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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 financial 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 fiscal sector, with a fiscal authority that conducts fiscal policy
and has several fiscal 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 Yildiz Akkaya, Jakob Almerud, Erika Farnstrand 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-fiscal 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-fiscal part of SELMA is the model
described in Corbo and Strid (2020), whereas the most closely related model for the fiscal part is the model
described in Coenen, Straub, and Trabandt (2013). The Swedish economy in SELMA is characterized by a
detailed fiscal sector, with a fiscal authority that conducts fiscal policy and has several fiscal instruments at its
disposal as well as the ability to issue government debt. With a detailed fiscal sector, it is possible to analyze
the effects of fiscal policy, taking into account general equilibrium effects as well as analyzing the interaction
between monetary and fiscal policy. In addition, an energy sector similar to Corbo and Strid (2020) is included.

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

The main difference 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 firms, 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 definitions 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.” Sweden is
a small open economy, which means that Sweden relies heavily on trade with other countries. At the same
time, Sweden is a sufficiently small economy relative to the rest of the world that changes in the economic
environment or economic decisions in Sweden do not affect 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 firms 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 difference between them is that the Ricardian
households have access to financial markets, which implies that they can save and borrow. Non-Ricardian
households do not have access to financial markets and can neither save nor borrow (which implies that they
cannot smooth their consumption over time). Production is carried out by intermediate good firms that rent
capital and labor from households. Domestically produced intermediate goods are then combined with imported
goods to produce final goods, which are sold either on the domestic market, or on the export market. Separate
firms specialize in the business of importing and exporting. Furthermore, Sweden has a detailed fiscal sector
with a government that uses several sources of tax revenue to finance 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 fiscal sector in Foreign is modelled
in much less detail compared to the Swedish economy,? and there is only one type of household, the Ricardian
household.

Both Sweden and Foreign are affected by two global technology shocks, which determine the long-run path
for productivity. They are denoted z; and 7;. For Sweden, z; and +; may be interpreted, respectively, as a labor
augmenting technological process and a technological process specific to the production of investment goods. z;",
which is a function of z; and 7;, summarizes the compound effect of technology on the level of production along

1

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.



the balanced growth path. For the Foreign economy, the similar variable that summarizes the compound effect
of technology is denoted by z;t. In addition to the two global shocks, each of the two economies are affected by
a number of country-specific 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 fiscal 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—s,,) and
Non-Ricardian households with mass s,,. 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 different 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 firms 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] x [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 &
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:

> N 5 1 ,Np;
B f {cfu(ct—phctfl) ~grera, [ [ djdh}, 1)
t=0 0 0

where py, is the consumption habit formation parameter, (i is the consumption preference shock and the com-
posite consumption Ct of household is defined as a constant elasticity of substitution (CES) aggregate:

vG
1 vg—1 . vg=1\ g1
Co= a2 C,"% +(1-ag)’ G, "¢

where C; denotes the household’s aggregate consumption of private consumption goods which is obtained by
integrating over all household members’ consumption, C; = fol fol Ch,jtdjdh. We assume full risk sharing of
consumption among household members which implies Cy = C}, ;; for all (h,j). G; measures government con-
sumption. Note that a¢ is a share parameter and vg > 0, where ve measures the elasticity of substitution
between private consumption and government consumption. vg — 0 implies perfect complementarity, vg — co
gives perfect substitutability, and vg — 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 affect optimal private consumption decisions directly, as opposed to the
indirect wealth effect 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 Gali, Lopez-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 p,Cy—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 N ; 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:

S P i
Eo;ﬁt Ciu(Cr — prCior) — (FOT A, ./0 1_’_'ndh:| ,

The functions u (+) is twice continuously differentiable function and §; is the subjective discount factor. The
term (;* 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 ©F is an endogenous shifter defined as

O = Z{Uc (2)

where Z;' is an approximation for the trend of marginal utility of consumption U, and defined by

20 = (Z00) X (Uen) " (3)



where x» € [0,1] and determines the persistency of Zi*. The formulation of ©F implies a “consumption exter-
nality" to the labor force participation. When the marginal utility of consumption U, is below its trend value
Z{, marginal disutility of work goes down for an individual household member through the value of ©f. This
mechanism helps to reduce the short-run “wealth effect" on labor force participation, the magnitude of which
is determined by the value of parameter x,. The lower the value of y, the lower is the “wealth effect" in the
short-run.

The budget constraint of the Ricardian household is the following:

p! Bpriv N S, BFH 1
(1+7)PECy +( =)L+ PAAf+ L B — 2L T — / (1 — 7V YWh. Ny dh+
N e’ Tt RtCt RF,tgté(CLt, St, ¢t) 0

Consumption expenditure

Investment expenditure Labor income

Bond savings

PI Tiv
1 —7) (Rfuth - —ta(ut)Kt) +. 57K 6PK K, + BPT + (aB + (R, — 1)) By + S:BI'?

Yt

Capital income Bond income

+ (1 —7""TR +Ep, + Egru, + Uy, (4)
————

Transfer income

PF is the price index of private consumption goods, P/ is the price index of investment and P/ is the price
of capital. R is the gross nominal interest rate on private bonds denominated in Swedish currency and R is
the gross nominal interest rate of bonds denoted in the currency of Foreign. S: is the nominal exchange rate,
expressed as the price in Swedish currency of one unit of Foreign currency. There are different types of taxes
levied on the household: 7 denotes the consumption tax rate, 7;¥ the labor income tax rate and 7 the capital
income tax rate. Moreover, 74 ©* denotes the tax rate levied on transfers from the government. We also allow
for the possibility of investment tax credit/subsidy T3

In the budget constraint, Equation (4), the left-hand side items represent expenditure on private consumption
(1+ TtC)Ptch, investment (1 — TtI) %Ilt, newly installed capital P AKX domestic private bonds Bfﬁv, newly
issued debt by the government Bj', and private bonds denominated in the currency of Foreign Bf}. Following
Smets and Wouters (2007), we also include a risk-premium shock ¢; which affects the household’s return on
bonds, hence also the Euler equation. Zp,+ + Zgru , denote lump-sum rebates of financial intermediation costs
associated with the risk premium shocks on domestic private bonds and foreign private bonds. The function @ (-)
represents a premium on Foreign bond holdings, which we will refer to as an external risk premium.* Its presence
in the budget constraint is motivated below in the discussions of financial assets (Section 2.1.2) and net foreign
assets (Section 2.7.4). The term 1/ (R:(:) is the effective price of domestic private bonds, while the effective price
of private bonds denominated in the currency of Foreign is Si/ (Rp,+(:® (+)). The right-hand-side terms represent
labor income net of taxes (fol(l — 7" )Wh, N ¢dh), rental income from the capital stock (1 — 7/*) (R u¢K;) and
the gross return on bonds carried from the previous period BP™™ + (ap + (RP., — 1))B, + S: B 7.

I
The maintenance cost of the stock of capital is (%a(ut)Kt), where a(u:) is the cost of capital utilization and

I
K is the capital stock. The expression TtK%a(ut)Kt captures the notion that the maintenance cost of capital

can be deducted from the capital tax bill. Moreover, 7§ P/<| K, 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 .X € {0, 1} being set to 1. TR and T; denote lump-sum transfers
and taxes, respectively. The last term on the right-hand side, ¥, denotes the sum of profit transfers from firms.
Each individual Ricardian household owns an equal share of the domestic firm sector and any profits or losses
are returned on a period-by-period basis to the household sector. Since the access to financial 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 different 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 ap in a given
period. Until stochastic maturity, the bond pays a non-state contingent interest rate. The portfolio of government
bonds Bi41 that the household holds evolves according to

Biy1 = (1 —ap)Bi + By (5)

3Note that the modeling approach of th 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 affect the Foreign household’s return on their savings. Hence, ® (-) can
also be interpreted as a pure exchange-rate shock.



where B{* 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 RZ on outstanding government debt bought by the household is given by

(RF - 1) Bis1 = (1 — ap) (Rf”_l - 1) Bi + (Rf’" - 1) By (6)

where the interest rate on newly issued government debt is denoted by Rf o

2.1.1 Investment and capital services

The stock of capital K;11 owned by the household evolves according to the following accumulation expression:
Kis1 = (1= 8) Ky + YoF (I, Ti—1) + AL, (7)

where § is a constant rate of depreciation. The stock of capital in ¢ + 1 is given by the previous period’s stock
of capital that survives the depreciation (1 — ¢) Ky, the stationary investment-specific technology shock T, the
new investment net of adjustment costs regulated by the function F' (I, It—1), and the amount of capital traded
between household k and the other households in Sweden AK.

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

I
unit of installed capital, PX, may differ from the cost of one unit of investment, which is denoted by %. The

presence of a market where households can trade capital AX allows us to conveniently derive the price PX .3

Firms in the intermediate goods sector rent capital services K; 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 u; and the household’s chosen level of capital K;. In every period, the individual household
observes the going rental rate of capital services, R, and decides how intensively to use its current stock of
capital. A higher degree of utilization u; implies that more capital services are rented to the firm 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 first 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
benefits to the household of members’ employment would lead to no participation in the labor market.

Swedish private bonds purchased in period ¢ yield a gross, nominal return of R:, set by the Riksbank, times
an exogenous risk premium (; 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, Rp, the risk premium ¢; and by the external risk premium, ® (-). The
presence of the external risk premium is motivated by two concerns, the first of which is to ensure the existence
of a well-defined 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 fit 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, (Et.ﬁ

2.1.3 Wage setting

As in Erceg, Henderson, and Levin (2000), each individual member of the Ricardian household is assumed
to supply a differentiated labor service to the intermediate firm sector. The labor market is characterized by
monopolistic competition and by staggered nominal wage contracts.

A representative employment agency rents differentiated labor services from Ricardian householdssand aggregates

w,t
cw,t—1 cw.t—1

them into a homogeneous labor service which can be written as N; = fol (Np¢) vt dh , 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 ® (-) will be discussed further below, in Section (2.7.4).



sold to intermediate firms. The labor type h charges a wage rate W, , for its differentiated labor service
Np.t, and the employment agency optimizes the input of different labor services in order to minimize costs.
When doing so, it takes the wage rates of differentiated labor services and homogeneous labor service as given.
The minimum expenditure required to produce one unit of the homogeneous labor service is given by Wy =

1
[fol (Wm)(l_%vt) dh] 177wt and W, can be interpreted as the aggregate wage index. The agency’s demand for
labor from the labor type h,

Wi\ "~
Nnt = : Ny, 8
= (M) ©
is derived from this cost minimization problem. e, ; is the wage-elasticity of demand for Ny, A}V = % is

each labor type’s desired wage markup and N; 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 — £,). This probability is independent of the number of periods
that passed since the last time the household had the possibility to reset its wage.” In periods when the wage

cannot be reset, it is indexed by a factor II; = (¥, )* (H?e”d)l_xw, where II}V = W‘i’il is the aggregate

wage inflation in period ¢ and II{"*"¢ is the inflation trend in the economy. x., € [0,1] governs the weight on
previous period’s inflation in the inflation indexation. The higher x,, is, the higher is the wage inflation inertia.
Suppose labor type h has the opportunity to reset its wage in period ¢. Also recall that it considers households
utility rather than its individual utility. It then chooses the optimal wage rate W,‘:l?ft that maximizes (1), subject
to the budget constraint (4), the labor demand schedule (8) and the constraint that the wage rate W4 14 in any
future period (¢t + k) evolves according to:

=W
1L 4 Wi - ith probability .,
Wh,t+k _ { t+kVVh,t+k—1 w p y § (9)

W,Spt:_k with probability (1 — &).

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.®

2.1.4 Labor supply and unemployment

We follow Gali (2011) and Gali, 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 find it optimal to participate in the labor market in period
t if and only if

c 14 nen A4 s
Qt(l—TtW)( Phc:t> > (O Anj”,
t

where Qf is a modified marginal utility of consumption defined below. Denote the labor supply of the
marginal supplier j by Ly :. Labor force participation condition is then written as the following:

. w [ Wh
Qi(1 -7/ )( Pe ) =GO ALY, (10)

This condition is a unique feature of the Gali 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

1
Lt = / L}Lytdh.
0

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 definition:

Ly — N

L
"The opportunity to reset the wage in any given period is also independently distributed across different 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).

uny =

(11)
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2.1.5 First-order conditions

In every period ¢, the household chooses Ct, I, us, AF, Kiya, BHZ1 , Bi+1, Bf* and Bﬁﬂ in order to maximize
Equation (1) subject to (4)-(7). The first-order conditions associated with this problem are presented next.
Denote Qit as the marginal utility of consumption including the tax on consumption:

Guc,(Cr,Cior) _ v,
1+7F 1+rf"

Qf =

Bi+1 = % represents the change in the subjective discount factor between two consecutive periods. 6, 67,
6F and 67 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.

Ci: 0°PF =Qf (12)
b P
I : 9,57 (1 — Tt) =0k tF1 (I, Ii—1) + Ey [5t+19t+1Tt+1F2(It+17It)] ) (13)
t
R
Ut Rt Kt = 7a (ut)Kt, (14)
t
AF . 0PE =0, (15)
’
Kip1:  0F = BBl [(1 - rt{il) 0., <Rfi1ut+1 - a(ut+1)> 400 K PR ok (1 - 5)} . (16)
BIY 07 = Euf10741 RiGr, (17)
Bip1: Eifiq0 t+1 (CVB + ( - 1)) = 9 — EBiyq0 t+1 (1—-ap)+ (9? -(1-agp) Etﬁtr+10tR+1> (Rf - 1) (18)
Bi': 008 =078+ 60f (RO —1) (19)
RP : 0fE/Biy1 = BBl 110741 Bis1 + EifSi10t41 (1 —ap)B (20)
t - t Lt Dt+1 tPt+1Ve1Dt+1 tPt+1Ve+1 B t+1
BE: 00 S0 =B [B11® (a,50,60) Rrae See 004, (21)

In periods when there is an opportunity to reset the wage, the household also chooses W,Zptt. To simplify
notation, let Wy, ¢ xje = Wh tth Hz+1 ﬁx_k_l denote the wage of labor type h in future period (¢ + k), given
that the household last had the opportunity to reset its wage in period t. The first-order condition of the wage
optimization problem may then be written:

k ()

N,
Z Ew (H 5t+z> Ny ikt 9h t+k [(1 - Tt‘i/k) Wh ikt — AK/HC ClnAnOryr ht | _ 0, (22)
k—0

b
i=1 9h,t+k

k 0 —109
where [[;_, Bi1i = Bi11Bive . Biyr and [, B = 1.

9For future reference, we also derive the corresponding condition for the case of flexible prices and wages. When the household is
free to optimize its wage in every period, the first-order condition becomes:

(pr)(n)

b,fp
eh,t

(1Y Wit = ¢ aner —t— (23)

where W,{jz7 pr and Hb fp is the flexible-price equivalent expressions of wages, labor supplies and the Lagrange multiplier for the

budget constralnt When Wages are flexible, labor type h achieves the desired markup A}V 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 difference 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+ 7Y PEC = (1 — 7V )W N, + (1—TER) TR:. (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 effect 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:

1—snr

pTIv __ priv
By = / By dk

0
1—snpr
By = / Bi,i41dk
0
1—spp
B = / BF dk
0
l—spr
B = / B dk
0
Aggregate consumption and transfers can be expressed as follow:

1—snr

1
Cy99 = / Ch,tdk + / Cm,tdm

0 1—spr
1—snp 1
TR = / TRy, 1dk + / TRy cdm
0 1—spr

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

1

T Z/]k,t+1dk
0
1

At[fl—l :/A£t+ldk
0

1
Ko = / Krrdk
0

1
Kts+1 :/Ki,t+1dk
0
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2.4 The Swedish firm sector

Several different types of firms operate in the Swedish economy. Some of these firms are price setters and others
are price takers.

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

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

The optimization problems of the different types of firms are described below. In addition, the firm sector
also consists of a number of aggregator firms that aggregate the different varieties of goods that are produced
within each of the markets characterized by monopolistic competition. All aggregator firms 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
firms.

2.4.1 Swedish intermediate good producers

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

A representative aggregator firm buys the different varieties of goods and aggregates it into a homogeneous
intermediate good that is sold to the firms producing consumption goods, investment goods and export goods.
The demand for the individual variety i, Y:(7), is a function of the relative price of that variety and of total
demand for the homogeneous, intermediate good:

i) = | 4] =y (25)

P,(i) denotes the price charged by firm i, P, = (fol Pi(i)ﬁdz‘)l . is the price associated with the homoge-
neous, intermediate good and Y; denotes total demand. \; is a time-varying markup over marginal cost that
evolves according to an exogenous, stochastic process.*’

The individual intermediate good firm takes the rental rate of capital services R, the wage rate (1 + TtSSC) Wi
including social security contributions 729¢ and the public capital stock K+ as given when it decides on an
optimal input of production factors: K (i) and N¢(¢). In addition to these two variable costs, firms also incur a
fixed cost z; ¢ in each period. The cost-minimization problem of firm i is given by

min  {REK: (G +(1+TSSC)WN z}
omin {REKG) 59C) W)

s.t.

V(i) = e [Ki ()] oM~ - 20

where K (7) denotes a composite capital service input made up by private capital services K{ (i) and public
capital K. We assume the following constant elasticity of substitution (CES) aggregator of private capital
services K (i) and the public capital stock K¢q +:

E 1 s/, v —1 _1 v =1 1);(—1

Ki(i) = | axvx (K{(1) & + (1 —ax)"x (Kgu) "% :
Hence, we assume that each intermediate good firm ¢ 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 vi is the elasticity of substitution between private capital services and the public capital stock,

10Note that \: may be interpreted as a function of a time varying elasticity of substitution between the different varieties of intermediate
goods. Ome natural interpretation, therefore, of shocks to A\; is of an exogenous change in the degree of market power enjoyed by the
individual firms in this sector.

13



VINTAS Jo morazoa() T oansig

1N TeIN
spuog

szoonpoid syoonpoid

14

I
1 1
o “
H I
poo3 | ! poo3 !
AT oo _
: vondwnsuo)) i ! spood vondwnsuo)) !
1 H )
w _ ! ' vondwnsuod — m
" - syoonpord pood oo A8300 SI2ONPOI puog “
- | 10 d uo
“ | bore p 4| ur Surzienads P $FIMPOIA spuod _
' | vondwmnsuod o= T poo3 poo3 BATI] '
i I ! ' swag 1rodwy :
| i £3r0U7] ! i vondwnsuod vondwnsuoo v
I 1 " . e
Y ! ! " 431Uy £310U71-UON U v S
g o
! syoonpord pood N ! szoonpord e p
P N vondumsuod m poo3 o [
I | £830U9-U0ON] sy JUOUNSIAU] plle] o
1
o “ 1r0dxy J | y
1
syoonpord e
4 | wm _ soo1A39s Tearde)) 5 P 2
2 b poo m \_/ szoonpord 4 S
! JUoWISOAUT ' 3 | e
1 ' OO0. .
° | " ss0dxo o3er ﬁoEBE d1] o !
n | » 5| ur Suizgreoads P I R o
! o S J0qE | I
o PP sway 3roduwy y "y
H sponposd | -7 _" o d
poo3 ' soxe], rendes oqng N
sepawiaiu] o m spoo3
,,,,,,,,,, m: | swoumsonu w (uowiordwoun
- RN | Surzipenads U0) SI9JSUE]
| I .. i sy 13oduwy
v soomges pende) " % ! |
|||||||||||||||| J ~ I
| ! S _“ Spo0s
m m o . m uvondwnsuod 30399G Te9SL,] € o 5ran
| 10qe] ! s N £S10U0 spuoq dnqng
I 4 m -uou ur
_" Surziperdads
NOTHI04d | swg aroduwy dNOH



and ag is a share parameter. ¢; is a stationary stochastic process, with an unconditional mean of unity, that is
common to all firms in the Swedish intermediate good sector. The shock captures temporary changes in total
factor productivity of the firms. The global stochastic process that governs the labor augmenting technology, 2,

is growth-stationary. Let p.+ = thil denote the growth rate of z;.

The variable z;ﬂwhich is multiplied by the fixed cost, ensures that the fixed cost grows in proportion to
output. It consists of a combination of the labor augmenting technology variable z; and an investment-specific
productivity variable v; and is given by

ey

Zh =2y} (26)
The solution to the cost minimization problem can be expressed in terms of a marginal cost function:

()

MCi(i) = o (1—a)' "% eTgu(i) (27)

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

RE — Oté‘tZtl_aMCt(i) <[I(/f((;))) (I'c,:(3))

Q=

(28)
where

. ax K} (’L) UK
FG,t(Z) - ( Kf(l) ) ’

The firms face a Calvo style price friction when they set their prices. In every period t, there is a probability
(1 — &) that the individual firm 7 gets the opportunity to reset its price. With complementary probability £ the
firm does not have this opportunity. In the latter case, the non-reset price P;_1(4) will instead be indexed by II;
such that P;(i) = ﬁtPtfl(i), where II; = (IT—q)* (Hﬁre"d)FX is a weighted average of previous period’s gross
inflation Il;_; and the inflation trend H?end. The inflation trend does in turn follow a stochastic autoregressive
process which is specified later. x € [0, 1] represents the weight on previous period’s inflation in indexation.
Suppose firm i has the opportunity to reset its price in period ¢ and let Py (i) = P/"'T¢41 - - Mips denote
the price that will apply in period (¢ + k), conditional on the firm not having any opportunity to reset its price
between periods ¢t and (¢ + k). When choosing P,f’pt7 the firm seeks to maximize the expected, discounted sum
of present and future profits, which may be written as

Ee> & Atk {Ponie (1) Yesnye(6) — TCoprpe [Yorne (8]} (29)
k=0

where Y, . (?) is the demand in period (¢ + k) for the output of firm ¢, conditional on the price Pyy¢ (7). A¢ itk
represents the firm’s stochastic discount factor and T'Cy 4, [-] denotes total cost, as a function of output.'' The

first-order condition associated with this problem may be written as'?
E, ig’“At,Hkﬂ (Pitkje — Aesr MCiyy) = 0. (31)
= (Aeyr — 1)

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
firms that are active in the markets for these final goods, we outline the problem of Swedish import firms.

H1n keeping with the assumption that Ricardian households own the firms, firms discount future profits at the same rate as households
Bk Q5w P
BQf PC
12 A1l firms that have an opportunity to reset their price in period ¢ will face the same problem. As a consequence, all such firms will
choose the same optimal reset price and they will produce the same quantity of output in that period. Therefore, index ¢ is dropped in
this equation. In the equilibrium with flexible prices and wages, the corresponding (standard) first-order condition of the firm gives a

price equal to the desired markup times the marginal cost:

discount future income: A; ¢4 =

PP =\, MCP. (30)
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2.4.2 Swedish import firms

Following Corbo and Strid (2020), there are four types of Swedish import firms. One type of firm 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 firm transforms imported goods
to inputs suited for the production of private investment goods. The third type of import firm 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 firm’s price setting. The import firms 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 firms of each type, and each of these individual firms owns a
technology to make one-to-one transformations of the homogeneous Foreign export good into a differentiated
import good. The individual heterogeneous import goods are then again transformed into a homogeneous
import good by an aggregator firm. Let n € {X,I,{C,ze},{C,e}} index the type of import firm, and let M;*(7)
represent the quantity produced by the individual firm ¢ of type n. The cost to firm ¢ of producing M (2)

units of the differentiated import good of type n®® € {X,I,{C,ze}} is SiPr; [Mt"“ () + zjqﬁM’”ze], where

Pr is the price of the homogeneous Foreign intermediate good and S;Pr .z ¢™" denotes the fixed cost of
production. The cost to firm i of producing Mtc"(z) units of the differentiated energy import good is given by

Stng ME (i) 4 2 M|, where Pg’f is the price of the Foreign energy good and Pg’fzj'ch’c’e denotes

the fixed cost of production. The price of the differentiated product of the individual import firm 7 of type n is
. 17)\2\4,71,

M,n . . .

denoted by P (i) and PM™ = (fol PM(i) 1= dz) denotes the price of the homogeneous import

good of type n. /\iw’" is a time-varying, exogenous markup that is specific to all import firms of type n. The

individual firm faces the following demand for its differentiated product:

M,n
At

NM,n 7 T
B ]1 R Vi (32)

M represents the total demand for the homogeneous import good of type n. Like firms in the intermediate
good sector, import firms face pricing frictions. With probability (1 — &a,), individual firm ¢ will be able to

reset its price in period ¢. The optimal reset price is denoted P,%;Z. With complementary probability s n,

the price from the previous period will instead be indexed according to P (i) = ﬁ,ﬁ”’"Pﬁ’l" (7). The indexing

TFM.n . =M, Xm,n T—xm.n y pM.n
factor II, " is defined as II, = (Hf{ln) (IIgrend) Xmnwhere 77 = PtT?,ln- Xm,n € [0,1] represents
t—2
. . . . . . =M, =M, .
the weight on previous period’s inflation of import goods. Let Ptﬂf}ﬁt = P%;Z HH_ln ‘.- HH-;? denote the price

that will apply in period (¢ + k), conditional on the firm not having any opportunity to reset its price between
periods t and (¢ + k). In periods when the firm does have an opportunity to reset its price, it chooses P%;Z in
order to maximize:

oo

By Z(fm,n)kl\t,t-o-k {Pﬁf}ﬁ:e(l) Mgl:l:u(l) - StPF,t-&-kM?::h(i) - St+kPF,t+th++k¢M’nze} (33)
k=0

for the non-energy firms and

oo

Ee Y (&mn) Ariyr {Pfj;ﬁf(i) M, (D) = SePE e Miys () — SH,CP;j;ikz;k(;sM»Cﬂ} (34)
k=0

for the energy firms. If we write the marginal costs of the firms as

MCM™ (4) = 8, P,
MCM (i) = S Py, (35)

then the first-order condition associated with the firm’s maximization problem may be written:'3

o0 M”L
Ee (6man) Meen i (P, = A0 MCT4() =0, n € {X, 1,{C,ae}, {Coe}}.  (37)
k=0 (At#k - 1)

13The corresponding first-order condition in the flexible price and wage equilibrium is:

Pt = NI MCP (i), ne{X,1,67¢,C¢}.
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2.4.3 Swedish export firms

Firms in the Swedish export sector use domestically produced intermediate goods and imported goods as inputs
in their production of export goods. Export firms act as price takers in the markets for their input goods and
as price setters in the market for their output goods. There are infinitely many export good producers, each of
which produce a differentiated good that is sold in a market characterized by monopolistic competition. The
different export firms share a common production technology and minimize the costs of production by choosing
an optimal mix of inputs. Let D (i) and M;" (i) denote, respectively, the quantity of the domestically produced
intermediate good and of the imported good used as inputs by individual firm 7 in the export good sector. The
cost minimization problem is given by

min {Pt DX (i) + PMX M (i)}

DX (i), M (4

S.t.

ve—1

Xei) = | (#) ™ DX 4 (- E M =T e,

X:(7) denotes the quantity produced by the individual firm ¢ and v, represents the elasticity of substitution
between domestically produced and imported inputs in the production of export goods. Furthermore, X =
95+ 14—% (1 - 19X) is the weight of the domestically produced intermediate good in production, where 9 € [0, 1]
may be interpreted as an index of home bias. z ¢~ is the fixed cost of production. The marginal cost of the
export goods is given by'*

1
(1—ve)] T=va
] . (38)

MY = X (P)) (1 _¢X) (PtM,X)

A representative aggregator firm buys the different varieties of export goods and aggregates them into a homo-
geneous export good that is sold to import firms in Foreign. The demand for the individual variety i, X:(7), is a
AX

X, 2t
function of the relative price of that variety and of total demand for Swedish exports: X;(i) = [P‘Ty)] X,
t

1 1-A%
P (i) denotes the price charged by firm i, P = (f01 P (3) 1-aF di) is the price of the homogeneous

export good and X is total demand. A\;¥ denotes the desired markup of Swedish export firms 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 firms in the intermediate good sector and the import good sector. The probability
that firm ¢ has an opportunity to reset its price in any given period is denoted (1 — &;) and the optimal reset
price is represented by P;**°”". The objective function of the export firm may be written

[e)

Be > (&) Mo { P koD St Xeario0) = TCKage [Xoana(0)] ] (39)

k=0

where S; enters the function due to local currency pricing'?, TC’fik‘t [XH_W(i)] represents total costs and

Pt)_‘(_k‘t = poort ﬁﬁl..~ﬁik. ﬁf{ = (Htx,l)xz (Hﬁ{‘;"d)l_x”” denotes the indexing factor, IIX | = }}:?; and
H}Tj"d is the trend inflation in Foreign. In order for the reset price to be optimal, it must satisfy:'6 )
> X
B> () Mrin oy ots (P aguSeen = A MC L) =00 (41)
k=0 (At+k - 1)

14For future reference, note that the first-order conditions from this problem may be used to derive input demand equations DtX (@) =

X\ Yz X\ Yz
X (MC‘ ) [Xt (@) + zjd)X] and MX (i) = (1—-¢X) (fﬁfx ) [Xt(i) + z;Ld)X] . D (i) represents the demand for the domestically
t

Py

produced, intermediate good from the individual export firm . MtX (7) denotes the demand for the imported good from the same firm.
L5For 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 profits in Swedish currency, which is why the exchange rate enters the equation.
16Tn the equilibrium with flexible prices and wages, the corresponding first-order condition instructs the firm to set its price (times
the exchange rate to denote it into Swedish currency) equal to the desired markup times the marginal cost:

PXPs, = AX M. (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
firms 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 D and M/ 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 firm. Furthermore, let V! = %t [I; + a(u) K] be the output of the investment good firm
(meaning that the utilization cost is payed for via investment goods), and P/ be the price of investment goods.
The maximization problem of the firm is then given by

max {P{ v - p.D! — P M) }

v, pf, Mm{

s.t.

! =97 + o (1- ¥') is the weight of the domestically produced intermediate good in the production of

the investment good, and 9° € [0, 1] may be interpreted as an index of home bias. The first-order conditions

I\V 1\ V!
from this problem yield input demand functions D = 1’ (%) ! VI and M{ = (1 - 1{11) (PI;} 1) V,I. Note
t

that v; may be interpreted as the price-elasticity of demand for the two respective inputs. P/ is the minimum
expenditure needed to produce one unit of each investment good:

pl = {wl (P97 4 (1 - wf) (PtM’I)l_"’} = . (42)

Given the assumption of perfect competition, the representative investment good firm make zero profits. There-
fore we interpret P/ 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 C}99 be created by a combination of non-energy consumption goods C7¢ and energy consumption goods
Cf. These goods are in turn created by combining domestic and imported non-energy goods, D" and M"™¢
and domestic and imported energy goods, Dtc’e and Mtc’e, respectively. All firms 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 firm is given by

max {Ptc Ccpa9 — pPee ope — poe C’f}

Cpo9, o, Cf
s.t. y

c % vo—1 oL vo—1 T&
e = | ()77 i)+ -0y (e |

where P7""¢ is the price of non-energy consumption goods and P is the price of energy consumption goods.
9¢ is the weight of non-energy consumption good in the production function. The first-order conditions from
this problem yield input demand functions

PC vc
cype =9¢ (—5) Cpo9 (43)
PS
PC vc
Ccf =(1-9¢ ( fﬁ) C99, (44)
( ) pPS ¢

Note that vc may be interpreted as the price-elasticity of demand for the two respective inputs. PE is the
minimum expenditure needed to produce one unit of each consumption good:

pe = [190 (Pf*“)l_yc +(1-9°) (Pf*ﬁ)l_yc} =T (45)

The non-energy good producers face the following maximization problem:
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C, C, M,C, C,
max {Pt we gwe _ p, pOre _ pMCire o m}

z C,x C,x
CtLe’Dt ,uze’Mt ,re

s.t.

VC,ze

C,ze—1

1 ve, 1 YC.xe =1 vg o1
Cgce _ (,00,9:6) YC,ze (DtC,ze) VC,ze + (1 _ ﬁc,ze)m (Mtc’ze) VC,ze

where 9% is the weight of the domestically produced intermediate good in the production of goods. The
first-order conditions from this problem yield input demand functions

e e PC,ze VC,ze
Dt e _gC,ze ( t ) Céve (46)
Py
c PC,re VC,ze
M = (1= 997) <7P1é,c,ze) cre (47)
t

Note that vc 4. may be interpreted as the price-elasticity of demand for the two respective inputs. Ptc’m is the
minimum expenditure needed to produce one unit of each non-energy consumption good:

1
ze ze —v ze ze\17VCze | 1=VC e
POt = {wc’ (Py)'Tree + (1 — 9 ) (PtM’C* ) ] : (48)
The energy good producers face the following maximization problem:

D M
max {Pf’e(}f—Pt Ce pCe _ p, vC’eMtC’e}
e e
Cte,Dt ’Mt
s.t.

v

C.e
Ce”1 Vc,61:| voe—1

1= |07 () T - ()

where 99°¢ is the weight of the domestically produced intermediate good in the production of goods. The
first-order conditions from this problem yield input demand functions

Pc,e VC,e
Dy* :19076( ,;Ce) (o (49)
PP
PC,e vC,e
MEe = (1-9°°) (%) s (50)
pMce

Note that vc,. may be interpreted as the price-elasticity of demand for the two respective inputs. Ptc’e is the
minimum expenditure needed to produce one unit of each non-energy consumption good:

1
l1-vge| 1-vco,e
PO = {190’5 (P)~vCe 4 (1 719616) (ptM,c,e) . } o (51)
Note that the price of energy follows a stochastic process which is defined in Section 2.8.

2.4.6 Swedish government consumption and government investment good producers

Two representative firms, a government consumption good producer and a government investment good producer,
use only domestically produced inputs in their production of final goods. These representative firms 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 Dfp be the quantity of the
domestically produced intermediate goods used as inputs by the representative firm in sector v & {G,IG}.
Furthermore, let V", P € {G,I€} denote the output of such a representative firm. The profit maximization
problem of such a representative firm is given by

max {Pt“PVtP — PthP}

P P
Vi, DY

s.t.

vl =pp".
which implies that the price of both types of goods is given by

-
Py =P,
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Figure 2: Fiscal policy block
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2.5 Fiscal authority and central bank in Sweden

In Sweden, a fiscal authority controls a large set of fiscal 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 effective lower bound for the nominal interest rate.

2.5.1 The Swedish fiscal 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 firms. The government uses the tax revenue and issues bonds to finance 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 fiscal sector and its flows.
The government budget constraint is given by

) . P! IF a
TtCPtCCt gg+(7—tssc+7-tW)WtNt+TtK+Bt +T: = (04}3 + (Rf—l - 1)) Bt+7’t[7t1t+Pth+PtWLJF(l*TtTR)TRtgg
t t
(52)
where
pl
1 — ot (R oot K ) = GRS K (53)
t

7 PE C799 denotes the aggregate revenue from the tax on private consumption, while (77 + 7/V') W, N; denotes

the aggregate revenue from tax on labor income. Y{¥ denotes the capital income tax revenue, Bf denotes the
newly issued debt by the government in period ¢ and T} denotes lump-sum taxes. On the right hand side
of the government budget equation, (aB + (RtB_l — 1)) B; denotes interest rate payments on previously issued
I
government bonds, where RP is the average interest rate on outstanding government debt. 7/ %It denotes
the expenses due to the investment tax credit. P:G; and %Itc denote expenses on government consumption

and government investment, respectively. Finally (1 . R) TR;% denotes aggregate lump-sum transfers net of
taxes.
The government owns and maintains the public capital stock in the economy:

Kgit1=(1—-6c)Ka: + ]tG
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where K¢ ¢+1 denotes the public capital stock in the next period and IS denotes government investment.!? 1%

Government surplus We define primary revenues PREV, as
PREV, = 7€ PEC99 + (TESC + rtW) WiN, + T + 77 BT R99 4 T, (54)

and primary expenditure PEXP; as

P! Ic¢
PEXP, =7/ W—tlt + PGy + Ptvi + TR, (55)
t t

Given the primary revenues and the primary expenditure, we use the government budget constraint and define
the government surplus SURP; as'®
SURP, = PREV; ~ PEXP, ~ (R? 1) Bi= apB: - B}
[ ——
——

primary surplus .
interest payments

total surplus (or gov. balance)

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

The fiscal instruments Fiscal policy can be conducted using the following different instruments:

IG 1 C w K TR SSC
Tt € Gty bt s Te s Te » Tt 5 Tt 5 Tt 5 Tt )

and try9?. g and IE are the government transfers, government consumption and government investment per

capita, and 74, <, v, i IR, 725¢ are the different tax rates in the economy. try9Y is the aggregate transfers

in units of domestically produced intermediate goods. The equations for each of the instruments can be divided

into two different parts: an AR(1) process and a fiscal feedback rule, so that z; = z{® + 2f%° . The AR(1)
part, which exists for all instruments except for the lump-sum tax, can be described by

et = (1= po)z + powio1 +ef. (56)

The fiscal feedback rule consists of three elements: the deviation of the government debt level as percent of

GDP from its target by — b;‘;”’a, the deviation of the structural government surplus as percent of steady state

GDP from its target Stsurpy.; — Stsurp. 4 9

gt
other hand, the feedback rule for try?’consists of by, — bgfzmﬁt, Stsurpg.. — Stsurpg‘zrget and log deviation of

unemployment from its steady state level wn;. In the fiscal rules the surplus target is defined on the structural
surplus, that is the cyclically adjusted budget balance.

The structural surplus is defined as the difference between the structural primary revenue, Stprev: and the
structural primary expenditure, Stpexp;, net of the interest payments on the current debt (RZ, — 1)B;. 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 fiscal 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 as®’:

, and log deviation of GDP from its steady state level g;. On the

Stsurp, = Stprev, — Stpexp, — (RE., — 1) B, (57)
with

K
Stprevy = TtCPCCagg + (TtSSC + Ttw) WN + XK (RK - LK5%) +fE (TR{% — FrrunYung) +T (58)

where P€C%99 denotes the steady state consumption tax base while W N is the wage income tax base at the
K
steady state. K(R™ —(*6L—) and TR{* — Fy,Yun: denote the steady state capital income tax base and
structural transfer tax base, respectively. Stpexp; is defined as:

7Note that there is no investment adjustment cost for public capital.

18The aggregate investments in the economy can be written as I,°? = Iy + IC.

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.

21



G G
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_ thmYunt> + (i — ]:IG,yW

Stpexps (TR?QQ

Y:i=Y) )+ (G: - F g(Y—Y) + i (59)
P, P; ¢ ¢ gy Tt Tt

VP

where -1 denotes the steady state level for investment tax base and all other government expenditure terms
are adjusted for their respective cyclical component.

A fiscal rule equation has been defined 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, 22% € {gt, ItG}, the rule is given by

pltule — Fub (bg’t — bg;rg”) + Fa,surp (Stsurpg,t — Stsurpgjrg”) + Fu oyt (60)
The first two terms on the right-hand-side of the equations are supposed to capture the Swedish fiscal 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, z*%¢ ¢ {th, 7, 5K TR, TtSSC}, the rule is
given by
fole = Jz,b (bﬂ,t - b;irgd> + ]:z,surp (Stsurp??,t - Stsurpgf:TQEt) . (61)
The eighth rule is the transfer rule which is normalized by steady-state GDP, y:
roos-fule — gy (bg,t — b;‘;TQEt) + §Fir,surp (Stsurpgyt - Stsurpgfzrgﬁ) + §Ftr,unting. (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 defined as

1
Stsurpgjrg“ = (H N 1) b;‘ZWEt.
z

Debt and surplus target shocks The debt and surplus target are also fiscal policy variables. The fiscal
authority might want to deviate from the rules temporarily. This is captured by the debt target shock slt’nget 2
After such a shock, the debt target follows an AR(2) process which is described as

pTarget

bg,‘?g” —by = (P1,bT + P2,bT) (bgfiigft - by) — P1pT P2pT (szﬂjigzet - by) + € . (63)

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

o o
Wayntre = (1 — @wayn )trs ,

where tr;, and tr;  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 differ from the distribution off 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 affected by the deviations of inflation and unemployment from their steady-state levels,
and by the changes in inflation and unemployment. The rule is written in deviations from steady state, where
v A C

i; is defined as the deviation of the policy rate from the neutral interest rate, defined below. II¢ = In (E—’C)
is the deviation of inflation from the Riksbank target rate II° which is also the steady state inflation rate.
The Riksbank reacts to annual inflation rather than quarterly inflation, where the annual inflation is defined as

ﬂ?’c = i (f[tc +1¢, + 18, + ﬂtc,g,). un, is the deviation of unemployment rate from its steady state level.
Furthermore, there is a lower bound on the interest rate i. 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:

2INote 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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Kwtio”“l = pf?ftfoml +(1-p) (rwf[?‘g + runu“ntfl) +rar (f[tc - ﬂtc_1> + raun (UN: — ung—1) + e, (64)

;/ffs _ mam(i, ‘Zf?otional + :Lf;zat) (65)

where 772°/°"* denotes the notional nominal policy rate, i.e. the nominal interest rate absent the effective lower
bound constraint, i is the deviation of the actual interest rate from its steady state value, and 7% is the
neutral interest rate, both in deviations from their respective steady state values. €! is an exogenous, stochastic
shock. The second equation introduces the zero or effective 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 difficult to argue that actual monetary policy have become more and more expansionary. As
such, we interpret i; as being the policy rate deviation from the neutral rate rather than the deviation from its
steady state level, such that

iy =15 — (66)
A consequence of this assumption is that the resulting model simulations (except for the simulated policy
rate) are not affected 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 inflation 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
0 = vy — e+ 2 (67)
where /i, + , is the log-deviation of growth rate of from its steady-state level, C; is the log deviation of the risk-
premium shock from its steady-state level, and 2] 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 w of Foreign tends to infinity, w — oo implying that the
relative size of the Swedish economy in relation to world economy; H%, 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 effect 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 firms’ optimization problems are to a great extent identical to those in Sweden, up to a scaling
factor. There are also, however, important differences between the two economies. Compared to the Swedish
economy, the fiscal 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 different 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 differ.
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2.6.1 Foreign households

We model the foreign households slightly different 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) differentiate 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 w. 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 ., physical capital K11, Investment I,
capital utilization uy,, the change in capital stock by trading in the market Afcft, domestic nominal bonds that
are denominated in the Foreign currency B}P’fﬂ and the nominal wage Wy ;, in order to maximize

Ey ZﬁF,t [CFu(Crt, Cri—1) — Crev(Nps)] (68)

t=0

subject to the following budget constraint:

I

P I
PRCrat — Lt PR+
t

P,
= (1_T;‘U)Wf,th,t"’Rl{g,tuf,th,t_%a(uf,t)Kf,t+Bﬁf+EBFF,t"‘\l’f,t"‘TRf,t’
t
(69)

FF
By iy
RFCrt

and the capital accumulation process:
Kpio1 = (1=6r) Kpe + YreF (I, Irim1) + Afrs (70)
Cr,+ denotes aggregate consumption in Foreign. Jr is the depreciation rate of the foreign capital and Y . is the
stationary investment-specific technology shock. In periods when the household has an opportunity to reset its

wage, it also chooses W}’Et subject to the following condition:
pisk—1Wyerr  with probability &,
WfﬂH-k = opt . - F (71)

Wik with probability 1 — &,

F
: w “fw . =W =W
for all k£ > 0, and taklng Nf,tJrk = % (ﬁ) NF,t as given. Let W Fottk|t = M’;ﬁtnF,H—l .. -HF,t+k denote

the wage of household f in future period (¢+ k), given that the household last opportunity to set the wage
was in period t. The first-order conditions associated with this problem are presented next. Q?t denotes the
Brt+1
BF,t

marginal utility of consumption and 8% ;41 = represents changes in the subjective discount factor between

consecutive periods. 6’}”,5 and Gljﬁdenote the Lagrange multipliers associated with the budget constraint (69) and
the capital accumulation equation (70), respectively.

Cre: 05, PE, =QF,, (72)
Bﬁfﬂ : Hjb‘,tplg:t =F; [5;,t+191},t+1P1gtRF,tCF,t] (73)

k b K Pé't 1 k
Kpit1: 050 = EBriir |0f041 <RF,t+1uf,t+1 - %’J: a(uf,t+1)> +0Fe1(1— 5F)} (74)

b PII?t k r k
Ipe: 0y, ,y’ =05 Yre 1 (Lpe, Lpe—1) + Ex [ﬂF,t+19f,t+1TF,t+1F2(If,t+17If,t)} (75)
t
Pr,
ugy: Rp Ky = 7’ a'(up ) Kyt (76)
t

AF 05, Pl =07, (77)

The first-order condition associated with W}’fzt is given by

o) k ’
k . v ANy etk
By (55 ) (H ﬁF,tH) Ny asnle 03 vk [(1 —TE) Wapke — AR Cz?wk%
k=0 =1 fit+k

} =0, (78)

k . . . - 0 - — 22
where [[;_, Brivi = Brir1Brita - Brapw and [[;, Bripi = 1.

