]

−Et

[
ξwβnΩ

C (
1− τW

) (
Π

W

µ
z+

ΠC

)
wΠ̂C

t+1

]
−Et

[
(ξwβ)

2 nΩ
C (

1− τW
) (

Π
W

µ
z+

ΠC

)2
wΠ̂C

t+1 − . . .
]

−Et

[
(ξwβ)

2 nΩ
C (

1− τW
) (

Π
W

µ
z+

ΠC

)2
wΠ̂C

t+2 − . . .
]

−nΩC (
1− τW

)
w 1

(1−τW )
τ̆Wt

−Et

[
ξwβnΩ

C
(

Π
W

µ
z+

ΠC

) (
1− τW

)
w 1

(1−τW )
τ̆Wt+1

]

−Et

[
(ξwβ)

2 nΩ
C
(

Π
W

µ
z+

ΠC

)2 (
1− τW

)
w 1

(1−τW )
τ̆Wt+2 − . . .

]
+nΩ

C 1
(1−λW )

w
(
1− τW

)
λW λ̂W

t

+Et

[
ξwβnΩ

C λW

(1−λW )

(
1− τW

) (
Π

W

µ
z+

ΠC

)
w̄λ̂W

t+1

]
+Et

[
(ξwβ)

2 nΩ λW

(1−λW )

(
1− τW

) (
Π

W

µ
z+

ΠC

)2
w̄λ̂W

t+2 + . . .

]
.

=

nΩ
C
ζ̂nt

+Et

[
ξwβnΩ

C
ζ̂nt+1

]
+Et

[
(ξwβ)

2 nΩ
C
ζ̂nt+2 + . . .

]
+nΩ

C
ηn̂t|t

+Et

[
ξwβnΩ

C
ηn̂t+1|t

]
+Et

[
(ξwβ)

2 nΩ
C
ηn̂t+2|t + . . .

]

(G.39)
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+ nΩ
C
Θ̂n

t|t

+ Et

[
ξwβnΩ

C
Θ̂n

t+1|t

]
+ Et

[
(ξwβ)

2 nΩ
C
Θ̂n

t+2|t + . . .
]

− nΩC
Ω̂C

t

− Et

[
ξwβnΩ

C
Ω̂C

t+1

]
− Et

[
(ξwβ)

2 nΩ
C
Ω̂C

t+2 + . . .
]

+ nΩ
C 1

(1− λW )
λ̂W
t

+ Et

[
ξwβnΩ

C 1

(1− λW )
λ̂W
t+1

]
+ Et

[
(ξwβ)

2 nΩ
C 1

(1− λW )
λ̂W
t+2 + . . .

]
.

We have the following summation formula for an in�nite geometric series:

b+ bz + bz2 + . . .+ bzn−1 + . . . =
b

1− z .

We assume that |z| < 1.

We make use of following de�nitions (1− τW )w = λW ζn ν′(n)

Ω
C and Π

W

µ
z+,t

ΠC = 1. We also gather all λ̂W
t+k terms

on the right hand side by using the following for all t+ k:

(ξwβ)
k nΩ

C ν′(n)

Ω
C

λW

(1− λW )
λ̂W
t+k−(ξwβ)k nΩ

λW

(1− λW )

(
1− τW

)
w̄λ̂W

t+k = (1−λW ) (ξwβ)
k nΩ

C ν′(n)

Ω
C

λW

(1− λW )
λ̂W
t+k

We apply the summation formula for an in�nite geometric series to Equation (G.39), and then we simplify
Equation (G.39). This gives us the following equation:

ŵopt
t

(1− ξwβ)
+

ξwβ

(1− ξwβ)
Π̂

W

t+1 +
(ξwβ)

2

(1− ξwβ)
EtΠ̂

W

t+2 + . . .

− ξwβ

(1− ξwβ)
Etµ̂z+,t+1 −

(ξwβ)
2

(1− ξwβ)
Etµ̂z+,t+2 − . . .

− ξwβ

(1− ξwβ)
EtΠ̂

C
t+1 −

(ξwβ)
2

(1− ξwβ)
EtΠ̂

C
t+2 − . . .

− 1

(1− τW )
τ̆Wt − ξwβ

1

(1− τW )
Etτ̆

W
t+1 − (ξwβ)

2 1

(1− τW )
Etτ̆

W
t+2 − . . .

= Et

∞∑
k=0

(ξwβ)
k
[
ζ̂nt+k + ηn̂t+k|t + Θ̂n

t+k − Ω̂C
t+k + λ̂W

t+k

]
.

(G.40)
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Substituting the labor demand equation (G.27) into Equation (G.40), Equation (G.40) becomes

ŵopt
t

(1− ξwβ)
+

ξwβ

(1− ξwβ)
EtΠ̂

W

t+1 +
(ξwβ)

2

(1− ξwβ)
EtΠ̂

W

t+2 + . . .

− ξwβ

(1− ξwβ)
Etµ̂z+,t+1 −

(ξwβ)
2

(1− ξwβ)
Etµ̂z+,t+2 − . . .

− ξwβ

(1− ξwβ)
EtΠ̂

C
t+1 −

(ξwβ)
2

(1− ξwβ)
EtΠ̂

C
t+2 − . . .

= Et

∞∑
k=0

(ξwβ)
k

[
ζ̂nt+k + Θ̂n

t+k − Ω̂C
t+k + λ̂W

t+k +
1

(1− τW )
τ̆Wt+k

]
+ η

[
εwŵt + n̂t − εwŵopt

t

]
+ (ξwβ)ηEt

[
εwŵt+1 + n̂t+1 − εwŵopt

t − εwΠ̂
W

t+1 + εwµ̂z+,t+1 + εwΠ̂
C
t+1

]
+ (ξwβ)

2 ηEt

[
εwŵt+2 + n̂t+2 − εwŵopt

t − εwΠ̂
W

t+1 − εwΠ̂
W

t+2

]
+ (ξwβ)

2 ηEt

[
εwµ̂z+,t+1 + εwµ̂z+,t+2 + εwΠ̂

C
t+1 + εwΠ̂

C
t+2

]
+ . . .

+ (ξwβ)
λW

(1− λW )2
log(

w̄opt

w̄
)λ̂W

t+1 + (ξwβ)
2 λW

(1− λW )2
log

(
Π

W

µz+Π
C

)−2

λ̂W
t+2 . . .+ (ξwβ)

k λW

(1− λW )2
log

(
Π

W

µz+Π
C

)−k

λ̂W
t+k.

Since the all the terms of last row of the above equation cancels out in the steps below, we continue without
that part of the equation. With this simpli�cation, the above equation can be written as:

ŵopt
t

(1− ξwβ)
+

ξwβ

(1− ξwβ)
Et

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1

]
+

(ξwβ)
2
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Et
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Π̂

W
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t+2

]
+ . . .
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k=0

(ξwβ)
k

[
ζ̂nt+k + Θ̂n
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1

(1− τW )
τ̆Wt+k

]

+ Et
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k=0

(ξwβ)
k η Et

[
εwŵt+k + n̂t+k − εwŵopt

t
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− (ξwβ) ηεw Et

[
Π̂

W

t+1 + (ξwβ)Π̂
W

t+1 + (ξwβ)
2Π̂

W

t+1 + . . .
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+ (ξwβ) ηεw Et
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(ξwβ)

(
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)
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2
(
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t+1

)
+ . . .
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2 ηεw Et
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Π̂

W

t+2 + (ξwβ)Π̂
W
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2Π̂

W

t+2 + . . .

]
+ (ξwβ)

2 ηεw Et

[
µ̂z+,t+2 + Π̂C

t+2

]
+ (ξwβ)

2 ηεw Et

[
(ξwβ)
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)
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2
(
µ̂z+,t+2 + Π̂C
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)
+ . . .

]
+ . . . .

(G.41)

We apply the above summation formula for an in�nite geometric series to Equation (G.41), and we have the
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following equation:

ŵopt
t

(1− ξwβ)
+

ξwβ

(1− ξwβ)
Et
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Π̂

W
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]
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2
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W
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t+2

]
+ . . .

=
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k=0

(ξwβ)
k

[
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1
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ŵopt

t
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W
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2
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− . . .
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+
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2
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[
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t+2

]
+ . . .

(G.42)

We multiply both sides of Equation (G.42) by (1 − ξwβ) and rearrange the equation. Hence, Equation (G.42)
can be rewritten as:

(1 + ηεw)ŵ
opt
t =

(1− ξwβ)Et

∞∑
k=0

(ξwβ)
k

[
ζ̂nt+k + Θ̂n

t+k − Ω̂C
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1
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Π̂

W
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− . . .
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]
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[
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t+2

]
+ . . .

(G.43)

Dividing both sides of Equation (G.43) by (1 + ηεw), we have the following equation:

ŵopt
t =

(1− ξwβ)
(1 + ηεw)

Et
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k=0

(ξwβ)
k

[
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− . . .
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]
+ . . .

(G.44)

Now, we iterate Equation (G.44) one period forward and multiply both sides of the equation by (ξwβ). Thus,
we have the following equation:

(ξwβ)ŵ
opt
t+1 =

(1− ξwβ)
(1 + ηεw)

Et
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(ξwβ)
k
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W
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W
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− . . .
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]
+ . . .

(G.45)

Subtracting Equation (G.45) from (G.44), we have the following equation:

ŵopt
t − (ξwβ)Etŵ
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(1− ξwβ)
(1 + ηεw)

[
ζ̂nt + Θ̂n

t − Ω̂C
t + λ̂W

t +
1

(1− τW )
τ̆Wt + ηεwŵt + ηn̂t

]
+ (ξwβ)Et

[
µ̂z+,t+1 + Π̂C

t+1 − Π̂
W

t+1

]
.
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The above equation can be written as:

ŵopt
t = (ξwβ)Etŵ

opt
t+1

+
(1− ξwβ)
(1 + ηεw)

[
ζ̂nt + Θ̂n

t − Ω̂C
t + λ̂W

t +
1

(1− τW )
τ̆Wt + ηεwŵt + ηn̂t

]
+ (ξwβ)Et

[
µ̂z+,t+1 + Π̂C

t+1 − Π̂
W

t+1

]
.

(G.46)

Recall from Equation (G.21) in Section G.2, we have the following log-linearized version of the aggregate wage
index, which is expressed as:

ŵt = ξw

(
Π̂

W

t − µ̂z+,t − Π̂C
t + ŵt−1

)
+ (1− ξw)ŵopt

t .

