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Abstract
We examine, conditional on structural shocks, the macroeconomic performance of different counter-
cyclical capital buffer (CCyB) rules in small open economy estimated medium-scale Dynamic Stochastic
General Equilibrium (DSGE) model. We find that rules based on the credit gap create a trade-off between
the stabilization of fluctuations originating in the housing market and fluctuations caused by foreign
demand shocks. The trade-off disappears if the regulator responds to house prices instead. It turns out
that the welfare-maximising simple CCyB rule implies responding to house prices only and not to the
credit gap. Such rule also leads to significant welfare gains compared to the no CCyB case.
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1. Introduction
Since the financial crisis, regulation of the financial sector has undergone many changes in
advanced economies. Several financial regulators have implemented macroprudential policy
frameworks that envisage systematic variations of regulatory capital ratios of banks in response
to changes in cyclical variations of aggregate variables. In the European Union, the European
Systemic Risk Board (ESRB) has recommended that macroprudential authorities pay particular
attention to the so-called credit gap (the deviation of the credit-to-GDP-ratio from a long-run
trend) when setting regulatory capital buffers (European Systemic Risk Board, 2014). However, in
its Recommendation, the ESRB suggests that macroprudential authorities may take into account
other indicators, among them price gaps in the housingmarket. Out of 12 European countries that
have either implemented or announced the countercyclical capital buffer (CCyB) rate increase (as
of March 2019), most have cited both credit and house prices as reasons for increasing the CCyB
rate.

In this paper, we investigate the effects of linking the CCyB to the credit gap or to the house
price gap. We do so in a macroeconomic model of a small open economy in a monetary union,
with a nontrivial financial sector. The model should be viewed as a reasonable proxy for the
countries that have announced the CCyB rate in Europe. In this setting, we analyze how the CCyB
affects the macroeconomic performance, riskiness of borrowers and banks, and the welfare of
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households. Following Beneš and Kumhof (2015) and Jakab and Kumhof (2015), banks in our
model are subject to idiosyncratic shocks to their net return on assets, which may reduce their
capital ratio below the regulatory minimum in the following quarter, in which case they face a
penalty. An increase in the regulatory capital requirement therefore induces banks to restrict their
lending, thus raising the cost of credit for the nonfinancial sector and providing regulators with a
means to affect real activity. Furthermore, the model features spillovers from the housing market
to domestic demand due to risky household borrowing from banks. We embed these features in
a small open economy model to mimic a typical European country. We calibrate the model to the
Irish economy by matching the sample averages of the key macroeconomic ratios in the steady
state and by fitting the dynamics of responses of the model to the impulse response functions of
an estimated structural Vector Autoregression (VAR) model.

Our main finding is that the optimal simple policy rule for the CCyB is based on a strong
response to real house prices, but not to the credit gap. The welfare gain associated with the opti-
mal simple rule (OSR) amounts to 0.82% of quarterly consumption in the absence of the CCyB,
the bulk of which is related to lower inefficient nominal wage volatility in the presence of the
CCyB. The reason why responding to house prices is beneficial is that house prices move pro-
cyclically in response to all shocks considered, so that regulatory capital is tightened when GDP
increases, which limits the increase in domestic demand, while providing relief during a down-
turn. In contrast, the credit gap moves procyclically in response to housing demand shocks, but
countercyclically in response to export demand shocks, so that linking the CCyB to the credit gap
amplifies fluctuations in domestic demand in response to export demand shocks. Hence, linking
the CCyB to the credit gap creates a trade-off between stabilizing fluctuations originating in the
housing market and fluctuations caused by foreign demand shocks. Moreover, the CCyB rule rec-
ommended by the ESRB, which requires an increase in the CCyB once the credit gap exceeds a
threshold, is very unlikely to make a difference, as it is activated only for extremely large shocks.

Our analysis adds to the existing literature by simultaneously incorporating the following five
features. First, we analyze CCyB rules based on the credit gap, which is considered a good predic-
tor of financial crises and their costs (e.g. Schularick and Taylor (2012) and Jorda et al. (2013)), and
features prominently in the ESRB Recommendation. Second, as far as we are aware, our contribu-
tion is the first to investigate CCyB rules including house prices, one of the alternative indicator
variables considered in Drehmann et al. (2010). Third, we examine the performance of OSRs that
allow the regulator to respond to both the credit gap and house prices. We obtain these rules by
searching for the optimal weights on the credit gap and the house prices in the CCyB rule that
maximizes welfare in our model. Fourth, unlike Clerc et al. (2015), we focus on a small open
economy within a monetary union, implying that monetary policy is absent as a stabilizing factor.
Regulatory policy operates under such or similar conditions not only in the euro area countries
but also in those economies that peg the exchange rate. Fifth, banks perform two functions in our
model, namely channeling savings from (foreign) lenders to (domestic) borrowers and meeting
the liquidity preference of domestic households by supplying deposits to them. We find that this
feature is important for replicating the procyclicality of nonfinancial sector credit. Importantly,
we do all this in a model that we estimate by matching the model impulse responses to those of an
estimated structural VAR model. The ability of our model to mimic the empirical findings makes
it a good candidate to compare the welfare consequences of linking the CCyB to the credit gap and
to house prices. Finally, the Irish economy underwent a boom-and-bust cycle after the adoption
of the Euro. It thus provides an ideal background to analyze the performance of various policy
rules for the CCyB.

Our analysis differs from some recent contributions that investigate themerit of cyclically vary-
ing loan to value ratios (e.g. Rubio and Carrasco-Gallego (2016), Draeger and Proano (2020)) or
other policy instruments (Chadha et al. (2015)) in response to financial variables. Some papers that
allow for cyclical variation of the CCyB consider policy rules based on GDP (Angelini et al. (2014)
andAngeloni and Faia (2013)), while regulators tend to respond to financial variables. Christensen
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Figure 1. Structure of the model.

et al. (2011), following the empirical investigation of Drehmann et al. (2010), consider a rule for
regulatory capital involving the credit gap, but not house prices, and their model does not fea-
ture a housing market. The only contribution incorporating the small open economy dimension
is Clancy and Merola (2017), who consider a more restricted set of shocks and rules. In partic-
ular, they only look at a rule based on the credit gap and do not investigate the performance of
the ESRB rule or examine welfare-maximising OSRs. In contrast, Angelini et al. (2014), Lewis and
Villa (2016), and Beneš and Kumhof (2015) study the optimal interaction between macropruden-
tial and monetary policy. Among these papers, only Beneš and Kumhof (2015) and Clancy and
Merola (2017) study regulatory policy in a model where credit does not merely serve the purpose
of intermediating savings between borrowers and lenders. Finally, from the contributions cited
above, only Angelini et al. (2014) employ an estimated model, while Beneš and Kumhof (2015)
consider only first and second moments of the data.

The paper is structured as follows: Section 2 develops the model, Section 3 describes the
parametrisation, and Section 4 introduces the macroprudential rules whose performance we
evaluate. Section 5 contains the main results and Section 6 concludes.

2. The model
Figure 1 gives an overview of the model. The nonfinancial sector consists of households, non-
tradable goods sector, and tradable goods sector. The tradable sector uses imports as inputs, a
feature of many small open economies. Households consist of workers and bankers. Workers
supply labor to firms and bankers use their net worth to provide equity to banks. Banks lend to and
collect deposits from households and the rest of the world. All foreign capital inflows go through
the banking sector. Banks are subject to minimum capital regulation, which may be time-varying.
The economy is part of a currency union.

2.1 Banks
Following Gertler and Karadi (2011) andMendicino et al. (2018), somemembers of the household
are bankers with finite working lives. With a fixed probability 1− θb, they retire and transfer their
accumulated net worth to the household. They are replaced by newly created bankers with ”start-
up” funds equal to a fraction ω of total bank equity at the beginning of period t. Aggregate bank
equity at the end of period t, Eb,t equals

Eb,t = Eb,t−1RE,tθb + Eb,t−1RE,tω= Eb,t−1RE,t(θb +ω), (1)
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where RE,t denotes the period t return on bank equity. These assumptions capture the empirical
finding that banks are reluctant or unable to raise equity outside or cut dividends when faced
with higher regulatory capital requirements or higher demand for credit (Mesonnier and Monks
(2015), Gropp et al. (2019) and Jimenez and Ongena (2017)) so that banks never become fully
self-financing. A bank’s balance sheet constraint is given by:

Lt =Dt + Bt + Eb,t . (2)
where Dt are domestic deposits, Bt are foreign deposits, and Lt are loans to households.

Following Beneš and Kumhof (2015) and Jakab and Kumhof (2015), we assume that an indi-
vidual bank’s net return on assets is subject to idiosyncratic shocks so that its return on assets may
differ from the banking industry average R̃t . These shocks may represent above-average expo-
sures to bad loans, or losses from trading activities not explicitly modeled. An individual bank’s
t + 1 total revenue is therefore R̃t+1ωb,t+1Lt , where ωb,t+1 is a lognormally distributed i.i.d. ran-
dom variable with mean 1 and variance var(log(ωb,t+1))= σ 2

b . Its density and cumulative density
functions are φ(ωb,t+1) and�(ωb,t+1), respectively.

A bank’s expenditure consists of the repayment of its debt liabilities with interest, Rt(Bt +Dt),
and the potential penalty if, as a result of an adverse idiosyncratic shock, its capital ratio Lt/Eb,t
falls short of the minimum capital requirement gt , set by the regulator. This penalty represents
all costs of “being caught” as badly capitalized and may include regulatory penalties, the damage
to the brand, and the dilution of shareholder value associated with recapitalization at low share
prices. Formally, a bank has to pay a fraction χb of its total assets Lt , if ωb,tR̃tLt−1 − Rt−1(Bt−1 +
Dt−1)<ωb,tgt−1R̃tLt−1, where Rt is the deposit rate. The threshold value of ωb,t where a bank
becomes undercapitalized is defined as: ωb,t ≡ (Rt−1(Bt−1 +Dt−1))/((1− gt−1)R̃tLt−1).

To obtain a bank’s maximization problem, we first use the bank’s balance sheet identity (equa-
tion (2)) to eliminate Bt +Dt in the expression forωb,t and in the expression for bank expenditure.
We then use the assumption thatωb,t+1 is i.i.d. with the expected value of 1 to obtain the following
bank optimization problem:

max
Lt

Et

{
β
	t+1
	t

[
R̃t+1Lt − Rt(Lt − Eb,t)− χbLt�

(
Rt(Lt − Eb,t)
(1− gt)R̃t+1Lt

)] }
,

where β 	t+1
	t

is the households’ stochastic discount factor.1 The bank’s first-order condition with
respect to loans determines the expected return on the banks loan portfolio EtR̃t+1 consistent
with the loan supply Lt :

Et

{
β
	t+1
	t

[
R̃t+1 − Rt

]}=Et

⎧⎨⎩β	t+1
	t

χb

⎛⎝�(ωb,t+1)+ φ(ωb,t+1)
Rt

Eb,t
Lt

(1− gt)R̃t+1

⎞⎠⎫⎬⎭ . (3)

The average net return on assets must compensate the bank for any expected losses associated
with bankruptcy so that the actual lending rate RL,t has to satisfy the following equation:

Et

{
R̃t+1 − RL,t (1− λEt (Jt+1))= 0

}
, (4)

where Jt+1 is the expected share of defaulting household loans and λ is the loss given default
(LGD).2 Equations (3) and (4) imply that to increase its lending by one unit, the expected net
return on assets R̃t+1 has to compensate the bank for its cost of funds Rt and the expected increase
in the risk of ending up uncapitalized in period t + 1 due to higher leverage. The lending rate
has to be such that after deducting all default costs, the bank expects to earn R̃t+1. The bank cap-
ital ratio at the end of the period will therefore typically exceed the regulatory minimum. The
regulator can increase the costs of funds of the nonfinancial sector by raising gt and thus increas-
ing the expected penalty associated with a given leverage. Unless stated otherwise, we assume
gt = gmin> 0.
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The return on equity is defined as RE,t ≡ Rt−1 + (R̃t − Rt−1) 1
elt−1

− χb
1

elt−1
�(ωb,t), where elt =

Eb,t
Lt is the bank capital ratio. The first term is the riskless rate, the second term is the spread earned
on the loan portfolio (scaled by the bank leverage), and the last term is the penalty paid in case
minimum capital requirements are breached.

