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Abstract

In this paper we present Aino 3.0, the latest vintage of the dynamic stochastic general equilibrium
(DSGE) model used at the Bank of Finland for policy analysis. Aino 3.0 is a small-open economy
DSGE model at the intersection of the recent literatures on so-called TANK (“Two-Agent New Key-
nesian”) and MONK (“Mortgages in New Keynesian”) models. It aims at capturing the most relevant
macro-financial linkages in the Finnish economy and provides a rich laboratory for the analysis of
various macroeconomic and macroprudential policies. We show how the availability of a durable con-
sumption good (housing), on the one hand, and the presence of credit-constrained households, on the
other hand, affect the transmission of key macroeconomic and financial shocks. We also illustrate how
these new transmission channels affect model dynamics compared to the previous model vintage (the

Aino 2.0 model of Kilponen et al., 2016).
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1 Introduction

The housing sector in Finland is an important driver of the Finnish business cycle. Residential investment
activity is strongly pro-cyclical and also much more volatile than output (Figure 1). As a result, the
share of residential investment in GDP tends to increase in booms and decrease in recessions (Figure 2).
Housing is also a major component of household balance sheets: two thirds of gross household wealth is

held in residential real estate.!

At the same time, household indebtedness, which has grown secularly in the past 20 years in an environment
of low interest rates (Figure 3), is seen as one of the key macroeconomic vulnerabilities in the Finnish
economy. Recent macroeconomic research has shown that credit booms and rapid increases in household
indebtedness are strong and reliable predictors of recessions (see e.g. Gourinchas and Obstfeld (2012),

Jorda et al. (2016), Martin and Philippon (2017), Mian et al. (2017) and Drehmann et al. (2018)).

Much of the current macroprudential policy debate, in Finland as well as internationally, revolves around
the implementation of demand-side policy tools that affect households’ ability to borrow. Such tools in-
clude loan-to-value (LTV), debt-to-income (DTI), and debt-service-to-income (DSTI) requirements. These
demand-side policies complement capital-based macroprudential policies (e.g. bank capital and risk-weight
requirements) that affect the loan supply by banks. Currently, Finnish legislation enables the use of a po-
tentially counter-cyclical loan-to-collateral (LTC) limit on the demand side, as well as various potentially

counter-cyclical requirements on bank capital on the supply side.

Structural models provide the proper tools to evaluate the general equilibrium effects of household in-
debtedness and house price booms and busts, as well as to analyze the (relative) effectiveness of different
macroprudential policies and instruments in stabilising business and credit cycles. To address these is-
sues, we develop a dynamic stochastic general equilibrium (DSGE) model, Aino 3.0, which builds on its
predecessor, the Aino 2.0 model for the Finnish economy (Kilponen et al., 2016).

The Aino 2.0 model was developed in the aftermath of the global financial crisis of 2007-2009. It added

1

According to the Statistics of Finland’s Household’s Wealth Survey (available at
http://www.stat.fi/til/vtutk /index _en.html), in 2016, residential real estate property made up on average two thirds
of Finnish households’ total gross wealth. The figure includes all housing wealth of households, i.e. dwellings used as main
residence of the households, holiday homes as well as other residential real estate owned by the households. Housing wealth
used as primary residence comprises on average half of households’ total gross wealth.



a monopolistically competitive banking sector and short-term corporate lending to the previous vintage
of the Aino model, as the focus in macroeconomic research and policy analysis shifted to financial factors
as drivers of business cycles. The Finnish economy is characterised by an oligopolistic banking sector and
high reliance on bank funding by firms. These features are well captured by the Aino 2.0 model. Likewise,
the current model version also features a monopolistically competitive banking sector in the spirit of Gerali
et al. (2010) within a small open economy setting similar to Adolfson et al. (2008) and Christoffel et al.
(2008).

In this new version of the Aino model, we build on the previous model development work and introduce
a housing market along the lines of Iacoviello (2005) in the Aino 2.0 model. Our model thus belongs to
a large body of quantitative research that studies the interaction of house prices and aggregate economic
activity when some households are credit-constrained. Prominent contributions in this literature include
Tacoviello and Neri (2010), Kiyotaki et al. (2011), Iacoviello and Pavan (2013), Justiniano et al. (2015) and
Guerrieri and Iacoviello (2017). More generally, a large and growing literature explores the implications
of a limited form of wealth heterogeneity — through the presence of credit-constrained households — in
New Keynesian models often referred to as TANK or “two-agent New Keynesian” models (Debortoli and

Gali, 2018). Aino 3.0 belongs to this broad class of models.

In the model, there are patient households, who are savers (i.e. lenders) in equilibrium, and impatient
households, who in equilibrium need to borrow to finance their housing expenditures. Households’ borrow-
ing is subject to a borrowing constraint that restricts the nominal loan amount to a fraction of the market
value of the housing being purchased. Banks provide corporate loans to entrepreneurs and mortgage loans

to households by combining deposits, collected from households, with their own capital.

As opposed to most quantitative macroeconomic research on the interactions of house prices and aggregate
consumption, we realistically model mortgage loans as multi-period loans following the novel framework
proposed by Kydland et al. (2016). As a consequence, our flexible framework allows us to study the effects
of different average loan maturities and amortization schemes on the aggregate economy. In this way,
our work also contributes to the growing research on the effects of long-term mortgage debt on business
cycle dynamics and on the transmission of monetary policy. Recent contributions to this literature include

Garriga et al. (2017), Gelain et al. (2018a), Gelain et al. (2018b), Garriga et al. (2019), Bluwstein et al.



(2020), Grodecka (2020) and Kaplan et al. (2020).2

Entrepreneurial loans are modelled as one-period loans, in line with the empirically observed short maturity
of most corporate loans. Finally, banks in the model are subject to a capital requirement. Hence, as the
model features both mortgage and corporate loans, the model allows the analysis risk-weight requirements
associated with mortgage loans. This also allows us to distinguish between the regulatory capital-asset

ratio and the actual bank leverage.

Given the two-agent setup and the richly modelled financial sector, our model is well suited to analyse
the business cycle implications of household debt and the housing sector. A large and growing body of
academic research has shown that household (de)leveraging is a mechanism that can amplify business
cycles. Furthermore, a rapid increase in household indebtedness ratios is a strong predictor of future
recessions.® In a recession, indebted households cut down their consumption to be able to service their
debt. Falling demand pushes down house prices, which reduces collateral values. This, in turn, forces
households to reduce consumption even further in order to retain positive equity in their housing. The

feedback loop from asset prices back to consumption thus exacerbates the recession.

Aino 3.0 also allows to study the effects of several macroprudential policies on the Finnish economy, as
it embeds a large set of macroprudential instruments. These include potentially countercyclical capital
requirements, risk weighting on mortgage loans, a loan-to-value ratio requirement on mortgage loans, and
different mortgage repayment schedules. Furthermore, the model allows for an in-depth analysis of the
monetary policy transmission mechanism in the presence of credit-constrained households, as it features
both a direct interest rate channel — through variable lending rates — and an indirect balance sheet channel

— through collateral values and lending spreads faced by borrowers.

As discussed above, the current model captures the key endogenous feedback mechanisms related to

household (de)leveraging, and thus the macroeconomic risk posed by elevated household indebtedness

?Drehmann et al. (2018) also point out the importance of long-term debt and debt service in understanding the mechanisms
through which household borrowing can translate into macroeconomic instability and financial crises.

3In a series of influential papers, Mian and Sufi (2009), Mian and Sufi (2010), Mian and Sufi (2011) and Mian et al. (2013)
document the household leveraging and deleveraging cycle before and during the financial crisis of 2007-2009 in the United
States. Martin and Philippon (2017) examine the European experience in the financial crisis and the subsequent sovereign
debt crisis. Empirical work by Jorda et al. (2016) and Mian et al. (2017) shows that mortgage credit booms are a reliable
predictor of economic crises in advanced economies, and that the magnitude and composition of credit booms have important
implications for business cycles.



on the real economy, which is identified as the main macro-financial risk in the Finnish context. A key
caveat of the model is the absence of default risk both on the lender and the borrower side. Historically,
however, the non-performing loan rate on mortgages has been very low in Finland. Corporate loans have
been somewhat riskier, and in the Scandinavian financial crisis of the 1990’s, they caused large losses for
the banking sector. In contrast, the Finnish economy was spared from widespread defaults in the global

financial crisis of 2007—2009.

A second caveat of the model concerns the absence of a rental market: households do not have a choice
over their occupancy status. Consequently, the model does not allow to study spillover effects between
rental and owner-occupied property markets, which may, at least in some situations, have important

macroeconomic implications.

The remainder of the paper is organised as follows. The next section describes the model economy, with
an emphasis on the new features of the model compared to its predecessor, the Aino 2.0. Section 3
discusses the model calibration and its fit to observed data. Section 4 presents responses of the model to
key macroeconomic and financial shocks, and discusses the implications of the credit constraints and the

presence of a housing asset on the aggregate dynamics. Finally, Section 5 concludes.

2 The model

This section outlines the model economy. We place particular emphasis on the new features of the Aino
8.0 model compared to the previous model vintage. We start by describing the household sector. We
then describe the structure of goods production, the export and the import markets, the banking sector,
and finally the government sector, as well as the market equilibrium. The exposition of the model in this

section heavily relies on Kilponen et al. (2016).

Figure 4 sketches the general structure of Aino 3.0. The sectors and flows plotted in blue are new elements
compared to the Aino 2.0 model. The structure of the model otherwise builds on that of Aino 2.0 and

can, given a suitable parametrisation, nest the Aino 2.0 model.

In comparison with Aino 2.0, the current model vintage includes housing as an asset available to house-

holds, produced by housing investment good producers and housing producers on the supply side. On the



financial side, banks now also lend to households in the form of mortgage loans, in addition to corporate

lending already present in Aino 2.0.

On the demand side, there are two types of households in the current model vintage: patient and impatient
ones. Both types of households buy consumption goods and supply labour services monopolistically. Both
types can also buy and hold housing, which yields them utility through the consumption of housing services.
Patient households allocate their savings between three types of bonds — euro-denominated foreign bonds
(“euro area bonds”), foreign bonds denominated in foreign currency (“rest-of-the-world bonds”), and euro-
denominated domestic government bonds.* They can also deposit their savings at a bank. Impatient
households, instead, are assumed to only have access to bank loans or deposits, and are excluded from the

bond market.

The model economy is a single good economy, with no distinction made between traded and non-traded
goods. Instead, varieties of the single intermediate good are produced by domestic intermediate good
producers. They are then combined with imported intermediate goods to produce final goods. The final
goods are produced in four sectors by four types of retailers, describing final use: consumption good
retailers, housing good retailers, investment good retailers and exporters. The domestic intermediate good
producers as well as the exporters and the foreign importers operate under monopolistic competition, and

their pricing decisions are subject to Calvo (1983) pricing frictions.?

The general government purchases consumption and investment goods from the private sector. It col-
lects labour and capital income taxes, real estate taxes, firms’ social security contributions and indirect
consumption taxes. The government also conducts macroprudential policy and sets the (potentially time-
varying) parameters of the macroprudential requirements. Finally, we assume that the government runs a

balanced budget, and makes lump-sum (net) transfers to households to balance the budget in each period.

Finally, we model Finland as a small member of a monetary union. The conduct of monetary policy and

the behaviour of the external sector both reflect this assumption. Monetary policy is set fully exogenously

4We divide net foreign bond holdings into intra and extra euro area bonds in order to capture the shares of intra and
extra euro area countries in Finnish exports.

SFollowing Kilponen et al. (2016), and in contrast to many other models, we assume that some foreign importers price
their product in the local currency (euro) and the rest in their own currency (the producer currency). This assumption
reflects the fact the euro area is an important trade partner for Finland and enables flexible control of the degree of exchange
rate pass-through to domestic inflation (see Freystatter, 2012).



with regard to developments in the domestic economy. Foreign interest rates, exchange rates, external
demand and foreign competitors’ prices are all taken as exogenously given by agents in the domestic

economy.

2.1 Households

The economy is populated by a continuum of households, indexed by h € (0,1). There are two types of
households: a constant share wy, of households are patient (type P), and a share 1 —wy, are impatient (type
I). The households’ preferences differ in terms of their subjective discount factor: the discount factor of
patient types is B and that of the impatient types is 8!, with 8 > B!. In equilibrium, the patient

households will be savers (i.e. lenders) in the economy, and the impatient households will be borrowers.

2.1.1 Patient households

Patient households consume goods and housing services, supply labour, and save into domestic and in-
ternational bonds as well as housing and bank deposits. It is assumed that the patient households own
all firms in the economy and are the only ones to have access to the bond market (both domestic and

international).

They maximize their lifetime utility over the sequences of consumption (C,]: t)v holdings of housing

(H}ILD’ . +1>, bank deposits (Dp441), and euro area (Bﬁ’til), rest-of-the-world (Bf;fﬂ> and domestic
(B,JZ ¢ +1> bond holdings. Households supply differentiated labour services Li , to firms and act as wage
setters in the monopolistically competitive labour markets. Labour services are demand-determined in

equilibrium, since households commit to supply any given demand of labour at the equilibrium wage.

Preferences of patient households are given by:

o) L
Etz (ﬁP)S_t |:Csc log (Ciﬁs - bfcsril) + CS{JJP log (Hf}:s - bgHsPil) - 15_50_1 (LhP,s)1+Ul y (1)
s=t

6 Since patient households are (in equilibrium) not constrained by a collateral constraint, their maximisation problem is
essentially identical to the problem of the representative household in Kilponen et al. (2016), with the addition of housing
consumption.



where th is a consumption preference shock, ¢/ is a housing preference shock, ¢} is a labour disutility
shock, b > 0 is the degree of external habit formation in consumption, j© > 0 is a scaling parameter,
bg > 0 is the degree of external habit formation in housing, o; > 0 is the inverse of the Frisch labor supply
elasticity, and L}Ii , are total hours supplied by patient workers to the intermediate goods producers. Note
that the preference and labour disutility shocks are not type-specific, but instead common to both types

of households.”

