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Abstract

This document contains a full description of The National Institute of Economic Research's (NIER) model
SELMA, a DSGE model intended to support macroeconomic analysis and forecasting at the NIER and at the
Ministry of Finance. The model consists of a small open economy; Sweden, and a large economy that represents
the rest of the world; Foreign. Sweden consists of a household sector with Ricardian households that have access
to �nancial markets and Non-Ricardian households that do not, a production sector that is subject to price and
wage stickiness, and a central bank that conducts monetary policy according to a Taylor rule. In addition, the
Swedish economy is characterized by a detailed �scal sector, with a �scal authority that conducts �scal policy
and has several �scal instruments at its disposal. Sweden engages in trade with Foreign. The Foreign economy
consists of a household sector, a production sector that is subject to price and wage stickiness, and a central bank
that conducts monetary policy. This technical documentation entails a description of the model, a description
of the calibration of the model parameters, and a presentation of impulse response functions for selected shocks.
The document also contains a full list of the dynamic and steady state equations, and derivations of these
equations.

*This document is prepared by Y�ld�z Akkaya, Jakob Almerud, Erika Färnstrand Damsgaard, Marta Giagheddu, Birol Kanik, Tobias
Laun, Henrik Lundvall and Rachatar Nilavongse. DNR: 2020-00511
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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 (2005), 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 calibration 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. Finally, the impulse response functions
of the selected model variables to model shocks are reported in the Appendix J.

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 global technology shocks, which determine the long-run path
for productivity. They are denoted zt and γt. 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

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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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 the two global 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

ˆ 1

0

ˆ 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 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

ˆ 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

Zn
t = (Zn

t−1)
1−χn(Uc,t)

−χn (3)
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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 budget constraint of the Ricardian household 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 =

ˆ 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
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)

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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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.

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

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

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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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

Lt =

ˆ 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)

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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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
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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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−snrˆ

0

Bpriv
k,t+1dk

Bt+1 =

1−snrˆ

0

Bk,t+1dk

Bn
t =

1−snrˆ

0

Bn
k,tdk

BFH
t+1 =

1−snrˆ

0

BFH
k,t+1dk

Aggregate consumption and transfers can be expressed as follow:

Cagg
t =

1−snrˆ

0

Ck,tdk +

1ˆ

1−snr

Cm,tdm

TRagg
t =

1−snrˆ

0

TRk,tdk +

1ˆ

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 =

1ˆ

0

Ik,t+1dk

△K
t+1 =

1ˆ

0

△K
k,t+1dk

Kt+1 =

1ˆ

0

Kk,t+1dk

Ks
t+1 =

1ˆ

0

Ks
k,t+1dk
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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:

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,

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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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 global 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)

15



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 takets,
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

homogenous intermediate good and of the homogenous 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

G

O

V

E

R

N

M

E

N

T

INTERMEDIATE 

GOOD 

PRODUCERS

RICARDIAN 

HOUSEHOLDS

NON-

RICARDIAN 

HOUSEHOLDS

• Interest payment on govt. 
bonds

• Transfers
• Public consumption
• Investment tax credit

• Consumption tax
• Wage income tax
• Capital income tax
• Tax on transfers
• Lump-sum tax

• Public consumption
• Transfers

• Consumption tax
• Wage income tax
• Tax on transfers

• Social Security Contributions

• Public capital

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 AR(1) process and a �scal feedback rule, so that xt = xAR

t + xRule
t . The AR(1)

part, which exists for all instruments except for the lump-sum tax, can be described by

xAR
t = (1− ρx)x+ ρxxt−1 + εxt . (56)

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. 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)

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 .21

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 . (63)

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.

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:

21Note 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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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, (64)

ĭsst = max(̆i, ĭnotional
t + ĭnat

t ) (65)

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 (66)

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 (67)

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.

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.
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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)

]
, (68)

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,

(69)
and the capital accumulation process:

Kf,t+1 = (1− δF )Kf,t +ΥF,tF (If,t, If,t−1) +△K
f,t, (70)

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

(71)

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 (69) and

the capital accumulation equation (70), respectively.

Cf,t : θ
b
f,tP

C
F,t = ΩC

f,t, (72)

BFF
f,t+1 : θbf,tP

C
F,t = Et

[
βr
F,t+1θ

b
f,t+1P

C
F,tRF,tζF,t

]
(73)

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 )

]
(74)

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)

]
(75)

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

P I
F,t

γt
a′(uf,t)Kf,t (76)

△K
f,t : θ

b
f,tP

K
F,t = θkf,t. (77)

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, (78)

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 ≡ 1.22

22When the household is free to optimize its wage in every period, as is the case in the equilibrium with �exible prices and wages,
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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 global stochastic variables zt and γt and is
given by

z+F,t = ztγ
αF

1−αF
t . (79)

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

. (80)

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

. (81)

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:23

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. (82)

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 �rst-order condition becomes: (
1− τFw

)
W fp

f,t = λWF ζnF,t

ν′
(
N fp

f,t

)
θb,fpf,t

.

23In 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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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 (83)

Ce
F.t =

(
1− ϑC

F

)( PC
F,t

PC,e
F,t

)νF,C

CF,t (84)

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

. (85)

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 . (86)

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

PC,xe
F,t =PF,t. (87)

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 . (88)

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. (89)

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

C
F,t + rF,y ŷF,t

)
+ rF,△π

(
Π̂C

F,t − Π̂C
F,t−1

)
+ rF,△y (ŷF,t − ŷF,t−1) + ϵiFt ,

(90)

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

F,t ) (91)

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 (92)

where the neutral rate is de�ned as

ĭnat
F,t = rF,µµ̂z+,t − rF,ζ ζ̂F,t + ẑrt (93)
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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

(94)

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 (95)

+
←→
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 =

ˆ 1

0

(
εt [K

s
t (i)]

α [ztLt(i)]
1−α − z+t ϕ

)
di (96)

←→
P F,tYF,t =

ˆ ω

0

(
εF,t

[
Ks

F,t(j)
]αF [ztNF,t(j)]

1−αF − z+F,tϕF

)
dj (97)

In the de�nition of Swedish and Foreign GDP given by Equation (96) and Equation (97), respectively, capital
utilization costs are included, since some of the output goes to paying these costs. These equations implicitly
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

(94) and by the term ψI
F

(
P I
F,t

PF,t

)−νF,I

a (uF,t)
KF,t

γt
in Equation (97). Hence we have

Y m
t = Yt − ψI

(
P I
t

Pt

)−νI

a (ut)
Kt

γt
(98)
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Y m
F,t = YF,t − ψI

F

(
P I
F,t

PF,t

)−νF,I

a (uF,t)
KF,t

γt
(99)

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. (100)

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 +

ˆ ω

0

BFF
f,t+1df = 0. (101)

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 =

ˆ 1−snr

0

Bn
k,tdk. (102)

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. (103)

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 =

ˆ 1

0

MC,xe
t (i)di+

ˆ 1

0

MI
t (i)di+

ˆ 1

0

MX
t (i)di+ z+t ϕ

M,C,xe + z+t ϕ
M,I + z+t ϕ

M,X . (104)

Then total Swedish imports are given by

Mt =Mxe
t +

ˆ 1

0

MC,e
t (i)di+ z+t ϕ

M,C,e. (105)

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

Me
t =

ˆ 1

0

MC,e
t (i)di+ z+t ϕ

M,C,e. (106)

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.24 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 .

24Since 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.
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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

)
.25 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.26 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 . (107)

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. (108)

The right-hand-side terms in Equation (108) 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.

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. 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. Furthermore, following
Corbo and Strid (2020), the private bond risk premium shock, ζt, the utility of consumption shock ζct and the
investment e�ciency shock Υt 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. The
innovations are denoted ϵx,t where x is the process in question. In addition, some processes are assumed to also
have MA-term..