22When the household is free to optimize its wage in every period, as is the case in the equilibrium with flexible 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 firms with total mass w. As in Sweden, a
representative aggregator firm buys the different varieties of goods and produces a homogeneous, intermediate
good that is sold to firms in other sectors. The demand for the individual variety j, Yr:(j) is a function

of the relative price of that variety and of total demand for the homogeneous, intermediate good: Yr:(j) =
ARt i 1-Ap¢

P, j — . . . NT—Ae s - .

L [;T'i])} 'Rt YL, Ppy(j) denotes the price charged by firm j, Pr, = L[ Pru(j)  Fe dj is

the price index associated with the homogeneous, intermediate good and Yz denotes total demand. Ar; is a

time-varying, stochastic markup. Intermediate good firms in Foreign use labor and capital as inputs in their

production. The cost-minimization problem of firm j is:

min {Rf{tK;,t(j) + WF,tNF,t(j)}

Kpt(J)LF,t(J)

s.t.

Yeu(j) =ere [Kp ()] " [2eNre ()] 7°F — 21 10,

where er+ is a stationary stochastic process with an unconditional mean of unity, that is common to all firms

in the sector. As in Swedish economy, z};’t is a function of the two global stochastic variables z; and ~: and is
given by

*F

Z;,t = Zt'Ytl_nF . (79)

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

M) (RE )

MCpy = (

. 80
aff (1 —ar)' T epy (80)

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

(81)

K ap—1
K l—ap F,t
RF,t = QFEFRtZ; MCF’z ( : ) .

Nr 4

The price setting problem of intermediate good firms in Foreign is identical to that of the corresponding firms
in Sweden. Therefore, we only state the first-order condition associated with that problem and refer the reader
to Section 2.4.1 for more details:*3

>° Y;
By Z(ﬁF)kAEHk% (PF,t+k\t — APtk MCF,t+k) =0. (82)
= Ft+k

2.6.3 Foreign consumption good producers

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

YF,C
1 vp.o—1 UF,C—1:|7VF’071

Cra = {(%)W(C?i) e+ (1-98) T (Ch) re

v (N;pt>

b,fp
Oy

he first-order condition becomes:
1 F ”,fp v
( w ) fit )‘F Clg,t

23In the equilibrium with flexible prices and wages, the corresponding first-order condition is:

fp fp
PF,t =Art MCF,t'
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The respective demand functions for energy and non-energy goods are given by

PC VF,C
f«“.et 219% <§;e> Crp (83)
Pr
PE
Chi = (1 - 1919) (Ce> Crpu (84)
PF,t

and the price of the Foreign consumption good is given by

1
ze 171/F1C e I*VF,C I-vp c
pg, = {19% (Pee) +(1-%) (PEr) } : (85)

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

VF,C,xze
YF,C,ze~ ! :| VP Coaoe—1L

1 VF,C,ze— ! 1
Clzi‘:it _ (ﬂg,ze) VF,C,xe (Dg-,tze) VF,C,ze + (1 . ﬁg,ze) VF,.C,ze (Mgt) VF,C,ze

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 192’” — 1.This reduces the production function to
7, = Dot (86)

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

P =Pr. (87)

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

Cy, = DSr. (88)

2.6.4 Fiscal authority and central bank in Foreign

The fiscal authority in Foreign is modelled in a sparse manner. The fiscal 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 fiscal authority’s budget constraint is given by

WgiNpimr = TRt + Grp. (89)

Concerning monetary policy, it is assumed that the central bank in Foreign sets its policy interest rate
according to a Taylor rule, where ip,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 inflation rather than

quarterly inflation, where the annual inflation is defined as ﬁ}‘,f = i (ﬁ%t + ﬁ%}t,l + ﬂgytﬂ + ﬁ%)t,g). Asin
Sweden, the interest rate in Foreign is restricted by its lower bound ir. The interest rate follows the following
equations:

z}fﬂﬂtwnal = pF’vi}}f)ﬁoful +(1—pr) (TF,wfIg,t + TF,yﬁF,t) + TP AR (ﬁgt - ﬂg,t—l) +reay (Urt — Yri—1) + EiF,
(90)

i, = mas(ip, B 4 TR (91)

Just as in Sweden, we define the monetary policy expansion as the difference between the actual rate 'Z}St
and the the neutral rate %‘ff:

h Yss “nat
1Ft =1Ft —lFt (92)

where the neutral rate is defined as

iFy = rEufit, — recCre + 2 (93)
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2.7 Market clearing

In equilibrium, decisions taken by individual households and firms 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 defined 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
firms do not have any effect on the aggregate output in Foreign. Therefore, we abstract from the purchases by
Swedish import firms 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 final good producers’ (i.e.

private and government consumption, private and government investment and export good producers) demand

for domestically produced intermediate goods. Let Y; be the amount of domestically produced homogeneous
)\X

intermediate goods. Also, let ?f( fo ( Z))  di be a measure of price dispersion among firms in

the export good sector. Furthermore, let N fo N¢(i)di denote total demand for labor services from the
intermediate good producers. The aggregate resource constralnt for Sweden may then be written as

PC,:ce VC,xe PI T MC
}/t _ wc,ze < tPC ) Ctze +DtC,e +w[ (?tt) |:’;f +G(Ut) :| +,¢J ( Ptt ) [Xt?x +Zt ] +Gt
t
(94)

Corresponding definitions are used to write the Foreign aggregate resource constraint. For example, (? Ft =
w1 (PF,t(j)
0 w Pp ¢

Np: = fow Nr.+(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:

Fit
)lko’t dj is a measure of price dispersion in the Foreign market for intermediate goods, and

PC,CL‘e —VF,C
EFt [K;’t} [2¢ NP, t] Tr = PFt’(/JC e ( }I;: > Cry + ?F,tC;t (95)
ot
— PL\ T K
+ P rop ( F’t> {*F’t +a(ury) —=| +Gre + z;twdm.
PF,t Yt Yt

For future reference, we also define Swedish and Foreign output (GDP), where GDP is the same as the
domestically produced homogeneous input goods Y; and Yr, where

By, = / (20 (K (D))" [2e L (i)] = — =7 ) di (96)

B Ve, = / (eme [K20()]T [2eNma()]™°F — 2F,0r) dj (97)
0

In the definition 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 final demand. This definition 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 definition of output be used for the purpose of matching model variables to the data. We adopt their
approach and use Y;™ to denote ‘measured output’ in Sweden and Yy, in Foreign, which are equal to output less

I\ — VI
of utilization costs. The capital utilization costs are represented by the term ! (%) a (uy) % in Equation

~ -~ in Equation (97). Hence we have

r (PL\ TP K
(94) and by the term (PF’t> a(ury)

I\ VI
nm — }/; _ 1/)] (i) a(ut) % (98)
t



Pr Tt

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

PI VR I K
Vil :YF,twfm( F) a(upg) =t (99)

2.7.2 Market clearing for bonds
There are three different bond markets that have to clear. The first is the market for private bonds denominated
in Swedish currency. The market clearing condition is given by

B = 0. (100)

The second is the market for Foreign bonds. First define Bff = folfs"r B,iﬁldk, the aggregate value of
purchases by all Swedish households of such bonds in period ¢. Since the bonds are traded across the two
countries, the clearing condition is given by

B+ [ BEEadr =0 (101)
0

The third bond market is the market for government bonds. In that market, the total amount of newly issued
debt by the government Bj' must equal the total household demand for newly issued government debt. The
market clearing condition is given by

1—snr
Bl = / B dk. (102)
0

2.7.3 International trade in goods

Let X, denote aggregate demand for Swedish exports. The consumption and investment good firms 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

—VF,C,ze —VF,I
_ C,ze PtX o Te I PtX Y
X, = (1 S ) (PE;” O + (1 - wF) P Iry. (103)

We now move on to the import sector. Since Sweden is arbitrarily small in relation to Foreign, the demand for
imports does not affect the supply of goods in Foreign, meaning that Foreign will supply any number of goods
that the Swedish households demand for the given price. Define all Swedish non-energy imports M;"® as

1 1 1
M :/ Mf"“(i)di+/ MtI(i)dH—/ M7 (i)di + 27 ™9™ + 2 o™ 4 2™ (104)
0 0 0

Then total Swedish imports are given by
1
M, = M + / M (@) di + 2 ™M e, (105)
Jo
It is also useful to define total imports of energy goods My as

1
M = / MC<(i)di + 2 $MC. (106)
0

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 firms, and Swedish households buy and sell in the Foreign (international)
market for bonds. In the aggregate, the nominal value of these different transactions must balance. For the
purpose of defining a balance of payments relationship for Sweden, let us start by adding up the different
transactions that occur in the marl;e; for international bonds. Note that the value of this aggregate position in
s.BEH
RF,t(tq>(Ej;5t,$t)
net foreign asset position of Sweden.?* The value in Swedish currency of the settlement of bonds issued in the
previous period is folfs” [S:Bi '] dk = S:Bf ™.

Swedish currency is A; = . A; may therefore be referred to as the period ¢ nominal aggregate

248ince all these bonds mature one period after they are issued, A; 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 Bﬂf{ may be

either a positive or a negative number. If Bﬁ_}{ < 0, the period ¢ aggregate net foreign asset position of Sweden is negative.
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® (-) represents an external risk premium on domestic (Swedish) holdings of Foreign bonds, and the choice

of a specific functional form for this premium merits some discussion. Note that s; = sil' The value of @ ()

is determined by the two aggregate variables a; = f; and E, (Ststl Sftl) = Ei (s¢+15t), as well as by the
z{ Pt —

(aggregate) shock (Zt. For notational convenience, we let s; represent the second argument of the risk premium

. . 3 - - StBFH
function and thus write ® (au 5t7¢t)~25 @ = f5 = T d)T
zy Pt RF,tCté(at’st’(ﬁt)z‘ Py

capita) value of the net foreign asset position. @ (-) is assumed to be a negative function of a;, with the following
interpretation. If @; < 0, so that Sweden is a net borrower on the international financial market in period ¢, then
® (+) is more likely to take on a positive value. In this case, ® () represents a premium that Swedish households
will be charged over and above the international risk free, gross interest rate Rp:. If a; > 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 @ (-), F; (sty18:) = Ey (Sgl Stsil ), is due to Adolfson

et al. (2008). A positive value of F; (s¢+15¢) implies a lower value of ® (), 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) offers
a possible justification for this specification, 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. ¢: represents an
exogenous shock that will absorb any residual movements in the external risk premium.

The purchase by Swedish households ng Foreign bonds create a debit recording in Sweden’s balance of pay-
syBEH
RF‘tCt¢(E:75t7$t)
of international bonds that were acquired in the previous period S;Bf"”. The total or net debit recording arising

from financial transactions is therefore:

denotes the real, stationarized (per

ments, the total value of which is . Part or all of this purchase may be financed by the settlement

FH
S:BIY

Rp (P (at,St,QZt)

— §,BF'H.

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 S, PX X; — S, PpMZ¢ — StPg’ter, and represents a credit recording in the current account
of Sweden.?® 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:
X Te Cie q re St Bt}l[{ FH
StPt X; — StPF,tMt — StPF,% Mt = — — StBt . (107)
Rp (i ® (Et, St, qbt)

Using the definition of net foreign assets, A;, to substitute for S;Bff and S;—1Bf ", this relationship may
alternatively be written as:

Te e e — 7 S
A¢— Ay = SiPX Xy — SyPry M — S, PS5y M; + {cb (@1 50-1,60-1) Go1Rriag-— =1 Avr. (108)
t—1

The right-hand-side terms in Equation (108) represent the value of Swedish net exports plus the net return
between periods ¢ 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 defined. They are all written in log-linear form, where the variable z; is
the log-deviation of the variable z; 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 affects only Sweden, and Foreign
shocks that affect Foreign directly, but leads to spill-over effects on the Swedish economy. Furthermore, following
Corbo and Strid (2020), the private bond risk premium shock, (:, the utility of consumption shock ¢; and the
investment efficiency shock Y, are assumed to be correlated with the equivalent Foreign shock process, so that
innovations to the Foreign shock process affects also the Swedish shock process. Finally the Foreign utility of
consumption (z, and the Foreign marginal investment efficiency Y, are also allowed to be correlated. The
innovations are denoted €, 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-specific non-
stationary technology shock and the shock to the neutral interest rate:

Pzt = Py flzg—1+ €u it (109)
Pyt = Py flyt—1 + €yt (110)
=priliten,+0.men, (111)

2.8.2 Swedish exogenous shocks

Except for the monetary policy shock and the fiscal shocks, which are defined in previous sections, the Swedish
economy shocks are

B = psBi_i +er 112
Ce = corrcCru + pc 1 + €5 113
Etc = COT?"gcétf«“,t + pee @ttc—l + ch 114

;gt =Pg 51571 + ef

G =penliiate

AV = o A e 117
€t = peli—1+ € 118
'ft = corrTYRt + pTTt,1 + e;r 119

5\t = px:\t—1 + 6?

~ ~ X
A =px A+
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AT = pamome AT+ € 122
{M,I M, I AM. T
AN =M A+ € 123
t A t—1 t
SM,X M, X AM, X
Ay =pam,x A7 € 124
JM,C, LM,C, MM, Ce
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t A t—1
.D,Cie __ .D,Ce pD:Coe
2 = PpD.CiePi’1 T € (126)
~ 4 d ot d Htrend
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2.8.3 Foreign exogenous shocks

The Foreign shocks, except for the monetary policy shock which is defined in a previous section, are
5;& = PBFr B;',t—l + Efr,t

_ s ¢
Crt = pcp CRi—1 + €py
e Y Zc ¢e
Cre=corr¢e, v Trr+ pco Cre1+€py
n_ n ¢
Crt = pcp CRi—1 + €5y
EFt = Pep EFt—1 T €F
o : T
YTre=prp Yre-1+€ps
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ARt = PapAFt—1+ €ry
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grt = pgpdri—1 +€/" (137)

30



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-fiscal 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 fiscal 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 fiscal rule to
activate and chooses values for the fiscal 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 finally, 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(éh,t —pnCi1) = ln(éh,t — phétq)- (138)

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

Ntl +n

(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

1+
Nei"
L+

v(ng ) = (140)

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

d (at s at) _ e—fga(ﬁt—5)—5.eEt[St+1St—l]+$t
b Ly .

The investment adjustment cost function F'(I¢,I;—1) is taken from Christiano, Eichenbaum, and Evans (2005)
and is given by
= 1
F(Ii, I—1) = [175( ! )} I;.
Iy

where the functional form of S is defined as in Adolfson et al. (2005):

1 I,
3 I y_ 1 —F(ztfl —“z+uw) ol
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3.2 Great ratios and balanced growth path
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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
pIT/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 pXE/ﬂ and the import-to-output
ratio pMm/g , 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/ is calculated as the ratio of nominal government consumption-

to-nominal market price GDP, which is 0.258. The government investment to output ratio 7° /7 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 pCE/y, which equals 0.507, is a residual which can be obtained by using the following expression
ey =1-pX% /g + pMm/y-p’1/5 - G/7 —Tc/g. The aggregate transfers to output ratio zr"?? /7 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 fiscal policy framework.
Based on the Swedish fiscal 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 ETarget/g is set to 0.35%4,
and the surplus to output ratio target suwrp *"9°' /7 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 p. 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, 1.+ can be defined as a function of the growth rates of labor
augmenting technology, p- and investment-specific technology ji,: .+ = pz(puy)T-=. The labor augmenting
technological process follows a unit root process, whereas we assume the investment-specific technological process
to be stationary, so p, is 1 in the steady state. Finally, the steady state inflation 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 [ 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 defined by (I — n)/l and we define 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 8 and S are
based on the MAJA model calibration, whereas p;, and pj, r are based on the MAJA estimation. According to
the MAJA estimation, the value of the consumption habit parameter in Sweden pj is 0.74 and in foreign it is
0.64. Household discount factors 5 and Br 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
7 is estimated to 3.65 and foreign counterpart nris estimated to 6 in MAJA, and we use these values for the
calibration. The parameter associated with labor disutility A,, 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 a¢ such that the marginal utility of private consumption
equals the marginal utility of government consumption. Thus, aq is calibrated to 0.63. As discussed in Gali,
Lopez-Salido, and Vallés (2007) among others, several empirical studies find that private consumption rises after
a positive shock to government consumption. Thus, given the size of ag, we set the elasticity of substitution
between private and government consumption vg to 0.29 which is taken from the Coenen, Straub, and Tra-
bandt (2013) estimate of ve, 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, wss 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 off steady state way, 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. wgyy 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/firms that keep their wages/prices
unchanged each period. Table 6 shows parameters of indexation to previous inflation which capture an inertia
in nominal wage/price inflation. 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 inflation parameters are obtained from the MAJA. However, most
values are calibrated to zero since they are weakly identified and tend to be estimated close to zero. The value of
indexation to previous inflation for intermediate goods firms x is set to match the value of the MAJA estimate
of 0.33. The parameter for price indexation of foreign firms in MAJA is estimated to 0.55 and therefore yr is
set to that value. The value of wage indexation parameter in Sweden yxw and in the foreign economy xr,., are
also set to 0 as in MAJA.

We set the steady state markups (intermediate good firms, importing firms) 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 firms’ markup is calibrated to a
lower value to 1.05, in order to avoid double markup on these goods. For wage markup, recall that 7 is calibrated
to the Riksbank’s estimated value, 3.65. Also note that at state state wage markup can be defined as A" = (%)".
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 A} 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 different sectors. The Swedish elasticity of substitution between imported
goods and domestically produced intermediate goods for non-energy consumption production v¢ g 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 productionv; and v, 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, v, is set to 0.5 as in Corbo and Strid (2020).

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

The home bias parameters 99°7¢, ¢, 97 and 9X are functions of the elasticities of substitution between
imported and domestic goods and the ratio of imports to final goods.?® The home bias parameters can be found
in Section 1.2. Lastly, 9% captures the Foreign home bias for consumption goods. We set 9% to 0.5, so that
Equation (B.114) for Swedish exports holds in the steady state: 7 = (1 —9%) (p¥) "™ A¥Fp, and 9% < 1
implies that Swedish exports is affected 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, v, and vr ., 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, 9¢ and 9<%
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 wd = 0.27
and vrp = 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
a 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, d, 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.?® In SELMA, the government provides public capital to intermediate good producers. Hence, the
elasticity of substitution between private and public capital vk determines the degree of complementary between
private and government investment. The parameter ax 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 ax such that the marginal product of private
capital equals the marginal product of public capital, which implies that ax is calibrated to 0.83.

Afonso and Alegre (2011) find that an increase in public investment has a crowding-in effect on private
investment based on a set of 15 EU countries which includes Sweden. Hence, given the size of ax, we set vk

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 , vg .

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 vk that produces a posi-
tive co-movement between government investment and private investment after a positive shock to government
investment under no active fiscal policy rule.3°

The foreign capital share ar in production is the same as in Corbo and Strid (2020). The depreciation rate
dF 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 d¢ 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.?! In the current calibration of SELMA, the variable
capital utilization is deactivated by setting o, to a very high number, i.e. 100000.3

3.8 Modified 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 modified uncovered interest rate parity (UIP) condition. In
particular, we have two external risk premium parameters in the modified UIP condition. First, ga, 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™*. Second, ¢, which represents the external risk premium parameter associated with
exchange rate fluctuations, 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 coefficient
and the difference in output coefficient which are scaled down values of the coefficients for unemployment rate
response and unemployment rate change response in MAJA.

3.10 Tax rates and fiscal 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, 7", the tax revenue is calculated as the municipal and regional income
tax plus the state income tax minus the earned income tax credit.*® 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 7" is given by the wage sum. For the transfer tax, 777, 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 777 is given by total public transfers.
For the capital income tax rate 7%, 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 7°5 is the wage sum. For the consumption tax, 7€, the tax value for 2015 from the model
IOR is used.>® 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 77 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 fiscal rules are up to the model user to set, except for the coeffient on unemployment in the tranfer rule,
which is calibrated to Firun = 0.106. The coefficient 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 vx to match the Coenen, Straub, and Trabandt (2013) estimate of v (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 fiscal policy rule.

31Note that our parameter value is close to Yang, Walker, and Leeper (2010) calibrated value for dg 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.

3410R, which is described in Forsfilt 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 benefits 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.?® 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-specific 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.?”
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 firms (consumption and investment goods) are taken from the Ramses I
estimation. The import firms 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 firms that specialize in export goods. The
markup shock persistence for the Swedish export firms 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 ap in a given period. Note if ap is one, then we have a one-period government
bond as in the standard DSGE framework. In our current framework, we allow ag to be less than one, and as a
result we have long-term government bonds. We set ap to match the Swedish National Debt Office data, where
the average maturity of Swedish government bonds in 2014 was 4 years. Thus, the probability that government
debt will mature each period ap 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.?® Before showing the results from the simulations, we discuss two key equations, the consumption Euler
equation and modified UIP condition.°

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

. o 1. - )
th =FEy |G+ By + th-s-l + Elt — Htc+1 = Mot i1

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. th is the marginal utility of consumption, ft is a risk
premium shock to private bonds, i; is the monetary policy rate set by the Riksbank, fItCH is the consumer price
inflation (CPIF), and fi,+ ;, is the compound effects of labor augmenting technological and investment-specific

technological processes. Btﬁrl 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 |
pll/y Private investment to output ratio 0.191
pUc99 [y Private consumption to output ratio 0.507
Pz /7y Export to output ratio 0.433
pMm /[y Import to output ratio 0.433
/v Government consumption to output ratio 0.258
7° /7 Government investment to output ratio 0.044
tr™ [y Aggregate transfers to output ratio 0.149
surpl@79¢t /77 | Government surplus to output ratio target 1/3%0.01
preroet /g Government debt to output ratio target 0.35*%4
pSCr [Yp Foreign Private Consumption ratio 0.59
phIr /U Foreign Private Investment ratio 0.20
9r/Up 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 ‘
Lz Growth rate of labor augmenting technology 1.005
Lo+ Composite technological growth rate 1.005
fhot Foreign composite technological growth rate 1.005
II Gross inflation rate of intermediate goods 1.005

II#end [ Gross inflation trend 1.005
e Gross inflation rate of consumption goods 1.005
X Gross inflation rate of export goods 1.005
v Gross inflation rate of wages 1.010
IIr Foreign gross inflation rate of intermediate goods 1.005
g Foreign gross inflation rate of consumption goods 1.005
oy Foreign gross inflation rate of wages 1.010
Iz Foreign gross inflation rate of export goods 1.005

Table 4: Calibration: Household sector parameters

’ Symbol \ Description \ Value ‘
15} Household discount factor 0.999
Br Foreign household discount factor 0.999
Ph Consumption habit 0.75
Ph,F Foreign consumption habit 0.64
n Inverse of Frisch elasticity, labor supply elasticity 3.65
ng Foreign inverse of Frisch elasticity, labor supply elasticity 6
ag Share of private consumption in the composite consumption 0.63
VG Elasticity of substitution between private and government consumption 0.29
snr Share of Non-Ricardian over total population 0.35
Wes Share of aggregate transfers going to Non-Ricardians in steady state 0.31
Wayn Share of aggregate transfers going to Non-Ricardians off steady state 0.75
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Table 5: Calibration: Calvo parameters

| Symbol [ Description | Value |
13 Calvo intermediate good prices 0.94
& Calvo export prices 0.79
&m,c,ze | Calvo import prices, import firms specializing in non-energy consumption goods 0.92
&m,c,e | Calvo import prices, import firms specializing in energy consumption goods 0.10
Em,1 Calvo import prices, import firms specializing in investment goods 0.79
Em, X Calvo import prices, import firms specializing in export goods 0.80
&w Calvo wages 0.86
I3 Foreign Calvo intermediate good prices 0.92
¢k Foreign Calvo wages 0.86
Table 6: Calibration: Inflation indexation
’ Symbol \ Description \ Value ‘
X Indexation to previous inflation, intermediate goods 0.33
Xz Indexation to previous inflation, export goods 0
Xm,C.ze | Indexation to previous inflation, import firms specializing in non-energy consumption goods 0
Xm,C.e | Indexation to previous inflation, import firms specializing in energy consumption goods 0
Xm,I Indexation to previous inflation, import firms specializing in investment goods 0
Xm,x | Indexation to previous inflation, import firms specializing in export goods 0
Xw Indexation to previous wage inflation 0
XF Foreign indexation to previous inflation, intermediate goods 0.55
XF,w Foreign indexation to previous wage inflation 0
Table 7: Calibration: Steady state values of markups
| Symbol | Description | Value |
A Intermediate good price markup 1.2
X Export price markup 1.05
M Imported good price markup (consumption, investment and export) 1.2
A" Wage markup 1.3
AR Foreign intermediate good price markup 1.2
AV Foreign wage markup 1.6
Table 8: Calibration: Elasticities of substitutions in production sector
| Symbol | Description | Value |
Vo Elasticity between non-energy and energy goods in the production of consumption goods 0.5
VCe Elasticity between domestic and imported goods in the production of energy consumption 0.5
Ve, ze Elasticity between domestic and imported goods in the production of non-energy consumption | 0.87
vr Elasticity between domestic and imported goods used for investment goods production 0.27
Vg Elasticity between domestic and imported goods used for export goods production 1.53
VF.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 |
« Capital share in production 0.35
ax Share of private capital in composite capital function 0.83
VK Elasticity of substitution between public and private capital 0.25
S Investment adjustment cost 8.39
1) Private capital depreciation rate 0.0077
e Public capital depreciation rate 0.018
afp Foreign capital share in production 0.21
ST Foreign investment adjustment cost 3.99
Op Foreign capital depreciation rate 0.0151
Table 10: Calibration: Modified UIP condition parameters
| Symbol [ Description | Value |
Da External risk premium associated with net foreign asset position 1074
s External risk premium associated with exchange rate fluctuations 0.16
Table 11: Calibration: Monetary policy rule parameters
| Symbol [ Description | Value |
p Interest rate smoothing coefficient 0.92
T Inflation response coefficient 1.71
Tun Unemployment response coefficient 0.25
AR Difference in inflation response coefficient 0
T Aun Difference in unemployment response coefficient 0.17
PF Foreign interest rate smoothing coefficient 0.93
TR Foreign inflation response coefficient 1.75
TRy Foreign output response coefficient 0.068
TF AT Foreign difference in inflation response coefficient 0
rr,ny | Foreign difference in output response coefficient 0.137
Table 12: Calibration: Steady state level of tax rates and fiscal rules
’ Symbol \ Description \ Value ‘
7€ Consumption tax rate 0.171
™ Labor income tax rate 0.247
755¢ 1 Social security contribution rate 0.299
K Capital income tax rate 0.15
TR Tax rate on transfers to households 0.279
e Investment tax credit 0
™ Foreign labor income tax rate 0.247
Fyr un | Automatic stabilizer on transfer rule 0.106
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Table 13: Calibration: Macro shock parameters

’ Symbol \ Description \ Value
Py Persistence, labor augmenting technology shock 0.55
Py Persistence, investment-specific technology shock 0.75
Pe Persistence, productivity shock 0.87
P8 Persistence, discount factor shock 0.935
pen Persistence, labor disutility shock 0.83
pee Persistence, consumption preference shock 0
pe Persistence, private bond risk premium shock 0.69
Py Persistence, external risk premium shock (exchange rate shock) 0.84
or Persistence, stationary investment-specific shock 0

PpC.e Persistence, energy price shock 0.91
PAM,C Persistence, markup shock to import firms specializing in non-energy consumption goods 0.978
PAM,I Persistence, markup shock to import firms specializing in investment goods 0.974
PAM,X Persistence, markup shock to import firms specializing in export goods 0.976
PAX Persistence, markup shock to exporting good firms 0.894
pric.trena | Persistence, inflation trend 0.5
Per Persistence, Foreign productivity shock 0.81
PBr Persistence, Foreign discount factor shock 0.935
per Persistence, Foreign labor disutility shock 0.99
pee, Persistence, Foreign consumption shock 0.73
P Persistence, Foreign private bond risk premium shock 0.91
PYp Persistence, Foreign stationary investment-specific shock 0.66
Ppce Persistence, Foreign energy price shock 0.91
Prygstren Persistence, Foreign inflation trend 0.95
Pgr Persistence, Foreign government consumption 0.98
corry Parameter governing correlation between Swedish and Foreign investment shock 0.446
corre Parameter governing correlation between Swedish and Foreign risk premium shock 0.268
corr¢e ¢ | Parameter governing correlation between Swedish and Foreign consumption preference shock 0.936
corr¢e v, | Parameter governing correlation between Foreign consumption preference and investment shock | 0.119
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Remember that since th 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 effects of temporary disturbances to affect their current consumption
as little as possible, smoothing the burden of the shock over their whole lifespan.*!

An increase in the monetary policy rate %, 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, th will increase, meaning that current consumption will decrease. The effective interest rate on
private bonds for the household is however given by %Et + ft. Hence, a shock to the risk premium has a similar
direct effect on the household as a change in the nominal interest rate. Now paying attention to the inflation
rate, an increase in the inflation rate will, ceteris paribus, reduce the real interest rate that the household faces.
It will therefore have a similar effect on consumption as a decrease in the nominal interest rate. Turning to the
productivity parameter fi,+ ,;1, an increase in productivity leads to an immediate consumption increase since
the households want to smooth consumption.

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

1 < 9 08 ~ T oA T o ~

R (Zt — ZF,t) = (1 — ¢s) Ey [t41] — ¢s8t — dats + o,

The Swedish nominal interest rate, i represents the expected return on Swedish private bonds. Likewise, 2F,t
is the Foreign nominal interest rate. §; is the nominal exchange rate (a higher value means a depreciation of
the Swedish krona relative to the Foreign currency). a; is the real value of net foreign asset position of Sweden,

which captures Foreign private bonds that are owned by Swedish Ricardian households, and q~5t is an exchange
rate shock, also referred to as the external risk premium shock.

If the Swedish monetary policy rate, i, 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 first 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 theirAForeign bond portfolio is lower if they have positive net Foreign assets. The

friction does also include the shock at.

Now, we continue by describing the model responses to different shocks in the economy. Note that in the
IRF-diagrams, the monetary policy rate in Home and Foreign, all inflation 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 different fiscal policy assumptions.
In all cases the assume that the automatic stabilizers are in effect. The case No active fiscal rule is defined by
using the transfer policy rule with Fiy surp = 0, and the response of transfers to changes in the government debt
level is set to a very low number, F;,, = —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 (try%%) rule - Debt target, the fiscal rule is defined on aggregate
transfers with the following parameterization. The structural surplus gap coefficient Fi, surp, is set to zero while
the coefficient on the debt target to is set to Fir, = —0.14. This parameter value will allow debt to go back to
the target level with a reasonable pace.

In the third and the final case, named as Transfer (try??) rule - Struct Surp target, the fiscal rule is also
defined on aggregate transfers. In this case aggregate transfers are determined by the feedback rule that respects
the structural surplus target. Hence for this case Fir surp is set to 5 so that the structural surplus goes back to
its target level with a reasonable pace. Finally, F;,; is set to zero.

In all fiscal policy rule specifications the AR(1) component parameter (p;rag9) is set to 0. Since the fiscal rule
parameters are choice parameters, the model user may choose other values for the fiscal policy rule parameters
compared to our current example. The economic outcome under No active fiscal rule is illustrated by the blue
solid line in the figures below, whereas the outcomes given Transfer (try%?) 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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(try99) 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 inflation rates and the government bond interest rate
are all presented in annualized quarter-on-quarter values.

In the case of Transfer (try9?) rule - Struct Surp target the debt will also converge to its long-run level but
more slowly than in the case of Transfer (try9?) 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, jpotional by 25 basis points (¢ = 0.000625). The economic outcome
is illustrated in Figures 3 and 4. First, we describe the outcome given No active fiscal 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 profitable 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 firms given the same set export
price, since the price is set in the currency of Foreign. The firms 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 firm’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 final good and of the price of the imported intermediate goods relative to the
price of the respective final good. As the real exchange rate appreciates, the import firms decrease their prices.
For the non-energy consumption good and the investment good firms, the final goods demand effect dominates,
and they decrease their output. However, for the energy good and export firms, the price effect dominates. Hence
they increase their output. In sum, total imports first 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 inflation.
As a result, unemployment increases.*> The wage income of the Non-Ricardian households decreases due to
the reduced employment, which dominates the effect 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 (tr;??) 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 affects 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 fiscal policy.

The scenario with Transfer (tr;%) 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 definition of the structural surplus, it is affected by only discretionary
fiscal policies and the debt payments, or permanent disturbances; hence the effects of a temporary monetary
policy shock only affects 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 effects of the temporary monetary policy shock on
structural surplus is small, following this fiscal rule have limited different effects in comparison to No active
fiscal rule case.

4.3 A risk premium shock to Swedish private bonds

In this section, we describe the economic outcome after a quarterly increase ef = 0.0025, in the internal risk
premium ;. 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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bonds. The economic outcome of such a shock is illustrated in the Figures 5 and 6. First, we describe the
outcome given No active fiscal 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 offset 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 firms for a given price of exports (which is set in Foreign currency). The firms 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 final goods, lead to lower imports. Furthermore, higher import prices lead to an increase in CPIF
inflation 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 effect on investments.

The decreased demand for final 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 (try9?) 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 affects Non-Ricardian
households, who reduce their consumption demand one-to-one with their reduction in transfer income.

The case with Transfer (tr;9?) rule - Struct Surp target is depicted with dashed purple line in Figures 5
and 6. Due to the definition of the structural surplus it is affected by only discretionary fiscal policies and the
debt payments, or permanent disturbances; hence the effects of a temporary domestic risk premium shock only
affects 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 fiscal 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 ¢, = 0.0025 to the intermediate good producers’
technology ;. 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 fiscal 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 effect generates downward pressure on domestic inflation.
The decrease in domestic inflation generates downward pressure on CPIF inflation. In addition, since firms 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 inflation, steming from higher import inflation.

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 firms, who respond
by reducing their prices. The opposite holds for the Swedish import firms, increasing the price of Swedish import
goods. These changes in prices increases Swedish exports and reduces Swedish imports.

The intermediate good firms 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 inflation decreases while CPIF inflation
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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The case with Transfer (tr;??) 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 magnifies 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 inflation. Higher import inflation causes
CPIF inflation to rise and lower demand for labor causes lower wage inflation. Hence, the real wage is lower
under Transfer (try?%) rule - Debt target. Even if interest rate differentials are small between the different cases
fiscal rules, the lower monetary policy path and higher CPIF inflation 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 fiscal rule, and partly to private consumption. Hence, Ricardian household consumption
and private investment are higher than with No active fiscal rule, whereas Non-Ricardian household consumption
and aggregate household consumption are lower.

The case with a Transfer (tr(9?) 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 affect the structural surplus. Thus, the
transfers to the households are mainly driven by unemployment. As a result, there is not a significant difference
between No active fiscal rule and Transfer (tri??) 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 efF = 0.0025, to the Foreign domestic
risk premium (r..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 fiscal 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 firms. As a response, they reduce their prices, leading to Foreign consumption good
firms to reduce their prices. The central bank in Foreign responds to the decline in output and inflation 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, firms reduce their prices. Hence domestic
inflation falls. In contrast, imported inflation increases due to the exchange rate depreciation. The effect on
domestic inflation does however dominate, leading CPIF inflation 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 firms, 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 (tr;%?) 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 affects 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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a higher surplus and a lower debt. Other than for the consumption of Non-Ricardian households, the effect on
the non-fiscal variables is small.

The case with Transfer (tr;%?) 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 affect 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-fiscal variables are virtually unaffected.

4.6 An external risk premium shock

In this section, we describe the economic outcome after a quarterly increase of 0.25 percent, efi = 0.0025, to

the external risk premium <Zt. 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 fiscal rule, which is illustrated by the red line. The depreciation
of the Krona leads to a higher marginal cost for the Swedish import firms, leading to a lower markup. To restore
the markup, the firms increase their prices, leading to a decrease in Swedish imports. Furthermore, the exchange
rate depreciation leads to a higher markup for Swedish export firms. 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 inflation 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 first 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 first 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 effect 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 inflation 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 (try??) rule - Debt target is illustrated by the green line in Figures 11 and 12. As a
response to the decreased debt, following the specified fiscal 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 fiscal policy leads to a decreasing government surplus,
meaning that the government debt moves towards its steady-state level. The effect on non-fiscal variables other
than household consumption is, however, small.

The case with Transfer (tr;%%) 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 affect 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 fiscal variables are however not affected that much since the increase in transfers are quite small. The
same goes through to the non-fiscal variables. Since the change in transfers is quite small, there is only a small
increase in Non-Ricardian consumption, while the other non-fiscal variables are virtually unaffected.

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-inflation. The increased CPIF-inflation 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 affects exports negatively the first 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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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-inflation leads
to a lower real wage, affecting 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 (try??) rule - Debt target is illustrated by the green line in Figures 13 and 14. As a
response to the increased debt, following the specified fiscal 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 fiscal policy increases the government
surplus such that the government debt moves towards its steady-state level.

The case with Transfer (tr;%9) 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 affect 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 effect 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 fiscal policy
case.
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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-

. . . . —agg C 99
arized variables from the non-stationary variables. For example, C;”" =

of aggregate household consumption in period ¢t. K; denotes the non- statlonarlzed level of aggregate capital.
Thus, K = # denotes the stationarized level of aggregate capital. K; = u; K¢, in turn, denotes the
zp—1(1t—1) T

non-stationarized level of aggregate capital services, and K, is the stationarized level of aggregate capital services
which is defined as K; = u:K¢. The different indexation variables, such as the gross inflation of intermediate
good prices II;, constitutes an exception to the bar notation. The different gross inflation rates do not need to
be stationarized. For these different gross inflation 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;?? is the stationarized level of aggregate household consumption in the Swedish economy, and ¢;??
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 C'r,¢, and the stationarized level of aggregate consumption

per inhabitant, which is denoted by ¢ = %, where w is the size of the population in Foreign.*?
zZ, W

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 first example is for a variable such as ¢}, which has been stationarized. Thus,

agg e
we have: ¢;99 =In (ﬁ

agg

), where €99 denotes the steady state level of aggregate consumption per capita in the

Swedish economy. ¢;?? 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 IT;, which
does not need to be stationarized. Hence, we have: II; = In ( o ) where II denotes the steady state level of gross

inflation of intermediate good prices. II; can be interpreted as a log-linear approximation of the gross inflation
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 first example is for a variable such as the real government debt b:, which has been stationarized.
Thus, we have: bt = b — b where b is the steady state level of the real government debt. bt 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 #C, is the time-varying consumption tax rate, which does not need to
be stationarized. Thus, we have: #¢ = 7C — 7€, where 7€ is the consumption tax rate in steady state. re
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 definitions 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:

—C » 1 —C

Q= R By {5&1 TC Qt+1} (A.la)
2zt t+1 1

e, s A e, e ¢ .

QF =k [Ct + Bip1 + Qi + Rt I, — Hz+,t+1:| (A.1b)

430ne exception to the per capita notation is investment: because we use i; to denote the net nominal interest rate, I; 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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Definition of nominal gross interest rate on private bonds:

Rt =1 =+ ’th (A2a)
~ 1.
Rt = E’Lt (A2b)

Lagrange multiplier, marginal utility of consumption equation:

_ c Z\ e
9 = G Gﬂg) (A.3a)
= = C
(1+7°) (Ct —pn M;tci—1> !
pn \ Ph Ph 1 1
O =4 (1-2) |- foa — L — (& —&) = 7=# A.3b
‘i +( uz+,) { T M”’t} g\ ) T e (4.3b)

Marginal utility of consumption equation:

Uet = <7 G - )(ac?)uc (A.4a)

Ct _Phu i tthl
2 5 pn N[ s, pnos Ph e
um:g+0———) Pa+ Gia — ﬂﬁ4+—(a—@ (A.4b)
Pt =+, Poot vG

Composite consumption function:

_ ’1 vgfl e vg—1 vG—1
a=\age 9 +(l-ag)’eg, "¢ (A.5a)
v —1
A= 2o\
(E) G=alfé+(1-ac)"e (E) G (A.5b)

Average interest rate on government bonds:

_ Q¢ _
O =Efiy =i 1+ Q5 (1 - A6
t tBit1 TSI [ + 25 ( OéB)] (A.6a)
A Ar A Q1 -a A A - R
Qf =B [ﬁtﬂ + Q0+ ﬁﬂﬁu —QOf — 117, — /’(‘z+,t+1:| (A.6b)

Euler equation for government bond holdings:
O,

1= BBy momrer
QtCHtC-Hﬂztt-o-l

[RE" — (1= ap) f) (REY - RE™)] (A.7a)

AT ~C A ~1C 7 1 H»B,n O) H»B,n HB,n
0= BuBfs + Bl = OF = Bl — Bupts oy + g 20" — (1 - ap) Q" (EtRﬂ’l ~RP ) (A.7h)
Capital utilization decision equation:
e = pia (ur) (A.8a)
P =Pl + Oatls (A.8b)

Household purchases of installed capital equation:

—C
Q11T

K
pr = Eifiy1=¢5

K K I K¢ K Hyit+l K K
p { 1- Tt+1) (Tt+1ut+1 - pt+1a(ut+l)) +107 6T 1-}/71% +pey1(1—9)
t Ht+1/‘l’z+,t+1,u"¥,t+1 t+1

(A.9a)
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1 R ~ .