A household h of type P faces the following nominal periodic budget constraint:
1+ PCCE + B oy + BEE  + SBYY  + PHHE 4D =
Ts ) s “h,s + h,s+1 + h,s+1 + Os h,s+1 + s h,s+1+ h,s+1 Vs= t, .y OO
= (L= m)WILE + (=71 BT (1= 0) Hils + R, D
+Roa B+ Tar (42,8 ) (RE. B + RE1S,BYY) + DF,

~TRp s+ Sf (2)

The left-hand side of the budget constraint features nominal spending on consumption (7 is the tax rate
on consumption), deposits (D, 141), domestic bonds (Bp, +41), foreign assets denominated in euro (Bf;:t 1)
and foreign assets denominated in the foreign (“rest of the world”) currency (B;ﬁ t+1)- On the right-hand
side of the budget constraint, the income of the household consists of nominal after-tax wage income
(1-"ywpf L}Iz ;» the nominal value P/ of the undepreciated housing stock (1 — 6{7) H, }I: , held by the
household at the beginning of the period, net of the real estate tax rate (7/), the nominal gross return on
deposits (RP Dy ), lump-sum net transfers from the government 7Ry, distributed profits from firms
owned by the household Dy, ;, as well as the nominal gross returns R;_1, RE | and S;R}_| on the domestic,
euro and foreign bond holdings, respectively. S; is the nominal exchange rate vis-a-vis foreign currency,
defined as €/$.8 Sh,¢ denotes state-contingent securities. We assume that they are type-specific and allow

patient households to insure against wage income risk between themselves, guaranteeing that each patient

household chooses the same allocations in equilibrium. The euro area interest rate (R€) and foreign

"Habit formation in the consumption of both non-housing goods and housing services are assumed to introduce some
sluggishness into the responses of consumption and housing investment to various shocks. In addition, habit persistence
in housing services consumption faciliates the match of the behaviour of mortgage debt and household indebtedness in the
model to their empirical counterparts.

8 In practice, this exchange rate is a trade-weighted effective exchange rate index, describing the relative strength of the
euro with respect to the basket of currencies.



interest rate (R%) are modeled as exogenous first order processes.

We assume a debt-elastic premium on foreign bond holdings " 4« (-) to provide a well defined steady state
for the net foreign assets, following Schmitt-Grohe and Uribe (2003). We assume the following functional

form for premium on the foreign bond holdings:

Par (450, 6°) = exp { ~u (411 — A7) + ¢}

% $
Pt :BSA StBr
T RY, RY;,  PBRY;’

where A}, ; denotes the ratio of total net foreign assets, denominated in euro to the nominal income held
by households, and ¢, is the elasticity of the domestic bond return with respect to the net foreign asset
position. This creates an endogenous wedge between the domestic and foreign bond rates. The shock Ct€

represents an exogenous domestic risk premium shock.

Note that, anticipating the fact that the patient household is a saver in equilibrium, it is not constrained
by a collateral constraint on borrowing such as (14) in equilibrium as long as 3 is sufficiently greater than
B!, although in principle the collateral constraint also applies to the patient household (see the discussion
in lacoviello, 2005 on this issue). It can thus be left out of the maximisation problem of the patient

household.

The first-order conditions of the patient household’s problem are:

¢ 1
—i—TfC',{it—bef_I

P P
Ch,t : ¢h,t = 1

Vb PC
B}I;tJrl: BYE, ’]tjl é R, =1 (4)
Y P
P C
€,P Vhiv1 P .
Bhﬂf"rl : ’BPEt ¢P Pé’ L4 < t+1’Ct€> Rt€ =1 (5)
ht LTttl
P C
$,P Vhiy1 PE Sia x €
Bh,t+1 . BYE : L g ( t+15 Gt >R§ =1 (6)

P C
wh,t Pt+1 St



P
wh,t—i—l PtC

D . BYE RP =1 7
hit+1 /B t QIZ)}IZt Ptal t ( )
P ~H H P H
J Ct+1 Pt+1 @Z’h t+1 H H Py H
H}Izjt+1 : 5PEt 7 (1 - Tt+1) (1 - 5t+1) = =Wt (8)
7 Vit <Hfljt+1 - bZHtP> Bl iy Pt

where qﬁf , is the multiplier on the budget constraint (2), and @D}If . = Ptccj)f ‘-

2.1.2 TImpatient households

Impatient households consume goods and housing services, supply labour, and borrow from banks to
finance their housing purchases. It is assumed that impatient households do not have access to the bond
market (neither the domestic nor the international one), and are only able to borrow or save through the

domestic banking sector. They do not own any firms.

They maximize their lifetime utility over the sequences of consumption (C,{ t), holdings of housing

(H I +1)’ and new mortgage loans (BLZI;T;” ) 9 They supply differentiated labour services L? , to firms

and act as wage setters in the monopolistically competitive labour markets.

Preferences of impatient households are given by:

oo L
Ery (817" (T log (i = biCLy) + ¢ 3" og (Hj, — by HY ) — o 7Rl (9)
s=t

where bl > 0 is the degree of external habit formation in consumption, j7 > 0 is a scaling parameter,
bff > 0 is the degree of external habit formation in housing, and L{ut are total hours supplied by I-type
workers to intermediate goods producers. Note that we assume that the exogenous shocks QC , ¢ and CtC

are not type-specific, but instead experienced by all households equally.

9 We drop the superscript I on the variables BL¥, BL7"¢* and M P¥ related to mortgage loans for the sake of space,
as the patient households (type P) will not in equilibrium have these loans.

10



A household h of type I faces the following nominal periodic budget constraint:

(14‘750) PEC£75+P§IH]€,S+1
= (- WiL] + (-7 =6y PP H]  + BLY — MP, Vs=t,.., 00

—TRp s+ Sho- (10)

The home loans are multi-period loans. BLhH;Tf” is the flow of new nominal loans taken in period ¢. In
each period, the household makes a nominal mortgage payment M P,f{t on the existing stock of nominal
debt BLY . The payment consists of amortisation of existing debt and the interest payments, and is defined

as:

MP}{{t = [»y,{{t + (1= BL}Zt, (11)

where 7 is the variable interest rate on home loans, 7#1 < 1 is the effective amortisation rate of the
outstanding debt stock, and 7/ H is a tax deduction on the interest rate. In each period, the effective

amortisation rate is assumed to evolve according to:

H, H,
= (1 BL"’tTfU> (v )™ BLh’ﬁ)m (12)
hit+1 — - o1 H h,t 1T H YW
BLhH,t+1 BLiIz{,tH

where 0 < k < 1 is the initial amortisation rate of new loans, and 0 < ays < 1 governs the evolution of
the effective amortisation rate (see Kydland et al., 2016 for details). Setting apy = 0 and k = 1 yields the
one-period loan framework, so that it is nested within this more general formulation. Conversely, setting
ayr = 1 gives the constant amortisation (decaying coupon) framework with an amortisation rate v/7 = x.

The nominal stock of outstanding debt then evolves according to:
H7
BLjy1 = (1 =) BLyy + BL, . (13)

The household’s new borrowing is subject to a collateral constraint that restricts the nominal loan amount

to a fraction of the market value of the new housing being purchased:

BL <of PH [HL,, - (1—6") H] ], (14)

11



where 07 < 1 is the time-varying maximum loan-to-value ratio on new housing purchases.!’

By substituting (13) into (14), the collateral constraint can also be expressed in terms of the debt stock,

instead of the flow of new loans:

BLhH,t+1 < gﬁPtH [Hig,t—i-l - (1 - 5tH) ngt] + (1 - ’th) BLhH,t' (15)

By substituting (11) and (13) in to the budget constraint (10), the constraint can be expressed in terms

of the debt stock:

(1"‘7'50) PsCCf{,s—i_PSHHfIL,S—i-l
=(1-"YWlLj + Q-7 (=Y PIFH] ,+BL o — 1+ (1 =) v BLY,

S S

—TR,IL7S+S,IL7S Vs=t,..,o0. (16)

Finally, by substituting (13) into (12), the latter can also be expressed in terms of the debt stock:

BLH BLH
H o (1 A HY (fHNM TRt (N HY Tt
Yhtrr = (L =) (Vne) BLhH,t+1 + (1 =) BLﬁtH
' BLH
=K+ (1 — ’}/{L{t) |:(7}]Zt)041\1 — /‘i] BL% (17)
hit+1

The impatient household maximises (9) subject to (15), (16) and (17). Given the assumption that A% is
sufficiently greater than 3’, the collateral constraint is always binding for the impatient household near
the steady state of the economy (i.e. equation (15) holds with equality). For the remainder of this paper,

we proceed under the assumption that the constraint always strictly binds.!!

10This formulation of the borrowing constraint implies that the collateral requirement applies to the flow of new mortgage
loans, and that they are indeed used to finance new housing purchases. Many models assume that the loan amount is
constrained by the value of the whole stock of housing owned by the household, which would imply a home-equity line of
credit against the household’s real estate wealth to finance any consumption by the household; see Kydland et al. (2016)
for a discussion on this distinction, and Garriga et al. (2017) and Grodecka (2020) for similar formulations of the collateral
constraint in the context of long-term mortgage debt as the one used here.

"'We calibrate the parameter wy, to match the share of credit-constrained households in Finnish household-level data (see
section 3.1 for more details.) Therefore, while the assumption of an always binding borrowing constraint for the impatient
households is not without loss of generality, it is not unrealistic in the case we consider.

12



The first-order conditions of the impatient household’s maximisation problem are:

w[,? o CtC 1 (18)
ML+ TtC Cl{t - brI:CtI—l
. 1,2 H Il pH
bl _ 8IE, 7' P i (U= 1) — Y0 (1= o)
c = C T2 Tian +
F (v = wni0) (Hh oy —bhptl) P Unt — Vil
. o (19)
c _
11 12 Vhiyl B S0 13, o1 Py oo\ 1 H\ HY T2 Yhive —F o 13
Unt = Uny— BLE Py ¢y 48" Ey pC <(1 Y1) Y — (L (L= 7)1 )¢h,t+1> T prH Py oy
htt1 t+1 hitt1
(20)
H H
13 an—1 an BLi1, 13 BL1, 11
Pry = B'E, [O‘M (i)™ = (e +1) (W)™ + "} BLJ i+l — PCJF Vw1 (0 (21)
t+2 t+1

where gbé’% is the multiplier on the collateral constraint (15), gbill’? is the multiplier on the budget constraint
(16) and gbif is the multiplier on the law of motion of the effective amortisation rate v/ (17), and the

multipliers are redefined as zp,ﬁi = PthS,[l’i fori=1,2.

2.1.3 Financing cost minimisation problem of the impatient household

In the model, there is a continuum of banks, indexed by z € [0,1], and each bank z has some market
power in providing its intermediation services and thus pricing its loans. The banking sector is described
in more detail in Section 2.9. We assume that the borrower household is able to refinance its total stock
of mortgage debt in each period, such that a household who chooses a total mortgage debt stock equal
to BLErl would allocate its debt among different banks so as to minimise the total repayment due. At
the end of period ¢, the household decides on how much to borrow from bank z, blfil (z), by solving the

following problem:

1
min / ri (2) b (2)dz
) Jo

b (2

H
€t
H_
t

1 5{{_1 € 1
st. BLL, = { / (bl (2)] < dz} ,
0
H

where 77 (2) is the interest rate on mortgage loans charged by the z-th bank and €/ > 1 is the time-varying

interest rate elasticity of the demand for mortgage loans, which measures the degree of competition in the

13



banks’ mortgage lending activities. The first order condition yields the following optimal demand schedule

for mortgage loans by the household:

H 7“{{ (2) = H
bliiq (2) = < oH > BLi 4, (22)
t

where {7 is the nominal average mortgage loan rate prevailing in the market at time ¢, defined as:

- { /0 1 [ ()] dz}l‘lafl. (23)

As expected, the loan demand schedule has a negative slope: when the interest rate set by the z-th bank

increases relative to the average rate, the household wants to borrow less funds from that particular bank.

2.1.4 Wage setting

Each household h of type k (k = P,I) supplies differentiated labour services Lflt to intermediate good
producing firms in monopolistically competitive labour markets. There are two representative labour

unions, one for each type k, that bundle together the labour of each respective type.

Household h of type k optimally resets its nominal wage W/f . in a given period ¢ with probability 1 — &,,
&w € [0, 1]. This probability is assumed to be the same for both types. Those households that cannot reset

their wage contract are subject to the following wage indexation scheme:
Wi’f,t = Nth_lWllzc,t—lu k=PI, (24)

where II;_1 = P,_1/P,_ is the past inflation rate of intermediate goods. Household labour is transformed

into a homogeneous input good L} via the following production functions:

Wh 1 )\w,t 1 1 )"lU,t
A R Y A 25
0 w

h

where A\, ¢ > 1 is the gross time-varying wage markup. This mark-up is assumed to be the same for both

types. The demand for labour in period t + s for the household of type k that resets its wage in period ¢
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is determined by:

Wk 1_A17v,t+s
Ly = (thijt) LF,, k=PI, (26)

where Wtﬁ < is the aggregate wage of type k households in period ¢ and W}’f

tslt is the wage for the household

h of type k that last reset its wage in period ¢t. Notice that for the household that last optimised its wage
in time ¢, the wage in ¢ + s can be expresssed also as W}]:Hs\t = [T, (er Iy g—1) WE%, where Wht is
the optimal wage rate chosen in period ¢ by all households of type k able to reset their wage contracts.

