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Abstract

In this paper we develop the Hungarian version of the EAGLE FLI (Euro Area GLobal Economy model with Financial LInkages)
model which is the EAGLE model enriched with financial fricƟons and country-specific banking sector. The EAGLE FLI features
the intermediaƟon of loanable funds (ILF) view in bankingwhereby the creaƟon of new loans requires banks to collect addiƟonal
deposits. Households and firms borrow in the model using housing as collateral. We find that macroprudenƟal policies such
as an increase in capital requirements, decreases in the loan-to-value raƟo or loan-to-income raƟo of borrower households
(and firms) limits banks’ credit creaƟon with negaƟve spillover effects to the real economy due to the financial accelerator
mechanism in the model. On the other hand, these policies strengthen banks’ capital and limit the vulnerability of households
and firms to negaƟve financial shocks.

JEL: E12, E13, E52, E58, F11, F41.

Keywords: macroprudenƟal policy, mulƟ-country DSGE, capital requirements, loan-to-value raƟo, loan-to-income raƟo.

Összefoglaló

A tanulmányban az EAGLE FLI (Euro Area GLobal Economy model with Financial LInkages) modell Magyarországra fejleszteƩ
verzióját mutatjuk be. A modell az ILF, azaz ”intermediaƟon of loanable funds (kihitelezhető források közveơtése)” elvet köveƟ,
mely szerint az új hitelekhez a banknak új betétekre van szüksége. A háztartások és vállalatok hitelt vesznek fel ingatlan és fizikai
tőke fedezet melleƩ. Azt találjuk, hogy a makroprudenciális eszközök, mint tőkekövetelmények emelése, hitelfedezeƟ mutató
(HFM) vagy a jövedelemarányos hitelösszeg szigorítása korlátozza a bankok hitelezési tevékenységét, amely eltérő mértékű
negaơv átgyűrűzési hatással jár a reálgazdaságra. Ugyanakkor ezek az eszközökmegerősíƟk a bankok tőkehelyzetét és csökkenƟk
a háztartások és vállalatok sérülékenységét pénzügyi sokkok esetében.
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1 IntroducƟon

The recent global financial crisis pointed to the importance of interlinkages between the real economy and the financial sys-
tem urging central banks to design policies which promote not only low inflaƟon and high economic growth but also financial
stability.

Standard macroeconomic models have been complemented with financial fricƟons (see e.g. Gertler and Karadi (2011), Gertler
and Kiyotaki (2010), Clerc et al. (2015), Bokan et al. (2018). In this paperweemploy the EAGLE FLImodel tomeasure the econom-
ic effects of macroprudenƟal policies (regulatory capital requirements, borrower-based measures such as loan-to-value raƟos
and loan-to-income raƟos) in Hungary (and the eurozone). We find that as long as the banks have no free capital buffers a reg-
ulatory two percentage points increase in capital requirements induces a contracƟon of loans intermediated in both domesƟc
and interbank loan market. Borrower households and firms reduce their demand for housing services leading to a decrease in
house prices. The credit squeeze has effects on the real economy as well: output, consumpƟon, exports and imports fall and
real exchange rate appreciates. Due to the small size of Hungary in the populaƟon weighted world GDP the credit squeeze has
negligible or zero spillover effects on the eurozone and the other two country blocks.

A regulatory change in the maximum loan-to-value (LTV) raƟo leading to a one percentage point decrease in the average LTV
raƟo of borrower households and firms forces them to take less loans for a given amount of collateral. The macroeconomic
effects of lower loan-to-value as well as loan-to-income raƟo are substanƟal due to the financial accelerator mechanism in the
model. In parƟcular, these policies induce a contracƟon in real macroeconomic aggregates such as consumpƟon, output, hours
worked, exports and imports. They also generate an appreciaƟon of the real exchange rate (aŌer an iniƟal short jump in the
opposite direcƟon due to the sluggishness of exports and imports). PaƟent (savers) and impaƟent (borrowers) households’
subsƟtute away from consumpƟon and increase their demand for housing services and leisure. Our results are in line with
Bachmann and Rueth (2017) who use a narraƟve method to idenƟfy shocks to LTV in an SVAR model. In parƟcular, they find
that a 25 basis points decrease in the LTV raƟo causes real GDP to decline by 0.1 per cent.