We rewrite the above aggregate wage index as:

ŵopt
t =

1

(1− ξw)
ŵt −

ξw
(1− ξw)

[
Π̂

W

t − µ̂z+,t − Π̂C
t + ŵt−1

]
. (G.47)

We iterate Equation (G.47) one period forward and multiply the equation by (ξwβ), and we have the following
equation:

(ξwβ)Etŵ
opt
t+1 =

(ξwβ)

(1− ξw)
Etŵt+1 −

(ξwβ)ξw
(1− ξw)

Et

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1 + ŵt

]
. (G.48)

Substituting Equation (G.47) and (G.48) into Equation (G.46), Equation (G.46) becomes:

ŵt = ξw

[
Π̂

W

t − µ̂z+,t − Π̂C
t + ŵt−1

]
+

(1− ξwβ)(1− ξw)
(1 + ηεw)

[
ζ̂nt + Θ̂n

t − Ω̂C
t + λ̂W

t +
1

(1− τW )
τ̆Wt + ηεwŵt + ηn̂t

]
+ (1− ξw)(ξwβ)Et

[
µ̂z+,t+1 + Π̂C

t+1 − Π̂
W

t+1

]
+ (ξwβ)Et [ŵt+1]

− (ξw)
2β Et

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1 + ŵt

]
.

We add ŵt− ŵt to the second term of the RHS of the above equation, and then we rearrange the above equation.
Hence, we have the following equation:

ŵt = ξwŵt−1 + (ξwβ)Et [ŵt+1]− β(ξw)2ŵt

+
(1− ξwβ)(1− ξw)

(1 + ηεw)

[
ŵt − ŵt + ζ̂nt + Θ̂n

t − Ω̂C
t + λ̂W

t +
1

(1− τW )
τ̆Wt + ηεwŵt + ηn̂t

]
+ ξw

[
Π̂

W

t − µ̂z+,t − Π̂C
t

]
+
(
(ξw)

2β + ξwβ − (ξw)
2β
)
Et

[
µ̂z+,t+1 + Π̂C

t+1 − Π̂
W

t+1

]
.

(G.49)

We add ξwŵt−ξwŵt to the LHS and βξwŵt−βξwŵt to the RHS of Equation (G.49). Thus, we have the following
equation:

ŵt + (ξwŵt − ξwŵt)− ξwŵt−1 = (ξwβ)Et [ŵt+1] + (βξwŵt − βξwŵt)− β(ξw)2ŵt

+
(1− ξwβ)(1− ξw)

(1 + ηεw)

[
−ŵt + ζ̂nt + ηn̂t − Ω̂C

t + λ̂W
t +

1

(1− τW )
τ̆Wt + (1 + ηεw)ŵt

]
+ ξw

[
Π̂

W

t − µ̂z+,t − Π̂C
t

]
− (ξwβ)Et

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1

]
.

Note that: △ŵt = (ŵt − ŵt−1) and the above equation can be written as:

ξw△ŵt = (ξwβ)Et [△ŵt+1] + (1− ξw)(ξwβ)ŵt − (1− ξw)ŵt

− (1− ξwβ)(1− ξw)
(1 + ηεw)

[
ŵt − ζ̂nt − Θ̂n

t − ηn̂t + Ω̂C
t − λ̂W

t −
1

(1− τW )
τ̆Wt − (1 + ηεw)ŵt

]
+ ξw

[
Π̂

W

t − µ̂z+,t − Π̂C
t

]
− (ξwβ)Et

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1

]
.

(G.50)
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Recall from Equation (G.7) in Section G.1, we have the following log-linearized version of the real wage markup
equation:

Ψ̂W
t = ŵt −

1

(1− τW )
τ̆Wt − ζ̂nt − ηn̂t + Ω̂C

t .

Using the above real wage markup equation, Equation (G.50) can be written as:

ξw△ŵt = (ξwβ)Et [△ŵt+1] + (1− ξw)(ξwβ)ŵt − (1− ξw)ŵt

− (1− ξwβ)(1− ξw)
(1 + ηεw)

[
Ψ̂W

t − λ̂W
t − (1 + ηεw)ŵt

]
+ ξw

[
Π̂

W

t − µ̂z+,t − Π̂C
t

]
− (ξwβ)Et

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1

]
.

(G.51)

Equation (G.51) can be simpli�ed as follows:

ξw△ŵt = (ξwβ)Et [△ŵt+1] + (1− ξw)ŵt − (1− ξw)ŵt −
(1− ξwβ)(1− ξw)

(1 + ηεw)
(Ψ̂W

t − λ̂W
t )

+ ξw

[
Π̂

W

t − µ̂z+,t − Π̂C
t

]
− (ξwβ)Et

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1

]
,

△ŵt = βEt [△ŵt+1]−
(1− ξwβ)(1− ξw)

(1 + ηεw)ξw
(Ψ̂W

t − λ̂W
t )

+ Π̂
W

t − µ̂z+,t − Π̂C
t − βEt

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1

]
.

(G.52)

We let κW = (1−ξwβ)(1−ξw)
(1+ηεw)ξw

. Thus, Equation (G.52) can be written as:

△ŵt = βEt [△ŵt+1]− κW (Ψ̂W
t − λ̂W

t ) + Π̂
W

t − µ̂z+,t − Π̂C
t − βEt

[
Π̂

W

t+1 − µ̂z+,t+1 − Π̂C
t+1

]
. (G.53)

Equation (G.53), which represents the log-linearized version of the optimal wage equation, is the same as Equation
(A.13b).

H Appendix: List of variables, relative prices and de�nitions

H.1 List of global variables

Table 24: Global variables

Symbol Description

zt State of labor augmenting technology
γt State of investment-speci�c technology

z+t = zt (γt)
α

1−α Composite state of technology

z+Ft = zt (γt)
αF

1−αF Composite state of technology
µz,t =

zt
zt−1

Growth rate of labor augmenting technology

µγ,t =
γt

γt−1
Growth rate of investment-speci�c technology

µz+,t =
z+t

z+t−1

Composite technological growth rate

µ
z+
F
,t
=

z+
Ft

z+
Ft−1

Composite technological growth rate

As mentioned earlier in Section 2, the long-run path for productivity is a�ected by two global, stochastic
processes, zt and γt. z

+
t and z+Ft may be interpreted as the compound e�ect of the labor augmenting technological

process zt and the investment-speci�c technological process γt.
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Using the following de�nitions from this section: z+t = zt (γt)
α

1−α , µγ,t = γt
γt−1

and µz+,t =
z+t

z+t−1

, we can

rewrite the de�nition of µz+,t as:

µz+,t =
zt (γt)

α
1−α

zt−1 (γt−1)
α

1−α
.

We rewrite the above expression, and we have the following alternative expression for the de�nition of µz+,t :

µz+,t = µz,t(µγ,t)
α

1−α .
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H.2 List of Swedish variables

In this section, we present the list of variables that are speci�c to the Swedish economy, with a focus on aggregate
variables.

Table 25: Swedish variables

Symbol Description

Continues on next page

Cagg
t Aggregate household consumption

Ct Aggregate Ricardian consumption
Cnr

t Aggregate Non-Ricardian consumption
Gt Government consumption

C̃t Aggregate composite consumption

Bpriv
t+1 Domestic nominal private bonds held by Ricardian households

in the Swedish economy
BFH

t+1 Foreign nominal bonds held by Ricardian households in the
Swedish economy

Bn
t Newly issued domestic nominal government bonds held by Ri-

cardian households in the Swedish economy
Bt+1 Domestic nominal government bonds held by Ricardian house-

holds in the Swedish economy
RB

t Average interest rate on outstanding government debt

RB,n
t Interest rate on newly issued government debt

ΩC
t Average marginal utility of consumption

βt Discount factor

βr
t+1 =

βt+1

βt
Discount factor ratio

Rt Nominal gross interest rate
it Nominal net interest rate
RK

t Nominal rental rate of capital services

rKt =
γtR

K
t

Pt
Real rental rate of capital services

P I
t Price of private investment
ut Average rate of capital utilization
It Aggregate private investment
IGt Government investment
Ψt Lump-sum pro�ts to Ricardian households
PK
t Price of capital
Ks

t Aggregate capital services
Kt Aggregate capital
△K

t Traded capital
KG,t Public capital

K̃s
t Composite capital services

Nt Aggregate labor labor demand
Lt Aggregate labor force participation
unt Unemployment rate
Θn

t Endogenous shifter of disutility or work
Zn

t Trend for marginal utility of consumption
Wt Nominal wage index
W opt

t Optimal nominal wage
wt =

Wt

z+t PC
t

Stationarized real wage

we
t = Wt

z+t Pt
Stationarized real wage relevant to employers

ΠW
t Gross rate of aggregate wage in�ation

Π
W
t Wage indexation factor

ΨW
t Real wage markup

θbt Lagrange multiplier associated with the Ricardian household
budget constraint

θkt Lagrange multiplier associated with the capital accumulation
equation
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Table 25 � continued from previous page

Symbol Description

θRt Lagrange multiplier associated with the average rate of return
on government bonds

θSt Lagrange multiplier associated with the government bond equa-
tion

Ω̄R
t θRt /θ

b
t

At = StB
FH
t+1 Net foreign assets of the Swedish economy

at =
At

z+t Pt
Stationarized net foreign assets of the Swedish economy

Λt,t+1 Stochastic discount factor
P opt
t Optimal price of intermediate goods

PM,n
t,opt Optimal price of imported goods of type n used as inputs in the

production of �nal good n ∈ {C, I,X}
PX,opt
t Optimal price of export goods
Pt Price of intermediate goods
PC
t Price of consumption goods
Cxe

t Consumption of non-energy goods
Ce

t Consumption of energy goods

PC,xe
t Price of non-energy consumption goods

PC,e
t Price of energy consumption goods

PM,n
t Price of imported goods of type n used as inputs in the produc-

tion of �nal good n ∈ {Cxe, I,X,Ce}
PX
t Price of export goods

PC,D,e
t Price of domestically produced energy goods

Πt Gross in�ation rate of intermediate goods

Πtrend
t In�ation trend

ΠC
t Gross in�ation rate of consumption goods

ΠC,xe
t Gross in�ation rate of non-energy consumption goods

ΠC,e
t Gross in�ation rate of energy consumption goods

ΠM,n
t Gross in�ation of imported goods of type n ∈ {Cxe, I,X,Ce}

ΠX
t Gross in�ation rate of export goods

Πt Indexation factor, intermediate good prices

Π
X
t Indexation factor, export good prices

Π
M,n
t Indexation factor, prices of import goods of type n ∈

{Cxe, I,X,Ce}
DC,xe

t Quantity of domestically produced intermediate goods used by
consumption good producers

MC,xe
t Quantity of imported goods used by consumption good produc-

ers
DI

t Quantity of domestically produced intermediate goods used by
investment good producers

MI
t Quantity of imported goods used by investment good producers

DX
t Quantity of domestically produced intermediate goods used by

export good producers
MX

t Quantity of imported goods used by export good producers

DC,e
t Quantity of domestic goods used by energy good producers

MC,e
t Quantity of imported goods used by energy good producers

MD,e
t Swedish energy import goods excluding �xed costs (Total energy

imports excluding �xed costs )
Mt Swedish import goods taking into account �xed costs (Total im-

ports with �xed costs)
MD

t Swedish import goods excluding �xed costs (Total imports ex-
cluding �xed costs )