2.2 Households
2.2.1. Utility and budget constraints
We assume a continuum of optimizing households indexed by j. Household j derives utility from
consumption Cj,t , real bank deposits Dj,t/Pt , and housing Hj,t , and disutility from the labor Nj,t
supplied by its worker-members:

Et

∞∑
i=0

β i

⎡⎢⎣(Cj,t+i − χCt+i−1
)1−σ

(1− χ)−σ (1− σ )
− φN

N1+η
j,t+i

1− η
+ εH,t

ζH,tH1−ν
j,t

1− ν
+ ζD

(
Dj,t+i
Pt+i

)1−ι
1− ι

⎤⎥⎦ , (5)

where β and χ are the discount factor and the degree of habit formation, respectively, σ , η, ν,
and ι are curvature parameters, and Pt is the price level of the consumption basket Cj,t . ζH,t
is a shock to housing preferences.3 Household j earns RK,t on capital Kj,t−1, Rt on deposits
Dj,t−1, receives profits �j,t of the monopolistically competitive firms and net worth of retiring
bankers (1− θb)RE,b,j,tEb,j,t−1. It provides new bankers with total start-up funds ωRE,b,j,tEb,j,t−1.
Households can sell housing stock Hj,t−1 at price PH,t and borrow Lj,t . The households’ debt
repayment is given by:(

1− 1j,Def
)
RL,tLj,t−1 + 1j,Def

(
λRL,tLj,t−1 +DefCostt

)
(6)

where 1j,Def is an indicator function that takes the value of one in case of default and zero other-
wise. Hence in case of default, the household has to repay only a fraction λ of its liabilities, but also
faces default costs,DefCostt , which can be thought of as the legal and reputational costs associated
with default.4 We assume that DefCostt represents a transfer to other households and affects only
the distribution of resources (but not production). Moreover,DefCostt = (1− λ) RL,tLj,t−1 so that
the total costs associated with households’ t − 1 debt equal RL,tLj,t−1 regardless of default. The
households’ budget constraint is thus given by:

PtCj,t + PI,tIj,t + PH,tHj,t − Lj,t +Dj,t

[
1+ 1

2
ξD�D,t

]
=

=WtNj,t

[
1− 1

2
ξW�W,t

]
+ RK,tKN,j,t−1 + PH,tHj,t−1 + (1− θb −ω)RE,b,j,tEb,j,t−1 − RL,tLj,t−1

+ RtDj,t−1 +�j,t −�N,t −�M,t −�E,t −�j,t . (7)

where�j,t is lump sum tax, and� are adjustment costs.5 Capital KN,t denotes non-tradable sector
capital and is determined in the aggregate by:

KN,t = (1− δ)KN,t−1 + It
(
1− 1

2
ξI�I,t

)
, (8)

where �I,t ≡ ( log (It/It−1)2 and ξI ≥ 0 is the curvature of the adjustment cost function. We
assume that physical capital in the non-tradable sector is exogenous.
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2.2.2. Household default
Housing wealth of households is subject to idiosyncratic shocks ωh,j,t . Households default if their
housing is worth less than their debt RL,t−1Lj,t−1:

exp
(
ωh,j,t

)
Hj,t−1PH,t < Lj,t−1RL,t−1, (9)

and ωh,j,t ∼N (0, σh). The default threshold for ωj,t and the default probability Jj,t are
ωh,j,t = log (Lj,t−1RL,t−1/(Hj,t−1PH,t)), (10)

Jj,t =�

(
ωh,j,t

σh

)
, (11)

where � (•) is the standard normal c.d.f. and σh is the idiosyncratic risk of households. After
ωh,j,t materializes and some households default, resources are redistributed between households
so that their housing wealth is identical before they make their consumption and saving decisions,
so we can drop the j subscript. Combining equations (12), (13) and (4) yields a closed relation-
ship between the lending rate, borrowing, and housing. This relationship represents the menu of
choices offered to the household by the bank, from which the household will choose the optimal
combination:

RL,t = EtR̃t+1(
1− λEt

(
�
(
ωh,t+1
σh

))) (12)

The assumption of a fixed LGD λ simplifies a bank’s participation constraint compared to, for
example, Clerc et al. (2015).6

2.2.3. First-order conditions
The Lagrange multiplier on the budget constraint (equation (9)) is	t and the Lagrange multiplier
on the interest rate constraint (equation (14)) is 	RL,t . The first-order conditions with respect to
Ct , Lt , RL,t , Dt ,Hj,t , It , and KN,t imply (where we have imposed a symmetric equilibrium, which is
why we can omit the j-subscripts):

	tPt = (1− χ)σ (Ct − χCt−1)
−σ , (13)

	t = βEt

{
	t+1

(
RL,t + dRL,t

dLt
(
ωh,t+1, Lt

)
Lt
) }

(14)

	RL,t
	tLt

(
1− λEt(Jt+1)− λEt

(
φ(ωh,t+1)

σh

))
= βEt

{
	t+1
	t

}
, (15)

D−ι
t Pι−1

t ζD
1
	t

= 1− βEt

{
Rt
	t+1
	t

}
+ ξD�′D,t , (16)

PH,t = εH,tζH,t
H−ν
t
	t

+ βEt

{
	t+1
	t

(
PH,t+1 + dRL,t

dHt

(
ωh,t+1,Ht

)
Lt
) }

(17)

PI,t = PK,t
[
1− ξI

2
�I,t − ξI�′I,t

]
+ βEt

{
	t+1
	t

PK,t+1ξI�′I,t
It+1
It

}
, (18)

PK,t = βEt

{
	t+1
	t

(
(1− δ) PK,t+1 + RK,t+1

) }
. (19)
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Due to the cost of default, equation (16) differs from a conventional consumption Euler equation
because of the presence of the dRL,t

dLt
(
ωh,t+1, Lt

)
Lt term. This term represents the increase in the

households interest rate burden on his existing stock of borrowing, where dRL,t
dLt

(
ωh,t+1, Lt

)
is the

effect of an increase in borrowing Lt on the loan rate RL,t (holding Ht constant) implied by a
bank’s participation constraint (14). dRL,tdLt

(
ωh,t+1, Lt

)
is positive because higher borrowing implies

a higher risk of default in period t + 1. Correspondingly, dRL
dHCC

(
ωh,t+1,Ht

)
denotes the implied

(negative) effect of an increase in the housing stock on the loan rate (holding Lt constant). In
equilibrium, Hj,t =H.7 For household optimality conditions for labor supply and wage setting,
see Appendix D.1.

2.3 Firms
The model has four sectors (see Appendix D.2). The final goods sector combines non-tradable
and imported goods to produce consumption and investment goods. Importers sell goods to final
goods firms at a markup over the world price. The non-tradable sector produces using domestic
capital and labor. The export sector produces using domestic capital, labor, and imported inter-
mediate goods, which accounts for the substantially higher import content of exports in small
open economies. Capital in the tradable sector is exogenous, because a large part of exporters in
Ireland are foreign-owned multinationals, and some profits of the tradable sector are transferred
abroad, which helps the model to match the Irish export surplus.

2.4 International capital flows
The bank deposit rate is linked to the foreign interest rate RW,t by:

Rt = θB

(
Bt
Yt

− ζ

)
RW,t , (20)

where the first term on the right denotes a country risk premium, which depends positively on the
deviation of the foreign-debt-to-GDP ratio from its steady state value ζ ≡ B/Y , with a sensitivity
θB. This assumption ensures the stationarity of foreign deposits Bt that evolve according to

Bt = Rt−1Bt−1 − TBt + �t , (21)

where TBt and �t denote the trade balance and profits transferred abroad by foreign-owned
exporters, respectively. If Xt are exports, PX,t the price of exports, Mt are imports, and PM,t the
price of imports, then the trade balance is given by:

TBt = PX,tXt − PM,tMt . (22)

For the purpose of taking the model to the data below, we assume that the percentage deviation
of the exogenous foreign interest rate from its steady state R̂W,t is the sum of a monetary policy
component R̂m,t and a “global credit supply” component R̂cs,t :

R̂W,t = R̂m,t + R̂cs,t . (23)

3. Estimation andmodel validation
We bring the model to the data using a combination of calibration and estimation by separat-
ing model parameters in three groups. The first group is calibrated based on the literature and
other considerations. The second group is calibrated to match the steady state. The third group is
estimated by matching model impulse responses to those of an estimated structural VAR.
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Table 1. Steady state values of important variables and their counterparts in the data

Name Model Data Sources

Consumption share, PCY 51.8 45.5 CSO NIE
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Private inv. share, PIIY 14.4 19.9 CSO NIE
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Gov. exp. share∗, PNGY 20.6 20.6 CSO NIE
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Export share, PXXY 92.3 92.6 CSO NIE
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Import share, PMMY 79.2 78.3 CSO NIE
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Export surplus∗, PXX−PMMY 13.2 14.3 CSO NIE
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Imp. share cons.∗, PMCMPC 45.0 45.0 CSO IO tables
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Imp. share inv.∗, PMIMY 50.0 50.0 CSO IO tables
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Imp. share exports∗, PMXMPXX
56.0 57.2 CSO IO tables

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Labor share∗, WNY 40.0 39.6 CSO IO tables
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Non-fin. sec. loan rate∗, RL 4.0 4.0 CBI, OC
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Deposit interest rate∗, R 1.8 1.8 CBI, OC
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Deposit interest semi-elast.∗ 1.5 1.5 Gerlach and Stuart (2015)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Deposit adjustment speed∗ 0.2 0.2 Gerlach and Stuart (2015)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Prob. of undercap.∗, Fb 2.5 2.5 Jakab and Kumhof (2015)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Loan-to-GDP rat.∗, LY 104.4 104 Internal CBI data
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Foreign dep. share∗, BL 22.2 22.2 CBI, OC
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bank equity ratio∗, EL 12.1 12.1 CBI, OC
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Housing stock ratio∗, PHHY 244.9 244.9 CBI, CSO NIE
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Loan default rate∗, Fh 0.8 0.8 CBI, OC, Kelly and O’Malley (2016)

Notes: All values are in %. CSO=Central Statistical Office; NIE=National Income and Expenditure, IO= Input-Output. OC= own
calculations. All target and model values are annual levels. As the model is quarterly ratios involving a division of stock with a
(quarterly) flow (e.g. housing stock-to-GDP ratio) in the model have to be multiplied by 4. Details of the calculations are available
upon request. Asterisks denote target values.

In the first group of parameters, we set the inverse of the Frisch elasticity of labor supply, η, to
2, assume log utility (σ = 1), and set ν to 1.8 We assume Cobb–Douglas preferences over imported
and domestic consumption and investment goods, and we set the minimum capital requirement,
gmin, to 8%, in line with the Basel II rules. Demand elasticities of the individual varieties in the
labor, non-tradable, tradable, and import CES baskets are set to 11, implying steady state markups
of 1.1. The price elasticity of exports, ηX , is the average of available micro- and macro-evidence
for Ireland (see CorboandOsbat (2012) and Bredin et al. (2003)), and we set the price elasticity of
imports to one. The depreciation rate of capital is δ= 0.04%, and the elasticity of the risk premium
on domestic deposits over the world interest rate is θB = 0.0001. The only evidence for LGD in
Ireland, λ, covers the years 2014 and 2015. We set λ equal to the 2014 value for mortgages.9
Finally, we set the degree of investment adjustment costs ξI = 2, which allows us to match the
standard deviation of investment relative to domestic demand, conditional on the calibrated and
estimated parameters (see Appendix B).