The current regulaƟon in Hungary prescribes debt service-to-income (DSTI) raƟos. To capture the effects of DSTI in our setupwe
introduce loan-to-income (LTI) raƟo into the model. Imposing an upper bound on the LTI raƟo reduces the ability of households
to become excessively indebted. Similar to the reducƟon in the loan-to-value raƟo lower loan-to-income raƟo results in less
credit intermediated with negaƟve spillovers from the financial sector to the real economy. In parƟcular, there is a reducƟon in
the consumpƟon of saver and borrowing households as well as a fall in real GDP and hours worked. Lower demand is associated
with a decrease in wages and deflaƟon. Due to general equilibrium effects the change in the households’ LTV raƟo also lead to
a fall in the borrowing of entrepreneurs even if the entrepreneurs are not affected directly by the policy change.

We find that the change in capital requirement has negligible negaƟve short-run effects of about -0.01 per cent and small but
non-negligible long run effects (around -0.015) on GDP. In terms of lending, capital requirements lead to a reducƟon of 0.2 per
cent over a year while 0.15 in the long run. In contrast the modificaƟon of lending standard induces a reducƟon of 2.3 per cent
in domesƟc lending in the short and about 2 per cent in the long run. It also has stronger negaƟve effects on the GDP (about
-0.4 per cent) relaƟve to capital requirements on the short run with almost zero effects on the long-run.

The EAGLE (FLI) Bokan et al. (2018) was developed by the EAGLE team of the Working Group on Econometric Modelling whose
members are recruited from the naƟonal banks of the European Union. The EAGLE FLI model emphasizes the tradiƟonal inter-
mediaƟon of loanable funds (ILF) approach in banking. To lend more the bank has to collect deposits. This is in contrast to a
new strand of models using the so-called financing through money creaƟon (FMC) approach (see Benes et al. (2014), Jakab and
Kumhof (2015)). In the laƩer approach savings is consequence, not a cause, of lending. ¹

¹ The FMC approach emphasizes that lending creates its own funding/deposits, and neither savings nor intermediaƟon is needed to issue loans. Even
if the FMC approach seems to provide beƩer account of how loans are created in reality a recent paper by Drechsler et al. (2017) offers compelling
empirical evidence in favour of the deposit channel and the ILF approach using US data.
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There are several new elements in the EAGLE FLI model relaƟve to the standard EAGLE model without financial fricƟons. First,
there are two types of households: ”savers” and ”borrowers”. The laƩer is assumed to be more impaƟent (lower discount
rate) than the first one. Second, we introduce a country-specific banking sector which intermediates funds from households
to borrowers and entrepreneurs who invest into the capital. Third, we introduce housing services that i) households and en-
trepreneurs derive uƟlity from, and which ii) can funcƟon as a stock of collateral to borrower households and entrepreneurs
as well as used as an input in producƟon. In each block banks collect deposits from domesƟc saver households, raises capital
that is subject to regulatory requirement and lends both to borrowing households and entrepreneurs who are subject to a
collateral constraint. Borrowers and entrepreneurs can use housing as a form of collateral. Importantly, both households and
firms pledge the future value of the collateral. Fourth, there is an interbank market in the model between the banks in Hungary
and the eurozone. Hence, domesƟc banks can issue domesƟc as well as interbank loans. Interbank loan market in the model is
based on the Kollmann (2013) but different from his paper there are no global banks in the EAGLE FLI model. FiŌh, we enrich
the model with a set of financial shocks such as shocks to the loan-to-value raƟo in the collateral constraint of households and
firms. Since the recent crises financial shocks are widely accepted to explain significant porƟon of business cycles beyond real
(technology shocks) and nominal shocks (changes in price and wage markups).