25For an explicit statement of the functional form, see Section (3.1).
26Recall 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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2.8.1 Global exogenous shocks

There are three global shock processes, the labor augmenting technology shock, the investment-speci�c non-
stationary technology shock and the shock to the neutral interest rate:

µ̂z,t = ρµz µ̂z,t−1 + ϵµz ,t (109)

µ̂γ,t = ρµγ µ̂γ,t−1 + ϵµγ ,t (110)

ẑRt = ρzR ẑ
R
t−1 + ϵzR,t + θzRϵzR,t−1 (111)

2.8.2 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 (112)

ζ̂t = corrζ ζ̂F,t + ρζ ζ̂t−1 + ϵζt (113)

ζ̂ct = corrζc ζ̂
c
F,t + ρζc ζ̂

c
t−1 + ϵζ

c

t (114)

ˆ̃
ϕt = ρϕ̃

ˆ̃
ϕt−1 + ϵϕ̃t (115)

ζ̂nt = ρζn ζ̂
n
t−1 + ϵζ

n

t (116)

λ̂W
t = ρλW λ̂W

t−1 + ϵλ
W

t (117)

ε̂t = ρεε̂t−1 + ϵt (118)

Υ̂t = corrΥΥ̂F,t + ρΥΥ̂t−1 + ϵΥt (119)

λ̂t = ρλλ̂t−1 + ϵλt (120)

λ̂X
t = ρλX λ̂

X
t−1 + ϵλ

X

t (121)
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t (122)
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t (123)

λ̂M,X
t = ρλM,X λ̂
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t (124)
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t (125)
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t = ρΠtrendΠ̂
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2.8.3 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 (128)

ζ̂F,t = ρζF ζ̂F,t−1 + ϵζF,t (129)

ζ̂cF,t = corrζc
F
,ΥΥ̂F,t + ρζF ζ̂

c
F,t−1 + ϵζ

c

F,t (130)

ζ̂nF,t = ρζn
F
ζ̂nF,t−1 + ϵζ

n

F,t (131)

ε̂F,t = ρεF ε̂F,t−1 + ϵF,t (132)

Υ̂F,t = ρΥF Υ̂F,t−1 + ϵΥF,t (133)

λ̂F,t = ρλF λ̂F,t−1 + ϵλF,t (134)

p̂C,e
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p
D,C,e
F
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F,t (135)
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F
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F,t−1 + ϵ
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F
t (136)

ĝF,t = ρgF ĝF,t−1 + ϵgFt (137)
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3 Calibration

In this section, we report the chosen model parameter values. SELMA is calibrated to match the Swedish
economy at a quarterly frequency. Most of the non-�scal policy parameter values in SELMA are based on the
MAJA model presented in Corbo and Strid (2020). The MAJA model is estimated using Swedish data over the
period 1995Q2-2018Q4. For certain macro shock parameters there are no corresponding values in MAJA. In
those cases, we use the parameter values from the Ramses I model presented in Adolfson et al. (2005), which are
estimated using Swedish data over the period 1980Q1-2002Q4. Otherwise we calibrate the parameters to give
reasonable dynamics for the Swedish economy. The parameters in Foreign are also taken from MAJA except
for the discount factor shock parameter which is taken from Ramses I. Some of the �scal parameter values in
SELMA are based on the model in Coenen, Straub, and Trabandt (2013), which is estimated on euro area data
over the period 1985Q1-2010Q2. In the current setup of SELMA, the model user determines which �scal rule to
activate and chooses values for the �scal policy rule parameters at one's own discretion.

First, the functional forms of the household preferences, the external risk premium and the investment
adjustment cost function are presented. Then the values of the great ratios and the steady state values of the
model are discussed, and �nally, the calibration of the parameters are discussed.

3.1 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). (138)

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
. (139)

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
. (140)

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 (2005)
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

]
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3.2 Great ratios and balanced growth path

The steady-state great ratios in SELMA are based on data from Statistic Sweden (SCB), where averages have
been taken over the period 2008-2017. Table 1 shows the great ratios. The private investment-to-output ratio
pII/y is set to 0.191, and is calculated as the ratio of nominal private investment (including inventories) to
nominal market price GDP. For the calculation of the export-to-output ratio pXx/y and the import-to-output
ratio pMm/y , we take the average between the nominal exports-to-nominal market price GDP and nominal
imports-to-nominal market price GDP to obtain the export and import-to-output ratios. Note that we equalize
the export and import-to-output ratio in order to match the assumption of balanced trade in the steady state.
This gives the value of 0.433 for the export and import-to-output ratios.

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

to-nominal market price GDP, which is 0.258. The government investment to output ratio I
G
/y is calibrated to
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match the ratio of nominal government investment to nominal market price GDP of 0.044. Private consumption
to output ratio pCc/y, which equals 0.507, 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. The aggregate transfers to output ratio tr

agg
/y is calibrated

to match the ratio of nominal public transfers-to-nominal market price GDP of 0.149.
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 government debt anchor is set at 35 per cent of GDP, and

the surplus target is 1/3 of a percent of GDP. Thus, the debt to output ratio target b
Target

/y is set to 0.35*4,
and the surplus to output ratio target surpTarget/y is set to 1/3*0.01. In the steady state of the model the
surplus target is incompatible with a debt target of 35 per cent of GDP, since a surplus every period results in
a negative debt in the long run. See 2.5. for the relationship between the two targets. Therefore the model user
has to choose which target should be active in the steady state.

As Table 3 shows, the growth rate of labor augmenting technology µz is set to 1.005 which implies that
the growth rate of labor augmenting technology is 2 percent per year. Thus, the Swedish economy grows at 2
percent per year along the balanced growth path, which is in line with the Ramses I and II calibration. 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 . The labor augmenting

technological process follows a unit root process, whereas we assume the investment-speci�c technological process
to be stationary, so µγ is 1 in the steady state. Finally, the steady state in�ation rate is set to 2 percent per
year in both Sweden and Foreign.

3.3 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 2008-2017. The rate for labor force
participation l is calculated as period average of potential labor force over population aged 15-74, which is 0.716.
Similarly, employment rate n is calculated as average of potential employment over population aged 15-74 for
the same period, which is 0.668. Unemployment rate is de�ned by (l − n)/l and we de�ne the steady-state
unemployment rate as the average potential unemployment rate over the sample period, which is 0.067.

3.4 Household sector parameters

Table 4 shows the values of the calibrated household parameters. In this table, the values of β and βF are
based on the MAJA model calibration, whereas ρh and ρh,F are based on the MAJA estimation. According to
the MAJA estimation, the value of the consumption habit parameter in Sweden ρh is 0.74 and in foreign it is
0.64. Household discount factors β and βF are set to 0.999 which implies that the nominal net interest rate
(or the policy rate) is 4.49 percent annually. The inverse Frisch elasticity parameter in the Swedish economy
η is estimated to 3.65 and foreign counterpart ηF is estimated to 6 in MAJA, and we use these values for the
calibration. The parameter associated with labor disutility An is a function of marginal utility of consumption,
real wage, labor supply and wage income tax in steady state, and this can be found in Section I.2.

We follow the Coenen, Straub, and Trabandt (2013) calibration strategy by choosing the value of 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 0.63. As discussed in Galí,
López-Salido, and Vallés (2007) among others, several empirical studies �nd that private consumption rises after
a positive shock to government consumption. Thus, given the size of αG, we set the elasticity of substitution
between private and government consumption υG to 0.29 which is taken from the Coenen, Straub, and Tra-
bandt (2013) estimate of υG, and this calibrated value produces a positive co-movement between government
consumption and private consumption after a positive shock to government consumption spending.

Based on the Coenen, Straub, and Trabandt (2013) calibration strategy, we set the share of aggregate transfers
going to Non-Ricardians in steady state, ϖss to 0.31 which is the number that ensures a ratio of Non-Ricardian
household consumption to Ricardian household consumption in steady state to be 0.8. The share of aggregate
transfers going to Non-Ricardians o� steady state ϖdyn is set at 0.75 as we assume that most of the aggregate
transfers goes toward Non-Ricardian households as credit constrained households are likely to receive a higher
proportion of transfers. ϖdyn is a policy parameter which can be adjusted by the model user. Finally, the share
of Non-Ricardians over total population snr is set at 0.35 in line with the Swedish macro-estimate in Campbell
and Mankiw (1991).

3.5 Sticky prices, wage parameters and markups

Table 5 presents the Calvo parameters which measure the fraction of households/�rms that keep their wages/prices
unchanged each period. Table 6 shows parameters of indexation to previous in�ation which capture an inertia
in nominal wage/price in�ation. Table 7 shows the mark-ups of producers and wage-setters. We set the values
of the Calvo probability parameters to match the MAJA estimation.
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The values of indexation to previous in�ation parameters are obtained from the MAJA. However, most
values are calibrated to zero since they are weakly identi�ed and tend to be estimated close to zero. The value of
indexation to previous in�ation for intermediate goods �rms χ is set to match the value of the MAJA estimate
of 0.33. The parameter for price indexation of foreign �rms in MAJA is estimated to 0.55 and therefore χF is
set to that value. The value of wage indexation parameter in Sweden χW and in the foreign economy χF,w are
also set to 0 as in MAJA.

We set the steady state markups (intermediate good �rms, importing �rms) to 1.2, a standard value in the
DSGE literature, which is also the same as most of the steady state markups that are reported in the calibration
section of MAJA. However, following MAJA, Swedish export goods producing �rms' markup is calibrated to a
lower value to 1.05, in order to avoid double markup on these goods. For wage markup, recall that η is calibrated
to the Riksbank's estimated value, 3.65. Also note that at state state wage markup can be de�ned as λW = ( l

n
)η.

Since all the variables at the right hand side are already calibrated, then wage markup is also calibrated to 1.3,
approximately. For foreign economy, we follow MAJA and set the foreign wage markup λW

F to 1.6.