The second set of parameters are calibrated by matching the steady state values of a number
of model variables, following for example, Bernanke et al. (1999), Nolan and Thoenissen (2009),
Christiano et al. (2014), and Rannenberg (2016). The targets include deposit and loan interest
rates for the non-financial sector, information on bank funding, and the ratio of non-financial
sector loans and the value of the housing stock to GDP.10 Parameters used to match calibration
targets in Table 1 are listed in Table 2 and marked by asterisks.

We estimate the third group of parameters bymatching the Impulse Response Functions (IRFs)
of the model with the IRFs of an identified BVAR model (see Altig et al. (2011)). This group
includes habit formation, the degree of investment, wage and price adjustment costs, and the
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Table 2. Calibrated parameters

Symbol Name Value

Households
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

β Discount factor∗ 0.9855
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

φN Utility weight of labor∗ 1.9282
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ζD Utility weight of deposits∗ 0.3526
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ζH Utility weight of housing∗ 0.1017
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

η Labor supply elast. 2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ν Elast. of housing demand 1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ι Curvature deposit utility∗ 5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ξD Deposit adjustment cost∗ 2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

δ Depreciation rate 0.04
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ξI Investment adjustment cost 2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σh Idiosyncratic risk∗ 0.4721
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

μC Final cons. demand elasticity 1.01
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

μI Final inv. demand elasticity 1.01
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

eN Non-tradable goods varieties elasticity 11
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

eM Import varieties elasticity 11
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

eX Export varieties elasticity 11
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

eX,W Export basket demand elasticity 2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Banking sector
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

λ Loss given default 0.4217
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σb Idiosyncratic risk∗ 0.4721
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ζ Share of foreign debt in GDP∗ 1.0564
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

gmin SS. minimum capital requirement 0.08
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

θb +ω Fraction retained equity∗ 0.9882
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B
Y SS. foreign-deposit-to-GDP∗ 23.2%

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

θB Risk premium sensitivity 1e-8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RW World interest rate∗ 3%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Firms
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

α Share of imports in exports∗ 0.49
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ωC Share of consumption imports∗ 0.2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ωI Share of investment imports∗ 0.3
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

γ N Share of labor (non-tradable)∗ 0.44
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

γ X Share of labor (tradable)∗ 0.44
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

eW Labor varieties elasticity 11

θ� Tradable profits transferred abroad∗ 82.0%

Parameters denoted with an asterisk are implicitly calibrated in order to support targets
listed in Table 1, as well as PN = 1.

persistence and standard deviations of shocks. The VAR includes real loans to the nonfinancial
sector, real house prices, real exports, ameasure of real domestic demand, the corresponding defla-
tor, the Euro OverNight Index Average (EONIA) as a measure of R̂m,t (see equation (25)), and,
following Ben Zeev (2019), the Excess Bond Premium (EBP) of Gilchrist and Zakrajšek (2012) as
a measure of the global credit supply shock R̂cs,t .11 Furthermore, we use an estimate of trend total
factor productivity by the European Commission (see Planas and Rossi (2018)) as a counterpart
of total factor productivity of firms in the model. The sample period is 1999Q1–2016Q4.
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Table 3. Model parameter ranges in the simulation excercise

Symbol Name Value

κN Non-tradable sector markup coefficient/price adjustment cost [0.001, 1]
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

κX Tradable sector markup coefficient/price adjustment cost [0.001, 1]
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

χ Habit formation [0.4, 0.95]
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρA AR(1) productivity shock [0.5, 0.99]
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρH AR(1) housing preference shock [0.5, 0.99
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρX AR(1) export demand [0.5, 0.99]
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρRm AR(1) monetary policy shock [0.5 0.99]
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρRs AR(1) global credit supply shock [0.5 0.99]

Note: All parameters listed in the table are assumed to be uniformly distributed over the reported intervals. The
markup coefficient of a sector i κi is the coefficient on minus the percentage deviation of the markup from its
steady state obtained after linearizing the respective price (or wage) setting equation. The relationship between
κi and sector i’s price (or wage) adjustment cost ξi is given by ξi = 1/(κi ∗ (μi − 1)), whereμi denotes the steady
state markup in sector i.

We identify five shocks, namely shocks to Total Factor Productivity (TFP), housing demand,
export demand, monetary policy, and global credit supply, by using a range of exogeneity restric-
tions and by placing sign restrictions on the IRFs. Specifically, we assume that both the EONIA
and EBP are block exogenous with respect to all Ireland-specific variables, which follows directly
from the small open economy assumption, and that EBP contemporaneously affects the EONIA
but not vice versa. Second, we assume that Irish TFP is fully exogenous. Finally, following
Peersman and Straub (2009), we derive further robust theory-consistent sign restrictions by
simulating the model IRFs for a wide range of values of the parameters to be estimated.12 We
assume that the parameters are uniformly distributed over the intervals reported in Table 3. The
intervals of the AR(1) coefficients of the shocks are taken directly from Peersman and Straub
(2009). Furthermore, similar to Peersman and Straub (2009), the intervals for the coefficients
on the negative of the price markup in the (linearised) price Phillips curves of the non-tradable
and tradable sectors (i.e. κn and κx) range from extremely rigid to extremely flexible prices.
The interval for the degree of habit formation ranges from very little to almost complete habit
formation. However, our results are robust to assuming tighter intervals informed by recent
estimates of Dynamic Stochastic General Equilibrium (DSGE) models on euro area data (see
Appendix A). Since we cannot separately identify the degrees of nominal wage and price rigidity
in the estimation, both during the simulation exercise and the estimation using IRF match-
ing, we impose that the response of wage inflation to a decline in the wage markup equals
the response of non-tradable goods price inflation to a decline in the price markup, that is,
κn = κw.

Figure 2 displays the 90% confidence bands of the resulting simulated IRFs. Since the global
credit supply shock and the monetary policy shock are both shocks to the foreign interest rate
and thus observationally equivalent in the model, they give rise to the same IRF confidence bands,
reported in row four under the label “foreign interest rate shock” (FIS). All shocks are signed to
trigger an increase of domestic demand on impact, with the exception of the TFP shock, which
represents a TFP improvement, but where the impact response of domestic demand may be
negative for a small number of parameter combinations.

We use this simulation result to impose sign restrictions in our VAR as follows: if the con-
fidence band of the response of a given variable to a given shock meets a sign restriction for at
least the first three periods, we impose that restriction during the first three periods in the esti-
mation of the VAR. An exception are the responses of exports to the shocks triggering a decline
in the foreign interest rate. In the model, the effect of this shock on exports is strictly negative
as the associated increase in domestic demand raises wages and prices, thus making exports less
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Figure 2. Theoretical impulse response functions.
Notes: The figure reports the results of simulating the model IRFs for 1,000,000 draws of the model parameters to be esti-
mated. The parameters are assumed to be uniformly distributed over the intervals reported in Table 3. The solid line denotes
the median response, while the dotted lines denote 90% confidence intervals. DD denotes modified domestic demand.
FIS= “Foreign Interest rate Shock”.

competitive. However, our empirical counterparts—the monetary policy and global credit supply
shock—are international expansionary shocks which are likely to have a positive effect on the for-
eign demand for Irish exports at a given export price, which we do not model. Hence, the overall
effects of these shocks on exports would be a priori ambiguous. Therefore, we do not restrict them
when identifying the VAR. The resulting sign restrictions are summarized in Table 4.13 For the
estimation, we use the BEAR toolbox (Dieppe et al. 2016).14

We collect the model parameters to be estimated in the vector ζpar , whose values we choose in
order to minimize the criterion function:

(�̂ −�(ζpar))′V−1(�̂ −�(ζpar)),

where �̂ is the vector of IRFs from the VAR, �(ζpar) are IRFs from the model, and V is the
diagonal weighting matrix based on the variance of each point of the IRF. This matrix attaches a
higher weight to more precisely estimated points of the IRFs.15 We compute the model IRFs using
a constant minimum capital requirement gt , since there was no CCyB in place during the sample
period.

Table 5 reports the estimated parameters. We find that export prices are essentially flexible, in
line with the euro area estimates by Coenen et al. (2013), and significant external habit formation.
Appendix B shows that the model is able to replicate second moments of a number of impor-
tant variables not included in the VAR. We also show that the preference of households for bank
deposits is important for replicating the procyclicality of nonfinancial sector credit observed in
the data. Figure 3 displays the responses of the model and the VAR to the four identified shocks.

https://doi.org/10.1017/S1365100522000190 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100522000190


Macroeconomic Dynamics 1241

Table 4. Matrix of sign restrictions

Shock in VAR (model) RL DD DD defl. Real PH EX EONIA TFP EBP

TFP + - + + 0 + 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Housing d. (prefer.) + + + - 0 0 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Export d. (XD) - + + + 0 0 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Monetary policy + + + - 0 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Global credit supply + + + 0 0 -

Note: In the estimation, the sign restriction is always applied to the first three elements of the IRF of the respective variable to the
respective shock. An exception is the response of the EONIA, where the restriction applies on impact. RL stands for real NFS loans,
DD is domestic demand, EX are exports.

Table 5. Estimated parameters

Symbol Name Value

κW/ξW Wagemarkup coefficient/wage adjustment cost 0.0631/158.5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

κN/ξN Non-tradable sector markup coefficient/price adjustment cost 0.0631/158.5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

κX/ξX Tradable sector markup coefficient/price adjustment cost 100/0.1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

χ Habit formation 0.84
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σμ Sd. productivity shock 0.0044
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σH Sd. housing demand shock 0.0073
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σX Sd. export demand 0.0099
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σm Sd. monetary policy shock 0.0004
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σcs Sd. global credit supply shock 0.0005
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρA AR(1) productivity shock 0.93
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρH AR(1) housing demand shock 0.99
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρX AR(1) export demand 0.98
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρRm AR(1) monetary policy shock 0.99
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρRcs AR(1) global credit supply shock 0.99

Note: We imposed an upper bound on the AR(1) coefficients of 0.99 and a lower bound on the pricemarkup coefficients
of 0.005. Themarkup coefficient of a sector i κi is the coefficient onminus the percentage deviation of themarkup from
its steady state obtained after linearizing the respective price (or wage) setting equation. The relationship between κi
and sector i’s price (or wage) adjustment cost ξi is given by ξi = 1/(κi ∗ (μi − 1)), where μi denotes the steady state
markup in sector i.