. R A . R 1 . 1 . 1 R
Etﬂt+1+Etth+1_Q?_Etnf+1_Etuz+’t+1+ﬁrK (1 — TK) Etr,ﬁl—ﬁ (TK — LK(SMH’YPK) EtTﬁl-f—ﬁpK(l—(s)Etpﬁl
(A.9b)
Household investment decision equation:
QC 11 pE
o (1 - TtI) = pg(TtFl(Itv[t—17Mz+,t7/-‘L"r,t) + E: | B iél = s Yrpr1Fo(Terr, Tes phot g1y My t+1)
QIIE Hat ey t+1
(A.10a)
I
(= 7)ot = = b1+ T = 8" (i) B [Ae ot o e = B0 iss = Bt 111 = B 1]
(A.10D)
Definition of capital services:
E: = utEt (Alla)
k=t + ke (A.11b)
Capital accumulation equation:
. . G ATRYTIN Rp—
kip1=(1=-0)ki——+ YT |1 -S| =" || [ + 4, (A.12a)
ozt eyt I
i 1-6) /+ . ) T/ -
kt+1 = ( ) (kt — l’Lz+,t — ,LL%t) + =T (It + Tt) (A12b)
Mozt By k
Optimal wage setting equation:
= v (T o a¢ 1 W\ — w o V(rkpe)
E; Z (€w) H Br+i nt+k\tQt+kW (1 - Tt+k) Wetklt — MrkCiok——e— | =0
k=0 i=1 - t+k) t+k
(A.13a)
- N W Swy /Y- AC =W N A C
Ny = BE [Dbeyr] — kw (Wy — Ay ) + 1T — Mzt it — Iy — BB |y — Kzt t+1 — I
(A.13b)
Labor force participation equation:
QA -r"w =¢erAd (A.14a)
~ n AN 7 AC 1 W
Wt = Ct + @t + ’I’]lt — Qt + ﬁﬂg (A14b)
Definition of endogenous shifter equation:
V=20 Uey (A.15a)
OF = 21" + Uey (A.15b)
Trend of wealth effect in endogenous shifter:
on Zi VX ([, )X (A.16a)
¢ Mot ot © .
Z;n’ = (1 —_ Xn)ZAZL_l - (1 - X”)ﬂz+,t - XnUc,t (A]'Gb)
Unemployment definition:
L; — N,
un;, = ——* (A.17a)
L,
o n (s N
un = 7 (lt — nt) (Al?b)
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Real wage markup equation:

—W (1 — TtW) Et
Ve ="——mn
t ﬁ{C

‘i/XV =n ([t — ﬁt)
Definition of wage inflation:

w Wi c
Iy = ——pu+ Il
Wi—1

Y = Aoy + fi4 , + 107

Definition of wage inflation indexation:

=W ren —Xw
I, = (1Y, )X (Iryren )t =x

~ W

I, = xollYy + (1 — xw)I"

Real wage relevant to employers:
—e — C
Wy = WPy
@f = e+ pr
Modified uncovered interest rate parity equation:

=C
Qt+1

C
Mz+,t+1Ht+1

ﬁc
T t+1 r
R.E; 5t+171-lc Bi+1 St+1
Mot 1t

= Rp:® (ﬁt, St, $t> E:

1 /v M 7 PN 7oA 7 v =
I (Zt - ZF,t) = (1 — ¢Je) E; [8t41] — 958t — dadr + o,
Aggregate consumption:

—agg __ - _nr
Ct - (1 - Sn'r)ct + snrct

—a —NT ANT

~a .
c™99¢199 = (1 — $pr)CCt + SnrC &4

Non-Ricardian budget constraint:

U+ mpfe" = =y wim + (1= ")

(1 + TC) pCeT (é{” + ﬁ?) +p°e" 7 = (1 =7 n (wi + fe) — @0 + (1 -1 )i
A.2 Sweden: Firm sector
A.2.1 Sweden: Intermediate good producers
Definition of composite technological growth rate:
Hot g = Hayt (Hy,t) T2

. . o,
ot g = Pz + Tkt
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(A.18a)

(A.18b)

(A.19a)

(A.19Db)

(A.20a)
(A.20b)

(A.21a)
(A.21Db)

(A.22a)

(A.22b)

(A.23a)

(A.23b)

(A.24a)

(A.24b)

(A.25a)
(A.25Db)



Real marginal cost of production for intermediate good producers equation:

((L+725) @) ()"

era®(l —a)l=olg,

mcy =

1 . SSC

mey = (1 — Oé) (ﬁ)ﬁ + mﬁ ) + Oé’f‘f{ — & — fG,t

Simplifying expression variable Gamma:

Real rental rate for capital services equation:

]:65 a—1
1

K ¢ 1 —— i
ry =ag | ——— mc S,
Tt Pot v t ’

R R =S R R . R 1~
=6+ (a—=1) (kt — N — flyt y — ,Uf'y,t) + mcy + EFG,t

Composite capital function:

-~ L uge— B v =1\ T
ki = (aKi (kts) {’(Kl + (1 —aK)i (kc,t) iy ) K
_ v —1 _ v —1

s 1 s U N 1 v ~
b = a7 (ﬁ) T+ (- )R (’i) " e
E E

Public capital accumulation equation:

1

EG,t+1 =(1- 5G)EG,t7 + th
Mzt el st
. (1-6¢) (+ X X I¢ o
k = (k: — — ) =1
Git+1 Lot fir Git = Hat .t = Hyt Te t

Optimal price of intermediate goods equation:*

ad b [ ) Yitk| .- p" —
E Z k ro t+k t+j t+k|t t+J to_ )\ =0
t © (jl_llﬁtﬂ) Qr HHC (Mtr — 1) ]1:[1 Hey; ) 1L FERTCEE

k=0 t j=1""t+Jj

A A~ 2 1 R 2
II; = BE: [Ht+1 - Hz+1} + K (E)\t + mCt) + I,

Definition of intermediate good price inflation indexation:
ﬁt —_ (Ht_l)X(HiTend)l—X

T, = xIT—1 4 (1 — )T

44yWe scale the markup shock 5\,5 by %
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(A.26a)

(A.26b)

(A.27a)

(A.27b)

(A.28a)

(A.28b)

(A.29a)

(A.29b)

(A.30a)

(A.30Db)

(A.31a)

(A.31Db)

(A.32a)
(A.32b)



A.2.2 Sweden: Consumption good producers

Relative price of consumption goods equation:

o= [ ) (10 ()

c o pc,ze 1-ve c c pC,e 1-ve ze c
pe =19 (pc) j2 ’xe—i—(l—ﬂ)(pc) pe°

Definition of consumption good price inflation:

C
e = P,
t—1

1y = pf —pr ) + 10

Demand for non-energy consumption goods equation:

pC,ze —vc
2% = 19C t 99
t el t
by

& =ve (p7 —p0") + e
Demand for energy consumption goods equation:

e c ptC,e e _agg

Ct_(l_ﬁ )(p?) “

~e ~C ~C,e ~agg
¢y = Vo (pt — Pt ) + G

Relative price of non-energy consumption goods equation:

1
l—ve,ze | I=ve,ze
ptC,ze — |:19C‘,ze + (1 7190,1}6) (pi%,C,ze) :|

c c pM,C'ze l—ve ze
pe :(1719 : )(pC,xe )

~ M,C,ze
Dt

Definition of non-energy consumption good price inflation:

C,ze

Hc,zc _ Dy

t - C,ze t
t—1

~rC,xe _ ~C,ze ~C,ze =
I, =P — P2y +1L

Relative price of energy consumption goods equation:

1
1-vee e e 1—vee | T—vece
O = [19c,e (p?,c,e) n (1 9O ) (py,c, ) }

c ce (PP e D,C c ph e e
e g () e (1 g (1)
p) p7

Definition of energy consumption good price inflation:

Demand for domestic energy equation:
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(A.33a)

(A.33Db)

(A.34a)

(A.34b)

(A.35a)

(A.35b)

(A.36a)

(A.36b)

(A.37a)

(A.37b)

(A.38a)

(A.38b)

(A.39a)

(A.39Db)

(A.40a)

(A.40Db)

(A.4la)

(A.41b)



Demand for imported energy equation:

M,C,e\ ~VC,e
_ C,e __ 1 190,& Py —e
my - - Che Gt
t

p
~e ~C,e ~M,C,e ~e
Ct =VCe\Pt — Pt +Ct

Definition of domestic energy inflation:

pD,C,e
D,Ce _ Pt
Ht — D,C,e Ht
t—1
7D,C,e _ ~D,Cie ~D,C\e -
1T, =DP¢ — P2y + 1L

A.2.3 Sweden: Investment good producers

Relative price of investment goods equation:

1
y 1—vy| 1T—v
pi = [19’ +(1-0") () ] '
M, I\ 1—vr
o= (o) (B0) e

Definition of investment good price inflation:

I
! = P,
Y2

I =p{ —piy + 1L

A.2.4 Sweden: Export good producers

Real marginal cost of production for export good producers equation:

me, = {ﬁx + (1 _ 19X) (pi\/l,x)l_”x] =

b'e b'e PM'X e M,X
me; :(1719 )(mcx) e

5

Optimal price of export goods equation:*

oo k € k - k=X
EARY; ey Titk iy jSttg 0 i
EtZ(§Z)k (HﬁH—j) ﬁté'“ <HHtcﬂ> ()\Xt ltl) {(H tﬁij ) J>pf< pt—/\fj-kmcfik =0
j=1

k=0 t j=1""t+3 t+k i=1 t+j

. . =X 1 - . . =X
M = 55, [15 — Tl |+ e (oAF 4 = i) + 10

Definition of export good price inflation indexation:

—X Xz ren 1—xa
= ()" ()
=X ~ ~
O, = X100 + (1 — )T

Definition of export good price inflation:

pf( _ Hg(st
Pfil 11,

Pt :p§i1+ﬂ§(—ﬂt+§t

45We scale the markup shock AX by i
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(A.42a)

(A.42b)

(A.43a)

(A.43b)

(A.44a)

(A.44b)

(A.45a)

(A.45b)

(A.46a)

(A.46b)

(A.47a)

(A.47b)

(A.48a)

(A.48b)

(A.49a)

(A.49D)
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A.2.5 Sweden: Import good producers
Optimal price for import firms specializing in non-energy consumption goods equation
oo —C,ze k —C,xze —M,C,ze
Q% Iy T L)t S T M,Coa M,Crze—M,C,
Etz fmC:ce (Hﬁ’“ﬁ) 70 H HC:EJe e ]_—I] t,optTe_A xemth+I;ce =0
k=0 j=1 tt4s (At-&-k — 1) j=1 t+i
(A.50a)
~M,C,xe
)\]M C,xze + mcM ,Cize ﬁi\/I,C,xe) 4 Ht (A50b)

~M,C,xe 1
" = gE, { AEEEE VA } + K, C.oe (
KRM,C,ze
Definition of import price inflation indexation, import firms specializing in non-energy consumption goods
(A.5la)

=M,C,ze (ij’f7E5>XWL,C,me (Hi"'e"d)17>(m,,c e
(A.51D)

oy
= Xm,C zeﬁM,IC,a;e + (1 - X’m,C’,ze)Hirend

~ M,C,ze
t
Definition of import price inflation, import firms specializing in non-energy consumption goods
IVI,C,ace HM,C,ace
== (A.52a)
M C,ze
Pi1 I
ﬁiM,C,xe _ ﬁlbf ,C,ze + H]\/I ,Cize ﬁt (A52b)
Optimal price for import firms specializing in investment goods equation:*”
k — I =M, I
Qt+k Iy Myt k|t I M,I
Z Em.1) <H ﬁtﬂ) = Il e i H T | Pl = N =0 (A53)
k=0 t j=1 t+j )\f+k -1 j=1 7
~ ~ ~ M, I ~ y M ~M,I
1" = BE, |:H%r1[ - Hz+1} + K1 <I€M . A+ mc%ll - P?I’I) + 1L (A.53b)
Definition of import price inflation indexation, import firms specializing in investment goods
— Xm, rendal—
" = ()™ mgrendy o (A.54a)
~ M, I A~
0 = X, r 0+ (1= X )T (A.54b)
Definition of import price inflation, import firms specializing in investment goods
M, I M,I
’ H ’
B == (A.55a)
Py t
0t = peld + TN - T (A-55b)
Optimal price for import firms specializing in export goods equation:*®
oo k X =M, X
[ b Iley Mytk|t T, M,X M, X ——M,X
B (6mx) <Hﬂt+J> — (an] o | H =) e = N | = 0 (As6a)
k—0 Q, =1 t+i (At+k — ) t+j
M, X 1 . ~M,X
" = BE, { o =T } + Rarx (K—AtM’X gy = by X) +10, (A.56b)
M, X
Definition of import price inflation indexation, import firms specializing in export goods
_ Xm,
e S U B (A.572)
(A.57b)

M, X (1 - Xom, X)Hzrend

~ M, X
t = Xm, XHt 1+
46We scale the markup shock )\M Crze NMlc .
,C,xe
4TWe scale the markup shock )\ b NM 1
KM, X

48We scale the markup shock AM by ——
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Definition of import price inflation, import firms specializing in export goods:

M, X HM,X
t

Dy

= A.58a
P T I (A58
pen =Pl + I 10 (A.58D)

Optimal price for import firms specializing in energy consumption goods equation:*°

oo —C,e —=M,C\e
B Qt_,_k k it Myt ke L5 M,c,e AM.CrermeM Ce | _
t g nge H5t+3 70 H HCE ()\MCE ) H Ht+] topt — M mct+k =
k=0

t t+j t+k - Jj=1
(A.59a)
N e N e ~M,C,e 1 ~ . . . R . ~M,C,e
" = BE, {Hi\fﬂc | ] + KM, Ce (HMC AMTEE et O — pt e > + 11 (A.59D)
Definition of import price inflation indexation, import firms specializing in energy consumption goods:
Xm,C,e _
mee (H,{fo’e) O (rErendy Xm0 e (A.60a)
2~ M,C,e N
Ht = Xm.C, e1—[1\1 Cie + (1 _ Xm,C,e)Hirend (A60b)
Definition of import price inflation, import firms specializing in energy consumption goods:
M,C\e M,C,e
) H )
. ==t (A.61a)
pelre M
PO = ply e IO — T (A.61Db)
Marginal cost of energy importer:
—__M,C,e _ pz
mc, = Qt (A.62a)
F ¢
ey = pUs 4+ Qr + B — PR (A.62Db)
Marginal cost of non-energy importer:
me " = Qi P (A.63a)
pF t
ey = Qv+ Py — P (A.63b)
Definition of real exchange rate:
Q: 1%,
=s : A.64a
Qi STy (4.64a)
Qr— Qi1 =54 + 15, — 117 (A.64b)

A.3 Swedish monetary policy rule
Monetary policy rule:
;?otional _ p;?;otlional + (1 — p) (TT[‘H 1 =+ TunuTLt 1) —+ AT (ﬁtc — ﬂf,l) + TAun (Uj’nt — uvnt_l) —+ Ei, (A65)

f o 1 /. . . .
e = 1 (Htc + 10, + 1T, + Htcfs)

1

49We scale the markup shock 5\3/1’0’6 by KM,C,e
3 ,e
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Nominal interest rate with and without the zero lower bound:

%fs — max {z’ ;.:Lotional + ‘Z?at} (A66)
Real interest rate: R
Fo =1x — II{44 (A.67)
Monetary policy expansion, definition:
=15 — i (A.68)
The neutral interest rate: .
i = rufie g — el + 2 (A.69)

A.4 Swedish fiscal authority

Government budget constraint:

5 T T (.
G, TP L IE (L7 Yo
/~Lz+,tnt

(A.70a)

7 p7 0+ (705 4 Wl wine+ T 45+ = (an + (RE1 - 1)

sSscC
T

C_aggC | _C.C_ Ne] . SSC
P Cagg Cagg(

7 +7% Py + c}‘”’g) +pCan® +pCant ¢ +( +7" % wn (ﬁ? + 1y + m) TR 4B+,
1 b N - b sp GG | s TR\Y a
= RP -1 b—i( H) RE  +T°I 1— {ra99
(aB + )(uz+ﬂt il Qo+ o+ 11 +uz+H o+ I 4G9+ (1 — 7 )iy

— 005 TR ! T (pl+ 1) (A70D)

Law of motion for aggregate total government debt stock:

1

I A.Tla
A ( )

biv1 = (1 —ap) b

v l—apy (l—ap)b/. A in
= - 1T b A.71b
be+1 P be P (Mﬁ,t + t) + by (A.71b)

Definition of average interest rate on all outstanding government debt:

5 _ 5 _ 1 B —
_ =(1— - D — " 12
(Rt 1) b1 = (1 — ag) (RH 1) b (Rt 1) b, (A.72a)
T BB B ¥ (1 -az) (RB -1) b -p s A TN %B.n B.n in
B! +(R —1) boo1 = o RB_lRt,1+bt—b(uz+,t+Ht) TR +(R —1) b
(A.72b)
Capital income tax revenues:
K ki K[ K 7 K ¢ My DI
Yy = ——7 | riue—pra(uy) — 00— (A.73a)
Kozt eyt II;
KT, K K
sk Tk K KD Hy ;oA K (oK KD Hy (fp oK
Yy = Lot [ {(7' L0 i ) (kt ﬂz+,t) +r (Tt H%t) +170 I (Ht pt—l)]
- K
k (TK _ KgP m) 2K (A.73b)
Hz+ Ky II
Aggregate transfers:
i = (1 — spr)try + sprtry (A.74a)
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fri? = (1= spp)tre + snrtry” (A.74b)

Transfer allocation:

Wdyn (ﬁt - ﬁ) = (1 — wayn)(Ery” —tr"") (A.75a)
wdyntf“t = (1 — wdyn)frfr (A75b)
Government surplus:
_ t —n
Surp, = « —-b A.76a
Pt B T t ( )

Surp; = LBH (l;t -b (ﬂz+t + ﬁt)) — l;? (A.76b)

z

Fiscal policy rule for aggregate transfers:
999 — 1 rage Ire9d

(]:t'r b ( g,t — be:TQEt) + ]:tr ,SUTP (Stsurpy t — StSUTpTaTQEt) + ]:tr,unuunt)

tr299

+e (A.77)

tr

Fiscal policy rule for government consumption:

gt =pgGi—1
+Fgb (by ¢ — bT”gEt) + Fgsurp (Stsurpy ¢ — StsurpTarget) + Fo,ul
+ef (A.78)

Fiscal policy rule for government investment:
If =prcly
+Fiaw (ba = 05377 ) + Frcoury (Stsurpg. — Stsurpl§™) + Fic,yie
+€¢¢ (A.79)

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

vT ST
Ty =PrzTi—1

+Frep ( = bT”gEt) + Fre surp (Stsurpy : — StsurpT“T98t>

+e; ', x € {C,W,585C, K, TR} (A.80)
Investment tax credits:
™ =paTil 4 etTI (A.81)
Debt target equation:
7Targe iTarge arge Target
bg,t 9t = (Pl,bT + Pz,bT) bg,t_g1 b - P1,bT P2, bT (bT g t) + e (A.82)

Structural government surplus:
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B
—1-

Stsurp, =Stprev, — Stpexp, — %bz (A.83a)

tHz+ ¢t

- - - RP -1
Stsurp, = Stprev, — Stpexp, — i

V- 1 . . .
bt + b <ﬁRtB,1 - ,uz"',t - 7Tt>> (A83b)

Mt

Structural primary expenditures:
Stpeap, = ((ir$%9 — §Firunting)) + (fG T ) - y)> - (g ~ Fpug®=? - y)) +rip' T (Asda)

Stpeap, = (£r0%? — §Firunting) + 1€ (ff - sz,yQt) 1§ (Ge — Fouie) +p It (A.84b)

Structural primary revenues:

K
Stprev, =7 p°e* + (7% + 7V Ywn + Tt’(ﬁ . (rf - LK(SLﬁp ) + 7 (@1 — GFerunung) +1
zt My,
(A.85a)
M __oC C_agg v SSC | SWy— VK k K K ;DK/M
Stprev, =7, p- ¢ + (% + 7 )wn + % ro—d—2L
oo+ My II
+# B — Fipunfuing) + 1 (A.85b)
Relation between debt target and surplus target:
arge 1 arge
Stsurpgt get — (M 7 1) bgyt get (A.86a)
z
o 1 o
Stsurpl It = (m - 1) b, 4" (A.86b)

A.5 Auxiliary variables

There are some variables which do not affect 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:

1099 = T, + IY (A.87a)
D P
I, = ———1 — 1, A.87b
R S hu e (A ( )
Price of aggregate investment:
Ia L 4 If
ple9s = FrPl + o (A.88a)
~la T pI AT 7 T 1 TG ra
P = 7499 plagg (P + 1) + 7499 plagg I = 17% (A.88b)
Aggregate investment inflation:
Tagg Tagg Htlagg
yon =Pt 1, (A.89a)
ﬁ{agg — ﬁ{fglg + f[{'lgg —T1I, (A.89D)

Aggregate import prices:
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M__D _ _C,ze MC,ze —I MI —X MX —C,e MC,e
bt My =My Py +mypy T+ My py +my Py
—C,ze —T —X —C,e
ﬁM _m> ZsMc,am_|_ m ﬁMI+ m ﬁMX + m ﬁMC‘,e
[ — t —p Pt —pht —p Pt
mP mP mP mP

Aggregate import inflation:
! _ 1
Pty 1T
Pt = pity + 147 — 1L,

Consumption tax revenues:

C
T C C —
Rev, =71, p;c9?

C C_aggwC C,C-a AC | sa
Revi™ =p~ "% +1-p~ ™ (pt +é gg)

Labor tax revenues:
7TW W C —
Rev, =7, py winy

Rev[w = pcfu_)m“' + TWpCu_m (ﬁtc + Wy + fzt)

Social security contribution revenues:

——r55¢ SSC_C -
Rev, =777 pf Weny

s ssC_ C —

Rev{s ° = pcwn% + 7 p-wn (ﬁtc + Wy + ﬁt)

Transfer tax revenues:
TR
ST TR
Rev, =i "try9?

TR TRy I TR
Revl™ ™ =17 "r?9 + tr*99%

Primary revenues:

S

. C . w . sSsc ; TR oK
PReviy = Rev, -+ Rev, + Rev, + Rev, +71;

9 . +C . LW . ,SSC L STR
Prevy = Rev,; + Rev, + Rev, + Rev, + 73

Investment tax credit expenditures:

P § _
Ezxp, =71ipil

ExptTI =p'TH +7p'T (ﬁf + ft)
Primary expenditure:

Peap, = i pi It + 7, + I +tr}%?

Pexp, = p' I# + 71p'T (ﬁ{ + it) + g6 + Igla. + tri99
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(A.90a)

(A.90Db)

(A.91a)

(A.91b)

(A.92a)
(A.92b)

(A.93a)
(A.93b)

(A.94a)
(A.94b)

(A.95a)
(A.95b)

(A.96a)
(A.96b)

(A.97a)
(A.97b)

(A.98a)
(A.98b)



Primary surplus:

Aggregate transfers, percent of GDP:

Government debt to GDP:

Surplus to GDP:

Net exports:

Psurp, =PRevs — Pexp,
Psﬁrpt = Prvevt — Pevxpt

tr*9 oy, :t‘,}:g
Yy
. 1, tress
tred9oy; = itri 99 — Tyt
by
boyt = =
Y
v 1, b
bOyt = —b; — ::l);n
Yy Y
Surpt
surpoyr = —
t
. 1 SUTD .m
Surpoy: zisurpt — 7 Uy

NTy = Tt — My

TLUCL't :i'{i't — mfnt

A.6 Foreign: Household sector

Foreign consumption Euler equation:

Q. = ReCraEy

—C
QF,t+1

C
HF,t+1

ﬂ;,tJrl

+
‘LLZF,t+1

. . . . 1. .
s C 3 C ~
Qg,t =E; [CF,t + Brie1 + Qp g1 + ?FZF,t —rep — Pt i

Foreign marginal utility of consumption equation:

Gyt

—=C
QF,t =

— 1 —
CFt — Ph,F M CFt—1
z;,t

-1
ch;,t = &?t 1 - Pt —Cpt + Ph.k (éF,tﬂ — i+ t)
T ot P

Foreign capital utilization decision equation:

T{?(,t = pff,ta, (uFt)

NS N N
TRt = PFrt T OalF,t

Foreign household purchases of installed capital equation:

—c
Qp i1 Hpppa

1

K T
Prt = Et/BF,t+1 —_c

I + t+1
F,t F,t+1 “zF,t+1/“L% +

[T?,Hluﬂtﬂ — prepra(up) + ppepa (1 — 5F)]
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(A.99a)
(A.99Db)

(A.100a)

(A.100b)

(A.101a)

(A.101b)

(A.102a)

(A.102b)

(A.103a)
(A.103b)

(A.104a)

(A.104b)

(A.105a)

(A.105Db)

(A.106a)
(A.106b)

(A.107a)



(ﬁfg,t - f[F,tJrl + l}'y,t+1) =

) ) . A ) 1 ) 1 )
Efpir + EQf e — Qe — Bl — Bijiy oy + Er?Etrﬁt+1 + H—Fp§(1 —5r)Epl, (A107h)

Foreign household investment decision equation:

—C K
R Q II D
P%,t = pﬁtTF,tFl(IF,m Ipi—1, 1+ 4 tryt) + By BF,t+1 Egﬂ g’tH Ll
D it HF,t7L1 ,LLZFHI,uq,Hl
(A.108a)
PF .1 K . 2 2 »
A A 11 ~ ~ ~ ~
p?TFpF’t =prt+Tre—S (Nz;:ﬂ"/) E: [AIF,t + Pt + fiy,t — BrODIp 41 — 'BF“z}r,tJrl — 5F/M,t+1]
(A.108b)
Foreign definition of capital services:
ki = upikr: (A.109a)
ki = tpe + kpy (A.109b)
Foreign capital accumulation equation:
_ _ 1 Y YTV Y D
kF7t+1 = (1*5)kF’t7+TF7t 1—-5| ———— IF, +AF,t (A.110a)
o st ITri—1
- 1—0F) /¢ . N I .
kriy1 = (71?) (kF,t — M+, — /»’J’y,t) + e (IF,t + TF,t) (A.110b)
Hot Hoy L kr
Foreign optimal wage setting equation:
- F k i r -C Wy — W n ]/,(nF,t-‘rHt)
E; Z (ﬁw) H Brivs | nrrktSireie |(1 = TF) Writk)e — AF Creve———— | =0 (A.111a)
k=0 j=1 Fit+k

~ W

~ W N ~
Doy = BrE; [Abp] — kew P + g, — ﬂzpt — 1%, — BrE Mg,y — ﬂz;:,t-s-l —M%,14]  (A.111b)

Foreign real wage markup equation:

AR Sl J L (A.112a)
n ”Fﬁngt)
Rt o7,
S TL AN n A~ AC
Vg =wWrt—Cre — NFNEe + Qpy (A.112b)
Definition of Foreign wage inflation:
ny, = 5t . g, (A.113a)
WFt—1 “F°
. . . . o
Up, = Adpy + fit, + 1, (A.113Db)

Definition of Foreign wage inflation indexation:

Ty, = (I, q) X5 (TG (A.114a)
ﬁw —_ fIW Frtrend A
rt = XFwlpe1 + (1= xrw) HFy (A.114b)

Real wage relevant to Foreign employers:
W, = WrPFe (A.115a)

W = Wrs + P (A.115b)
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A.7 Foreign: Firm sector
A.7.1 Foreign: Intermediate good producers

Definition of Foreign composite technological growth rate

AR

Mot o = Hat (fy,e) T7OF

F

N ap
ot s /th+1 HWt

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

(@50) ' ()"

epragt (1 — ap)l—oF

MCF,t =

A~ ~e ~K A
mert = (1 — ar) Wiy + 0rTpe — Rt

Real rental rate for capital services equation:

— ap—1
K kot 1 _
Tpt = QFEFRt E— MCF,t
NEG Mot oHoyt

~K ~ 78 ~ ~ ~ ~
Tre = ére + (arp — 1) (kF,t TR T by T N%t) + MCF,t

Optimal price of Foreign intermediate goods equation:*°

EtZ( ) (H/BFtﬂ) Fct'+k< HFtﬂ) (A;::kjsl)

k=0 Fit Fit+j

H opt
H Urtts |\ Pre AR t4+kMCF 4k | =0
Ir

Ik st+j

~ ~ S 1 - R S
Ilr: = BrE: |:HF,t+1 - HF,t+1] + KR (EAF,t + mCF,t) +1F;

Definition of Foreign intermediate good price inflation indexation:
Tip: = (IlF—1)X" (H?,Etmd)lixp

Tr = xrfleon + (1= xr) ™

A.7.2 Foreign: Consumption good producers

Relative price of Foreign consumption goods equation:
1
1-v 1—v Tvp o
c c (, C,ze e c e FC F.C
Prt = [191? (PF,t ) + (1 - ﬁF) (th) }

pc \ze l1-vp c » C,e 1-vp o

~C' C ~C,xe C ~Ce

Prt = VF Fc Dr (1 - 79F) Fc Prlt
Pr Pp

Definition of Foreign consumption good price inflation:

th

th 1

Ir:

e}
HF,t =

~C c Ne; -
Up: =DF: — Dri—1 + ry

50We scale the markup shock 5\F,t by é
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(A.116a)

(A.116b)

(A.117a)

(A.117b)

(A.118a)

(A.118b)

(A.119a)

(A.119b)

(A.120a)
(A.120b)

(A.121a)

(A.121b)

(A.122a)

(A.122b)



Demand for non-energy consumption goods equation:

C,ze\ ~VF,C
—ze C pF,t _
Crt = Ir (o] CF,t
Pry

~re ~C ~C,ze ~
Crt = VF,C (PF,t —Pry ) +Crt

Demand for energy consumption goods equation:

pC,e —VFp,C
Ty = (1 - ﬁg) (plgt > e

Ft

~e ~C ~Ce ~
Cpt =VF,c \PFt —Dpy ) T CRrt

Relative price of non-energy consumption good:
C,ze
Pry

~C,xe __
Prp: = 0

Definition of Foreign non-energy consumption good price inflation:
57 = ey

7C,ze s
HF,t =1Ilp:

Definition of Foreign energy consumption good price inflation:

C,e
Pr:
C,e
Ppt1

7C,e _ ~Cie ~Ce =
gy = Prt —Ppi-1 T ey

C,e
HF,t = re

A.7.3 Foreign: Investment good producers

Relative price of Foreign investment:

I
Pre =1
1
PFrt = 0
Foreign investment inflation:
I
I PF,t
HF,z = 7 HF,t
Pri—1

-7 N N 7
IIr: = pre — Dr—1 + Ur 1

A.7.4 Price of Swedish exports in terms of Foreign intermediate goods

Definition of relative price of Swedish export goods in terms of Foreign intermediate goods:

X, C
~x _ Pt Prut

p fr

¢ Q¢ Ptc
2 X N ~C A ~C
Py =i +Pr — Qu — Py
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(A.123a)

(A.123b)

(A.124a)

(A.124b)

(A.125a)
(A.125b)

(A.126a)
(A.126b)

(A.127a)

(A.127b)

(A.128a)
(A.128b)

(A.129a)

(A.129b)

(A.130a)

(A.130b)



A.8 Foreign monetary policy rule

Foreign monetary policy rule:

;T}?tta“oml = ppﬂ?ttftfo"al—&-(l — pr) (TF,wﬂ?:”tc_l + TF,y?QF,t—1)+TF,A7r (f{%t - ﬂg,t71)+7‘F,Ay (Gr — QF,t—1)+€iF,
(A.131)
N 1 /- N ~ N
H(;rtc =1 (Hg,t + Hg,t—l + Hg,t72 + Hg,t73)
Foreign nominal interest rate with and without the zero lower bound:
5, = maz(ip, LM 1 ) (A.132)
Definition of monetary policy expansion
ir =iy — gy (A.133)
Foreign nominal interest rate with and without the zero lower bound:
;;f“fltt — TF#:[Lz;,t — TF,CCAF,t + 2?: (A.134)
Foreign real interest rate:
9 SF e
7"F7t =1 — HF,t+1 (A135)
A.9 Market clearing
A.9.1 Swedish aggregate resource constraint
Ve,ze vr |~ k
g =07 (p07) g 4 d 0" (b)) | T a ) ——
ILLZ;J‘;/‘LV!t
X (- x\"" [ FX X _ | 7G
+ 9 (me T Py +¢7 | +gc+ Iy (A.136a)
c c c*e c 1o . 1 nvor L I, a'k
G = 09 ) o (Ve + ) + Sdi 40 0TS vl + e+
Y y Hox iyl
T+ ¢%) X z g I¢
+ 9~ (*X) (f Vemicy + iy | + 2t + —I A.136b
7 t (33 T ¢X) gt t ( )
A.9.2 Foreign aggregate resource constraint
_ _ze —e T 7. 1 —
Yrt =Cpt +Cpr+Irt +a (upi) kpt——— + G (A.137a)
/'Lz;:,tﬂ’y’t
) c*e o Ir i a'k gr .
G = e s CO — OB e |+ Lgp, (A.137b)
Yr Yr i, +u71F YF
A.9.3 Balance of payments
_ _ _ . _ e _ _ 1
ar = pp T —mc, T m —me,"CCmE + @ (at 1y St—1, i 1) Rrt—1Gi—1 51 a¢— 171_[ (A.138a)
z t
v X[ AX -~ ) _ M,zefze( ~ M,ze Ame) — M,C’,efe( ]\/[C'e )
ar =p T |p; +xt)—mc m mc +m — mc m- (mc,
a 1 - 1
JFE —Gais— 1*¢s(8t+8t 1)+¢t 1+R iri—1 4 Coo1 + 8 — ”*t IT; B (A.138b)

76



A.9.4 Swedish exports

~ —VF,C,ze ~ —VE, I
7, = (1 ﬁc,ze th —Te 1 191 pf( 1_—
Te=\1—-Vp O Cre+ |1 —vF pT Fit

F,t Fyt

X X 4 x\ 7
& = —vpp, +wolpy+ (1 - wc) Ip,:

A.9.5 Swedish imports for non-energy consumption

YC,xze

?iﬁ,c,zemf,ze _ (1 _ ﬁc,ze) |:19C,m€ (pé\/l,cyze)l’cmefl f1- 19C,mei| 1—vo ze Eze

C,ze ve, —ze _
~ Cixe C,ze p e ~Te C,xe C,ze vC.we =1 ~M,C,xe
my = (1 -9 ) ¢~ —vo,zeV p 2

pM,C,ze mc,xe

A.9.6 Swedish imports for investment

L

vr—1 1—
Mgl _ (1 — ) {19’ (piw’l) +1- 0’}

- _ 1
! |:.It 4+ a(ut)kt

A.9.7 Swedish imports for export

B = (1-0%) [ (o) oo T [P o]

X \Yr 5 ve—1
mt’(:u_ﬁx)(’nc ) i[ﬁct—ul.z?x)\x (WX) ﬁi‘”’x}

pM.X X

A.9.8 Imports of non-energy goods including fixed costs

_ S M,C,ze—C SSEMI—T | SPMX_—X M,C M,T M,X
mfe:Pt"xemt’xe'i‘Pt’mt""Pt’mt +¢a,$€+¢a+¢’

—C,ze —T —X

~xe M ~ C,ze moo.r m ~ X

my = ——-Mmy + — —e Mt
m m m

A.9.9 Imports of non-energy goods excluding fixed costs

__D, S M,C,ze—C MJI—I |, S§M,X—X
my, "= P m - Py my + Py g

more o ml mY . x
—— "+ My + m
mD,xe t mD,xe t mD,xe t

~ D,xe __
my

A.9.10 Imports of energy goods including fixed cost

m:, _ ?i\i,C,eth,e +¢]\4,C,e
——C,e
me _ m-’ mC,e
£ 7 — t
me

7

/u’er,tv.LL"ht

I vr 7 ’
AT I p I |- a N 1( 1\ !
=(1-9 — |1 _ — v
e = )<pM*’> m! {t+<uz+uw—1+5> ao (p)

(A.139a)

(A.139b)

(A.140a)

(A.140b)

(A.141a)

(A.141b)

(A.142a)

(A.142b)

(A.143a)

(A.143b)

(A.144a)

(A.144b)

(A.145a)

(A.145b)



A.9.11 Aggregate imports excluding fixed costs

_D __ _D, S M,C,e—C
my = m; ze + P ] ,emt ,e
—D,xe —C,e
,\D_Tnf7 ~ D,xe m-’ ~ C,e
my = TDmt + —D my
m m

A.9.12 Aggregate imports including fixed costs

<~
— —xe M,C,e—Ce M,C,e
me=m; + Py mi+ ¢

—ze —C\e
N m ~ xE m ~ Cle
m my

A.9.13 Swedish aggregate output

<=
y Pe= <5t

B
t n%*(x _ (z)
Kozt eyt

. AL 5. . .
ge=% (Et +a (kt — fl o — uw,t) +(1 - a)"t)

A.9.14 Measured Swedish aggregate output

ky
M _191 I VICL u
W= 0 ) alu)
9D (P k .
Yo =Yt — — wa Ut
Yy p uz+MV

A.9.15 Foreign aggregate output

A.9.16 Measured Foreign aggregate output

ket

/’l/z;’tu"‘/at

~TT N 1 ol kF N
Yrt =Yrt — —— | — UF,t
Yr \ Pr :UIZ;/J“/

—m _
Yrt = Yrt — a(ur,t)
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(A.146a)

(A.146b)

(A.147a)

(A.147D)

(A.148a)

(A.148b)

(A.149a)

(A.149b)

(A.150a)

(A.150D)

(A.151a)
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A.10 Stochastic exogenous shocks
A.10.1 Global exogenous shocks

Labor augmenting technology shock:
Pzt = P, flzg—1 + €pyt

Investment-specific technology shock:
Byt = Ppny fly,t—1 + €pny it

Neutral rate shock:

sR SR
2 =p.rZ 1+ e€r, +0.r€R,

A.10.2 Swedish exogenous shocks
Discount factor shock: R R

B = pabi1+ €
Monetary policy shock

Private bond risk premium shock: R
G = corrcCr + pe G1 + €

Consumption preference shock: .
{§ = correeCiny + pee Cioa + €6

Exchange rate shock (external risk premium shock):

¢ = P Py + Ef

Labor disutility shock: A R .
=penClite

Wage markup shock:

~ w
N =pow Al + e
Productivity shock (stationary technology shock):

€t = pefi—1+ €

Stationary investment-specific shock:

T = corrr"fp,t + pri‘t-l + 63

Intermediate good price markup shock:
2 % A
At = padi—1 + €

Export price markup shock:
~ ~ X
AL = Pax AN +e

Markup shock to import firms specializing in non-energy consumption goods:

A\ M,C,ze A M,C,ze
At )‘tfl + €

= PAM,C,ze
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(A.152)

(A.153)

(A.154)

(A.155)

(A.156)

(A.157)

(A.158)

(A.159)

(A.160)

(A.161)

(A.162)

(A.163)

(A.164)

(A.165)

(A.166)



Markup shock to import firms specializing in investment goods:

IM,I SM,I AMI
ApT = pama A e

Markup shock to import firms specializing in export goods:
o - M, X
MY = o x A + €

Markup shock to import firms specializing in energy consumption goods:

{M,C,e {M,C,e AM,Ce
A = paM,Cme A" + €
Domestic energy price shock:
~D,Cie ~D,C\e pD’c’e
by = ppp.C.eDy’y T €
Inflation trend shock:
Htrcnd

ot d At d
Ht'ren = pntrendntieln + €t

A.10.3 Foreign exogenous shocks

Discount factor shock: . A
Bru = psrBri—1 + €f~,t
Monetary policy shock

Private bond risk premium shock: . .
Cre = pep Cri—1 + €y

Consumption preference shock:
Cre = COTTCE v Tre+ peg, Chi—1+ E%J

Labor disutility shock: . .
Crt = pep Cri—1 + Giy
Productivity shock (stationary technology shock):

EFt = Pep EFt—1 T €Rt

Stationary investment-specific shock:
YTre=prp Tre—1+ E;J

Intermediate good price markup shock:
2 2 A
ARt = PrpAFt—1 + €pyt

Foreign domestic energy price shock:
D,C,e
P

~Cie ~D,Ce
Pri = PpDCePri—1 te€pt

Foreign inflation trend shock:
HC,trend
F

7 Citrend 1 C,trend
Iy = png,trendHF7t71 + €
Foreign government consumption shock:

~ _ - 9gr
gFt = PgpgFrt—1 + €
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(A.170)

(A.171)

(A.172)

(A.173)

(A.174)

(A.175)

(A.176)

(A.177)

(A.178)

(A.179)

(A.180)
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B Appendix: Steady state

B.1 The Swedish economy
B.1.1 Sweden: Household sector

Consumption Euler equation:

c
po+11
R= B.1
5 (B.1)
Definition of nominal gross interest rate on private bonds:
R=1+1 (B.2)
Lagrange multiplier, Marginal utility of consumption equation:
L = %—1
o = (ag)ve (E ) ve (B.3)
(1+76)e(1- ) \@
Marginal utility of consumption equation:
1 = 1 _q
U. = _(ag)ve (c\ve (B.4)
‘e (1 ~ ”—h) ¢
Bt
Composite consumption function:
_ 1 G
¢ o LorgyTig | et
S=laif +(1-ag)7e (:) (B.5)
c c
Average interest rate on government bonds:
A B
Qff = B.6
C0s — A1~ ap) (B6)
Euler equation for government bond holdings:
HC
RP™ = 752* (B.7)
Capital utilization decision equation:
K _ I 7/
ro=pa (B.8)
Household purchases of installed capital equation:
1—7E) K
K pl-r)r (B.9)
Bt by — B(1 = 6) — BTRSF
Household investment decision equation:
p' (1 — 7'1) =p~ (B.10)
Definition of capital services: B B
=k (B.11)
Capital accumulation equation: B
1 1
1=(1-9) + = (B.12)
Hzt Uy k
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Optimal wage setting equation:

Labor force participation equation:

Definition of endogenous shifter:

Trend of wealth effect in endogenous shifter:

Unemployment rate definition:

un = L=m
T
Real wage markup equation:
o= (L)
Definition of wage inflation:
Y = 1€
Definition of wage inflation indexation:
—w -
=1
Real wage relevant to employers:
Ee _ pr
Modified uncovered interest rate parity equation:
R = SRF

Aggregate consumption:

—a

C 99 — (1 — Snr)E"’ SannT

Non-Ricardian budget constraint:

(1+79p%" = (1 — ") wn + (1 - TTR) 7

B.1.2 Sweden: Firm sector

Definition of composite technological growth rate:

o

Pt = fhz () T2

Real marginal cost of production for intermediate good producers equation:

((1 + 7_SSC) Ee)l—a (TK)oz

C =

ca®(l —a)l-olg
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(B.13)

(B.14)

(B.15)

(B.16)

(B.17)

(B.18)

(B.19)

(B.20)

(B.21)

(B.22)

(B.23)

(B.24)

(B.25)

(B.26)



Simplifying expression variable Gamma:

Composite capital function:

YK

B = (o ()55 4+ (- a0 (o) )

Public capital accumulation equation:
1 1
1=(1-6¢ + —
( ) Mozt Py kG

Optimal price of intermediate goods equation:

3
I

>l =

Definition of intermediate good price inflation indexation:

T =1¢

Relative price of consumption goods equation:

P’ = {ﬁc (PC’”)I_DC + (1 - 190) (pc’e)l_uc} e

Definition of consumption good price inflation:
n° =1

Demand for non-energy consumption goods equation:

c pC,ace —vc
¢ =1 ( e ) c99
p

Demand for energy consumption goods equation:

pC,e —vc
& — (1 _190) (pc ) 499

Relative price of consumption goods equation:

1
1—ve,ge | T=ve,ze
pC,ze — [ﬁcyze n (1 719C,ze) (pM’C’Ie) :|

Definition of non-energy consumption good price inflation:

Hc,xe —1I
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(B.27)

(B.28)

(B.29)

(B.30)

(B.31)

(B.32)

(B.33)

(B.34)

(B.35)

(B.36)

(B.37)

(B.38)



Relative price of energy consumption goods equation:

1

2O = |:190,e (pD,(J,e)lfVC,e n (1 _ 19c,e) (pzw,c,e)lfuc*e} Tmree (B.39)

Definition of consumption good price inflation:

% =11 (B.40)

Demand for non-energy consumption goods equation:

_ D,C,e\ ~VYC,e
a° = 99° (p ) & (B.41)

pC,e

Import demand for energy consumption goods equation:

pM,C,e —vee
= (1-9%) ( - ) o (B.42)
p ,€

Definition of consumption good price inflation:

2% =11 (B.43)
Relative price of investment goods equation:
1 I I M\ =
pf = 19+(1719)(p ) (B.44)

Definition of investment good price inflation:
o' =1 (B.45)

Real marginal cost for export good producers equation:

1
1—v, | Tove
me* = {ﬁx +(1=0%) (™) ] (B.46)
Optimal price of export goods equation:
X
— p
Definition of export good price inflation indexation:
o =m¢ (B.48)
Definition of export good price inflation:
o =n (B.49)

Optimal price for import firms specializing in non-energy consumption goods equation:

pM,C,ze — \MpgeMwe (B,50)

Definition of import price inflation indexation, import firms specializing in non-energy consumption goods:

ﬁl\/I,C,ze _ Hc,ze (B51)

Definition of import price inflation, import firms specializing in non-energy consumption goods:

e — 1 (B.52)
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Optimal price for import firms specializing in investment goods equation:

pM,I _ )\MWM,a:e

Definition of import price inflation indexation, import firms specializing in investment goods:

=M,

o =

Definition of import price inflation, import firms specializing in investment goods:

M —qp

Optimal price for import firms specializing in export goods equation:

M, X M—_M,ze
P = \"mc

Definition of import price inflation indexation, import firms specializing in export goods:

M, X

o =n¢

Definition of import price inflation, import firms specializing in export goods:

HM,X —1I

Optimal price for import firms specializing in energy consumption goods equation:

M,Cie __ )\IbliM,C,e

P mc

Definition of import price inflation indexation, import firms specializing in energy consumption goods:

—M,C,e
I — HC,&

Definition of import price inflation, import firms specializing in energy consumption goods:

H]W,C,e —1I
Marginal cost of energy importer:
c
e = piQP s
Pr
Marginal cost of non-energy importer:
c
—M,ze p
mc Q—
P
Definition of real exchange rate:
s=1
B.1.3 Swedish monetary policy rule
Monetary policy rule:
i=R—-1

85
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(B.54)

(B.55)

(B.56)

(B.57)

(B.58)

(B.59)

(B.60)

(B.61)

(B.62)

(B.63)

(B.64)
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B.1.4 Swedish fiscal authority equations

Government budget constraint:

TOpYe 9 4+ (795 + W pCan + TF 48" + 7= (aB + (R - 1)) b
po+ 11

Law of motion for aggregate total government debt stock:
= (11
Kzt 7

Definition of average interest rate on all outstanding government debt:
RB — RB,n

Capital income tax revenues:

TK: E TK (TK—él/L’YpK>
oot Hoy I

Aggregate transfers:
tr®99 = (1 — spp)tr + Sprtr™”

Transfer allocation:

Westr = (1 — wss)tr™"

Government surplus:

n

surp = ap —
P po+ 11
B.1.5 Auxiliary variables
Aggregate investment:
%99 = [+ I°
Price of aggregate investment:
Tagg __ I_ I I_G
T agg P Jagg
Aggregate investment inflation:
l—[Iagg —1I
Aggregate import prices:
—C.,ze —T —X —Cle
M _ M7 MCae | M MI | M Mx | M MCe
= ’ + _ + - + )
p =D P —oP —oP e
Aggregate import inflation:
™ — 11

Consumption tax revenues:

C
T C C —
Rev =r71"p~¢&"%
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Labor tax revenues:

oy w_C .
Rev =7"p wn
Social security contribution revenues:
=—79%¢ _ ssc c .-
Rev =T p-wn
Transfer tax revenues:
TR
™ TR
Rev =7 99

Primary revenues:

sscC TR

C W . . K
Prev = Rev + Rev + Rev + Rev +7

Investment tax credit expenditures:

Primary Expenditure:
Pexp=1"p' T+g+I° + 97

Primary surplus:

Psurp =Prev — Pexp

Aggregate transfers, percent of GDP:

999 0y — t‘iagg
Yy
Government debt to GDP:
b
boy = g—m
Surplus to GDP:
surp
surpoy = —-

Net exports:
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(B.74)

(B.75)

(B.76)

(B.77)

(B.78)

(B.79)

(B.80)

(B.81)

(B.82)
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B.2 Foreign economy
B.2.1 Foreign: Household sector

Foreign consumption Euler equation:

p + 115
Rp = —=L
Br
Foreign marginal utility of consumption equation:
=C 1
Qp = - Ph.F
CF(l 7‘Lz+
F

Foreign capital utilization decision equation:
K I 7
TP =PraF

Foreign household purchases of installed capital equation:

K
K BrTE

Pr =

Foreign household investment decision equation:

Pr =PF
Foreign definition of capital services: ~ B
kr =kr
Foreign capital accumulation equation:
1
1=(1-0F)
Kot Hy

Foreign optimal wage setting equation:

(1— 1) wr = A (2

Foreign real wage markup equation:
—W %%
Up =Ap

Definition of Foreign wage inflation:
wo_ c
HF = 'U/ZFHF

Definition of Foreign wage inflation indexation equation:

my =1y

Real wage relevant to Foreign employers:
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B Pt by = Br(1 = 6F)

Ir
=

'(nr)
ﬁc

F

(B.84)

(B.85)

(B.86)

(B.87)

(B.88)

(B.89)

(B.90)

(B.91)

(B.92)

(B.93)

(B.94)

(B.95)



B.2.2 Foreign: Firm sector

Definition of Foreign composite technological growth rate:

AR

— 1—a
fot = pe (py) 1700

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

(@k)' ™ (ri)*F

apa?f (1 — OcF)lfo‘F

mcCcgr =

Foreign rental rate for capital services equation:

— ap—1
K o1
Tr = QFEFR —_— mcr
nr Hz;;.uv

Optimal price of Foreign intermediate goods equation:

mcrp = —
AR

Foreign Intermediate good inflation indexation:

Tir = 0%

Relative price of Foreign consumption goods equation:

ze 1-vr c . 171/F,c 1-vp o
f = [08 (o57) T+ (1= 08) (55) ]

Definition of Foreign consumption good price inflation:

% =1x

Demand for non-energy consumption:

Demand for energy consumption:

Definition of Foreign non-energy consumption good price inflation:

C,ze
née = 1

Definition of Foreign energy consumption good price inflation:

¢ =1p

Definition of Foreign investment good price inflation:

I} = Mr

Definition of relative price of Swedish export goods in terms of Foreign intermediate goods:

X, C
~X pp
pr="L

Qp°©
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(B.96)

(B.97)

(B.98)

(B.99)

(B.100)

(B.101)

(B.102)

(B.103)

(B.104)

(B.105)

(B.106)

(B.107)
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B.2.3

Foreign monetary policy rule

Foreign monetary policy rule:

ir=Rp—1

B.3 Market clearing

B.3.1

B.3.2

B.3.3

B.3.4

B.3.5

B.3.6

B.3.7

B.3.8

B.3.9

Swedish aggregate resource constraint
g _ ﬁC,IE(pC,ze)VCYICEze +JC,6 +19](p])u17
+ 9% (e )= (E—F ¢X) +g+1°
Foreign aggregate resource constraint

yr = +¢p+1Irp

Balance of payments

= /B (TﬁClM,IEmIE _ mcl\/f,c,eme _ pr)
(1-5)
Swedish exports
~x |\ “VF.C.ze =X\ TVFT
Z= (1 - 192:“) L &+ (1 - 19}) (p—l) Ir
P’ Pr

Swedish imports for consumption

Ve,xze

mc,ze _ (1 . ﬁC,IE) [ﬁC,IG(pA{,C,IE)VC71571 +1-— ﬁC,ze] 1—ve,ze Eze

Swedish imports for investment

vr
= (1 . 19[) [ﬂl(pM,I)u,ﬂ 11— 191] =7 7

Swedish imports for export

Vax

X = (1 _19X) [’ﬂX(p]M,X)uT,—l 11 _ﬂx]l_i””” (E+¢X)

Import of non-energy goods including fixed costs

mze :mc,ze+ml+m)(+¢M,C,ze+¢lw,l+¢JVI,X

Import of non-energy goods excluding fixed costs

—D —C —1I —X
i ,ze:m,ze+m +m
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(B.112)

(B.113)

(B.114)

(B.115)

(B.116)

(B.117)
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B.3.10 Import of energy goods including fixed costs
me=m" + " (B.120)

B.3.11 Aggregate imports excluding fixed costs

m” =mP" 4+ me (B.121)

B.3.12 Aggregate imports including fixed costs
m=m"+m" + " (B.122)

B.3.13 Swedish aggregate output

y=¢ i n'TY— ¢ (B.123)
)LLz+/“L“/

B.3.14 Measured Swedish aggregate output

g =7 (B.124)
B.3.15 Foreign aggregate output
—_ k‘% 11—
Yp=¢€|———| ngp  —¢F (B.125)
Pt By

B.3.16 Measured Foreign aggregate output

Tr = Tr (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] x [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 defined as:

B33 o [u(Cra — puCoa) = 1, )G 07 An"] (€1
t=0

where [ is the household’s factor, éh’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. (; is the consumption preference
shock, py, is the consumption habit formation parameter. We assume external habit formation and in line with
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that Cy_; is aggregate consumption. (;' is a labor disutility preference shock,07is the endogenous shifter, A,is
a parameter that determines the weight of disutility of work.