We can the express the labour demand as:

)‘w,t+s

[Tt (ernligr—1) W,’f; =X t+s i
Lh ttslt ( Wk Li,,, k=PI
t+s

Each household h that can reoptimise its wage contract in period ¢ maximises its lifetime utility ((1) and
(9), respectively) subject to its periodic budget constraint ((2) and (10), respectively), demand for labour

(26), and the wage indexation scheme (24). The maximisation problem is:

CtL k‘ 1+0’l
m E§ (wk) [’f 1—7V)) s IEwhs ts (L ) ., k=PI, 27
o ax E EwB Dhirs (1= Ts) 1 il ht+s 1+ op \Uhitts (27)

h t

where pf = H perr and 117 = H Iy k1, and gbh ths = QS}IZ’%H denotes the marginal utility of consumption
k=1 '
of the impatlent household. In a symmetric equilibrium the marginal utility of consumption as well as

labour demand are equal across households of type k, i.e. gZ)ﬁ ths = ¢F s> Lh s = =L} s

The first-order condition of this problem can be written as:

- ) i
1-X
k 113 05 oF wit+s
o) k wA,ths (1 TtJrs) LtJrs Pt I1C-* ok
§wﬁ t Pits
Et E w,t+s 1+gl - 0, k‘ — P7 I (28)
Awtes |y mpefop | TR
~CirsAwtts | | mchaor i+s
t BPtys
Wk* Wk
b Whr ok _ W k _ AP pC gk
where (i = 37, of = grpo and Y5, = Ay P o).

This yields two wage Phillips curves, one for each type k. As long as labour is separable in the utility
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function, the analytical form of the optimality condition is unaffected by the household type k, i.e. the

first-order conditions are symmetric.

2.2 Production of domestic intermediate goods
2.2.1 Composite intermediate goods

Differentiated domestic intermediate goods are produced in monopolistically competitive markets, de-
scribed below in more detail. These individual brands of goods, denoted by Y; (j), j € [0, 1], are then
aggregated into a homogeneous composite intermediate good Y; by using to the following Dixit and Stiglitz

(1977) aggregator:
1
1 2] e
vi— | [ vl " (20)
0

We allow for a time-varying markup captured by the parameter pf, to capture changes in the gross
operating surplus and the labour share observed over time.'? The cost minimisation of intermediate good
inputs in the production of the composite intermediate good Y; yields the following conditional demand

function for each individual intermediate good of type j:
P(j)\
. 1407
6= (%) T (30)
t

The corresponding price index for the composite domestic intermediate good can be obtained by substi-

tuting (30) into (29) and integrating over firms:

1+pf
1 i 1o
Ptz[/ Pt<j>l+ﬂtdj] . (31)
0

12Gee Ripatti and Vilmunen (2001) for a discussion.
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2.2.2 Cost minimisation problem of an intermediate goods producer

Differentiated domestic intermediate goods, Y;(j), are produced by combining homogeneous capital services

K; and labour services L; using the following Harrod-neutral CES production function:!

Y: (5) = [0y (MruKe) ™ + (1= by) (A Le) ]~V (32)

The elasticity of factor substitution is given by oy = (py+1)~1, where py is the substitution parameter. dy
is a quasi factor input share parameter, and A ; and A;; denote capital-augmenting and labour-augmenting
technological progress, respectively. As Kilponen et al. (2016), we assume that along the balanced growth
path, technological change is labour-augmenting. Following Adolfson et al. (2005), we decompose labour-
augmenting technological change A;; into a permanent Af , and a temporary Aft technology component,
such that Aj; = Al{j tA;‘Ct. The gross growth rate of the permanent component of labour-augmenting

technological change, denoted by p; = A;D +/ Aﬁ_l, follows a stationary first-order autoregressive process.

The intermediate good producing firms minimise the total nominal costs of production R K+ (1 + 7 ) WLy
subject to the technology constraint (32) by adjusting capital and labour inputs. The capital rental rate
price RF and nominal labour costs (1 +7f ) W; are taken as given in this optimisation. 7/ denotes
the firm’s mandatory social security contribution. The cost minimisation yields the following optimality

condition for nominal marginal costs:

py +1

1 K % 1 1 Fy p;;% Y
MC, (]) — 5;}/*1 (Rt) i + (1 _ 5Y)W (Wt)t) . (33)

Ay Ay

)

Since all firms j face the same input prices and production technology, their marginal costs are also

equalised in equilibrium, such that MC; () = MC;.

The total labour input used by firm j, L; (j), is a composite of the two types of labour aggregates, LY (j)

3For a discussion of the empirical fit of various forms of the production function in the Finnish case, see Ripatti and
Vilmunen (2001) and Kilponen et al. (2016).
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and L{ (j), sold by the two labour unions representing the two household types:

L) = <Lf <j>)“h (L{ () ) | (34

Wh 1——wh

where:

P, Wh p,. 1 )\w,t
LF () = [ [ <m>kw’tdh} ,

1 1 Aw,t
L) = [ [ dh} .

h

Note that by assumption, the wage income share of the patient type, wy, is exactly equal to the population
share of the patient type. The optimal demand for labour services of household h of type k is given by

the schedule:

>‘w,t+s

k W/::t 17>‘w,t+s k;
t

The optimal use of the two labour aggregates L{ (j) and L] (j) is found by minimising the total wage bill
WELE (5) + WIL! (j) with respect to (34). This implies that from the firms’ perspective, labour supplied

by patient and impatient households are perfect substitutes. The corresponding first-order condition is:

Lf (J) Wh WtI

= ) 36
LtI (J) L —wp th (36)
The conditional factor demands for each labour type in aggregate are:
o wnWiLy (j)
Lf (j) = 22—~ 37
Fo)="50% (37)
) 1 —wp)Wely (5

Substituting the solution back to (34), for a given level of expenditure on total labour input W;L; (5),
yields the aggregate wage index

1—wp

W, = (W)™ (wl) ™", (39)
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where:

1_)\11}15
1=Aw — N — ,
= (e W) T (1 ) ()

and

1 1 1_>\w,t
W = {/ W/ (R) s dh}
1 1 1_)\w,t
= (1 _ wh)lf)\w,t |:€w (Ntﬂt—thI—1> 1=t | (1 _ gw) (WtI*) T—Xw,t

2.2.3 Pricing of domestic intermediate goods

An intermediate good firm sells its differentiated good at price P (j). We assume that price contracts
are staggered as in Calvo (1983). The intermediate good firm j re-optimises its price in each period with
probability 1 — ¢, ¢ € [0, 1]. Since there is a continuum of intermediate producers, 1 — ¢ also represents
the share of producers changing their price in each period. Following Christoffel et al. (2008), we allow for
partial indexing, such that firms that cannot optimise their prices index them to the geometric average of

past inflation and the steady state inflation rate according to:
P =117 ' Py, (40)

whereIl;_; = P,_1/P,—2 and IT denotes the gross steady-state inflation rate. 6 is the indexation parameter.

Let PP (j) denote the price level set by those intermediate goods producers who received the price-change
signal in period t. Given that with probability ¢* the price Py (j) is still in effect at date t + s (s > 0),

the intermediate-goods producer solves the following problem:

(nax, B Mgy [Ptci&—s\t () = MCuys ()| Yerspe (J) (41)
t 5=0
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subject to (40) and subject to the sequence of conditional demand functions for its products:

1
Plige G\ e
. t+s|t
Y;Jrs\t (]) = ( ]:;:I-i- ) Yt+s|t-
s

Following the assumption that the patient households own all firms, the nominal stochastic discount factor
(the pricing kernel) My i s = (BP)S U'(CE)PE/ [U'(CF)PE,] is obtained from the patient household’s
consumption Euler equation. Ptc is the price index of composite consumer goods. Y, (j) denotes

demand in period t + s faced by an intermediate good firm j that last reset its price at time ¢.

Assuming a symmetric equilibrum where PP (j) = P¢, as a result of this optimisation problem and given

the aggregate price index (31), the aggregate price level of intermediate goods evolves according to:

_ 2L i
Po= (MR ) T - QR | (42)

2.3 Production of final consumption, capital investment and housing investment

goods

Final goods meant for domestic consumption are produced by domestic retailers operating under perfect
competition. One retailer specialises in the production of consumption goods, one in capital investment
goods and one in housing investment goods. The consumption good retailer combines composite domestic
intermediate goods YtC and imported consumption goods MtC to produce a composite consumption good
C%, purchased and consumed by households. The investment good retailer combines the domestic and the
foreign intermediate goods YtI and MtI , respectively, to produce a composite investment good I;, which
is purchased either by capital good producers or the government. Similarly, the housing investment good
retailer combines the domestic and the foreign intermediate goods Y;H and MtH , respectively, to produce
a composite housing investment good I. This good can be thought of as “structures” that the housing

producer will use to produce new housing units.

The production of consumption, capital investment and housing investment goods is based on the following
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CES production functions, respectively:

Co = {00 (Mg V€)™ + (1= 8) [(1 = Tem () Ay ¢ M *PC}‘” (43)
I = {5 (A ¥8) ™ 4 (1= 0 [(1 = oy () A2t 73 (14)
1 = {6 (Bnga Y ) ™" 4 (1= 6n) [(1 = T () A oM *ph}‘” " (45)

where Acy ¢, Aoty Niyts Nimyt 5 Ayt and Ay, ¢ represent factor-specific preference shifters, and

o 2 s 2
T ('):’ch M—l T, (.):%m M—l
2 MtC—I/Ct—l , 2 MtI—l/It—l 7

2
D () = Lo (M
" 2 \ M/,

are the external adjustment cost functions with e, > 0, vim > 0 and g, > 0. The interpretation of the
CES production function parameters p., d¢, pi, ;, pn and J;, is analogous to the case of the intermediate
good producing firms. Since final consumption, capital investment and housing investment goods are
produced under perfect competition, their prices (Ptc, Ptl and PtlH , respectively) are each a function of

domestic intermediate goods’ and imported goods’ prices:
C o o o4 M t Tepe ﬁpc
P= {5cc (Pe/Aey)”e" + (1= 6c)” [Pt /<Acm7trcm>} }

B = (0 (™ + 080 B st )}
PtIH = {57};1 (Py/Apy )" + (1 — ;)" [PtM/ (Ahm,trzm)}ahml}";”h |

— 1 I ! C _ _1 _ 1 _ _1
Where O'C—m, chzl—rcm—rcth ,O'i—m, ij—l—rlm—F;th,O'h—mand

Il =1-Thy, -1, M.

The equilibrium import price PtM will be defined in Section 2.5.
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2.4 Export market
2.4.1 Cost minimisation problem of an export goods producer and export good aggregation

Export good producers operate in monopolistically competitive markets. An export good producer 1%

produces a differentiated export good X (i) using a CES production function:

. —Fx Pz 71//71'

X (1) = [0 (Maya¥7) "+ (1= 82) (oM7) |77 (46)
where the factors of production include domestic intermediate goods Y;X and imported goods M;X. The
elasticity of substitution is given by o, = (1 + p;)~!, where p, is the substitution parameter in the
production function, d; is a quasi factor input share parameter, and Ay, ; and Az, ¢ denote time-varying

technology shifters common to all exporting firms.

Export goods producing firms minimise total factor costs PY;X + PMMX by adjusting factor inputs,
subject to the technology constraint (46). The export goods producer takes factor prices P; and PM as

given. The resulting marginal costs are given by:

xy,t Tm,t

1p1x M % Pz
MC, (i) = [(@)ulpx ( i > (=5, T ( P ) ’ ] . (47)

The differentiated domestic export goods are then passed to the export retailer firm, which aggregates the
continuum of domestic export goods Xy (i) into a composite export good. Analogously to the composite
intermediate good, the composite domestic export good is produced using the following CES aggregation

technology:

1

X, = [ /0 lXt(i)_”fvfdi]w, (48)

where p¢; is the time-varying markup in the production of export goods. We assume that domestic export
retailers follow foreign currency pricing. Hence, the price indices PtX (i) are denominated in the foreign

currency. The cost minimisation subject to the aggregator (48) yields the following conditional demand
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schedules for the differentiated export goods:

1
PtX (Z)} R .

X,(i) = [ o

Accordingly, the price index of the composite domestic export good is:

I4+p5¢

1 Pft
PtX = [/ PtX(i) st di] o
0

2.4.2 Pricing of export goods

(50)

An export firm subject to staggered pricing resets its price level when it receives a random price-change

signal, which occurs with probability 1 — (;, (; € [0,1]. Firms that cannot re-optimise their prices instead

index them to the geometric average of past export price inflation and the steady state export price

inflation:

X _ 170 ml—0z pX
Pt _fotflna; cht—b

(51)

where I, ;1 = PX,/PX, is gross export price inflation and II, denotes the gross steady state export

price inflation rate. 6, is the indexation parameter.

Let PPX (i) denote the price level set by those export goods producers that received the price-change

signal in period t. The export producing firm chooses its price to maximise:

s oX N g1 . .
{PI?QEE)} ; G E {Mt’t“ [P”s\t (1) = SppsMCa s (2)} Xiyslt (1)} )

subject to (51) and to the sequence of conditional demand functions of its products:

-1
HpPf tts

PoX (’L)
Zthslt VY X,

t+s

Xt+s|t (7’) = pX
t+s

(52)

where X, ; (i) denotes demand of export good firm 7 in period ¢ + s for a firm which reset its price last

time at t.