A mechanism at the heart of the assessment of different rules for the CCyB is the effect of
a change in the capital requirement on domestic demand and GDP. To verify the calibration
of the model, we simulate the effect of a permanent one p.p. increase in the minimum capital
requirement and compare the results to a set of studies (Basel Committee for Banking Supervision,
2010).16 An increase in the minimum capital requirement increases the risk of a capital shortfall
and thus the expected associated penalty, so they reduce loan supply and increase lending rates
(Figure 4). The higher cost of borrowing depresses domestic consumption and investment, caus-
ing a decline of GDP of 0.3% at the trough. The decline in domestic demand reduces wages, which
leads to an improvement of the current account. The increase in the marginal utility of consump-
tion and the stronger discounting of the utility from owning the house due to a higher lending
rate both lower the demand for housing and thus the house price. The house price decline results
in a lower value of collateral and an increase in defaults. The improvement in the current account
and the drop in house prices are reflected both in lower borrowing of households from banks and
in lower borrowing of banks from abroad. The increase in the lending rate increases the revenues
of banks, which gradually raises their equity.17 The bank capital ratio slowly approaches the new
regulatory ratio and the marginal cost of lending declines, allowing domestic demand and house
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Figure 3. VAR andmodel IRFs.
Notes: Impulse response functions of themodel and the impulse responses in the VAR to the identified shocks. Shaded areas
denote 68% confidence intervals. DD: Modified domestic demand. GCS: Global Credit Supply shock.

prices to recover. Importantly, the GDP response to an increase in capital requirements is in line
with the literature. The response of output is of similar magnitude as that considered in Slovik
and Cournéde (2011) and close to the median of the range of model responses considered in Basel
Committee for Banking Supervision (2010).18

4. CCyB rules and welfare
We consider a simple linear rule which relates the minimum capital requirement faced by banks,
gt , to the credit gap, gapt , and the house price gap, price gapt :

gt = 8%+ψL · gapt +ψPH · price gapt , (24)

gapt =
(

Lt
Yt + Yt−1 + Yt−2 + Yt−3

− L
4 · Y

)
, (25)

price gapt = PH,t/Pt − PH/P
PH/P

. (26)

The definition of the credit gap follows the recommendation of the ESRB.19
We perform a grid search for a simple policy rule that maximizes the unconditional expecta-

tion of household welfare (equation (5)). Following Schmitt-Grohé and Uribe (2007), we take a
second-order approximation to the model’s solution and obtain the welfare level associated with
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Figure 4. Permanent increase in minimum capital requirements.
Notes: Impulse responses to a permanent increase in minimum capital by 1 p.p. All variables are in percentage deviations
from the steady state, except interest rates, default rate, and required return on assets, which are in annualized percentage-
point deviations, and the bank capital ratio, the credit gap, and the minimum capital requirement, which are in percentage-
point deviations. House prices, loans, domestic and foreign deposits and equity are deflated using the consumption price
deflator.

a given policy from there.20 We compute the model’s solution and household welfare level asso-
ciated with a given policy rule using Dynare (see Adjemian et al. (2011)). The grid is given by the
intervals ψL,ψPH ∈ [0 2]. We exclude policies for which the probability that gt hits its zero lower
bound exceeds 5%. We convert the welfare gain of a proposed policy over the no CCyB case into
a percentage τC of quarterly consumption under the no CCyB case. Details on the computation of
τC are provided in Appendix E.

The resulting OSR only responds to real house prices and not to the credit gap (Table 6, column
OSR), with ψ∗

PH = 0.76. The welfare gain under the optimal policy, compared to the absence of a
CCyB, is 0.82% of consumption with no CCyB.21 Since theOSR turns out not to involve a response
to the credit gap, we consider also restricted version of the rule, where we setψPH = 0 and optimize
ψL conditional on this restriction. The resulting restricted OSR (Table 6, column ROSR) features
a positive response to the credit gap, but the associated welfare gain with respect to the no-CCyB
case is essentially zero.

We also investigate the ESRB rule, which requires that gt responds only to the credit gap
exceeding 2 p.p., and the maximum increase is capped at 2.5 p.p.:

gt = 8%+

⎧⎪⎪⎨⎪⎪⎩
0 if gapt ≤ 2%

0.3125 · gapt − 0.625 if 2%< gapt ≤ 10%

2.5% if gapt > 10%.

(27)

5. Simulations
This section discusses the effects of two types of a housing demand shock, a decline in export
demand, a productivity shock, and a decrease in the cost of foreign borrowing, all for the
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Table 6. Performance of optimal simple rules

No CCyB OSR ROSR

Coefficients in the rule
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ψL 0.00 0.00 0.30
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ψH 0.00 0.76 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Moments
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
Ĉt
}

0.11 0.22 0.10
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
N̂t
}

0.33 0.15 0.31
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
D̂t
}

0.42 0.25 0.39
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
Ĉ2t
}

20.46 16.12 19.32
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
N̂2t
}

3.07 2.26 3.06
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
D̂2t
}

8.23 5.15 7.54
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et

{(
π̂
w,APR
t

)2}
10.65 6.42 10.23

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et

{(
π̂
n,APR
t

)2}
0.27 0.19 0.25

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG (% of no-CCyB consumption) 0.00 0.82 0.03
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Contributions of changes in individual moments to WG (p. p.)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG contribution�Et
{
Ĉt
}

0.00 0.10 −0.02
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG contribution�Et
{
N̂t
}

0.00 0.75 0.06
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG contribution�Et
{
D̂t
}

0.00 −0.20 −0.04
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG contribution�Et
{
Ĉ2t
}

0.00 0.05 0.01
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG contribution�Et
{
N̂2t
}

0.00 0.03 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG contribution�Et
{
D̂2t
}

0.00 0.08 0.02

Notes: The table displays the results of the grid search for the optimal simple rule (OSR), with grid ψL ,ψPH ∈ [0 2], and for
the restricted optimal simple rule (ROSR), with grid ψL ∈ [0 2] and ψPH = 0, step size 0.02. We restrict attention to policies
for which the probability that gt hits the zero lower bound is less than 5%, that is, for which

√
Var(gt ) ∗�0.95 < Etgt , where

�0.95 denotes the 95 percentile of the standard normal distribution. A hat above a variable denotes percentage deviation
from its non-stochastic steady state. π̂w,APRt denotes annualized wage inflation. Second moments are computed from the
first-order approximation to themodel’s solution. Themeans are based on the second-order approximation to themodels
solution using first-order accurate second moments. The respective welfare gain associated with the OSR and the ROSR
are expressed as a percentage of consumption in the absence of the CCyB. For each variable directly entering the utility
function, the table lists the contribution of the change in the first and second moment of that variable to the total welfare
gain. Hence, summing rows “WG Contribution�Et

{
Ĉt
}
” to “WG Contribution�Et

{
D̂2t
}
” yields the values in row “WG (%

of no-CCyB consumption),“ up to small rounding errors.

alternative rules described by equations (26)–(29). The magnitude of the shocks we assume in
the simulations below equals one standard deviation.22

5.1 Positive housing demand shock
A positive housing demand shock is a temporary increase in preferences for housing (Figure 5).
Our baseline is the constant capital requirement of 8% (dashed black line). With the supply
of housing fixed, the increase in housing demand increases house prices and reduces house-
holds’ loan-to-value ratios and the default rate. Banks pass lower expected losses from defaults
to households by reducing the loan rate, which stimulates consumption and investment. Lower
interest rates and higher consumption further increase house prices, which can be interpreted as a
financial accelerator mechanism. Wages and goods prices increase, worsening the country’s com-
petitiveness. Exports decrease and imports increase, implying that borrowing from abroad rises,
and is intermediated to the nonfinancial sector as loans.
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Figure 5. Housing demand shock.
Notes: Impulse responses to a positive housing demand shock. For details on the units of the variables, see the note below
Figure 4.

Loans to households increase in response to the housing demand shock because the increase in
households’ expenditure relative to their revenue requires an increase in borrowing. The decline
in the spread between the loan and deposit rates and higher consumption increase the demand for
deposits by households. Bank equity increases because the share of nonperforming loans declines.
More bank equity helps accommodate the increase in loans, implying only a small decline in the
bank capital ratio.

We now turn to the CCyB rules. The ESRB rule (dotted red line) performs exactly as the con-
stant minimum capital requirement, because the credit gap opens by less than 2 p.p. and the rule
does not kick in.23 We show in Appendix G that a 6-standard-deviation shock is necessary to
move the ESRB rule enough to have a meaningful effect. Both the OSR (full orange line) and
the ROSR (full black line) require an increase of minimum capital, as the credit gap and real
house prices increase in response to the shock. With a higher minimum capital requirement,
banks’ capital buffer is smaller and the risk of ending up undercapitalized and having to pay a
fine increases. This risk is reflected in a higher required expected return on assets (R̃t+1). Banks
pass this increase in their expected cost of lending to households through higher lending rates.
As a result, the increase in consumption, investment, and house prices is lower than when min-
imum capital requirement is constant. The OSR achieves a substantially higher attenuation than
the ROSR because the increase in the real house price exceeds the increase in the credit gap and
the response coefficient is higher as well, leading to higher capital requirements under the OSR.

5.2 Boom and bust in the housingmarket
We model the boom-and-bust scenario on the housing market (a housing bubble) by assuming
that the agents expect an increase in the demand for housing to occur in 3 years (i.e. in quarter
13), which ultimately does not materialize.24 Expectations of a future increase in housing demand
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Figure 6. Stylised boom and bust in the housing market.
Notes: Responses to an anticipated increase in housing demand in quarter 13. Once quarter 13 arrives, the shock does not
materialize. For details on the units of the variables, see the note below Figure 4.

cause an immediate increase in house prices (Figure 6), which transmit across the economy in
a qualitatively similar manner as the housing demand shock. The main difference is that when
quarter 13 arrives, the demand for housing does not increase, causing house prices to collapse. The
house price decline causes a recession because the economy too much (foreign) debt relative to
the the reduced collateral value, which substantially increases the default and thus the lending rate,
which lowers consumption, and a too high capital stock for the new low demand/higher interest
rate environment. When minimum capital requirements are constant, there is no relief from the
change in capital requirements in recession. As a result, the increase in the default rate dominates
and fixed capital requirements are not able to prevent the increase in the loan interest rate after
the burst of the bubble, which amplifies the recession.

The ESRB rule performs identically to the fixed minimum capital requirement because the
credit gap again does not move sufficiently. Unlike the ESRB rule, the OSR and the ROSR pro-
vide more stabilization. The distinction is that the OSR stabilizes the economy both during the
boom and during the bust, while the ROSR does it mostly during the boom. Under both rules,
the increase in real house prices or the credit gap in the boom causes an increase in the regulatory
capital requirement. The higher capital requirement results in higher lending rates, which dampen
the increase in domestic demand and help to increase bank equity. During the bust, house prices
drop and the OSR allows a decline in the minimum capital requirement almost to its steady state
level. Importantly, this happens immediately after the expected increase in housing demand does
not materialize, which quickly releases the accumulated capital buffer. The resulting overcapi-
talization of banks lowers the required expected return on bank assets sufficiently to dominate
the increase in lending rates due to higher defaults, and as a result the lending rate decreases.
Elevated loan rates during the boom are followed by lower rates during the bust, which stimulates
domestic demand and helps to stabilize the economy. For the ROSR, the stabilizing effect dur-
ing the bust is absent, because even though the credit gap drops during the bust from its boom
level, it still remains above its steady state for years. The persistence of loans is mainly due to the
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Figure 7. Reduction in the foreign deposit interest rate.
Notes: Impulse responses to a decrease in the foreign interest rate. For details on the units of the variables, see the note
below Figure 4.

fact that part of the boom-related borrowing was used for spending on goods and services above
disposable income, and the repayment requires an increase in household net lending. Because
households want to smooth consumption, they prefer a gradual reduction of their stock of bor-
rowing. Moreover, because the capital requirement declines more gradually and from lower levels
under the ROSR, the capital buffer release is neither timely nor large, which leads to a higher tra-
jectory for the required expected return on assets and a higher loan rate. Any credit-gap-based rule
suffers from this disadvantage, because the credit gap remains positive throughout the simulation.