3.6 Elasticities of substitution between imported and domestic good param-

eters, home bias parameters and export demand parameters

Table 8 shows the values of elasticities of substitution between imported intermediate goods and domestically
produced intermediate goods for di�erent sectors. The Swedish elasticity of substitution between imported
goods and domestically produced intermediate goods for non-energy consumption production νC,xe is set to 0.87
which is in line with the MAJA estimation. The elasticities of substitution between imported and domestically
produced intermediate goods for investment and export goods productionνI and νx are set to 0.27 and 1.53,
respectively, also this in line with the MAJA estimation. The elasticity of substitution between domestic and
foreign energy, νC,e, is set to 0.5 as in Corbo and Strid (2020).

Finally, we need to �nd the elasticity of substitution between imported and domestic consumption goods in
Foreign, νF,c which captures the sensitivity of Swedish exports to Foreign import prices. We set νF,c to be 0.37
which is based on the MAJA estimation. 27

The home bias parameters ϑC,xe, ϑC,e, ϑI and ϑX are functions of the elasticities of substitution between
imported and domestic goods and the ratio of imports to �nal goods.28 The home bias parameters can be found
in Section I.2. Lastly, ϑC

F captures the Foreign home bias for consumption goods. We set ϑC
F to 0.5, so that

Equation (B.114) for Swedish exports holds in the steady state: x =
(
1− ϑC

F

) (
pMF
)−νF,c λM

F yF , and ϑC
F < 1

implies that Swedish exports is a�ected by Foreign output (Foreign consumption).
The parameters that govern the substitution between energy and non-energy in aggregate private consumption

are all taken from Corbo and Strid (2020). The elasticities of substitutions in 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 which governs 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 reported in Corbo and
Strid (2020). These shares are 0.075 in Sweden and 0.09 in Foreign.

The values for the export demand function are taken from Corbo and Strid (2020) and are set to ωX
C = 0.27

and νF = 0.37.

3.7 Capital and investment parameters

Table 9 shows parameters that are associated with capital and investment. We set the capital share in production
α to be 0.35, in line with National Institute of Economic Research's (NIER) calculation where the average is taken
over the period 2008-2017. The depreciation rate, δ, is calibrated to be 0.0077. This value is solved numerically
such that the steady state conditions of the composite capital function and the private capital accumulation
function hold.29 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 follow the Coenen, Straub, and Trabandt (2013) calibration strategy by choosing the value
of the share of private capital in the composite capital function αK such that the marginal product of private
capital equals the marginal product of public capital, which implies that αK is calibrated to 0.83.

Afonso and Alegre (2011) �nd that an increase in public investment has a crowding-in e�ect on private
investment based on a set of 15 EU countries which includes Sweden. Hence, given the size of αK , we set υK

27Since 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.

28The share of imported energy in the consumption of energy is set to 0.5, following Corbo and Strid (2020).
29This method is required due to the inclusion of public capital to the composite capital which is used for the production of intermediate

goods.
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to 0.25 which is taken from the Coenen, Straub, and Trabandt (2012) calibration of υK that produces a posi-
tive co-movement between government investment and private investment after a positive shock to government
investment under no active �scal policy rule.30

The foreign capital share αF in production is the same as in Corbo and Strid (2020). The depreciation rate
δF is calibrated to match the average investment-output ratio as reported in Corbo and Strid (2020).

The investment adjustment cost S′′ is set to 8.39 in Sweden and to 3.99 in the foreign economy, which is in
line with the MAJA estimation. We set the public capital depreciation rate δG to 0.018, which implies a public
capital depreciation rate of 7.2 percent per year, this value helps us to have an immediate increase in private
investment after a positive government investment shock.31 In the current calibration of SELMA, the variable
capital utilization is deactivated by setting σa to a very high number, i.e. 100000.32

3.8 Modi�ed UIP condition parameters

Table 10 shows the values of two external risk premium parameters, which are based on those reported by the
model estimation of Corbo and Strid (2020). The optimal choice of Swedish bond and Foreign bond holdings
by Ricardian households in Sweden pins down the modi�ed uncovered interest rate parity (UIP) condition. In

particular, we have two external risk premium parameters in the modi�ed UIP condition. First, ϕ̃a, which
captures the external risk premium parameter associated with net foreign asset position, is set close to 0. It does
however need to be set large enough to assure that the economy moves back the its original steady state after a
shock, why it is set to 10−4. Second, ϕ̃s, which represents the external risk premium parameter associated with
exchange rate �uctuations, is set to 0.16.

3.9 Monetary policy rule parameters

Table 11 reports the values of the Riksbank's Taylor rule parameters, which are based on the MAJA estimation.
In Foreign, the Taylor rule parameter values are the same as in MAJA except for the output response coe�cient
and the di�erence in output coe�cient which are scaled down values of the coe�cients for unemployment rate
response and unemployment rate change response in MAJA.

3.10 Tax rates and �scal rules

Table 12 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 are based on yearly data, where averages are taken between
2008-2017. 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.33 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 time 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. For the consumption tax, τC , the tax value for 2015 from the model
IOR is used.34 The value taken from IOR is the consumption taxes as a share of total consumption that are
paid by households. This value is then reformulated into a value added tax. 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 debt is at its target level in steady state.
Given our calibration, this implies a lump-sum tax of -1.2 percent of steady-state GDP. The parameters in
the �scal rules are up to the model user to set, except for the coe�ent on unemployment in the tranfer rule,
which is calibrated to Ftr,un = 0.106. The coe�cient is based on the average value of the elasticity of primary
expenditures on unemployment over the period 2009-2018 in Almenberg and Sigonius (2021), who calculate the
Swedish automatic stabilizers on both public revenues and expenditures for the years 1998 to 2019.35

30Note that if we set υK to match the Coenen, Straub, and Trabandt (2013) estimate of υK (0.84), this will not give us a positive
co-movement between public and private investment after a positive shock to government investment under no active �scal policy rule.

31Note that our parameter value is close to Yang, Walker, and Leeper (2010) calibrated value for δG which is 0.02.
32The capital utilization is de-activated in simulations because to the best of our knowledge, there are no other DSGE models that

include capital utilization, public capital and the complementarity between government and private investment in the same model.
33The earned income tax credit is calculated as total income tax credit minus the credit for public pensions.
34IOR, which is described in Forsfält and Glans (2015), is an input-output model used for forecasts on imports and dis-aggregate

production, as well as for analysis of the structure of the Swedish economy.
35We use the semi-elasticity for public expenditures, which includes not only unemployment bene�ts but also costs for active labor

market programs (so-called semi automatic stabilizers). These are calculated for the years 2009 to 2018.
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3.11 Macro shock parameters

Table 13 reports the values of macroeconomic shock parameters. The values of the Swedish macroeconomic
shock persistences and the correlations are based primarily on the MAJA estimation.36 For the shocks that are
not estimated in MAJA, the parameters are based on the RAMSES I estimation. The persistence value for the
non-stationary investment-speci�c technology shock is based on Ramses I estimates since the shock is not active
in MAJA. The discount factor shock in MAJA is not active either. Thus, the persistence for the discount factor
shock is set to be the same value as the Ramses I estimate of the consumption preference shock persistence.37

We assume symmetry between Sweden and Foreign, thus the analogous Foreign discount factor parameter has
the same value as the Swedish one.

Note that in our model, intermediate good markup shocks follow i.i.d process as in MAJA model, so the
shocks do not have a persistent component. Even though there is no persistence component in the intermediate
markup shocks, the intermediate good markups in steady state are not zero (see Table 7). The persistence values
of Swedish markup shocks to import �rms (consumption and investment goods) are taken from the Ramses I
estimation. The import �rms that specialize in export goods are not modelled in Ramses I model, so we take
the average of the two persistence values of Swedish import markup shocks (consumption and investment goods)
to obtain the persistence value of Swedish markup shock to import �rms that specialize in export goods. The
markup shock persistence for the Swedish export �rms is also taken from the Ramses I estimation.

The remaining persistence parameters are set to values corresponding the values in Corbo and Strid (2020).
The correlation parameter for the risk premium shocks is also set as reported in Corbo and Strid (2020).38

3.12 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 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, and as a
result we have long-term government bonds. We set αB to match the Swedish National Debt O�ce data, where
the average maturity of Swedish government bonds in 2014 was 4 years. Thus, the probability that government
debt will mature each period αB is set to 0.0625.

4 Impulse response analysis

In this section, we present some impulse response functions from SELMA to show the model's response to selected
shocks.39 Before showing the results from the simulations, we discuss two key equations, the consumption Euler
equation and modi�ed UIP condition.40

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.