Me
t Swedish imports of energy goods including �xed costs

Xt Swedish exports
TCt Total cost of producing intermediate goods
TCX

t Total cost of producing export goods
MCt Nominal marginal cost of intermediate good �rms
MCX

t Nominal marginal cost for export good �rms
mct Real marginal cost for intermediate good �rms
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Table 25 � continued from previous page

Symbol Description

mcXt Real marginal cost for export good �rms
MCn

t Nominal marginal cost of import good �rms, n ∈
{{C, xe}, I,X, {C, e}}

mcnt Real marginal cost of import good �rms, n ∈
{{C, xe}, I,X, {C, e}}

Yt Aggregate output
Y m
t Measured aggregate output
St Nominal exchange rate: the Swedish currency price of a unit of

Foreign currency
st =

St
St−1

Rate of change in nominal exchange rate

Qt =
StP

C
F,t

PC
t

Real exchange rate
←→
P t Intermediate good price dispersion
←→
P X

t Export price dispersion
←→
P M,n

t Import price dispersion of type n used as inputs in the produc-
tion of �nal good n ∈ {{C, xe}, I,X, {C, e}}

λt Intermediate good price markup
λX
t Export price markup

λM,C,xe
t Import price markup, import �rms specializing in non-energy

consumption goods

λM,I
t Import price markup, import �rms specializing in investment

goods

λM,X
t Import price markup, import �rms specializing in export goods

λM,C,e
t Import price markup, import �rms specializing in energy con-

sumption goods
ζnt Labor disutility shock
ζt Private bond risk premium shock

ϕ̃t External risk premium shock (exchange rate shock)
εt Productivity shock (stationary technology shock)
ϵi,t Monetary policy shock
τCt Consumption tax rate
τWt Labor income tax rate
τSSC
t Social security contribution tax rate
τKt Capital income tax rate
τTR
t Transfer tax rate
τ It Investment tax credit
TRagg

t Government transfers
TRt Government transfers to Ricardian households
TRnr

t Government transfers to Non-Ricardian households
Tt Lump-sum tax on Ricardian households
Bt Government debt
SURPt Government budget surplus
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H.3 List of Swedish relative prices

In this section, we present the list of Swedish relative prices.

Table 26: Swedish relative prices

Symbol Description

poptt =
P

opt
t

Pt−1
Relative optimal price of intermediate goods

pCt =
PC
t
Pt

Relative price of consumption goods

pC,xe
t =

P
C,xe
t
Pt

Relative price of non-energy consumption goods

pC,e
t =

P
C,e
t
Pt

Relative price of energy consumption goods

pC,D,e
t =

P
C,D,e
t
Pt

Relative price of domestic energy goods

pIt =
P I
t

Pt
Relative price of investment goods

pKt =
γtP

K
t

Pt
Relative price of capital

pXt =
StP

X
t

Pt
Relative price of export goods

pX,opt
t =

StP
X,opt
t
Pt

Relative optimal price of export goods

pM,n
t =

P
M,n
t
Pt

Relative price of import goods of type n ∈ {{C, xe}, I,X, {C, e}}

pM,n
t,opt =

P
M,n
t,opt

Pt
Relative optimal price of import goods of type n ∈
{{C, xe}, I,X, {C, e}}

Note that: the relative price of Swedish export goods in terms of Foreign intermediate goods
PX
t

PF,t
can be

expressed as
pXt pCF,t

Qtp
C
t
.
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H.4 List of Foreign variables

In this section, we present the list of variables that are speci�c to the Foreign economy, with a focus on the
aggregate variables. We use the subscript F to denote the aggregate variables and the economy-wide average
variables for the Foreign economy.

Table 27: Foreign variables

Symbol Description

Continues on next page

CF,t Aggregate household consumption
Cxe

F,t Aggregate non-energy consumption
Ce

F,t Aggregate energy consumption
BFF

t+1 Domestic nominal bonds held by households in the Foreign econ-
omy

ΩC
F,t Average marginal utility of consumption

βF,t Discount factor

βr
F,t =

βF,t+1

βF,t
Discount factor ratio

RF,t Nominal gross interest rate
iF,t Nominal net interest rate
ΨF,t Lump-sum transfers from �rms to households
TRF,t Lump-sum transfers from government to households
NF,t Aggregate labor supply
LF,t Aggregate labor demand
WF,t Aggregate nominal wage index

θbF,t Lagrange multiplier associated with the household budget con-
straint

wF,t =
WF,t

z+t PC
F,t

Stationarized real wage

we
F,t =

WF,t

z+t PF,t
Stationarized real wage relevant to employers

ΠW
F,t Gross rate of aggregate wage in�ation

Π
W
F,t Wage indexation factor

ΨW
F,t Real wage markup

ΛF
t,t+1 Stochastic discount factor

P opt
F,t Optimal price of intermediate goods

PF,t Price of intermediate goods
PC
F,t Price of consumption goods

PC,xe
F,t Price of non-energy consumption goods

PC,e
F,t Price of energy consumption goods

ΠF,t Gross in�ation rate of intermediate goods
ΠC

F,t Gross in�ation rate of consumption goods

Πtrend
F,t In�ation trend

ΠC,xe
F,t Gross in�ation rate of non-energy consumption goods

ΠC,e
F,t Gross in�ation rate of energy consumption goods

ΠF,t Indexation factor, intermediate good prices
TCF,t Total cost of producing intermediate goods
MCF,t Nominal marginal cost for intermediate good �rms

mcF,t =
MCF,t

PF,t
Real marginal cost of intermediate good �rms

YF,t Aggregate output
GF,t Government Consumption
λF,t Intermediate price markup
ζF,t Private bond risk premium shock
ζnF,t Labor disutility shock
εF,t Productivity shock
ϵFi,t Monetary policy shock

194



H.5 List of Foreign relative prices

In this section, we present the list of Foreign relative prices.

Table 28: Foreign relative prices

Symbol Description

Continued on next page

poptF,t =
P

opt
F,t

PF,t−1
Relative optimal price of intermediate goods

pCF,t =
PC
F,t

PF,t
Relative price of consumption goods

pC,xe
F,t =

P
C,xe
F,t

PF,t
Relative price of non-energy consumption goods

pC,e
F,t =

P
C,e
F,t

PF,t
Relative price of energy consumption goods

I Appendix: Model parameters and functional forms

I.1 Model parameters

In this section, we present the list of parameters that are used in the model equations that are listed in Appendix
A.

Table 29: Model parameters

Symbol Description

ω Size of Foreign economy relative to the Swedish economy
µz Gross growth rate of labor augmenting technology
µγ Gross growth rate of investment-speci�c technology
µz+ Composite technological growth rate
β Discount factor
βF Foreign discount factor
ρh Consumption habit
ρF,h Foreign consumption habit
αG Share of private consumption in the composite consumption
υG Elasticity of substitution between private and public consumption
snr Share of Non-Ricardian households over total population
ϖss Share of aggregate transfers going to Non-Ricardians in steady state
ϖdyn Share of aggregate transfers going to Non-Ricardians o� steady state
S′′ Investment adjustment cost
χ Indexation to previous in�ation, intermediate goods
χF Foreign indexation to previous in�ation, intermediate goods
χm,C,xe Indexation to previous in�ation, import �rms specializing in non-

energy consumption goods
χm,C,e Indexation to previous in�ation, import �rms specializing in energy

consumption goods
χm,I Indexation to previous in�ation, import �rms specializing in invest-

ment goods
χm,X Indexation to previous in�ation, import �rms specializing in export

goods
χF,m Foreign indexation to previous in�ation, imported goods
χx Indexation to previous in�ation, export goods

Continued on next page
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Table 29 � continued from previous page

Symbol Description

χF,x Foreign indexation to previous in�ation, export goods
χw Indexation to previous wage in�ation
χF,w Foreign indexation to previous wage in�ation
ΠC Gross in�ation target
ΠC

F Foreign gross in�ation target

ϕ̃a External risk premium parameter associated with net foreign asset

ϕ̃s External risk premium parameter associated with exchange rate
λW Wage markup
λW
F Foreign wage markup
λ Intermediate good price markup
λF Foreign intermediate good price markup
λM,C,xe Import price markup, import �rms specializing in non-energy con-

sumption goods
λM,I Import price markup, import �rms specializing in investment goods
λM,X Import price markup, import �rms specializing in export goods
λM,C,e Import price markup, import �rms specializing in energy consump-

tion goods
λM
F Foreign import price markup
λX Export price markup
λX
F Foreign export price markup
τwF Tax on labor in Foreign
νC Elasticity of substitution between non-energy and energy goods used

for consumption goods production
νC,xe Elasticity of substitution between domestic and imported goods

used for non-energy consumption goods production
νC,e Elasticity of substitution between domestic and imported goods

used for energy consumption goods production
νI Elasticity of substitution between domestic and imported goods

used for investment goods production
νx Elasticity of substitution between domestic and imported goods

used for export goods production
νF,C Elasticity of substitution between imported and foreign consump-

tion goods in Foreign
νK Elasticity of substitution between private and public capital
αK Share of private capital in composite capital
ϑC Weight of non-energy in the production of consumption goods
ϑC,xe Home bias in the production of non-energy consumption goods
ϑC,e Home bias in the production of energy consumption goods
ϑI Home bias in the production of investment goods
ϑX Home bias in the production of export goods
ϑC
F Foreign home bias in the production of consumption
An Labor disutility
AF,n Foreign labor disutility
AF Foreign production parameter
η Inverse of Frisch elasticity
χn Parameter associated with persistency of trend component of en-

dogenous shifter in labor disutility
ηF Foreign inverse of Frisch elasticity
α Capital share in production
δ Private capital depreciation rate
δG Public capital depreciation rate
σa Capital utilization cost, σa = a′′/a′

a′ Parameter associated with capital utilization cost
a′′ Parameter associated with capital utilization cost
ιK Indicator parameter for tax deduction of depreciation of capital
ξ Calvo domestic prices
ξx Calvo export prices

Continued on next page
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Table 29 � continued from previous page

Symbol Description

ξm,C,xe Calvo import prices, import �rms specializing in non-energy con-
sumption goods

ξm,C,e Calvo import prices, import �rms specializing in energy consump-
tion goods

ξm,I Calvo import prices, import �rms specializing in investment goods
ξm,X Calvo import prices, import �rms specializing in export goods
ξw Calvo wages
ξF Foreign Calvo domestic prices
ξFx Foreign Calvo export prices
ξFm Foreign Calvo import prices
ξFw Foreign Calvo wages
ωX
C Weight on consumption in investment demand
νF Price elasticity of export demand
ρ Interest rate smoothing, Taylor rule
rπ In�ation response, Taylor rule
run Unemployment response, Taylor rule
r△π Di�erence in in�ation response, Taylor rule
r△un Di�erence in unemployment response, Taylor rule
rζ Neutral rate response to risk premium
rF,ζ Foreign neutral rate response to risk premium
ρF Foreign interest rate smoothing, Taylor rule
rF,π Foreign in�ation response, Taylor rule
rF,y Foreign output response, Taylor rule
rF,△π Foreign di�erence in in�ation response, Taylor rule
rF,△y Foreign di�erence in output response, Taylor rule
ρζ Persistence, private bond risk premium shock
ρβ Persistence, discount factor shock
ρµz Persistence, labor augmenting technology shock
ργ Persistence, investment-speci�c technology shock
ρζc Persistence, consumption shock
ρζc