5.3 Reduction in the foreign deposit interest rate
In this scenario, the foreign interest rate R̂W,t declines, which in turn lowers the interest rate banks
pay on all their deposits (see equation (22)). In our model, the decline of R̂W,t may come about as
either the result of an expansionary EA monetary policy shock or an expansionary global credit
supply shock (see equation (25)). However, we report results only for the monetary policy shock
since the estimated AR(1) coefficient of the two shocks are identical, and thus the response to the
shocks is identical up to a scaling factor as well. Under the baseline scenario with fixed minimum
capital requirements, banks pass the reduction in their borrowing costs caused by the shock to
households through a lower lending rate (Figure 7), which increases consumption, investment,
and house prices. The associated decline in the default rate further lowers the lending rate. Higher
domestic demand results in higher wages, prices and imports, and lower exports, which increases
foreign borrowing.

The credit gap does not open much because of the simultaneous increase in GDP and loans.
Because the 2 p.p. threshold is not breached, the ESRB rule does not react and its performance
is identical to that of the constant minimum capital requirement. By contrast, the OSR and the
ROSR rules do react. The main difference is that because of the muted and delayed response of
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Figure 8. Temporary decline in export demand.
Notes: Impulse responses to a temporary decline in foreign demand. For details on the units of the variables, see the note
below Figure 4.

the credit gap, the tightening of the minimum capital requirements is very small under the ROSR
and so are the resulting impacts on the lending rate and the economic activity. In contrast, the
OSR reacts strongly and immediately because house prices increase. As a result, the loan interest
rate does not decrease as much as under other rules (it even increases slightly on impact), which
dampens consumption and reduces the peak response of GDP by about a half.

5.4 Temporary decline in export demand
In this scenario, foreign demand for domestic goods temporarily declines (Figure 8). The fall in
foreign demand has a direct negative effect on GDP and an indirect negative effect via lower
domestic demand. The decline in domestic demand comes about for the following reasons. Lower
production means lower real wages and marginal costs in both the tradable and the non-tradable
sector, and thus lower inflation and a higher real loan rate. At the same time, the decline in export
revenue and the desire of households to smooth their consumption tends to increase the paths
of household borrowing from banks and the borrowing of banks from abroad.25 The associated
increase in foreign deposits tends to increase the interest rate banks have to pay on their deposits
and thus the loan rate faced by the households.26 Finally, the increase in household borrowing
and the decline in house prices result in an increase in the risk of household default and thus also
increase the lending rate.27

Under the baseline scenario with fixed minimum capital requirement, the temporary increase
in loans and the decrease in GDP lead to an increase in the credit gap. This increase is not sufficient
to activate the ESRB rule so that the results under the ESRB rule and under the fixed minimum
capital requirements are the same. Under the ROSR, the increase in the credit gap causes a suf-
ficiently large increase in the minimum capital requirement to worsen the downturn caused by
the shock (bottom-right panel of Figure 8).28 Higher minimum capital requirement results in a
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higher probability for banks of having to pay the penalty for being undercapitalized if they do not
increase capital. The larger expected penalty causes an increase in the lending rate and a contrac-
tion in loan supply, which aggravates the recession compared to the fixed capital requirement case.
Note that because the credit gap opens in the wrong direction, any capital rule that responds pos-
itively to the credit gap worsens the downturn under this shock. Furthermore, we would observe
an increase of the credit gap even if we substituted, say, domestic demand for GDP in the denomi-
nator of the credit gap definition equation, as domestic demand declines even more than GDP. In
contrast, under the OSR, the regulator quickly lowers the minimum capital requirements, because
house prices decline. The easing of the minimum capital requirement reduces the likelihood that
banks will have to pay the penalty for breaching the minimum capital requirement. The lower
expected penalty translates into an expansion of loan supply, as banks can decrease the required
return on their assets. The reduction is sufficient to offset the increase in the default rate, allowing
the lending rate to decrease. The improved access to credit (compared to the fixed capital require-
ment) enables households to borrow more from abroad in order to smooth consumption, which
substantially alleviates the decline in consumption, investment, and GDP.

Note that the model may actually understate the increase in the credit gap and thus the tighten-
ing prescribed by rules based on the credit gap. The reason is that the model does not have import
adjustment costs that can be found, say, in the ECB’s New Area Wide Model (Christoffel et al.
2008), implying that short- and long-run price elasticities of are identical. A lower short-run price
elasticity would lower the drop in imports, which decline almost twice as much as GDP, and thus
strengthen the overall GDP decline. Furthermore, it would likely cause a higher path for foreign
borrowing, and thus a higher path for domestic lending. Lower GDP and higher lending would
imply a higher path for the credit gap and even stronger tightening of capital requirements under
the rules based on the credit gap.

These results suggest that the credit gap may be a problematic indicator variable under a very
common shock for small open economies. It prescribes tighteningminimum capital requirements
exactly at the time when foreign borrowing could be used to help smooth the adverse effects of a
temporary decline in foreign demand. The reason for such an adverse outcome is that the credit
gap is countercyclical in this case. Policy rules based on the credit gap, if followed by the regula-
tor without discretion, therefore create a trade-off between stabilizing the economy’s response to
housing demand and export demand shocks. By contrast, this trade-off is absent when the capital
requirement responds to house prices.29

5.5 Productivity shock
We model the productivity shock as a temporary decrease in productivity in tradable and non-
tradable sectors (Figure 9). Under the baseline with constant minimum capital, the decrease in
productivity immediately decreases output. Because households are now poorer, they demand less
housing and deleverage by reducing borrowing. House prices drop initially by more than loans,
which causes a temporary increase in the default rate and a small increase in the lending rate.30
Foreign debt drops on impact due to the reduction in demand for imports, which is a consequence
of the drop in domestic consumption and investment, but also due to the drop of exports, which
contain a substantial fraction of imports.

The ESRB rule again performs exactly the same as the constant minimum capital requirement
because the credit gap drops and the rule does not allow reductions of minimum capital. The
ROSR, in contrast, allows for an immediate reduction in minimum capital requirements, which
moves banks away from the regulatory constraint and allows them to reduce the required return
on assets and thus the lending rate. However, because the credit gap closes relatively quickly, this
provides only a limited dampening of consumption and the business cycle. The OSR performs
somewhat better in terms of the reduction in the lending rate, because the decrease in real house
prices is larger than the reduction in the credit gap and the response coefficient in the OSR is
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Figure 9. Decrease in non-tradable and export goods productivity.
Notes: Impulse responses to a decrease in productivity for non-tradable goods and for export goods. For details on the units
of the variables, see the note below Figure 4.

higher than in the ROSR. Because the reduction in minimum capital requirements under the OSR
is stronger, the lending rate declines substantially more. Households anticipate the lower lending
rate trajectory and reduce their consumption by less. In addition, lending decreases faster than
house prices under the OSR, resulting in an initial decrease in the default rate, which further
contributes to the initial reduction in the lending rates.

6. Conclusion
We investigate the performance of several CCyB rules based on the credit gap and the real house
prices as indicator variables, conditional on a set of structural shocks that are typically considered
important for small open economies. To do so, we use an estimatedmedium-scale DSGEmodel of
the Irish economy. We take as the benchmark the case where the minimum capital requirement
is fixed at 8%. Against this benchmark, we compare the performance of CCyB rules where the
regulatory capital ratio is positively linked to the credit gap, including the rule recommended by
the ESRB, as well as a simpler and more reactive linear policy rule, optimized to give the best
performance in terms of welfare (ROSR). Moreover, we consider specifications where the CCyB
rule is based on both the credit gap and real house prices. If such a rule is optimized, it is positively
linked to real house prices only (OSR).

Our main finding is that the CCyB rules based on the credit gap are only able to dampen the
fluctuations of the economy to housing demand shocks as well boom-and-bust cycles driven by
expectations. The reason is that in such cases the credit gap is procyclical, implying that the regu-
latory capital is tightened when GDP increases. This timely tightening limits the development of
foreign debt overhang and creates a bank capital cushion which can be released once the economy
and borrowing contract. For shocks of realistic magnitudes, the ESRB rule does not help stabilize
the economy, because the credit gap threshold of 2 p.p. is never exceeded. In addition, it does not
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allow for a response to negative credit gap values, which limits the scope for stabilization when
the credit gap becomes negative.

Most importantly, CCyB rules based on the credit gap not only fail to attenuate the response
of the economy to shocks that cause an acyclical credit gap response but also even amplify their
negative effects when shocks trigger a countercyclical credit gap response. A relevant example,
especially for small open economies, is a temporary decline in export demand, which lowers GDP
more than domestic lending: If the macroprudential authority responds aggressively to the credit
gap, it worsens the export-induced downturn by effectively making borrowing more expensive.
Overall, by targeting the credit gap, the macroprudential authority creates a trade-off between
stabilizing the response of the economy to housing demand shocks and destabilizing the economy
after export demand shocks. In contrast, such a trade-off does not arise if the regulator targets the
house price gap, since house prices move procyclically in response to all shocks considered.

Our results indicate that policymakers should take seriously the part of the ESRB
Recommendation that allows them to consider a wider set of indicators when setting CCyB rates
that are relevant for the particular country, in particular house prices (in the economies where
real estate values serve as an important form of collateral for households and firms). They also
suggest that the prominence given to the credit-gap-based rules and CCyB thresholds should be
taken with caution.

Notes
1 Note that in our model, bank equity Eb,t is not a choice variable since the fraction of retiring bankers and the start-up fund
of new bankers are exogenous.
2 The outer expectation is with respect to the aggregate risk and the inner expectation is with respect to the idiosyncratic
default risk. That is, the term λEt (Jt+1) is the fraction of lending lost due to default. Note that even though we assume that
the fraction lost from each unit lent is fixed at λ, the share of loans in default depends on house prices so that lower house
prices lead to higher losses from defaults. This approach thus has an effect similar to assuming that loans default due to causes
unrelated to house prices, but where the recovery rate itself is lower when house prices are lower.
3 Our results (available upon request) are robust if we allow for deposits for transaction purposes.
4 This assumption is necessary to ensure that a change in the lending rate due to higher expected probability of default (Jt+1)
affects household behavior.
5 � includes deposit and price adjustment costs in tradable and non-tradable sectors, which are in terms of consumption
and non-tradable goods. Nominal wage and investment adjustment costs are in terms of labor and investment goods units.
Deposit adjustment costs are�D,t ≡ (log (Dj,t/Dj,t−1

)
)2. Exact definitions are in the appendix.

6 Clerc et al. (2015) eliminate the loan rate from the household’s optimization problem using the definition of the default
threshold ω, implying that the household chooses ω instead of the lending rate. This choice has no effect on the results.
7 As the aggregate housing stock is fixed, PH,t

∫ 1
0 Hj,tdj= PH,tH.