Under symmetric equilibrium and full consumption risk sharing C’h’j’t = C, for all (h,7) and integrating over
all household members’ utilities gives

S _ _ 1 Ny, ¢
EoY_ P [cfu(ct ~mCio - e, [ [ djdh} , (C.2)
t=0 0 0
= F = c A ~ non ! N;;-:n
= B> B |GFulCr— puCio) = G107 A, [ TRl (C.3)
t=0 70 n

The composite consumption C is consist of C; and public consumption G;. The weight on private consumption is
ac and vg is the elasticity of substitution between private and public consumption. The composite consumption
function is given by:

- 1 vg-l 1 et “éc—:l
Ci=lagfC,"% +(1—-ag)6G, ¢ . (C.4)

The Ricardian household chooses private consumption Ct, investment I, capacity utilization u:, capital K11,
transacted capital between households Af*, domestic nominal private bonds BY}}’, domestic nominal govern-
ment bonds B;y1, newly issued domestic nominal government bonds B;* and Foreign nominal private bonds

BFH. The aggregate nominal wage W; is described later. The household’s budget constraint is given by:

pl BT S:B{H
I+ 7O)PEC+ (U~ ) oL+ PEAF 4 L Bp g —— 200l 47, =
e Ry Rp (@ (ay, st, ¢¢)

1 PI
1- TtW)/O Wit N edh + (1 — 7%) (Rf(uth - 7tta(ut)Kt> + 5K sPE K,

+ BP" 4 (aB + (R, — 1)) Be+S:B™" + (1 —1"TR, + Ep. + Egru , + Vs (C.5)

Now, we explain the budget constraint. The right-hand side of the budget constraint represents the Ricardian
household’s income sources. (1 —7") fol Wi« Np.+dh captures the after-tax labor income, where 7" is the labor
income tax rate. (1 — TtK) REw:K; represents the return from renting capital services to intermediate good
firms and taxes on the return from renting capital services to intermediate good firms. The term 57X 6PE | K,
captures the notion that the capital depreciation can be exempted from taxation, and ¢* is an indicator variable,

where . € {0,1}. If . is set to 1, the capital depreciation can be exempted from taxation. (1 —7/*) %Ia(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 Bfm’. S:BFH is the return from owning Foreign bonds and the return is
affected by nominal exchange rate S;. (1 —y R) TR; represents transfers from the government and 7/ ¥ is the
tax rate on transfers. W, is a lump-sum profit from owning Swedish firms. The Ricardian household owns a
representative portfolio of government bonds B;. The government issues bonds that mature with a probability
ap in a given period. Until stochastic maturity, the government pays a non-state contingent interest rate RZ ;
on the government bonds. =g, and Zg5sr ; ,t are financial 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 + 7L ) PEC; captures the consumption expenditure, where 7 is the consumption tax rate
and Pf is the price of consumption goods. The Ricardian household uses some of her\his income for purchasing

I
investment goods which are captured by the following term (1 —7f ) %It, where 7{ represents the investment

tax credit, and P{ is the price of investment goods subjected to investment-specific technological process ;. The
Ricardian household can trade capital in the capital market which is captured by the following term PXAK,
where P is the price of capital. The Ricardian household buys Swedish private bonds Bfff’ and the effective
price of Swedish private bonds is ﬁ, where R; is the nominal gross interest rate and (; is a risk premium shock
to private bonds. The Ricardian household can also invest in newly issued government bonds B;'. Finally, the

Ricardian household can buy Foreign bonds Bf}{ and the effective price of Foreign bonds is m.
F,t6t at,st,Pt

Rp, is Foreign nominal gross interest rate and ®(a, s¢, ;z;t) is the external risk premium term. For the exact
functional form of ®(ay, s¢, ¢+ ), please see Section 3. Finally, the Ricardian household pays the lump-sum taxes 7}.

92



Now, we present law of motion equations. First, the stock of government bonds that the Ricardian house-
hold holds evolves as:

Biy1 = (1 - OéB) B: + BZL» (0-6)

where Bi" denotes the newly issued debt by the government in period ¢. 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 R on outstanding government debt bought by Ricardian household h is
given by:
(RF - 1) Bis1 = (1 — ap) (RE1 - 1) Bi + (Rf’" - 1) B (C.7)

where the interest rate on newly issued government debt is denoted by Rf o

Finally, the capital accumulation equation for private capital is given by:

Kt+1 - (1 - (S)Kt + TtF(It7 Itfl) + AtK (CS)

C.1.2 Ricardian household’s first-order conditions

Ricardian household chooses Cy, It, us, AFK, Ky, Bf’fl”, Bit1, BY, and BfH 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 .%;. We denote 67 as the Lagrange multiplier associated with
the budget constraint (C.5), 0F as the Lagrange multiplier associated with the capital accumulation equation
(C.8), 67 as the Lagrange multiplier associated with the stock of long-term government bond accumulation
equation (C.6), and 07 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:

oo L 1 N;an
L= Eoy_ B <fu(ct,ct_1>—CS@?An/ T dh}
t=0 0 +n

1 PI
+00 (1 - TtW)/ Wi Ni rdh + (1 - TtK) (Rf(uth - Tta(ut)Kt>]
0 t

Lo [LKTf(spfith LB (aB T (Rfil - 1)) B, + S,BFY + (1 - TtTR) TR:+Zp: +Spru, + ‘I/z]

Pl BPriv . S, BFH
- (1+rtc)PtCCt+(1—rf) L4+ PEAf T By — 2L T,
i "t RiGe Rp,iC®(ar, st, dr)

+6; (1 - ap)B: + B — By
+oF [(1 — ap) (RF_1 - 1) Bi + (R?’" - 1) B — (Rf - 1) Bm]
4o [(1 ) Ky + ToF (I, Ii—1) + AK — KM] 1.
(C.9)

When one is solving this optimization problem, one has to keep in mind that the utility function is a function
of C via the following composite consumption function:

1 vg—1 1 vg—1l\ vg—1
~ v v e v
Ce=1azfC,"° +(1—-ag)°c G, ¢ .

First, we derive the FOC for C;. We take the first derivative of the Lagrangian .%; with respect to Cy, and we
obtain the following equation:

gf: =P [CfuCt,(ét — pnCioa) = 0/P° (1 + th)] =0
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Rearranging the first order condition above equation, we have the following equation:

0, Pf (1 + th) = Gfuc, (Ce — pnCion). (C.10)

We define QF as the marginal utility of consumption:

_ CGuc, (ét *Phét—l) _ Uecyt

c
o= 1478 e (C.11)
Note that the definition of QF includes consumption taxes to simplify the derivations below.
We use Equation (C.11) to rewrite Equation (C.10) as
0°PF =QF. (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 I;. We take the first derivative of the Lagrangian .%; with respect to
I, and we have the following equation:

0.4, pf
m.t = [ {— Pt (1 - T,f) +0F F1(It,ft71)] + Bt [Bt+1ef+1 F2(It+1vft)] =0.
t

Yt

Rearranging the above equation and using the following definition: 8;; = Bgl , we have the following FOC for I;:

PI
OZ,tTt (1 — TtI> = HthF1(It, Itfl) + Et [ﬁ:+lef+1rt+1F2(It+17 It):| . (C13)
t

Equation (C.13), which is the same as Equation (13) in Section 2.1.5, captures the FOC for I,.

Third, we derive the FOC for u;. We take the first derivative of the Lagrangian .%; with respect to u;, and we
have the following equation:

0%, P!
G = (1) itk BEK— (1=7) oot @ (W) K =0,
Rewriting the above equation, we obtain the following FOC for w;:
K _ Pl
R Ky = —“a' (up) K. (C.14)

Yt

Equation (C.14), which is the same as Equation (14) in Section 2.1.5, represents the FOC for wu;.

Fourth, we find the FOC for AX. We take the first derivative of the Lagrangian .% with respect to A, and we
obtain the following equation:

04

GAK = —07B: P/ + 678 = 0.

We rewrite the above equation, and we have the following FOC for Af:

0)PS = 07 (C.15)
Equation (C.15), which is the same as Equation (15) in Section 2.1.5, represents the FOC for AX.

Fifth, we find the FOC for K;1. We take the first derivative of the Lagrangian % with respect to K;41, and
we have the following equation:

0% & K b pK v Pl
= =Bl + Etfr1 | (1 =731 ) | 01 Repauers — 0l ——a(uer1)
(9Kt+1 Yt+1
+ EtBi41 [LK9?+1T£15PtK + 95+1(1 - 5)] =0.
Rearranging the above equation and using the following definition: 8i,, = %, we obtain the following FOC
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fOI“ Kt+1:

PI
0F = Eiflss [(1 %) 00 (Rfilum — Tigl
Yt+1

Equation (C.16), which is the same as Equation (16) in Section 2.1.5, represents the FOC for Ki41.

a(qu)) + 081 T 6P + 08 (1 - 0)] (C.16)

Sixth, we derive the FOC for Bf_ﬁ”. We take the first derivative of the Lagrangian % with respect to Bfﬂ”,
and this gives us the following equation:

0%, b 1 b
_ = 3,0, —— + F 0;11 =0.
BT Bt ‘R, + EtfBey10;11
We rearrange the above equation, and then we use the following definition: 8{,; = b El and multiply both sides

by PF. Hence, we have the following FOC for BY[}":
0. Pf = Efi110711PC RiGy. (C.17)

Equation (C.17), which is the same as Equation (17) in Section 2.1.5, captures the FOC for BI}".

Seventh, we take the first derivative of the Lagrangian .%; with respect to Bi+1. We have the following FOC for
Bt+1:
0%,
OB, 141
1808, (1 — ap) (RtB - 1) — B (RF - 1) —o.

= EiBi10041 (CYB + (R? - 1)) + Eifi0i1 (1 — ap) — Bib;

We rearrange the above equation, and then we use the following definition: 5;; = % We have the following
equation:

0%,
0B 41

= B0t (an + (RF =1)) + BfLa05 (1 - an) — 65 (C.18)
+ E: (ﬂ;rlgﬁrl (I-ap)— etR) (RF - 1) =0.

The above equation can be rewritten as follows:

BB 00, (aB + (RE - 1)) =05 — Efl05%, (1—ap) + (9? —(1—agp) Et,@;leﬁl) (RF - 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 first derivative of the Lagrangian .%; with respect to B{'. We have the following FOC for
B
0%
OB}

Rearranging the above equation, we have the following FOC for B;":

= 0B + 07 B + B0 (Rf”" - 1) =0. (C.20)

00 = 078, + B0t (RP™ —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 first derivative of the Lagrangian .%; with respect to RY. We have the following FOC for R?:

0%
aRt; = EiBi410011Bis1 + Eifrsn10f51 (1 — ap) Bip1 — Bif{ Bea = 0. (C.22)
We use the following definition: {1 = ﬁgl , and the above equation can be rewritten as follows:
07 Biy1 = Eify 1001 Bis1 + Eifi10151 (1 — ap) B (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 find the FOC for B{{%. We take the first derivative of the Lagrangian .%; with respect to B{], and
we have the following equation:

0, 1075, b
- 2 + By [Bi10041Ses1| =0.
OB ®(ar, s¢, dc)Reye t[ e Hl}

Rearranging the above equation and using the following definition: 8;,; = M,

5> we have the following FOC for

Bh t+l
01 = Er [Bi1®(@, 50, 60) ReiCeSerabia ] (C.24)

Equation (C.24), which is the same as Equation (21) in Section 2.1.5, captures the FOC for BfE.

C.1.3 Consumption Euler equation

In this section, we derive the stationarized version of consumption Euler equation (A.la).

c
P
PE

C
We use equation (C.12), which shows 02PF = QF and the following definitions: p{ = %, and 11, =

Thus, we can rewrite Equation (C.17) as follows:

tPC

» P&
afptc =FE: |:Bt+19?+1 pf Rth] )
t+1

RiGe

HC

Qf = E, [ﬁfﬂ
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 & from the above equation. We have the following
non-stationarized version of the consumption Euler equation:

Ryt

HC

Qf = E, {ﬁ;l
t+1

Qf +1] . (C.25)

We now stationarize the consumption Euler equation. In particular, we stationarize Equation (C.25) by using
L+

the following definitions: i+ ;41 = Zp Qt = 27 Q. Equation (C.25) becomes:
zt
. -
c r z  RiGe o
Z;er = E; ﬂt+lzt++l J: TIC Qt+1 )
Pty et

and we obtain the following stationarized version of consumption Euler equation:

L a%.. (C.26)

—C
Q, = Rt Ey [BT _
! o M+ t+1Ht+1

Equation (C.26), which represents the stationarized version of consumption Euler equation, is the same as Equa-
tion (A.la).

C.1.4 Marginal utility of consumption

In this section, first we explicitly define 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(ét - phét—l) = ln(ét - phét—1)~
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Recall, Equation (C.11), which shows the definition of marginal utility of consumption including the consumption
tax, is expressed as:

Qc o thuCt (Ot - Phét—l)
t — 1 C .
+ 7

Recall, the composite consumption function is expressed as:

v

1 wvg—1 . vg=1\ vg_1
~ v v by v
Co=|ag?C, ;¢ +(1-ag)’s G, .

Using the above utility functional form and the above composite consumption function and taking the first
derivative of the utility function with respect to C, we can obtain the following marginal utility of consumption

equation U, ;:
L
~ ~ ¢E ( C ) vg
Uc7 = Uuc C — hC_ = == | &g = . C27
¢ (Ce = pnCi1) & i C (C.27)
Using Equation (C.27), we can rewrite Equation (C.11) as:

~ 1
1 ¢e G\ 1
Qf = U, == . —t . 2

T+ T G — puCia (aGCt> 1+7° (©.28)

+ _
We stationarize Equation (C.28) by using the following definitions: pi,+ , = ——, a =20%, C, = St and
Ft—1 %t

Ci=

éﬁ. Equation (C.28) becomes:

2t

1
c + brel
z; C G
50 = & - (Gidﬁ) ;
~ - >
(147) (FO-p T G N H O
t t 1

t—

and we obtain the following equation:

Hot ot

c ~ vG
o = G _ (acgt) .
14+7F) (Ct — ph— thl) ¢

We define G as G—l , and the composite consumption function can be written in stationarized form as follows:
2t

v

_ 1 vg-t 4 _ve=1\ vaq
Ci=asf C,"¢ +(1-ag)’s G, "¢ . (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 G as the stationarized aggregate consumption of Ricardian households per capita terms, and ¢ as the
stationarized composite consumption in per capita terms. Hence, the stationarized version of marginal utility of
consumption equation can be written as:

_ 1
— c >y ’UG
ol = G <aG2> . (C.30)
(1 + TtC) <Et — Ph Mer’tFCvt_l)
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 g: as the stationarized government consumption
in per capita terms. Thus, the stationarized composite consumption equation in per capita terms can be expressed

as: N
_ 1 vg-l 1 vG—l\ vg-1
= TG = v o= = v
G=(ase’® +(1-ac)eg © .

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

Up,t, 1S Written as:
I

RfKt = P—ta'(ut)Kt.

Yt
K I
Using the following definitions: r = %1},? , and p! = %, the above equation can be rewritten as follows:
'WRtK _ PtI /
— = 5 (u),
P, P,

Note that the optimal rate of utilization is a function of the two aggregate relative prices v and p!. 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:

i = pia’(ur). (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 K, 141, is expressed as:

r P/
0F = Eufyyq [(1 — Ttli1> 0741 (Rﬁ1ut+1 - 7:11 a(ut+1)> + 00 S OPE w0y (1 — 5)] .

Using Equation (C.15) that shows 62 P/ = 6, we can rewrite the above equation as:

r p/
0°pE = EiBii1 {(1 - Tzlil) 9?+1 <R{§—1Ut+1 - ’y:_ll a(ut+1)> + 9?+1LKT£,15P,5K + 03+1Pf§_1(1 — 6)} .

C
We use Equation (C.12) that shows 0°PF = QFf and use the following definition: HtC_H = Ij;él. Thus, we can
t

rewrite the above equation as follows:

1 pI 7_K
PtCG?PtK =EBiy, |(1- Tt{{rl 9§+1P5r1T R{ilut-‘rl —— a(ur1) + LKAéPtK
gy Te+1 (1 - ng_1>

1
+ BBy 1 [9§+1PS-1 HTPtI-(Q—l(l - 5)] ,
t+1
and
PI ‘I'K 1
T g (uggr) + S sPE | 4 QE HTPJL@ -8 .
Ve+1 (1 — Ttlil) t+1

1
Q° PK = By, [(1 — Tﬁq) QtC+1HT (Rff{—IUH»l —
1

We multiply both sides of the above equation by %ﬁ, and then we rewrite the above equation as follows:

K QC PI K
ey r K t+1 1 o K t+1 K Tt41 K
= Ep (1 T, ) RiY qups a(uiy1) +¢ oP,
P, t+1 t+1 th Htc+1 P, t+1Ut+ R ( ) (1 _ Ttlj_l> t

QC 1 "
+ BBl | 2 pE (1-96)].
LTl e | Py i+1(1=9)
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K I
Y41 R, T Piiq

In order to stationarize the above equation, we use the following definitions: r,ﬁl = P = Py

y Pt+1 =

T %#7 pE = %}f and Iy = P;,“ Thus, we have the following equation for the household purchases

of installed capital:

PE Qf 1 P, K
e BBl [(1 - th}-(H) o L et iyt — plygaupg) + o —E ghnt+l K

Py Q¢ Htc+1 Py yi41 (1 _ Tt}il) 41
Q¢ ;1
+ BBy [ s Pt+1(1 - 5):|
Qf g, P
K
We use the following definition: pf = %11;: , and the above equation can be written as follows:

K
bt = EtﬂtTH

UISRITT [(1 — Tfil) (rﬁlutﬂ —p{+1a(ut+1)) +.J575 6‘u%t+lpt +pia(1— 6)} .
QF TIE p, e

(C.32)
_ 2T
Using the following definitions: th =2 Qf and p.+ oy = 22, Equation (C.32) can be written as:
2t

—=C
Qg My 1

—C TIC
Q) Ht+1 Mozt t41 My t+1

pf( = Efi1 {(1 — Tfil) (rfiluH.l —p;’+1a(ut+1)) 4+ 5 K Py t+1 K +pt+1(1 _ 5)] .

T
(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 I, ¢:

PI
9? Tt (1 — Tt) = Gt Y Fi(It, [i—1) + By [5t+19t+1 TtHFQ(ItHvIt)] .
t

The above equation can be expressed as:

oF (7]
P/ (1 — Tf) = V; LY Fi (L, Ii—1) + Ex [ﬁt+17t0§;+1 Tt+1F2(It+1Jt)} .
t

We use Equation (C.15), which shows 62 P/ = 0. We can rewrite the above equation as follows:

0t pPK 02 PX
P! (1 — TtI) = % YiFi (I, Ii—1) + Ey {5&1% Tt+1F2(It+l,It):| ,
b 1

pI (1 ) [ 1001 Py
f — 1) =~vPF Y Fi(It, Ii—1) + E: BHIT Yir1Fo(Iiq1,It)| .
L 7

We use the following definition: p; = P/ /P;, and the above equation becomes:

P 0741 P
i (1 _TtI) = %Pt Yo Py (I, It—1) + Ey 5§+1%Tt+15(ﬁ+171t)} .
tUt

Piy1vt+1

‘We multiply the second term on the right hand side of the above equation by Priivii

. We use the following
Pt+1

definitions: fiy 141 = % and IT¢4q =

The above equation can then be rewritten as follows:

I 1 %Pt 9t+1 ’Yt+1Pt{(+1 Py m
1— ) YR (I, T E JerrTedn Yo Fo(Iipn, I) |
Pt ( T f2) 1(Le, Ii—1) + Bt |:/Bt+1 0? Pt P v i1 F2(Tpy1, It)

PK 6° PE 1
i (1 - TtI) Jel ——YiF1 (I, Is—1) + Ex |:ﬂt+1 Hl;l QLASLEES | P Tt+lF2(It+17]t):| .
P, 0; P Moy, b1
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Using the following definition: pf = ’”Pt this gives us the following equation:

0? 1
i (1 - Tt) =iV Fi (L, [i—1) + By |:ﬂt+1 tgblpfill_[tﬂu Tt+1F2(It+1,It):| .

yyt41

C
Using the following definitions: 115, ; = 1;?51 and Qf, = 07 , P, we can rewrite the above equation as follows:
t

071 PG PE

(1 — Tt) =pE Y B (I, 1) + By /BtJer Ptalpt+1nt+1 . Y1 Fo(Lig1, It)|

(1 _Tt) = Dt T Fl(It,It 1) + E; |:Bt+1 9t+b1PtC+1 é pt+1Ht+1 Tt+1F2(It+1,It):| s
;P 1y, vt

and we can obtain the following equation:
¢, 1
(1 —Tt) =Pt TtF1(It,ft 1)+ Er B —= 0C TIC pz+1Ht+1 Yip1Fo(Iiq1,1t) | -
b vl

Hence, we have the following equation for the household investment decision:

Qg 1
pf (1 - Tt) = D; £r +F1(It, Ii—1) + Ey {5#1 t-gl el pt+1Ht+l Tt+1F2(It+17It):| . (C.34)
QF i, Moy t+1

Now, we continue the effort to stationarize Equation (C.34). Using the following definitions: ﬁf = zt*QtC and
s
Mot g1 = %, Equation (C.34) can be written as follows:
t
Zt+1Qt+1 Zj' 1

-
Bi+1 earete] C pt+1Ht+1
2z Zt+1 8} Ht+1

Pt (1 - TtI) = p YeFy(Ie, Ii—1) + B

Yip1Fo(Iiq1, It):| ,

(1*7}) =Dt TtF1(It,It 1)+ Eq

o¢ K
Qi1 g DPt+1
Bit1— Y1 Fo(Liga,1t) | - C.35

o Qf Htc+1 Moot t41 My t+1 ! (Z ) ( )

Furthermore, we need to express Fi(l;, I;—1) and F»(li41,1;) as functions of stationary variables. Recall from
Section 3.1, we have the following investment adjustment cost function F(Iy, I;—1):

F(I;,I_1) = [1 -5 (Iﬁl )} I.

We take the first derivative of F'(I¢, I;,—1) with respect to I;, and we can find Fi (I, [;—1). We then take the first
derivative of F(I;y1,I;) with respect to I;, and we can find F>(I;41,I¢). We have the following results:

~ It It = It
F(I,I,1) = -5 +{1—S( )} C.36
(I, Ie-a) <It71) I I ( )

~ (I Iip1 )
Fy(Iiga, 1) :s’( }“) ( tl“) . (C.37)
t t

. Using this def-

and

We express Equation (C.36) and Equation (C.37) by applying the following definition: I, =

t

. We use the

I

+
inition, together with p + , = ;ﬁ —t— the ratio
t

notation F} (tht,l, Ko+ ¢y fhy,t) tO express Fy (It, Ii_1) as a functlon of the stationary variables It, Ti 1, Hot g
and fiye. Moreover, Fo(Tiy1, s, fio+ 4y1, py,t+1) represents Fp(Ipy1,1¢) expressed as a function of stationary
variables. Hence, Equation (C.36) and Equation (C.37) become:

_ I T ~
Fr(Te,Tomr, pias y, piyt) = =5 (“Z”“” t) Hetio Bttty {k%%)} (C.38)

I

and

(C.39)

_ — 2
Pt t41 JIORESY Fs) Mot ¢4 Moy, t41 L e41
I. I, '

F2(7t+177ta uz+,t+17 :u")’;t+1) = S;/ (
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With these notations, we can rewrite Equation (C.35) as

—C
Q 11 K _ _
(1—Tz) = pi e PL (Lo, Tomr, fiat g, piv) + B | Brr —it =2 Pl Yor1 Fo(Legn, Loy po+ g1y Py, tt1)
Q, Hz+1 Kozt t41 My, t41

(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 Modified 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 B ], is written as:

0;S: = E [ﬂ;rlq)(atyStagt)RF,tCtSt+1'9?+l] .

C
Using the following definitions: 62 P° = QF and HtcH = %, the above equation can be written as follows.
t
0 PF = E; [ﬁtT+1‘I) (Et,St,gt) PC 0t+1Pt+1RFtCt t+1:| , (C.41)
t+1
c - _ ~ 5t+1
Qy =E¢ B ® (ausz,@) e Q1 R .
Ht+1
Using the following definition: sy11 = Sts“
QC — Et {5{“@ (Et,st7$t) HC Qt+1RFtCt5t+1:| . (042)
t+1

Recall, we have the following non-stationarized version of consumption Euler equation (C.25), which is expressed
as:
Ry

HC

Qf = E, [BIH
t+1

Q?H] )

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:

RtCt RF t
|:ﬁt+1 Q1| = B | B ® (au St, ¢t) Ct=a— Tic Qf1ses | -
t+1 t+1
. . . . . L. =C + C Zttrl
Now, we stationarize the above equation. Using the following definitions: Q.41 = 27, , Q¢4 and p,4 4 = 3,
2t
the above equation becomes:
Rt(t 2, RrpiCe 4
5t+1 H_l Qt+1 = 5t+1‘1’ (am St, Cbt) 11¢ t t+1 Qt+15t+1 .
t+1 t+1 t+1 Zt+1
We have the following stationarized version of the uncovered interest rate parity equation:
[0 ~ [
RtEt ﬁ;thi_‘—lC = RF’t(I) (Et, St, (bt) Et 5:+1t7+18t+1 . (C43)
Mz+,t+1Hz+1 M+ t+lHt+1

Equation (C.43) is the same as Equation (A.22a), which shows the stationarized version of the modified 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:

Ht 0t+1 05{»1
— BB 22 14 22 (1 —ap)| . (C.44)
07 03 0741

The FOC of newly issued government bonds, Equation (C.21) can be written as:

0? _ etR B,n
9771—9—?(3,5 —1). (C.45)

The FOC of government bond holdings7 Equation (C.19) can be written as:

9715 ﬁ B 0741 B 0711 041 B
ot o (Rt —1) Bl gt [(a3+ (Rt —1)) o (1—as)+ o (1-as) (Rt —1) . (C.46)

Using Equation (C.45), we can rewrite Equation (C.46) as
o7 B\ _ g oar Y1 [ A%
14 R — R, =FEfiv1—— |Rf — (1 —ag) Rt+1 RE)|.

o7 07 07
Using Equation (C.44), we can rewrite the above equation as:
_ T etb+1 B,n 9t+1 B,n B,n
1= Etﬁt-’-l? Rt - (1 — QB ) eb Rt+1 - Rt . (047)
t t+1
— C
We use the following definitions: 0*PE = Qf, th = zj’ﬂ QF = 917 , and H,g_l = }j;él. Thus, we can rewrite
t
Equation (C.44) as:
_ Q¢ _
OF = B,y _#1[14—9}3 1-a ] C.48
t thJrl Q?thrluz*,t-ﬁ—l t+1 ( B) ( )

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).

o c
We use the following definitions: 62 PF = QF, Qt = z:rﬂt ,QF = 9b , and HtcH = }jf,él as well as we drop the
t
subscript h. Thus, we can rewrite Equation (C.47) as
1= Etﬂtll% [Rf‘" —(1-ap)0f, (Rfi? - Rf’")] . (C.49)
QCHt+1/"’z+ t+1

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,f’ff 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 — &,). With probability &, the household member cannot

. . . . =W=W =W
reset its wage, in which case the wage rate evolves according to: Wi i = W;L”fl'[tl ;4o ... II;4. Note
=W W \X C,trend 1=Xw
) = (v, (Ht ) .

The demand for labor is given by

102



Wh ikt TEwit
Np ke = Wi Niyx (C.50)

and the Calvo wage contract is given by

=W
T, Witk ith probability &,
Witk _{ t+xWheth-1 - with probability £ (C.51)

Wert with probability (1 — &,).

We let 02 denote the Lagrange multiplier associated with the budget constraint (C.5). To solve the optimization
problem, we set up the following Lagrangian:

N1+77
h,t dh
147

1
2V =B, |¢tu(Cr, Cin) — CPOTA, /
0]

+6°

1 PI
1- TtW)/O Wit N edh + (1 — %) (Rf(utKh,t — —ta(ut)Kt) + K KsPE K+

Tt

+BPT (aB n (Rf_l - 1)) B+ S:BE + (1= 7/ ®YTR, + Ep.4 + Eprn , +

b C\ pC n Pl KK , By n S.BfH
-0, |(14+7 )P Ce+(1—1)—IL: + P, Ay + +B+—— 4T
Tt tht RFﬂtcb(Et, St, ¢t)
1 N1+”7
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1 I
P
+ 674, {(1 - TtVL)/ Wh,t+1Np,e41dh + (1 - Ttlil) <Rﬁ-1ut+1Kt+1 - 7t+1 a(ut+1)Kt+1> + S PR K+
0 t41

+ Bfﬁv + (aB + (Rf - 1)) Bis1 + Sei BES + (1 — 75T R4t + Ep s + EprH 41 T Pt

b o \po Pl K Ak, BUY SenBES
=0/ [(1+750) P G + (1 — 7i4a) Teyr + P A + — = +Tina
T+l Rit1Ce+1 Rp o1 ®(@es1, Sta1, Gre1)
1 N1+'fl
2 c = ~ n n h,t+2
+ (§w)” Brrz | Grou(Cryz, Crir) — <t+29t+2An/ T+7 dh
0

1 I
P
+ 0745 {(1 —7s) / Wh,t+2Nh ty2dh + (1 - T£2) <Rfi2ut+2Kh,t+2 - Vt“ a(ut+2)Kt+2> + K0 PR Kyat
0 t+2

+ ij_? + (aB + (RFH - 1)) Biy2 4 Sit2Bis + (1 = 7853)TRit2 + Epiga + EpFi sio + Vigo

PI BPTi'U S BFH
1+ Tg_z)Pg.QCtJrQ +(1- Tt1+2) 7t+2 Tiyo + PtIiQAg_Q + t+3 27043
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= + Tiq2

—04s
Riv2Civ2  Rp 0@ (@rsa, St42, Gre2)
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(C.52)
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We take the first derivative of %"V with respect to W,‘fff, and we obtain the following equation:

0L, , ONpe w + ONp 41t
= = By Ey ¢V (N 4+ 0, (1—T Ny e + WP :
owr BB [—C v ( h,t|t)aW;gt t ( v ) | Nhtpe It W ]
ONp t411t OWh pq1)e
+ &w EtBria[—C 1V (Nn,es1)e) : -
OWh 1411t 8Whﬁt

oW, ON, 1944
b w hot+1]t hot+1|t hot+1|t
+ 0711 (1 —744) (Nh7t+lltw + Whtg1ye aWh,t+1\t aW;:ﬁt >] (C.53)

ONp tyo1t OWh pqape
+ " 2E _ l// N s s
(§w)" Etfrra[—Ciyat/( h’Hz't)BWh,ng oW

Il
e

oWy t+2[t ONy, t+2[t oWy, t+2|t
400 (1 -V N ) W ) ,
t+2( t+2) h,t+2|t78W;;§t h,t+2|t aWh,t+2\t aW;:ﬁt ]

We use the following definition: 3}, , = Bit_::, and then we rearrange the above equation. Note that ﬂgz =

Biv1Bi12. We have the following equation:

-1
opt aNh,t (1 TW) Nh,t\t aNh,t\t +1 Cn V/(Nh,ﬂt) aNh,th:]
Tt o o 5t o

wpnt \ owr! oy oWy

ONp g1t OWh eq1pe W Npes1pe (8Nh t+1t)l
+ EwB L1001 W, ’ ’ 1—7 ’ ’ +1
SwBBisabin| h’t+1|taWh,t+1|t 3W,‘Z§t ( vi1) Whtt11t \OWh t41)¢

b
0 =0, E[W.% 8W,fﬁt

V' (Np,e41)t) ONpit1pe 5Wh,t+1|t] (C.54)

= Cig1 6b Wi ty1)t (?W;;it

t1
ONp 1421t OWh t1)t w Nh tyot (aNh t+2|t)_1

+ (€w) 2 EfBr1 Briabl o [W, * ’ 11— ’ ’ +1
(bw)  ErfBii1Biyabiial h,t+2\taWh’t+2‘t aWﬁ,’? ( t42) Wi rror \OWnroar

Vl(Nh,t+2|t) 8Nh,t+2|t aWh,t+2|t]

n
- Ct+2
Wh,ei2ie OWST

072
. .. opt=W =W =W . .
Recall, we have the following definition: W}, ;1 x¢ = Wil a Lo .. 14 . Thus, the partial derivative of

Wi, i+kc With respect to W7’ is:

Wtk —W =W —w
W S VN L | (C.55)
hat
Using Equation (C.55), Equation (C.54) can be written as:
—1
opt ONn ¢ w [ Natje [ ONp e V' (Nitjt) ONp 1t
0=0E W ——2t(1—-7") | == > +1] -t
" owpr Wbt \ oW 0, oWy
ONp 411t =W w o [ Nhta)e (5'Nh t+1\t)7
+ &w BB 1051 W) — P (- ’ ’ 1
SwBtBiabinl h’tJrlltaWh,tﬂlt o+ o+1) Wheile \OWhn g1y
(C.56)

V'(Npt1)t) ONpsyre =w
Ht+1]

n
- Ct+1 b
0t+1 8Wh,t+1‘t

ON, W —W N, ON,
2 r or pb h,t+2t w h,t+2]t h,t+2(t
+ (Ew)  EtPiy18t420 W —— 11, ;II 1—r +1
(&w) EtBiy1Pi420¢10] hot+2|t W salr 11 ya( t42) <”7h,t ol (9”%,75 2|t> )

"(N ON, v T
V' (Nnty2it) ONn,tiope I o) +

— (2
b
0t+2

Using the labor demand schedule, which is captured by Equation (C.50), we can find the following wage-elasticity
of labor demand: ON W
_Onttkit Whietklt _ ot (C.57)
OWh vkt Nhjtnje

w
Using the following definition: €,,: = A;\Vt_1 and the result from Equation (C.57), we have the following equation:
t

ONp vvilt Whtrn)e _ A (C.58)
OWheanpt Nuegre 1= A .
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Using the result from Equation (C.58), the derivative of N}, ;15 with respect to Wi 4yp, is:

w
ONpsyrie AN Nuyrje
Whrre 1= XY Wit

(C.59)

We use Equation (C.58) and Equation (C.59); hence, Equation (C.56) can be expressed as:

A Nh 1)t o (Nh ¢t)
0= egEt[(l_tW W;;z;t (1 )Whitw - Ct v ]

w
At+1 Nh 1]t =
L=2M1) Whegape

1 n V' (Np
Ht+1 {(1 — Tt+1)Wh L NT Ct-&-lw]}

+ &wBr Bli10t41] o0
( t+1 t+1

1 n V' (Npitop)
Ht+1Ht+2 (1 Tt+2)Wh t+2|t W )\W <t+27 ] +..

2 I8 I8 b )\XYF2 Nh Jt42(t =
+ (&w) " Ex 5t+1ﬂt+29t+2[( oo
t+2 t+2

1= AY5) Whirale

We use the following definition: Wj, ;1 p¢ = W;ﬁtﬁxlﬁxz .. .ﬁ,‘xk, and we multiply both sides of the above
equation by Wopt We have following equation:

0=t V'(Nh,tu)}]

Et[Nh,t\t [(1 — T )W;TT /\XVC? gb
t

1-AY
Vl(Nh,t+1|t):|]

T 1 n
+ &w By ,3t+19f+1W[Nh,t+1|t [(1 - TtVL)Wh,tH\t - )\tVYHCtﬂ gv
— At t+1

r r 1 n V/ Nh
+ (5w)2Et 6t+1ﬁt+29£+2 T AW [Nh,t+2|t {(1 - TK2)Wh,t+2\z - AK2Q+27( b t+2‘t)]} +
T-A0 0742

Using the following definitions: Hle Bi+i = Bit1Bit2 ... Biyy and H?:l Bi+i = 1, the above equation can be
written as:

o k /
s n v N
E, Z (&w)" H Biti Nh,t+k|t9tb+k )\W (1 - nvfk) Wh 4kt — AKmCHk% =0. (C.60)
k=0 i=1 t+k t+k

Equation (C.60) is the FOC for W[L’I;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 A from the
above equation. Thus, the optimal wage setting condition can be rewritten as:

[e) k /
r 1 n n
B E (fw)k (H th+¢> nt+k\t‘9?+kﬁ |:(1 - TtVJ‘:k) Wt+k\t - AKkCt+kw:| =0. (C.61)

k=0 i=1 t+k t+k

Using the following definition: 0f+k Pg_k = Qg_k, the above equation can be written as follows:

oo k
- 1 Witk V' (Netrie)
By (&) (H ﬁtﬂ') ”t+k\t9?+thc+kW {(1 Tt+k) pC " >‘t+k<t+kez,7pc!t =0,
k=0 i=1 t+k t+k t+k* t+k
oo k /
r Witk 0 V(g
EtZ(gw)’“ (H’Bf“) nHkthﬁrk /\W [(1 Tt+k) Pfg It AK;@QMQ%“ =0. (C.62)
k=0 i=1 t+k t+k t+k
We continue the stationarization of Equation (C.62) by using the following definitions: W4,y = 73/“;’“” and
t+k t+k

76‘ .
Qg = zangk The above equation can be expressed as:

oo k
r 1 W k Ntk
Ey Z (fw)k (H 5t+i> nt+k\t2ttuk9f+kﬁ [(1 - Ttv-zk) % - At+k€t+k+(2)Jrc7f):| =0,

1 im1 t+k Zt+k tk ikt btk

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

0o k /
T e} 1 — n VN
By () (H Btﬂ') nt+k\tth+k W {(1 - Tm) Wikl — MRk (Q?kt)] =0. (C.63)
k=0

i=1 t+k t+k
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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

[
3

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+ th) Ptccm,t =(1- TtW) Wit Nm,t + (1 — TtTR) TRt

‘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 C{'" as aggregate Non-Ricardian
household consumption, and T R{'" as aggregate transfers to Non-Ricardian households. The above equation can
be written as:

1+ 70 PECT = (1 — V) Wil + (1 - TER) TR,

We can express the above equation in per capita terms. Especially, we define ¢i'" as the stationarized aggregate
Non-Ricardian household consumption in per capita terms, try  is transfers to Non-Ricardian households in per
capita terms, and n. is aggregate employment per capita (employment rate). We use the following definitions

. . . —nr e’ nr tri” C | — W .
to stationarize the above equation: ¢;" = -4, tr, = +, Pt = B, Wy = 4. The above equation can be
z{ Piz| t z Pyt
rewrltten as:
C\, C_nr Wy —e TR\ -nr
I+7)pre" =1 —7 )wine + (1 - ) try . (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 C;'9Y as aggregate house-
hold consumption. Aggregate private consumption C;99 is a sum of aggregate Ricardian household consumption
and aggregate Non-Ricardian household consumption, which is written as:

1—spr

1
C;zgg = / Ck,zdh + / Cm,tdm.
0 1—spr

C; is aggregate Ricardian household consumption and C}'" as aggregate Non-Ricardian household consumption.
Aggregate private consumption can be written as:

ngg = (1 - Snr)ct + Snr tnr

We can express the above equation in per capita terms. Especially, we define ¢}'" as the stationarized aggregate
Non-Ricardian household consumption in per capita terms, ¢; as the stationarized aggregate Ricardian household

consumption in per capita terms, and ¢;?9 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 definitions: ¢;99 =
agg nr
S & = and ¢ = “-. Thus, we have the following equation:
2t 2t 2t

% = (1 — snr)Ct + Snrcy - (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 TR, is a sum of transfers to Ricardian and Non-Ricardian households:

1—snr 1
TR = / TRy.odk + / TRy 1dm.
0 1—spr

We denote TR;?Y as aggregate transfers, TR} as aggregate transfers to Non-Ricardian households, and T'R; as

aggregate transfers to Ricardian households. Thus, aggregate transfer equation T R;?? can be expressed as:

TRy = (1 = sne)TRe + s TR

We can express the above equation in per capita terms. Especially, #r; " is transfers to Non-Ricardian households
in per capita terms, tr; is transfers to Ricardian households in per capita terms, and #ry?? is aggregate transfers in

nr

per capita terms. We stationarize the above equation by using the following definitions: #r; = Pt” Lty = ;” =
L2y t 2y
T —a Tagg . .
and try% = ;t +. Hence, we have the following equation:
t2¢
99 = (1 — spp)tre + snetry (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 off steady state equation is given by:
@Wayn (tre — tr) = (1 — @wayn) (try —tr""). (C.67)
Equation (C.67) is the same as Equation (A.75a).