The nominal exchange rate enters into the price optimisation problem due to the assumption of foreign
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currency pricing. Analogously to the domestic intermediate goods’ price index, the price index for export

goods evolves according to the following equilibrium law of motion in a symmetric equilibrium:

Prttt

0. = L _rrt ) e
P =1G (fotflﬂi_ez Pt{l) PR (1= () PP PratT : (53)

2.4.3 Export demand

The producers of the composite export good face the competition from other countries producing similar
export goods. We assume that each country exports differentiated export goods to the global market,
operating under monopolistic competition. The following export demand function can be obtained from
a CES aggregator combining the differentiated export goods from all countries:

1
X115
P; ] thew

Xy = exp(ex,t) [PW M;™, (54)
t

where o, = (p,, + 1)1 is the elasticity of substitution, M}" denotes the exogenously given global export
demand, P!V is the corresponding world price index, reflecting competitors’ prices, and €zt 1S an exogenous

external export share shock. As above, P is in terms of the foreign currency.'*

2.5 Import market

There are three sets of import firms: an import retailer, foreign importers pricing their products in euro
(local currency pricing or LCP firms, share w,,), and foreign importers pricing their products in the foreign
currency (producer currency pricing or PCP firms, share 1 — w,,). The import firms are owned by foreign
households. Their pricing is subject to a Calvo friction and a partial indexation scheme. We denote by
M, the aggregate imported good with the corresponding aggregate price level PM | and the prices of LCP
and PCP firms are denoted by PtM’LCP and PtM’PCP, respectively. The quantities produced by LCP and

PCP firms are denoted by MtLCP and MFPCP  respectively. The foreign discount factor between periods ¢

14 When stationarizing the model, we assume that along the balanced growth path, global demand grows at the same rate
as the Finnish economy. This can be interpreted as if the Finnish economy shared the growth rate of permanent labour
productivity with the rest of the world.
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and t + k is denoted by R:,t+k'15

2.5.1 Import retailer

An import retailer aggregates the products of the foreign importing firms. The import goods are produced
by the LCP and PCP firms in a number of varieties defined over a continuum of unit mass. Brands of

goods produced by LCP firms are indexed by k € [0,wy,) and those of PCP firms by k € (wm,, 1]. The

composite import good M; is produced according to the following CES production function:

1 —1/pm,t
MFOP (k) =Pt dke + / MPEP (k)P dk : (55)

Wm

Wm,
M, = [

o

where p;, ; denotes the common price markup of LCP and PCP firms.

The cost minimisation with respect to varieties leads to the following demand functions for each variety:

PtM,LCP

MECP (k) = PtM(k)] T (56)

1

_S PM,PCP k T 1Hpm,e
MtPCP (k) — ti¢ PM ( ) Mt (57)
t

The corresponding price index for the composite imported good can be obtained by substituting conditional

factor demand functions into (55) and integrating over varieties:

1+Pm,t
Pm,t Pt

Wm Pm,t 1 _rm,t
PM = {/ PMEOP (1) Toomi g +/ [StPtM’PCP (k:)} HEemt gk . (58)
0

Wm,

2.5.2 Foreign importers

Foreign importers face monopolistic competition in their output markets, taking into account account the
demand functions (56) and (57) in their pricing decisions. We assume that all LCP and PCP firms share

the same nominal marginal cost function MC,, (k), equal to the foreign price P}V. They also share the

*

same stochastic discount factor Ry, ke

15 Under the assumption of full international consumption risk-sharing, the domestic and foreign discount factors are the
same, i.e. Ry, = M;iig.
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The dynamics of the price PtM’j (k) of an importer k (j = LCP, PCP) are analogous to those of the
exporting and domestic intermediate good firms. We denote the probability of receiving a price-change
signal as 1 — (i, G € [0, 1], common to LCP and PCP firms. The price indexation scheme is also similar
to that of the exporting and domestic intermediate goods producing firms:
M.j Om  F71—0m pM.J

P T = Hm,t—lﬂm Pt—ljv (59)
where I, ;1 = PM,/PM,, and Il,, denotes the gross steady-state import price inflation rate for LCP
and PCP firms. 6,, is the common price indexation parameter for both the LCP and the PCP firms. Let
PtOM’j (k) denote the price level set by a firm k that received the price-change signal in period ¢. The LCP
and PCP firms both maximise their expected discounted profits in home currency.

pMICP gng pM.PCP

As a result, in a symmetric equilibrium, the aggregate price levels evolve according

to the following laws of motion:

1+pm.t

Pm,t Pm,t Pt
M,LCP Sl M,LCP m oM,LCP m,
PP = {4m (100 T O POR) 0 g (1= ) (PR } (60)
1+Pm,t
M,PCP b T1—Om pMPCP\ Tirm oM, PCP\Trray | 7™
SIPMTOT = 3 G (ST T O PITOT ) T (1= G (P2 TR ) T SN
M,PCP . . . 16
where S P; denotes the aggregate price level of PCP firms in the domestic currency.

2.6 Capital goods producers

There is a single, representative capital producer, owned by the representative patient household, that
operates on perfectly competitive markets. At the end of period ¢, the capital producer purchases existing

CGP
It

capital (1 — ¢) K; from entrepreneurs as well as investment goods , and combines them to produce

new capital K1 using the following technology:

Ky = (1= 0) Ko+ G F (1797, I757)

16For a more detailed derivation of these conditions, see Kilponen et al. (2016).
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CGP 2
where F (IF¢P 1CGP) = [ -4 (?CGP — M) } I€GP denotes capital investment net of adjustment costs,
t—1

and th is an investment-specific productivity shock. New capital K¢y1 produced in period ¢ can be used
in production in period ¢ + 1. Investment goods are purchased at price Pf. Let PX denote the nominal
price of capital. Since the marginal rate of transformation between new and old capital is assumed to be

unity, the price of both new and undepreciated old capital is PtK .

The capital producer’s profit maximisation problem is thus given by:

o
t
(16 P > (") o {PfKver — P (1-8) Ko - PII7") (62)
t t=0 tZO

st. Kip1 = (1-08) K+ ¢ F (IF°7, 1257,

where ¢f is the Lagrange multiplier associated with the patient households’ budget constraint. Taking

the first order condition and rearranging yields:

Pl PF CGP ;OGP P |Vl PR CGP ;CGP
ﬁ = EQ F (It yLg—1 ) + 5 Ey P pC <t+1F2 (It+1 )y 4t ) ’ (63)
t t t 4

where w,f = (;55 1tPtC is the nominal shadow price of a unit of the consumption good, and F; (IF7, It(i Glp )
OFULCT IZGY)  p (ICGP [CGPY — OF(IFCP 1CGP)
9ICGP y L2\4¢ s ft—1 - 9ICGP
t t—1

denote the partial derivatives with respect to the first

and second argument of the adjustment cost function, respectively.

2.7 Housing goods producers

Housing good producers (“construction firms”) use final housing investment goods I}/7 to produce new
housing units H}Y, sold to households, subject to a technology with quadratic adjustment costs. Housing
producers operate on perfectly competitive markets and are owned by the patient households. The problem

of the representative housing producer is:

(o)
{;2?3; Eo > (87) of {PFHY - P
t Jt=0 t=0

s.t. HtN = CtIHF (ItHaIt}il)
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H 1H vim (I 2| m P ~
where F' (It , It_l) = |1—- L ( 7o u) I;" denotes housing investment net of adjustment costs, and

tI H is an investment-specific productivity shock in housing production.

The problem yields the optimality condition:

PtIH PtH H H tH P wlil Ptfil H H H

H 7H
where F (ItH,ItIfl) = % and Fp (ItH7[tIil) =

OF (I, I{ )

aIT, denote the partial derivatives with

respect to the first and second argument of the adjustment cost function, respectively.

The aggregate housing stock then evolves according to:
Hi=Q0-0"H+HY = (1 -6 YH, +¢fF (1], 1), (65)

where 6/7 is the (time-varying) depreciation rate of the housing stock.

2.8 Entrepreneurs

The economy is populated by a continuum of identical entrepreneurs of mass one. They provide capital
rental services to domestic intermediate good firms and are assumed to operate under perfect competition.
Entrepreneurs have special skills in the operation and management of physical capital. To fund their
activities, entrepreneurs may have to borrow from banks, as their own financial resources may not be
sufficient to fully finance the capital expenditures. We assume that the entrepreneurs’ subjective discount

rate is the same as that of the patient households’ (57).

2.8.1 Profit maximisation problem of the entrepreneur

At the beginning of period ¢, the representative entrepreneur rents capital to domestic intermediate good
firms, who use it as an input in production (see section 2.2). Then, at the end of period ¢, he sells
the undepreciated capital to capital producers at price PtK , makes repayments on any bank loans, and

purchases new capital Ky from the capital producers at price PX. At the end of period ¢, the entrepreneur
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has available net worth, N1, which he uses to finance his capital expenditures, PtK Kiy1. To finance the

difference between expenditures and net worth, he borrows from the bank an amount BLﬁrIfC, given by:

BLYAC = PEK 1 — Nijq. (66)
The entrepreneur’s profit maximisation problem is then given by:

o0
e, Bo ST {(1 - ) REK, + (1 - 0) PEK, + 678K PEK, — PEKy o — rY5C (PR K — Ny}
tHift=0  4=g

where 7}V Ifc is the net nominal interest rate on corporate loans, which the entrepreneur takes as given.
RF is the rental cost of capital, which in equilibrium is equal to the marginal productivity of capital. The

first order condition is:
PE=pE (1 - 75 RE L+ (1 -6 +678,) PRy — N FOPK}. (67)

The capital Euler equation (67) equates the value of a unit of installed capital at time ¢, on the left-hand
side, to the expected discounted return of that extra unit of capital in period t 4 1, on the right-hand side.
Let Q; = PtK / PtC denote the price of capital relative to the price of the final consumption good. This

price can also be interpreted as Tobin’s ¢. Equation (67) can then be rewritten as:

Q—iﬁp B | (1— K)R£1+(1—5+5K)Q i (68)
T BPFNFC t Ti+1 Pe Ti+1) Wi+l PC |
The entrepreneur’s equity at the end of period ¢, V4, is given by:
Vi=[(1 = 75)RE + (1 — 6+ 0rf) PE] Ky — (1 +rMC) (PR K, — N (69)

The first term represents the after-tax gross return on capital owned by the entrepreneur, composed of
the income from the rental activities and the proceeds from selling the undepreciated capital to capital

producers. The second term represents the gross repayment of the loan taken in the previos period (¢t —1).

To avoid a situation in which the entrepreneur accumulates enough net worth to become self-financed, we
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follow e.g. Bernanke et al. (1999) and assume that, in each period, the entrepreneur exits the economy
with probability 1 — ~. In that case, he rebates his equity to the patient households as a lump-sum
transfer. To keep the entrepreneurial population constant, a new entrepreneur is born with probability
1—~. The entrepreneur’s net worth Ny 1 combines his equity and a transfer, W€, received from the patient
households, which corresponds to the initial net worth (seed money) necessary for a new entrepreneur’s

activity to start. The law of motion for the entrepreneur’s net worth is then given by:

Nev1 =2V, + We. (70)

2.8.2 Financing cost minimisation problem of the entrepreneur

The financing cost minimisation problem of an entrepreneur is analogous to that of an impatient house-

hold’s seeking to finance its housing purchases with bank loans. An entrepreneur seeking a nominal amount

of borrowing for period ¢t + 1 equal to BLi\ffc, defined by (66), would allocate his borrowing among dif-

ferent banks so as to minimize the total repayment due. At the end of period ¢, the entrepreneur decides

on how much to borrow from bank z, blg\ffc (z), by solving the following problem:

1
min / r O (2) bINEC (2) dz
bler1(2) Jo

NFC

NFC_,

1 Ei\’thfl
s.t. BLi\j_qC = {/ [blf\_ﬁc (2)] = dz} ,
0

where 7NFC (2) is the interest rate charged by the z-th bank on corporate loans, and ¥¥'¢ > 1 is the
time-varying interest rate elasticity of the demand for corporate loans, which measures the degree of
competition in banks’ corporate lending activities. The first order condition yields the following demand

schedule for loans by the entrepreneur:

NFC

NFC Tiv re (2) o NFC
blt-i—l (Z) = < FNFC ) Bt+1 s
t
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where r{VF' C is the nominal average loan rate on corporate loans prevailing in the market at time ¢, defined
as: )
1 1-NFC
1— NFC 1—e
PNFC _ {/ [PVEC (2] dz} e
0
2.9 Banks

Following Kilponen et al. (2016), the banking sector in this paper is modeled in the spirit of Gerali et al.
(2010).!7 Each bank in the model is composed of two retail branches and one wholesale unit. The first
retail branch is responsible for giving out differentiated corporate loans to entrepreneurs. The second
retail branch is responsible for granting differentiated mortgage loans to impatient households. Both retail
branches operate under monopolistic competition and set their offered lending rates accordingly, subject
to adjustment costs. Finally, the wholesale unit manages the capital position of the whole banking group,
collects deposits from households, and allocates funds to the retail branches for their lending activities. It

is assumed to operate under perfect competition. The banks are owned by the patient households.

Bank capital is accumulated through retained earnings. Furthermore, the banks are subject to an exoge-
nous target for their capital-to-assets ratio (i.e. the inverse of leverage) set by the regulator, deviations
from which are costly. As a consequence, aggregate bank capital affects the total credit supply and, as

such, generates a feedback link between the real and financial sides of the economy.

Banks provide loans to entrepreneurs and impatient households by combining deposits, collected from
patient households, with their own bank capital K} +1.18 At the end of period t, the aggregate bank

balance sheet is given by the identity:

BLNEC + BLE | = Dyy + KP4, (71)

7 The literature that incorporates a banking sector into a DSGE framework has bloomed in the aftermath of the global
financial crisis. See Goodfriend and McCallum (2007), Christiano et al. (2008), Kobayashi (2008), Verona et al. (2013) and
Silvo (2019) for examples of alternative ways of introducing a banking sector into a DSGE framework.