8 As the housing stock is assumed to be fixed at 1, the utility curvature for housing, ν, has no effect on our results.
9 The estimated LGD on Irish mortgages is based on the European Banking Authority stress test and is 42.7% and 34.8% for
2014 and 2015. The estimated LGD on all Irish exposures would be even higher, 73.7% and 52.1%.
10 Without loss of generality, we first assume PN = PM . Setting a target for PN allows a recursive analytical calibration of the
steady state of the model, while setting PN = PM implies that ωC and ωM are the shares of imports in final consumption and
investment goods.
11 The measure of domestic real activity is the modified final domestic demand, and its corresponding price deflator. The
reason why we do not use GDP is that due to the substantial amount of redomiciling, Irish GDP grew by more than 26%
in 2015. Because of this, the Central Statistics Office constructed the “Modified domestic final demand” measure, which is
arguably a better measure of domestic real activity (see also Lane (2017)) and the corresponding price index. We use the latter
to deflate loans and house prices. The real export series is corrected for the jump in 2015.
12 We do not vary the values of the shock standard deviations in the simulation because they obviously have no effect on the
signs of the IRFs.
13 We leave three shocks unidentified, but the signs of responses to unidentified shocks do not correspond to any of the
identified shocks. Moreover, they fluctuate around zero and are not statistically significant, and their contribution to variances
of the variables is essentially zero.
14 We use the independent normal-Wishart prior, which is less restrictive than the Minnesota prior (we have experimented
with several settings and priors and the results are robust). We use priors close to those typically found in the literature as
reported by Dieppe et al. (2016). In their notation: λ1 = 0.2, λ2 = 0.5, λ3 = 1, and λ4 = 100, and impose a zero mean and a
tight variance on the prior for coefficients on interest rate that govern block exogeneity (λ5 = 100).
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15 We identify four shocks and exclude from the calculation of the criterion the interest rate response to those shocks where
it is zero by assumption. Hence,�(ζpar) is a (4x5+ 1)xT vector of IRFs stacked on top of each other, where T is the number of
time periods from the IRF we attempt to match. The first T nonzero elements of V are equal to the variance of each element
of the first IRF in �̂ , the second T elements are equal the variance of each element of the second IRF in �̂ , etc. We set T= 20.
16 Ideally, we would like to compare the effect of a transitory shock to the minimum capital requirement in our model to a
range of estimates, but the literature has typically looked at permanent shocks.
17 Note that in our model, banks can increase their capital only through retained earnings, as in Beneš et al., (2014).
18 The comparison is with respect to a 2-year gradual increase of capital requirement in Basel Committee for Banking
Supervision (2010).

19 The ESRB defines the credit gap as the deviation of
Lt

Yt + Yt−1 + Yt−2 + Yt−3
from a trend computed using a Hodrick–

Prescott (HP) filter with a smoothing constant of 400,000. The resulting trend will be extremely smooth, implying that the
steady state value represents a reasonable counterpart in the model.
20 Due to the presence of steady state distortions in our model, a second-order accurate approximation to household welfare
requires a second-order approximation to the model’s solution.
21 This welfare gain is mainly the result of lower average hours in the new stochastic steady state, which contribute a con-
sumption equivalent of 0.75% (see Table 6, columnComp.WGOSR). The remainder is caused by higher average consumption
(+0.1%) and a lower volatility of all contributors to household utility (+0.16%). The decline in hours worked is caused by
lower variance of wage inflation (reported also in Table 6), which lowers average wage adjustment costs. Because wage adjust-
ment costs consist of hours worked, the decline in wage inflation volatility allows hours worked to decline while leaving the
labor input in goods production unchanged. The decline of wage inflation volatility may seem small, but the welfare gain
also depends on the estimated curvature of wage adjustment costs ξW . The welfare gain of the CCyB might be higher still
if we assumed nominal rigidities as in Calvo (1983), as the costs of inflation volatility tend to be higher with Calvo pricing
(Lombardo and Vestin (2008) and Damjanovic and Nolan (2010)).
22 We solve the model using the solver of Adjemian et al. (2011) to account for the nonlinearity of the ESRB rule.
23 We emphasize that the non-breach of the 2 p.p. threshold is sensitive to the starting point of the simulation. We assume
that the starting point is the steady state of the model. If, as a result of past shocks, the economy is already outside its steady
state when a housing demand shock occurs, or if several shocks occur simultaneously, a one-standard deviation shock may
be sufficient to raise the credit sufficiently for the rule to kick in. Note that the credit gap as observed in the data is the result
of all shocks so that an opening of the credit gap may be caused by a combination of shocks and/or a recurring shock.
24 This setup should be viewed as a stylized representation of a housing bubble—a shock that has no ”fundamental” basis,
or a purely expectation-driven shock. We implement this by simulating the shock to housing demand expectations and then
take the levels reached in quarter 13 as initial values for second simulation without any shocks.
25 See equations (24) and (23).
26 See equations (3), (14) and (22).
27 In general equilibrium, foreign borrowing turns negative after four quarters, as the cumulative effect of the drop in imports
for domestic consumption and investment purposes overcompensates the cumulative effect of lower export revenues. The
strong effect on domestic demand is partly driven by the high persistence of the shock (ρX = 0.99) and the associated effect on
households’ expectations. For instance, for ρX = 0.95, we observe a much more persistent increase in the foreign borrowing
of banks and thus domestic lending.
28 The small short-term oscillations in the required return on assets occur because the credit gap is defined as a moving
average.
29 We do not imply that in reality regulators would or should strictly adhere to a mechanical rule, but we do illustrate the
danger of applying heuristics that rely too closely on the credit gap rule without broader judgement.
30 In this case, the financial friction between the bank and the household amplifies the effect of the shock, unlike in Christiano
et al. (2014).
31 As most studies assume nominal rigidities in the form of Calvo (1983) contracts, we compute the kappa coefficients
implied by the estimates of the various parameters determining the marginal cost coefficient in the Calvo model. For the
computation, we use only the reported posterior means but do not attempt to construct a confidence band for kappa based on
the reported bands of the estimated parameters, since the parameters are likely not independently distributed in the posterior
distribution.
32 Steady state inflation is calibrated to zero.
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A. Results for alternative sign restrictions

In the second exercise, we set the intervals for the Phillips Curve slopes and the degree of habit
formation by drawing on recent estimates of DSGEmodels on euro area data, namely Coenen et al.
(2018), De Walque et al. (2017) and Gadatsch et al. (2016).31 The resulting intervals are [0.002,
0.062] for the non-tradable Phillips curve marginal cost coefficient, [0.05, 0.14] for the export
price Phillips Curve marginal cost coefficient and [0.56, 0.84] for the degree of habit formation.
We keep the intervals of the AR(1) coefficients the same in this exercise because several of our
shocks (the housing the demand shock, the global credit supply shock and the monetary policy
shock) are either absent from the aforementioned contributions or have characteristics which are
quite specific to our small-open-economy-in-a-monetary-union setup.

As can be obtained from comparing Tables 4 and 7, the restrictions resulting from the alter-
native parameter intervals are almost identical to those derived in the main text for the wider
parameter intervals. Only the response of loans to the housing demand shock and the response
of house prices to the TFP and the export demand shock change. The VAR and model IRFs are
quite similar to the results in the main text (compare Figures 3 and 10), but the estimated model
parameters change somewhat in the direction of less shock persistence (lower AR(1) coefficients)
and more endogenous persistence due to higher nominal rigidity and more consumption habit
formation (compare Tables 5 and 8). The OSR features a slightly higher response to house prices
and delivers a stronger welfare gain (compare Tables 6 and 9). The stronger welfare gain from the
OSR is driven by a stronger welfare gain from the reduction in mean employment. Furthermore,
the response to the credit gap in the ROSR is now zero, and hence results are identical to the No
CCyB case.
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Table 7. Alternative sign restrictions - Matrix of sign restrictions

Shock in VAR (model) RL DD DD defl. Real PH EX EONIA TFP EBP

TFP + - + 0 + 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Housing d. (prefer.) + + + + - 0 0 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Export d. (XD) - + + + + 0 0 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Monetary policy + + + - 0 0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Global credit supply + + + 0 0 -

Note: In the estimation, the sign restriction is always applied to the first three elements of the IRF of the respective variable to the
respective shock. An exception is the response of the EONIA, where the restriction applies on impact. RL stands for real NFS loans,
DD for domestic demand, EX are exports.
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Figure 10. Alternative sign restrictions - VAR andmodel IRFs.
Notes: Impulse response functions of the model and the impulse responses in the VAR to the identified shocks. The sign
restrictions imposed in the estimation of the VAR are reported in Table 7. Shaded areas denote 68% confidence intervals.
DD: Modified domestic demand. GCS: Global Credit Supply shock.

Finally, the responses to the various shocks is qualitatively and quantitatively similar to those
discussed in Section 5, with the exception that the responses under the ROSR are now identical to
those without a CCyB. Therefore we do not report them here, but they are available upon request.

B. Secondmoments

Table 10 displays second moments of a number of important variables from the model and their
closest counterparts in the data. The model performs well at matching the correlations with
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Table 8. Alternative sign restrictions - Estimated parameters

Symbol Name Value

κW/ξW Wagemarkup coefficient/Wage adjustment cost 0.0352/284.2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

κN/ξN Non-tradable sector markup coefficient/price adjustment cost 0.0352/284.2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

κX/ξX Tradable sector markup coefficient/price adjustment cost 2.392/4.2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

χ Habit formation 0.89
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σμ Sd. productivity shock 0.0051
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σH Sd. housing demand shock 0.0186
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σX Sd. export demand 0.0166
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σm Sd. monetary policy shock 0.0003
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σcs Sd. Global credit supply shock 0.0004
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρA AR(1) productivity shock 0.93
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρH AR(1) housing demand shock 0.96
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρX AR(1) export demand 0.94
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρRm AR(1) monetary policy shock 0.99
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρRcs AR(1) Global credit supply shock 0.99

GDP and relative volatilities of investment, consumption, nominal wage growth, house prices,
real loans, and RL,t − Rw,t , and the correlation of GDP and inflation. The model performs some-
what less well at matching the relative volatility of the remaining variables, though the differences
between the model and the data are mostly limited. Table 10 also shows that variation in domestic
deposits helps replicating the procyclicality of non-financial sector credit, by reporting results for
a version of the model where household deposits remain constant (columns labeled “Model no
Dt”). In this version of the model, movements in non-financial sector credit are driven purely by
the difference between borrower spending and income. As a result, credit becomes less procycli-
cal because borrowing increases less in response to expansionary housing demand and monetary
policy shocks, and declines more persistently in response to a favorable export demand shock.
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Table 9. Alternative sign restrictions - Performance of optimal simple rules

No CCyB OSR ROSR

Coefficients in the rule
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ψL 0.00 0.00 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ψH 0.00 0.86 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Moments
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
Ĉt
}

0.05 0.15 0.05
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
N̂t
}

0.45 0.27 0.45
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
D̂t
}

0.49 0.25 0.49
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
Ĉ2t
}

17.22 13.01 17.22
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
N̂2t
}

6.85 5.50 6.85
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et
{
D̂2t
}

10.04 5.56 10.04
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et

{(
π̂
w,APR
t

)2}
8.33 5.81 8.33

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Et

{(
π̂
n,APR
t

)2}
0.14 0.11 0.14

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG (% of no-CCyB consumption) 0.00 1.20 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Contributions of changes in individual moments to WG (p. p.)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG Contribution�Et
{
Ĉt
}

0.00 0.10 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG Contribution�Et
{
N̂t
}

0.00 1.18 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG Contribution�Et
{
D̂t
}

0.00 −0.40 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG Contribution�Et
{
Ĉ2t
}

0.00 0.06 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG Contribution�Et
{
N̂2t
}

0.00 0.09 0.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WG Contribution�Et
{
D̂2t
}

0.00 0.17 0.00

Notes: The table displays the results of the grid search for the optimal simple rule (OSR), with grid ψL ,ψPH ∈ [0 2], and for
a restricted optimal simple rule (ROSR), with grid ψL ∈ [0 2] and ψPH = 0, step size 0.02. We restrict attention to policies for
which the probability that gt hits the zero lower bound is less than 5%, that is, for which

√
Var(gt ) ∗�0.95 < Etgt , where�0.95

denotes the 95 percentile of the standard normal distribution. A hat above a variable denotes percentage deviation from its
non-stochastic steady state. π̂w,APRt denotes annualized wage inflation. Second moments are computed from the first order
approximation to themodel’s solution. Themeans are based on the second order approximation to themodels solution using
first-order accurate second moments. The respective welfare gain associated with the OSR and the ROSR are expressed as a
percentage of consumption in the absence of the CCyB. For each variable directly entering the utility function, the table lists
the contribution of the change in the first and second moment of that variable to the total welfare gain. Hence summing rows
“WG Contribution�Et

{
Ĉt
}
” to “WG Contribution�Et

{
D̂2t
}
” yields the values in row “WG (% of no-CCyB consumption),“ up to

small rounding errors.