RelaƟve to Bokan et al. (2018) we add two more features to the EAGLE FLI model. In parƟcular we assume that there is a redis-
tribuƟon of profit of the Hungarian banking sector to the Euro area (many foreign commercial banks in Hungary) and introduce
loan-to-income regulaƟon. Gomes (2016) makes use of the EAGLE FLI model to study the effects of the unconvenƟonal mon-
etary policies of the ECB. There are several applicaƟons of the baseline EAGLE model, see Békési et al. (2017) for the list. The
paper by Kaszab (2016) studies the domesƟc and spillovers effects of the unconvenƟonal monetary policies of the ECB using the
EAGLEmodel with Gertler and Kiyotaki (2010) type financial accelerator. Brzoza-Brzezina et al. (2010) and Brzoza-Brzezina et al.
(2017) study the subsƟtuƟon between domesƟc and foreign currency loans in Central Europe. However, foreign currency loans
in Hungary were converted to domesƟc loans in 2015 and, therefore, the vulnerability of Hungarian households decreased
substanƟally due to the eliminaƟon of exchange rate risk.

Our paper is also related to several papers in the literature studying the effects of macroprudenƟal policies using a DSGE model
(which are not necessarily based on the EAGLE FLI). One of them is Brzoza-Brzezina et al. (2018) who uses a two-country DSGE
model to examine the internaƟonal propagaƟon of shock induced by the foreign ownership of banks. In parƟcular, they find
that foreign ownership of banksmagnifies the spillover effects ofmonetary andmacroprudenƟal policies. Gerba and Żochowski
(2017) study the impact of KnighƟan uncertainty on financial stability and the business cycle. KnighƟan uncertainty means
that households are raƟonal but take economic decisions under incomplete informaƟon. In their paper households learn by
doing once a sufficient number of the state is realised. Due to the limited enforceability of financial contracts households are
required to provide collateral. In their framework the financial contract and the learning mechanism ensures that the build-
up of risk and leverage takes a longer Ɵme than in standard DSGE models. Corrado and Schuler (2017) analyses the effects of
several macroprudenƟal policies on the banking sector and its linkages to themacro economy using a New Keynesian type DSGE
model. They find that the introducƟon of liquidity requirements effecƟvely miƟgates the negaƟve effects of a shock emerging
on the interbank market while capital requirements propagate only through nominal variables such as nominal interest rates
and inflaƟon. Gersbach and Rochet (2017) explains that banks tend to lendmuch in high producƟvity states and too liƩle in low
producƟvity states even with complete markets and, thus, argue in favour of countercyclical capital requirements. They find
that imposing stricter capital requirements in good states corrects capital misallocaƟon, increases expected output and social
welfare even with risk-neutral agents.

Angelini et al. (2011) study the effects of macroprudenƟal policies in normal and non-normal Ɵmes. They find that macropru-
denƟal policies yield only small benefits in normal Ɵmes which is driven mainly by supply shocks and not financial-type shocks.
The benefit from macroprudenƟal policies in promoƟng financial stability becomes substanƟal when loan supply and housing
market shocks dominate. They also point to the importance of the cooperaƟon to avoid conflicts between classic monetary and
macroprudenƟal policies. Clerc et al. (2015) develop a DSGE model for a normaƟve and posiƟve analysis of macroprudenƟal
policies. Borrowers can default on debt. They apply Ɵme-invariant capital requirements as well as countercyclical adjustments
to capital raƟos. They have three main findings. First, they can calculate an opƟmal level of capital requirements which help
reduce bank leverage, bank failure risk and the implicit subsidies associated with deposit insurance. However, lower lever-
age will result in larger cost of equity funding (instead of debt) and less credit intermediated. Second, they find that in states
with high leverage and low capital requirements the economy is more responsive to shocks (both idiosyncraƟc and aggregate).
Third, countercyclical capital raƟo adjusments can significantly improve the benefits of high capital requirements once applied
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INTRODUCTION

to a certain level. The countercyclical reducƟon in capital requirements might allow banks to charge lower loan rates on larger
amount of loans.