18 We assume perfect competition in the market for households’ deposits, and also rule out the entry and exit of banks.
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2.9.1 Wholesale branch

The wholesale bank chooses the total risk-weighted volume of loans BL{E® to maximise the discounted

sum of cash flows from the banking groups’ activities:
K} ?
bprREG _ .d Ko t+1 b b

REG ~— "t
{BLEES 2 BLH

subject to the balance sheet identity BL{YSC + BLff’H = Kf ''1 + D¢y1 and given the regulatory risk-
weighted assets of the bank defined as BLﬁElG = BL,{YEC + oH BLgl. The bank takes as given the net
wholesale loan rate r? and the net wholesale deposit rate . Housing loans are assigned an exogenous,
potentially time-varying risk weight ¢ > 0 relative to NFC loans by the financial regulator.'® This
allows us to distinguish between the regulatory capital-asset ratio and the bank’s actual leverage, defined
as Kf 1/ (BL,{\EC + BLgrl). The bank has to pay a quadratic cost, proportional to the stock of bank

capital outstanding and parametrised by « b, whenever the regulatory capital-to-risk-weighted-assets ratio

K? 1/ BLﬁElG deviates from the target value v/

The maximisation problem yields the following first order condition, which links the spread between

wholesale rates on loans and on deposits to the bank’s regulatory capital-to-asset position:

2
K? Kp,
Ti) = T'g — KK (_BI;E;EIG — Vf) (BI;E:ElG . (72)

To close the model, we assume that banks have access to unlimited wholesale funds at the net rate

rf I = R, — 1, which is the net rate of return on domestic government bonds.?’ Hence, by arbitrage,

rd = rF1 and the condition above becomes:

2
K? K?
Sp=pb gl = —l VP Ll ) (73)
arre )\ Brpr

where S}” is the bank’s funding spread prevailing at the wholesale level. The left-hand side of the equation

represents the marginal benefit from increasing lending, equal to the funding spread. The right-hand side

19A similar risk weight is used e.g. in Angelini et al. (2014).
20 Note that, by this assumption, an increase in the risk premium on government bonds is also fed into the banks’ funding
costs, reflecting the link between bank’s and sovereign’s financing costs.
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gives the marginal cost of doing so, which equals the cost of deviating from the regulatory target Vf .

2.9.2 Retail corporate loan branch

The retail corporate loan branch branch maximises its profits from its lending activities, taking as given
the return 7 payable to the wholesale unit. It grants differentiated loan products and sets the interest

rate on them. In choosing the interest rate, the branch faces quadratic adjustment costs for changing the

F

rates it charges on its loans over time. These costs are parametrised by KZN ¢ and are proportional to the

aggregate returns on corporate loans.?!

At the end of period ¢, a branch z sets is loan rate ¢ (z) to maximise the objective:

Ee Y (87) 6fr P50 (2) MRS, (2) = b T (2)

2

(LNFC NFC

Ky, T4 (2) 1| pNECppNFC

2 NEC ( ) - t-‘rT t+1+7
rt 1+7 z

subject to the demand curve on corporate loans offered by the branch z:

NFC rifC (2)\ T NFC
bl ys (2) = <7ﬁpc> BLiiss (74)
T

Deriving the first-order condition, imposing a symmetric equilibrium and rearranging yields:

2

NFC _ b NFC NFC NFC NFC NFC
1_eNFCTt — " NFC [Tt 1\ +8PE ¢t+1 WNFC i1~ 1 Tt41 BL{5
t PNFC b PNEC PNEC t oF b PNFC 7NFC | B LNFC
t t—1 t— 1 t T Tt

(75)

21This assumption is a modeling shortcut for introducing sticky loan rates. It allows to have an incomplete short-run
pass-through of policy rates to retail loan rates. Empirical studies (see e.g. de Bondt et al., 2005 and Gropp et al., 2014)
have found that the pass-through from money-market rates to retail lending rates is far from complete in several euro area
countries. In Finland, the pass-through is expected to be relatively fast — but still incomplete — due to the fact that a
majority of loan contracts are in terms of variable interest rates (see e.g. Kauko, 2005).
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2.9.3 Retail mortgage loan branch

The problem of the retail mortgage loan branch is analogous to that of the retail corporate loan branch.
A branch z maximises its profits, taking as given the return 7¢ payable to the wholesale unit and subject
to quadratic adjustment costs. These costs are parametrised by Iﬁ}g{ and are proportional to aggregate

returns on mortgage loans.

At the end of period ¢, branch z maximises, over rﬁT (z), the objective:

Et Z (ﬁP)T ¢£‘,—T { |:T1{_—I|-T (Z) - T1l€)+T:| blg—l—&-’r (Z)

=0

2
_i TEFT(Z) -1 TH BLHl

t+ t+1+
2 Ttl—il—&-'r (Z) T !

subject to the demand curve:

ri_(2) —eths
bl{il-ﬂ' (Z) = (t:;-l) BLl{{rlJrT'
t+7

Deriving the first-order condition, imposing a symmetric equilibrium and rearranging yields the optimality

condition:

2
H b H H P H H H
HTY — Tt H Tt T Pp Pip1 g [ i 1 riv1 | BLiho|
L=y —x— =% | g~ m T8 B | 5k " i] 7 | =0
T ™1 i1 (oH Tt T BLi

We make the assumption that the borrower household can freely renegotiate the allocation of its total
stock of debt into different banks in each period, or in other words, refinance its mortgage loans. Because
the household commits to being a customer of a given loan branch for one period only (and the interest
rate is variable), from the bank’s point of view the mortgage loans are like one-period loans. The bank
gets 71| on its entire stock of mortgage loans (BL!T), regardless of whether they are new or old mortgage
loans. From the household’s point of view this is not the case, as the old debt stock limits the amount of

new borrowing in each period.
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2.9.4 Bank profits

Overall bank profits are the sum of net earnings from the wholesale unit and the two retail branches.

Period t profits are given by:

B =T BLYTC 4 ol BLY — D,

2
kKb Ktb+1 o) K
2 \ BLNFC 4 yHBLH s

t+1 t+1
2 2
’if)VFC ””iv re NFC 7 NFC “f 7’tH HprH
9 P NEC =1 " BLYT — By E - e BLi4a- (76)
t— t—

Bank capital is accumulated out of retained earnings:

Jb
b b\ 7ob ¢
Ky = (1_5 )Kt +$, (77)
where the bank capital depreciation rate §° could capture either the costs associated with managing bank
capital and conducting overall banking activity (as in Gerali et al., 2010), or with the dividend policy of the
bank (as in e.g. Brubakk and Gelain, 2014). Furthermore, since in this model neither the borrowers nor

the banks default endogenously, an exogenous financial shock (£ b) is introduced to capture unanticipated

losses on the bank’s balance sheet.

2.10 Fiscal authority

The fiscal authority collects taxes and issues euro-denominated domestic bonds B; to finance government
spending on goods and services. These public purchases are the sum of government demand for domestic
intermediate goods and investment goods. We assume full home bias in public sector consumption demand,
while in the case of investment goods, the public sector purchases final investment goods. Consequently,
the relevant price index for public investment is P/, while for public sector consumption, the relevant price

index is that of domestic intermediate goods F;.
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Public purchases of domestic intermediate goods and investments goods are determined exogenously, so
that:

where CF denotes exogenous public consumption spending and I& denotes exogenous public investments.

Given public spending, the fiscal authority’s nominal budget constraint takes the form:

PPG+ By =7 PCCH + (7V + 1) WiL

+r* (RE Ky — PIoK,) + 77 PP (1 — 6/ H,

B
—(1- wh)TtTHrﬁlBLf{ +TR: + Ig:rl .
t

The government’s net lump sum transfers 7 R; close the fiscal authority’s budget constraint in each period.
Finally, we assume that all distortionary tax rates 77, s = C, W, F, K, H,rH, are constant and set to

their steady-state values.

2.11 Market equilibrium
2.11.1 Factor markets

The domestic intermediate good firms’ cost minimisation problem implies the following equilibrium ag-

gregate labour supply schedule and nominal wage index (abstracting away from wage dispersion):

LP wh LI 1—wy
P i L 78
t (Wh) (1_%) , (78)

1—wp

W, = (W)™ (W) (79)

In equilibrium, the composite supply of differentiated labour services L; is equal to the intermediate goods

producing firms’ labour demand Lf, such that:

Ly =LF,
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with [ Li(j)dj = Lf.

Market clearing in capital markets implies that capital services provided by capital good producers are

equal to the total demand by intermediate good firms:
1
K= / K(j)dj.
0

2.11.2 Intermediate goods market

Each intermediate good producing firm acts as price setter in the monopolistically competitive intermediate
goods market. Since the domestic intermediate goods are used as inputs to produce consumption, capital
investment, housing investment and export goods in competitive markets, the supply of differentiated

goods must be equal to the total demand. Hence, the corresponding equilibrium condition states that:
1
| VGdi =Y v v v, (50)
0

where the right-hand side corresponds to the conditional factor demands of consumption, investment and
export goods producing firms. The left-hand side is the total supply of the intermediate goods producing

firms. Aggregating over the continuum of intermediate goods producing firms, we obtain:

1
/ Yo () dj = AyeYs | (81)
0

1
where A, = fol (P}(t] )) ey dj is the price dispersion term. In nominal terms, it follows that:

1
PY; = / P () Yi () dj = PUYE + Y + Y +vX) (82)
0

2.11.3 Export market

Finnish export goods X, (i) are aggregated by the foreign retailer firm, such that the total supply of

Finnish export goods is given by fol X (7) di. In market equilibrium, the total supply of Finnish exports
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will be equal to their demand:

1

1 1 X ( T 1tpr,

P I+pf ¢

/ X, (i) di = / < : )@) ! Xidi = Ap Xy = Xy, (83)
0 o \ I;

1
X0\ T
where A, = fol (’%ﬁ”) "1t is the export price dispersion term and X; is the total export demand,

given by equation (54). This also trivially holds in nominal terms, such that PX X, = fol PX (i) Xy (i) di

given the properties of the price index PtX and conditional export demand X (7).

2.11.4 Import market

We assume that the supply of foreign goods used as inputs in the production of domestic and exported final
goods is fully elastic and matches the total demand. The total supply of imported composite goods is equal
to the sum of demands for imported intermediate inputs in the production of consumption, investment,

housing investment and export goods:
M; = ME + M} + ME + M.
In nominal terms this is equivalent to:
pMM, = PM (Mtc“‘MtI"'MtH‘i‘MtX)a

where the corresponding price index for the imported composite goods is obtained by integrating over the

prices set by the LCP and PCP firms (see equation (58)).

2.11.5 Domestic final goods market

The final goods market for the composite consumption, capital investment, housing investment and export
goods are fully competitive. Hence, market clearing in the final goods markets implies that, in addition to
the export good producer’s equilibrium condition (83), the total supply of consumption, capital investment

and housing investment goods is equal to their total demand, respectively. For the consumption goods,
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total supply must equal total demand by the households:
C =,

where total private consumption demand is given by C/ = fol CF.dh = w,CF + (1 —wy) Cf.

For capital investment goods, total demand is given by the sum of private and public demands, respectively:
L =179 +IF.

As for the housing investment goods, market clearing requires that the supply of housing investment goods
IF equals their demand by the housing goods producer as input in the production of new housing units

H}, given by the optimality condition (64).

2.11.6 Housing market

Housing market clearing requires that housing supply equals the demand by both patient and impatient
households:
1
Hy = / Hy ydh = w,H + (1 — wy,) Hf . (84)
0

2.11.7 Banking sector

The banks’ balance sheet identity requires that the banks’ total assets, composed of corporate and mortgage

loans, equal its total liabilities, comprising bank capital and households’ deposits:
BLYYC + BLE | = K}y + Dij1. (85)

2.11.8 Bond market

The fiscal authority’s budget constraint determines the supply of domestic bonds. Under the assumption

that the fiscal authority balances its budget at all times, the bonds are assumed to be in zero net supply
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in every period, and the market clearing condition becomes:

1
B, = / By 4dh = 0.
0

As for the internationally traded bonds, we assume that the supply of foreign bonds is fully elastic,

matching the demand of domestic residents for holdings of foreign bonds:
1 1
/ B, dh +/ B} ,dh = Bf + B}.
0 0 ’

2.11.9 Nominal aggregate resource constraint and government budget constraint

Combining the market clearing conditions for the domestic final goods markets and the intermediate goods

markets results in the following representation of the economy’s nominal resource constraint:
PY, = PCCH + Pl ICCY + PEGy + PP I + S, PX X, — PM (ME + M} + M + M) .

The government budget constraint, taking into account the bond market clearing condition B; = 0 V', is

given by:

PEG, = PECH + () + ) WL,

+7f (REK, — PLOKy) + 7 PP (1 — 6 Hy — 777 r L\ BLI + TR, (86)
2.11.10 Net foreign assets, trade balance and terms of trade
The economy’s net foreign assets equal the economy-wide net holdings of the foreign bonds, such that:
NFA;,, = REBE + RSS, B} + TB,,
where T'B; denotes the trade balance, given by:

TBy = S, P Xy — PM (M + M + M + M;Y) .
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In addition, the terms of trade are defined as:

ToT; = S; P/ /PM.

2.12 Model solution

In order to compute the equilibrium of the model around the balanced growth path, the model variables
are scaled and stationarised by dividing real variables by the price level P; and by the permanent labour-
augmenting productivity A!, and the nominal variables by the price level P;. The model is then solved by
taking a first-order linear approximation around the non-stochastic balanced growth path (steady state)
of the model. The full system of log-linearised scaled model equations as well as the exogenous shock

processes are reported in Appendix A.