36These parameters may however be changed by the model users depending on the investigated scenario.
37The reason for choosing the value from RAMSES I instead of MAJA is that in MAJA, the consumption shock persistence is derived

by its correlation with foreign consumption, while the persistence on its own lag is zero.
38Note that in Corbo and Strid (2020), the correlations between the shock processes are reported rather the parameter values that

governs the correlations. Here, the parameter values are reported instead.
39The impulse response functions for other selected shocks of the model are plotted in the Appendix J.
40For the derivation of the non-linear equations, see Appendix C
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Table 1: Calibration: Great ratios
Symbol Description Value

pII/y Private investment to output ratio 0.191
pCcagg/y Private consumption to output ratio 0.507
pXx/y Export to output ratio 0.433
pMm/y Import to output ratio 0.433
g/y Government consumption to output ratio 0.258

I
G
/y Government investment to output ratio 0.044

tr
agg

/y Aggregate transfers to output ratio 0.149

surpTarget/y Government surplus to output ratio target 1/3*0.01

b
Target

/y Government debt to output ratio target 0.35*4
pCF cF /yF Foreign Private Consumption ratio 0.59

pIF IF /yF Foreign Private Investment ratio 0.20
gF /yF Foreign government consumption ratio 0.21

Table 2: Calibration: Labor market aggregates
Symbol Description Value

l Labor force participation rate 0.716
n Employment rate 0.668
un Unemployment rate 0.067

Table 3: Calibration: Balanced growth path values
Symbol Description Value

µz Growth rate of labor augmenting technology 1.005
µz+ Composite technological growth rate 1.005
µz+

F
Foreign composite technological growth rate 1.005

Π Gross in�ation rate of intermediate goods 1.005
Πtrend Gross in�ation trend 1.005
ΠC Gross in�ation rate of consumption goods 1.005
ΠX Gross in�ation rate of export goods 1.005
ΠW Gross in�ation rate of wages 1.010
ΠF Foreign gross in�ation rate of intermediate goods 1.005
ΠC

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

F Foreign gross in�ation rate of wages 1.010
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
ρh Consumption habit 0.75
ρh,F Foreign consumption habit 0.64
η Inverse of Frisch elasticity, labor supply elasticity 3.65
ηF Foreign inverse of Frisch elasticity, labor supply elasticity 6
αG Share of private consumption in the composite consumption 0.63
υG Elasticity of substitution between private and government consumption 0.29
snr Share of Non-Ricardian over total population 0.35
ϖss Share of aggregate transfers going to Non-Ricardians in steady state 0.31
ϖdyn Share of aggregate transfers going to Non-Ricardians o� steady state 0.75
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Table 5: Calibration: Calvo parameters
Symbol Description Value

ξ Calvo intermediate good prices 0.94
ξx Calvo export prices 0.79

ξm,C,xe Calvo import prices, import �rms specializing in non-energy consumption goods 0.92
ξm,C,e Calvo import prices, import �rms specializing in energy consumption goods 0.10
ξm,I Calvo import prices, import �rms specializing in investment goods 0.79
ξm,X Calvo import prices, import �rms specializing in export goods 0.80
ξw Calvo wages 0.86
ξF Foreign Calvo intermediate good prices 0.92
ξFw Foreign Calvo wages 0.86

Table 6: Calibration: In�ation indexation
Symbol Description Value

χ Indexation to previous in�ation, intermediate goods 0.33
χx Indexation to previous in�ation, export goods 0

χm,C.xe Indexation to previous in�ation, import �rms specializing in non-energy consumption goods 0
χm,C.e Indexation to previous in�ation, import �rms specializing in energy consumption goods 0
χm,I Indexation to previous in�ation, import �rms specializing in investment goods 0
χm,X Indexation to previous in�ation, import �rms specializing in export goods 0
χw Indexation to previous wage in�ation 0
χF Foreign indexation to previous in�ation, intermediate goods 0.55
χF,w Foreign indexation to previous wage in�ation 0

Table 7: 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

Table 8: Calibration: Elasticities of substitutions in production sector
Symbol Description Value

νC Elasticity between non-energy and energy goods in the production of consumption goods 0.5
νC,e Elasticity between domestic and imported goods in the production of energy consumption 0.5
νC,xe Elasticity between domestic and imported goods in the production of non-energy consumption 0.87
νI Elasticity between domestic and imported goods used for investment goods production 0.27
νx Elasticity between domestic and imported goods used for export goods production 1.53
νF,c Elasticity between imported and foreign consumption goods in Foreign 0.37
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Table 9: Calibration: Capital and investment parameters
Symbol Description Value

α Capital share in production 0.35
αK Share of private capital in composite capital function 0.83
νK Elasticity of substitution between public and private capital 0.25
S′′ Investment adjustment cost 8.39
δ Private capital depreciation rate 0.0077
δG Public capital depreciation rate 0.018
αF Foreign capital share in production 0.21
S′′
F Foreign investment adjustment cost 3.99

δF Foreign capital depreciation rate 0.0151

Table 10: Calibration: Modi�ed UIP condition parameters
Symbol Description Value

ϕ̃a External risk premium associated with net foreign asset position 10−4

ϕ̃s External risk premium associated with exchange rate �uctuations 0.16

Table 11: Calibration: Monetary policy rule parameters
Symbol Description Value

ρ Interest rate smoothing coe�cient 0.92
rπ In�ation response coe�cient 1.71
run Unemployment response coe�cient 0.25
r△π Di�erence in in�ation response coe�cient 0
r△un Di�erence in unemployment response coe�cient 0.17
ρF Foreign interest rate smoothing coe�cient 0.93
rF,π Foreign in�ation response coe�cient 1.75
rF,y Foreign output response coe�cient 0.068
rF,△π Foreign di�erence in in�ation response coe�cient 0
rF,△y Foreign di�erence in output response coe�cient 0.137

Table 12: Calibration: Steady state level of tax rates and �scal rules
Symbol Description Value

τC Consumption tax rate 0.171
τW Labor income tax rate 0.247
τSSC Social security contribution rate 0.299
τK Capital income tax rate 0.15
τTR Tax rate on transfers to households 0.279
τ I Investment tax credit 0
τWF Foreign labor income tax rate 0.247

Ftr,un Automatic stabilizer on transfer rule 0.106
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Table 13: Calibration: Macro shock parameters
Symbol Description Value

ρµz Persistence, labor augmenting technology shock 0.55
ργ Persistence, investment-speci�c technology shock 0.75
ρε Persistence, productivity shock 0.87
ρβ Persistence, discount factor shock 0.935
ρζn Persistence, labor disutility shock 0.83
ρζc Persistence, consumption preference shock 0
ρζ Persistence, private bond risk premium shock 0.69
ρϕ̃ Persistence, external risk premium shock (exchange rate shock) 0.84

ρΥ Persistence, stationary investment-speci�c shock 0
ρPC,e Persistence, energy price shock 0.91
ρλM,C Persistence, markup shock to import �rms specializing in non-energy consumption goods 0.978
ρλM,I Persistence, markup shock to import �rms specializing in investment goods 0.974
ρλM,X Persistence, markup shock to import �rms specializing in export goods 0.976
ρλX Persistence, markup shock to exporting good �rms 0.894

ρΠC,trend Persistence, in�ation trend 0.5
ρεF Persistence, Foreign productivity shock 0.81
ρβF

Persistence, Foreign discount factor shock 0.935
ρζn

F
Persistence, Foreign labor disutility shock 0.99

ρζc
F

Persistence, Foreign consumption shock 0.73

ρζF Persistence, Foreign private bond risk premium shock 0.91
ρΥF

Persistence, Foreign stationary investment-speci�c shock 0.66
ρPC,e

F
Persistence, Foreign energy price shock 0.91

ρΠC,tren
F

Persistence, Foreign in�ation trend 0.95

ρgF Persistence, Foreign government consumption 0.98
corrΥ Parameter governing correlation between Swedish and Foreign investment shock 0.446
corrζ Parameter governing correlation between Swedish and Foreign risk premium shock 0.268

corrζc,ζc
F

Parameter governing correlation between Swedish and Foreign consumption preference shock 0.936

corrζc
F ,ΥF

Parameter governing correlation between Foreign consumption preference and investment shock 0.119
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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
as little as possible, smoothing the burden of the shock over their whole lifespan.41

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 in�ation rates and the government bond
interest rate are all presented in annualized quarter-on-quarter values.

4.1 Fiscal policy rule parameters

In the model simulations described below, we show the outcomes under three di�erent �scal policy assumptions.
In all cases the assume that the automatic stabilizers are in e�ect. The case No active �scal rule is de�ned by
using the transfer policy rule with Ftr,surp = 0, and the response of transfers to changes in the government debt
level is set to a very low number, Ftr,b = −0.0035. The last part is to ensure the stability of the government
debt-to-GDP in the long run.

In the second case, named as Transfer (traggt ) rule - Debt target, the �scal rule is de�ned on aggregate
transfers with the following parameterization. The structural surplus gap coe�cient Ftr,surp, is set to zero while
the coe�cient on the debt target to is set to Ftr,b = −0.14. This parameter value will allow debt to go back to
the target level with a reasonable pace.

In the third and the �nal case, named as Transfer (traggt ) rule - Struct Surp target, the �scal rule is also
de�ned on aggregate transfers. In this case aggregate transfers are determined by the feedback rule that respects
the structural surplus target. Hence for this case Ftr,surp is set to 5 so that the structural surplus goes back to
its target level with a reasonable pace. Finally, Ftr,b is set to zero.