There are also aƩempts to study macroprudenƟal policies in models with heterogenous agents and idiosyncraƟc as well as
aggregate risks. Guerrieri and Lorenzoni (2017) examine the effects of a credit-crunch on consumer spending in a heteroge-
nous agents model. They find that an unexpected Ɵghtening in consumers’ borrowing capacity leads constrained agents to
repay debt while unconstrained ones increase their precauƟonary savings. In a similar model Corbae and QuinƟn (2015) finds
the payment-to-income requirements are effecƟve insulaƟng households from over-borrowing in bad Ɵmes but become unre-
stricted in booms. Their model approximates key housing and mortgage market facts of the US well before and aŌer the recent
financial crisis. Hull (2017) uses a heterogenous agent model and find using Swedish mortgage data that mortgage amorƟ-
saƟon requirements are potenƟally useful in reducing household indebtedness. He finds using an incomplete markets model
with three types of debt and a novel mortgage contract specificaƟon that in the absence of Ɵght restricƟons on the maximum
debt service-to-income raƟo or implausibly large refinancing cost the policy impact is small in the aggregate level. Corbae and
D’Erasmo (2014) study the impact of capital regulaƟon on bank risk-taking, bank failure andmarket structure. Themarket struc-
ture in their model includes a layer of big banks which interact with a small, compeƟƟve fringe banks. The endogenous entry
and exit of banks due to shocks induces a non-trivial size distribuƟon of banks. They find that a rise in capital requirements
from 4 to 6 per cent leads to sizable reducƟon in the exit rate of small banks and a more concentrated industry. Loans supply
falls and interest rate rises by 50 basis points. It also leads to a reducƟon in deposit insurance while higher interest rates trigger
higher delinquencies and lower level of output in the economy. Goel (2016) has amodel similar to Corbae and D’Erasmo (2014)
and characterises the opƟmal size-dependant bank capital regulaƟon. In his model higher leverage induces higher expected
return on capital but also increases the variance of returns and bank failure risk. He finds the opƟmal capital requirement to
be Ɵghter relaƟve to the pre-crisis benchmark and also bank-specific: Ɵghter for larger banks than for smaller banks.

The rest of the paper proceeds as follows. SecƟon 2 describes the model. SecƟon 3 explains how the model is calibrated.
SecƟon 4 provides four experiments. The first one is an increase in capital requirements in the eurozone, the second one is a
rise in capital requirements in Hungary as well as the eurozone. The third one is a regulatory reducƟon in the loan-to-value
raƟo (LTV). The fourth one is a decrease in the loan-to-income raƟo (LTI). Finally, we conclude in secƟon 5.
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2 The model

Weonly sketch the new features of the FLI version of EAGLE. The descripƟon of the EAGLE FLI closely follows Bokan et al. (2018).
For features of the EAGLE FLI which are part of the EAGLE model without financial fricƟons we refer the reader to Gomes et al.
(2012) and to Békési et al. (2017).

2.1 HOUSEHOLDS

There are two types of households in the model: paƟent (”savers”, denoted by I) and impaƟent (”borrowers”, denoted by J).
PaƟent households discount factor is larger than that of impaƟent ones (ఉI வ ఉJ). PaƟent and impaƟent households are
1 ିఠJ ିఠE ିఠB andఠJ share of the H populaƟon, respecƟvely such thatఠJ,ఠE வ 0,ఠJ ାఠE ାఠB ழ 1. Within each type
they have idenƟcal preferences, constraints and iniƟal asset posiƟons. Each household supplies differenƟated labour service to
domesƟc firms and has monopoly power to set a wage for itself. Wage seƫng is subject to Calvo type fricƟons. There is perfect
risk sharing among wage seƩers offering the same variety of labour. Both types of households are allowed to hold financial
assets such as domesƟcally issued and internaƟonal bonds (denominated in domesƟc currency and US dollars, respecƟvely)
and physical capital.

2.1.1 PATIENT HOUSEHOLDS (”SAVERS”)

PaƟent households maximise uƟlity derived from consumpƟon (CI) and housing (HI) and disuƟlity from working (NI) on an
infinite horizon:

Et ቎
ಮ

෍
kస0

ఉk
I ൭

1 ି ఑
1 ି ఙ ቆCI,tశk ି ఑CI,tశkష1

1 ି ఑ ቇ
1ష഑

ା ఐI ୪୬HI,tశk ି
1

1 ା ఍N
1శഅ
I,tశk൱቏

where Et denotes expectaƟon operator on an informaƟon set unƟl t, ఉ is the discount factor, ఙ is risk-aversion (inverse of the
intertemporal elasƟcity of subsƟtuƟon), ఍ is the inverse of Frisch elasƟcity and ఑ measures habits in consumpƟon. ఐI is the
parameter assigned to housing services in the uƟlity.