3 Calibration and steady state properties

Calibration of the model parameters is done in two steps. In the first step, we first fix the values of some
structural parameters either to conventional values found in the literature, or to values derived directly
from observed data. We then choose a number of other parameters to match selected unconditional steady-
state model moments as closely as possible to the corresponding long-run moments in the data; namely,
key aggregate macroeconomic and financial steady-state ratios. This step is described in more detail below

in Section 3.1.

In the second step, we calibrate key elasticities and shock processes driving the dynamics of the model
to match unconditional second-order moments of selected macroeconomic and financial variables of the
log-linearised model as closely as possible to the corresponding moments in the data. This step is described
in more detail in Section 3.2. In both steps, we employ a GMM-type algorithm to minimise the distance
between the unconditional model moments implied by the parameter values and the corresponding data
moments. To calibrate the model, we use quarterly data from 1996Q1 to 2019Q4. Macroeconomic data
are from the Finnish Quarterly National Accounts, and the data on loan volumes and interest rates are

collected from the statistics on monetary financial institutions published by the Bank of Finland.
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3.1 Matching of long-run moments

Along the non-stochastic balanced growth path, all scaled domestic real variables are assumed to grow at
a rate of 2.16% per year (quarterly gross growth rate p = 1.0054), corresponding to the average growth
rate of output in the data sample. All quantity variables are expressed in per-capita terms. Hence, the
growth rate of domestic real variables, after removing growth differentials, corresponds to the growth
rate of labour-augmenting productivity. The scaled nominal variables, apart from the nominal wage, are
assumed to grow at a rate of 1.28% per year (quarterly gross inflation rate IT = 1.0032), corresponding to

the average inflation rate in the data sample.

The discount rate of patient households (3F) is set at 0.998 to deliver an equilibrium annual nominal

interest rate of about 4.3%. The interest rate elasticity of the demand for mortgage loans (¢//) and non-

gNFC)

financial corporations’ loans ( are set at 3.64 and 3.72, respectively, so as to match the average

spreads between the respective lending rates and the risk-free rate.

Following Kilponen et al. (2016), the price markup for intermediate good producing firms T is set at 1.08,
and for export producing firms Y/ and importing firms Y,, at 1.10 and 1.05, respectively. The labor

markup Ay, is 1.20. The value of the depreciation rate of physical capital J is set at 0.013.

The depreciation rate for bank capital 6° is set to 0.0884, which ensures that the steady-state bank capital-
to-asset ratio v® is 10%.22 Consistently with current regulation, the steady-state loan-to-value ratio on
new housing purchases (#%) and the risk-weight requirements associated with mortgage loans (¢*7) are set
at 0.90 and 0.15, respectively. These values correspond to the baseline values set in the macroprudential
policy legislation currently in place in Finland. The parameters governing the effective amortisation rate
of the mortgage loan stock are set to x = 0.0125 and o™ = 0.99 to match an average initial loan maturity

of 20 years, as observed in the data.

The survival probability of entrepreneurs v is set at 0.9914, which allows us to exactly match the
non-financial corporations’ loans-to-GDP ratio in the data. The initial transfer from households to en-

trepreneurs W€ is arbitrarily set to a small value of 0.01.

22 The value of v® could be thought of as comprising a minimum requirement established by the regulator (the 8%
benchmark from the Basel regulation) plus a voluntary buffer that the bank decides to hold for precautionary reasons. In
this paper we assume that the regulator can set v°, which implies that the voluntary buffer is constant.
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The tax rates on capital income (75), on consumption (7¢) and on labor income (7%) are set at 20%, 21%
and 32%, respectively, close to their sample means. The social security contribution rate of private sector
firms (71") is set at 16%. The shares of government consumption (sgcr) and government investment (sig )
are set to 0.32 and 0.24, respectively, based on their sample means. The real estate tax rate (777) and the
rH )

the tax deduction on the interest rate (7 are set at 0 in the baseline calibration.

The share of impatient households (1—wy,) is calibrated to match the income share of financially constrained
homeowners in the 2016 wave of the Finnish Household Wealth Survey. The homeownership rate in the
survey is 64%. Of all homeowners, 49% have mortgage loans. However, in the data, not all homeowners
with debt may actually be financially constrained. We define a financially constrained household along
the lines of Kaplan et al. (2014) and Justiniano et al. (2015): a household is defined as constrained if its
total liquid assets (the sum of its deposits and its holdings of publicly traded equity, debt securities and
investment fund shares) equal less than twice the household’s monthly disposable income. The income
share of these constrained homeowners in the data is 33% of all homeowners. Alternatively, we can define
constrained households as those who self-report in the survey as, on average, not being able to save money
out of their total income. Defined this way, the income share of the constrained households in the data is
35%. These values are broadly in line with corresponding values found in the literature.?> Accordingly,

we set the share of patient agents wy to 0.67.

We then match the rest of the parameters that affect the steady state of the model — mainly substitution
parameters, quasi share parameters and steady state values of productivity shifters — by using a GMM-
type algorithm to match selected steady state ratios of the model with corresponding long-run great ratios
observed in the data. Table 1 shows the calibration of the parameters, and the selected steady-state ratios
are reported in table 4. As seen from the table, the key aggregate ratios are matched with their empirical

counterparts very well over the sample period 1996Q1-2019Q4.

231n similar two-type setups, Tacoviello (2005) sets (income) share of borrower households to 0.2, Tacoviello and Neri (2010)
to 0.36, Gerali et al. (2010) to 0.2, Quint and Rabanal (2014) to 0.39, and Pedersen (2016) to 0.5. The first two papers use
U.S. data to calibrate or estimate the share, while the latter three papers apply to the European context. In comparison,
using a similar approach as we do, Justiniano et al. (2015) find a higher labor income share of 0.64 of constrained households
in U.S. household-level data.
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3.2 Second-order moment matching

The second step of our calibration strategy consists of setting values of the parameters that affect the
model’s dynamics around the steady state, but that do not enter the model’s analytical steady state
solution, so as to match selected second-order moments of key variables in the model to their observed
counterparts in the data. This set of parameters includes various elasticities, adjustment cost parameters,
and the standard deviation and autocorrelation parameters of the exogenous shock processes that drive

most of the dynamics of the model variables.

We target the contemporaneous correlation structure, as well as relative volatilities, of key macroeconomic
aggregates with the aggregate output cycle in the sample 1996Q1-2019Q4. The observed data is detrended
by transforming it to quarterly growth rates. The rest of the parameter values not used in the calibration
algorithm, mainly standard deviation and autocorrelation parameters of shock processes that have an

insignificant impact on the aggregate model dynamics, are set following Kilponen et al. (2016).

Tables 2 and 3 report the parameter values, and Table 5 shows the match of the targeted second order
moments of selected model variables to the corresponding data moments. Overall, in qualitative terms,
the model matches very well the cyclicality and the relative volatility of key macroeconomic variables
with respect to output. The only notable exception is aggregate labour supply, which is less volatile than
output in the data, but more volatile in the model. This is reflected in the behaviour of the real wage,

which is somewhat less volatile in the model than what is observed in the data.

Table 5 reports, in addition, the corresponding moments implied by the calibration of key financial variables
and their empirical counterparts. These moments were not explicitly targeted in the calibration algorithm.
Nonetheless, the model also matches very well the dynamic behaviour of the financial aggregates observed
in the data. Most importantly, the model captures the cyclical behaviour of both mortgage loan-to-GDP

and corporate loan-to-GDP ratios.
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4 Model dynamics

In this section, we describe the model’s dynamic behaviour through the analysis of impulse responses
to selected key macroeconomic and financial shocks. In each case, we show the responses under three

alternative calibrations:

1. the baseline calibration, where one third of households are credit-constrained (wy, = 0.67);

2. a model where there are no constrained households (wp, = 1) but there is demand and supply for

housing;

3. a model where there are no constrained households and no housing consumption and production.

The last case corresponds to the structure of the Aino 2.0 model.?* The comparison illustrates the way
in which the presence of constrained households, on the one hand, and the presence of a housing asset,
on the other hand, affect the transmission of shocks in the model. In general, the dynamics of the model
are amplified by both channels that we disentangle: on the one hand, through the presence of constrained
households who are not able to optimally smooth their consumption over time, and, on the other hand,

by the presence of a durable good (housing) from which households derive utility.

We report impulse responses to key shocks affecting the housing market and the mortgage loan market,
and show how the maturity of mortgage loans affects the behaviour of the households and the dynamics
of the model. The long-maturity mortgage loans are an important new feature in the model compared
to previous model vintages, and they substantially affect the ability of constrained agents to adjust to

various shocks. In this way, multi-period loans act as another amplifying force in the model.

4.1 Responses to key macroeconomic shocks

Figures 5, 6, 7 and 8 report key impulse responses of the model to a temporary capital productivity shock

Ak

(%), price markup shock (}), government consumption shock (¢§%), and external demand shock (¢7*"V)

)

24Gtrictly speaking, Aino 2.0 is not fully nested within the Aino 3.0 model, since the baseline calibration of Aino 2.0
includes public production of goods and services, which we abstract away from. If this feature is shut down in Aino 2.0, the
structure of Aino 3.0 nests Aino 2.0. The calibration of the model used in this paper differs from the estimated Aino 2.0
model presented in Kilponen et al. (2016).
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respectively.

The solid black lines show the responses of the baseline Aino 3.0 model. The dotted grey lines show the
responses of the Aino 3.0 model when we set the share of patient (unconstrained) agents wy, to unity, i.e.
when we shut down the impact of the constrained agents on the model dynamics, and in addition abstract
away from housing consumption and production. This latter case corresponds to the structure of the
Aino 2.0 model. The dashed black lines represent the intermediate case in which there are no constrained

households (wj, = 1), but there is demand for housing from patient households and supply for housing.

The main observation, standing out from all four figures, is that the presence of constrained households or
the availability of a housing asset does not have a significant impact on the transmission of these macroe-
conomic shocks, with the exception of private consumption and housing investment. Most macroeconomic
aggregates behave very similarly in all three model versions. This suggests that the housing market or the
consumption response of credit-constrained agents does not amplify the transmission of rather standard
macroeconomic shocks related to supply, external demand or public demand. As illustrated below, how-
ever, this is not the case for domestic demand shocks, especially interest rate shocks and shocks to the

collateral constraint, which directly affect the consumption possibilities of the constrained agents.

4.2 Responses to a domestic risk premium shock

Figures 9 and 10 report the responses of the model to a 25-basis-point increase in the domestic risk premium
over the Euro Area interest rate (5§€), or in other words, to an increase in domestic interest rates. The
former figure again compares the transmission of the shock in the baseline Aino 3.0 model (solid black
lines), a model specification where the channel of transmission through the presence of constrained agents
is shut down (dashed black lines), and the specification where, in addition, the housing asset is absent

(dotted grey lines). The latter figure shows how the mortgage loan maturity affects the transmission of

shocks to the short-term interest rates.

Figure 9 shows that in this case, the macroeconomic aggregates respond in a different manner depending
on the specification. The initial responses of most variables are rather similar under the three model

specifications. In particular, the initial impacts of the shock on output and inflation are almost the same.
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Subsequently, the responses are amplified by the presence of constrained households, as the responses of

the baseline model specification (in solid black lines) diverge from the two alternative specifications.

The protracted contraction in output is mostly driven by the presence of constrained households, and not
by the presence of the housing asset. This is due to a stronger negative response of private consumption
and total hours worked after the initial impact. As constrained households are not able to optimally
adjust their consumption as a response to the shocks, their consumption responses are more volatile than
those of the unconstrained agents. Moreover, in order to maintain the market equilibrium, unconstrained
households (lenders) need to absorb part of the required adjustment in consumption and savings that the
constrained agents would like to make but cannot. This holds true even in an open economy, where part of
the adjustment can spill over abroad through foreign trade, and leads to strong substitution effects across
the consumption, savings, and labour supply decisions of the two types of households. This is a feature

common to all TANK models.

In response to the interest rate premium shock, the constrained households reduce their consumption as
well as their demand for housing, as mortgage borrowing becomes more expensive. The increase in interest
rates also tightens the collateral constraint, as house prices decrease. This amplifies the responses of the
constrained households relative to those of the unconstrained. Finally, the impatient households react to
the tightening of their collateral and budget constraints by increasing their wage demands, which leads to
less demand for labour and a contraction in total hours worked. In contrast, as housing becomes cheaper,
saver households increase their housing purchases, which counteracts the reduction in housing demand by

borrower households.

From Figure 10, it is evident that the mortgage loan maturity has an important impact on the transmission
of the interest rate shock. The solid black lines show the responses under our baseline calibration, where we
target an average mortgage loan maturity of 20 years. The dash-dotted black lines show the responses when
the average maturity is 10 years, and the grey lines when mortgage loans are one-period (one-quarter)
loans, conventional to most DSGE models. As the amount of unamortised old debt limits the ability
of constrained agents to borrow more and consequently to adjust their consumption, a longer average
maturity substantially slows down the adjustment of the economy back to its steady state, and as a result,

renders the responses of macroeconomic aggregates more volatile.
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4.3 Housing preference shock

Figure 11 reports the impulse responses to a positive housing preference shock (EgH) The shock is common
to both types of households. The size of the shock is such that house prices increase by 1% on impact. We
report the responses under three alternative calibrations for the average mortgage loan maturity (20-year,

10-year and 1-quarter loans).

The shock causes an expansion in output, as it creates a boom in housing and, to a less extent, in capital
investment. The response of total private investment is for the most part driven by boom the housing
construction. As a result, there is an expansion in both mortgage and corporate lending. However,
as there is relatively less demand for consumption goods other than housing services, aggregate private
consumption contracts, and the shock is mildly deflationary. The shock also induces impatient households

to work more, for them to be able to finance new housing purchases, which sustains the boom in output.