In all �scal policy rule speci�cations the AR(1) component parameter (ρtragg ) is set to 0. Since the �scal rule
parameters are choice parameters, the model user may choose other values for the �scal policy rule parameters
compared to our current example. The economic outcome under No active �scal rule is illustrated by the blue
solid line in the �gures below, whereas the outcomes given Transfer (traggt ) rule - Debt target and Transfer

41We 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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(traggt ) rule - Struct Surp target are illustrated by the red and green dashed lines, respectively. In the graphs
below, the monetary policy rate in Home and Foreign, all in�ation rates and the government bond interest rate
are all presented in annualized quarter-on-quarter values.

In the case of Transfer (traggt ) rule - Struct Surp target the debt will also converge to its long-run level but
more slowly than in the case of Transfer (traggt ) rule - Debt target due to fact that in the long run closing the
debt gap is equivalent to closing the structural surplus gap. This long run equivalence arises due to the dynamic
relationship between debt and surplus in the model.

4.2 A monetary policy shock in Sweden

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

t , by 25 basis points (ϵit = 0.000625). The economic outcome
is illustrated in Figures 3 and 4. First, we describe the outcome given No active �scal rule, which is illustrated
by the red line. 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.
For the non-energy consumption good and the investment good �rms, the �nal goods demand e�ect dominates,
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.

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.42 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. The scenario with Transfer (traggt ) rule - Debt
target is illustrated by the green line in Figures 3 and 4. In that scenario, the government decreases the level
of transfers as a response to the increased level of debt. The reduced transfers primarily a�ects Non-Ricardian
households, who reduce their consumption demand one-to-one with their reduction in transfer income. Since the
demand for consumption goods decreases following the reduced non-ricardian income, the demand for imported
consumption goods also decreases, which leads to lower total imports than in the case of no �scal policy.

The scenario with Transfer (traggt ) rule - Struct Surp target is depicted with dashed purple line in Figures
3 and 4. In this scenario 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 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. However, since the e�ects of the temporary monetary policy shock on
structural surplus is small, following this �scal rule have limited di�erent e�ects in comparison to No active
�scal rule case.

4.3 A risk premium shock to Swedish private bonds

In this section, we describe the economic outcome after a quarterly increase ϵζt = 0.0025, in the internal risk
premium ζt. The shock can also be interpreted more generally as an increase in the demand for saving in private
bonds, or an increase in the demand for debt amortization, rather than an increase in the rate of return on

42Employment 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 3: Economic outcome after a shock to the monetary policy rate ĭnotationalt
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Figure 4: Economic outcome after a shock to the monetary policy rate ĭnotationalt
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bonds. The economic outcome of such a shock is illustrated in the Figures 5 and 6. First, we describe the
outcome given No active �scal rule, which is illustrated by the red line. A positive shock to the demand for bond
savings leads to a decrease in the demand for consumption of the Ricardian households in Sweden. As a result
of the decreased demand, the output of consumption goods falls which leads to a lower demand for domestically
produced intermediate goods. This in turn leads to a decreased demand for labor and a higher unemployment
rate. The increase in unemployment leads to a small decrease in the monetary policy rate. The decrease is
however not large enough to o�set the decrease in consumption demand following the risk premium shock.

A lower domestic interest rate together with an unchanged interest rate in the foreign economy leads to a
depreciation of the exchange rate. The depreciated exchange rate does in turn lead to higher revenues for the
export �rms for a given price of exports (which is set in Foreign currency). The �rms respond to the increased
revenues by decreasing the price of export goods. This leads to a rise in exports. Furthermore, the depreciated
exchange rate leads to an increase in import prices. The higher import prices, together with lower demand
for Swedish �nal goods, lead to lower imports. Furthermore, higher import prices lead to an increase in CPIF
in�ation despite the decrease in domestic prices.

Private investments fall following the shock. The increased return on private bonds leads a re-allocation in the
household savings portfolio, decreasing demand for investments. Additionally, the lower demand for domestically
produced goods reduces demand for capital which depresses the rental rate of capital and in turn also has a
negative e�ect on investments.

The decreased demand for �nal goods leads to a lower demand for domestically produced intermediate goods.
This does lead to a decreased demand for labor. The decreased demand for labor leads to a decline in wages,
both in nominal and in real terms. Furthermore, output and employment decrease and unemployment increases.
Due to the lower labor income following the wage and employment decrease, Non-Ricardian households also
decrease their consumption.

Turning to the public sector, the decreased economic activity leads to a decrease in tax income, which in turn
reduces the government surplus and increases government debt. The scenario with Transfer (traggt ) rule - Debt
target is illustrated by the green line in Figures 5 and 6. In that scenario, the government decreases the level
of transfers as a response to the increased level of debt. The transfer decrease primarily a�ects Non-Ricardian
households, who reduce their consumption demand one-to-one with their reduction in transfer income.

The case with Transfer (traggt ) rule - Struct Surp target is depicted with dashed purple line in Figures 5
and 6. Due to the de�nition of the structural surplus it is a�ected by only discretionary �scal policies and the
debt payments, or permanent disturbances; hence the e�ects of a temporary domestic risk premium 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 compared to the No active �scal rule case, leading to reduction
in the Non-Ricardian households' consumption.

4.4 A stationary technology shock

In this section, we describe the economic outcome after a shock of ϵt = 0.0025 to the intermediate good producers'
technology εt. A temporary technology shock increases the productivity of Swedish intermediate good producers;
thus, they can produce more output for a given level of inputs. The economic outcome is illustrated in Figures
7 and 8. First, we describe the outcome given the case No active �scal rule, which is illustrated by the red line.

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 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, steming 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.
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Figure 5: Economic outcome after a risk premium shock to Swedish private bonds ζt
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Figure 6: Economic outcome after a risk premium shock to Swedish private bonds ζt
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The case with Transfer (traggt ) rule - Debt target is illustrated by the green line in Figures 7 and 8. Particu-
larly, the government responds to the increased government debt by decreasing transfers to the households. The
drop in transfers has a negative impact on Non-Ricardian household consumption, which in turn magni�es the
decrease in Non-Ricardian household consumption. As a consequence, output also becomes slightly lower. The
change in output is however small.

Slightly lower output leads to a small decline in demand for labor and to a small increase in unemployment,
and thus leads to a slightly lower monetary policy rate path. The return on Swedish bonds decreases and this
leads to slightly higher depreciation and, in turn, to higher import in�ation. Higher import in�ation causes
CPIF in�ation to rise and lower demand for labor causes lower wage in�ation. Hence, the real wage is lower
under Transfer (traggt ) rule - Debt target. Even if interest rate di�erentials are small between the di�erent cases
�scal rules, the lower monetary policy path and higher CPIF in�ation in the case with the debt target rule
induce a lower real interest rate which leads to higher Ricardian household consumption and to higher private
investment. Moreover, the lower return on Swedish private bonds induces Ricardian households to re-allocate
their resources partly to savings in capital, which further increases the level of private investment relative to the
scenario with No active �scal rule, and partly to private consumption. Hence, Ricardian household consumption
and private investment are higher than with No active �scal rule, whereas Non-Ricardian household consumption
and aggregate household consumption are lower.

The case with a Transfer (traggt ) rule - Struct Surp target is illustrated by the dashed purple line in Figures 7
and 8. Since the changes in the tax income is only temporary it does not a�ect the structural surplus. Thus, the
transfers to the households are mainly driven by unemployment. As a result, there is not a signi�cant di�erence
between No active �scal rule and Transfer (traggt ) rule - Struct Surp target in any of the variables considered.

4.5 A risk premium shock to Foreign private bonds

In this section, we describe the economic outcome after an increase of ϵζFt = 0.0025, to the Foreign domestic
risk premium ζF,t.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 9 and 10.
First, we describe the outcome No active �scal rule, which is illustrated by the red line.

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
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 ten
quarters 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 increases due to the exchange rate depreciation. The e�ect on
domestic in�ation does however dominate, leading CPIF in�ation to fall.

As described in section 4.3, 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. The case with Transfer (traggt ) rule
- Debt target is illustrated by the green line in 9 and 10. In this case, the government decreases the level of
transfers as a response to the increased level of debt. The transfer decrease primarily a�ects Non-Ricardian
households, who reduce their consumption demand with their reduction in transfer income. This reduces the
primary expenditures of the government (and revenue to some degree since transfer income is taxed), leading to
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Figure 7: Economic outcome after a shock to productivity εt
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Figure 8: Economic outcome after a shock to productivity εt
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a higher surplus and a lower debt. Other than for the consumption of Non-Ricardian households, the e�ect on
the non-�scal variables is small.

The case with Transfer (traggt ) rule - Struct Surp target is illustrated by the dashed purple line in 9 and 10.
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 decreased slightly to return the structural surplus to its target. Since the
change in transfers is relatively small, there is only a small decrease in Non-Ricardian consumption, while the
other non-�scal variables are virtually una�ected.

4.6 An external risk premium shock

In this section, we describe the economic outcome after a quarterly increase of 0.25 percent, ϵ
ˆ̃
ϕt
t = 0.0025, to

the external risk premium
ˆ̃
ϕt. 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 11 and 12.