F
Persistence, Foreign consumption shock

ρΥ Persistence, stationary investment-speci�c shock
ρΥF Persistence, Foreign stationary investment-speci�c shock
ρϕ̃ Persistence, exchange rate shock (external risk premium shock)

ρζn Persistence, labor disutility preference shock
ρpD,C,e Persistence, domestic energy price
ρ
p
D,C,e
F

Persistence, Foreign energy price

ρε Persistence, productivity shock
ρεF Persistence, Foreign productivity shock
ρζn

F
Persistence, Foreign labor disutility preference shock

ρζF Persistence, Foreign private bond risk premium shock
ρIG Persistence, government investment shock
ρg Persistence, government consumption shock
ρτC Persistence, consumption tax shock
ρτSSC Persistence, social security contribution shock
ρτW Persistence, labor income tax shock
ρτK Persistence, capital income tax shock
ρτI Persistence, investment tax credit shock
ρτTR Persistence, transfer tax shock
ρtragg Persistence, aggregate transfer shock
ρ1,bT Persistence, debt target shock AR(1)
ρ2,bT Persistence, debt target shock AR(2)
ρλW Persistence, wage markup shock to intermediate good producers
ρλ Persistence, markup shock to intermediate good producers
ρλF Persistence, markup shock to Foreign intermediate good producers
ρλM,C Persistence, markup shock to import �rms specializing in consump-

tion goods

Continued on next page
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Table 29 � continued from previous page

Symbol Description

ρλM,I Persistence, markup shock to import �rms specializing in invest-
ment goods

ρλM,X Persistence, markup shock to import �rms specializing in export
goods

ρλX Persistence, markup shock to exporting good �rms
ρΠtrend Persistence, in�ation trend shock
corrε Parameter governing correlation, stationary technology
corrζ Parameter governing correlation, risk premium
corrΥ Parameter governing correlation, investment e�ciency
corrζc Parameter governing correlation, consumption preference
corrζc

F
,ΥF Parameter governing correlation between consumption and invest-

ment in Foreign
αB Probability of debt maturing in every period (i.e. average maturity)
Ftr,surp Surplus gap coe�cient in aggregate transfer policy rule
Ftr,un Unemployment coe�cient in aggregate transfer policy rule
Fg,b Debt gap coe�cient in government consumption policy rule
Fg,surp Surplus gap coe�cient in government consumption policy rule
Fg,y Output gap coe�cient in government consumption policy rule
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I.2 Auxiliary parameters

In this section, we present the list of auxiliary parameters that are used in our model equations, which are shown
in Appendix A. The auxiliary model parameters are functions of structural parameters, which are calibrated and
can be found in Section I.1.

Table 30: Auxiliary model parameters

Symbol Description

εFw =
λW
F

λW
F

−1
Foreign wage-elasticity of labor demand

κW = (1−ξw)(1−ξwβ)
ξw(1+ηεw)

Slope of wage Phillips curve

κF,W =
(1−ξFw)(1−ξFwβF )

ξw(1+ηF εFw)
Slope of Foreign wage Phillips curve

κ = (1−ξβ)(1−ξ)
ξ

Slope of Phillips curve, intermediate goods

κF =
(1−ξF βF )(1−ξF )

ξF
Slope of Foreign Phillips curve, intermediate goods

κX = (1−ξx)(1−ξxβ)
ξx

Slope of Phillips curve, export goods

κF,X =
(1−ξFx )(1−ξFx β)

ξFx
Slope of Foreign Phillips curve, export goods

κM,C,xe =
(1−ξm,C,xe)(1−βξm,C,xe)

ξm,C,xe
Slope of Phillips curve, import �rms specializing in
non-energy consumption goods

κM,C,e =
(1−ξm,C,e)(1−βξm,C,e)

ξm,C,e
Slope of Phillips curve, import �rms specializing in
energy consumption goods

κM,I =
(1−ξm,I )(1−βξm,I )

ξm,I
Slope of Phillips curve, import �rms specializing in
investment goods

κM,X =
(1−ξm,X )(1−βξm,X )

ξm,X
Slope of Phillips curve, import �rms specializing in
export goods

κF,M =
(1−ξFm)(1−βF ξFm)

ξFm
Slope of Foreign Phillips curve, imported goods

ϑC,xe =

(
1−mD,Cxe

c

)
(

mD,Cxe

c [(pM)νc−1−1]
)
+1

Home bias for non-energy consumption goods

ϑC,e =

(
1−mD,Ce

c

)
(

mD,Ce

c [(pM)νc−1−1]
)
+1

Home bias for energy consumption goods

ϑI =

(
1−mD,I

I

)
(

mD,I

I
[(pM)νI−1−1]

)
+1

Home bias for investment goods

ϑX =

(
1−mD,X

x

)
(

mD,X

x [(pM)νx−1−1]
)
+1

Home bias for export goods

ψC,xe = ϑC,xe + 1
1+ω

(1− ϑC,xe) Weight of the domestically produced intermediate
goods in the production of non-energy consumption
goods
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Symbol Description

ψC,e = ϑC,e + 1
1+ω

(1− ϑC,e) Weight of the domestically produced intermediate
goods in the production of energy consumption goods

ψX = ϑX + 1
1+ω

(1− ϑX) Weight of the domestically produced intermediate
goods in the production of export goods

ψI = ϑI + 1
1+ω

(1− ϑI) Weight of the domestically produced intermediate
goods in the production of investment goods

ψC,xe
F = 1− 1

1+ω
(1− ϑC,xe

F ) Weight of the domestically produced intermediate
goods in the production of non-energy consumption
goods, Foreign

ψX
F = 1− 1

1+ω
(1− ϑX

F ) Weight of the domestically produced intermediate
goods in the production of export goods, Foreign

ϕ = (λ− 1)y Fixed cost for intermediate good producers

ϕX = (λX − 1)x Fixed cost for export good producers

ϕM,C,xe = (λM,C,xe − 1)mC,xe Fixed cost for import �rms specializing in non-energy
consumption goods

ϕM,C,e = (λM,C,xe − 1)mC,e Fixed cost for import �rms specializing in energy con-
sumption goods

ϕM,I = (λM,I − 1)mI Fixed cost for import �rms specializing in investment
goods

ϕM,X = (λM,X − 1)mX Fixed cost for import �rms specializing in export
goods

ϕMxe = ϕM,C + ϕM,I + ϕM,X Total �xed cost of the imported good sector

ϕF = (λF − 1)yF Fixed cost for Foreign intermediate good producers

ϕX
F = (λX

F − 1)xF Fixed cost for Foreign export good producers

ϕM
F = (λM

F − 1)mF Fixed cost for Foreign import good producers

a′ = rK

pI
Parameter associated with capital utilization cost

a′′ = a′σa Parameter associated with capital utilization cost

An = (Ω
C
(1−τW )w)

(λW ζnΘnη)
Parameter associated with labor disutility function

ρΠC,trend

AF,n =
(Ω

C
F (1−τW

F )wF )

(λW
F

ζn
F
l
η
F
)

Parameter associated with Foreign labor disutility
function

H =
(
1− τK

)
rK+(

1− δ + ιKτKδ
µγ

Π

)
pK

Parameter associated with household purchases of in-
stalled capital equation

AF = yF
(1/λF lF )

Parameter associated with Foreign intermediate good
production function
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J Appendix: Estimation methodology and the assessment of the

posterior

The model is estimated using Bayesian methods, which combine data with prior beliefs. The initial set of beliefs,
summarized in the prior distribution, is updated using the observed data and the speci�ed model to yield an
updated set of beliefs, known as the posterior distribution. By Bayes' theorem, the relation between these objects
is

p(θ|y) = p(y|θ)p(θ)
p(y)

∝ p(y|θ)p(θ). (J.1)

The posterior probability density function (pdf), the object of interest in Bayesian estimation, is denoted by
p(θ|y) while the likelihood and prior are given by p(y|θ) and p(θ), respectively. The term in the denominator,
p(y), is the marginal likelihood and is used to compare models. Because it is independent of θ it is a constant
with respect to it. In the �nal step of the equation, this constant is simply dropped and the symbol ∝ used to
indicate that the posterior distribution p(θ|y) is proportional to the likelihood times the prior, p(y|θ)p(θ), known
as the posterior kernel.

For DSGE models, the posterior distribution lacks a closed, analytical form and simulation methods must
be used. These generally rely on the fact that the likelihood and prior can easily be evaluated for a given
θ. p(y|θ) can be evaluated using the Kalman �lter, and p(θ) is typically a product of univariate densities
for the parameters such as, beta, normal and inverse-gamma probability density functions and is simple to
evaluate for a known θ. DSGE models are predominantly estimated using Markov Chain Monte Carlo (MCMC)
methods. The idea behind MCMC methods in general is to create a correlated (explaining the Markov Chain

part) sequence of random numbers (explaining the Monte Carlo part) that represents random but correlated
draws from the posterior distribution p(θ|y). In simpli�ed terms, MCMC methods exploit the fact that Markov
chains under certain conditions converge to a long-run, stationary, steady-state distribution. MCMC samplers
are therefore constructed in such a way that their stationary distributions are exactly the posterior distributions
of interest. Informally, the implication is that a Markov chain (and hence also an MCMC sampling procedure)
will eventually reach its stationary distribution, if it runs for a long enough period of time. Once it has reached
its stationary distribution, all the draws that it produces can be treated as if they are draws from the posterior
distribution of interest. These draws are used to characterize the posterior distribution�for example, by plotting
the distribution of the samples (characterizing the posterior itself), computing the mean of the sample (estimating
the posterior mean), etc.

Random-Walk Metropolis-Hastings: We use random-walk Metropolis-Hastings (RWMH), a speci�c
MCMC algorithm, for estimating the model. At the current iteration i of the algorithm, a move to a new
parameter vector is proposed. The proposal is made using a multivariate normal distribution centered on the
current parameter value:

θ∗ ∼ N(θ(i), cΣ). (J.2)

The constant c is the tuning (or scale) parameter of the algorithm, and Σ is the covariance matrix for the
proposal distribution.

The moves are not always accepted, but instead accepted with a certain probability. This probability is given
by

r = min

{
1,

p(y|θ∗)p(θ∗)
p(y|θ(i))p(θ(i))

}
. (J.3)

That is, with probability r the newly proposed value θ∗ is accepted. If the posterior pdf is higher at the newly
proposed value p(y|θ∗)p(θ∗) > p(y|θ(i))p(θ(i)) and r = 1 and the proposal is always accepted, but the converse
is not true. Taking steps to values that yield lower values of the posterior pdf is necessary since MCMC is not
an optimization method but a procedure for sampling from a distribution.