The longer the maturity, the stronger and the more persistent these responses are. In this case, the long-
maturity loans create spillovers to capital investment. The relatively stronger demand for housing initially
decreases the relative price of capital as there is less relative demand for savings into assets other than
housing by patient households. However, this effect is offset by the increase in the capital rental rate,
induced by the increase in labour supply and the corresponding decrease in real wages. With one-period
mortgage loans, this margin of adjustment is much weaker, and the spillovers to corporate lending and

capital investment are small.

4.4 An anticipated change in the loan-to-value ratio

Finally, Figure 12 shows the impulse responses to a permanent anticipated 5 percentage point tightening
in the regulatory loan-to-value ratio (OtH ). The change in policy is announced in period ¢, and it comes
into effect in period t+4, i.e. one year after the announcement. We again report the responses under three

alternative calibrations for the mortgage loan maturity (20-year, 10-year and 1-quarter loans).

The announcement initially causes an increase in the demand for housing and mortgage loans by the

impatient agents before the tightening comes into effect. Correspondingly, there is an initial increase in
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mortgage lending rates. In contrast, patient households reduce their housing demand, which dominates

the aggregate response of total housing investment.

In addition to increasing mortgage borrowing, the impatient households also initially increase their labour
supply to finance house purchases before the tighter regulation come into force. This has an expansionary
effect on output. As there is strong substitution away from other consumption into consumption of
housing services by impatient households at the same time, the initial impact of the announcement is
also mildly deflationary. After the tighter LTV limit is imposed, the economy slowly adjusts to a new
steady-state equilibrium, where output, consumption, investment, hours worked, and asset prices are all at
a permanently lower level. In the long run, aggregate output is about 0.3% lower than before the tighter

policy is imposed in the baseline specification.

Remarkably, both the short-run anticipatory effects and the long-run effects are entirely driven by the
long maturity of the mortgage loans. If mortgage loans are one-period loans, the long-run impact of the
policy is negligible. This result highlights the importance of realistically modelling the maturity structure

of mortgage loans when analysing the effects of demand-side macroprudential policies.

5 Conclusions

In this paper, we have presented the latest vintage of the Bank of Finland’s macroeconomic model for
the Finnish economy, the Aino 8.0 model. It is a large-scale New-Keynesian small open economy DSGE
model that takes Finland as a small member of a monetary union. It builds on its predecessor, Aino 2.0,
by introducing a housing asset and housing production, long-term mortgage lending by banks, and credit-
constrained households. It aims at capturing some of the key macro-financial linkages and vulnerabilities
in the Finnish economy; namely, high household indebtedness and a volatile residential construction sector.
Compared to the previous model vintages, it also enriches the modelling of the financial sector and enables

the analysis of the impacts of a wide range of macroeconomic and macroprudential policies.

We have illustrated that the presence of credit-constrained households affects the dynamic responses of the
model economy especially after interest rate shocks. The constrained agents are very sensitive to changes

in interest rates, which renders the economy more volatile in response to such shocks and consequently
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also affects the transmission of monetary policy. The dynamic behaviour of the macroeconomic aggregates
is also affected by the average maturity of mortgage loans. The longer the maturity, the longer it takes
for the households to adjust to shocks, as they are constrained by the slow adjustment of their debt
stock. The introduction of long-term debt thus creates important (de)leveraging effects in the model.
Besides the business cycle behaviour of the macroeconomic aggregates, the long-maturity mortgage debt
also affects the adjustment of the economy to permanent changes in macroprudential regulation. This
last observation stresses the importance of realistically modelling mortgage maturities when evaluating

long-term consequences of macroprudential regulation.

The work presented in this paper could be expanded and refined in many ways. The current version of
the model is calibrated, which imposes some limitations to its application in analysis. In future work,
the model could benefit from estimating its parameters using Bayesian methods. Furthermore, as most
other research with collateral constraints on borrowing, we assume that the constraint is always binding
when solving for the model equilibrium. Solving the model under the assumption of an occasionally
binding credit constraint would open up possibilities for even richer analysis of macro-financial linkages
and macroprudential regulation, but for computational reasons this would likely require the simplification

of the model structure in other dimensions.

In addition, while the model already incorporates various macroprudential tools regulating bank capital on
the supply side, it only features a single demand-side tool: the loan-to-value ratio. Policymakers have, in
the past years, paid much attention to other demand-side regulations that could directly curb overheated
household borrowing, observed in many advanced economies. However, macroeconomic research on this
topic is still scarce. The model could be modified to include alternative demand-side policies, such as
debt-to-income or debt service-to-income requirements instead of, or in combination with, the loan-to-

value requirement on mortgage loans.

Finally, the modelling of various aspects relevant to a small open economy, such as the labour market and
the structure of the monetary union, could be further improved upon. The main focus in the current model
version has been on the macro-financial linkages in the domestic economy. International financial linkages
and possibilities of spillovers in the financial sector would also be worthwhile to explore further, especially

in the Nordic context, where the financial markets are tightly inter-connected and rather concentrated.
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A The full model equations

This appendix lists the full set of linearised model equations and the shock processes. Before log-linearising
the model, we scale all real variables by the permanent component of labour productivity (Al];) in order
to render the variables stationary. For any real variable Xy, X, =X, / Al]? ; is the corresponding stationary
variable, denoted by upper-case letters. The corresponding lower-case letter &; = % denotes the
percentage deviation of a stationarised variable X; from its steady state value X. Furthermore, ; =
X; — X denotes the absolute deviation of a variable from its steady state. Tax rates, net foreign assets,
the trade balance-to-output ratio, the effective loan amortisation rate 7{{ , the loan-to-value ratio 9{1 , the
capital-to-asset ratio requirement 4, the mortgage loan risk weight ¢/ and the time varying housing

depreciation rate §{ are expressed in absolute deviations when linearising the model.

A.1 The linearised equilibrium conditions

Banking sector

e NFC loans:
-NFC  QPYK /. o - N
bl = —xpe &+ k1) — —Fpaiu+ (87)
+ g Ve ( ) g NFC
e Housing loan stock:
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Effective amortisation rate:
. _ ~ H ~ H - -
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Risk-weighted total loans:
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Entrepreneur’s net worth:
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e Net interest rate on NFC loans:

NFC ,BP NFC
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e Net interest rate on housing loans:
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Housing market

e Demand for domestic intermediate good in housing investment:
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Demand for imported intermediate good in housing investment:
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e Impatient household housing demand:
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e Housing market clearing:
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Private consumption and capital investment
e Budget constraint multiplier of patient household:
~P —1,P=P -
P = C _ A K ‘vl iy — 1 ~C (109)
Mg 5 1— p~toF 1—p~toF 14+7C°¢
e Budget constraint multiplier of impatient household:
~T —1p1+0 —1p1
71,2 c G — M beCi_y pbe I .c
2 _ FC _ _ _ 110
Ya = G 1—p~to! 1—p~ 1ol pe—om (110)

60



e Multiplier on collateral constraint, impatient household:

~1.2 _ . _ -
(EWMH — Byju — Eyfreyr — Eiplyy + ptc)

G = by o2 _ Bﬂﬁ + (1 —7rH)
At = I1VAL

e vyt pll

(1—TTH) rHrg{—rHEﬁfﬁ PRV
pll gr" !

1= el - - - | ~C

+ 0 LIl (Etl/}A:tJrl — Efiyr — Evmerr — Eipiy + Dy )
d}l’?’ w[,?) BI

+ 5IﬁEt’Yﬁ2 1Tt i A

1/JA Y BL H

e Multiplier on amortization rate, impatient household:

an ~ ~H
¢tI 3/51 (bltJrl EtbltJrQ -
Lacay @b/{lBL
HH t+1 — ,llz)[ 3#1—-[

e Total private consumption:

el =

th

~ ~ 71,3 ~ ~
Etjigr1 — Bt + By — Ep + ptc)

(blt+1 Eipiiy + B — Eifierr — Byt + Eti/;/{’,iﬂ)

C’H

e Patient household consumption equation:

~P
p_ By

—1bP

~P

Eyfiz 1

— oL

“ T Tl
1 1—ptf (
14791+ p~1b2

1+ p

c
C
_1pp-t—1
be

14 p~1of

1—p P

14 p P

61

PIR_1- o )
( 7 Rt+EtC£|-1_QC_Et7Tg_1)

- ~ . o ~H
[%j - blt+1 sl (Et¢{f1 — Eiffy +P; — blt-i-l)}

(111)

(112)

(113)

(114)



e Impatient household consumption:
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Labor supply and wages
e Wage Phillips curve patient households:
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e Wage Phillips curve impatient households:

~1 ~C' _ letI—l 7p’tc’—1 ﬁtc - ﬁtc_l + 77['1/- - ﬁtfl
Wy — Py = —
1+ 1+p7
gl
My (=Pt + Befteer — e + By )
1

1 ~ ~ Q - -
—i—&f,v{1+Tw7§”+allf’j—¢£,t+>\w,t+ptc—wt}

I _ (1_€w)(1_€w/81)
where kg, = £ (1487 [1=01 2]

e Average real wage index:
Wy = Wy + (1 — wy) Wf

e Household labour supply:
PP v al =107 + @l

e Aggregate labour supply:
P

IF=wnly?” + (1 —wn)ly

t =

Domestic intermediate goods producer

e Combined first order condition:
AF

. Fooa 3 s 7, S S
oyl =15 + iy — ki + oy [wt + ﬁ + py (Aﬁ — A’“)]

~F R

e Marginal costs:
— ~K N ~ Tt
- — A )
mep = o, (Tt kt) oy [wt + 11 F

K RK 4+ F)W
where o, = {ﬁ% and o = é%

e Production function:
Y = oy, <;\k,t + ke — ﬂt) + o (5\th + Zf)
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(124)
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e Domestic intermediate good inflation (price Phillips curve):

0 . - — -
Tt Te—1 + LEHTH-I + Kp (mct + Ut) (127)

T 1480 1+ 36

1— 1—
where kp = %

e Aggregate nominal resource constraint:

Vi = PCCH (3¢ + ') + COF + P! [(TCGP 4 ’fG) Bl 4 JCGPEaP fcf;ﬂ

+ PHHTH (G 451y + RSPXX (rsy + ik + )

—pM [(MC + M+ MY+ MH) M+ MCm¢ + M'ml + M¥Xm + MHmﬂ (128)
Consumption goods retailer

e Demand for imported intermediate consumption good:

~ C OcYem ~H ~H ~C 1 ~H
my =— (¢ —¢_1+m7 ) +——FC
¢ 1+O’c%m(t t—1 tl) T+ ooyem
Oc M ~C OcPc 3}
- - - 129
14 0cYem B =) = 3 oem (129)
e Price of consumption goods:
_C SYCZ 3}
Py = _%)‘cyyt
pMe SMC 5, O ~H\_ (~C  ~H ]
+smcz B Dy emt + Yem [(My — ) — (i1 — GL1)] (130)
e Demand for domestic intermediate consumption good:
SC ~ SYCZ ~H [~ ~ % 5
Yo = =50 e+ 00 (B = pedey) | +CO2F (131)
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Investment goods retailer

e Demand for imported intermediate investment good:

~ 7 0i%Yim ~ ~ - 1 ~
my = —————— (% — 4—1 +Mp_1) + ————1
¢ 1+Uz'%'m(t -t 1) 1+ 0iYim
op M T oipi ]
——— 0 -h) -\ 132
1+ 0i%im (pt pt) 1+ 0 vim im,t ( )
e Price of investment goods:
-7 SYII {
by = _?)\iy,t
pM M3 , ST N (D3
+ smiIx ﬁ[ Yz Azm,t + Yim [(mt Zt) (mt—l ’Lt_l)] (133)

e Demand for domestic intermediate investment good:
) ~J N
Uy =1+ 0 <pt — pi)‘iy,t> (134)

Export and import markets

e Demand for imported intermediate export good:
Thg( =2+ 0y (W’i/cx,t - ]51]5\4 - pmj\a:m,t) (135)

e Demand for domestic intermediate export good:

th =2t + 0y (T’ﬁ/c‘%t — pxj\zy,t) (136)
e Exporters’ marginal costs:
DM
__ SYXX 1 PY o 3
Mmcgt = _T)\my,t + SMXX —— (piw - )\xm,t) (137)
mcy mcy
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e Export demand:

T =m) — owpy + éxs (138)
e Export price inflation:
Tt = 07367?:;: -1+ LEJT:L« 141 + Fix (MCay — Py — 784 + Upy) (139)
El 1 +ﬂ9$ ’ 1 +/893; ) El El
— (I_Cacﬁ)(l_Cac)
where kx = (e
e Import goods’ inflation:
N Om - Br N
= —— _ 7E
Tm,t 1 _i_ﬁemﬂ'm,t 1+ 1 +,69m tTm, t+1
~ ~M ~ 1-— Wm ~ ~
+ Km (rst - Dy + Umt) + ——— (A3 — BEAS141) (140)
1+ 60,

where £y = %

e Total imports:

PMMC _c PMMI s PMMX _x PMMH e

'ﬁ:lzt = ———=o =My = =My = =My = =My (141)
RSPXX RSPXX RSPXX RSPXX

Foreign trade related quantities

e Net foreign assets:

~ b* ~v o~ _ B o —y .
bi, = B—tp + RSPXX (T8t+pt)(+xt) — pMp© (pi\/[—i—mtc)