The budget constraint of a representaƟve Ricardian household is given by:

DDem
t ି RDtష1D

Dem
tష1 ା BI,t ି BI,tష1Rtష1 ା BEAI,t ି BEAI,tష1Rtష1

ା SH,USt BUSt ି SH,USt BUStష1R
US
tష1

ୀ (1 ି ఛNt ି ఛWh

t )WI,tNI,t ା (1 ି ఛDt )DF
t

ି QH
t (HI,t ି (1 ି ఋH)HI,tష1) ି (1 ା ఛCt )PC,tCI,t ି PC,t୻DH,t ା TRt ି Tt

where PC,t denote respecƟvely the price of one unit of consumpƟon good, ఛCt is tax rate on consumpƟon good. DF
t stands for

dividends from domesƟc firms (profits) received by Ricardians only, ఛDt is tax rate on dividends. TRt are lump-sum transfers,
while Tt are lump-sum taxes. SH,USt is the nominal exchange i.e. the domesƟc currency price of one unit of US dollars, BUSt
is holdings of bonds denominated in US dollars paying interest rate RUSt . BEAI,t are euro-denominated bonds. WI,tNI,t is labour
income, net income is obtained by paying tax rates ఛNt and ఛWh

t . ఋ (ఋH) is the depreciaƟon rate of physical capital (housing stock
HI,t), Q

H
t is the price of housing. Ddem

t is the demand for bank deposits and RDt is the gross interest rate on previous period bank
deposits.

୻DH is the cost of adjusƟng deposits and has a quadraƟc form:

୻DH,t ≡
ఊDH
2

ቆddemt ି ఑D p̄YȲ
1 ିఠJ ିఠE ିఠB

ቇ
2
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where ddemt ≡ Ddem
t /PC,t and

఑D ≡ (1 ିఠJ ିఠE ିఠB)d̄dem

p̄YȲ

is the steady state deposit-to-GDP raƟo, (1ିఠJିఠEିఠB)d̄dem is per capita aggregate deposits and expressed in consumpƟon
units. Variables with an upper bar denote steady-state.

2.1.2 IMPATIENT HOUSEHOLDS (”BORROWERS”)

ImpaƟent households who consƟtute ofఠJ part of the populaƟon maximise uƟlity derived from consumpƟon (CJ) and housing
(HJ) and disuƟlity from working (NJ) on an infinite horizon:

Et ቎
ಮ

෍
kస0

ఉk
J ൭

1 ି ఑
1 ି ఙ ቆCJ,tశk ି ఑CJ,tశkష1

1 ି ఑ ቇ
1ష഑

ା ఐJ ୪୬HJ,tశk ି
1

1 ା ఍N
1శഅ
J,tశk൱቏

where 0 ழ ఉJ ழ ఉI ழ 1 and ఐJ is a parameter aƩached to the value of housing services in the uƟlity.

The impaƟent household’s budget constraint can be wriƩen as:

BJ,t ି RLtష1BJ,tష1 ୀ (1 ି ఛNt ି ఛWh

t )WJ,tNJ,t ି (1 ା ఛCt )PC,tCJ,t

ି QH
t (HJ,t ି (1 ି ఋH)HJ,tష1) ି PC,t୻BJ ,t ା

TRJ
ఠJ

where BJ,t ழ 0 is the amount of loans from the domesƟc bank, ୻BJ ,t is the real adjustment cost on changing the borrowing
posiƟon:

୻BJ ,t ≡
ఊBJ
2
ቆ bJ,t
bJ,tష1

ି 1ቇ
2

where ఊBJ is a parameter of the adjustment cost and bJ,t ≡
BJ,t
PC,t

.