Setting Scale and Covariance for the Proposal Distribution: While MCMC procedures under
certain conditions are guaranteed to converge to the stationary distribution and eventually provide draws from
the posterior distribution, their e�ciency and speed is heavily determined by c and Σ. E�ciency in this context
means to maximize the amount of information obtained given a �xed number of samples, or given a �xed amount
of estimation time. The scaling parameter c determines how large jumps the proposal distribution makes. If it
is set to a very small number, then θ∗ ≈ θ(i) and the new draw will very likely be accepted. If it is set to a large
value, then the proposed draw will often be useless and not accepted. Whether the value for c is appropriate is
monitored through the acceptance ratio, which says how often the proposals are accepted. Acceptance ratios in
the range of 25�45% are typically considered appropriate. If it is too high, c is increased, and vice versa. The
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problem with too high acceptance ratios is that the posterior distribution is explored too slowly�correlation
between draws is very high, meaning that the information they carry largely overlaps. 82

The covariance matrix Σ determines the covariance of the individual proposals. That is, if two parameters
in θ are highly correlated, it will be much more e�cient to propose moves that are also highly correlated. In
principle, Σ can be set to anything, but a Σ that resembles the true correlation in the posterior distribution will
increase e�ciency. The most popular approach is to maximize the posterior kernel with respect to θ to �nd the
mode, i.e. the peak, of the posterior distribution. The matrix of second-order partial derivatives evaluated at
the modal value is the Hessian matrix, and the most popular choice for Σ is the negative of the Hessian. See the
posterior mode of the model for each parameter (check plots from DYNARE) below in Figures J - J.

Assessing MCMC Chains and Quality of Estimation There are multiple problems that frequently
occur when estimating DSGE models. Some common problems are unidenti�ed parameters, non-convergence of
MCMC chains, multimodal posteriors. Evidence of these problems can generally be inferred from trace plots and
plots showing prior and posterior distributions, but lack of evidence is typically not evidence of lack of problems.

Trace plots display time series of the sampled parameters, where time here refers to iteration index. Because
MCMC relies on Markov chains reaching their stationary distribution, these plots should show time series that
appear to be stationary��uctuations should be around a mean that is constant and the variance, i.e. the spread
of the time series, should also not vary but be even across time. Non-convergence usually manifests itself through
apparent trends, since the Markov chain was still moving towards the stationary distribution without having
reached it yet. Multimodality, i.e., a posterior with multiple peaks, can also often easily be identi�ed by visible
regime shifts�the mean might shift from one level to another, which would indicate that the Markov chain has
moved to another part of the posterior distribution. Non-identi�ability can mostly be seen by comparing prior
and posterior distributions, since if these are exactly on top of each other then data did not change our belief of
the parameter.

Below, we provide the posterior mode check-plots provided by DYNARE toobox for checking whether the
mode-computation found the mode. We use the guidance of Pfeifer(2013) to interpret the graphs and to assess
the overall estimation. Each �gure shows the log-likelihood and the log-posterior values at the mode and within
a certain interval of parameter values around the estimated mode. We would expect that the maximum of the
posterior likelihood should be at the estimated mode (vertical line). And the interpretation of the di�erences
in the log-posterior and the log-likelihood would be so that the closer the log-likelihood and the log-posterior to
each other, the smaller the e�ect of the prior on the posterior. The check-plots show that for many variables
log-likelihood (data) determines the posterior distribution, largely, rather than the prior distribution, except for
a few variables, e.g., elasticity of substitution between imported and domestically produced goods for non-energy
consumption goods production and investment goods production, and wage indexation parameter νC,xe (nuCxe),
νI (nuI) and χw (chiW) respectively.

We also provide the prior and the posterior distributions below. The comparison of the posterior distributions
and the prior distributions doesn't show a particular problem regarding identi�cation of estimated parameters
and multimodality. Moreover, from our visual examination of trace plots for each parameters and both univariate
and multivariate MCMC convergence diagnostics, we conclude that there is no apparent problem of convergence
of the estimation. 83

82The acceptance ratio for all 5 chains in our estimation process is around 32% percent, which falls within the range accepted as
reasonable in the literature.

83Trace plots and convergence graphs are not shown in this documentation.
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Figure 15: SELMA estimation results-check plots 1
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Figure 16: SELMA estimation results-check plots 2

203



0.85 0.9 0.95 1
-2600

-2580

-2560

-2540

rho

1 1.5 2 2.5

-2550

-2540

-2530

r_Pi

0.1 0.15 0.2 0.25
-2534

-2532

-2530

r_un

0.06 0.1 0.14
-2534

-2532

-2530

r_diffun

0.4 0.6 0.8 1

-2532

-2531

-2530

r_zetao

0.01 0.014 0.018
-2529.8

-2529.6

-2529.4

-2529.2
Ftrsurp

0.2 0.3 0.4 0.5

-2534

-2532

-2530

Ftrun

0.1 0.15 0.2
-2532

-2530

-2528
snr

0.8 0.9 1
-2540

-2535

-2530

rho_varepsilon

log-post log-lik kernel

Figure 17: SELMA estimation results-check plots 3
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Figure 18: SELMA estimation results-check plots 4
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Figure 19: SELMA conditional CheckPlots5
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Figure 20: SELMA estimation results-check plots 6
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Figure 21: SELMA estimation results-check plots 7
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Figure 22: SELMA estimation results-check plots 8
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Figure 23: SELMA estimation results-check plots 9

Priors and posteriors Below, we provide prior and posterior distributions provided by the DYNARE
toolbox. In each graph, the grey line is the prior distribution, the black line is the posterior distribution and the
vertical green line indicates the posterior mode. The x-axis shows a part of the support of the prior distribution
and the y-axis shows the densities.

Table 31: Model coding symbols of estimated parameters and model
correspondents

Code symbol Model symbol Description

rho_h ρh Consumption habit
xi ξ Calvo domestic prices
xiX ξx Calvo export prices
xiMI ξm,I Calvo import prices, import �rms specializing in investment goods
xiMX ξm,X Calvo import prices, import �rms specializing in export goods
xiMCxe ξm,C,xe Calvo import prices, import �rms specializing in non-energy consumption

goods
xiW ξw Calvo wages
upsG υG Elasticity of substitution between private and public consumption
upsK υK Elasticity of substitution between private and public capital
nuCxe νC,xe Elasticity of substitution between domestic and imported goods used for non-

energy consumption goods production
nuI νI Elasticity of substitution between domestic and imported goods used for in-

vestment goods production
nuF νF,C Elasticity of substitution between imported and foreign consumption goods in

Foreign

phiSwidetilde ϕ̃s External risk premium parameter associated with exchange rate
sigma_a σa Capital utilization cost, σa = a′′/a′

Sdoubleprime S′′ Investment adjustment cost
eta η Inverse of Frisch elasticity

Continues on next page

207



Table 31 � continued from previous page

Code symbol Model symbol Description

omegaCx ωX
C Weight on consumption in investment demand

chiW χw Indexation to previous wage in�ation
rho ρ Interest rate smoothing, Taylor rule
r_Pi rπ In�ation response, Taylor rule
r_un run Unemployment response, Taylor rule
r_di�un r△un Di�erence in unemployment response, Taylor rule
r_zetao rζ Neutral rate response to risk premium
Ftrsurp Ftr,surp Surplus gap coe�cient in aggregate transfer policy rule
Ftrun Ftr,un Unemployment coe�cient in aggregate transfer policy rule
snr snr Share of Non-Ricardian households over total population
rho_varepsilon ρε Persistence, productivity shock
rho_pCeD ρpD,C,e Persistence, domestic energy price
rho_zetao ρζ Persistence, private bond risk premium shock
rho_beta ρβ Persistence, discount factor shock
rho_Ups ρΥ Persistence, stationary investment-speci�c shock
rho_zetan ρζn Persistence, labor disutility preference shock
rho_phiwidetilde ρϕ̃ Persistence, exchange rate shock (external risk premium shock)

rho_lambdaW ρλW Persistence, wage markup shock to intermediate good producers
rho_lambda ρλ Persistence, markup shock to intermediate good producers
rho_lambdaMI ρλM,I Persistence, markup shock to import �rms specializing in investment goods
rho_lambdaMC ρλM,C Persistence, markup shock to import �rms specializing in consumption goods
rho_lambdaMX ρλM,X Persistence, markup shock to import �rms specializing in export goods
rho_PiTr ρΠtrend Persistence, in�ation trend shock
sigma_varepsilon σε Standard deviation, productivity shock
sigma_pCeD σpD,C,e Standard deviation, domestic energy price
sigma_i σi Standard deviation, monetary policy rate
sigma_zetao σζ Standard deviation, private bond risk premium shock
sigma_zetac σζc Standard deviation, consumption preference shock
sigma_beta σβ Standard deviation, discount factor shock
sigma_Ups σΥ Standard deviation, stationary investment-speci�c shock
sigma_zetan σζn Standard deviation, labor disutility preference shock
sigma_lambda σλ Standard deviation, markup shock to intermediate good producers
sigma_lambdaX σλX Standard deviation, markup shock to export good producers
sigma_lambdaMC σλM,C Standard deviation, markup shock to import �rms specializing in consumption

goods
sigma_lambdaMI σλM,I Standard deviation, markup shock to import �rms specializing in investment

goods
sigma_lambdaMX σλM,X Standard deviation, markup shock to import �rms specializing in export goods
sigma_phiwidetilde σϕ̃ Standard deviation, exchange rate shock (external risk premium shock)

sigma_lambdaW σλW Standard deviation, wage markup shock to intermediate good producers
sigma_PiTr σΠtrend Standard deviation, in�ation trend shock
sigma_mugamma σµγ Standard deviation, non-stationary investment speci�c shock
corr_Upsilon corrΥ Parameter governing correlation, investment e�ciency
corr_zetao corrζ Parameter governing correlation, risk premium
corr_zetaccF corrζc Parameter governing correlation, consumption preference
corr_varepsilon corrε Parameter governing correlation, stationary technology
rho_mugamma ρµγ Persistence, non-stationary investment speci�c shock
rho_g ρg Persistence, government consumption shock
etaIG ηIG MA coe�cient, government investment shock
rho_IG ρIG Persistence, government investment shock
rho_tr ρtragg Persistence, aggregate transfer shock
rho_tauC ρτC Persistence, consumption tax shock
rho_tauW ρτW Persistence, labor income tax shock
rho_tauTR ρτTR Persistence, transfer tax shock
rho_tauSSC ρτSSC Persistence, social security contribution shock
etatauW ητW MA coe�cient, labor income tax shock
etatauTR ητTR MA coe�cient, transfer tax shock
sigma_g σg Standard deviation, government consumption shock

Continues on next page
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Table 31 � continued from previous page

Code symbol Model symbol Description

sigma_IG σIG Standard deviation, government investment shock
sigma_tragg σtragg Standard deviation, aggregate transfer shock
sigma_tauC στC Standard deviation, consumption tax shock
sigma_tauW στW Standard deviation, labor income tax shock
sigma_tauSSC στSSC Standard deviation, social security contribution shock
sigma_tauTR στTR Standard deviation, transfer tax shock
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Figure 24: SELMA estimation results-priors and posteriors 1
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Figure 25: SELMA estimation results-priors and posteriors 2
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Figure 26: SELMA estimation results-priors and posteriors 3
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Figure 27: SELMA estimation results-priors and posteriors 4
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Figure 29: SELMA estimation results-priors and posteriors 6
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Figure 30: SELMA estimation results-priors and posteriors 7
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K Appendix: Data transformations

K.1 Foreign data transformation

KIX-6 series are calculated by taking the weighted average of the series for corresponding countries. Table 32
provides the weights of countries in Sweden's international trade and also the weights in KIX-6 aggregation.While
constructing the aggregate KIX-6 series to be used as observable data we must transform some of the country
level series. Since we already collect the seasonally adjusted data we don't apply seasonal adjustment to our raw
data, except for a few series explained below. We seasonally adjust series with the X13-ARIMA method when
necessary.