Similarly, the transfer distribution in steady state equation is expressed as:

wsstr = (1 — wss)tr

C.2 Intermediate good producers

In this section, first 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 7 denotes
the individual firm in the Swedish economy. Now, we present the optimization problem of intermediate good
producers in the Swedish economy.

Firm 4 chooses capital services K; (i) and labor input N¢(¢) to minimize the following cost function:

TCy(i) = REK (i) + (1 n TESC) Wi N (i) (C.68)

subject to the production constraint:

Yi(i) = & [f(:(i)] N — 2o, (C.69)

where 775 denotes the social security — or payroll — tax paid by firms.

K$ (i) denotes a composite capital input made up by private capital services K3 (i) and public capital K¢ ;. We
assume the following constant elasticity of substitution (CES) aggregator of private capital services K; (i) and
public capital stock Kq +(7):

v
v —1

~ s, 1 PN 1 v =1\ vg-1
i) = (aw (K (0) 55+ (1 ax) T (Kay) ) .

Hence, we assume that each intermediate-good firm ¢ has access to the same public capital stock. We also assume
that public capital grows at the same speed as private capital services along the balanced growth path. The
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parameter vi is the elasticity of substitution between private capital services and the public capital stock, and
ak is a share parameter. For ag = 1 we obtain the standard production function without public capital stock.
For vg — 1 the production function converges to a Cobb-Douglas specification.

We denote 6.(i) as the Lagrange multiplier associated with the production constraint (C.69). To solve the
optimization problem, we set up the following Lagrangian % (i):

Z(i) = REK; (4) + (1 T TfSC) WeN, (i) — 04(4) [st [f(f(z’)] SN ()] = 2t — Yt(i)] , (C.70)

where

VK
v —1 v —1

Re(0) = (7 (7 0) 5 4 (1 ) 7 (106 )

We take the partial derivative of .Z; (i) with respect to K7 (i) and N.(i) respectively, and we can find the FOC
for K7 (i) and Ne(3).

The FOC for K. (7) is:

R — afi(i)es [;t;(zz); [2eNe(3)] axi <g€8 ) L 0. (C.71)
The FOC for N(z) is:
(1 + T,;"SC) Wi — 0:() (1 — @) e [I%g(i)]“ 2N ()] = 0. (C.72)

Using Equation (C.71) and Equation (C.72), we obtain the following capital-labor input efficiency condition:

v —1
cn o (HTSSOYWL KRG\ R
RO=1—a e MO (Fw (€7
Note that Equation (C.69) can be written as:
Vi) + 2 0] = &0 [Ri ()] [zeNe@) (C.74)

Now, we find 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:

Ve —

TCy(3) = 6:(3) | aes K2 () [2eNe()]'~ e PR (?8)7 R ) O] N A0) il I (R )

Using Equation (C.74), we can rewrite Equation (C.75) as follows:

TC() = 0:(6) | (1— @) + aax *r (?8)7 (Ya(i) + 2 ) . (C.76)

We use Equation (C.76), and we take the partial derivative of T'C}(z) with respect to Y;(¢). Hence, the lagrangian
multiplier, 6;(¢), can be defined as the marginal cost of production M Cy(4):

OTC) _ preyiy = —— L W+ 25w\ (_KiG) |\
W = MG.(0) = a*(l —a)t=og ( 2t ) (OéKf(f(i)) : (C.77)

There are three equations that summarize optimal input decisions by firms: 1) the capital-labor input efficiency
condition, 2) the optimal capital inputs in terms of marginal cost and 3) the composite capital equation. First,
we find the capital-labor input efficiency equation. In particular, we rewrite Equation (C.73) as follows:
v —1
KiG) _ o (475 Wi o (K6 R
Li(i)  1-a RE K

, (C.78)
K3 (i)
Equation (C.78) is the capital-labor input efficiency condition.
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Second, we find 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

RE = aMC,(i) [zt]l—%t( a )a_l <MW> . Ton (C.79)

11—« RE

a-1 ssc a-1
. o o 1+ W,
Rf :aMCt(Z) [Zt]l &t (1—a) <(];5)t> Ic,:

The above equation is the optimal capital input in terms of marginal cost.
Finally, we have the following composite capital function:

VK
vg—1 vg—1

Ri(0) = (o™ (720 41— an) 7 (100 )

ag K} (i)

We can simplify Equation (C.79) by letting: I'c(i) = (W) K Thus, Equation (C.79) can be rewritten
as:
R

a—1 :
0zt (125) (1+ 755 Wo)o (RF) =0 T

MCy(i) =

11—«

The above equation can be expressed as:
(1+TtSSC)Wt 1me K\«
(L) (i)
MC:(i) =
=" (1— )" eila, (i)
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 firm i.

(C.80)

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 firms. With added
public capital, the expression ¢ (i) in principle would make marginal costs different across firms. For simplicity,
we assume that each firm 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 firm requires the same number of roads to get to
the plants. With this assumption, marginal costs are identical across firms, and thus we can drop the subscript
i. Equation (C.80) can be written as:

zt
MC, = , C.81
K a (1 —a)lfa el ( )

aKf(f(i)) 3
FG, = <57 )
' K3 (i)

Equation (C.81) is the non-stationarized version of the nominal marginal cost of production for intermediate
good firm.

(L) ™

where

Next, we derive the non-stationarized version of the rental rate for capital services. Using Equation (C.71) and
that the lagrange multiplier 6;(7) equals the marginal cost M Cy(i), we obtain the following equation:

R = a2t “MCy(i) (i’;é’f)al (Fea() ™, (C.82)
where o\
= (")
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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 7 and rewrite equation (C.82) as:

Q=

i (C.83)

Equation (C.83), captures the non-stationarized version of rental rate for capital services.

RS a—1
Rf( = aetztl_aMC’t ( ¢ ) (F(;’t)

Now, we find the stationarized version of the marginal cost of production for intermediate good producers. We

K e
stationarize Equation (C.81) by applying the following definitions: r = %113? , Wy = KV—;, 2t = 2 (p) -7,
z Pt

and mc; = MTCt. Stationarizing I, 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:

we, (M) ) ()

P a~ (1 —04)17& etla

(4755w \'TY [pRE\®
2 (ye)/ (1) Py Py

a~ (1— 04)17‘1 etla

-«
(1455w, SRE )
szt Py

ac (1— oz)l_a el

mcy =

mce =

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:

(1 +775C) w5) '~ ()™ .

era®(l —a)l—olg,

(C.84)

mce =

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 find the stationarized version of the rental rate for capital services. We stationarize Equation (C.83)
K _ s
by applying the following definitions: rX = V"gt 2ty = Zt%l/lia, K; = #, and mc; = Aff‘. We follow
21—
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:

= a—1
K; 1
K t .
Ty = Q€ R mc: (Ia,

! ! <Nt Nz-*-,tli'y,t) t( t)

Q=

. . . . 78 . . .
Furthermore, we can rewrite the above equation in terms of per capita, so we denote k; as stationarized capital
services per capita, and n; as aggregate labor input per capita. Hence, we can rewrite the above equation as:

= a—1
ki 1 .
mK = Q& <t> me: (I'c,t)

Nt Pt o bt

Q=

(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:

vV

v —1 v —1

R = (axi(i’c;‘) (1 ar) R (o) T )K (C.6)

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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Kaiv1=(1-6c)Ka + ItG-

We stationarize the law of motion for public capital by dividing the non-stationarized function by v:z;", and we
have the following equation:

Kagi4+1 _ (1 _ 5G) ,

%Z;r ’YtZtJr %Z;r
The above equation can be written in per capita terms:
_ _ 1 —
ka1 = (1 — 5@)/@&,57 + I7. (C.87)
Kozt el ,t

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, firm ¢ chooses the optimal price prt(i) that maximizes its profit, subject to its demand
schedule and the Calvo price contract. In each period, the individual firm ¢ resets its price with probability
(1 —¢). With probability &, the firm cannot reset its price, and then it faces the following price evolution:

. N T = . . Q¢ c
Pyike(i) = PP () Te41Ili42 . . . T4, We define the stochastic discount factor as A¢ir = BZ" o PPé .
t t+k

Firm ¢ chooses the optimal price of intermediate goods P2P*(i) to maximize the following profit function:

P%ati(?)Et Z(ﬁ)k/\t,wk {Pt+k|t(i)y;f+k\t(i) - TCtJrk\t [Yt+k\t(i)] } VK (0-88)
t W k=0

subject to the demand function:

A

t+k
P, 1 I—X
Vi) = () T (C.9)
t+k
and the Calvo price setting contract:
ﬁ P -~ . . h .1.
Puanti) = § portresa) with probability & (C90)
P2PL(3) with probability (1 — &).
The FOC for PP (i) is:
. L OYy(0) L OY(7)
E Y, PP (i) =L Ny (i) ——L
Yeli) + P10 g peis — MOWG) o s
8Pz+1\t(i) . . 8Yz+1\t(i) apt+1\t(i) . 65/;5+1|t(i) aPt+1\z(i):|
A —Y, P, — MC,
e { OP™ (i) r1feli) + Proaeld) OPy11e(i) PP (i) w10 0P, 1):(2) PP (4) C.91
+(6) Avera (C.91)
8Pt+2\t(i) . . 8Yt+2\t(i) aPt+2\t(i) . 3Y}+2|t(i) 8Pt+2|t(i):|
—=Y + P, - - MC -
{ op ) e+ P g5 G e () 20) 3Py ()) 0P ()
+...}=0.

Recall, we have the following definition: Py (3) = Ptopt (i)ﬁt+1ﬁt+2 ... x. Hence, the partial derivative of
P, ¢ k)¢ (i) with respect to P77 (i) is:

aPt+k‘t('L‘)

T | TP | Y C.92
8Pt0pt(i) t+11lep2 t+k ( )
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Using Equation (C.92), Equation (C.91) can be rewritten as:

. - 0Y4(d) Oy (d)
EAY, Popt t|t _ MC |
t{ t|t(l) + t (Z) aptopt(i) t(l) aPtopt(i)
— ) = OYip(d) = OYip1p(d)
e [TV i)+ Proa s G225 = MO (e 22
+()* Avvo
. — - oY 7 —  —  0Y; i
{Ht+1ﬂt+2Yt+2\t(i) + Pt+2|t(i)Ht+1Ht+2ﬁz:ii; — MCipa(i) g1l ﬁm]

+..}=0

Based on Equation (C.81), we have the following result: M Ci1 (i) = M Cyyr. We rearrange the above equation,
and we obtain the following equation:

Y41t (1) | opt, .\ [ Yeie(4) (3Yt|t(i) )_1 _
Et{aPtoPt (Z) Pt (7’) (Ptopt (Z) aPtopt (2) + 1 Mct
Yy y110(3) N EHONE) AR MO NS,
et [P <pmt<¢> (o) 1) - e (€9
2 == OYipo(d) o Yepop(d) (0Yiqop(i)) ! _
+ (0" Aveallellen 0P, 121:(7) {Ptmt(z) (Pt+2t(i) (aPtJrQIt(i)) * 1) - MCa| .} =0.

Given the demand schedule for intermediate goods, which is captured by Equation (C.89), we can find the
following price elasticity of demand for intermediate goods:

OVeint() Peie(d) e

- - = = . C.94
8Pt+k|t(1) Yt+k|t(1) Atk — 1 ( )
Using the result from Equation (C.94), the derivative of Y, ;;(¢) with respect to Py () is:
1) ¢ ) A Y, i
t+k|t(1.) _ t+k t+k|t(f). (C.95)
OPiyre(1) 1= Aegr Pigge(2)

Using Equation (C.94) and Equation (C.95), we can rewrite Equation (C.93) as follows:

Y;f‘t(z) )\t opt /- 1
Ptopt(i) 1— N\ Pt (Z)Tt - MCt

E{

Yip1e (1) e { L1
—a— | P, i
Pryape(i) 1= Aepa e )>\t+1
Yigor (1) Aso { L1
—a— | P, i) —
Pyioje(i) 1 — Apye t2ie( )/\t+2

+ €Ay 11141

— Mct+1:|

+ (5)2 At oIl ITiro - MCt+2} +...}=0.

We use the following definition: P,y x;(i) = PP (i)[li411li42 ... Ii4x. We multiply both sides of the above
equation by P?*(i) and —1. We can obtain the following equation:

Yije (4)
Ar—1

E{ [PP (i) — AeMCY)

Y, 7
Yool () N O]
Aey1 — 1

Y, 1
+ (5)2 At’t+2 t+2‘t( )
)\t+2 -1

+ &A1
[Pt+2|t(i) - >\t+2MCt+2] + .. } - O

We can drop the subscript ¢ from the above equation because when firms can reset their price, they will set the
same price. As a result, all firms will choose the same quantity of output. We rewrite the above equation, and
the optimal price of intermediate goods equation can be expressed as:

Eq Z (g)k Ativr 7()\“1:: _‘t 1 [Pt+k\t - )\t+kMCt+k] =0. (C.96)
k=0
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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
Bein W PC
B f pﬁrk

use the following definition: A ;41 = , and then we expand Equation (C.96). Hence, we have the

following equation:

Y;
Bl gy [~ Ml
B+ QtC-H pf Yitipe
P, — A1 MC
e B QF PSy (Mg —1) [Petaje = A1 MClria ]
o B2 Qe PE Yigop
Pryap — A2 MC y=o.
te Be QF Py (My2—1) [Piaje = AeraMCriz] +.. .}
C
We multiply the third term of the above equation by ?cﬂ , and we obtain the following equation:
t+1
Y,
B,y (P - wC
Bir1 Qi1 PE Yy
+ Prsrje — Mp1 MC
¢ B QF Py (A —1) [Prsaje = A1 MG
oY, PC P, Y,
+ (5)2 Biv2 Qyo P t+1 t+2t [PH—Q\t — )\t+2MCt+2] +..}=0.

B th Pt(iQ Pg-l (At42 — 1)

We use the following definition: Py = Ptoptﬁt+1ﬁt+2 .. .ﬁH—k. We multiply the optimal firm price prt by
1 P

, multiply the marginal utility of consumption ng by ztth, and divide the output of firm Y, . by

Py Pt
z:;k We multiply the nominal marginal cost MC; by %t, multiply MCi41 by ijt'l Pf,1+1’ and multiply MCio
b P;;:l gjif Pt1+2. Thus, the above equation can be rewritten as:
B i PPy MG
! M -1z [Py P " P,
+ 5/3t+1 OCz, PE Yitape |:ﬁt+1Ptopt Py Attt Piy1 MCiyq
- At
Be  Qfz" PEy (M1 — 1)z, P P P P
n (5)2 Biv2 Qgrzzttq PP PS, Yijop |:ﬁt+1ﬁt+2ptoptpt71 W Piy1 Piyo MCiyo
Be  QFzF PSy PGy (Mg2—1) 20, P 1P P Piy1 Piyo
+...}=0.
opt C
Using the following definitions: p?** = %, Miyr = Pf::l:il7 e, = Pgt_::, and Mcpyy = A@?i:k, we can
obtain the following equation:
Y't|t popt
E{——— |2 — \;mc
t{(xt s I A
C + 5 i opt
Bey1 g1z 1 Yt [Ht+1pfp _
+¢ — — A1l mci4
B QFz Htc+1 (At41 —1) Zt++1 I
C + i i opt
2 B2 U220 1 Yiiop I 41 1T 2py _
+ — AiyolliyoIlip1me
€3 B QCz TCLTC, (s — 1)z, I, t+2lle+2ller1MCe42
+...}=0.

We express the above equation in terms of per capita, so we denote y, . as output per capita, and we rearrange
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the above equation. Thus, we have the following equation:

opt
B Y {p ¢ Atmt}

t — Z. t
Ae—1)z [T
Bit1 th+lzt++1 144 Ye1)t ey pf* _
+¢ o T T TN At4+1MCe41
B QFz i1 (e — 1) 274 t+1k
4 (o) Bi+2 th-O-QZt—:-Q JEFEY | P Y42t |:ﬁt+1ﬁt+2p?pt A TTIE 2]
— At 1+
Be  QFzF MELIY, Mg2 — 1) Zs [ eIl 1T

+...}=0

Using the following definitions: 8, ; = Bfﬁi Ol = QF k2 g, and Yy = 2 we rewrite the above
t+k

equation. We have the following stationarized version of the optimal price of intermediate goods equation under
the sticky price assumption:

Qt+k k Ht+J gt+k|t
Z (Hﬁt-‘r]) =C (HHC ) (At-&-k*l

k=0 Qt t+j

H Mo | 97 A4k Gk | = 0. (C.97)
Ly, ) L

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 defined as follows:
maz ~ PCCMY — poTeCt — pOeCy
cpod.cre.cy

subject to the CES aggregate consumption good function

v

e = [(°)7% 0y 4 (1-9°) 7 e (C99)

By substituting the CES aggregate consumption good equation (C.98) into the above profit function, we can
rewrite the profit function as:

c Lo e} o117 c c
{(19 ) (CF) e (1 — 9 ) (ce) ve ] — porecre — poecy.
Taking the derivatives of C¥¢ and Cf respectively gives us the two following first-order-conditions:

(6°) 7€ (cry 55 b [(9°) 7 ()5 4 (1-9°) € ()| T powe
1 vo—1 vo—1 vo—1 %%_1
(1 _ 190) e (of) e p {(ﬁc) (CF) e + (1 _ 190) (C5) e } —pCe—y

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

P = (v°) ey’ e PO (Cp)e

poe = (1-9°)7¢ (cp) 76 P (Cpoe)ve
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Rearrange and multiply through with vc in the two equations above to get the demand function for the
non-energy and energy consumption goods:

PC vc
cre :190( C*m) cro9 (C.99)
P
PC vc
cf=(1-9¢ ( tg) 99 (C.100)
( ) PE ¢

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:

vo

Y = -(ﬁc)%( ) 1 (1 —190) () Vclj| et

- del
vgo—1 v vg—1 vo—1

o = |(0)7 (o0 (F) Tem) " (1= 00y (100 (25) )
t t

- %+V€71 PC vo—1 vo—1 %+V€71 PC vo—1 vo—1 vo—1
con = |(1°) T () @S (1m0e) T (T e
t t

_ ve—17 255
(ﬁc) (P?Cm> c 1+(1_ﬁc) (gg@) c 1:| c—1
c et o\ [ PE YT ES
[0 G- ()]

t

Cagg Cagg
t

v

N e
C(Pcze) +(1719") (P,;’E) ’ 1] o

(1) <o () (1) (o))
PC = }gc (Ptc,:ce)17VC n (1 _ﬂc) (Ptc,e)lfvc} g

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 definitions p{ = PC/P;, p&®¢ = PO /P, p&¢ = PE° | P,, 6099 = 99 |2 &8¢ = CF¢ )z, ¢ = Cf 2.
The non-energy consumptlon demand function can be written as

Cfe :ﬂc ( Ptc )UC ngg

—
I
—
+3
\/
—
<
Q
L
=
R
Q
L
<

PtC,a:e

Gt _ye ( PC P )”C o

zF Ptc’ze P, z
pC vc

o :190< Ctze) cra9 (C.101)
Py’

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:

_ _ 9qC Ptc e agg
- (1 0 ) (Ptc’e C
(1) ( Pe 5) cre
z PEe Py P
c \ Vo
&= (1 - 00) P ) oo (C.102)
Dy’

Equation (C.102), which captures the demand for energy consumption goods, is the same as Equation (A.36a).

S

T+
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Finally, we stationarize the price index:

PtC,e l-vo ﬁ
() )
o = [(° () 7 (1=09) () )] 1)

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 defined as follows:

C, C, M,C C
maz_ POCEe — p,DCe — pMCie ppCiee
DtC,me’MtC,ze

subject to the CES aggregate consumption good function

VC,xe
vC,ze—1 1 "C,zel:| VO, e —1

1 1
Ctace _ |:(wc,xe) ve (Dtc,xe) vC ze + (1 _wC,:te) vC,ze (MtC,me> vC,ze

(C.104)

By substituting the CES aggregate consumption good equation (D.49) into the above profit function, we can
rewrite the profit function as:

YC,xe
YO, ze 1 1 Vowe 1 vg L.—1

1 1 vC,we 1
(wcaze) vC,ze (DtC,ZE) YC,ze 4 (1 _ wcyze) YC,ze (MthIE) YC,xe :| e *PtDtC’ze 7PtM,C,zeMtC,ze.

C,ze
Pt

First, we derive the demand function for the domestically produced intermediate goods used as inputs by the
representative firm in the consumption good sector. The FOC for the domestically produced intermediate goods
D is:

Ve ze— 1 1 Ve, ze—1 vC,ze—1

VC,ze Pto,ﬁce |:(q/)caﬂce) ”Cl,me (Dtc> YC,ze + (1 _ wc,xe) YC,ze (Mtc’xe) YC, ze :| “Ome ! VC,xze -1 (Dtc,:ce) VC, ze -1 (wC,xe);

Ve, ze — 1

We can rewrite the above FOC for D™ as:

VC.,ze
1 vC,ze—1 1 VC,:):GI:| VC’Iﬁfl_l —1 1

C,ze
P

(wc,ze)m (DfC’) VO ze + (1 _ wC,ze)m (Mtc',ze) VO, ze (D?,ze)m (wC,ze)m_Pt =0.

Note that the CES aggregate consumption good equation (D.49) can be written as:

1
VO, ze—1 1 Vc,151:| VC.me—1

(e — {( ) o (DF) " 4 (1= yo) e (pgoee) e

(C.105)

Using Equation (C.105), we can rewrite the FOC for D" as:

1

1 =1 1
Ptcame (C’txe) vC,ze (Dtc,xe) vC,ze (q/)c,ace) YC,ze __ Pt =0.
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The demand function for the domestically produced intermediate goods can be written as:

C,ze C,ze PtC,IE Ve Te
D; =9 D, t - (C.106)

Next, we find the demand function for imported goods used as inputs by the representative firm in the consump-
tion good sector. The FOC for the imported good M is:

1

vC,ze—1 vC,ze—1 1

PtC',ze

Using Equation (C.105), the FOC for M®¢ can be rewritten as:

1 I 1
PtC,ze (CtIE)ﬁ (Mtc,ze) VC,ze (1 _ 1/)0116) YC,xe __ PtA/IaC»IS =0.

The demand function for the imported goods can be expressed as:

Mg = (1= yo) (ﬁ)yc’“ we (C.107)

PtI\/I,C,ze

Substituting the above demand functions (C.106) and (C.107) into the CES aggregate consumption equation
(D.49), and we have the following equation:

VC,ze

ze ze ze Vo ze— 1 ]DC’JCE ve—l e e Ve, me—1 PC,:ce Ve, ze—1 VG we—1
Ct = |:¢C7 (Ot ) C,xze <7t13 ) + (1 — wcv ) (Ct ) C,ze (4 Ni,C,xe) (C].OS)
t P
c PC,xe ve—1 . PC’” vo,ze—17 “;i:il
ze Te ,xe t e +
Cre = o |y ( 5 > +(1-v )(PM’W&) 7
t -

C ve—1 c v 11 YC,xe .

C,ze VG, ze C.ze P sTe < C.we P ,xe C,ze VO ze—
1= (Pt ) [w ( 5 ) + (1 — ) <7Pt;],am> ,

1 17 YC,ze

C,ze VC,xe C,ze 1 Ve— O 1 VO, ze— VC,pe 1

(Pt e) = |:’¢ e <7t> + (1 — ¢ e) (PM,C,xe> s
) 1
C,x C,ze 1 ve—l Cze 1 vo,ze— 1| Vo ge—1
POt = |9 - + (17¢ ) e
t P,
The above equation can be rewritten as:
. S —
PtC,ze = |:1/)C’z8 (Pt)lf”c,ace + (1 _ ,(pC,ze) (PtM,C’,ze) C,me:| C,xe ' (0109)

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 definitions: p¢"*¢ = PC""/P; and p} "¢ = PM-%*¢ /P, Equation (C.109) becomes:

C,xze
Pt

1
1—ve ze T-vC ze
5 = |:(Pt)”0,ze*1 <wc,ze (Pt)lfVC,me + (1 _ wC,ze) (PtM,C,ze) c ):| e} 7

_ 1
1-ve , 1—v
C,x M,C,x C,ze C,x
P, re _ wc,xe + (1 _ ,l/}C,a:e) P we re
I P :

Thus, the relative price of consumption goods equation is expressed as:

1
ze xe xe xe 1-vC,ze 1-vo ze
Pt = (9T + (1 — @ ) (ptM’c’ ) ] . (C.110)
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Note that: ¢p©%¢ = 9= 4 m(l —997¢), where 1 is the relative size of the Swedish economy, and 9" €

[0,1] is a measure of home bias in the production of consumption goods in Sweden. Since the size of the Foreign
economy w is infinitely larger than the Swedish economy, we have: <®¢ = 99, Equation (C.110) becomes:

1
1—vo ge | T—v we
ptC ,re |:,l90,ze + (1 _ ﬁc,ze) (pév[,c,ze) c, :| < . (C].].].)

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 defined as follows:

max _ PCCf — PPSepe — pMCep e

Cg. DY MO

subject to the CES aggregate consumption good function

v

C.e
ve,e—1 1 VO.81:| Vo e—1

_1 _1 >
(45 (05) 7 4 (1) (i)

First note, that the definition of ¢ = 9<¢ + 1J%w(l — 99°¢) and since w — oo, Y&¢ = ¥, By substituting
the CES aggregate consumption good equation (C.112) into the above profit function, we can rewrite the profit
function as:

cf = (C.112)

YC,e
"C,eil 1 “C,efl

(190 e) uc (DC e) VG e ( 190 e) ve (MC e) VO e :| “Cre=t _ PtD,C,eDtC,e _ Pt]W,C,eMtC,e‘

Taking the derivatives of D" and M "¢ respectively gives us the two following first-order-conditions:

ve,
1 voe=l | 1 vo,e—1 1 Ve e—1 Vc,eil_l
(ﬁc e) ve (DC’ e) vC.e PC (00,6) vC.e (DtC,E) vC,e + (1 _ 190,6) vC.e (Mtc'e) vC.e _ PtD’C’e =0
ve,
1 vCel 1 vo,e—1 1 vo,e—1 y/c’eil_l
(1 _ 190,5) Vo e (Mtc,e) vC.oe PtC,e (196',e) Vo e (Dtc‘,e) vCe + (1 _ 190,5) VO e (Mtc,e) Vo e _ PtJ\/I,C,e -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

__1 1
PtD,C,e _ (ﬁC e) vo (DC e) vC.e PtC,e (Cte) Ve
__1 1
pMee z( ﬁce) Vo (MCE) o pOe(Cr) e

Rearrange and multiply through with vc . in the two equations above to get the demand function for the
non-energy and energy consumption goods:

PC,e vC,e
D& =9 ( o ) Cy (C.113)
pP-Ce
PC,e VC,e
Mge = (1-9°°) (sziric> e (C.114)
t

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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vC.e

[ 1 vg,e—1 1 ve,e71 Vo -1
e C,e\ ve,e Cie vC.e Cie\ vc,e Cie YCie
ci = |(097) " (pE) ™ +(1—ﬂ)C(Mt)C]
B ve,e—1 ve,e—1 u;i
e Cie % C,e PtC,e e e ¥Cie Cie Vcl Cie PtC7e e e Ce
ci = [ (v9°) 7o (0 < D,Qe) o/ + (1-9oe) e (14*)( M,c,e) Cs
P; P,
- e
. . 7/1 +V(V7,e_1 PC,G vo,e—1 . vge—1 . V1 +V(V7,e_1 PC,E vo,e—1 . voe—1 | ve,
Cy = (190, ) Ce C.e <PDt,C,e) (Ct) VC,e (1 _ 9% ) Ce Ce (Pl\ff,c,e) (Ct) vC,e
L t t
c 1 c 1 e T
P ,e VC,e— P ,e vC,e— vo,e—1
— C, t c, t
Ci =C¢ (19 e) (PD,c,e) + (1 -9 e) (PJ\LC,6>
t t
VC,e
I e vo,e—1 e ve,e=1 vo o —
- ﬁC,e PtC, C ) 196,6 PtC (e c, 1
- pD.Cie + B pM.Cie
L t t
- VC.e
D525 |/ o 1 \veet c 1 \Veet| et
1=(Ptc’e> “ (79 ’e> D.Ce +(1_’9 ’e) M,Cre
L P P
YC,e

(pe) = [0 (o) 7 (10 (pe) ]

1
1-ve, l-voe]| T=voo
poe — [goe (Ptp,c,e) Ce (lfﬁc,e) (Pt]W,C’,e) c } c

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 definitions p® = PO/ Py, p2@¢ = PP Ce )P, pMt©e = pMCe p, e = Cf /2, d5° = DE°) 27,
mS® = M /2. The non-energy consumption demand function can be written as

2t PPCe P, P

_ pC,e vC,e

doe =9 (pr’C’e) o (C.115)
t

Equation (C.115), which captures the demand for non-energy consumption goods, is the same as Equation
(A4la).

Next, we stationarize the demand for energy goods:

M = (1-97°) ( P )Vc’e cs

PIW,C’,E
t
MtC,e _ (1 _ﬁC,e) ( PtC,e E)VC,e Ote
zF PtM’c’e Py P
C,e VCe
M = (1 - 19076) (p];},c,c) e (C.116)
t

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:

1

[ 1—vo e 1-vo e | T—v e
Ptc,e — |9Ce (PtD,c,e) <, + (1 _ 190,6) (Pt]VI,C,e> < } c

PtC,E — i -196’,5 (PD,C,e)liuc*e + (1 _ 190,5)
- t

1
PM,c,e)l"’Cﬁ 1=voe
PP | t

1

(
P;:;E _ :(190‘6 (PtD,C,5>1—l/c,e n (1 B 19C,e> (PMC 8)1 ve, e) (Pt)Vc,e*1:| e

ptc,e _ _<190& <PL}’D:7€>1VC,C . (1_1906) <P1\/ICe> uc,c>
O = -(190,6 (p?,c,e)lfvae N (1 B 00,6) (piw,c,e)lfuc,e)} o | i

Equation (C.117), which captures the demand for energy consumption goods, is the same as Equation (A.39a).

1
1*"0,3

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 define Vi’ to be the output of a representative investment firm. We
define Vi as = [I; + a(u¢) Kq).

A profit function of the representative investment good producer is defined as:

PV — P.D{ — P M.

The investment good producer faces the following CES investment function:

V! =

(v)7 () 7 (1wt ()

(C.118)

1 vr—1 1 VI—1:| vr—1

The optimization problem can be defined as follows:

I 1 I M,I 1
max P, V, — P.D; — P, M,
Dl M}

subject to

vy

(v") r () R (1- w’)% (n) U{‘fl] o

V! =

We follow the similar steps as described in Section C.3 to find 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 Dy is:

pINYI
e v
; =9 <7Pt t
This demand function is the same the demand function that is presented in Section 2.4.4.

Using the following definition: V;/ = 71f [I; + a(ut) K], the above demand function for the domestically produced
intermediate goods used in the production of investment goods can be rewritten as:

Dy = ¢! (P?I) I % (I + a(ud) K4 (C.119)

The demand function for the imported goods used in the production of investment goods is:
PI vr
1 I I
Mﬂuw@ﬁ)w
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 definition: V;{ = % [I; + a(u:)K¢], the above demand function for the imported goods used
in the production of investment goods can be rewritten as:

Mjf(l w[) PtI I 1 [IJr K C
t = — W t a(ut) t]~ ( 120)

Y

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:

N
T—v;g

Pl = |:w1 (P14 (1 B w[) (PtM,I)lfl”} ) (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:

Ll
P,

pM.I 1-vy ﬁ
w1+(17¢1)< L ) ] , (C.122)

Using the following definitions: p; = P! /P; and p}""" = P’ /P;. The relative price of investment goods equation
can be expressed as:

Pt = [w’ + (1 - 1[)I) (pi””)lw] i . (C.123)

Note that: ¢ = 9+ 5 (1—9"). I is the relative size of the Swedish economy, and ¥' € [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
w is infinitely larger than the Swedish economy, we have: ¥y’ = 9. Thus, the relative price of investment goods

equation can be rewritten as:
1
1—v 1—v
ol =0+ (1=0) () ] (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 firm i produces export goods X;(7) by using domestically produced intermediate goods D;* (i) and imported
goods M;* (i) as inputs.

The export good firm ¢ faces the following cost minimization problem:

min _ TC{ (i) = P.D{ (i) + P X M (3), (C.125)

DX (4), M{¥ (3)
subject to the following production function:

ve—1

X, (i) = {(wx)L DX(i) % + (1 - wx) X (0) ”Zl] T X (C.126)

We let 6;* (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 %~ (3):

LX) = [PDE @) + P M ()]

16X () {Xt(z') - {(uﬁ‘)imx(i)”i;l n (uﬁ)ﬁ j‘(i)”iwl]":ml +zj¢x}.
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We take the partial derivative of £ (i) with respect to D;* (i) and M (i) respectively, and we can find the
FOC for D (i) and M ().

The FOC for D (4) is:

1

Po= 0¥ ) (v¥)™ [(wX) TDEE) (1= 9Y) " M <>*} DXy (C.127)

The FOC for M;* (i) is:
1
= o vp—1 = vp—1l|va—1 -1
PMX = (i) (1- %)™ {(wx) SDEO T 4 (1Y) ME @) ] MX@)7.  (C.128)
We rewrite Equation (C.126) as:

1

[Xt(i) + z;qux] = [(wx) DX (i) + (1 - wx) & Mjf(i)"‘f%l} s (C.129)

We use (C.127) and Equation (C.128) to find the following total cost function:

TCX () = 07 () () [(sz)* DX + (1= 0%) ™ M) } D D)

1 vp—1

050 (1-0%) 7 [(6) % DF O+ (1-07) T M0 ]"”I“Mif(wthX(z‘),

TCK (i) =
2 vp—t = va=1 = L ve=l o va=1] Va1
() | (%) D+ (1) a0 [(0%) 7 D@+ (1= 0¥) T a5
(C.130)
Using Equation (C.129), Equation (C.130) can be rewritten as follows:
ve—1 1
TCX (i) = 05(0) [X: () + 55 6™ 7 [xui) + 2 0%]
TCX (i) = 0 (3) [Xt (i) + zmx] . (C.131)

We take the derivative of the function of TC (i) with respect to X; (i), and we have the following definition:

MCE (i) = 8§§—(()) — 0X(i). (C.132)

Equation (C.132) implies that 6;* (i) = MC:* (i). We can now establish that 6 (i) is the nominal marginal cost
of production for export good producers MC;¥ (7).

We use the result from Equation (C.132), and then we rearrange Equation (C.127) and Equation (C.128). We
have the following equations:

Vg

DX (i) = v (%X(’)) [(w")i (0¥@) ™ + (1-v¥)™ (Mtx(z'))yﬁ BN (CREE)

(C.134)

Vg
vp—1 1 1/:,;71:| D

wi¥o = (1-) (MDY (o) (orw) o+ (1-0¥)* ()

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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TC (i) =
() (@) ™+ (=w) ™ () =]

PX (mcX@)™ Py + (1= %) (MeX @)™ (PtM,X><1w>] |

Using Equation (C.129), the above equation can be simplified to the following equation:

TCX (i) = [Xu(i) + 5 6] {w" (meX @)™ Py + (1= %) (McX @)™ (PtM’X)“%)} . (C.135)

We use Equation (C.135) and Equation (C.132), and we take the partial derivative of TCZ (i) with respect to
X¢(i). We have the following equation:

MG (i) = ngif;) = [w" (X @)™ Py + (1= 0%) (MCX @)™ (PtM'X)“*"”} . (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:

MCY = {wx (P 4 (1 _¢X) (PtM’X>(17Vw)] == . (C.137)

Equation (C.137) is the same as Equation (38) in Section 2.4.3. The marginal cost of firm 7 is independent to
the firm-specific variables, so there is no subscripti in the RHS of Equation (C.137). As a consequence, we have
the following result: MC;* (i) = MC:*.

. . i Mx _ pMX __ McX . .
Using the following definition: p; = tPt and mc; = Tt‘, Equation (C.137) can be rewritten as:
1—v,] Toos
meX = {w’f n (1 - qpx) (ptM’X) } - (C.138)

Note that: ¢~ = 9% + 1+#W(l — %), where h%w
a measure of home bias in the production of export goods in Sweden. We thus have ¢~ — 9% as w — 0o, and
Equation (C.138) becomes:

is the relative size of the Swedish economy, and ¥~ € [0, 1] is

e = [0 (- 0%) (i) ] (130

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 find the demand function for domestically produced intermediate goods that are used in
the production of export goods by firm 7 and the demand function for imported goods that are used in the
production of export goods by firm i. We apply Equation (C.129) and the result that the marginal cost across
firms are equal: MC{ (i) = MC{*. 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 D (i) is:
_ MCXN\™ _
DX (i) = ¥ (Tt> [Xui) + =7 6] (C.140)
t

The demand function for imported goods that are used in the production of export goods M;* (7) is:

. MCFN\"" .
M (i) = (1 ﬂpx) ( M*X) [Xt(z)+zj¢x]. (C.141)
P
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 firm 4 chooses the optimal price
of export goods PtX’OPt(i) that maximizes its profit, subject to its demand schedule for export goods and the

Calvo price contract. In each period, the individual firm resets its price with probability (1 — &;). With
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probability £, the firm cannot reset its price, and then it faces the following price evolution: Pfik“(i) =
PtX’C’pt(i)ﬁﬁlﬁ,ﬁz . .ﬁfik. Recall that the prices of Swedish export goods are set in the currency of Foreign,

so called local currency pricing. We define the stochastic discount factor as A¢ ¢y =

The profit function of firm ¢ is written as:
};’LO%?( )Et D () A ern {Ptﬁk\t(i)SHkXHk\t(i) — T kpe [Xunis (9)] } ; (C.142)
P k=0
subject to the demand function:
X ( ) )\isg(k
P, 1 =X
Xiqre(i) = (Z;i;) ” Xt (C.143)
t+k

and the Calvo price setting contract:

h 1 =
Pt)ik(i) _ {Ht+th+k_1(z) with probability & (C.144)

PP (i) with probability (1 — &,).

The FOC of PP (i) is:

, o OXyp(d) o OXy (i)
X,opt t|t X t|t
E{Si X (i) + S P (Z)gaPtX"’”t(ii) - MC; (l)gaptx,omf(i)
anil‘t(i) X 8Xt+1\t(’i) (3Pt§1|t(i) X 6Xt+1\t(i) aptil\t(i)
+ & A Sit1————X 1) 4+ Si+1 P, ; - — MC, ; -
f t,t+1 t+1 ath’OPt(i) t+1\t(2) t+1 t+1|t(Z) 8Pt)-(-1|t(l) 8PtX’Opt(i) t+1(Z) 8Pt)-(-1|t(z) 8PtX,opt(Z')

+ (5&)2 A¢iya

0P, (i) x o OXipop(i) PN, () x 0 OXepopu(i) 0P (0)
Xpya0(8) + Sexa P i : — MCE( ‘
8PtX,opt(i) t+2|t(Z) t+2 t+2|t(1) aPt)j—Q\t(Z) aPtX,opt(i) t+2(l) 8Pt)j_2‘t(7') aPtX,opt(Z-)

+...}=0.

St+2

(C.145)

Recall, we have the following definition: Pfik”(i) = PtX’Opt(i)ﬁfi_lﬁii_g .. .ﬁfik. Hence, the partial derivative of
Pfik‘t(i) with respect to P, (i) is:
P (1)

=X =X =X
———— =11, Il R | P C.146
8PtX’Opt (i) t+11g42 t+k ( )

Using Equation (C.146), Equation (C.145) can be rewritten as:

. N 0X4(7) x .. 0Xye(3)
E{S: X4 1:(3) + Sy PoP (1) — 1 pp o () — A
t{ t t|t( ) tdg ( )aPtX7OPt(i) t ( )8PtX,opt(Z-)
— —x 0XX .. —x O0X;p11:(4)
X ) X =X i1t X =X t+1)t
F ol | Sea s Xogn () + Sear Py (DTey ot X (I, Zoetiet)
tt+ t 1 Xt+1)t t+1 51 t+1 apt)-(u\t(z) t+1 t+1 apt)j—l\t(l)
+ (§z)2 At g2
=X —X . —x —x 0X 7 =x —x O0X 7
St2Il 1 TG0 X pop (3) + St+2ptﬁ2\t(l)nt+1nt+2813}+72‘t(.) - MCY, (Z)Ht+1Ht+28PtX+7m(.)
t+2|t(z) t+2\t(l)

+...}=0.

From Equation (C.137), we have the following result: MC;Y (i) = MCJ . We rearrange the above equation,
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and we can obtain the following equation:

aXt‘t(Z) X,opt /- tht(l) 8Xt‘t
Et{m SePoP (i) PXor () \apXer (i +1 - Mcf
-1
—x O0Xiy14(2) Xt+1‘t(z 6XH_1|75 i) <
BT G PX (G 8Pt’fr1‘t() 1 P (i PX, (i) t+1\t(l) t+1
-1
OXi121(2) Xiyopt (1) [ 0Xyp216(d) «
F () Aol Ty =22 5, o P ! 1) mwes e o
(6o Ballinllies 0Py, () |7 el Py () \ 0P, (1) . }
(C.147)

Given the demand schedule for export goods, which is captured by Equation (C.143), we can find the following
price elasticity of demand for export goods:

e (8) P () NS (C.148)
PN (1) Xewre (D) NS, — 1 .
Using the result from Equation (C.148), the derivative of X, 4+(¢) with respect to Pt)_f_k“(i) is
OXynpe(i) /\fik Xiprye (4) (C.149)
8Pt)ik\t(i) )‘gik Pt+k|t(l)

Using Equation (C.148) and Equation (C.149), we can rewrite Equation (C.147) as follows:

Xae(B) XS pXoont 1 x
B{———"— Sy P;oP — MC,
t{PtX,opt (i) 1 X t () x AX t
—x X A 1
+ &l et lliyy Ptxﬂlto t;( [Stﬂpfmt( ))\x Mct+1]
t+1|t( )1 t+1 t+1

=x Xipope () Ao
+ (§z) Ay t+2Ht+1Ht+2 -
Piap(i) 1= A%

|:St+2Pt)§>2‘t( ) MOt+2:| .. } =0.