To borrow the household has to post collateral in the form of housing. The borrower has to respect the loan-to-value (LTV)
borrowing constraint:

ି BJ,tR
L
t ஸ ିఘBJ

ஈ̄BJ,tష1
RLtష1
ஈC,t

ା (1 ି ఘBJ
)VJ,tEt[QH

tశ1ஈC,tశ1HJ,t] (1)

where 0 ழ VJ,t ழ 1 is average LTV raƟo. The borrowing constraint limits the amount lent to a fracƟon of the value of the asset.

As an alternaƟve, we also introduce the loan-to-income (LTI) borrowing constraint:

ି BJ,tR
L
t ஸ ିఘBJ

ஈ̄BJ,tష1
RLtష1
ஈC,t

ା (1 ି ఘBJ
)LTIJ,tWJ,tNJ,t(1 ି ఛN,t ି ఛWh ,t). (2)

On the right side of the borrowing constraint equaƟons, we apply a lagged term of past loans to avoid jumpy figure in impulse-
response funcƟons. In the LTI experiments, the LTV and LTI constraints are saƟsfied simultaneously. Given a shock to the average
LTI the LTV adjusts endogenously.

2.2 ENTREPRENEURS

The representaƟve entrepreneur represents ఠE part of the H populaƟon and maximises lifeƟme uƟlity which is derived from
consumpƟon:

Et ቎
ಮ

෍
kస0

ఉk
E ൭

1 ି ఑
1 ି ఙ ቆCE,tశk ି ఑CE,tశkష1

1 ି ఑ ቇ
1ష഑

൱቏

The entrepreneur owns the whole stock of physical capital and part of real estate.

MNB WORKING PAPERS 1 • 2019 9



MAGYAR NEMZETI BANK

The budget constraint of the entrepreneur is:

BE,t ି RLtష1BE,tష1 ୀ RH,tHE,tష1 ି (1 ା ఛCt )PC,tCE,t ି PI,tIE,t
ା (1 ି ఛKt )(RK,tut ି ୻u(ut)PI,t)KE,tష1 ା ఛKt ఋKPI,tKE,t
ି QH

t (HE,t ି (1 ି ఋH)HE,tష1)
ି PC,t୻BE ,t

where BE,t is the amount of loans from domesƟc banks. IE,t is the investment into physical capital and PI,t is the price of invest-
ment. RK,t is the rental rate of physical capital KE,t while RH,t is the rental rate of real estate HE,t. ఛKt is the tax rate on physical
capital. Variable ut is capacity uƟlizaƟon with adjustment cost ୻u(ut).

୻BE ,t denotes the real adjustment cost on changing the borrowing posiƟon and has a quadraƟc funcƟonal form:

୻BE ,t ≡
ఊBE
2

ቆ bE,t
bE,tష1

ି 1ቇ
2

where ఊBE வ 0 and bE,t ≡
BE,t
PC,t

.

The accumulaƟon of physical capital is described by:

KE,t ୀ (1 ି ఋK)KE,tష1 ା (1 ି ୻I,t)IE,t

where ୻I,t is investment adjustment costs which have the following quadraƟc form:

୻I,t ≡
ఊI
2
ቆ IE,t
IE,tష1

ି 1ቇ
2

where ఊI வ 0 governs the size of investment adjustment costs.

Similarly to impaƟent households, the borrowing constraint (LTV) of entrepreneurs are given by:

ି BE,tR
L
t ஸ ିఘBE

ஈ̄BE,tష1
RLtష1
ஈC,t

ା (1 ି ఘEJ
)VHE ,tEt[Q

H
tశ1ஈC,tశ1HE,t] (3)

where VHE ,t ழ 1 are the entrepreneur’s LTV raƟos associated with housing stock.

2.3 BANKS

Themodel contains a representaƟve banking as in Kollmann (2013)with a size ofఠB in the populaƟon. The representaƟve banks
operates under perfect compeƟƟonmaximising profits and taking interest rates as given and choosing the opƟmal composiƟon
of assets and liabiliƟes. As a slight modificaƟon, we assume that a fracƟon banks in the Home country are owned by Euro area
banks. This is achieved through the consumpƟon equaƟons (7, 8, 9).