PK,t = β
	t+1
	t

(
(1− δ) PK,t+1 + RK,t+1

)
(34)

dRL,t
dLt

(
ωh,t+1, Lt

)= λ�′
(
ωh,t+1
σh

)
1
Lt

σh
(
1− λ

(
�
(
ωh,t+1
σh

)))
− λ�′

(
ωh,t+1
σh

) (35)

dRL,t
dHt

(
ωh,t+1,Ht

)= λ�′
(
ωh,t+1
σh

)
1
Ht

σh
(
1− λ

(
�
(
ωh,t+1
σh

)))
− λ�′

(
ωh,t+1
σh

) (36)

Jt =�

(
ωh,t
σh

)
(37)
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Table 10. Secondmoments

σXt
σGDPt

Cor(GDPt , Xt) Cor(Xt , Xt−1)

Variable Data Model Model no Dt Data Model Model no Dt Data Model Model no Dt

Domestic Demand 1.0 1.0 1.0 1.0 1.0 1.0 0.79 0.98 0.97
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Consumption 0.8 1.1 1.1 0.9 0.9 0.9 0.82 0.99 0.99
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Non-tradeable sector investment 3.3 2.4 2.7 0.8 0.9 0.9 0.87 0.95 0.95
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Exports 1.2 0.4 0.4 0.4 0.0 −0.1 0.65 0.93 0.93
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Imports 5.2 0.6 0.6 0.2 0.9 0.9 0.94 0.97 0.97
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Nominal wage growth 1.0 0.8 0.9 0.3 0.2 0.2 0.07 0.63 0.64
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Inflation, DD deflator 0.8 0.4 0.4 0.2 0.1 0.1 0.14 0.75 0.76
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Real house price 1.4 1.7 1.5 0.8 0.7 0.7 0.89 0.94 0.92
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Real loans 1.4 1.5 1.2 0.5 0.4 0.3 0.96 1.00 1.00
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RL,t − Rw,t 0.2 0.2 0.2 −0.5 −0.2 −0.3 0.76 0.95 0.93
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RL,t − Rw,t , SME 0.1 0.2 0.2 −0.2 −0.2 −0.3 0.70 0.95 0.93

Notes: σXt and Cor( . . . ) denote the standard deviation of a variable and the correlation coefficient of the variables in brackets, respectively. The data
was HP-filtered (λ= 1600), and, with the exception of interest and growth rates, logged. ”DD deflator” denotes the deflator of modified domestic
demand.We proxy non-tradable sector investment as residential investment.We proxy nominal wages as compensation of employees per employee.
We report two proxies for RL,t − Rw,t . The first is based on the mortgage interest rate, the second on the interest rate on loans to nonfinancial firms
with a volume of one million Euro or less. The sample period is 1999Q1–2010Q3 since the interest rate data we use is not available after 2010Q3. The
empirical moments are based on HP filtered data (λ= 1600). We report theoretical model moments based on the first order approximation to the
solution of themodel. The results in the columns labeled ”Model” are based on the parameterization reported in Tables 2 and 5, while column ”Model
no Dt” refers to a model where domestic deposit are constant (ξD = 1000). We do not apply the HP filter to the model. First, the model variables are
stationary and thus no trend needs to be removed before computing second moments. Furthermore, filtering the model results with the HP filter
(λ= 1600) creates a spurious negative correlation between real loans and domestic demand, which may be due to the way the filter treats the
response of domestic demand and loans to the export demand shock. As can be obtained from Figure 3, real loans initially decline following an
expansionary export demand shock, but increase above their steady state value later, while domestic demand peaks much earlier and then slowly
returns to its steady state. To the extend the HP-filter attempts to fit the trend to the later increase in loans, it enhances the negative deviation of
loans from trend in the initial quarters after the shock. For domestic demand, HP-filtering tends to lower the domestic demand response in later
quarters. Both of these mechanisms tend to lower the correlation of real loans and domestic demand.

ωh,t = log (Lt−1RL,t−1/(Ht−1PH,t)) (38)

φNNηt
eW

eW − 1
1

Wt	t
= 1− ξW

2

(
log
(
πW
t
π

))2
+ ξW

(
log
(
πW
t
π

))
1

eW − 1
(39)

− 1
eW − 1

β
	t+1
	t

πW
t+1

Nt+1
Nt

ξW log

(
πW
t+1
π

)

πW
t = Wt

Wt−1
(40)

C.2 Firms

Pt =
(
ωCP1−μC

M,t + (1−ωC)P1−μC
N,t

)(1/(1−μC))
(41)

ξN
eN − 1

log
(
πN
t
π

)
= β

	t+1
	t

πN
t+1

YN,t+1
YN,t

[
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eN − 1
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(
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t+1
π

)]
(42)
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+ MCN,t
PN,t

eN

eN − 1
− [1−�PN ,t

]
PN,t = PN,t−1π

N
t (43)

(1− γN)MCN,tYN,t = RK,tKN,t−1 (44)

γNMCN,tYN,t =WtNN,t (45)

PM,t = eM

eM − 1
StP∗

M,t (46)

ξX
eX − 1

log
(
πX
t
π

)
= β

	t+1
	t

πX
t+1

Xt+1
Xt

ξX
eX − 1

log

(
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t+1
π

)

+ PXI,t
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eN

eN − 1
−
[
1− ξX

2

(
log
(
πX
t
π

))2]
(47)

PX,t = PX,t−1π
N
t (48)

PXI,t = αPM,t +MCZ,t (1− α) (49)

PM,t = eM

eM − 1
StP∗

M,t (50)

γXMCZ,t =WtNX,t (51)

CM,t =ωC

(
PM,t
Pt

)−μC

Ct (52)

CN,t = (1−ωC)
(
PN,t
Pt

)−μC

Ct (53)

YN,t =AtK1−γN
N,t−1N

γN
N,t (54)

Zt =AtK
1−γX
X NγXX,t (55)

Zt = (1− α)Xt (56)

XM,t = αXt (57)

Xt = XD,t

(
Px,t/St
PW,tTt

)−eX
(58)

C.3 Banks

Et

{
β
	t+1
	t

[
R̃t+1 − Rt

] }=Et

{
β
	t+1
	t

χb

⎛⎝�(ωb,t+1)+ φ(ωb,t+1)
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R̃t+1 = RL,t (1− λEt (Jt+1)) (60)

ωb,t = (Rt−1(Bt−1 +Dt−1))/((1− gt−1)R̃tLt−1) (61)

Eb,t = Eb,t−1RE,t(θb +ω), (62)

Lt =Dt + Bt + Eb,t (63)

C.4 Net foreign assets

Bt = Rt−1Bt−1 − TBt + θ�
(
(PX,t − αPM,t)Xt −WtNX,t

)
(64)

TBt = PX,tXt − PM,tMt (65)

Rt = etRW,t ∗ St+1/St (66)

et = θB(Bt/Yt − ζ ) (67)

C.5 Market clearing

PtCt = PN,tCN,t + PM,tCM,t (68)

PtIt = PN,tIN,t + PM,tIM,t (69)

YN,t = CN,t + IN,t +Gt (70)

Mt = CM,t + IM,t + XM,t (71)

Nt =NN,t +NX,t (72)

Yt = PtCt + PI,tIt + PN,tGt + PX,tXt − PM,tMt (73)

C.6 Policy authorities

St = 1 (74)

Gt =G (75)

gt = 8%+ψL · gapt +ψPH · price gapt (76)

gapt =
(

Lt
Yt + Yt−1 + Yt−2 + Yt−3

− L
4 · Y

)
(77)

price gapt = PH,t/Pt − PH/P
PH/P

. (78)
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C.7 Shocks

log (At)= ρAlog (At−1)+ εA,t (79)

log
(
εH,t

)= ρHlog
(
εH,t−1

)+ εH,t (80)

log(XD,t)= (1− ρXD)log(X)+ ρXlog(XD,t−1)+ εXD,t (81)

log
(
RW,t

)= (1− ρRW
)
R̄W + ρRW log

(
RW,t−1

)+ εRW ,t (82)

D. Optimisation not discussed in the main text

D.1 Wage setting
Wage and price adjustment costs are in terms of deviations from past growth rates.32 Only
the deviation from previous-period growth rates is subject to adjustment costs. For wages
we have Households set wages facing a downward sloping labor demand curve, N

(
Wi,t

)=
(Wi,t/Wt)−eWNt , and wage adjustment costs �W,t ≡ ξW/2( log (Wi,t/Wi,t−1 ∗ 1/π))2. After
substituting-in N

(
Wi,t

)
and the adjustment costs the objective is
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(83)

+β	t+1Wi,t+1N
(
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) [
1− ξW
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(
log
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1
π

))2
]

(84)

Because in equilibrium all households set the same wage, the FOC w.r.t.Wi,t is

φNNηt
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1
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t
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− 1
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(85)

D.2 Firms
D.2.1 Non-tradable goods firms. There is a continuum of non-tradable goods firms, indexed by
i. Each produces output using YN,t =AtK1−γN

N,t−1N
γN
N,t , and faces quadratic price adjustment costs

�PN ,t ≡ ξN/2( log (PN,i,t+j/PN,i,t+j−1 ∗ 1/π))2. Each firm is a monopolistic supplier of its prod-

uct variety, takes its demand curve as a constraint, YN,i,t =
(
PN,i,t
PN,t

)−eN
YN,t , and chooses prices,

capital, and labor. Its objective is:
∞∑
j=0

β j	t+j
[
PN,i,t+jYN,i,t

[
1−�PN ,t

]−Wt+jNt+j − RK,t+jKt+j−1
]
,

The first-order conditions w.r.t. capital and labor are (1− γN)MCN,tYN,t = RK,tKN,t−1 and
γNMCN,tYN,t =WtNN,t , and the F.O.C w.r.t. prices is (note that in equilibrium, all firms choose
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the same price):
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]
D.2.2 Importers. Importers buy goods at the (exogenous) world price P∗

M,t , which, multiplied by
the exchange rate St , is their marginal cost,MCM,t = StP∗

M,t . They transform imports into varieties,
facing demand curveMi,t+j = (PM,i,t+j/PM,t+j)−eMMt+j. Their FOC thus implies

PM,t = eM

eM − 1
StP∗

M,t

D.2.3 Tradable goods producers. Tradable goods firms use domestic goods Zt and importsXM,t to
produce an export good using Xt =min{Zt/(1− α), XM,t/α}, where Zt =AtK

1−γX
X NγXX,t , and KX ,

the capital used in the production, is exogenous. They sell the products to the final goods sector at
price PXI,t . They maximize

PXI,tXt −WtNX,t − RK,tKX,t−1 − PMt Xm,t

subject to

Zt =AtK
1−γX
X NγXX,t

Xt =min{Zt/(1− α), XM,t/α}
The Lagrangian is given by:

PXI,tXt −WtNX,t − RK,tKX,t−1 − αPMt Xt +MCZ,t
(
AtK

1−γX
X NγXX,t − Xt (1− α)

)
The FOCs with respect to Xt , NX,t and the optimal values of Zt and XM,t are given by

PXI,t = αPM,t +MCZ,t (1− α) (86)

γXMCZ,t =WtNX,t (87)

Zt = (1− α)Xt (88)

XM,t = αXt (89)

D.2.4 Final goods firms. Final goods firms combine intermediate and imported goods to create
final goods used for consumption and investment, using a CES technology:

Ct =
(
(1−ωC)

1
μC
(
CN,t

)μC−1
μC + (ωC)

1
μC
(
CM,t

)μC−1
μC

) μC
μC−1

Demand functions for imported (CM,t) and non-tradable consumption goods (CN,t) are

CM,t =ωC

(
PM,t
Pt

)−μC

Ct and CN,t = (1−ωC)
(
PN,t
Pt

)−μC

Ct (90)

where ωC is the bias towards imported consumption goods, μC is the elasticity of substitu-
tion between imported and non-tradable consumption goods, PM,t is the import price, PN,t
is the price of non-tradable goods, and Pt is the general price index Pt = (ωCP1−μC

M,t + (1−
ωC)P1−μC

N,t )(1/(1−μC)). The equations for investment goods are analogous.
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D.2.5 Exporters of final goods. Exporters maximize:

∞∑
j=0

β j	t+j

[
PX,i,t+jXi,t+j

[
1− ξX

2

(
log
( PX,i,t+j

PX,i,t+j−1

1
π

))2
]

− PXI,t+jXi,t+j

]

Demand is Xi,t+j = (PX,i,t+j/PX,t+j)−eXXt+j, price setting and the demand curve for the export
basket Xt are:
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log
(
πX
t
π

)
=

= β
	t+1
	t

πX
t+1

Xt+1
Xt

ξX
eX − 1

log

(
πX
t+1
π

)
+ PXI,t

PX,t
eN

eN − 1
−
[
1− ξX

2

(
log
(
πX
t
π

))2]
(91)

Xt = XD,t

(
Px,t/St
PW,tTt

)−eX
, (92)

where XD,t is the exogenous component of world demand, St is the exchange rate, and PW,t and Tt
are exogenous. We assume St = 1, which implies that, given XD,t , exports will fall when exporters
increase prices.