X
)\t+2

We use the following definition: P}y, (i) = PP ()T, Ty .. Tk, We multiply both sides of the above
equation by P;*'°’*(i) and —1. We can obtain the following equation:

Xy (2
Ef A;'t_( )1 [StPtX"’p‘(z‘) —AX MCf(]
t
X, 7 .
+ fwAt,tH;:;‘t() [5t+1pt)i1|t(l) - )\filMCt}iJ
A~ 1
X ' .
(6 Aerro e TP ) — NS MC] 4 ) =0,
t+2

We can drop the subscript ¢ from the above equation because when firms can reset their price, they will set the
same price. As a result, all firms that reset their price in period ¢ will choose the same quantity of output. We
rewrite the above equation, and the optimal price of export goods equation can be expressed as:

> X,
E, Z (&)" At,t+k()\xt¢t) [SH-th)jrkﬁ - )\fikMCt)ik] =0. (C.150)
k=0 tk

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 x; ), denote the per

capita quantity of output of export firms that reset their price in period ¢t. The optimal price for export goods
equation can be written as:

i T
B (gz)’“At,Hk/\Xt;’““ [st+th§k,t - Aiikofik] —0. (C.151)
k=0 ( t+k )
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¢, pc
Bror Pevk B and we expand
+k

Now, we stationarize Equation (C.151). We use the following definition: A; ;4x =

Equation (C.151). Thus, we have the following equation:

o O
B{Gx LT [sep oo~ AXmc|

ﬁt—‘—l Qng Ptc Tt41t x X «

e Set1 Py — A MC,
+& B QF PE, (AL —1) [ t+1 1) t+1 t+1]

c C
2 Bir2 Qo Py Tyiot « N .

T S P, - A MC .. =0.

+ (5 ) 51& th' qu_g ()\53—2 — 1) [ t+2 ¢4 2t t+2 t+2] + }

We expand further and multiply through by P% to get:

PO L i StPtX’(’PLAi‘MCS(]

A —1) P P, P,

Bir1 Q1 PE mpp P
575 th PSA ()‘ﬁrl - 1) P,

X X D'e
St+1Pt+1|t )\t+1MCt+1

Py Py

+&a

X X X
St+2Pt+2\t )\t+2MCt+2

o Bey2 Qo PE @iy Py Piyo
Bt th Pth (/\fiz -1) B Fin

+ (&) +..}=0

P P

We use the following definition: Pt)iklt = PtX’OPtﬁfi_lﬁfig .. .ﬁfik. We multiply the marginal utility of con-
sumption ng by zt+ x> and divide export goods w; k¢ by ztik and expand further to get:

T S PX,opt Mcx
Et{ e + |: e - Ag( ¢
A —1) 2 P Py
_x R
n Bes1 Wiz, PE Tig1t P | Sl PO X MCX,
C B 092 PY, (AL -1z, P P P
+ () Bere Uiozlys PE PGy Tetolt Piy1 Pryo
B QF Pg-z qu ()\fig — 1) 2,2:_2 P, P
=X =X
St 2Tl Iy o PP x Mck, _
— Ao +...}=0.
Pyyo Pyyo

‘We multiply the second term of the above equation by g—:, and %, whereas we multiply the third term of the

S Py P,
tH15t o Sotl

above equation by g . We have the following equation:

t+15¢ PPy
X,opt X
Ion Ti|t |:StPt °op )\XMCt }
— At
A =1)zf Py Py
c  _+ le] =X X ,opt X
n: B+ Q412 P Tit1)t Pipq | P St S Il PP \X MCY4
@ o — At
Bt thztJr P,S_l ()xfil — 1) Z;fH P, P, S P + P
c _+ Cc pC
4 (&) Beya Qirozis P Py Te4o|t Piy1 Piyo
z C + C e} X +
Be Ozt PEL PG (AW —1)zf, P P
=X =X X, opt X
St+15: PrPiy1 Siqolli Il o P AX MCs }=0
- t+2 .. — .
St4+1St PtPia P P2
X,opt X
. .- . X,opt __ SiP; —x _ MCi, _ Stk _ Py
We use the following definitions: p; = “p ) MCiyy = Pk Stk = 1 M = Proho1’ and
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PC . . .
Htﬁk = PC”’“ . We can obtain the following equation:

t+k—1
L)t X,opt XX
EB{———+— [pt Pt — X\ e
A =1) 2
C + 77X X opt
ve Berr 121 gy Tiy1)e ;41 Se+10; JeL
z Cc + C X + = A1 TC1
Be  QFz5 TE, (A —1) 20, 41
c _+
+ (&)’ Brya Qioziyo Mipolliyy Tyyo|t
® C_+ C C X ¥
Be  QFz" LI, ()‘t+2 - 1) Zit2
=X 77X X,opt
Ht+1Ht+25t+15t+2pt )\X X .
— Ap42MCry 2 +.. } =0.
MeqoIliys
. . .. , =C _ . . . .
Using the following definitions: 8i,; = %, Qir = QY x2f,, and Ty = 2 the stationarized version of
- itk

the optimal price of export goods equation can be written as:

%) k ﬁc k I T Kl k ﬁX St4
r k t+7 t+k|t t+3 o J—
P (Hﬁ”j) o (HHCH) 0F, - 1) KH 5 )px PN e | = 0. (C152)
J=1

k=0 t j=1"t+j t+k j=1 It

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 different types of import firms in the Swedish economy. Each type operates in a
separate and monopolistically competitive market. The first type of import firm is denoted by index Cze and
provides imported inputs to the non-energy consumption good producers. The second type of import firm is
denoted by index I and provides imported goods to investment good producers. The third type of import firm
is denoted by index X and provides imported goods to export firms. The fourth type of firm is denoted by index
Ce and provides imported goods to the energy consumption producers. We derive the optimal price for import
firms specializing in consumption goods, Equation (A.50a), investment goods, Equation (A.53a), export goods
Equation (A.56a) and energy consumption goods, Equation (REF).

Let ne{Cxe, I, X,Ce} be the index for different types of import firm, and let M{* (i) represents the quantity
produced by the individual firm ¢ of type n. The individual import firm i of type n chooses the optimal price
of imported goods Pt]}{,’pf (¢) that maximizes its profit, subject to its demand schedule and the Calvo sticky price
friction. In each period, the individual firm 7 resets its price with probability (1—&m,»). With probability &m,n, the
firm cannot reset its price, and then it faces the following price evolution: Pﬁﬁt (i) = P%g; (z)ﬁfifﬁﬁ; N1 M
Beik ik PL

B Qf PSrk '

The firms have to purchace the import goods from abroad, which differs between the three non-energy good
firms, and the energy good firms. The non-energy good firms purchace Foreign domestic intermediate goods for
the price St Pr: and transforms the goods to import good suitable for the respective input good purchaser. The
energy good firms purchace foreign energy goods for the price S’tPg »¢ and transform them into goods suitable for

the Swedish energy producer. This means that we can define the marginal cost for the different types of firms as

We define the stochastic discount factor as A¢¢4r =

M,n QtPtC
MC;™"™ =8¢Pry = ~—5—,n € {Cxe, I, X}
Pry
M,n C,e QtPtc C,e
MO " =S Ppy = C pF:t,ne{Ce}
Fot

using the definition that Q; = StPlgt/PtC, p%z = Pgt/Ppyt and pgf = Plg:f/PF,t.
The optimization problem of import good producers under sticky prices can then be defined as follows:

oo

maz £, > (Eman) Aen { P OME o) = MO M40 (0) = MO 2 0™ } (C.153)
Pt,o’pt i k=0
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subject to the demand function:

M,n
M )\ T
n ) P, }: 7 1—)\t+‘:' .
My (i) = (%) My, (C.154)
Pt+k

and the Calvo price setting contract:

ing o JTe PM () with probability &,
Pk (i) = M . . . (C.155)
Py ot (1) with probability (1 — &mn,n).
The FOC of P (4) is:
8M{|Lt(i) v OMy, (7)
E{ M} (i) + Plopi(i) 5~ — MOXY —
i SPtI,\i}n (4) aPtI,\g}zt (4)
Mmn - n . M,n . n . M,n .
A 8Pt+1|t(l) n . M /- aMt+1\t(7’) OPH_”t(’L) M,n 8Mt+1\t(1) 8P,§+1|t(1)
+ &mn e 1 M. Mt+1lt(l) + Pt+1|t(l) Mo - Mo~ MC Mon s Mo
8Pt,opt (7’) 8Pt+1‘t(z) aPt,opt (l) 8Pt+1|t(z) 8Pt,opt (7’)

+ (fm,n)Z At iyo
oPLL (i) OM]" (i) O3, (3) M, o, (1) 8P£’27t<z'>]

M'n . +PM,TL . _ MCM,n
GPM,H(Z) t+2|t(z) t+2|t(l) 6P1W,n (’L) apM,n(Z) t+2 8PM,TL (’L) apl\l,n(i)

t,opt t+2|t t+2|t

t,opt t,opt

+...}=0
(C.156)

Recall, we have the following definition: P*" (i) = P (i) T 1 Tl 1y ... Tl 1% Hence, the partial derivative

4kt t,opt
of P (i) with respect to P" (4) is:

t+k|t ,opt
apPMm (i)
t+k|t =M ,n=>M,n —=M,n
— = =TI, I R P A C.157
8Pt],\£7p? (7/) t41 t+2 t+k ( )

Using Equation (C.157), Equation (C.156) can be rewritten as:

oM, (i) oMy, (7)
B M3, (i) + PN () — U ppoMon
AN e pae) M aRw
- o OMMT (D) i OM L (0)
M,n n . n - M,n n=M,n
+&mnAe i1 [I1gs Mt+1|t(z) + Pﬁ’m(l)ntﬂ Efﬂt - Mcﬁi IT, 1 #
aPt+1\t(Z) 8Pt+1\t(2)

+ (ﬁm,n)2 Ateqo

 Mom— MM OM o1 (1) MM OM o1 (1)
M,n—=M,n n . n . M,n—=M,n 2 n=M,n—=M,n 2
Iy My My'yop(3) + Pt]\fé‘t(z)nt-&-l I Einlt - Mctki’z Iy Mo 715\;711“
8Pt+2\t(z) 8Pt+2\t(7’)
+...}=0.

‘We rearrange the above equation, and we can obtain the following equation:

g M) [px;m( () (aMﬁu)))‘ +1) gy

OP (i) Plori(i) \OP (i
—1
_ oM (1) " (’L) oM (z)
M,n t+1]|t Mmn /- t+1|t t+1[t M,n
+&mn Aty ——5— |:P 11 (@) ( P e +1) - MGy
aPtAJ:[i|t(l) e Ptnfi\t(z) aptl\fiu(l)
—1
—Mon—nM.n OM o1 (2) M 5, (3) (OM] 5, (1)
M,n=M,n t+2|t M, /- t42[t t42[t M,n
+ (fm,n)Q Atyt+2Ht+l Ht+2 M - |:Pt+é t(Z) < M,n /- M. /- +1]) — MCt+’2 + .. } = 0.
oPN; (i) ! PNy ) \ PNy (1)
(C.158)

Given the demand schedule for imported goods, which is captured by Equation (C.154), we can find the following
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price elasticity of demand for imported goods:

n . Mn /- n
OM 11 (1) Py, () _ Ao
hcesalt O TS AN (C.159)
aPt+;€\t(l) MY, 11 (0) Apr — 1

Using the result from Equation (C.159), the derivative of M (i) with respect to Ptl\f;ﬁt (7) is:

Soe ()N M) 160
aPJ\{[,n () - 1— )\J\J,n PJ\{[,'/L () . ( . )
trk|e\t t+k ket
Using Equation (C.159) and Equation (C.160), we can rewrite Equation (C.158) as follows:
MP() N T s L Mn]
Bt A ApMngy S oM,
t{PtI,\g}Z(i) 1— )‘i\/lﬂL t, pt( )Aiw’n t+k
M,n 41t t+1 M /- M,n
+ &mmAr e s —5—— o |t (1) — MO
PtJr,l\t(Z) 1-X0 l At
Mot Mo, (1) AM 1
M,n—=>M,n t+2|t n /. n
+ (Emon)? Ater2Tly 1 Ty M’nl : HIZVIm Pt]\172|t(z)7ju7n —-MCMy| +...}=0.
Pt.‘.z\z(z) L= Aty
We use the following definition: Pt]f;gllt(i) =P ()T T s .. Ty . We multiply both sides of the above
equation by Pt{‘ﬁg; (¢) and —1. We can obtain the following equation:
M, (i y
B Mtfllt( ) [Ptﬂdop?(z) _ )\i\/l,nMCt]\I,n]
A =1
My q,(2) :
G [P0 = AT MO
At —1
+ (fm,n)Q At,t+2)\]\2T‘t_1 [ tj\f’zlt(l) - Afi’Q Mct]\ié ] +.. } =0.

t+2

We can drop the subscript ¢ from the above equation because when firms can reset their price, they will set the
same price. As a result, all firms that reset their price in period ¢ will choose the same quantity of output. We
rewrite the above equation, and the optimal price of imported goods equation can be expressed as:

Mn M,n Mmn| _
o [PHW — A meMy ] —0. (C.161)
k=0 (/\t+7k — 1)

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 mi denote per capita output of import firms
of type n who reset their price in period ¢. The optimal price of imported goods equation can be written as:

e}

m?—l»k t n s I,n
E, Z (Emm)" At,t+k# [PtAfMt R (e } =0. (C.162)
k=0 ()\H—’k - 1)

c
Betk Ltk Ptc
C pC
Bt Qf PL,

Now, we stationarize Equation (C.162). We use the following definition: At 1yr = , and we expand

Equation (C.162). Thus, we have the following equation:

m’n
Bef it — 3 [P = A e

()\M,n _ t,opt
t

c c n
Bet1 Q1 Py Myt pMn _ \Mn g roMn
B, QC pC M,n t+1|t t+1 t+1
t t t+1 (At+1 - 1)
c c n
2 Bey2 Qo Py Myl Mn Mn Mn .
P —Apa MCLy | + ...} =0.

Bq th Pg_2 ()\i\i;_ 1) [ t42[t

+ g'm,n

+ (§m.n)
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We multiply all terms of the above equation by P% and expand. We can obtain the following equation:

B m?\t Pf,vﬁ;fi Ai\/[’nMCtM’n
A _
()\iw’n -1) Py Py
n M,n M, M,
+¢& Bre1 Qi PE My Py | Pyt MPTMCLY
By Q¢ Ptil (/\?i’ln -1) B Py P

+ (é’m,n)Z Bt+2 th+2 Ptc m?+2|t Pt+1 Pt+2

Be QF PS,(\y—1) B

M,n M,n M,n
Pt+2\t _ Aty MCipy

P Piio

}=0.

Py

We use the following definition: P, = PM’"ﬁfM’lnﬁéw’; .. .ﬁi”’,?. We multiply the marginal utility of con-
g t+k|t t,opt + + + y g y
sumption ng by z;;k, and divide imported goods m;’ |, by zttk, and expand further to get:

n Mn n
" my, Plopi ot Mc)M
t
e P

Fbm Bit1 Q?+1ZI~.1 Péc m?—!—l\t P ﬁﬁfPf\ﬁ;ﬁ _ i\i,ln MC%’{L
B QFzF PY, ()‘1%-1” _ 1) 5 P P Py
+ (Emn)? Br+2 thjkéztiﬂ Péc Ptgrl My Pit1 Py
By QFz" Pia Py ()\ﬁ; — 1) zt++2 P Py
Mo s Py e MOXE)
Piio 2 Py e

We multiply the second term of the above equation by %, whereas we multiply the third term of the above

equation by —t2+1  We have the following equation:
y PyPypyq )

n M,n M,
My t,opt Mo MC"
alavre ol A P,
mo_ t t
()\t 1) 2z
C + C n “M,n SMn M,n
b Bir1 Q1241 Py Myt Py | P ILn Py oy v MOy
m,n C+ C o N1 55—
;. QP2 P M _ + B | P P Py
B t %t t+1 ()\tJr1 1) 2 + +
c + C C n
+ (Emn)? Beya Q2219 P P My o Pii1 Piyo
men C,+ C ]
Bt Qt Zy Pt+2 Pt+1 (Ai\i’;_l) ZLZ Pt Pt+1
M nw=M,n M n M,n
PPy Wiy Hiys Py oy A\M.n MC 1=0
- t 2 - = .. —_ .
PPy Piio 2 Py
Mn M,n c
. " o Mmoo _ Piopt —Mn . MO _ Py c  _ Pag
We use the following definitions: p; ,,; = B, MCp Ly = Pron g, = Priro1’ and 1Ty, = o We
can obtain the following equation:
n
Myt M,n M,n——Mmn
B M,n + [pt’c’pt BRI ]
()\t " 1) z;
C + n M,n M,n
b Brg1 Qp12¢y 1 Megq My 1T Pt opt AMimM
m,n T c — At41 MCp i
. QY2 II M,n _ + 1T
B t 2 t+1 ()\t+1 1) 20 +
C —+ n
(¢ )2 By Qig22io Myalleqy My o
m,n

Cc+ C 11C
Be  QFz" Mg,y ()\fi; — 1) zt++2
=M n=M,n M n
My s Pt opt

Ieyolliys

)\]vl,n M,n
— Aty MCp o

+..}=0.

. . .. : =C . my . . .
Using the following definitions: 8/, ; = /ﬁ%, Qi = ngz;k and my,, = —4~, the stationarized version of
J— 2y
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optimal price of imported goods equation can be written as:

Q k I o . ﬁMn .
Z (&m.n) <H 575-&-]) —Hc;k (H HtC’JrJ> ( L ) |:<H HZ:JJ topt )‘iv-‘[—k chFJt+k =0. (C.163)
k=0

M,n
Q21 Ak — 1 j=1

Equation (C.163), which is the stationarized version of optimal price of imported goods. Recall that, ne{Cwze, I, X, Ce}
represents different types of import firms in the Swedish economy.

Replacing the index n with C, we have the following optimal price for import firms specializing in consumption
goods:

S Qt+k b Ty mtc+k|t Hﬁc M,
B> (&mc) (H Btﬂ) m— <H e ]> (o 1) KH : ) PG — AMC mthik] =0. (C.164)
k=0 —

1T
Q4 j=1""t+Jj ik j=1 tHi

Equation (C.164), which is the stationarized version of optimal price for import firms 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 firms specializing in investment
goods:

Qo (5 10 m; I
Z &m.1)" (HﬁHJ) —tgk <H HtCﬂ) (}\Mt;kt ) {(H Hi]> tc'pt )\t+kmCFt+k:| =0. (C.165)

k=0 Q j=1""t+7i ok

Equation (C.166), which is the stationarized version of optimal price for import firms 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 firms specializing in export goods:

= Qt k b HH— mﬁk\t ﬁi\ix M.X
B> (I 2 (HHCJ)(AMX y (T )t it =o. con
k=0

I
Qr \jZi i t+k T j=1 i

Equation (C.166) which is the stationarized version of optimal price for import firms specializing in export goods
is the same as Equation (A.56a).
Finally, note that the stationarized marginal costs of the firms can be written as

e ZSiPra prf .n € {Cze, I, X} (C.167)
P, ppyt
SiPgf
meM — Pty Qg?t pF“n € {Ce} (C.168)

Py Pry

s

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 fiscal 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:
C ~agg | 1 SSC B 1 P! If TR agg
CPCCT 4 (r 5 WaNeA T 4 B 410 = (am + (REy = 1)) Bebrf LI PGP (1= TR,
t t
(C.169)

We stationarize the above equation by dividing the above equation by z;” P;:

o PECy99 WiN: 1K By T,

ssc |, w B B; r P!
7 +(755C 4 7, + = (am+ (R, 1)) o 47 1
¢ ijt (t ¢ )Z?Pt Z:»Pt ijt Zth B (t ! ) ijt thPt’)/tt
G, If Ry TR9Y
E e .
e (= )Zth
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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 ¢;%9 as the stationarized aggregate consumption in per capita, g, is the stationarized government con-

sumption in per capita, t; is lump sum tax in per capzta, and try?? is aggregate transfers in per capita. We use
the following definiti o = W p0 PO g m K _ TF pn BY g By
e following definitions: ¢;99 = Wy = —te =t = = = e = __ Bt
g t z:’ s Wt z?—PC’ Pt P t +P s Bt zj—P s Ut zz-Pty 't z:—,lpt—l I}
+ + I _ G G agg
- - — _ P = Iy T-agg __ tr 51
IT, D + “ ¢ Tt f=L I = & = and tr; %" = —t—.
P17 K ,t Z:ll > My, ’YtJr—l y Dt Py zt ’Yt » 9t t+ ) t e + ) Zth

The above government budget constraint can be written as:

o ps 99 4 (7759 + 7 VpCwens + TS + b + 1 = (OcB +(RZ, — 1)) +tht + G, +1ipi L+ I7 + (1 — 7 )i,
" (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:
K K [ pK P/
= (Rt u Ky — 7Za(ut)m) — B sPE K, (C.171)

We stationarize the above equation by dividing the above equation by z;” P;:

X 1 p!
_‘_t = th( (Rt Uth — 7t (ut)Kt> (SPt 1Kt +
Zy Pz Pz Y2y Pt Pt
— K J— K z+
Using the following definitions: T = z’ S K= —%F oK, = %}17%, Pot ¢ = —b— ) fiyp = ——,
zy Pt zeo1 (7o) T t+1 ’ -1 Vi1
I K
pl = %, pE = %I}:: , the above equation becomes:
AK K K, 3= 1 I 73 piK 1 3>
Yy =1 | —————ry we Ky — ————pra(u) Ky (5 K.
Hoat tHoy ot eHoy ¢ Hoot ¢ Tt
We express the above equation in per capita terms as follows:
K K K 7T 1 T - Pt 17
T =1 (77} utk; — 7pta(ut)kt) — K T Ky =1 ke,
Mozt gl st Mozt gl st Pt 1L
-~ k =
P — (Tf(ut — pra(ug) — JKgtatPiot 1) . (C.172)
Hoot Myt I1;
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 = aBBt — Btn
We stationarize the above equation by dividing the above equation by z;” P;:
SURP; By B
=B — .
Pth Ptzj Pizj
Using the following definitions: surp, = SURf", by = T Bt I, = PPt , and 5? = f—?, the above equation
Ptz z) Pt t—1 z Py
can be written as:
ST, = ap—2— b (0.173)
¢ uz+th v .

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, I; denotes both the stationarized level of aggregate investment and the stationarized level of aggregate investment per

. . . . =G , . . . . .
inhabitant in the Swedish economy. I, 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 defined as the difference between the structural primary revenue, Stprev: and the
structural primary expenditure, Stpexp:, net of the interest payments on the current debt:

Stsurp, = Stprev, — Stpexp, — (Rf_l —1)B; (C.174)

where the structural primary expenditure is given by the cyclically adjusted government expenditure:

Stpexp: ([ TRy . I I°(Y; - Y) G, -Y) ; P!
2 _( B FirunYting | + - Fia,y v + | Gt — Fyy v 74 7Ptf (C.175)

and the structural primary revenues are given by the structural tax bases times the tax rates:

pK
Stprevy = £ pCCc99 + (Ttssc + TtVV> WN + 5K (RK — LK§7> + TtTR(TR?gg — FypunPriing) +T

(C.176)

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
P,z except for By, which is stationarized via b; = B;/(P;—12;"_,), which can be written as b = B;/(Pi—12;" ) =
Bth,uZtt/(Ptzf). Hence we can write the stationarized structural surplus as

(RZ1—1);
b C.177
Ht/"’z*,t ‘ ( )

Stsurp, = Stprev, — Stpexp, —

Equation C.177 is equivalent to equation A.83a in Section A.4.
The equation for structural primary expenditures (equation C.176) is stationarized by dividing through the
equation by Pz to get

Stpexp: _ TR _ FirunYung n If ~ Fre I°(v; —Y) + Gt _F GY:—Y) - P! I
PtZ:_ Ptzt+ Z: %Zj Y YZ:_ Zt+ . YZ: ' 'YPtZ?_
_ = ¢ — tra99
Define g, = z%’ I¢ = thj’ and rp?? = Zzﬁif’t

Stpexp, = (try?? — Firunfuing) + <fG - ]-'IG,ny(ytyf_y)> + (g - fg,y§%> +7lp'T (C.178)

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 Piz;" to get:

Stprev,  tCPCC99  (rF5C 4V YWN 7KK (RN - KEX) N T B(TRIY — FypynPoing) T

PtZ:r PtZ:— PtZ:— Ptzj' PtZ:— Ptzj'
by using the definitions ¢;99 = e’ p¢ = PC oy = We q, — e PR _ T qpeee K
y t + 1 Pt Py 0 t Z:rptcy t ijty t z:rPt’ t z:rPt’ t+1
K
Ye+1RiG g oty = 2 {3 = ol Pk — vt P
’ gt T L+ o Myt — Pt T )
Pt+1 z Zy_q Vi1 Py
c. C Ssc w K k K K¢ pK R
S — ~a — ol TR 7099 . T
Stprev, =rF p°e®? + (775 + 7V Ywn + 7, Y <r -t 6T> + 7 Tty — Ferunuing) +t (C.179)
zt Hy

Equation C.179 is equivalent to equation A.85a in Section A.4.

D Technical appendix: Foreign economy

In this technical appendix, first we present the optimization problems for households and firms in the Foreign
economy. Second, we present the key equilibrium conditions and model equations for the Foreign economy. We
denote w 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 firm 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, first we present the optimization problem of households in the Foreign economy. Second, we
present the first-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 fiscal sector. Households in the Foreign economy can only buy
bonds that are denominated in the currency of Foreign. We let 95’% denote the Lagrangian multiplier associated
with the budget constraint and 0’}’,5 denote Lagrangian multiplier associated with capital accumulation equation
for the household f .

The utility function of individual household f is defined as:

E() Z’BF’t [U(Of’t — ppﬂhCFJ_l) — C;,tV(Nf,t)] . (Dl)
t=0

where pr p is the consumption habit formation parameter.

The individual household f chooses consumption C , physical capital Ky 11, investment I ;, capital utilization
uy,, the change in capital stock by trading in the market Aft, domestic nominal bonds that are denominated
in the Foreign currency Bf,, and the nominal wage Wy to maximize its expected utility subject to,

the budget constraint:

o} Plét K AK Bﬁfﬂ w K P}t
PpiCre+ =1+ Py + Ri’ =1 —71p)W;sNypi + Rpup i Kyt — ~a(use) K
Yt F,tCF,t Yt
+ Bt +Eprr g+ Yoo+ TRy, (D.2)

the labor demand schedule:

F
1 Wf ¢ “fw
N¢y = — : N, D.3
o=t () e (D3)
the capital accumulation:
Kfpr1 = (1=8) Kpo+ YroF (I, Ir-1) + OF s, (D.4)

the Calvo wage contract:

ey xWyiiik_1 with probability ¢
Witk = opt th . F (D.5)
Wik with probability (1 —&,).
We make the use of the following definition: 8, = ﬁg’;tl , and we follow the similar steps to those in Section

C.1.2, we can obtain the FOC for Cy 4, Bﬁfﬂ, Ky, Iy, upe and Afcft.

The FOC for Cy is:
G?JPPQ:t = Q%t' (D-6)
Equation (D.6) is the same as Equation (72) in Section 2.6.1.
The FOC for Bf{, is:
0% Pry = Ey [ﬂ;‘,t+161},t+1PIg:tRF,tCF,t] . (D.7)

Equation (D.7) is the same as Equation (73) in Section 2.6.1.
The FOC for Ky ;1 is:

PI
o a(uf,tﬂ)) +0F 2 (1 — 5F)] : (D.8)
Yt+1

k b K
0%+ = EiBr141 |:9f,t+1 <RF,t+1uf,t+1 —

Equation (D.8) is the same as Equation (74) in Section 2.6.1.
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The FOC for Iy is:

I
v Pri
fit

= elfytTthFl Upes Ipe—1) + B [5;‘,t+191;,t+1TF,t+1F2(If,t+17 If,t)] . (D.9)

’

Equation (D.9) is the same as Equation (75) in Section 2.6.1.

The FOC for uy ¢ is:
I

P
R;‘(,th,t = %a/(uf,t)Kf,t. (DlO)
t
Equation (D.10) is the same as Equation (76) in Section 2.6.1.

The FOC for A?t. is:
07,0 P = 0}, (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-

Pg Pg . .
Bt and 1% = £t to find the non-stationarized
P Fit+1 PFCt

tion (D.7), and apply the following definitions: pﬁt =

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:

c r  Rrilrtc
Qp: = Bt | Brit1 HCQF’t+1:| . (D.12)
Ft+1
z:Jr —C
We use the following definitions: p_+ = Rl QY. = 2F5.0%,. To find the stationarized version of con-
g shtt1 . : FeSiRe

sumption Euler equation for the Foreign economy. Following the similar steps as in Section C.1.3, we can find the
stationarized version of consumption Euler equation for the Foreign economy. Thus, Equation (D.12) becomes:

—=C
QF,t+1

C
HF,t+1

_c .
Qr i = RreCreEr | Britr (D.13)

2 t+1

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:
uw(Cri = prnCri-1) =In(Cri — praCri-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:

1
(CF,t - PF,hCF,tfl).

g, = (D.14)

C

£t We define

w

Equation (D.14) can be written in per capita terms by applying the following definition: c¢p =
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cr, as Foreign consumption per capita and w is the size of the Foreign economy. We stationarize Equation
+
. . " =C _ .
(D.14) by using the following definitions: p_y , , = Zﬂil, Qpy = 24,9%,, and ¢r = £, Equation (D.14)
Fe 2Rt ’ ’ 2Rt

becomes: .

— 1 =
(CF,t — PF,h T CF,t—l)
zF,t

Equation (D.15), which represents the stationarized version of the Foreign marginal utility of consumption, is
the same as Equation (A.105a).

Qs = (D.15)

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, is written as:
I

P
Rp Ky = —;’ta'(uf,t)Kf,t‘
t

K I
. . .. YR P . .
Using the following definitions: T}I{t = PFF;t , and pf;t = %, the above equation can be rewritten as follows:

’YtR;{f,t o PI{“,t a'(u )
= t
Pr Pr; he)

’

K I ’
Trt = PF,tQ (ug,e)-

Note that the optimal rate of utilization is a function of the two aggregate relative prices r?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:

e = prea (Upy). (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 Ky 11, is expressed as:

1
PF,t+
Yt+1

al;,t = Etﬁ;‘,t+1 |:95)‘,t+1 <R}I§,t+1uf,t+1 - ! a(uf,t+1)> + 91;,”1(1 - 5F):| .

Using Equation (D.11) that shows 9?7,5P§(,t = 0’;7“ we can rewrite the above equation as:

e PI
0% Pry = BB i1 |:957‘,t+1 (Rblg,tqtluf,tﬂ - F’Hla(uf,tﬁ)) + 0% 11 Py (1 — 5F)} .

Yi4+1
. . .. PE
We use Equation (D.6) that shows G?YtPgt = Q%t and use the following definition: ng’t_,_l = £§+1' Thus, we
ot
can rewrite the above equation as follows:
C gb pK _ 1 or b c L K Pl
PF,tef,tPF,t = Et/BF,t+1 9f,t+1PF,t+1 C RF,t+1“f,t+1 - a(“f,H—l)
Og 1 Vi+1
1
b C K
+ EB i1 |:9f,t+1PF,t+1 e, Pg (1 - 5F)} )
Fit+1
and
C pK r c 1 K Phia c 1 K
Qf,tPF,t = Et/BF,tJrl Qf,t+1 Ic Rp p1ufi41 — a(ufe+1) | + Qf,tJrl c PF,t+1(1 —6F)| -
Fit+1 Yt+1 F,t+1
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‘We multiply both sides of the above equation by P';f, , and then we rewrite the above equation as follows:

K c I
PRy BT Qe 1 Ve ( pE s PF’t“a(uf )
— BtPFRt+1 o Ft+1%ft+1 — st+1
Pr¢ + ch’:t H%m Pp + Ve+1
Q¢ 1

fittl Mt LK

+ EtBE 41 { c 10 — Ppiy1(1—6p) | -
Qf,t HF,t+1 PF,t

. . . . - K _ %+1Rf§_1 1 _ PII7',t+1
In order to stationarize the above equation, we use the following definitions: 77, = “Prin PR T B

K
_ ey K 1tPpy _ Ppriy1 .
Pt = 5=, PR = ~pp, and IIp ;1 = vt Also, since all households choose the same level of consump-

tion and the same utilization rate, the subscripf f may be dropped from the above equation. Thus, we have the
following equation for the household purchases of installed capital:

K c
Y Pg o QF i1 1 v¢ Prit1
= LtPFpt4+1
Pr e, 08, Pre e

K I
(TF,t+1uF,t+1 _pF,t+1a(uF,t+1)>:|

c
.87 Qrepr 1 n pPE (1_5§
+ EtBp 141 oC T S Ppip1(1—0p)| -

F,t g,t-H PF,t
. . pE . .
We use the following definition: p%, = T F , and the above equation can be written as follows:
: Py
K r 0% e 1 K T K
Prt = EiBr i 0C. TIC [TF,tHuF,tﬂ —prir10(urii1) + ppegpr (1l — 5F)] . (D.17)
F¢ Hpip1 Byttt
. . . =C pa . .
Using the following definitions: Qp, = zlfi’zﬂgt and Bt o1 = Z‘:;ti”tl, Equation (D.17) can be written as:
Qg 11 1
K Fi+1 Hp e K I K
Prt = Etﬁ;“,u»l p— |:T'F,t+1uF,t+1 *PF,t+1a(UF,t+1) +pF,t+1(1 - 5F)] . (D~18)

Pt Hg,tJrl Hot ettt
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 Iy ;:

Pt N
0% ,yp’t =05, YreFi(Ipe,Ipio1) + Ep [ﬂF,tHa?tH TF,t+1F2(If,t+1’If,t)] .
Ft

The above equation can be expressed as:

'Ytolf,t

o YriFi(Lpe, Ipi—1) + Ex
it

r 'Ytelf,t-u
BFt+1 Yrer1Fo(Lpatr, Ire)| -

Pry = e
s b
ef,i

We use Equation (D.11), which shows Gg’tPgt = Gljyt. We can rewrite the above equation as follows:

b K
'Vtef,t+1PF,t+1

b K
Y05 Pr, ,
_ VSt Bt /BF,tJrlT TF,t+1F2([f,t+17[f,t):| s
It

Pi, = o YriFi(Lpe, Ipi—1) + Ex
fit

r b K
r ’yt97 P»
Phy = v Piy TreFi(Lpe, Ir 1) + By 5F,t+1$ TF,t+1F2(1f,t+1,If,t)] .
ot

We use the following definition: p%yt = PI{ﬂ,t/PF,t, and the above equation becomes:

I Y P, e om0 PR
pre = 5 YreFi (I, Lre-1) + Bt |Broi— 55— Lre1 Fa(Lp g1, Ipe) |
Ppy Pr.0;
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Priat1ve+1

‘We multiply the second term on the right hand side of the above equation by . We use the following

Pp t4+17t+1
definitions: jiy,¢41 = % and g1 = %. The above equation can then be rewritten as follows:
K b K
7 Pr, 0% t+1 Vt+1Priy1 Prit1
pfw,t = Y Fi(Ige, Ip 1) + B BF,i+1 f;+ s = lTF,t+1F2(If,t+17 Ire)|
Pr 9“ Prit1 Prt i+
K b K
%PF, 0 1 ’Yt+1PF, 1
Py = “YriFyi(Ipe, Ip 1) + Er | B fbtJr ) | Y Yrp1Fo(Lf 1, Lpe) | -
Ft 05 Prit1 Moy, t41
. . . PE A . .
Using the following definition: pf{t = VF;Ff’t, this gives us the following equation:

Pre =i YreFi(Ipe, Ipao1) + By

b
i+l K
B t+1 “go PRt IIF,t4+1 L Yre1F2(Ly,41, ff,t)] .
Fit

v 1

c
PE 141

Using the following definitions: H%Hl = —c— and Q%t = Ol},tPgt, we can rewrite the above equation as follows:
F,t

b c c
broniPron Py pigt-HHFtJrl

I K T
Prt = PF,tTF,tFl (If,t Ifyt—l) + Ex /BF,H-I
’ eﬁ,tppg,t PFC,t+1 Hy,t+1

Y1 Fo(lfe41, If,t):|

b c
07 i1 Pre1 1

K
PF,t+1HF,t+1

I K s
PFrt = PF,tTF,tFl (If,t Ifyt—l) + E: /BF,t+1
’ 0% Pg: i Hoy i1

TF,t+1F2(1f,t+1,1f,t)] ,

and we can obtain the following equation:

c
ar Q41 1 P T
F,t+1 C C F,t+1 ,t
Qf,t HF,t+1 vy t+1

Pre = Pre Y Py (Ipe, Ira1) + By

Yrr1Fo(Ifi41, Ifﬁi):| .

Since all households choose the same level of investment we replace the subscript f with I’ and write the equation
in aggregate variables. Hence, we have the following equation for the household investment decision:

C
B t+1QF’H—1 ! p§t+1HF t+1
) c C s s
QF, HF,t+1 My t+1

pfv,t = pIF(,tTF,tF1(IF,t, Ipi—1) + Et YTrit1Fo(Ipit1, Ire) (D.19)

Now, we continue the effort to stationarize Equation (D.19). Using the following definitions: ﬁivt = z;’tht and

.
z . .
Pyt 1 = ¢, Equation (D.19) can be written as follows:
P 2P
+ ocC +
z Q z 1

b3 K F+1°0F 41 PRt K

pri = Pri YreF1(Ipe, Ire-1)+ B | Brii— 1 =g ETe Ppi+1llr e Yrit1Fo(Iret1, Ire) |,
ZF,tQF,t Zp 41 LR t41 My t+1
[9) py

I K Fir1 r 1 Foi41

Pr =P YreF1(IFe, Ip 1) + Bt | Briy1 —& e YrirFoe(Ire1, Ire) | - (D.20)
Fit Ft+1 Hz;7t+1M77t+1

Furthermore, we need to express Fi(Ir¢, Iri—1) and Fa(Ip+1,IF:) as functions of stationary variables. Recall
from Section 3.1 , we have the following investment adjustment cost function F(Ipz+, Irt—1):

~ (1
F(Ipi,Ipy 1) = [1 -3 <L)} Irs.

Ipi

We take the first derivative of F/(Ip, IF,—1) with respect to Ir¢, and we can find F1(Ip¢, Iri—1). We then take
the first derivative of F(Ir++1,Ir+) with respect to Ir:, and we can find F>(Ipt+1,Ir:). We have the following

results:
~, I I ~ I
Fr(Ipg, Ipe 1) = -8 [ =22 Bty 15 (£ )], (D.21)
Iri—1) IFpi— Ipi1
and o [ 1IF e+ Trii1\”
Fy(Ipit1,Ir:) = s’ (%) <1Fi> . (D.22)
ot .t
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Zp vt

We express Equation (D.21) and Equation (D.22) by applying the following definition: Ir; = ff*t Using this

+ +
o, . z .
definition, together with p_+ . = —* and p, = ——, the ratio
gt FRt—1 ’ Ye—1

Ir.t : ITp,:
t— can be written as: Bt We
Ipi—1 ’uzzt’t oyt Ipt—1

use the notation F (Tp,th’t_l, Poot 1 t~,t) to express Fi(Ips, Iri—1) as a function of the stationary variables

= = P » - -

Ire, Iri—1, p_+ , and py ;. Moreover, Fo(Ip+1, Ip,t,,uz; t41> Hy,t+1) Tepresents Fo(Ir 11, [r,¢) expressed as a
F 3

function of stationary variables. Hence, Equation (D.21) and Equation (D.22) become:

o I T PN Ty Ry 5o AT
Fi(Tpe, Tra—1, p,+ 4, piy ) = =S = i + {1 -5 (%)} ’
F IF,tfl IF,tfl [F1t71
and 2
B Tron p - oot e My i1 R ot g My t+1d Rt
s(Irer1, TP, o+ 1) = = =
I I prt+1’ Y IFJ IF7t

With these notations, we can rewrite Equation (D.20) as:

- Q 11
I K r Fit+1 UF 41 PFrt+1
Prt = Pri L reFy (IF,hIF,t—hHZﬁ—’“li'y,t)‘f'Et BF,i+1 =C 71IC
F Fit F,t4+1 Nz;:,hulﬂ’v,ﬁrl

TrerFa(lr e, Tre ot oy boyen)

(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;’ﬁt 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 — £%). With probability £2, the household cannot reset

. . . . —W =W —w
its wage, in which case the wage rate evolves according to: Wy, r = ij’thF,tHHF,HQ ... ¢4k Note that
=W w XF, C,trend I=XFw

Mg, = ()" ey

A
w
PYige

d Npaanie Wiaenle AR

We apply the following definitions: e = W s rnre Nycrnle T
5 |t 5 AR

an We also use the following

definition: Wy 4 yp); = W;’Ztﬁ?ﬁtﬂﬁ%gﬁ .. .ﬁ;‘ft%. We follow the same steps to those in Section C.1.9; hence,

)

we can find the following non-stationarized version of the optimal wage setting equation for the Foreign economy:

%) k k ”U/ N &
By (55) (H 6;,t+,-> Ny asnie 0% e [(1 —TE) Whiskie — AR C?,ka =0. (D.24)

b
k=0 i=1 0f,t+k

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 definition: ng: =
Np ¢

. We define nr: as Foreign aggregate hours per capita and w is the size of the Foreign economy. We sta-
tionarize Equation (D.24) by using the following definitions: W4k = +WF‘t;g“

and Qr4x = 254k VP ek
FRt4+k’ Ft+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:

© k k —C V’n
Etz(si) (Hﬂ},m k)t ek (1—7;”)@F,t+k‘t—x¥v<ﬁt+kw =0. (D.25)

k=0 j=1 F,t+k

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 different from the Swedish economy they do not use public capital. As in Swedish
economy, z;t combines a global labor augmenting technological process z: and a technological process specific
to the production of investment goods ~¢. There is a continuum of intermediate good producers of mass w. The
individual firm in the Foreign economy is denoted by j. Firm j uses capital services Ky .(j) and labor Lr(5)
to minimize the following cost function:

TCi(j) = R K#4(j) + WriNra () (D.26)

subject to the production constraint:

Vi (4) = eme [Kia()]"" [2eNre () 7F = 2 1 ¢r- (D.27)

We denote 0r(j) as the Lagrange multiplier associated with the production constraint D.27. To solve the
optimization problem, we set up the following Lagrangian £ .(j):

L(1) = Rp K3t (5) + WeaNpi(§) — 05,0 () [ere [K70(5)] ™" [2e N ()] ™F — 2h 08 — Yeu(j)] -

We take the partial derivative of Zr(j) with respect to K7 ,(j) and Nr.(j) respectively, and we can find the
FOCs.

The FOC for Kp(j) is:

RE, — arbpi(iers [Kind ()] ™" [2eNpa(§)]' 7°F = 0. (D.28)

The FOC for Np.(j) is:

W —0r () (1 — ar) epe [K7:(5)] " 2t [Npe(§)]*F = 0. (D.29)

Using Equation (D.28) and Equation (D.29), we obtain the following capital-labor input efficiency condition:

Ry ap Wry .
K = ~ N, .
Fe(7) 1—ap R?t F.e(f)
Note that Equation (D.27) can be written as:
[YF,t(J') + Zt+<l5F] = ere [Kie ()] [2eNre (7)) 708 (D-30)

Now, we find 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:

TCr(j) = 0re () [aFEF,thw,t(j)aF [2eNFa ()] + (1 — ar) ere [Kie(5)] "7 20 F [Nre(5)] 07|
(D.31)

Using Equation (D.30), we can rewrite Equation (D.31) as follows:
TCra(j) = 0re(7) [(1 = ar) + ar] (Yiu (G) + 2,07 ) (D.32)

We use Equation (D.32), and we take the partial derivative of T'Cr . (j) with respect to Yp.(j). Hence, the
lagrangian multiplier, 0 ¢(j), can be defined as the marginal cost of production MCFr.(5):

OTCr+(j)

el MOre) = 0re(3).

Combining the two first-order conditions and solving for Ng¢(j) yields
1—ap)RE K2, (j
Npa(j) = ( F) F,;( F,t(]).
aFWF’t

Substituting this expression back into the first-order condition with respect to for Ng+(j) gives

(D.33)
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‘ WF7 . [Rg,t}ap W;,—ap
eF,t(J) = St N1oF _l—ap [NF,t(J)] F= ap 1— t l—ap’

(1—ar)ers [KF,t(])] 2Rt ar" (1 —ar) CFEFZp,

and hence
. -« K \aF
OTCr+(j) . . Wg, T (RE,)
—= = MC =40 = : : D.34
Yr,(4) ruld) = Or(d) aSF (1 — ap)l=orep,z °F ( )

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 firm j.