— PMMT (M 4+ ml) — PMMX (M + ) — PMME (M + i) (142)

e Net foreign assets per output:

g = 71;;1 — Yt (143)
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Government

e Public sector budget constraint:

o PG,
v (EtG—yt)—FiY <{+ZtG_yt):
pCCH T WLF [ R U
—— (7€ (B + & —g) +#°] + = |:TtVV+TtF+(TW+TF) (wﬁlf—ytﬂ
K (RK — 6P1> RE sP!
K K K ~ | I N ~ ~
- . | - P ke —fu— G || +triry,
nY t (RK—éPI toRk—gprt T t) '
H H\ pH H\ pH 1 H pH 13
T (1—-6%)P"H ,_ ~ ~ . 1—-67)P"H _ T P"H
+ ( ~) (pfl‘i‘ht_ﬂt—yt)—i‘( ) #H ——oH
uyY uwY NG
~ H ~ H
AL (H - H rABL” | 4
- (71, + bl —~—~—7~r>—7~7”' 144
uI1Y t—1 t T Ht— Y t LTIV ¢ (144)

A.2 The exogenous shock processes
e Technology shocks

— permanent labour productivity: fi; = Alog (Af/u) = pufu—1+el, el ~N (O, O'Z)
— temporary labour productivity: 5\th = log (Aft/AlT> = P/\lj‘gt—l + e N~ N (0, ail)

— temporary capital productivity: 5\“ = log (Akt/Ak) = p,\kj\kﬁt +eF e o N (0, U/Q\k)

~

— productivity shifters in consumption goods: Aey¢ = log (Aeyt/Acy) = pcyj\cy,t_l +e7, &l ~

N (O, Gtzzy) and 5‘Cm,t = log (Acm,t/Acm) = pcmj\cm,tfl +efm, e ~ N (0, O'gm)

— productivity shifters in capital investment goods: j\i%t = log (Aiy,i/ANiy) = piyj\iyﬂg,l + €iy,
eiy ~ N (0,0’%) and ;\im’t = log (Aim.t/Nim) = Xcm,t

— productivity shifters in housing investment goods: thyt = log (Anyt/Any) = 0 and Xhm’t =
log (Ahm,t//\hm) = 5\cm,t

— productivity shifters in export goods: /A\xyﬂg = log (Agy,t/Azy) = 0 and Xxm,t = log (Apm,t/Aem) =

Axm,t
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e Domestic markup shocks

— price markup intermediate good firms: vy =¢€7, €/ ~ N (O, ag)
— price markup of export good firms: Uy = pueUst—1 + €57, € ~ N (0, agl,)

— wage markup: )\wt =M v ~ N (0, ag\w)
e Domestic demand shocks

— government consumption: ¢ = p.ac | + 57, ¢ ~ N (0, afG)

— government investment: zt = ngzt 1+ Et , at ~ N (O,O'?G)

_ : . FC FC ¢ ¢C 2
household consumption preference: ¢;* = pec(2q +¢; , e ~ N (0, ot

— household housing preference: Ct = PCHCt 1+ ECH fH ~ N ((),JgH)

e Foreign shocks

— foreign export demand: m}" = pwm)’, + eV, eV ~ N (0,02,1)

— export share: éf = pgef | +ef,ef ~ N (0, af,)

— nominal effecti h : AS = pasAs ps e ~ N (0,02
nominal effective exchange rate: As; = pasAsi_1 + %, ef® ~ L OAs

— foreign inflation shock: 7}V = prw @V, + TV, eTW ~ N (0, 072TW)

— price markup of import firms: Uy, 1 = pomOm,t—1 + €7, €f™ ~ N (0, ng)
e Financial shocks

— domestic risk premium: (€ = pcgg:fi 1+ E§€, €§€ ~ N (0, ag€)

— euro area interest rate: 7y = prefe +erC, &€ ~ N (0,0%)

— bank markup on corporate loans: éiVFC = PeNFCEIT] NEC 4 €€NFC fNFC ~ N (0, O'?NFC)
— bank markup on mortgage loans: &ff = p.yefl | + i, 5 ~ N (0,02)

— bank capital: 8 = prat 1 + EEKb ‘§Kb ~ N (O,a%(b)

— bank’s capital-to-asset ratio: 0¥ = p,p0? | + ¥’ e’ ~ N (O, sz)
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— loan-to-value ratio: étH = POHé£1 +efH fOH N (O, O'gH)

— mortgage loan risk weight: qgf = p¢HgZ;£1 + 5f’H, sfH ~ N (O, 05H>

— housing depreciation rate: 5{1 = ,05H5£1 +edH fH AN (0, U(%H)
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Parameter Value Description

Households
gr 0.998  Discount factor, patient households
Bl 0.969  Discount factor, impatient households
br 0.60 External habit formation in consumption, patient households
bE 0.60 External habit formation in consumption, impatient households
bh 0.40 External habit formation in housing, patient households
b, 0.96 External habit formation in housing, impatient households
g¥ 0.07 Relative housing utility weight, patient households
g1 0.40 Relative housing utility weight, impatient households
wh, 0.67 Share of patient households
oy 0.61 Frisch elasticity
Aw 1.20 Wage markup
K 0.0125 Initial amortisation rate of new mortgage loans
ang 0.99 Effective amortisation rate polynomial
Firms
I 1.0054  Gross growth rate of permanent labor productivity
II 1.0032  Gross steady-state inflation rate
A 1.10 Steady-state labor productivity
Ay 0.11 Steady-state capital productivity
Oy 0.30 Share parameter in the intermediate goods production function
Py 3.71 Substitution parameter in the intermediate goods production function

T =-1/p* 1.08 Price markup of intermediate good producing firms

O 0.74 Share parameter in final consumption goods production

De 0.04 Substitution parameter in final consumption goods production
Acy 2.20 Productivity shifter in final consumption goods production
Ao 3.87 Productivity shifter in final consumption goods production

0; 0.29 Share parameter in final investment goods production

Di -0.68  Substitution parameter in final investment goods production

Ay 5.30 Productivity shifter in final investment goods production
Aim 2.00 Productivity shifter in final investment goods production

Oin 0.59 Share parameter in final housing investment goods production

Ph 9.26 Substitution parameter in final housing investment goods production
Apy 10.8 Productivity shifter in final housing investment goods production
Apm 1.91 Productivity shifter in final consumption goods production

Table 1: Calibrated model parameters affecting the steady state (time unit of model: quarterly)
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Parameter  Value Description
Firms
Ox 0.64  Share parameter in final export goods production
Pz 1.05  Substitution parameter in final export goods production
Agy 2.99  Productivity shifter in final export goods production
Az 1.32  Productivity shifter in final export goods production
T/ =—-1/p/ 1.10  Price markup of export producing firms
Y., =-1/pm  1.05  Price markup of foreign importing firms

Entrepreneurs, capital goods and housing goods producers

v 0.992  Survival probability of entrepreneurs
we 0.010  Transfer from households to new entrepreneurs
) 0.013 Depreciation rate of physical capital
o 0.003 Depreciation rate of the housing stock
Banks
b 3.72  Steady-state elasticity of the demand for NFC loans
el 3.64  Steady-state elasticity of the demand for mortgage loans
5° 0.054  Depreciation rate of bank capital
vb 0.10  Banks’ steady state capital-to-assets ratio
oH 0.90 Steady state loan-to-value ratio requirement
ot 0.15  Risk weight on mortgage loans
Fiscal policy
SGCF 0.32 Share of government consumption
s1G 0.24 Share of government investment
™ 0.32  Tax rate on labor income
¥ 0.16  Social security contribution of employers
¢ 0.21 Tax rate on consumption
K 0.20  Tax rate on capital income
i 0 Tax deduction on the interest rate
i 0 Real estate tax rate

Table 1 (continued)
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Parameter Value Description

Ew 0.70  Calvo wage rigidity
¢ 0.70  Calvo price rigidity
0 0.77  Indexation of prices
Cm 0.60  Calvo import price rigidity
0 0.11 Indexation of import prices
Wm 0.75 Share of LCP firms
Ca 0.52  Calvo export price rigidity
0, 0.32  Indexation of export prices
Y1 0.70  Capital investment adjustment cost
YIH 1.2 Housing investment adjustment cost
Yem 0.16  External adjustment cost in consumption goods production
Yim 5.1 External adjustment cost in capital investment goods production
Yhm 5.1 External adjustment cost in housing investment goods production
Ow 0.99 Elasticity of substitution in export demand
/@{)V FC 0.54  NFC loan rate adjustment cost
Kgi 0.54  Mortgage loan rate adjustment cost
Kb 0.01 Cost of deviation from regulatory bank capital requirement
Oa 0.005  Debt elasticity of domestic interest rate

Table 2: Calibrated structural parameters affecting model dynamics only (time unit of model: quarterly)

Variable Data Model
c/Yy 0.75 0.75
I°GP )y 027 028
X/Y 0.53 0.53
MC/C 0.17  0.18
MT/1¢GP 0.39  0.39
MX/X 0.51 0.52
M)y 0.09  0.09
Corporate loans-to-GDP ratio 1.51 1.48
Mortgage loans-to-GDP ratio 1.83 1.83
Spread, corporate loan rate - risk-free rate, annual (%) 1.57 1.56
Spread, mortgage loan rate - risk-free rate, annual (%)  1.61 1.61
Housing @ 0.87 0.87
Tobin’s @ 1.00 1.00

Notes: Data sample period: 1996Q1-2019Q4. Data are in log-levels.

Table 4: Steady-state properties, the Aino 3.0 model versus Finnish data
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Shock Description AR Std. dev.

parameter (o)
(p)

(o Households’ consumption preference 0.108 0.252
Ch Households’ housing preference 0.680 0.010
,u Permanent labour productivity 0.990 0.004
Al Temporary labour productivity 0.980 0.044
A Temporary capital productivity 0.680 0.053
(r Investment-specific technology in capital goods production 0.000 0.000
CrH Investment-specific technology in housing goods production 0.000 0.000
v Price markup, intermediate good firms 0.000 0.027
Vg Price markup, export good firms 0.590 0.022
Vm, Price markup, import firms 0.245 0.526
Aw Wage markup 0.000 0.495
€ Export share 0.904 0.500
MW Foreign export demand 0.930 0.100
re Euro area interest rate 0.942 0.001
Ce Domestic risk premium 0.793 0.0004
enrc  Bank markup on NFC loans 0.626 0.002
e Bank markup on mortgage loans 0.626 0.002
EKD Bank capital 0.485 0.048
Vp Bank capital-to-asset ratio 0.990 0.001
0 Loan-to-value ratio 0.000 0.100
oH Mortgage loan risk weight 0.990 0.001
oH Housing depreciation rate 0.000 0.000
Acy Productivity shifter in consumption goods production 0.753 0.007
Aem Productivity shifter in consumption goods production 0.427 0.007
iy Productivity shifter in capital investment goods production 0.566 0.008
Nim, Productivity shifter in capital investment goods production 0.427 0.007
Ahy Productivity shifter in housing investment goods production 0.000 0.000
Ahin, Productivity shifter in housing investment goods production 0.427 0.007
Azy Productivity shifter in export goods production 0.000 0.000
Azm Productivity shifter in export goods production 0.427 0.007
I¢  Public investment demand 0.806 0.056
Cc¢ Public consumption demand 0.815 0.061
DS Nominal exchange rate 0.179 0.016
owv Foreign inflation rate 0.202 0.018
Ce Domestic risk premium 0.793 0.0004

Table 3: Calibrated exogenous shock process parameters affecting model dynamics only (time unit of
model: quarterly)
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Std. dev. Contemporaneous

relative to std. correlation
dev. of Y with Y
Variable Data Model Data Model
Targeted moments
Capital investment (I¢GF) 2.02 2.00 0.37 0.49
Housing investment (I77) 2.29 2.10 0.37 0.23
Exports (X) 3.20 2.70 0.46 0.93
Imports (M) 1.99 1.65 0.44 0.93
Private consumption (C') 0.69 0.69 0.45 0.60
Hours (L) 0.68 1.32 0.51 0.98
Real wages (W) 0.61 0.26 -0.08 -0.69
Implied moments
Inflation rate (II) 2.25 0.33 -0.32 0.86
Mortgage loan rate (rf) 4.03 0.94 0.47 0.36
Corporate loan rate (rVF'¢) 3.96 0.95 0.52 0.36
Mortgage loans (BLH) 1.90 1.24 0.41 0.67
Mortgage loans-to-GDP (BL /Y) 1.16 0.94 -0.57 -0.18
Corporate loans (BLN¥C) 2.25 1.59 0.34 -0.09
Corporate loans-to-GDP (BLNFC /Y 2.01 1.95 -0.34 -0.58

Notes: Data sample period: 1996Q1-2019Q4. Data are in de-meaned quarterly growth rates. Targeted
moments: model moments explicitly matched to data moments using a GMM-type algorithm. Implied

moments: non-targeted moments implied by the calibration.

Table 5: Second-order moments, the Aino 3.0 model versus Finnish data.
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Year-on-year growth (%)

20‘00 20’05 20‘1 0 20J1 5 2020
—— GDP volume
—— Residential investment volume
————— Real house prices
Figure 1: Real house prices and residential investment over the business cycle.
Notes: Sources: Statistics Finland and authors’ calculations. Data sample 1991Q1-2019Q4.
8 T T T T T 75
oL

Year-on-year growth (%)

1995

6.5

1
2000

1 1
5
2005 2015 2020

——GDP volume (left-hand scale)

Residential investment share of GDP volume (right-hand scale)

Figure 2: Residential investment as a share of GDP volume over the business cycle.

Notes: Sources: Statistics Finland and authors’ calculations. Data sample 1991Q1-2019Q4.
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1 1 L | L | L
60
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Household indebtedness rate (left-hand scale)
----- 3-month Euribor (right-hand scale)

Figure 3: Household indebtedness and the 3-month Euribor rate.

Notes: The household indebtedness rate is calculated as the ratio of the total stock of gross debt of the household sector at
the end of each year to the yearly disposable income of the household sector. The 3-month Euribor rate is the yearly average
of the daily rates. Sources: Statistics Finland, Bank of Finland, and authors’ calculations. Data sample 2000-2019.
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