First, we describe the outcome given No active �scal rule, which is illustrated by the red line. 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. During the �rst two years however, the increased
demand for exports dominates, leading to an increase in output. After two years, output moves below its steady-
state level. Due to the increased output, labor demand also increases and is higher than in the steady state
during the �rst two years. This leads employment to be higher and unemployment to be lower than in the
steady state during the the same period. After two years however, the e�ect reverses on both employment and
unemployment.

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 lead to a lower consumption for Non-Ricardian households. The
Non-Ricardian consumption is further dampened by the fact that their transfers decrease due to the output
increase.

Turning to the public sector, the increase in output leads to an increase in tax revenue. Simultaneously, the
decrease in transfers due to higher output reduces primary expenditure. Therefore, both the government surplus
and the government debt are reduced.

The case with Transfer (traggt ) rule - Debt target is illustrated by the green line in Figures 11 and 12. As a
response to the decreased debt, following the speci�ed �scal policy rule, the government increases the transfers
to households. Non-Ricardian households increase their consumption one-to-one with any additional transfers
they receive. Thus, household consumption increases. The �scal policy leads to a decreasing government surplus,
meaning that the government debt moves towards its steady-state level. The e�ect on non-�scal variables other
than household consumption is, however, small.

The case with Transfer (traggt ) rule - Struct Surp target is illustrated by the dashed purple line in Figures
11 and 12. Since the changes 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 decrease in debt and the resulting lower debt
service cost. The transfers to the households are increased slightly to return the structural surplus to its target.
The other �scal variables are however not a�ected that much since the increase in transfers are quite small. The
same goes through to the non-�scal variables. Since the change in transfers is quite small, there is only a small
increase in Non-Ricardian consumption, while the other non-�scal variables are virtually una�ected.

4.7 A domestic energy price shock

The increase in the price of domestic energy increases the price of energy consumption, which in turn leads to a
higher price of consumption goods, hence higher CPIF-in�ation. The increased CPIF-in�ation does in turn lead
to a monetary policy rate increase.

The higher price of consumption together with the policy rate increase leads to a lower demand for consump-
tion goods, both from Ricardian and Non-Ricardian households. Furthermore, the policy rate increase leads to
an exchange rate appreciation, which a�ects exports negatively the �rst two years. After two years the nominal
exchange rate has however started to depreciate again, and is back above its original levels, leading exports to
move above its steady-state level.
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Figure 9: Economic outcome after a shock to Foreign bond risk premium ζF,t
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Figure 10: Economic outcome after a shock to Foreign bond risk premium ζF,t
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Figure 12: Economic outcome after a shock to the external risk premium
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ϕt
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Investment decreases immediately after the shock, and stays below its steady state level for 9 quarters, due
to the increased policy rate and the lower demand for domestic goods following the lower demand for consumtion
and export goods. As output starts to increase again and move towards its steady-state level, the demand for
capital increases again, leading to increased private investment.

Even though investment and exports after two years are above their respective steady-state levels, output is
still below its steady-state level, due to the persistently low consumption demand. The lower output leads to a
lower demand for labor, and hence a lower employment, which leads to higher unemployment. The increase in
unemployment is however smaller than the decrease in employment. The reason is that the CPIF-in�ation leads
to a lower real wage, a�ecting labor force participation negatively.

Turning to the public sector, the lower employment and consumption leads to lower tax revenues. Further-
more, transfers are increased due to the higher unemployment. As a result, the public surplus decreases, and
the public debt increases.

The case with Transfer (traggt ) rule - Debt target is illustrated by the green line in Figures 13 and 14. As a
response to the increased debt, following the speci�ed �scal policy rule, the government decreases the transfers
to households. Non-Ricardian households decrease their consumption one-to-one with any additional transfers
they receive. Thus, household consumption decreases. The conducted �scal policy increases the government
surplus such that the government debt moves towards its steady-state level.

The case with Transfer (traggt ) rule - Struct Surp target is illustrated by the dashed purple line in Figures
13 and 14. Since the changes 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 increased debt and the resulting higher debt service
cost. The transfers to the households are decreased slightly to return the structural surplus to its target. The
change is however so small. This means that the e�ect on household consumption is also small. The decreased
transfers does however change the path of debt slightly, that becomes slightly smaller than in the no �scal policy
case.
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Figure 14: Economic outcome after a shock to the domestic price of energy p̂C,D,e
t
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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.43

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)

43One 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:44

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)

44We 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:45

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)

45We scale the markup shock λ̂Xt by 1
κX

.

65



A.2.5 Sweden: Import good producers

Optimal price for import �rms specializing in non-energy consumption goods equation:46

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:47

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:48

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)

46We scale the markup shock λ̂M,C,xe
t by 1

κM,C,xe
.

47We scale the markup shock λ̂M,I
t by 1

κM,I
.

48We 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:49

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

)
49We 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 =ρtragg t̆raggt−1

+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:50

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)

50We 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
(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

ˆ 1

0

ˆ Nh,t

0

jη djdh

]
, (C.2)

= E0

∞∑
t=0

βt

[
ζct u(C̃t − ρhC̃t−1)− ζnt Θn

t An

ˆ 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 )

ˆ 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 expen-
ditures. 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 PK

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. Finally, the Ricardian household pays the lump-sum taxes Tt.
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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

ˆ 1

0

N1+η
h,t

1 + η
dh

]

+ θbt

[
(1− τWt )

ˆ 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:

∂Lt

∂Ct
= βt

[
ζct uCt(C̃t − ρhC̃t−1)− θbtPC

t

(
1 + τCt

)]
= 0.
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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.

Rearranging the above equation and using the following de�nition: βr
t+1 =

βt+1

βt
, we obtain the following FOC
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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 3.1, 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 3.1, 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

ˆ 1

0

N1+η
h,t

1 + η
dh

]

+ θbt

[
(1− τWt )

ˆ 1

0

Wh,tNh,tdh+ (1− τKt )

(
RK

t utKh,t −
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

]

− θbt

[
(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,tΦ(at, st, ϕ̃t)
+ Tt

]

+ ξwβt+1

[
ζct+1u(C̃t+1, C̃t)− ζnt+1Θ

n
t+1An

ˆ 1

0

N1+η
h,t+1

1 + η
dh

]

+ θbt+1

[
(1− τWt+1)

ˆ 1

0

Wh,t+1Nh,t+1dh+
(
1− τKt+1

)(
RK

t+1ut+1Kt+1 −
P I
t+1

γt+1
a(ut+1)Kt+1

)
+ ιKτKt+1δP

K
t Kt+1+

+Bpriv
t+1 +

(
αB +

(
RB

t − 1
))

Bt+1 + St+1B
FH
t+1 + (1− τTR

t+1)TRt+1 + ΞB,t+1 + ΞBFH ,t+1 +Ψt+1

]

− θbt+1

[
(1 + τCt+1)P

C
t+1Ct+1 + (1− τ It+1)

P I
t+1

γt+1
It+1 + PK

t+1△K
t+1 +

Bpriv
t+2

Rt+1ζt+1
+

St+1B
FH
t+2

RF,t+1Φ(at+1, st+1, ϕ̃t+1)
+ Tt+1

]

+ (ξw)
2 βt+2

[
ζct+2u(C̃t+2, C̃t+1)− ζnt+2Θ

n
t+2An

ˆ 1

0

N1+η
h,t+2

1 + η
dh

]

+ θbt+2

[
(1− τWt+2)

ˆ 1

0

Wh,t+2Nh,t+2dh+
(
1− τKt+2

)(
RK

t+2ut+2Kh,t+2 −
P I
t+2

γt+2
a(ut+2)Kt+2

)
+ ιKτKt+2δP

K
t+1Kt+2+

+Bpriv
t+2 +

(
αB +

(
RB

t+1 − 1
))

Bt+2 + St+2B
FH
t+2 + (1− τTR

t+2)TRt+2 + ΞB,t+2 + ΞBFH ,t+2 +Ψt+2

]

− θbt+2

[
(1 + τCt+2)P

C
t+2Ct+2 + (1− τ It+2)

P I
t+2

γt+2
It+2 + PK

t+2△K
t+2 +

Bpriv
t+3

Rt+2ζt+2
+

St+2B
FH
t+3

RF,t+2Φ(at+2, st+2, ϕ̃t+2)
+ Tt+2

]
+ . . .