There are two equations that summarize optimal input decisions by firms: 1) the capital-labor input efficiency

condition and 2) the optimal capital inputs in terms of marginal cost First, we find the capital-labor input

efficiency equation. In particular, we rewrite Equation (D.33) as follows:
Kp.(j)  ar Wry
NF,t(j) 1—ar R?‘,t.

Equation (D.35) is the capital-labor input efficiency 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 firms. Equation (D.34) can be written as:

11—« o
(Mee) " (RE)T

)lfap

(D.35)

MCpy = (D.36)

arp °
apn (1—ap EFt

Equation (D.36) is the non-stationarized version of the nominal marginal cost of production for intermediate
good firm.

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:

R, = arereMCra(5) [Ki: ()] 7 [2eNpa ()] 70F . (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:

(D.38)

Ks ap—1
K l—ap F,t
RF,t = QFEFtZ; MCF’t ( ) .

Nr ¢

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 find the stationarized version of the marginal cost of production for intermediate good producers.

. . . . . " veRE, w.
We stationarize Equation (D.36) by applying the following definitions: K, = ’;Fi’t, Wry = — ’;t , z;t =
’ s ’ z2p PRt ’
_oR MC . :
2t (7¢)T-°F , and Mcp: = Ti". Equation (D.36) can be written as follows:
W l—afp 1 l—afp 1 ap (RK )O‘F W;"F
MCFyt . zt Pp ¢ P ¢ it 'y:‘F
= — ,
Pr ar (1 —arp) " “Fepy
[e3
We t l—ap %Rf{t e
2¢()*F/U=2F) pp, Pr.t
mcre,t = Py 1= s
af" (1—ar) " er

l—ap ap
W ’YtR;:(gt
z;tPF,t Pp ¢

a?F (1 — aF)liaF EFt

mcr,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:

(@) " ()"

eppapt (1 —ap)l—or’

(D.39)

Mep,t =

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 find the stationarized version of the rental rate for capital services. We stationarize Equation (D.38)
. . L. K vt RE, 1/(1-a = K§ __ MCp,

by applying the following definitions: rz , = PFit7 z;t% = 2ty / ") Kpy = ﬁ, and mcp; = PF,F; ¢,

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:

= o ap—1
K Kr, 1 _
Tpt = QFEF,t N E— MCF,t
Fit l’l’zlt’tlj”%t

. . . - 7S . . .
Furthermore, we can rewrite the above equation in terms of per capita, so we denote kr, as stationarized capital

. . . . . . .. - K3
services per capita, and nr,; as aggregate labor input per capita by using the following definitions: kr, = S’t
_ Npgt . . .
and npt = . Hence, we can rewrite the above equation as:
— ap—1
kf 1
wa(,t = QFEFt T MCF,t (D.40)
Et Pt Byt

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 firm j chooses the optimal price P;,Zf’tt (4) that maximizes its profit,
subject to its demand schedule and the Calvo price contract. In each period, the individual firm j resets its
price with probability (1 — §F). With probability ¢F', the firm cannot reset its price, and then it faces the
following price evolution: Pr,¢4 ¢ (j) = P (j)Ipu411lreqa ... Ip k. We define the stochastic discount factor
BF,t+k ng,t-uc Pg,f,

c C
Brt QF, P

I3 —
as Ay g = o

Firm j chooses the optimal price of intermediate goods P;,if’tt (j) to maximize the following profit function:

oo

maz E Z(fF)kA5t+k {PF,t+k|t(j)YF,t+k|t(j) - TCF,t+k|t [YF,t-kk\t(j)}}

opt .
Pp,t (7) k=0

subject to the demand function:

. AR t+k
Pryr)e(3)\ TAFE
—_— Yr vk,

. 1
YF,t+k\z(]) = 5 ( Proir

and the Calvo price setting contract:

ﬁp,tJﬁkPF,tJrkfl(j) with probability .SF
PRr () with probability (1 — 7).

Priyi(j) = {

OVp 14k)t(d) Pretkt(d) _ Apiqr
OPF 1 4kt(3) YFitu1¢(d) — Ape4n—1’
Priypi(d) = P;ﬁt(j)ﬁF7t+1ﬁF’t+2 .. .ﬁp,H_k, and we follow the same steps to those in Section C.2.1. Hence,
we can find the following non-stationarized version of the optimal price of intermediate goods equation for the
Foreign economy:

We apply the following definitions: — and

oo
Yr ik
B> (€ Ak M (Prynge — Araer MCrak) = 0. (D.41)

= Atk —1)
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 definition: yp; = Yi"‘.
We define yr, as Foreign aggregate output per cepita and w is the size of the Foreign economy. We stationarize

popt P PE
: 3 : S . 0Pt F,t _ F,t+k C _ Fittk
Equatlon (D41) by using the fOllOWlng deﬁnlthHS. pF,t = ﬁ, HF,tJrk = m, HF,t+k = m, and
N MCp ¢y . o - YF,t =C + C '
MCFt+k = “pp o We also use the following definitions: ¥, = o, and Qp1x = 25444054 When we
’ Wt
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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:

E i(EF)’“ f[/@'r _ ﬁg,mk ﬁHF,t+j Yr 4kt
t j=1 YA, g (AFrt+r — 1)

C
k=0 QF,t j=1""Fit+j

S Mlpess ) e

k — opt
Hritj \ Pre _
I I —— | ——= — Api+rxmcCr+r| = 0.
j=1

(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 defined as follows:

C C,ze ~xe C,e ~e
m:gem . PF,tCF,t — PF,t Cp7t — Pth Cp7t
CFyt’CF,t’CF,t

subject to the CES aggregate consumption good function

vp o
1 vr,c—1 1 VF,c*1:| vp,c—1

Cra = [(19%) RE(Cr) e + (1-08) O (Chy) e

(D.43)

By substituting the CES aggregate consumption good equation (D.43) into the above profit function, we can
rewrite the profit function as:

YF,C
vpc—1 vpo—1

% Te\ vmp o % e VF’é_l Te yre e ve
PE, {(192) R (Cr) TRe + (1-98) T (Cy) e } — PECCH, — PEECE,.

Taking the derivatives of Cg; and Cf, respectively gives us the two following first-order-conditions:

VE.C 4
vrc—1 vrc—1 ”F,C_1:| vpo—1

(ﬂﬁ)ﬁ (c35) e ' PE, {(ﬂﬁ)TC (Cre) e + (1 - ﬁlc”)ﬁ () 7re

C,re __
— Py =0

VF,C
vpc—1 vpc—1

1 . 1 vr.c—1 1 vro-1 !
(1 719105) aNe] (CIE:‘,t) VE.C Pbg‘,t |:(19g) vE.C (CZcE) VRO 4 (1 719g) vE.C (C'Ie«",t) vEC } 7PFC‘:;:6 -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

1 1 1
PRye = (9F) 7°° (C5) 7R PRy (Cro)TRe
1

1 _ 1
Pl = (1-9§)C (Chy) 7€ PE, (Cre) 7 .

Rearrange and multiply through with v ¢ in the two equations above to get the demand function for the
non-energy and energy consumption goods:

CEe, =9% P )" c
Ft =VF Come Ft (D.44)
PF,t
PE,\
Cs, = (1 - ﬁ%) ( gy;) Cr. (D.45)
PF,t

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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Cre = | (95) 7 (€7 Fe + (1-9F) T (Chy) e

Fit

’ | Pg,tze PFC‘:,te
r c vp,c—1 c \ YFc—17 u;FCCA
Cos = |9 < Pg, > " (1 190) (Pp,t>
it = F C, - YF C,e
L PF,tze PF,: 1
C vp,c—1 C vp,c—17 u;zcil
_|.qc Pry ] Pry '
1= ﬁF PC,ze + I—- 19F PC,e
L F,t F,t ]
(VFc—l) vepe [ 1 vp,c—1 1 vp,o—17 u;271
1= (Pgt) , e 19% < C,ze) + (1 - 191?) ( C,e>
L \ Pk Pp, ]
vE,C

- [ v 1—v T =1
(452) "7 [ (ri) 7 (1 08) ()]

- 1
1—v 1—v T—vp o
Pg, = |9¢ (Ppc,’fe) 4 (1 _ 19%) (PFC,f) F’C} e

. . . . . .. c, c,
which is the same function as is presented in . We use the definitions p%, = Pf,/Pp., p3i¢ = Pr "/ Pry,

c c, ~ ~ ~ .
pri = Ppy/Pry, ¢ry = Cru/2t,, €% = Ci5/2k,, ¢ = Ciy/zk,. The non-energy consumption demand

function can be written as

Cze —'[90< PFC',t ) F«CC
Fit =UF Ft

C,ze
Py
Te C VF,C
Cro e Pr; Pr: Crp
—VF
2t P Py 2t
pc VE,C
—ze C F,t _
CFrt :7.91? ( C,xe) CF,t (D46)
Ft

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:

Chy = (1-95) ( Prs >VF‘C Cr

Pe
Cha _ (1 - 190) PE, Pri\ " Cra
zF v Pg¢ Py P
C’ VRO
Crp = (1 - 192) (pg”;) Cr. (D.47)
Prt

Equation (D.47), which captures the demand for energy consumption goods, is the same as Equation (A.124a).
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VF.C
VF1C71
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Finally, we stationarize the price index:
r 1 1 L
PRy =05 (PEre) 7+ (1-9%) (PEY) F’c} e
PFCt 1 [ C C,ze I-vr.c C C.e 1-vp o %
e (R ()T () ()
Pri  Pri | ; ,

Pg [ 1-vp, 1-vp, v _ 1—:/1’
P (o (per) 7+ (08 (pe) ) e

1
r ze\ 1—VF, e\ 1—VF, —v
c c Pg’t ne c Pg,t ne e
PEe = || 9F Pra + (1 — 19F) Pr
- )
ze 1-vp o e 17VF,C I-vp o
(08 ()™ (1-08) (o) )| (D.48)

Equation (D.48), which captures the demand for energy consumption goods, is the same as Equation (A.121a).

c
Prt =

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 defined as follows:

C,xe ~ze C,ze M,C,ze C,ze

. mazx PF,t CF,t—PF,tDF‘t —PF’t MF,t
ze ,ze
Dply " Mg,

subject to the CES aggregate consumption good function

VF,C,xe
Cze— 1 "F,c,ze1:| VE.Coze—1

1 YF, 1
gﬂt — |:( gwe) VF,C.ze (ch:::fe) VF,C,ze + (1_ IC;,:ce) VR C,ze (Mg,’t") VF,C,ze (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, Dgf ¢, and the demand function
for imported goods used in the production of non-energy consumption goods in the Foreign economy, Mg’t”.
The demand for intermediate goods used in the production of non-energy consumption goods in Forein economy,
D& is:
’ PC,ze VE,C,ze
C,ze C,ze F,t ze
Dyl =vp (P > Cry. (D.50)
Pt

The demand for import goods used in the production of non-energy consumption goods in Forein economy,
Moo is:

PC,xe VF,C,ze
ugr=a-vg (FE) T en
t
Note that & = 95" + o (1 - 191?’“), and that, Foreign being infinitely large compared to Sweden. This
means that v — 1, and that the share of imports become arbitrtarily small. Hence, the production function

reduces to:

C,ze
F

7 =Dy (D.51)
and the profit function then reduces to

C,ze nC,xe C,ze
PF,t DF,t _PF,tDF,t .

This means that we get the following relationship between the price of Foreign domestic goods and Forein
non-energy goods:

PO = Pp, (D.52)
We stationarize this equation by using the definition p{**¢ = P“*¢/Pr, which simply means that
poEe =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 infinitely 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 define Vét to be the output of a
representative investment firm. We define V}, as ﬁ Ir: + a(ue) Krl.

The representative investment good producer maximizes the following profit function:

I 1,1 I M a1
max PF,tVF,t - PF,tDF,t - PF,tMF,u

I I
F‘,t’M

D F,t

subject to the following CES aggregate investment good function:

VF,I
vr1—1 1 VF.II:| vp, 11

Vi, = [(wfv)‘“ (Dhe) 0+ (1= up) 07 (M) T

(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, D}Ta’t, and the demand function for imported
goods used in the production of investment goods in the Foreign economy, M 1{1t-

The demand for intermediate goods used in the production of investment goods in Forein economy, D{:yt is:

11 P i,
Dr:=¢r Pr. Vr (D.55)

The demand for import goods used in the production of investment goods in Foreign economy, M I{“,t is:

pL\"
M{«“,z = (1 - ¢f~“) (;) VFI,t-
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, ¥»% — 1 and the demand for the domestically produced intermediate
good for investment good production is:

Dzlﬁ‘,t = VI<£,t (D.56)
and the price index for foreign investment goods is:

I
PF,t = PF,t-
I

P
F':, we have

Using definition of relative foreign investment price pf , = Pt

Pre = 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 different fixed cost of production that exist in the Swedish and Foreign
firm 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, w, can take on any non-negative value; and
a second version that applies to the limiting case when w tends to infinity. 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, finite values in the limit as w — co. We thus assume, for example, that the sta-
tionarized (per capita) level of Swedish exports converges to a non-negative, finite number as w — oo, i.e. that

limuw o f—j = lim, o0 (T¢) 1S @ non-negative, finite number. Concerning these derivations and the associated
t

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 w take on any positive, finite 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 w — oo and when we state equilibrium conditions in terms of relative
prices and stationarized (per capita) quantities, the final 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 first part
of the subsection, different 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 w — oo 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

Y: 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

G
these different demand components D" D¢ | DI, DX and G; and D!, respectively, and thus write:

G
Y, = DE*¢ + D& + D! + D¥ + G, + D} (E.1)

X\ Vz
Based on Equation (C.140), we have: Di* (i) = ¢~ (Mgt ) [X:(i) + 2 ¢™]. D;* (i) represents demand from

the individual export good producer i and where X, (i) denotes production of the same firm. Let X} = fol X¢(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:

:/OlDtX(i)di:/l {sz (Mgff)”x [Xu(@) + 5o ]} (E.2)

X\ V=
=y~ (Mct ) [/ Xi(i)di 4 2 ¢~ } P~ (let ) [Xf+zt+¢x]
t

The market for differentiated Swedish export goods clears when production of each individual export good firm
1 equals demand for the export goods produced by the same firm. For the individual firm 4, this implies X;(i) =

X

X T x
[P‘P—)gl)} 1Ay X, where X; denotes total demand for the homogeneous Swedish export good (see Section 2.4.3
t

X
in the main text). Aggregating over all firms in the export good sector, and defining P ; Px fo [Pt ] > di
t
as a measure of price dispersion in the export good sector, we have:
)\X

P:/OlXt(i)di:/Ol {Ptx(i)}l;')'()(t di =X, P (E.3)

Py

—
Substituting X; P into Equation (E.2), we have the following equation:

X =X (M)Uz [Xt?f( +z;~'¢x} .

P,

VC,xe
PtC,ze

Note we have the following demand functions: Equation (C.106), D" = ¢ 5,

C?¢; Equation

€]
7
Yt

(C.119), DI = o7 (%{)"I [“ +a(u) & ] DX =X (MC ) [Xf?i‘ +zt+¢>X] and DI° =

Substituting D¢, D, D¥ and D{G into Equation (E.l)7 we have the following equation:

_ . C,ze PtC"Ie e agg C,e I E It Kt X MCTX - If
Y= ( 5 creepf e’ (G ) [ ratu) T (TR ) [XPE et e
(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 definitions

C,ze I
c, pC Pl ___
of relative prices and of the real marginal cost of export good producers: p;’*¢ = =t —, pf = 71, mer =
Mc¥ cpe e D¢ 7 I, +
Foumt Furthermore, real variables are stationarized as follows: C, = ~t— Dy = =, Iy = —, Ki =
Zt Zt 11—
2tV

#, X: =%t and G; = ©t. With these definitions, Equation (E.4) can be rewritten as follows:
zg—1(ve—1) 17 z Zt

Y, ve (POTN"O7 ci | D PINT[ I K Mo\ [Prx G, IF
%:Q/}C’ ( t ) t ( > |: +t —|—a(ut) +t ]+¢X< t ) t+ t_|_¢X + j+ t
2t Py Zt Py 2t Tt 2t Ve Py 24 2t Zt Tt

Expressing the above equation in stationarized per capita terms, we have the following equation:

1

VC,ze Ie e vy | — _
g =00 (p00) T 17 ! (o) [Iﬁa(m)kt—
Mozt gyt

] ¥ (mct )V [@?tx +¢X] tg+Ty
(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, w, tend to infinity. Consider ¢ = 9 + m ( — 190), where 9° € [0,1]. Note that
limy 00 z/)c = 9°. By analogous arguments, we have lim,, 1/) = ¢' and limy_00 wX =X, Substituting for

»©, ' and ¥* in Equation (E.5), we have:

g = 99 (ptc’”)yc’" e+ doe 07 ( )VI |:7t + a (ut) ke M%th} + 9% (mtx)u [@?f{ + ¢X} Tg T
(E.6)

Equation (E.6) is the same as Equation (A.136a).

E.2 Fixed costs

In the Swedish economy, z; ¢, z;" ¢~ and z;¢™ " for n € {Cxe, I, X,Ce} represent real, fixed costs associated
with the production, respectively, of intermediate goods, export goods and the three different types of import
goods. 2z ér, 2z ¢¥ and 2z ¢3 represent corresponding fixed costs in the Foreign economy. For all of these
different fixed costs, it is assumed that their value is such that along the balanced growth path, ez post profits
are zero. In this subsection, we discuss the implication of this assumption for the value of ¢, the stationarized
fixed cost associated with the production of intermediate goods in Sweden. ¢ is chosen as an example and it
should be noted that the same reasoning that applies to the value of ¢ also applies to the values of the other
fixed costs mentioned here.

Y: (i) denotes the supply of good ¢ from firm 4 in the Swedish intermediate good sector. P;(i¢) and T'Cy(7)
represents, respectively, the price charged by firm 7 and the total cost of production of the same firm. Profits in
period ¢ may thus be written P;(7)Y;(7) — T'C.(¢), and real profits are

1
Py (3)

We assume that along a balanced growth path, enough time has elapsed that all firms charge the same price.
This price will be the firms’ desired price, i.e. the one that maximizes profits. We now focus on an equilibrium
associated with such a balanced growth path, and we thus drop the subscript ¢ from P;(z). Note that it follows,
if profits are maximized, that P, = AMCY, where X is the (steady state) value of the desired markup and where
MC denotes the nominal, marginal cost. Using equations (C.76) and (C.77) from Section (C.2), total costs may

Y. (i) — =—=TC:(3). (E.7)

be written: T'Cy(i) = MC, II0)
t (2

O
(1—a)+aak " (I.(t (”) K ] [Yi(i) + 2z ¢]. Use this expression to substitute

for TC4(3) in (E.7):

Yi (i) — MCtFt( ) [Ya (@) + 2 9] - (E.8)
where

oo ()
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Using P; = AMC} to substitute for %‘?t in the above equation, we have the following equation:

vi(i) — 249 1v,) 4 2 9] = (1 - FtT(Z)> viti) - 0 g (B.9)
Impose zero profits and rearrange:
(212 v - Blaro =0, (E10)

A A
¢ = (Ff(i) - 1> Yt(f). (E.11)

2y

Aggregate over all firms, using the definition Y} = fol Y:(i)di for total (aggregate) production of intermediate

goods:
1 o B 1 )\ 3 Yt(l) 7(&_)Ytp
/(; ¢dz—¢—/0 (Ft(z) 1) = di = 7, 1 —Z;L (E.12)

At
. . — = ; - R .
From the previous subsection we have Y;© = Y; P, where P, = fol (PED(:)) A . Given, however, that we

consider the case (along a balanced growth path) where all intermediate good firms charge the same price P, we

have Y,;¥ = Y; and thus ¢ = F% -1 L}r Using our notation for stationarized variables expressed in per capita
G

terms, this may be stated: ¢ = (F% — 1) y,. This expression indicates that 7, is a constant, and this is indeed the
+

case along a balanced growth path, where Swedish output (GDP) grows at the constant rate p,+ = —t—. We may
1

therefore write ¢ = (% — 1) 7. By analogous reasoning, the following results may be obtained: ¢~ = (A\X — 1) 7,

M = (WM —1)m" for n € {{C,ze}, I, X,{C,e}}, pr = (Ar — 1) Yp, *°

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 first 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 M,"“**. This must equal the production of these goods minus the fixed costs:

1
MO = / (M7 (0)] di (E.13)
0

)\ivI,C,a:e

PJ\/I,C,.'ce<i):| pAi”vc'“

From Section 2.4.2 we have M""(i) = [ t ME "¢, where PM“*¢(i) is the price charged by

Pt]\/I,C,:L-e

firm ¢ and where P} "¢ is the price index of the homogeneous Swedish import good. Now let ?f/f’c’ze =
)\gf,c,:l:e
1 [ PMCe MO

jo “pTCEe 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:

\M.C,ze

1 1 \M,C,ze] A Cze PN
0 0 +

Recall from Equation (C.107), we have the following demand function for imported consumption goods:

52There are four different types of import firms 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 ,\,{”’”, that fluctuates 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 m™ refers to
the total demand for Swedish import good of type n, and that W}Q denotes total demand (from Foreign consumption good producers
and Foreign export firms) of the homogenous Foreign import good.
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o o PC,:ce VC,xze

e __ ,xe t ze

M = (11— )(W> Ci
t

Substituting the above demand function for imported consumption goods into Equation (E.14), we have the
following equation:

C,ze VC,ze
M,C,xze C,ze <_>M,C',ze C,ze P ’ Te
?t M, =P, (1 -9 ) <7PJ$I,C,16> t - (E.15)
t
. . .. M,C,ze PtM’c""‘ . . .

Using the following definition p, = 7 and Equation (C.109) which captures the consumption good
price index, we can obtain the following equation for price ratio:

Ptc’zE 1 C,ze 1—v, C M,C,ze l=ve,ze liulcvl'e

PM,C,ze = PM,C,ze |:’ll) ' (Pt) e + (1 7¢ ) (Pt o ) :| )
t t

1

C,ze 1—ve ze M,C,ze 1—ve ze 1-vo ze
Pt _ 1/]C,re Pt e +(1- d)C,Ee Pt e
PM,C,ze - PM,C,ze PM,C,a:e ’
t t t
C,ze 1
P vo,ze—1 1-vo ze
t _ C,ze M,C,xze ’ C,ze ’
pM.Cae — ¥ (pt ) +1—9 . (E.16)
t

Using Equation (E.16), Equation (E.15) can be written as follows:

VC,ze

<ﬁ)i\/f,C’,:ce]\4t0,ace — (1 _ wc,:ce> [wc,xe (piw’c’m)uc’mil ti- wC,me:| T=vC ze Cfe (E17)

We stationarize this expression by dividing both sides by z;” and express the above equation in per capita terms.
Thus, we have the following equation:

YC,xe

— vo,pe—1 1-vo e
P?I,C,zemtc,ze — (1 _ wc,ze) |:¢‘C,ze (pi\/[,C,ze) c +1— wc,ze:| c Efe- (E].S)

Next, consider the limit as w tends to infinity. Recall from Section (E.1.2) that lime— oo 1/)0 = 9¢. Then we can
rewrite the above equation as:

VC,ze

Ar=g VC,we—1 xe 1=vCze —ze
P?I,C.zcmtc,ze _ (1 7190,16) |:19C],zﬁ (pé&l,c,ze) c +1 7190, :| c e, (E19)

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 MtP’I. This must equal the production of these goods minus the fixed costs:

1
MPT = / [M,{ (i)] di (E.20)
0
)\ivI,I
. I/. PM Iy | 1AM M.I ) - . .
From Section 2.4.2 we have M; (i) = ;DMJ ¢ M, where P,""" (i) is the price charged by firm ¢ and where
t
M, I

A

t
<— M, I i _ M, I .

PtM‘I is the price index of the homogeneous Swedish import good. Now let P éM‘I = fOI P;My(, D) dibe a
t

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:

1 1 M,I kiVI)I
Mf’f:/ M{(i)di:/ {%]1 MU M di = P (E.21)
0 0 T

Recall from Equation(C.120), we have the following demand function for imported investment goods:
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M = (1-9") ( P )W L [I: + aue) K] - (E.22)
PtM,I e

Substituting the above demand function into Equation (E.21), we have the following equation:

PN — PN\ 1
Pl = B (1) (i) 5 e et (5.23)
f ’ t

M, T
Using the definition piw’l = Ptpt and Equation (C.121) which shows the investment good price index, we can

obtain the following price ratio:

Pl 1 |:w1 (Pt)l_yl+(1_wz) (PtM,I)l_Ufjlllyly

M, 1 M, I
P P

1
P, 1-vr ; pMI 1—v] T=v7
W' (—) +(1-2") (4 7
PtM,I ( ) pM.I

t

jord
M,I
Pt

1
pl vi—1 T—v
i :[w’(pé‘“)f +1—w’} .

M, I
P

We substitute the above price ratio equation into Equation (E.23). Thus, we have the following equation:

v

PMI (1 - W) {w’ (ptM’I)VF1 +1-— wf] ﬁ % [ + a(u) K. (E.24)

We stationarize the above expression by dividing both sides by z;" and then express the above equation in per
capita terms. Thus, we have the following equation:

v
— vi—1 Tt [ _ 1
P = (1- ") {wl (b)) 41 W} {It + a(ut)kzt7:| (E.25)
Hozt ¢l
Next, consider the limit as w tends to infinity. Recall from Section (E.1.2) that limy_ o0 9’ = 9¥!. Then we can
write as:

vr
vy—1 T—vy | _
?iw,lm{ — (1 _ 19[) |:191 (piw,l) I + 1—- 191:| ! |:It +a(ut)ktﬁ:| (E26)
2Tt

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 MtP "X This must equal the production of these goods minus the fixed costs:

1
MPX = / [MtX (i)] di (E.27)
0
)\iu,x
M,X — M, X
From Section 2.4.2 we have M; (i) = [P;M))E“} N MY where PMX (i) is the price charged by firm i and
! Aiu,x
X\ TS X
where PtM’X is the price index of the homogeneous Swedish import good. Now let ?iwx = fol }’thfQ R g
t

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:

M,I

1 1 NM, X T iarT o
MPX :/ MtX(i)di:/ [%] N MXdi = P M (E.28)
0 0 t

Recall from Equation (C.141), we have the following demand function for imported goods for export production:

M) = (1-0%) (]P”Ci) [xe(i) + = 6] (5.29)
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Substituting the above demand function into Equation (E.28), we have the following equation:

= MCEN™X !
t
Mmx _ pPMX . . . .
Using the definition p, = —5— and Equation (C.137) which captures nominal marginal cost of export

production , we can obtain the following marginal cost of export production ratio:

1
MCH 1 { X 5\ (1—va) XN (s x\ v T
= oarx (V7 (P (=97 ) (P ;
PtM,X Pt]\/I,X ( ) ( )

1
—vg 1—vy .
wx< P, )1 +(1_¢X) <PtIVI,X> :|1
PtM’X PtM,X

1
VI CX ve—1 T—vg
P]\l,tX [Q/JX (Piw’x) +1- TZJX] .
t

MC¥
PM,X
t

Defining the price dispersion of export goods as ?f(, and using the above marginal cost of export production
ratio, we can rewrite Equation (E.30) as follows:

B = (1-9%) [0 () -] [Pt o] (E31)

We stationarize this expression by dividing both sides by z;* and express the above equation in per capita terms.
Thus, we have the following equation:

MXmX _ (1 — sz) [zp (ptMX) "i1o wx] g [?fft + ¢>X] : (E.32)

Next, consider the limit as w tends to infinity. Recall from Section (E.1.2) that lim, sz = ¢9X. Then we can
write as follows:

B = (1) [ () ] [Fraes] e

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
ze S M,Coaeq ;Coxe | SM,I M, X + M,C,ze + M1 +  M,X
Mz = P! MO 4 PMINT L PMX X kg + 2t ™M T 4 MY (E.34)

We stationarize the above expression by dividing both sides by z;” and express the above equation in per capita
terms.
mee — P M, C— mS + ?]M Il 4 P M, XX | gCwe 4 gMiT 4 gM.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 m *D "#¢ 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
fixed cost:

=
mPee = PMOmE 4 M Im] 4 P Xm (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 different paces via z; and z;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
specifically, we need to let the weights w{mt and 1/Jgt 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 limy o0 ¥}y = 1 and limy oo ¢C re=1.
The demand for Swedish exports that goes to Foreign investment is given by

pX —vp T
X/ = (1 *7/)1{“,15) (Pf, > Ip: (E.37)
Pt

where 9% is the share of Swedish exports in Foreign investment good production. P/ is the price of Swedish
export goods in Foreign currency, P}}t is the price of the Foreign investment good and Ir is Foreign investment.
Similarly, the demand for Swedish exports that goes to Foreign consumption is given by

. o PtX —VF,C,ze
X7 = (1-v8) | oo o, (E-38)
PF,t

where ng;fe is the share of Swedish exports in Foreign non-energy consumption good production. P is the
price of Swedish export goods in Foreign currency, Pg’t” is the price of the Foreign non-energy good and CE
is Foreign non-energy consumption.

This means that total demand for exports is given by

PX —VF,C,ze PX —VFR,
Xe= (1-955) | Home Okt (1=vhe) () e (E.39)
PF,} PF,t
We stationarize this equation by dividing through with z;"and divide the prices with P, , using the definitions
PX PC,me PI
Y = P e = T and p, = 1
~ —VR,C,ze yze - —VE I
X 1 C,ze pf( CF,t 1 pg(
T - T YFRt C,ze + + - wF t T
t Pry 2t Pr
~ —VF,C,xze —VF,I
X Cze P Cry 2r4 P Ips 2he
= 1- Fit C,ze + ¥ 1- 1/)Ft T (E.40)
Zt Prlt 2Rt %t Pry ZFt N
~ —VF,C,ze —VF,I
Xy w C,ze th Cr Itt w Pf( IF t
T 1= Fyt C,ze + A +=(1- wFt 1 (E41)
Z w Fit Rt Ft w DPr zF . zt

—VF,C,ze VR
Xi w c, 5X o CFt 1— 1— T Ipg 1— Ca/(1—
+=w(1—%,f6)< Ce CRtapr/Grenel0m 2 (1 g ) pI Bty /(=ar)=a/0-e)

2 Prt ZFt 2Rt
(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 w):

~x \ “VF.C.ze ~x \ “VF.I
ro=w(1-vgr) (2 R I (R Y Tpr/A-em-a/tize)
pF:t pF,t

(E.43)

Now, we let 937 = 957° + 122 (1 — 957°) and ¢f, = U, + 12 (1 — Of,) where 957° and 91, denotes

the home-bias in the production functions of Foreign exports and investment. Using these expressions we can
write

~x \ “VF.C.ze
— [eY l—ap)—a/(l1—a 3C,ze w 7C,ze p —ze
Zp =y 0F/Amer)—e/(=e) |:w (1 B e wel SR 4 )) (pgt’fe> cF,t} (E.44)

. —VPp,I
+'Y?F/(17QF)7O‘/(17Q) w (1 - ﬁét -2 (1 - 1%?1&)) LtX ]_Ft
) 1 +w ) péyt )
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or

1+w

_ o o) —a/(l—a w(l+w) —w? ~ 5X O\ e _ w(l+w) —w? ~
Ty = o /(=) —/ (=) [(()(1 _ ﬂg:fe)) (p%,xe> g, 4 (CUF@I ZwT g (P

1+w

Fit
Note that since w — oo,we can use I’hospital’s rule, which means that
wl+w) —w® 142w—2w

14w 1
Hence, we can write the above expression as

~X —VF,C,ze ~X —VFR, I
By = 0/ O=ap) —0/ (=) (1 _ ﬁg:fe) P &, + (1 - 19{%) P Ire| .
Ppy p

Fit
\

1My —s oo =1

Now, we make the two following restrictive assumptions above the home bias processes:

15%16 =1-(1-— 19%766),>,;¢XF/(1*D¢F)+Ot/(1*04)
b 't
Ve = 1= (1= O )y, oF/ T om) ez

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:

~X —VF,C,ze ~X —VFp,I
Ty = (1 - 19%“) < ?u) cri + (1 - 192) (p;> Ip,. (E.45)
DPrt

PFrt

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

iz [ (e [ReG] o - o) ai (E.40)

J = 2
1—

We stationarize the above equation by dividing the equation with z,". Note that 2,7 = 2,7,/ , and the definition
= . 1 . 1 1
of stationarized capital services is given by: kf(i) = K; (1)/(zi—17, 1) = K{ (2)/ {(zt'ytl’“ )/ (et %) |- This

means that if we divide both sides of the Swedish aggregate output expression with z;" , we have the following
equation:

1 - [eY
Y, < K@i N7
%Pt:/ Et 1 t(Z) 1 |: t_‘(_Z):| d’L*¢7
“t 0 (Zt'Ytlia )/(Mz,tN;;a ) “t

1 = a
?t?t = / Et 7Kt (l)
Hzt e Hy

0

Lt(z')“‘> di — ¢

We can remove the subscript ¢ since it is shown above that the firms in Sweden choose the same capital stock.
We rewrite the above equation in terms of stationarized variables in per-capita:

— kS ° Ca
5.8 = (]| ) (.47
Hozt el

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

. pINYI K
AL LAY <?tt> a(ut)’y—:. (E.48)

We follow Section E.4.1. In particular, we divide both sides of the above equation by z;” and express the equation
in per-capita terms. This yields:

ke
Hoat tHyt .
Note that since w — co and ¢! = 97 + ﬁ(l —97),we get that v = 9¥’. Note that Equation (E.49) is the same
as Equation (A.149a) in Section A.

g =7, — 9" (p)" alue) (E.49)

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 first 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 firm j, Yr:(j),

1 | Pr(d)

ARt
equals the demand for the output of the same firm: Yr:(j) = = Pt } AR Yr+. Yr: represents aggregate

demand for the homogeneous, intermediate good in Foreign, and Pr: is the associated aggregate price index.
Pr.:(j) denotes the price charged by the individual firm j and Ap; is a time varying markup. After having
A

F,t
PF,t(j) ) W d]

Pp ¢

defined Y7, = [" Yr.(j)dj as aggregate production of intermediate goods and ?F,t =0t (
as a measure of price dispersion, we proceed by aggregating over all firms in the sector:

ARt ARt

@ 1 [Pre(j)] TFrr “ 1 [Pri(§)] T2Fr

vh = [ LBy b= v [ LR gy B (@a0)
0 w | Pry o w | Pry

Recall from Section (2.6.2) that Yr(j) = er: [K}t(j)] o (2N (5)]~F — z}t’td)p. Once again aggregating
over all firms in the sector, write:

« ~s o a]e l—a . =
Vi :/ (€F,t [KF,t(J)] " e Npl ()] OF — ZF,@F)dJ =Yr: P re. (E.51)
0

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:

Yr: = Dgfe + Dﬁ’f + D{r,t + Grp (E.52)

From Equation (D.51), we have Dg’fe = CF5, represents demand from non-energy foreign consumption good
production. Similarly, demand for intermediate goods for foreign energy consumption production is Dgf =Cky

and from Equation (D.56), we have Df?,t = V}’t represents demand from foreign investment good production
where V%, = % Ur: + a(u)Kry) .

Continue by substituting for Dg’fe and Df,, in Equation (E.52). We have:

Vie = CFy+ Chy + Ving + G (E.53)
Now use Equation (E.53) to substitute for Yz, in (E.50), and then combine this expression with (E.51) to get:

© s N OF . —a .
Vi = / EF [KF,t(J)} [2¢Nr ()] °F dj — 2, ,wor =
0

L= <~ e — 1 =4
P p:CE,+ P riCpy+ P F,t’yT Ur:+ a(u)Kri] + P riGry.
ot
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Rearrange slightly to get the aggregate resource constraint for Foreign, the same as Equation (95) in the main
text:53

s [ —a A= xe A= e
ert [Kii )" [2eNp)' ™ = P piCFy + P ruChy (E.54)

= 1 =
+ Pry P Urt+ a(us)Kpt) + P reGre + Z;thﬁF-
ot

E.5.2 Stationarizing and simplifying the Foreign aggregate resource constraint

The following definitions are needed to stationarize Equation (E.54), and to express it in per capita values:

- _ Yp: —ze _ CF% —e _ CF: — _ Gpy a7 _ Ip+ Al let k5, — Kpy d
Yre = F 5 CFrt = F o CFt = 7 s 9Fs = F > and lrr = g — 80, let Kpy = ————7——an
Ft Ft F,t Fit T—ap T—ap
w2ty Zt—1%_p W

neE = % Moreover, use Y;t =Yr; ?Fﬂg Using these definitions, and then dividing through by z;{tw, we get:

re —€ T 7. 1 —
Urt =Cry +Cry¢ + Ire +a(upe) kri———— +gp, (E.55)
H’Z;’tl’l"}’vt

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:

X xe C,e e StBﬂq FH
Si Py Xy — Se Ppe My — Si P M{ = ———————— — S;B; . (E.56)
Rp (e ®(a, st, ¢r)
Note that the prices of imported goods are the same as the marginal costs of the import firms, StPgt’e = MCtM’C’e
and S, Pr, = MCM™°. Therefore, we can write the expression as the following:

X M,xze Te M,C,e e StBtF:FI_{ St FH
SePX Xy — MOM=MPe — MOMOeME = _ 2t 5, ,BFY.
RpiC®(@, s, ¢e)  St—1
StBtF+I{ St—lBtFH

Now substitute A; for Then subtract A;_1 from

both sides to get:

as well as A;_1 for

Rp 1 Ct®(at,s¢,6t)’ Rpt—1Ct—1®(@p—1,5¢—1,0t—1)

Te Te e e — 7 S
A — Ay = S PN X, — MM MEe — MCMOCMf + @ (at_l,st_l,dn_l) Rri-1Gi1g LA — A
t—1

Simplify the last term to arrive at:

St

Si—1

A — A = StPtXXt - MCtheMtxe _ MC’tM’C’er + {@ (th,stq,(gtq) Rrpi-1Ci—1 — 1| A¢—1,

which is the same as Equation (108) in the main text.

Let a; = f; denote the stationarized net foreign asset position of the Swedish economy, and use the following
%t

t

X M,xze M,C,e
s : =X _ PRy M Came _ MCTY _ge _ My - M,Ce _ MCTT
definitions to rewrite the above condition: p, = 5=, me; """ = —fF—, m;° = o me A
e = M5 pX = Sebt Te = Xt g, = St - and II; = £, The above equation can be written
t = zt+7pt = "B > t—Zter t_Stfl’Mer‘t_z:il t= P, 1" q
as:
_ M,C,ze —me _ M,Cie-e , — X _ _ ~ _ 1
mey M S +me, Tty +ay = py T+ P (at—l,st—1,¢t—1) Rrt-1Ct—1 ¢ az—1’u o
zt et

53N C.ze Pr,t vEC Te __ (xe I PF,t G IF,t KF,t _ 1
ote that ¥ Cge, = OF5, and ¥, +a(upy) = [Ir: + a(u)Kp).

C,ze I
prt PF,t Tt vt YF,t
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M,C,e

Ay

. e . . . Ce,. pMCrey) 1MTe o
Note that the demand function for individual goods imported energy goods are given by m; (i) = | “gree ¢ myC.
)\?I,C,c ‘
M,C,e . — M,Cre
Denote ?iw,c,c = fol (“Mic(;)) PN di and rearrange slightly to get an expression that is identical to
Py
Equation (A.138a) in Appendix A:
— — — Te —zxe _ e _e — e — 1
ar = p%x Tt — mcy’ my — mcéw’c’ m; + ® (atfl, St—1, ¢t—l) Rp,tflg’tfl StAp—1 —————. (E57)
/“Lz*’,t Ht
E.7 Total energy imports
Total energy imports is given by
1
ME — / M (i) di + 2 pMCe (E.58)
0
)\IVI,C,S
: o . . c PMCe )\ TTE o
Note that the demand function for individual goods imported energy goods are given by M,”“(i) = e ¢ P,
t

\M.,C.e

s L[ oM Cen\ ToaMTe . . .
Denote P ?{’C’E = fo (7” U are El) ¢ di to write the import function as
p e

Apd
M = PO MO + 2 MO (E.59)

To stationarize, divide through with z; to get
€ € — € €
g = P "Ome 4 ™M (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(X¢, Z:). We take the natural log of the function F'(X¢, Z¢), and then
we take a first-order Taylor approximation of the function F'(X:, Z;) around the steady state X and the steady
state Z respectively.

A log-linear approximation of F'(X:, Z;) around the steady state X and the steady state Z is:

In[F(X, )] ~ In[F(X, 2)] + TXX2) {Xﬂ _X] Fe(X,2) , {Z’f ‘Z} .

F(X,2) X F(X,Z) Z

Note that: Xt =In(X:) —In(X) = % We can interpret Xt as a log-linear approximation of the variable X}
around its steady state value X.

F.2 Example of log-linearization method

In this section, we demonstrate how to implement a first-order log-linear approximation. For an illustrative
purpose, we will take a first-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:
=C
Qt+1

=C
Q = RiGeEy |Biy1r— 6
/’Lz+,t+1HtC+1
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Note that " = § and ¢ = 1. Thus, the steady state of consumption Euler equation can be expressed as:

=C 1 =c
Q = Q
BB po+11
(F.1)
= Ml
B
The first-order log-linear approximation of the LHS of Equation (C.26) is:
=C =C
— — 1 — Q —Q — PN
I ~nQ° + 507 [ | =m0 +0f. (F.2)
Q Q
We have the following definitions:
&= G—¢
¢
¢=1
it =Ry — R.

We use the above definitions, and the first-order log-linear approximation of the RHS of Equation (C.26) can be

written as follows: )

po+ 1€

1 —c R G —C
+§7059 ll’z‘*'HC( 4 )
1 =0 1 Biy1— B
+§CRBQ MZ+HC< B )
+ L pant L <Qf+1—QC> (F.3)
QC

p+ 11 ¢

1 —c 1 1\? Mot t41 — Nz+>
— — RBO — A ) e B A
e (5 ) e (P22

_LRgﬁc 1 (1 2HC 17, —11¢
ﬁc Lot T1¢ 11¢ '

Q" + % pac (R: — R)
Q

Using Equation (F.1) and the above definitions, Equation (F.3) can be written as:

—C' ~ 1 o A~ " A
Q" + G+ L (Re = R) + Blen + Qs — frot g — 1, (F.4)

Combing Equation (F.2) and Equation (F.4), this gives us the following log-linearized version of consumption of
Euler equation:

QF = Ev |G+ Blyr + Qo + ki ¢, — Pt gq1] - (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 final 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 final 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:

=W (1 - Ttw) Wi

v, — ) (G.1)
t ﬁtc
Recall from Section 3.1, the labor disutility function is specified as:
]_1L+U
Niy) = OF Ayt 2
7/( h,t) ®t 1+ n (G )

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 n; is denoted as employment per capita
(employment rate). Thus, we have the following labor disutility function:

ora, G.3
) = 67 Au g @3)
The first derivative of v(n:) with respect to n is:
V(ny) = O} Apnj. (G.4)
The second derivative of v(n:) with respect to n is:
V' (ny) = 0O} Apn (G.5)
We can rewrite Equation (G.1) as follows:
_ 1-T"w
g (L-n)me (@.6)

@An
(5o

t
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:
- . 1

O =, — ﬁﬁw — & =y + OF. (G.7)

Furthermore, the labor force participation condition, Equation (A.14a) can be written as:

n AT 7 A 1 o
Wy =+ O+l — QF + 1w 7 (G.8)

When we combine Equation (G.8) and Equation (G.7) we obtain the following relationship between the wage
markup and unemployment:

\IIXV = Nung (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 specified as follows:

1
{/ e dh] o (G.10)

Recall from Section 2.1.3, we have the following Calvo wage contract:

Wh,e =

’

(G.11)

T, Wh._1 with probability &,
Wyrt with probability (1 — &,).
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w
We apply the above Calvo wage contract and the following definition: €, = Aa}_ Thus, we can rewrite
t

Equation (G.10) as follows:

1°

1=V

W = { Whlt*t dh] : (G.12)
I /\ 1 __
w, M :/ (W) > dh, (G.13)
0
—Ll Ew , 1 1

W, M :/ (T Wh,ia) 2F i dh+/ (W) =2 dh, (G.14)

0 Ew

71_;“, —w éw Ew 1 —L
W (@) [ ) = e [ ) S (@15
0 w

Now, we evaluate the integrals in Equation (G.15). First, we evaluate the first 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 different

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 ¢ will constitute a representative sample of all labor types. The wages posted by

those same labor types in period (¢ — 1) will, by the same argument, constitute a representative sample of all the
1

individual wages that were posted in that period. By the law of large numbers, the term fog“’ (Whio1)' = dh
may therefore be evaluated as follows:

gw 7
/ (Whe—1) N dh = €W, ; (G.16)
0

1— )\

1-ay
where Wy_1 = |:f01 Wy, .1 dh] . Using Equation (G.16), Equation (G.15) can be written as:

1—;W éw ! opt ;W
w, (Ht ) U (Weoy) T +/ (Weet) =3 dh, (G.17)

w

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 ¢ 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 ¢ will choose the same optimal wage, and we may
therefore write W,fzt = W?P'. Hence, Equation (G.17) can be written as follows:

1

W, = (ﬁtw)l F e (Wiey) T +(Wt"”t)1—*l”/ dh. (G.18)

w

Using the following result: f;w dh = (1 — &), Equation (G.18) can be expressed as:

1 1
N4 —
w, N = (Ht )1 W e, (Wiiy) T + (1= &) (WP (G.19)
opt
We stationarize the above equation. Using the following definitions: w; = f‘;c, wPt = :?PF’ ¢ = ﬁ and

n
Pt g = %, Equation (G.19) becomes:

1 #W . 1
We 1AV (— 1— )\W 1 Wi_1 =2y (WtOp ) 1A
(1) e e (W)Y
(Zthc> ' ‘ l‘z*,tntc Zttlpt(il ( o) 2 PF

The above equation can be simplified to the following equation:

1
1AW

(@) =€, <HC> C @) T 4 (1 €0) (@) T (G.20)
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Equation (G.20) captures the stationarized version of the aggregate wage index.