To be able to get the quarterly growth rates of per capita GDP, private consumption and investment for
KIX-6, we �rst divide quarterly GDP, private �nal consumption expenditure and gross �xed capital formation
series to quarterly working age population series, respectively. However, for the US and Japan the working
age population series are available in monthly frequency and we take the quarterly averages to convert them
into the quarterly series. The quarterly working age population series for the euro area, Norway and the UK
include some missing data points. We �ll the missing data points with linear interpolation. Another issue for
these series along with the corresponding ones for Denmark is that the quarterly data is not available before
2000. To extend these series back to 1995Q1, we use annual series for these countries. First, we convert annual
series into quarterly series by the linear-match last method, which inserts the annual value into the last period
of the quarter of that year and performs linear interpolation on the missing quarters (the �rst three quarters)
of the year.84 Using the quarterly converted series, we calculate the growth rate of the working age population
series. Then, we �ll the missing values before 2000 by extending the original quarterly series using the growth
rates obtained above. Then, it is straightforward to get the quarterly per capita GDP, private consumption and
investment growth rates.

In order to compare the series for hours worked across countries better and form a KIX-6 aggregate we have
transformed all the hours worked data to weekly hours worked per capita on a quarterly frequency. Moreover,
we use the growth rate of the series due to its non-stationarity. From this, one can obtain quarterly percentage
change in weekly hours worked per capita. However, we need some transformation of the hours worked data.
Norway has two di�erent data series, the �rst one is for employees and the second one is for self-employed
workers, where both series are quarterly. We sum the two series and transform quarterly numbers to weekly
numbers by dividing quarterly numbers by 13, which is the number of weeks in a quarter. Then we calculate per
capita series by dividing the obtained number by the working age population. For Japan we multiply �monthly
hours worked per employee in industries covered" and monthly employment to get the monthly total hours
worked since quarterly series of hour worked is not available. The monthly hours worked series is not seasonally
adjusted and hence we �rst seasonally adjust it before we multiply it with monthly employment. To be able
to get hours worked per week series at the monthly frequency we multiply the monthly series by 3 (number of
months in a quarter) and divide by 13 (the number of weeks in a quarter). Then, we take the 3-month average
of each quarter to create the quarterly series of hours worked per week. For the UK, the series is available at the
monthly frequency and we also take the 3-month average to convert it to a quarterly frequency. For the euro
area, the series are hours worked per quarter in quarterly frequency and we divide it by 13 to have the weekly
hours worked numbers in quarterly frequency. For the US, the series includes annual numbers and we divide it
by 52, which is the number of weeks in a year, to have the weekly numbers.

The in�ation series for all countries has a monthly frequency. Hence, quarterly in�ation series are created
by averaging monthly series in the respective quarter. Except for Japan and the US, all the in�ation series are
harmonised index of consumer prices (HICP) indices. The original in�ation series are not seasonally adjusted
and hence we seasonally adjust them. For Japan and the US we use consumer price index (CPI) indices because
we have missing monthly HICP index values for Japan and the US for the period before 2010 M1 and 2001 M12,
respectively.

For wages, we use OECD's �Labour Compensation per Unit of Labour Input� quarterly data for all the
KIX-6 countries. The KIX-6 credit rates series are constructed by only the euro area and the US data due to
non-availability of the corresponding data for other countries. Moreover, the credit data is available for the US
only until 2016. For years 2016-2019, only the euro area data is used.

The KIX-6 weighted monetary policy rate series are constructed with �ve of the KIX-6 countries data and
recalculated weights, excluding Japan, for the period 1995Q1 and 1998Q2. The reason is that from April 1998,
the Bank of Japan adopted a price stability mandate, and dropped maximum potential output mandate with
the new law.

After all the transformations, we annualize the quarterly growth rates of per capita GDP, private consumption,
investment and hours worked, quarterly growth of nominal wage, the quarterly in�ation rate and the in�ation
rate excluding energy.

84For instance, the annual value in 1999 is inserted into 1999Q4 and the linear interpolation �lls in 1999Q1, 1999Q2, 1999Q3.
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Table 32: Foreign sector average trading weights between 2000-2019
Countries Weights in Sweden's trade Weights in KIX-6
Euro area (19) 0.50 0.61
US 0.10 0.12
UK 0.08 0.10
Denmark 0.05 0.06
Norway 0.05 0.06
Japan 0.04 0.05

K.2 Swedish data transformation

In our data set, there are certain series in annual frequency that need to be transformed into quarterly frequency.
We interpolate structural savings, state income tax and state income tax reductions using �the quadratic match
sum" to convert them into quarterly frequency. Furthermore, we interpolate gross debt with the quadratic match
average method because gross debt is a stock variable.

The observable variables, GDP, consumption, investment, exports, imports, public consumption and public
investment, are expressed in per capita annualized quarterly growth rates. Hence, by de�nition, to construct these
variables, we �rst divide each of these series by the working age population and then calculate the annualized
quarterly growth rates.

We compute certain aggregate ratios for the calibration of the model's steady state, including private invest-
ment to GDP ratio, exports to GDP ratio, imports to GDP ratio, government consumption to GDP ratio and
government investment to GDP ratio, and take the sample average of each ratio to use as the steady state value.
To construct these ratios, we use the series in current prices. Macroeconomic stabilization is implemented mainly
through public transfers to households, where the variable of interest is public transfers to potential GDP. We
calculate this policy variable by dividing transfers excluding pension payments by the potential GDP and take
the sample average as the steady state value.85

In�ation and in�ation excluding energy are constructed using HICP and HICP excluding energy series,
respectively. We annualize all the quarterly in�ation series.

We construct the quarterly growth rate of the real exchange rate by taking the quarterly growth of the KIX-6
exchange rate series.

We divide government transfers to households, government structural savings and government gross debt by
potential GDP to get model's government transfers to GDP, structural savings to GDP and government debt to
GDP ratios, respectively.

We calculate the tax rates by dividing the total tax revenue from each tax type by corresponding tax base,
we �rst calculate tax revenue from consumption, labor income, transfers and social security contributions. Tax
revenue from labor income is de�ned by

TRLt = LIt/(LIt + TRHt) ∗ dshkt + SITt − (SITRt − eahot) (K.1)

where TRLt is the total tax revenue from labor income, LIt is labor income, TRHt is transfers to households,
dshkt is municipal income tax revenue, SITt is state income tax revenue, SITRt is state income tax reductions
and eahot is tax deduction for pensioners. Total tax revenue from transfers is de�ned as

TRTrt = TRHt/(LIt + TRHt) ∗ dshkt − eahot (K.2)

where TRTt is the total tax revenue from transfers, TRHt is transfers to households, dshkt is municipal income
tax revenue and eahot is tax deduction for pensioners.

We take the �rst di�erence of all these tax rates to construct the observable variables, except the social
security tax rate. For this speci�c tax rate, we take into account the structural policy change regarding this tax
in 2007 by the newly elected government by considering a smooth switch from the pre-2006 equilibrium tax rate
to the post-2010 equilibrium tax rate.

K.3 Outliers

We treat some observations of GDP, personal consumption expenditure and investment of the euro area as
outliers following Corbo and Strid (2020). However, we deviate from this reference on our choice on outliers
in investment data. For example, we treat the data as outlier for the period between 2018Q3-2019Q4. Other
observations treated as outliers are the following: the euro area GDP in 2014Q1 and 2015Q1, the euro area

85Pension payments are excluded from transfers to calculate the policy variable because this �scal policy variable is designed to
respond to economic �uctuations. In SELMA, government transfers are rule based and respond to deviation of the unemployment rate
from its long run equilibrium. Pension payments under government transfers are not linked to economic conditions and thus don't
change with business cycles, which approximates the �scal policy implementation in Sweden.
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investment in 2014Q1, 2015Q1, 2017Q2, 2017Q3. We remove these values from the series and apply linear
interpolation to �ll the missing values.

L Appendix: Observation equations

Observation equations for Foreign data: The observation equation for the Foreign sector GDP is the
following:

∆Y obs
F,t = cYF + 400(ŷF,t − ŷF,t−1 + µ̂z+F,t + ln(µz+F )) + σme

∆YF
εme
∆YF ,t (L.1)

where ∆Y obs
F,t is the annualized quarterly growth rate of Foreign GDP per capita, ŷF,t and µ̂z+F,t are log-

linearized model variables which are percentage deviations from the steady state GDP and technological growth,
respectively. σme

∆YF
εme
∆YF ,t is the measurement error. The steady state annualized quarterly growth rate of GDP

in the model is given by
∆YF = SSY = 400ln(µz+F ) (L.2)

where the model quarterly growth rate of Foreign GDP ln(µz+F ) is calibrated to 0.32 percent, which matches
the sample average Foreign GDP per capita growth rate. We calibrate the excess parameter cYF to zero.86

The observation equation for Foreign household consumption is given by

∆Cobs
F,t = ccF + 400(ĉF,t − ĉF,t−1 + µ̂z+F,t + ln(µz+F )) + σme

∆cF ε
me
∆cF ,t, (L.3)

which is very similar to the observation equation for GDP and re�ects the model assumption that GDP and
household consumption have the same trend growth, ln(µz+F ). As in the previous case, we calibrate ccF to zero.

The observation equation for Foreign investment is given by

∆IobsF,t = cIF + 400(ÎF,t − ÎF,t−1 + µ̂z+F,t + µ̂γF,t + ln(µz+F ) + ln(µγF )) + σme
∆IF ε

me
∆IF ,t, (L.4)

which is also very similar to observation equation for GDP with minor di�erences related to the steady state
growth rate of investment, which is given by

∆IF = SSI = 400(ln(µz+F ) + ln(µγF )) (L.5)

where ln(µγF ) is the Foreign investment-speci�c growth rate and calibrated to zero, hence Foreign GDP and
Foreign investment have the same trend. Again, excess parameter cIF is set to zero.