In thismodel banks intermediate funds between savers and borrowerswho cannot directly lend or borrow from each other. The
bank accepts deposits from domesƟc paƟent households (”savers”) and intermediates funds to domesƟc impaƟent households
(”borrowers”) and domesƟc entrepreneurs. Furthermore, the bank takes a posiƟon in the cross-country interbank market.

The representaƟve bank maximises its life-Ɵme uƟlity which is derived from real dividends (all profits are paid out in the form
of dividends).

Et

ಮ

෍
kస0

ఉk
B

1
1 ି ఙ ቆDIV

B
tశk

PCtశk
ቇ
1ష഑

(4)

where 0 ழ ఉB ழ 1 is the discount factor, 1/ఙ is the elasƟcity of intertemporal subsƟtuƟon, DIVB
t is nominal dividends and PCt is

domesƟc consumpƟon deflator.
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The profit maximisaƟon of the bank is subject to the following budget constraint:

DIVB
t ୀ ିLt ା RLtష1Ltష1 ି LIBt ା RIBtష1L

IB
tష1

ା DSupply
t ି RDtష1D

Supply
tష1

ି PCt ୻L,t ି PCt ୻IB,t ି PCt ୻X,t

where the deposits (DSupply
t ), loans to borrowers and entrepreneurs (Lt) and the posiƟon in the interbank market (LIBt ) are all

defined as one-period euro denominated nominal assets and liabiliƟes. LIBt is the amount of loans provided by a bank in one
parƟcular region in the euro area to the representaƟve bank in the rest of the euro area at the gross interest rate RIBt . The terms
୻L,t ୻IB,t and ୻X,t are costs the banking sector faces when adjusƟng the posiƟon in loans, the interbank market and the excess
bank capital, respecƟvely. The adjustment cost of changing loans is

୻L ≡
ఊL
2
ቆ lt
ltష1

ି 1ቇ
2

.

The laƩer costs are defined below.

The interbank market. DomesƟc bank H (one parƟcular country in the euro zone) can borrow from or lend to other banks in
the rest of the euro zone subject to the following adjustment cost:

୻IB,t ≡
ఊIB
2
ቆlIBt ି ఑IBp̄YȲ

ఠB
ቇ
2

where ఊIB is a parameter that measures the strength of the adjusment cost lIBt ≡ LIBt /PCt is the amount of loan granted in real
consumpƟon units. The adjustment cost introduces a wedge between the interest rate on interbank loans and deposits. p̄Y

and Ȳ denote steady-state output deflator and real GDP, respecƟvely. The parameter ఑IB is defined asఠB ̄lIB/(p̄YȲ) which is the
steady-state interbank loan-to-GDP raƟo. The current exposiƟon abstracts from interbank liquidity which can be easily inserted
into the model. The introducƟon of the interbankmarket allows us to study spillovers between banks in different regions of the
eurozone. This also helps to capture the significant cross-country interbank lending. Further, the introducƟon of an interbank
market allows to introduce a bank-specific shock through the parameter, ఑IB. The laƩer shock can be interpreted as a change in
the long-run desired amount of interbank lending which is a short-cut for capturing changes in liquidity needs, bank porƞolio
choices or aƫtudes towards risk.

Capital requirement. The bank faces a regulatory capital requirement i.e. its period t capital

KBt ୀ Lt ି DSupply
t ା LIBt

should not be less than a possibly Ɵme-varying fracƟon஌K,t (0 ழ ஌K,t ழ 1) of its loans in the sameperiod to domesƟc households
and entrepreneurs, Lt.

The excess bank capital at the end of period t is defined:

Xt ≡ (1 ି ஌K,t)Lt ି DSupply
t ା LIBt .

We assume that it is costly to deviate from the long-run (steady-state) value of excess bank capital. The laƩer cost can be
captured by a quadraƟc adjustment cost which is in consumpƟon units:

୻X ≡
ఊX
2
(xt ି x̄)2

and ఊX வ 0 is a parameter, xt ≡ Xt/PCt and x̄ is the corresponding long-run value. This adjustment cost introduces a cost
between interest rates on domesƟc loans and interest on deposits.