We apply the log-linearization method from Section F.1 to Equation (G.20), and we can obtain the following
log-linearized version of the aggregate wage index:

N =W ~ ~5C - ~opt
W =& (1L, — i+ o — 1L + i1 ) + (1 — &)™ (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:

—E&

Nosins Wh, 4kt wittk Nevk

ikt = | .
Witk

Recall, N, 141+ denotes demand for labor type h, whereas N;, 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

.. _ W, _ Witk . .. .
definitions: W,y = 21— and Wik = ——5—. We also rewrite the above equation in per capita terms.
z kP 2 kP
The stationarized version of the labor demand schedule is:
T —Euw,t+k
Wek|t v
Nkt = | — Ntk - (G-22)
Witk

Recall from Section C.1.9, we have the following definition:

opt=W =W =W
Wigre = WP T Mo .. Ty, (G.23)

opt
We stationarize Equation (G.23) by applying the following definitions: Wiy = KVA wort = M ¢

Zt+thCJ’rk PoE T Z:Pf,c, bk =
PS .
o and fi+ 4 yp = Ztik Thus, Equation (G.23) becomes:
t+k—1 itk—1
—opt=W =W =W
_ - wtptHz+1Ht+2 R e G
Wit k|t = G o (G.24)
TR Y ESPT Y T SES § b § A | b
Recall, Equation (A.19a), which shows the definition of wage inflation, is expressed as:
w;
HXV = — ' Mz+,tH?-
Wt—1
Note that along the balanced growth path, the definition of wage inflation is:
" =1 = pu. . 1°. (G.25)

Along the balanced growth path, Equation (G.24) can be expressed as:

—W k
— 1T —opt
w = <MZ+HC> w". (G.26)

We apply the log-linearization method from Section F.1 to Equation (G.22) and also take into account Equation

161



(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:

A~ _ N ~ ~opt
Nitkjt = EwWitk T Ntk — EwWy
W W ~W
—ewllipq —ewlliyo — .0 —cwlliqy
T Ewhlat 141 T Ewhlat 42 oo T Ewfllat tyg

A A i (G.27)
+ EwH?+1 + EwH?+2 + ...+ €wH$+k

_ -2 —w o\ —k
AW @ AW T W AW ] cw
+ mlog(ﬁ))\ul + = A7) log 1110 Atrg ...+ = )\W)Qlog 1 110 Atk
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 first
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 final log-linearized version of the optimal wage condition, Equation (A.13D).

Recall, we have the nonlinear version of the optimal wage equation:

0o k /
r =C 1 _ n Vin
Ey Z (&w)" (H ﬂt+z‘> nt+ktht+kW [(1 - TtVJ‘:k) Wikt — MarCvn (t;—kt)} =0 (G.28)
k=0 i=1 T Mtk Qivr

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:

0 k ) k w /
r =C 1 _ . =C A n Vn
Ey Z (&w)" (H Bt+i> nt+k|tQt+kW [(1 - Tt‘i/k) wt+k\t] = E; Z (&w)" (H /8t+i> Nkt ik 1 _t;\r"jv Cev (ftc-‘—k‘t) .
t+k

k=0 i=1 t+k k=0 i=1 t+k
(G.29)
We expand Equation (G.29), and we can obtain the following equation:
=C 1 W\ —opt r =C 1 w —
nt\tQt W (1 — T ) wy o+ By fwﬂt+1nt+1\t9t+1w (1 - Tt+1) W41t
-\ T At
2 o1 r ac 1 w —_—
+ Es | (€w) Biv1Biraniro o (1 — Teg2 ) Wege + - -
I- /\t+2
¢ A vV () G.30
et g G —— (G.30)
STV 1
, = A1 V(negage)
+ Bt | &wBiriner1)ehiqa t;év Cig1 f(t; ¢
1= Qi1
T r ¢ >‘W V/(’fl +2 )
+ By | (¢w)? ﬂt+15t+2nt+2\tQt+21 t:\ra/ Cilpa fé LZANT
— Atyo Qiyo
Recall from Section G.3, we have the following definition:
_opt=W =W =W
Dot = WP T yn .. Mg (G.31)
t t — . .
Mot t41Mzt t42 -+ Mz+,t+kHtC+1HtC+2 cee Htc+k
Recall from Section G.3, along the balanced growth path, the definition of wage inflation is written as:
" =y, 1C. (G.32)

Along the balanced growth path, Equation (G.31) can be expressed as:
—W k
— H —opt
w= <MZ+HC> w. (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
H, = ﬁ (1 — TW) w. Note that variables such as n: ¢, i, and ﬁtcﬂg 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 ﬁ% as this particular variable only appears in the RHS of Equation (G.30). Note

t+k
that in equilibrium, we have 8" = 8 and define 7”'tW as TtW -,

Now, we log-linearize the LHS of Equation (G.30) and we can obtain the following equation:
1 — 1
nHi + —nQ° (1 - TW) T

o T W
+ H% £uBnQ’ < _1)\W (1=7") (uH:[c) w;”
n Hil (gwﬂ)Qnﬁcﬁ (1 _ ’TW) (Mf:[cywwfpt T
+ HL1 fwﬁnﬁcl _1/\W (1 — TW) (uivl;c> @LZV

—W 2 R
R - (1_7w)< HHC> wE {ﬁﬁl]+...

o
+ 4 B _(Ewﬂ)%ﬁcl (1) <uiV1;c>2wﬁXz +...

— Hil E; -fw/jnﬁcl _1/\W (1 - W) <MZ+V;[C> w“2+at+1:|

- Hil Ey _(ﬁwﬂ)Q nQ” W (1 B TW) <Mi‘;c>2“’ﬂz+,t+1 - ]

} (G.34)

=W
1 —C 1 oW 1 — 11 oW
— — nf — —Fy [€uBnQ
H, n 1w W7 H, t | §wBn MZ+HC> WTt41
—W 2
1 2 =C 1 1II — W
— Fl Et (fw/B) ns? 1 \W (W) WTeyo — - .:|
=W
1 =c 1 _ w\ wiw , 1 =c A w IT W
—|—E ns) m’w (1—7' ))\ )\t +F1Et {wﬂnﬂ m (1—7' ) m w>\t+1
_ 2
1 N w (T w
“FEE)& fwﬂnﬂ m (177' ) <MZ+HC w>\t+27... .
We let Hy = li‘:/W ¢ "lﬁ(éL). Also recall Equation G.4 below:
V' (ny) = O} Apn], (G.35)
and denote first derivative of v'(n;) with respect to O} as vgn (n¢), which is vgn (ny)= 82/6()?) = A.n] = ",é)iiff).
In steady state vgn(n) = V/@@ 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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—C )xW v'(n)

1nJL12+E nQ o° e

v Hiz E M o’ AT - ”fc)c cm]

s o B [ 0 25 S

+ H% nQ° : :\VIW g”ﬁlc v (n)ni,

+ H% E, 5wﬁnﬂc i N ("ﬁ%u”(n)nﬁtH“}

+Hi2 E (gwﬂ) (o :\AW ”#V”(n)nﬁHg\t—i—...]

+ H% nQ : fv/v\w g"ﬁlc ”@(n)@"@"

+ Hiz E. :{wﬁnﬁcl iu)]\w Cnﬁlc V@(n)@n@ﬁl} (G.36)
+ HLQ E :(gwﬁ)%ﬁc AV:Wg ﬁlc V@(Z) 0", + .. ]

_ HLZ n0° - EV:W ¢ (n) (ﬁ%) acac

1 DL 1\2-ca
- B 5w5nQC S " (n) ({c) QCQ?H]

1 —c XV 1\’ =cnA
- — E; (éwﬁ)QnQ T y/(n) (—C> Q QthLQ—l—‘..

H> ﬁ
1 —c..V(n) 1 WAwW
+ A n2 ¢ ° (17)\W)2)\ AL

1 —c v AV
g B [0 G et

H»>
1 —C oV AV
+ o E, [(ﬁwﬂ)%ﬂcg Vﬁ(g) m,\m +] )

Note that in steady state, Equation (G.5) is: v”(n) = n©"A,n""'. We use the following results: v"(n) =
nO"A,n""! and v'(n) = ©"A,n". Thus, v”'(n)n can be defined as:
V'(n)n = n@"A,n" = nv'(n). (G.37)

Using Equation (G.37), Equation (G.36) can be rewritten as follows:
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We use the following result: Hq

Eq
nQ
Eq
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E
E
nQ

E;

Eq

nQ
2
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2 [(swﬂf n@l®
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_§wﬂnﬁc 6"®"t+1\z} (G.38)

Q"0 o + .. }

EwBnfd

(€wB)’ n82" 5
V' (n)
Q¢ (-
V' (n) <
Q¢ (- 2
V' (n)
C

C 1

Cn

[swﬂnﬁcc"

—

(1_:W). We then combine Equation
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(G.34) and (G.38). Thus, we have the following equation:
nQ° (1= 7") i
66007 (1= 7) (05 ) wap™

+(€uB)?nQ° (1=7") (i)me

+E, [5wﬂnﬁc (1) (25) il ]

+E, {(gwﬁf 2 (1= ) (e )Qwﬁxl} +...
)

o (e 1) (25 )
—F, [fwﬂnﬁc (1 — TW) (”ivl‘i[c ) Eﬁz+7t+1:|

5[l (1) () ]

b+ II¢

—E, [(fwﬁ)Q nﬁc (1 — TW) (%)QE[LZJQH& }
B [0 (1-7) (0 ) il ]

=+

L, {(gwm? w2 (1) () it - }
(

, —c —w N2
—E {(éwﬂ) nQ (1-7") (5 ) wn&r"} (G.39)
—n0” (1 - 1) w(l_iw)ﬁw

- om0 () (1= 7wy

— — 2
P T ——
+n§cﬁﬁ(1 — W) AWAY

HZ+UC

+E, [{wﬂnQC% (1—7") (i) 1175\?11]

+E [ 00 2y (1) (e ) o .
oates
+E [ﬁwﬂnﬁcéﬂl}
+E, [(§w6)2 nQ Gy + . ]
+nQ iy,
YE, [@ﬂﬁnﬁcnmﬂlt]

+E; [(fw5)2 nﬁcﬁﬁqu +.. ]
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+ nﬁcénm

1 B [Ewﬁnﬁcé"t_,_w]

+ B [(6uB) n06m o+ ]
—n0c0¢

—E [gw,@nﬁcﬂgl]

— B [(@B)Q nQ 0, + .. ]

+ nﬁcﬁ;\f‘/

+ E: {fwﬁnﬁcﬁj\ﬁl}
+ E {(Swﬁ)z nﬁcﬁj\ﬁz +.. ] :

We have the following summation formula for an infinite geometric series:

brbz4b2® 4. b2 = : b
—z
We assume that |z| < 1.
We make use of following definitions (1 — 7))@ = /\WC"% and HZEV:HC = 1. We also gather all XXYHC terms

on the right hand side by using the following for all ¢ + k:

)\W
(1—A")

V(n) AW
Q¢ (1=AY)

. _ R o W
(€ud) n0)” S~ (€8) (1= 7) 0 = 1-3") () A AR

We apply the summation formula for an infinite geometric series to Equation (G.39), and then we simplify
Equation (G.39). This gives us the following equation:

AR S 3 ) oS
(1 —¢&wph) " (1—¢&whB) Hews + (1= &up) Bl + ...
Sufl (€uB)?

mEtﬂz+,t+1 - mEtﬂz+,t+2 —...

&P EAC, - (£wB)? B,TIC

1 . 1 N 1 C
— mﬁw - fwﬁmEth‘Xl - (fwﬁ)z mEtTtVKz — ...
=E Z (EwB)" |:§tn+k + Nk + Ok — Ok + 5\2}17@} .
k=0
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Substituting the labor demand equation (G.27) into Equation (G.40), Equation (G.40) becomes

LT S )
(1-¢&wpB) + a _&uﬁ)Eth-H + (l—ﬁwﬁ)EtHH'Q—’_"'
Swb (£wB)?

B e e

-5 fwfw 5 PG - B e, -

= E; Z (&wB)" |:5tn+k + 0%k — QO + Mk + mﬁ%}
~opt

+ 1 [Ewts + Rt — D7 ]

W N
+ (wB)nEy |:6w1f)t+1 + Npyp1 — {-:wﬁ)fpt —ewllipq + Swﬂz+,t+1 + €wHtC+1:|

) R A o W W
+ (EwB)? NE; |ewtiire + Pura — €0’ — ewlliyy — Ewllypn

+ (fwﬁ)2 nky [5wﬂz+,t+1 +ewlt 1o + 5wﬂtc+1 + 5wﬂtc+2} + ...

)\W mopt )\W ﬁW —2 R )\W ﬁW
+ (gwﬁ) (1 _ )\W)Q lOg(wu—) ))‘Kf‘rl + (EWB)Q (1 _ )\W)Q lOQ (Mz+1—[c> )\XYI—Q A + (gwﬁ)k (1 _ AW)QlOg <ﬂ2+HC

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 simplification, the above equation can be written as:

by W R
(1 i]tgwﬁ) + (1 E“’éiﬁ) on [Ht+1 - ,LALZ+,H_1 — Htc+1:|
2 = A

i %Et {ﬁ:; — it e — Hf+2:| +...

Z Ewph) [éﬁ&-k + O, — O+ N+ ﬁﬁ‘zk}
+ Et Z (gwﬁ)k n Et [Ew’lf]t+k + ﬁt+k _ Ewwtopt}

k=0

W % 2;W

— (€wB) new Ei [Ht+1 + (w1 + (EwfB) Tiyq + .. } -

+ (EwfB) new [ Hot g1 + Ht+1i|

+ (fwﬂ) nNew By [(fwﬂ) (ﬂz+,t+1 + ﬁtCJrl) + (fwﬂ)z (ﬂz+,t+1 + ﬂf+1) +.. ]
2 W W QLW
— (&wB) " Mew Er |TMypn + (Ewf)Meyo + (§wfB) Tiga + - }

+ ( wh TIEw By { Pt pq2 + Ht+2}

+ (€wB)’ 12w Be [(€uB) (Aot iz +11502) + (€uB)? (Aot o+ UEha) +-.]
+....

We apply the above summation formula for an infinite geometric series to Equation (G.41), and we have the
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following equation:

popt S ~
1 théwﬂ) + 1 fwguﬁ) By [HZ-I = a1 — Ht0+1:|
_(&B) o T

+ ) E; |:Ht+2 Bt 2 — H?—m} +..

E, Z (bwB)" [§?+k + 0% — QO + A+ =
k=0

port W
— NEw a qi)t&wﬁ) @ Ewig) newkby |:Ht+1:|

2 .
_ %nesz [ﬁZ2:| — ...

é-U]ﬂ ~ o C
+ 7(1 — Ewﬁ) New By [:U'z‘*',t-kl + Ht+1:| +

W N R
W)Tt+k + NEwWitk + WLH-k} (G.42)

(&wB)?

B [ + 15 4
(1_€wﬁ)775 t | Mot eq2 T o | +

We multiply both sides of Equation (G.42) by (1 — &,/3) and rearrange the equation. Hence, Equation (G.42)
can be rewritten as:

(1+ new)df™ =

= n AT A 3 1 v PS ~
(1—&uwB)Er Z |:Ct+k + Otk — Qe + Mk + mn‘ik + NEwWitr + 7]nt+k:|
k=0
(G.43)
W 2 ~W
~ (U me) €T — (L o) (6B [ .
+ (L 1) (€uB) B [t avr + 6t | + (L me) (€uB)*Br [ a0 + 02| + ..
Dividing both sides of Equation (G.43) by (1 + new), we have the following equation:
wspt _
1— — | . R
&Jr%ﬂﬂs Z (&wB) |:<t+k + ®t+k Qt+k + )\t+k + WTJ/XI@ + NEwWitr + 7777zt+k:|
h=0 (G.44)
~ W
|:H +1:| - Et |:Ht+2:| — ...

B)Ey [ﬂz+,t+1 + Ht+1] + (fwﬂ)QEt [ﬂz+,t+2 + f[tc-&-Q] +

Now, we iterate Equation (G.44) one period forward and multiply both sides of the equation by (£.,8). Thus,
we have the following equation:

(€wB) Az’iﬁ =
o] . . . X 1 ) ) A
(1 + nsw Et gw [<t+k + @t+k - Q?+k + )\XE/H@ + mTJ/X}C =+ NEw Wtk —+ nnt+k:|
k=1
= ~ W (G.45)
— (€uB) Bl 15 — (€uB)°Er {ﬁm] .

+ (§wB) o+ t42 T+ Ht+2] (fwﬁ)SEt [ﬂz+,t+3 + ﬂg-:a] + ...

Subtracting Equation (G.45) from (G.44), we have the following equation:

;" — (EwB)Evivg}y =
( _gwﬁ)

in AN AC N4
(1+77€w) |:Ct +6t Qt +)\t +

1 oW . .
mﬁ + NEwWt + N

R ~ ~W
+ (Ewﬂ)Et Bot pp1 + 4 — Iy
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The above equation can be written as:
@™ = (uB) Bty
1-— w n AN A b\
+ 1 =tub) [Ct +O7 —Of + A +

1 W . .
(1 +7ew) (@ —gwy 't et (G.46)

R ~ o ~W
+ (EwB)Et |fipt g1 + 10 — ey |

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:

- =W ~ ~5C - ~opt
we :gw Ht _,U/z+7t_]~_[t + W1 +(1_§w)wt .

We rewrite the above aggregate wage index as:

~ W N
W= ey gy [ e 07 ). (G4D

We iterate Equation (G.47) one period forward and multiply the equation by (£.3), and we have the following
equation:

(fw,B)Etﬁzfﬂ = MEW%-H - %Et [ﬁzq — it g1 — ﬂtc+1 + wt:| . (G.48)

(1 - gw) (1 - éw)
Substituting Equation (G.47) and (G.48) into Equation (G.46), Equation (G.46) becomes:
N =W A C N
W = Ew |:Ht =+ — I + wt—l]

1—E&uwfB)(1 —&w 1 . . .
: (Elf)n(sw)“ (1—TW)”W+”€““W+W}

+ (1 - gw)(gwﬁ)Et [ﬂz+,t+1 + 12[750-5-1 - ﬁz—l] + (fwﬁ)Et [ﬁ’t+1]

+

[éméz—fzsmm

W .
- (£M)2ﬁ E; {Ht+l - ﬂz+,t+1 - ngl + wt} .

We add w; — i+ to the second term of the RHS of the above equation, and then we rearrange the above equation.
Hence, we have the following equation:

Wy = Epli—1 + (EwB) Er [Wes1] — B(Ew) iy

{ *éwfzg : w) [wt — by 4+ G O] — Q7+ A+

1 oW . .
+ (1_77_“,)7} + NEwWt + Ny
W . G.49
+u [Ht —ﬂz+,t—Hf} (G49)

+ ((€w)*B + €wB — (£u)°B) Er [ﬂz+,t+1 +TIG, ~ T

We add £, Wt — £wtr to the LHS and &, w: — BEww: to the RHS of Equation (G.49). Thus, we have the following
equation:
Wy + (Guthr — Ewtde) — Ewtbr—1 = (§wB) B [iga] + (BEwths — BEuwtbr) — B(&w) i
(1—&uB)( —&w) 1 R
(1+new) Aoy +(LFmew)i
w

- R ~ o ~W . -~ o
+&w (e = fior — g | = (CuwB) B | pr — figt i1 — | -

+ W

[—wt+€?+nm—§2?+?\¥v+

Note that: Aw; = (W — w¢—1) and the above equation can be written as:

Ew Dy = (§wB) Er [Atbisa] + (1 — &uw) (§wB)e — (1 — &uw)ibr
(1_£w6)(1_§w) - in AT ~ AC N4
- (1+775w) {wt*Q*@t*nm+Qt*>\t -

1
=)

7Y = (14 e i (G.50)

W R - o W R - c
+ &w [Ht — fiot e — 1T } — (&wB)Ex [Ht+1 — bt 41 — Ht+1:| .
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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:
1

.
Ve ==y

7= G i+ Q7
Using the above real wage markup equation, Equation (G.50) can be written as:

Ew Ay = (EuwB) Bt [Athp1] + (1 — Ew) (EwB) e — (1 — Euw )by
w

O EDU ) [ 3 (14 ey + 6 |

0, — .+, — I

(1+new) (G.51)
W . - o
— (EuwB) Ex |:Ht+1 = ot g1 — Ht+1} .
Equation (G.51) can be simplified as follows:
~ A ~ - 1- w 1- w T 1
ot = (60B) B [Dtbupa] + (1= € — (1 )iy — = S2PI 280 v 5,
(1 +new)
W R ~ o =W N A C
6w | Ty — ity — Ty | = (CwB) B | Mgy — it g1 — i |
~ - 1— w 1- w T 1
e (G.52)
~W R ~ o ~W . .~
+1, — .+, -1y — BE: [Ht+1 — Pt p41 — Ht+1:| .
We let ki = W Thus, Equation (G.52) can be written as:
N N W swh L H{Y . HC =V - qC
Ay = ;BEt [Awt+1] - KW(‘I’t - >\t ) + I, — Mot ¢ — Iy — /BEt Ht+1 = Mzt 41 — Ht+1 . (G~53)

Equation (G.53), which represents the log-linearized version of the optimal wage equation, is the same as Equation
(A.13D).

H Appendix: List of variables, relative prices and definitions

H.1 List of global variables

Table 14: Global variables

Symbol Description
2t State of labor augmenting technology
Ve State of investment-specific technology
2 =z (y) T2 Composite state of technology

R
2h, = 2z () TTOF Composite state of technology
Mzt = Zfil Growth rate of labor augmenting technology
Myt = '1211 Growth rate of investment-specific technology
Mot p = Z% Composite technological growth rate
t—1

Hot oy = z;fil Composite technological growth rate

As mentioned earlier in Section 2, the long-run path for productivity is affected by two global, stochastic
processes, z; and ;. zt"r and z;tt may be interpreted as the compound effect of the labor augmenting technological
process z; and the investment-specific technological process ~:.
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a +
. . .o, . . — ¥
Using the following definitions from this section: z;" = 2, (v) T2, pye = 'Y:il and p,+, = ﬁ, we can

rewrite the definition of 1+ ; as:
ze (ye) -
ze—1 (ye—1) T

We rewrite the above expression, and we have the following alternative expression for the definition of 11+ ; :

Mot ¢ =

Haot g = Pt (fiy,e) T=2
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H.2 List of Swedish variables

In this section, we present the list of variables that are specific to the Swedish economy, with a focus on aggregate
variables.

Table 15: Swedish variables

Symbol Description
Continues on next page
cp99 Aggregate household consumption
Ch Aggregate Ricardian consumption
cer Aggregate Non-Ricardian consumption
Gt Government consumption
Cy Aggregate composite consumption
B Domestic nominal private bonds held by Ricardian households
in the Swedish economy
Bthf Foreign nominal bonds held by Ricardian households in the
Swedish economy
By Newly issued domestic nominal government bonds held by Ri-
cardian households in the Swedish economy
By Domestic nominal government bonds held by Ricardian house-
holds in the Swedish economy
REP Average interest rate on outstanding government debt
Rf " Interest rate on newly issued government debt
Qf Average marginal utility of consumption
B Discount factor
Biy1 = ﬂgl Discount factor ratio
R; Nominal gross interest rate
I Nominal net interest rate
RE Nominal rental rate of capital services
r& % Real rental rate of capital services
P! Price of private investment
Uy Average rate of capital utilization
I Aggregate private investment
I°¢ Government investment
v, Lump-sum profits to Ricardian households
pPE Price of capital
K3 Aggregate capital services
K, Aggregate capital
K Traded capital
Kapq Public capital
IN(f Composite capital services
N Aggregate labor labor demand
Ly Aggregate labor force participation
Ung Unemployment rate
A Endogenous shifter of disutility or work
A Trend for marginal utility of consumption
Wi Nominal wage index
wort Optimal nominal wage
wy = Zf;;tc Stationarized real wage
wi = . flt’t Stationarized real wage relevant to employers
i Gross rate of aggregate wage inflation
" Wage indexation factor
4 Real wage markup
6! Lagrange multiplier associated with the Ricardian household
budget constraint
oFr Lagrange multiplier associated with the capital accumulation
equation
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Table 15 — continued from previous page

Symbol Description

oF Lagrange multiplier associated with the average rate of return
on government bonds

03 Lagrange multiplier associated with the government bond equa-
tion

oF 0:/6;

Ay = StBﬂ_I'{ Net foreign assets of the Swedish economy

ar = zf;, Stationarized net foreign assets of the Swedish economy

At ' Stochastic discount factor

pePt Optimal price of intermediate goods

Pt{\f;p’; Optimal price of imported goods of type n used as inputs in the
production of final good n € {C, I, X}

pfert Optimal price of export goods

P, Price of intermediate goods

P Price of consumption goods

cye Consumption of non-energy goods

Cy Consumption of energy goods

peee Price of non-energy consumption goods

Ptc’e Price of energy consumption goods

PtM " Price of imported goods of type n used as inputs in the produc-
tion of final good n € {Cze, I, X,Ce}

PX Price of export goods

PtC’D’e Price of domestically produced energy goods

11, Gross inflation rate of intermediate goods

[rirend Inflation trend

¢ Gross inflation rate of consumption goods

Htc’ze Gross inflation rate of non-energy consumption goods

Htc’e Gross inflation rate of energy consumption goods

e Gross inflation of imported goods of type n € {Cze, I, X, Ce}

jiFd Gross inflation rate of export goods

1I, Indexation factor, intermediate good prices

ﬁtX Indexation factor, export good prices

ﬁf\/[ ’n Indexation factor, prices of import goods of type n €
{Cuze, I,X,Ce}

Dtc’me Quantity of domestically produced intermediate goods used by
consumption good producers

MEe Quantity of imported goods used by consumption good produc-
ers

D} Quantity of domestically produced intermediate goods used by
investment good producers

M/ Quantity of imported goods used by investment good producers

D Quantity of domestically produced intermediate goods used by
export good producers

M Quantity of imported goods used by export good producers

Dtc’E Quantity of domestic goods used by energy good producers

MtC € Quantity of imported goods used by energy good producers

MtD € Swedish energy import goods excluding fixed costs (Total energy
imports excluding fixed costs )

M; Swedish import goods taking into account fixed costs (Total im-
ports with fixed costs)

MP Swedish import goods excluding fixed costs (Total imports ex-
cluding fixed costs )

My Swedish imports of energy goods including fixed costs

Xy Swedish exports

TC, Total cost of producing intermediate goods

TCH Total cost of producing export goods

MC,y Nominal marginal cost of intermediate good firms

MCE Nominal marginal cost for export good firms

ey Real marginal cost for intermediate good firms
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Table 15 — continued from previous page

Symbol Description

me, Real marginal cost for export good firms

MCP Nominal marginal cost of import good firms, n €
{{C,ze}, I,X,{C,e}}

mcy Real marginal cost of import good firms, n €
{{C,ze}, 1, X,{C,e}}

Y: Aggregate output

Y Measured aggregate output

St Nominal exchange rate: the Swedish currency price of a unit of
Foreign currency

St sil Rate of change in nominal exchange rate

Qi = St}:g’t Real exchange rate

?t Intermediate good price dispersion

S x . . .

P Export price dispersion

?y" Import price dispersion of type n used as inputs in the produc-
tion of final good n € {{C,ze}, I, X, {C,e}}

At Intermediate good price markup

AF Export price markup

)\é\/f‘c’” Import price markup, import firms specializing in non-energy
consumption goods

/\éw‘I Import price markup, import firms specializing in investment
goods

/\i\/I’X Import price markup, import firms specializing in export goods

)\iw’c’e Import price markup, import firms specializing in energy con-
sumption goods

e Labor disutility shock

Gt Private bond risk premium shock

Eﬁt External risk premium shock (exchange rate shock)

£t Productivity shock (stationary technology shock)

€t Monetary policy shock

TtC Consumption tax rate

o Labor income tax rate

T8¢ Social security contribution tax rate

& Capital income tax rate

IR Transfer tax rate

e Investment tax credit

TRy Government transfers

TR Government transfers to Ricardian households

TRy Government transfers to Non-Ricardian households

T: Lump-sum tax on Ricardian households

B: Government debt

SURP; 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
opt
Pt — 1};‘:_1 Relative optimal price of intermediate goods
C _ PfC . . .
Py = P Relative price of consumption goods
C,ze
tc T = prf Relative price of non-energy consumption goods
C,e’
ptc,e = Pth Relative price of energy consumption goods
C,D,e
ptc Die _ Py 7, Relative price of domestic energy goods
I
pf = % Relative price of investment goods
K e PE i i i
Py = T: Relative price of capital
x _ SiPX . .
i = g Relative price of export goods

Relative optimal price of export goods

Py
M,n
pMn = PfPt Relative price of import goods of type n € {{C,ze}, I, X,{C,e}}
pM,n
pi‘ffo’;t = g Relative optimal price of import goods of type n €

{{07 xe}? I? X’

{Ce}}

expressed as

Note that: the relative price of Swedish export goods in terms of Foreign intermediate goods

X C
Pt PF ¢

QepS

X
Pp ¢

can be
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H.4 List of Foreign variables

In this section, we present the list of variables that are specific 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
Crt Aggregate household consumption
CF% Aggregate non-energy consumption
CE Aggregate energy consumption
Bt’jﬁ Domestic nominal bonds held by households in the Foreign econ-
omy
ngt Average marginal utility of consumption
Br.t Discount factor
= ﬂg;tl Discount factor ratio
Rpy ’ Nominal gross interest rate
iFt Nominal net interest rate
Wry Lump-sum transfers from firms to households
TRFr Lump-sum transfers from government to households
Np Aggregate labor supply
Lpy Aggregate labor demand
Wet Aggregate nominal wage index
911)% Lagrange multiplier associated with the household budget con-
straint
Wrr = Z;V;I'ét Stationarized real wage
W, = ZKV; ;t Stationarized real wage relevant to employers
H}/a‘ft tv Gross rate of aggregate wage inflation
ﬁ?ﬁt Wage indexation factor
\Ilfm‘ft Real wage markup
Af 1 Stochastic discount factor
P}‘,Zf’tt Optimal price of intermediate goods
Pr+ Price of intermediate goods
Pg + Price of consumption goods
PEore Price of non-energy consumption goods
ng Price of energy consumption goods
IIr: Gross inflation rate of intermediate goods
Hgyt Gross inflation rate of consumption goods
H%’;i"d Inflation trend
Hg:fe Gross inflation rate of non-energy consumption goods
Hgf Gross inflation rate of energy consumption goods
IIp Indexation factor, intermediate good prices
TCr: Total cost of producing intermediate goods
MCFr Nominal marginal cost for intermediate good firms
CF,¢ ]\/I[Dii"‘ Real marginal cost of intermediate good firms
Yr 1 Aggregate output
Gr Government Consumption
AFt Intermediate price markup
Crt Private bond risk premium shock
Crt Labor disutility shock
EFt Productivity shock
efj + 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

Fi = Pro Relative optimal price of intermediate goods

pg, .= PF’f Relative price of consumption goods
c PC,(L‘E
,xe __ F,t . . .
e Relative price of non-energy consumption goods
C,e
Cie __ PF,t Relati H f ti d:
PRt = Pry elative 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

w Size of Foreign economy relative to the Swedish economy

Wz Gross growth rate of labor augmenting technology

Ly Gross growth rate of investment-specific technology

Mot Composite technological growth rate

8 Discount factor

Br Foreign discount factor

Ph Consumption habit

PF.h Foreign consumption habit

ag Share of private consumption in the composite consumption

(e Elasticity of substitution between private and public consumption

snr Share of Non-Ricardian households over total population

Wes Share of aggregate transfers going to Non-Ricardians in steady state

Wdyn Share of aggregate transfers going to Non-Ricardians off steady state

S Investment adjustment cost

X Indexation to previous inflation, intermediate goods

XF Foreign indexation to previous inflation, intermediate goods

Xm,C,ze Indexation to previous inflation, import firms specializing in non-
energy consumption goods

Xm,C,e Indexation to previous inflation, import firms specializing in energy
consumption goods

Xom, T Indexation to previous inflation, import firms specializing in invest-
ment goods

Xm, X Indexation to previous inflation, import firms specializing in export
goods

XF,m Foreign indexation to previous inflation, imported goods

Xz Indexation to previous inflation, export goods

Continued on next page
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Table 19 — continued from previous page

Symbol

Description

Ve, ze
VC,e
vr

Vg
e

VK
aK

ﬁc,xe

Foreign indexation to previous inflation, export goods

Indexation to previous wage inflation

Foreign indexation to previous wage inflation

Gross inflation target

Foreign gross inflation target

External risk premium parameter associated with net foreign asset
External risk premium parameter associated with exchange rate
Wage markup

Foreign wage markup

Intermediate good price markup

Foreign intermediate good price markup

Import price markup, import firms specializing in non-energy con-
sumption goods

Import price markup, import firms specializing in investment goods
Import price markup, import firms specializing in export goods
Import price markup, import firms specializing in energy consump-
tion goods

Foreign import price markup

Export price markup

Foreign export price markup

Tax on labor in Foreign

Elasticity of substitution between non-energy and energy goods used
for consumption goods production

Elasticity of substitution between domestic and imported goods
used for non-energy consumption goods production

Elasticity of substitution between domestic and imported goods
used for energy consumption goods production

Elasticity of substitution between domestic and imported goods
used for investment goods production

Elasticity of substitution between domestic and imported goods
used for export goods production

Elasticity of substitution between imported and foreign consump-
tion goods in Foreign

Elasticity of substitution between private and public capital

Share of private capital in composite capital

Weight of non-energy in the production of consumption goods
Home bias in the production of non-energy consumption goods
Home bias in the production of energy consumption goods

Home bias in the production of investment goods

Home bias in the production of export goods

Foreign home bias in the production of consumption

Labor disutility

Foreign labor disutility

Foreign production parameter

Inverse of Frisch elasticity

Parameter associated with persistency of trend component of en-
dogenous shifter in labor disutility

Foreign inverse of Frisch elasticity

Capital share in production

Private capital depreciation rate

Public capital depreciation rate

Capital utilization cost, o, = a’’ /a’

Parameter associated with capital utilization cost

Parameter associated with capital utilization cost

Indicator parameter for tax deduction of depreciation of capital
Calvo domestic prices

Calvo export prices

Continued on next page
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Table 19 — continued from previous page

Symbol

Description

T Aun

TFnm
TFy
TFAw
TFAy
¢

Pu*
Py

p¢e
P
Ps
pen
PpD.Ce
pp}e,c,e
Pe

Per
Pt
PR
Prc
Py
prC
prssc
Prw
PrK
Prl
P+TR
Piragg
P1,6T
P2,T
Prw
P
Prp
PaM,C

Pam.1
PAM, X

PrX
PriCtrend

Calvo import prices, import firms specializing in non-energy con-
sumption goods

Calvo import prices, import firms specializing in energy consump-
tion goods

Calvo import prices, import firms specializing in investment goods
Calvo import prices, import firms specializing in export goods
Calvo wages

Foreign Calvo domestic prices

Foreign Calvo export prices

Foreign Calvo import prices

Foreign Calvo wages

Weight on consumption in investment demand
Price elasticity of export demand

Interest rate smoothing, Taylor rule

Inflation response, Taylor rule

Unemployment response, Taylor rule

Difference in inflation response, Taylor rule
Difference in unemployment response, Taylor rule
Foreign interest rate smoothing, Taylor rule
Foreign inflation response, Taylor rule

Foreign output response, Taylor rule

Foreign difference in inflation response, Taylor rule
Foreign difference in output response, Taylor rule

Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,

Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
Persistence,
tion goods
Persistence,
ment goods
Persistence,
goods
Persistence,
Persistence,

private bond risk premium shock

labor augmenting technology shock
investment-specific technology shock

consumption shock

Foreign consumption shock

exchange rate shock (external risk premium shock)
labor disutility preference shock

domestic energy price

Foreign energy price

productivity shock

Foreign productivity shock

Foreign labor disutility preference shock

Foreign private bond risk premium shock

government investment shock

government consumption shock

consumption tax shock

social security contribution shock

labor income tax shock

capital income tax shock

investment tax credit shock

transfer tax shock

aggregate transfer shock

debt target shock AR(1)

debt target shock AR(2)

wage markup shock to intermediate good producers
markup shock to intermediate good producers
markup shock to Foreign intermediate good producers
markup shock to import firms specializing in consump-

markup shock to import firms specializing in invest-
markup shock to import firms specializing in export

markup shock to exporting good firms
inflation trend shock

Continued on next page
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Table 19 — continued from previous page

Symbol

Description

corre
corry
Ccorree
COTTC% T

ap

,Ube
ftr,b
]:tr,surp
ftr,y
Fgb

-Fg,su’rp

fg,y

Parameter governing correlation, Swedish risk premium
Parameter governing correlation, Swedish investment efficiency
Parameter governing correlation, Swedish consumption shock
Parameter governing correlation between consumption and invest-
ment in Foreign

Probability of debt maturing in every period (i.e. average maturity)
Budget elasticity

Debt gap coefficient in aggregate transfer policy rule

Surplus gap coefficient in aggregate transfer policy rule

Output gap coefficient in aggregate transfer policy rule

Debt gap coefficient in government consumption policy rule
Surplus gap coefficient in government consumption policy rule
Output gap coefficient 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

Description

Symbol
F_ Y
Ew = Al‘ﬁ’F—1
_ (1-€w)(1—(wh)
W = g, (Fnew)
_ (1-€0)(1-¢06r)
REW = g'w(1+77F55;)

) = 4000

I (1-¢"8r)(1-€")

er
x = (=€a)1=€e0)
1-¢f)(1-¢k's
KFPX = (=e)(1-e9) )E(p 7)
_ (I=&m,c,2e)(1=BEm C ze)
KM, Cwe = Em,C ze
K _ (1=&m,0,e)1=B&m c,e)
M,Cre = Em,Ce
1_ m 1_ m
KL _ (a=¢ Jg),,(b’l BEm, 1)
_ (A=&m x)A—B&m x)
kvx = Em, X
_ (=gl -Br&l)
KFM = eF
ﬁD,Cme
C,xe 1= < )
"9 = = Te
(mDvEC e [(pM)uc—l_l])_H
( WD‘Cc)
L
190,6 — ©

(ﬁDE,CE [(p}u)ucflfl})Jﬁl

9 = (17#>

= ey
P G )
T ey

wC,ze — ﬁC,ze + H,%(l _ ﬁC,ze)

Foreign wage-elasticity of labor demand

Slope of wage Phillips curve

Slope of Foreign wage Phillips curve

Slope of Phillips curve, intermediate goods

Slope of Foreign Phillips curve, intermediate goods

Slope of Phillips curve, export goods

Slope of Foreign Phillips curve, export goods

Slope of Phillips curve, import firms specializing in
non-energy consumption goods

Slope of Phillips curve, import firms specializing in
energy consumption goods

Slope of Phillips curve, import firms specializing in
investment goods

Slope of Phillips curve, import firms specializing in
export goods

Slope of Foreign Phillips curve, imported goods

Home bias for non-energy consumption goods

Home bias for energy consumption goods

Home bias for investment goods

Home bias for export goods

Weight of the domestically produced intermediate
goods in the production of non-energy consumption
goods
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Symbol

Description

wC,e — ﬁc,e + H%(l _ ﬂC,e)

Pr = 9% 4 2o (1—9%)

Pl =0"+ (1 -0

C,xze __ C,ze
F =1- H%(l - 19F )

Y =1— (1 —07)

p=A-1y
o =X -1z
¢M,C,ze — ()\M,C,ze _ l)mc,ze
¢M,C,e — ()\M,C,ze _ l)mC,e
¢M,I _ ()\]\4,1 . 1)m1

¢1\/I,X _ ()\M,X _ 1)mx

¢Mace — ¢M,C +¢M,I +¢M,X
or = (Ar — 1)Yp
¢r = (\r — 1)Tr

¢¥ = (\F — )mr

K

I i

a = —
pI

12 /

a’ =aog

A, = @Ca-—"m

()\W("@nn)
PriC trend
Ap, = Fe0-1)wp)
n =

_ YFr
F = O/xrlp)

Weight of the domestically produced intermediate
goods in the production of energy consumption goods

Weight of the domestically produced intermediate
goods in the production of export goods

Weight of the domestically produced intermediate
goods in the production of investment goods

Weight of the domestically produced intermediate
goods in the production of non-energy consumption

goods, Foreign

Weight of the domestically produced intermediate
goods in the production of export goods, Foreign

Fixed cost for intermediate good producers
Fixed cost for export good producers

Fixed cost for import firms specializing in non-energy
consumption goods

Fixed cost for import firms specializing in energy con-
sumption goods

Fixed cost for import firms specializing in investment
goods

Fixed cost for import firms specializing in export
goods

Total fixed cost of the imported good sector

Fixed cost for Foreign intermediate good producers
Fixed cost for Foreign export good producers
Fixed cost for Foreign import good producers
Parameter associated with capital utilization cost

Parameter associated with capital utilization cost

Parameter associated with labor disutility function

Parameter associated with Foreign labor disutility
function

Parameter associated with household purchases of in-
stalled capital equation

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 different specification for fiscal policy. The rule
in general form is defined as:

tu’f’?gg = ptrt}?g% + Ftr,by (bg,t — bg;rget) + Ftr,surpy (StS’urpg,t — StSuT‘p;;Wget) + Ftr,y?@t-

where 7 is the steady-state GDP, by, — bgfim” is the deviation of the government debt level as a percent of GDP
from its target, StSurpg.. — StSurpnggEt is the deviation of the structural surplus level as a percent of GDP
from its target, and g is the log deviation of GDP from its steady state level.

In all cases we assume that semi-automatic stabilizers are in effect and hence we set Fir wn = 0.3795 following
Flodén (2009) for each fiscal rule specifations. The case No active fiscal fule is defined by using the transfer
policy rule with Fir. surp = 0, and the response of transfers to changes in the government debt level is set to a
very low number, F;,.;, = —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 (try%9) rule - Debt target, the fiscal rule is defined on aggregate
transfers with the following parameterization. The structural surplus gap coefficient Fir surp, is set to zero while
the coefficient on the debt target to is set to Firp = —0.14. This parameter value will allow debt to go back to
the target level with a reasonable pace.

In the third and the final case, named as Transfer (try??) rule - Struct Surp target, the fiscal rule is also
defined on aggregate transfers. This time aggregate transfers are determined by the feedback rule that respects
the structural surplus target. Hence for this case is Fir surp, iS set to 5 so that the structural surplus goes back
to its target level with a reasonable pace and F;,.3 is set to zero.

In all fiscal policy rule specifications the AR(1) component parameter (pirass) is set to 0. The IRFs under
No active fiscal fule is illustrated by the blue solid line in the figures below, whereas the outcomes given Transfer
(try?9) rule - Debt target and Transfer (try°?) 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 inflation rates and the government
bond interest rate are all presented in annualized quarter-on-quarter values.
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