The observation equations for Foreign CPI and CPI-excluding energy in�ation are given by

ΠC,obs
F,t = cΠC

F
+ 400(Π̂C

F,t + ln(ΠC
F )) + σme

ΠC
F
εme
ΠC

F
,t (L.6)

and
ΠC,xe,obs

F,t = c
Π

C,xe
F

+ 400(Π̂C,xe
F,t + ln(ΠC,xe

F )) + σme
ΠC,xeε

me
ΠC,xe,t (L.7)

where ΠC,obs
F,t and ΠC,xe,obs

F,t are the observed annualized quarterly Foreign in�ation rates. The steady state

in�ation rates 400ln(ΠC
F ) and 400ln(ΠC,xe

F ) are calibrated to 2 percent, which is motivated by in�ation targets
of KIX-6 countries' central banks.

The observation equation for wages in Foreign economy is given by

ΠW,obs
F,t = cWF + 400(ŵe

F,t − ŵe
F,t−1 + µ̂z+F,t + ln(µz+F ) + ln(ΠC

F )) + σme
∆we

F
εme
∆we

F
,t (L.8)

where ∆W obs
F,t is the observed nominal wage growth rate, the hatted variables are, as a notation standard,

corresponding to model variables in percentage change from their steady state. In the data, the average nominal
wage growth rate is lower than the nominal GDP per capita growth rate, which is in line with the decrease
in labor share in foreign economy over time. The steady state in�ation and GDP growth implies 3.3 percent
(400(ln(µz+F ) + ln(ΠC

F ))) annualized quarterly nominal wage growth. However, the data sample average for
wage growth is 2.4 percent, so that the average nominal wage growth rate in the data sample is 0.7 percentage
points lower than the nominal GDP (wage) growth in the steady state. We calibrate the excess parameter
accordingly by setting it to -0.9 percent, to get rid of this discrepancy between theoretical model steady state
and the data sample average. Recall that an excess parameter represents the component of the data that, by
assumption, can not be explained by the model.

The observation equation for the monetary policy rate is given by

iobsF,t = ciF + 400(̆iF,t + (lnRF )) + σme
iF εme

iF ,t (L.9)

86Note that, in the document, we either calibrate the excess parameter to zero or we didn't include it in the observation equation
when we don't see any reason to use the excess parameter for reconciling data and the model. Those two cases can be considered as
the same.
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where iobsF,t is the observed policy rate, ĭF,t is the model policy rate (deviation from its long-run equilibrium),
lnRF = ln(µz+F ) + ln(ΠC) − ln(β) is the nominal interest rate on private bonds. The calibration of ln(µz+F )
and ln(ΠC) has already been given. We calibrate the discount factor to 0.999, to obtain a steady state monetary
policy rate at a reasonable level.87 Given this calibration, the model-implied steady state policy interest rate
is 3.5 percent, which is well above the sample average of 2.2 percent. We calibrate the excess parameter ciF to
-1.25 for both to reconcile the data and the model to some extent, and to make the sum of model steady state
and this non-explained component is consistent with the NIER's assessments of the long run monetary policy
rates at central banks, which is 2.25 percent currently. As mentioned earlier, the measurement error is calibrated
to zero for the monetary policy rate.

The observation equation for the corporate spread in Foreign economy is given by

SprobsF,t = cSprF + 400(ζ̂F,t) + σme
ζF ε

me
ζF ,t (L.10)

where SprobsF,t is the observed corporate spread. The theoretical model's steady state for the corporate spread is
calibrated to zero and excess parameter cSprF is calibrated to the sample mean, the model's corporate spread
gap would capture deviations from the sample mean. Similar to monetary policy rate, the measurement error is
calibrated to zero for the corporate spread.

The observation equation for hours worked is given by

∆Nobs
F,t = 400(n̂F,t − n̂F,t−1) + σme

nF
εme
nF ,t. (L.11)

where ∆Nobs
F,t is the observed percentage change in hours worked.

Observation equations for Swedish data:

The observation equation for Swedish GDP is the following:

∆Y obs
t = cY + 400(ŷmt − ŷmt−1 + µ̂z+,t + ln(µz+)) + σme

∆Y ε
me
∆Y,t (L.12)

where ∆Y obs
t is the annualized quarterly growth rate of Swedish GDP per capita, ŷmt and µ̂z+t are log-linearized

model variables which are percentage deviations from the steady state GDP and technological growth, respec-
tively. σme

∆Y ε
me
∆Yt

is the measurement error. The steady state annualized quarterly growth rate of GDP in the
model is given by

∆Y = SSY = 400ln(µz+) (L.13)

where the model quarterly growth rate of Swedish GDP ln(µz+) is calibrated to 0.47 percent, which matches
the sample average Swedish GDP per capita growth rate. We calibrate the excess parameter cY to zero.

The observation equation for Swedish household consumption is given by

∆Cobs
t = cC + 400(ĉaggt − ĉaggt−1 + µ̂z+t + ln(µz+)) + σme

∆Cε
me
∆C,t, (L.14)

which is very similar to observation equation for GDP and re�ects the model assumption that GDP and household
consumption have the same trend growth, ln(µz+). As in the case for GDP, we calibrate cC to zero.

The observation equation for Swedish private investment is given by

∆Iobst = cI + 400(Ît − Ît−1 + µ̂z+t + µ̂γ,t + ln(µz+) + ln(µγ)) + σme
∆I ε

me
∆I,t, (L.15)

which is also very similar to observation equation for GDP with minor di�erences due to di�erences in the trend
growth rate of private investment and GDP. We assume that investment growth in Sweden is driven by two
technologies, global labor-augmenting technology µz and investment-speci�c technology µγ . The trend growth
rate of private investment is then given by

∆I = SSI = 400(ln(µz+) + ln(µγ)), (L.16)

where ln(µγ) is the investment-speci�c technology growth rate in Sweden and the steady state growth rate is
calibrated to the di�erence between the sample average growth rate of GDP per capita and private investment
per capita. Again, excess parameter cI is set to zero.

The observation equation for Swedish exports is given by

∆Xobs
t = cX,t + 400(x̂t − x̂t−1 + µ̂z+t + ln(µz+)) + σme

∆Xε
me
∆X,t, (L.17)

which is very similar to observation equation for GDP and re�ects the model assumption that GDP and exports
have the same trend growth, ln(µz+). However, the excess parameter cX,t is calibrated in a di�erent way than
earlier ones due to signi�cant di�erences in the growth rate of exports per capita and GDP per capita in the
sample period, which is not consistent with the model's balanced growth assumption. In the sample period, the
annualized average growth rates of exports per capita and GDP per capita are 4.4 and 1.8 percent, respectively.

87Values for β which are closer to 1 help to get lnRF to be closer to ln(µz+F ) + ln(ΠC).
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Moreover, the pre-�nancial crisis episode growth rate of exports per capita is signi�cantly higher than the post-
crisis episode.88 To reconcile the theoretical model assumptions and data sample properties, we calibrate the
excess parameter cX,t to 3 percent for the pre-crisis period between 1995Q1 : 2008Q2, and to 1 percent for the
post-crisis period 2008Q3 : 2019Q4.89

The observation equation for Swedish imports is given by

∆Mobs
t = cM,t + 400(m̂t − m̂t−1 + µ̂z+t + ln(µz+)) + σme

∆Mε
me
∆M,t, (L.18)

which is very similar to observation equation for GDP and re�ects the model assumption that GDP and imports
have the same trend growth, ln(µz+). However, the excess parameter cM,t is calibrated in the same way as the
excess parameter of exports cX,t.

The observation equation for government consumption is given by

∆Gobs
t = cG + 400(ĝt − ĝt−1 + µ̂z+t + ln(µz+)) + σme

∆Gε
me
∆G,t, (L.19)

which is very similar to observation equation for GDP and re�ects the model assumption that GDP and govern-
ment consumption have the same trend growth. Excess parameter cG is set to zero.

The observation equation for government investment is given by

∆IG,obs
t = cIG + 400(ÎGt − ÎGt−1 + µ̂z+t + µ̂γ,t + ln(µz+) + ln(µγ)) + σme

∆IGε
me
∆IG,t, (L.20)

which is very similar to observation equation for private investment, which re�ects the assumption that private
investment and government investment have the same trend growth. However, the excess parameter cIG is
calibrated to 400(−ln(µγ)/2). A negative value is motivated by the data property that the average annualized
growth rate of government investment per capita is less than private investment per capita.90

The observation equation for employment gap is given by

nobs
t = 100n̂t + σme

n εme
n,t (L.21)

where nobs
t is the observable variable for employment gap. Recall that the NIER's employment gap estimates

are used as observables in the estimation.
The observation equation for the unemployment rate is given by

unobs
t = 100(un+ ŭnt) + σme

un ε
me
un,t (L.22)

where unobs
t is the observable variable for the unemployment rate, un is the equilibrium rate of unemployment,

which is calibrated to 0.069.
The observation equation for wages is given by

wobs
t = 400(ln(µz+) + ln(ΠC)) + 100(Π̂W

t + Π̂W
t−1 + Π̂W

t−2 + Π̂W
t−3) + σme

w εme
w,t (L.23)

where wobs
t denotes observable variable for wages, 400(ln(µz+)+ ln(Π

C)) is the steady state wage growth, which
is calibrated to the sum of CPIF in�ation and technology growth in Sweden, or in other words, nominal GDP
trend growth in Sweden. Since the data is annual wage growth at quarterly frequency, four quarters of model's
wage in�ation variables are aggregated to map the quarterly model variable to the data.

The observation equation for CPIF in�ation is given by

ΠC,obs
t = 400(ln(ΠC) + Π̂C

t ) + σme
ΠC ε

me
ΠC ,t (L.24)

where ΠC,obs
t is the observable variable for CPIF in�ation, 400(ln(ΠC)) is the annualized steady state CPIF

in�ation.

88In the pre-�nancial crisis episode, which we consider as 1995Q1-2008Q2, the sample average of annualized exports per capita growth
rate is 6.2%, whereas it is 3.4% for the post-�nancial crisis episode, which we consider as 2010Q1-2019Q4. The crisis episode of 2008Q3-
2009Q4, which we exclude while calculating the sample averages, is also considered as post-�nancial crisis episode while calibrating the
excess parameter.