(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)
2Etβt+2[−ζnt+2ν

′(Nh,t+2|t)
∂Nh,t+2|t

∂Wh,t+2|t

∂Wh,t+2|t

∂W opt
h,t

+ θbt+2(1− τWt+2)

(
Nh,t+2|t

∂Wh,t+2|t

∂W opt
h,t

+Wh,t+2|t
∂Nh,t+2|t

∂Wh,t+2|t

∂Wh,t+2|t

∂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:

0 = θbtEt[W
opt
h,t

∂Nh,t

∂W opt
h,t

(1− τWt )

(
Nh,t|t

W opt
h,t

(
∂Nh,t|t

∂W opt
h,t

)−1

+ 1

)
− ζnt

ν′(Nh,t|t)

θbt

∂Nh,t|t

∂W opt
h,t

]

+ ξwEtβ
r
t+1θ

b
t+1[Wh,t+1|t

∂Nh,t+1|t

∂Wh,t+1|t

∂Wh,t+1|t

∂W opt
h,t

(1− τWt+1)

(
Nh,t+1|t

Wh,t+1|t

(
∂Nh,t+1|t

∂Wh,t+1|t

)−1

+ 1

)

− ζnt+1

ν′(Nh,t+1|t)

θbt+1

∂Nh,t+1|t

∂Wh,t+1|t

∂Wh,t+1|t

∂W opt
h,t

]

+ (ξw)
2Etβ

r
t+1β

r
t+2θ

b
t+2[Wh,t+2|t

∂Nh,t+2|t

∂Wh,t+2|t

∂Wh,t+2|t

∂W opt
h,t

(1− τWt+2)

(
Nh,t+2|t

Wh,t+2|t

(
∂Nh,t+2|t

∂Wh,t+2|t

)−1

+ 1

)

− ζnt+2

ν′(Nh,t+2|t)

θbt+2

∂Nh,t+2|t

∂Wh,t+2|t

∂Wh,t+2|t

∂W opt
h,t

] + . . .

(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

∂Nh,t

∂W opt
h,t

(1− τWt )

(
Nh,t|t

W opt
h,t

(
∂Nh,t|t

∂W opt
h,t

)−1

+ 1

)
− ζnt

ν′(Nh,t|t)

θbt

∂Nh,t|t
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h,t

]

+ ξwEtβ
r
t+1θ

b
t+1[Wh,t+1|t

∂Nh,t+1|t

∂Wh,t+1|t
Π

W
t+1(1− τWt+1)

(
Nh,t+1|t

Wh,t+1|t

(
∂Nh,t+1|t

∂Wh,t+1|t

)−1

+ 1

)

− ζnt+1

ν′(Nh,t+1|t)

θbt+1

∂Nh,t+1|t

∂Wh,t+1|t
Π

W
t+1]

+ (ξw)
2Etβ

r
t+1β

r
t+2θ

b
t+2[Wh,t+2|t

∂Nh,t+2|t

∂Wh,t+2|t
Π

W
t+1Π

W
t+2(1− τWt+2)

(
Nh,t+2|t

Wh,t+2|t

(
∂Nh,t+2|t

∂Wh,t+2|t

)−1

+ 1

)

− ζnt+2

ν′(Nh,t+2|t)

θbt+2

∂Nh,t+2|t

∂Wh,t+2|t
Π

W
t+1Π

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:

0 = θbtEt[
λW
t

(1− λW
t )

Nh,t|t

W opt
h,t

[
(1− τWt )W opt

h,t

1

λW
t

− ζnt
ν′(Nh,t|t)

θbt

]
]

+ ξwEt β
r
t+1θ

b
t+1[

λW
t+1(

1− λW
t+1

) Nh,t+1|t

Wh,t+1|t
Π

W
t+1

[
(1− τWt+1)Wh,t+1|t

1

λW
t+1

− ζnt+1

ν′(Nh,t+1|t)

θbt+1

]
]

+ (ξw)
2Et β

r
t+1β

r
t+2θ

b
t+2[

λW
t+2(

1− λW
t+2

) Nh,t+2|t

Wh,t+2|t
Π

W
t+1Π

W
t+2

[
(1− τWt+2)Wh,t+2|t

1

λW
t+2

− ζnt+2

ν′(Nh,t+2|t)

θbt+2

]
] + . . .

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
1

1− λW
t

Et[Nh,t|t

[
(1− τWt )W opt

h,t − λ
W
t ζnt

ν′(Nh,t|t)

θbt

]
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+ ξwEt β
r
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1

1− λW
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(1− τWt+1)Wh,t+1|t − λW
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n
t+1

ν′(Nh,t+1|t)

θbt+1

]
]

+ (ξw)
2Et β

r
t+1β

r
t+2θ

b
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1

1− λW
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(1− τWt+2)Wh,t+2|t − λW

t+2ζ
n
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ν′(Nh,t+2|t)

θbt+2

]
] + . . .

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:

Et

∞∑
k=0

(ξw)
k

(
k∏

i=1

βr
t+i

)
Nh,t+k|tθ

b
t+k

1

1− λW
t+k

[(
1− τWt+k

)
Wh,t+k|t − λW

t+kζ
n
t+k

ν′(Nh,t+k|t)

θbt+k

]
= 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

∞∑
k=0

(ξw)
k

(
k∏

i=1

βr
t+i

)
nt+k|tθ

b
t+k

1

1− λW
t+k

[(
1− τWt+k

)
Wt+k|t − λW

t+kζ
n
t+k

ν′(nt+k|t)

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:

Et
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)
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]
= 0,

Et
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− λW
t+kζ

n
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ΩC
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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:

Et

∞∑
k=1

(ξw)
k

(
k∏
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βr
t+i

)
nt+k|tz

+
t+kΩ
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z+t+kP
C
t+k

− λW
t+kζ

n
t+k

ν′(nt+k|t)

z+t+kΩ
C
t+k

]
= 0,

and we have the following stationarized version of the optimal wage setting equation:

Et

∞∑
k=0

(ξw)
k

(
k∏
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βr
t+i

)
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Ω
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]
= 0. (C.63)
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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−snrˆ

0

Ck,tdh+

1ˆ

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−snrˆ

0

TRk,tdk +

1ˆ

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

107



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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z+t Pt

)1−α (
γtR

K
t

Pt

)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

PC
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)
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∞∑
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{
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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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]
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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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t (i)

∂Yt|t(i)
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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:
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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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(ξ)k Λt,t+k
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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
t

PC
t
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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
PC
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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

t by
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. Thus, the above equation can be rewritten as:
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Using the following de�nitions: poptt =
P

opt
t

Pt−1
, Πt+k =

Pt+k

Pt+k−1
, ΠC

t+k =
PC
t+k

PC
t+k−1
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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
t+j =

βt+j

βt+j−1
, Ω

C
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+
t+k, and yt+k|t =
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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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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
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t ,Ce
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. (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:
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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

}
.
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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

123



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)

∂Xt|t(i)

∂PX,opt
t (i)

+ ξxΛt,t+1

[
St+1

∂PX
t+1|t(i)

∂PX,opt
t (i)

Xt+1|t(i) + St+1P
X
t+1|t(i)

∂Xt+1|t(i)

∂PX
t+1|t(i)

∂PX
t+1|t(i)

∂PX,opt
t (i)

−MCX
t+1(i)

∂Xt+1|t(i)

∂PX
t+1|t(i)

∂PX
t+1|t(i)

∂PX,opt
t (i)

]
+ (ξx)

2 Λt,t+2[
St+2

∂PX
t+2|t(i)

∂PX,opt
t (i)

Xt+2|t(i) + St+2P
X
t+2|t(i)

∂Xt+2|t(i)

∂PX
t+2|t(i)

∂PX
t+2|t(i)

∂PX,opt
t (i)

−MCX
t+2(i)

∂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)

∂Xt|t(i)

∂PX,opt
t (i)

+ ξxΛt,t+1

[
St+1Π

X
t+1Xt+1|t(i) + St+1P

X
t+1|t(i)Π

X
t+1

∂XX
t+1|t(i)

∂PX
t+1|t(i)

−MCX
t+1(i)Π

X
t+1

∂Xt+1|t(i)

∂PX
t+1|t(i)

]
+ (ξx)

2 Λt,t+2[
St+2Π

X
t+1Π

X
t+2Xt+2|t(i) + St+2P

X
t+2|t(i)Π

X
t+1Π

X
t+2

∂Xt+2|t(i)

∂PX
t+2|t(i)

−MCX
t+2(i)Π

X
t+1Π

X
t+2

∂Xt+2|t(i)

∂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)

(
Xt|t(i)

PX,opt
t (i)

(
∂Xt|t(i)

∂PX,opt
t (i)

)−1

+ 1

)
−MCX

t

]

+ ξxΛt,t+1Π
X
t+1

∂Xt+1|t(i)

∂PX
t+1|t(i)

[
St+1P

X
t+1|t(i)

(
Xt+1|t(i)

PX
t+1|t(i)

(
∂Xt+1|t(i)

∂PX
t+1|t(i)

)−1

+ 1

)
−MCX

t+1

]

+ (ξx)
2 Λt,t+2Π

X
t+1Π

X
t+2

∂Xt+2|t(i)

∂PX
t+2|t(i)

[
St+2P

X
t+2|t(i)

(
Xt+2|t(i)

PX
t+2|t(i)

(
∂Xt+2|t(i)

∂PX
t+2|t(i)

)−1

+ 1

)
−MCX

t+2

]
+ . . .} = 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)

PX,opt
t (i)

λX
t

1− λX
t

[
StP

X,opt
t (i)