D.3 Net foreign assets, policy authorities, andmarket clearing
The domestic interest rate is linked to that of the euro area through Rt = etRW,t ∗ St+1/St and
et = θB(Bt/Yt − ζ ), where θB determines how the sensitivity of the interest rate on domestic debt
depends on the deviation of the current indebtedness of the country from its steady state value,
ζ ≡ B/Y .With trade balanceTBt = PX,tXt − PM,tMt and θ� the share of profits transferred abroad
by foreign-owned firms, foreign debt Bt evolves as:

Bt = Rt−1Bt−1 − TBt + θ�
(
(PX,t − αPM,t)Xt −WtNX,t

)
. (93)

The exchange rate is fixed (St ≡ 1) and government spending is funded by lump sum
taxes, PN,tGt =�t . Market clearing conditions for goods are PtCt = PN,tCN,t + PM,tCM,t , PtIt =
PN,tIN,t + PM,tIM,t , YN,t = CN,t + IN,t +Gt , Mt = CM,t + IM,t + XM,t , Nt =NN,t +NX,t for labor,
and Kt =KN,t +KX for capital. Output clears as Yt = PtCt + PI,tIt + PN,tGt + PX,tXt − PM,tMt .

E. Converting the welfare gain into a percentage of no-CCyB consumption

This section shows how to express the welfare gains delivered by the different CCyB rules we
consider as a percentage of consumption in the absence of the CCyB. Under the assumption
that households receive a quarterly transfer τC ≥ 0 with certainty, the quarterly utility flow Vf ,t
becomes:

Vf ,t =
ln
(
(1+ τC) Cr,t − χ (1+ τC) Cr,t−1

)
(1− χ)−1 − φNN1+η

r,t
1+ η

+ εH,tζHln
(
Hr,t

)+ ζD
1− ι

(
DS,r,t
Pr,t

)1−ι
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We now take a a second order approximation around the non-stochastic steady state and τC = 0
to this equation. The derivatives are given by

dVf ,t

dCt
= 1(

Cr,t − χCr,t−1
)
(1− χ)−1 = 1

C
dVf ,t

dCt−1
= −χ(

Cr,t − χCr,t−1
)
(1− χ)−1 = −χ

C
d2Vf ,t(
dCt
)2 = − 1(

Cr,t − χCr,t−1
)2
(1− χ)−1

= − 1
C2 (1− χ)

d2Vf ,t(
dCt−1

)2 = −χ(
Cr,t − χCr,t−1

)−2
(1− χ)−1

= −χ
C2 (1− χ)

d2Vf ,t

dCtdCt−1
= χ(

Cr,t − χCr,t−1
)2
(1− χ)−1

= χ

C2 (1− χ)

dVf ,t

dτC
= 1
(1+ τC) (1− χ)−1 = 1− χ

(1+ τC)

dV2
r,t(

dτC
)2 = − 1− χ

(1+ τC)
2 = − (1− χ)

dVf ,t

dNtUh,0
= −φNNηr,t = −φNNηr

d2Vf ,t(
dNt

)2 = −φNηNη−1
r,t = −φNηNη−1

r

dVf ,t

d
(
DS,t
Pt

) = ζD

(
DS,t
Pt

)−ι
= ζD

(
DS
P

)−ι

d2Vf ,t(
d
(
DS,t
Pt

))2 = −ιζD
(
DS,r
Pr

)−ι−1

where we evaluate the derivatives at the non-stochastic steady state and τC = 0. The second order
Taylor approximation to the deviation of Vf ,t from its non-stochastic steady state is then

dVf ,t = (1− χ)
[
τC − τ 2C

]+ dCt − χdCr,t−1
C

−
(
dCt
)2 + χ

(
dCt−1

)2
2C2 (1− χ)

+ 2χdCtdCt−1
2C2 (1− χ)

− φNNηdNt − φN
2
ηNη−1 (dNr,t

)2
+ ζD

(
DS,r
Pr

)−ι
d
(
DS,r,t
Pr,t

)
− ιζD

2

(
DS
Pr

)−ι−1 (
d
(
DS,t
Pt

))2

dVf ,t = (1− χ)
[
τC − τ 2C

]+ Ĉt − χ Ĉt−1 −
[
Ĉ2
t + χ Ĉ2

t−1 − χ2ĈtĈt−1
]

2 (1− χ)
− φNNη+1N̂t

− φNη

2
Nη+1

(
N̂t
)2 + ζD

(
DS
P

)1−ι D̂S,t
Pt

− ι
ζD
2

(
DS
P

)1−ι D̂S,r,t
Pr,t

2
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The unconditional expectation of the second order approximation to V0 is

dV0 = E0

{ ∞∑
t=0

βtV̂f ,t

}
=

= (1− χ) τC
1− β

+
(1− χ) E0Ĉt −

[
(1+χ)E0

{
Ĉ2
t

}
−2χE0

{
ĈtĈt−1

}
2(1−χ)

]
1− β

+
−φNNη+1

[
E0
{
N̂t
}

+ η
2E0

{
N̂2
t

}]
1− β

+
ζD
(
DS,r
Pr

)1−ι
1− β

[
E0
{
D̂S,t
Pt

}
− ι

2
E0

{
D̂S,t
Pt

2}]
where we use the fact that Et

{
τ 2C
}= 0 since τC is known with certainty. Note that the Et

{
(..)2

}
terms may be approximated using a first order approximation to the model’s solution (e.g.
Lombardo and Sutherland (2007)). Since under the first order approximation E0X̂t = 0, the
Et
{
(..)2

}
are simply the variances of the respective variables calculated using the first-order

accurate solution of the model (the autocovariance in case of Et
{
ĈtĈt−1

}
).

Assuming that a given policy a leads to (second order accurate) welfare level of V̂a,o, and
that welfare in the absence of this policy equals dVo, the quarterly transfer τC we need to make
households as well off in the absence of policy as in its presence is determined by

dVa,0 = τC (1− χ)

1− β
+ dV0 or τC = (1− β)

(1− χ)

(
dVa,0 − dV0

)
.

τC may be decomposed into the contributions of changes in the unconditional expectation of each
variable and the variance terms as follows:

CONE0Ĉt
= E0Ĉa,t − E0Ĉt (94)

CONE0
{
Ĉ2
t

} = −
⎡⎣ (1+ χ)

[
E0
{
Ĉ2
a,t

}
− E0

{
Ĉ2
t

}]
− 2χ

[
E0
{ ˆCa,tĈa,t−1

}
− E0

{
ĈtĈt−1

}]
2 (1− χ)2

⎤⎦
(95)

CONE0N̂t
= −φNN

η+1

1− χ

[
E0
{
N̂a,t

}
− E0

{
N̂t
}]

(96)

CONE0
{
N̂2
t

} = −φNN
η+1

(1− χ)

η

2

[
E0
{
N̂2
a,t

}
− E0

{
N̂2
t

}]
(97)

CON
E0
{
D̂S,t
Pt

} =
ζD
(
DS,r
Pr

)1−ι
1− χ

[
E0
{
D̂S,a,t
Pt

}
− E0

{
D̂S,t
Pt

}]
(98)

CON
E0
{
D̂S,t
Pt

2} = −
ιζD

(
DS,r
Pr

)1−ι
2 (1− χ)

[
E0

{
D̂S,a,t
Pa,t

2}
− E0

{
D̂S,t
Pt

2}]
(99)
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Figure 11. Large housing demand shock.
Notes: Impulse responses to a large (six s.d.) positive housing demand shock. For details on the units of the variables, see
the note below Figure 4.

F. Data used for VAR estimation and secondmoments

All data except for the TFP estimate are quarterly and seasonally adjusted. As a proxy for real GDP
we use modified domestic demand and for prices the corresponding modified domestic demand
deflator (source: CSO). Real loans to the nonfinancial sector are total notional nonfinancial private
sector loans to Irish counterparts, quarterly data, deflated with the modified domestic demand
deflator. SeeMcElligott et al., (2011). Real house prices come from internal Central Bank of Ireland
series, deflated with the modified domestic demand deflator. EONIA are quarterly averages of
monthly data (source: Deutsche Bundesbank). We obtain TFP from an annual estimate by the
European Commission, which removes the effect of short-term variations in capacity utilization
(see Planas and Rossi (2018) and Planas et al. (2013)). To generate a quarterly series, we interpolate
the estimate using MATLAB’s modified Akima (makima) piecewise cubic Hermite interpolation
method (this gives the intermediate values of cubic spline and PCHIPmethod). Interpolated series
are almost indistinguishable whether we use cubic spline, PCHIP or makima methods. EBP is
the Excess Bond Premium of Gilchrist and Zakrajšek (2012), for which we downloaded updated
values from the Federal Reserve Board (https://www.federalreserve.gov/econresdata/notes/feds-
notes/2016/files/ebp_csv.csv). Imports are real imports (source: Eurostat). Consumption is real
consumption expenditure of households and nonprofit organizations serving households (source:
Eurostat). Nominal wage growth is the growth rate of compensation of employees per employee
(source: Eurostat). Interest rate spread, RL,t − Rw,t , is an internal CBI series computed from (1)
the spread between the interest rate on loans to nonfinancial firms with a volume of one million
or less and the EONIA, and (2) the spread between the household mortgage interest rate and the
EONIA.
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G. Performance of the ESRB rule for a large shock

Here we show that the performance of the ESRB rule after a positive housing demand shock that is
large enough to open the credit gap by more than 2 p.p. is dismal. The only difference in Figure 11
compared to Figure 5 is that in the bottom-right panel, the ESRB rule leads to a mild increase
in minimum capital requirements, and even this with a substantial delay. While this leads to an
increase in the required return on bank assets and somewhat higher lending rates than under fixed
minimum capital requirements, the increase is too small and too late to have a marked effect. The
ESRB rule cannot help smoothing business cycle fluctuations even when shocks are so large that
the credit gap opens sufficiently for the rule to kick in.

Cite this article: LozejM, Onorante L, and Rannenberg A (2023). “Countercyclical capital regulation in a small open economy
DSGE model.”Macroeconomic Dynamics 27, 1230–1267. https://doi.org/10.1017/S1365100522000190
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