89This practical solution to violation of balanced growth assumption for trade variables are borrowed from Corbo and Strid (2020).
90The calibrated value of excess parameter for government investment is quite arbitrary but there are other practical reasons behind

the chosen value. It is chosen according to the following criterion −400ln(µγ) < cIG < 0. In the main text, we explain why we
choose a negative value for excess parameter, cIG < 0. The reason for why we choose a value smaller than the trend growth rate of
investment-speci�c technology in absolute terms for excess parameter, −ln(µγ) < cIG is that in the post-crisis period average government
investment growth is higher than GDP growth, thus choosing a negative value larger than −400ln(µγ) would require model to explain
high government investment with �gap" rather than with steady state growth. In this case, model would assign high �government
investment gap" for this period and lead to unreasonable gap sizes. Moreover, institutional projections for the government investment
growth is higher than GDP growth in the medium term until 2032, which also give us support on our chosen value of excess parameter
that model could explain the di�erent growth rates in GDP per capita and government investment per capita partially with di�erent
equilibrium growth rates.
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The observation equation for CPIF in�ation excluding energy is given by

ΠC,xe,obs
t = 400(ln(ΠC,xe) + Π̂C,xe

t ) + σme
ΠC,xeε

me
ΠC,xe,t (L.25)

where ΠC,xe,obs
t is the observable variable for CPIF in�ation excluding energy, 400(ln(ΠC,xe)) is the annualized

steady state CPIF in�ation excluding energy.
The observation equation for import in�ation for non-energy consumption goods is given by

ΠM,C,xe,obs
t = cΠM,C,xe + 400(ln(ΠM,C,xe) + Π̂M,C,xe

t ) + σme
ΠM,C,xeε

me
ΠM,C,xe,t (L.26)

where ΠM,C,xe,obs
t is the observable variable for import in�ation for non-energy consumption goods, cΠM,C,xe is

excess parameter calibrated to -1.5, 400(ln(ΠM,C,xe)) is the annualized steady state import in�ation for non-
energy consumption goods.

The observation equation for the Riksbank's policy rate is given by

iobst = ci + 400(R− 1) + 400(̆i) + σme
i εme

i,t (L.27)

where iobst is the observable variable for the Riksbank policy rate, ci is the excess parameter calibrated to -2.0 to
make the NIER's institutional view on long-run value of the monetary policy rate compatible with the model's
theoretical equilibrium (steady state) monetary policy rate R.

The observation equation for the real exchange rate is given by

∆Qobs
t = cQ + 100(Q̂t − Q̂t−1) + σme

Q εme
Q,t (L.28)

where Qobs
t is the observable variable for the real exchange rate, cQ is the excess parameter calibrated to 0.2 to

make the data sample average compatible with the model's steady state value for the change in the real exchange
rate, which is zero.

The observation equation for the capital utilization rate is given by

uobs
t = 100(u+ ût) + σme

u εme
u,t (L.29)

where uobs
t is the observable variable for the capital utilization rate, u is the steady state value for the utilization

rate, which is calibrated to the sample average, 0.84.
The observation equation for government structural surplus is given by

Stsurpobst = csurp + StsurpTarget
ȳ,t + ˘Stsurpt + σme

Stsurpε
me
Stsurp,t (L.30)

where Stsurpobst is the quarterly structural surplus over potential GDP, StsurpTarget
ȳ,t is the Swedish govern-

ment structural surplus target, which is calibrated 0.33 percent of GDP to match the government's target. We
set the excess parameter to the di�erence between the target level and the data sample average.91

The observation equation for government transfers is given by

tragg,obst

ȳ
= traggoy +

t̆r
agg
t

y
+ σme

traggε
me
tragg,t (L.31)

where
tr

agg,obs
t

ȳ
is the aggregate transfers over potential GDP ratio, traggoy is the steady state value of government

transfers over potential GDP, which is calibrated to the sample mean, 0.098.92

The observation equation for the consumption tax rate is given by

∆τC,obs
t = (τ̆Ct − τ̆Ct−1) + σme

τC ε
me
τC ,t (L.32)

where τC,obs
t is the observable variable for the consumption tax rate.

The observation equation for the income tax rate is given by

∆τW,obs
t = cτW + (τ̆Wt − τ̆Wt−1) + σme

τW εme
τW ,t (L.33)

where τW,obs
t is the observable variable for the labor income tax rate, cτW is excess parameter to capture the

downward trend growth rate in the sample data.

91see the Swedish Fiscal Policy Framework 2017/18:207, where the surplus target is de�ned as �an average of 0.33 percent of GDP
over an economic cycle". Incorporating an excess parameter close to the sample average implies a higher level of model equilibrium of
structural surplus than the �scal framework's target. It re�ects the government's precautionary stance during sample period, as the
structural surplus is signi�cantly higher than the �scal framework's target for most of the sample horizon.

92See the model de�nition of aggregate transfers in Section 2. Recall that not all items of public transfers are included in the model
de�nition.
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The observation equation for the social security contribution rate is given by

∆τSSC,obs
t = cτSSC + τ̆SSC

t + σme
τSSC ε

me
τSSC ,t (L.34)

where τSSC,obs
t is the observable variable for the social security contribution rate, cτSSC is the excess parameter

to capture the structural change in the tax rate after 2006 in Sweden.
The observation equation for the transfers tax rate is given by

∆τTR,obs
t = cτTR + (τ̆TR

t − τ̆TR
t−1) + σme

τTRε
me
τTR,t (L.35)

where τTR,obs
t is the observable variable for the transfers tax rate, cτTR is excess parameter to capture the

downward trend in the sample data.
Table 33 shows

Table 33: Excess parameters

Symbol Description Steady state Data Excess parameter
Symbol Value

ΠW
F Foreign wage in�ation 3.3 2.4 cIF -0.9
iF Foreign monetary policy rate 3.5 2.2 cIF -1.3

SprF Foreign corporate spread 0 1.8 cSprF -1.8
∆X Growth rate of Swedish exports 1.8 4.4 xIF 3:1
∆M Growth rate of Swedish imports 1.8 3.6 mIF 3:1

ΠM,C,xe,obs In�ation rate of imported non-energy goods 2 -0.3 cΠM,C,xe -1.5
i Riksbank's policy rate 4.3 2.3 ci -2

∆Q Change in real exchange rate 0 0.2 cQ -0.2
Stsurp Government structural surplus 0.003 0.005 csurp 0.002

Notes: For exports and imports, excess parameter is time varying. For pre-�nancial crisis, it is set to 3%, but post-�nancial crisis,

it is set to 1%, given the di�erences in exports and imports growth rate between these time intervals.
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M Appendix: Model properties

M.1 Model-implied theoretical moments

The theoretical moments shown in this section are based on the solution of Lyapunov equation of the model,
which is, in turn, obtained by the state space representation of the model. Theoretical moments and mpirical
(or sample) moments we show in the text would coincide asymptotically (with in�nite draws from the posterior
distribution).93

Table 34: Model implied standard deviations for Foreign variables (Theoretical)

Variable Data Post. dist. percentile
5 50 95

GDP 2.03 1.83 2.06 2.37
Investment 4.94 4.87 5.59 6.51
CPI excl. energy 0.50 0.54 0.71 0.95
CPI 1.10 1.09 1.25 1.44
Hours worked 1.51 1.74 1.93 2.16
Monetary policy rate 1.94 1.09 2.20 4.05
Corporate spread 0.44 0.23 0.42 0.65
Wage 0.95 1.28 1.52 1.80
Consumption 1.48 1.40 1.60 1.87

Table 35: Model implied contemporaneous correlations between Foreign variables (Theoretical)

∆YF,t ∆CF,t ∆IF,t ΠC,xe
F,t ΠC

F,t ∆NF,t RF,t ζF,t ∆wF,t

∆YF,t 1.00
∆CF,t 0.71 1.00
∆IF,t 0.75 0.38 1.00

ΠC,xe
F,t -0.13 -0.11 -0.12 1.00

ΠC
F,t -0.14 -0.19 -0.09 0.56 1.00

∆NF,t 0.73 0.40 0.64 -0.08 -0.13 1.00
RF,t 0.03 0.05 -0.00 0.24 0.13 0.03 1.00
ζF,t -0.07 -0.08 -0.07 -0.29 -0.17 -0.07 -0.33 1.00
∆wF,t 0.38 0.30 0.36 -0.01 -0.01 0.22 0.03 -0.04 1.00

Table 36: Model implied contemporaneous correlations between Foreign variables (Theoretical)

Variable 1 Variable 2 Data Posterior dist. percentile
10 50 90

GDP Investment 0.78 0.71 0.75 0.79
Consumption 0.80 0.64 0.71 0.77
Hours worked 0.80 0.68 0.73 0.77
Monetary policy rate -0.05 -0.00 0.03 0.07
CPI 0.25 -0.20 -0.14 -0.09

CPI CPI excl. energy 0.60 0.48 0.56 0.66
Monetary policy rate 0.36 0.05 0.11 0.24
Wage 0.41 -0.10 -0.01 0.08

Hours worked Wage 0.39 0.17 0.22 0.27

93See Fernández-Villaverde, Rubio-Ramírez, and Schorfheide (2016) for the details of how the Lyapunov equation is obtained.
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Table 37: Model implied contemporaneous correlations between Swedish variables (Theoretical)

∆Yt ∆Ct ∆It ∆Xt ∆IMt ΠC
t ΠC,xe

t nt Rt ζt ∆Wt ∆Qt

∆Yt 1.00
∆Ct 0.30 1.00
∆It 0.41 0.08 1.00
∆Xt 0.56 0.03 -0.00 1.00
∆IMt 0.10 0.24 0.50 0.44 1.00
ΠC

t -0.20 -0.15 -0.16 -0.06 -0.10 1.00

ΠC,xe
t -0.17 -0.13 -0.16 -0.04 -0.11 0.81 1.00

nt 0.17 0.11 0.06 0.08 -0.02 -0.10 -0.10 1.00
Rt 0.01 -0.01 -0.04 0.02 -0.05 0.04 0.07 0.23 1.00
ζt -0.01 -0.01 -0.01 -0.00 -0.01 -0.04 -0.05 -0.12 -0.22 1.00
∆Wt 0.09 0.12 0.12 0.03 0.11 0.17 0.22 0.26 0.12 -0.43 1.00
∆Qt -0.17 -0.03 -0.12 -0.09 -0.08 0.21 0.06 -0.07 -0.07 0.07 -0.04 1.00

Table 38: Model implied contemporaneous correlations between Swedish variables (Theoretical)

Variable 1 Variable 2 Data Posterior dist. percentile
10 50 90

GDP Consumption 0.48 0.26 0.30 0.35
Investment 0.42 0.37 0.41 0.46
Exports 0.62 0.53 0.56 0.60
Imports 0.53 0.00 0.10 0.19
CPIF 0.10 -0.23 -0.20 -0.17
R. Exch. rate -0.29 -0.23 -0.17 -0.12

CPIF Corporate Spread -0.15 -0.06 -0.03 -0.01
R. Exch. rate -0.13 0.15 0.21 0.28
Monetary policy rate 0.12 -0.00 0.03 0.08

Exports Imports 0.74 0.40 0.44 0.47
R. Exch. rate -0.14 -0.15 -0.09 -0.03

M.2 Impulse response functions

In this section the impulse response functions (IRF) of the main variables to some selected shocks of the model
are reported. Since the model has a balanced growth path, the impulse responses are measured as deviations
from the balanced growth path steady state.
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