1

λX
t

−MCX
t

]
+ ξxΛt,t+1Π

X
t+1

Xt+1|t(i)

PX
t+1|t(i)

λX
t+1

1− λX
t+1

[
St+1P

X
t+1|t(i)

1

λX
t+1

−MCX
t+1

]
+ (ξx)

2 Λt,t+2Π
X
t+1Π

X
t+2

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
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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
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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
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βt

ΩC
t+1

ΩC
t

PC
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]
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t+2 MCM,n

t+3

Pt+2

]
+ . . .} = 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:

Et{
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)
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Pt
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]
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λM,n
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Π
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]
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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:
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We use the following de�nitions: pM,n
t,opt =

P
M,n
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. We

can obtain the following equation:
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Using the following de�nitions: βr
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, Ω

C
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+
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, the stationarized version of
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optimal price of imported goods equation can be written as:
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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:
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]
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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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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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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
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StPF,t

Pt
=
Qtp

C
t
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, 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:
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(C.169)

We stationarize the above equation by dividing the above equation by z+t Pt:
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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
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c
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The above government budget constraint can be written as:
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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:
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We stationarize the above equation by dividing the above equation by z+t Pt:
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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
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We stationarize the above equation by dividing the above equation by z+t Pt:
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can be written as:
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− bnt . (C.173)

Note that equation (C.173) is the same as equation (A.76a) in Section A.4.

51Two 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:
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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
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BtΠtµz+,t/(Ptz
+
t ). Hence we can write the stationarized structural surplus as
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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
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ĪG −FIG,y Ī
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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
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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:
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the labor demand schedule:

Nf,t =
1

ω

(
Wf,t
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)−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:
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{
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W
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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 (72) 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 (73) in Section 2.6.1.

The FOC for Kf,t+1 is:

θkf,t = Etβ
r
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[
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]
. (D.8)

Equation (D.8) is the same as Equation (74) 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
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]
. (D.9)

Equation (D.9) is the same as Equation (75) 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 (76) 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 (77) 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
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[
βr
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Ω
C
F,t+1

µ
z+
F
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ΠC
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]
. (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 )

]
.
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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 3.1 , 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 (78) 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
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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 (80) 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 (81) 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 (82) 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 (83) and Equation (84). 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
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νF,C

(
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F

(
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F,t
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CF,t

) νF,C−1

νF,C

+
(
1− ϑC

F
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1− ϑC

F
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F,t

PC,e
F,t
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νF,C
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νF,C−1

CF,t =
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F

) 1
νF,C

+
νF,C−1

νF,C

(
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F,t

PC,xe
F,t

)νF,C−1
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F
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(
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F

(
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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)
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νF,C−1

[
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F

(
1

PC,xe
F,t
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+
(
1− ϑC

F

)( 1
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F,t
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(
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F,t

)−νF,C

=
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(
PC,xe
F,t

)1−νF,C
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(
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F

)(
PC,e
F,t

)1−νF,C
] νF,C

νF,C−1
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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
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(
PC
F,t

PC,xe
F,t
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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

)(
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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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F,t
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)1−νF,C

+
(
1− ϑC

F

)(PC,e
F,t
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[(
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(
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+
(
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 (94) 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 =

ˆ 1

0

DX
t (i)di =

ˆ 1

0

{
ψX

(
MCX

t

Pt

)νx [
Xt(i) + z+t ϕ

X
]}

di, (E.2)

= ψX

(
MCX

t

Pt

)νx [ˆ 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 =

ˆ 1

0

Xt(i)di =

ˆ 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 (94) 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: ˆ 1

0

ϕdi = ϕ =

ˆ 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 ,

52

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 =

ˆ 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 =

ˆ 1

0

MC,xe
t (i)di =

ˆ 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:

52There 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 =

ˆ 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 =

ˆ 1

0

MI
t (i)di =

ˆ 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 =

ˆ 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 =

ˆ 1

0

MX
t (i)di =

ˆ 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 ˆ 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 =

ˆ 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 =

1ˆ

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 =

1ˆ

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
(95) 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 =

ˆ ω

0

 1

ω

[
PF,t(j)

PF,t

] λF,t
1−λF,t

YF,t

 dj = YF,t

ˆ 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 =

ˆ 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 =

ˆ 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 (95) in the main
text:53

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 107), 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 (108) 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
.

53Note 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 =

ˆ 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 3.1, 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 =

[ˆ 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 =

[ˆ 1

0

W

1

1−λW
t

h,t dh

]1−λW
t

, (G.12)

W

1

1−λW
t

t =

ˆ 1

0

(Wh,t)
1

1−λW
t dh, (G.13)

W

1

1−λW
t

t =

ˆ ξw

0

(
Π

W
t Wh,t−1

) 1

1−λW
t dh+

ˆ 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

ˆ ξw

0

(Wh,t−1)
1

1−λW
t dh+

ˆ 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:

ˆ 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 +

ˆ 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

ˆ 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)

160



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)
k

(
k∏
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βr
t+i

)
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C
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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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(
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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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(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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(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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(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:
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(G.39)
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+ nΩ
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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:
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(G.40)
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Substituting the labor demand equation (G.27) into Equation (G.40), Equation (G.40) becomes
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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:
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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:
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(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:
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(G.43)

Dividing both sides of Equation (G.43) by (1 + ηεw), we have the following equation:
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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:
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(G.45)

Subtracting Equation (G.45) from (G.44), we have the following equation:
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The above equation can be written as:
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(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

(
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W
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t + ŵt−1

)
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We rewrite the above aggregate wage index as:
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]
. (G.47)

We iterate Equation (G.47) one period forward and multiply the equation by (ξwβ), and we have the following
equation:
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]
. (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 14: 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 15: 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 15 � 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 15 � 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 16: 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 17: Foreign variables

Symbol Description

Continued 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
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H.5 List of Foreign relative prices

In this section, we present the list of Foreign relative prices.

Table 18: 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 19: 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 19 � 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 19 � 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
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
ρµz Persistence, labor augmenting technology shock
ργ Persistence, investment-speci�c technology shock
ρζc Persistence, consumption shock
ρζc

F
Persistence, Foreign consumption 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
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
ρΠC,trend Persistence, in�ation trend shock

Continued on next page
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Table 19 � continued from previous page

Symbol Description

corrζ Parameter governing correlation, Swedish risk premium
corrΥ Parameter governing correlation, Swedish investment e�ciency
corrζc Parameter governing correlation, Swedish consumption shock
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)

υbe Budget elasticity
Ftr,b Debt gap coe�cient in aggregate transfer policy rule
Ftr,surp Surplus gap coe�cient in aggregate transfer policy rule
Ftr,y Output gap 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 20: 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: 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.

In the model simulations, we show the outcomes under three di�erent speci�cation for �scal policy. The rule
in general form is de�ned as:

t̆r
agg
t = ρtr t̆r

agg
t−1 + Ftr,by

(
bȳ,t − bTarget

ȳ,t

)
+ Ftr,surpy

(
StSurpȳ,t − StSurpTarget

ȳ,t

)
+ Ftr,yyŷt.

where y is the steady-state GDP, bȳ.t− bTarget
ȳ,t is the deviation of the government debt level as a percent of GDP

from its target, StSurpȳ.t − StSurpTarget
ȳ,t is the deviation of the structural surplus level as a percent of GDP

from its target, and ŷt is the log deviation of GDP from its steady state level.
In all cases we assume that semi-automatic stabilizers are in e�ect and hence we set Ftr,un = 0.3795 following

Flodén (2009) for each �scal rule specifations. The case No active �scal fule is de�ned by using the transfer
policy rule with Ftr,surp = 0, and the response of transfers to changes in the government debt level is set to a
very low number, Ftr,b = −0.0035. The last part is to ensure stability of the government debt-to-GDP in the
long run.

In the second case, named as Transfer (traggt ) rule - Debt target, the �scal rule is de�ned on aggregate
transfers with the following parameterization. The structural surplus gap coe�cient Ftr,surp, is set to zero while
the coe�cient on the debt target to is set to Ftr,b = −0.14. This parameter value will allow debt to go back to
the target level with a reasonable pace.

In the third and the �nal case, named as Transfer (traggt ) rule - Struct Surp target, the �scal rule is also
de�ned on aggregate transfers. This time aggregate transfers are determined by the feedback rule that respects
the structural surplus target. Hence for this case is Ftr,surp, is set to 5 so that the structural surplus goes back
to its target level with a reasonable pace and Ftr,b is set to zero.

In all �scal policy rule speci�cations the AR(1) component parameter (ρtragg ) is set to 0. The IRFs under
No active �scal fule is illustrated by the blue solid line in the �gures below, whereas the outcomes given Transfer
(traggt ) rule - Debt target and Transfer (traggt ) rule - Struct Surp target are illustrated by the red and green
dashed lines,respectively.

In the graphs below, the monetary policy rate in Home and Foreign, all in�ation rates and the government
bond interest rate are all presented in annualized quarter-on-quarter values.
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