One can take the first-order condiƟons of the above profit maximisaƟon problem with respect to dividends, deposits supply,
loans supply and interbank posiƟon.
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Figure 1
Balance sheet of banks

Loans ሺܮ௧ሻ

Interbank 

loans ሺܮ௧ூ஻ሻ

Capital ሺܭ௧஻ሻ

Depositsሺܦ௧ௌ௨௣௣௟௬ሻ

Assets Liabilities

ȯ௄ǡ௧ܮ௧
ܺ௧ ൌ ௧஻ܭ െ ȯ௄ǡ௧ܮ௧

2.4 PRODUCTION

Tradable and non-tradable goods are produced with a Cobb-Douglas technology using three inputs: physical capital rented
from domesƟc entrepreneurs (KD(h), KD(n)), domesƟc labour (ND(h), ND(n), each being an aggregate of paƟent and impaƟent
households labour services) and real estate (HD(h), HD(n)) also rented from domesƟc entrepreneurs:

YS,Tt ୀ zT,t(KDt )ഀKT(HD
t )ഀHT(ND

t )1షഀKTషഀHT , (5)

YS,Nt ୀ zN,t(KDt )ഀKN(HD
t )ഀHN(ND

t )1షഀKNషഀHN , (6)

where ఈKT, ఈKN, ఈHT, ఈHN வ 0 and ఈKT ା ఈHT ழ 1, ఈKN ା ఈHN ழ 1, zT,t and zN,t are sector-specific producƟvity shocks (they are
idenƟcal accross firms within a parƟcular sector).

The demand funcƟons for each type of input can be derived from the cost-minimisaƟon problem of the intermediary good
firm. In parƟcular, a representaƟve intermediary minimises total producƟon costs subject to the producƟon technologies in
equaƟons (5) and (6) taking input prices as given.

2.5 MARKET CLEARING CONDITIONS

Housing market clears in equilibrium:

(1 ିఠJ ିఠE ିఠB)HI
t ାఠJH

J
t ାఠEH

E
t ୀ H̄

where H̄ denotes a fixed amount of the housing stock.

Entrepreneurs rent housing to firms producing tradable and non-tradable intermediate goods:

HT
t ା HNT

t ୀ ఠEH
E
t .

Bankers supply loans to domesƟc impaƟent households and entrepreneurs:

ఠBLt ାఠJB
J
t ାఠEB

E
t ୀ 0.

Banks accept deposits from paƟent households:

DSupply
t ୀ (1 ିఠJ ିఠE ିఠB)DDem

t .
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Home country (Hungary) and EA banks lend to each other:

sHఠH
B L

IB,H
t ା sEAఠEA

B LIB,EAt ୀ 0,

where sH and sEA are the size of the home and euro area regions, respecƟvely.

2.6 NET FOREIGN ASSET POSITION AND INTERNATIONAL RELATIVE PRICES

Home holdings of foreign bonds denominated in US dollars evolve according to:

BUS,t ା
LIB,t
SH,USt

ୀ BUS,tష1R
US
tష1 ା

RUStష1LIB,tష1
SH,USt

ା TBHt
SH,USt

.

where TBHt stands for trade balance and SH,USt is the nominal exchange rate.

The home trade balance is given by:

TBHt ≡ ෍
COಯH

sCO

sH
SH,COt PH,COX,t IMCO,H

t ି ෍
COಯH

PH,COIM,t IM
H,CO
t ,

where SH,COt is bilateral nominal exchange rate of the Home country relaƟve to country CO. IMCO,H
t is Home exports, IMH,CO

t is
Home imports.

The aggregate resource constraint can be wriƩen as:

PY,tYt ୀ PC,tCt ା PI,t(It ା ୻u(ut)Kt) ା PG,tGt ା ෍
COಯH

sCO

sH
SH,COt PH,COX,t IMCO,H

t

ି ෍
COಯH

PH,COIM,t ቌIM
H,CO
C,t

1 ି ୻H,CO
IMC (IMC,CO

t /QC
t )

୻H,CO಩
IMC (IMC,CO

t /QC
t )

ቍ

ି ෍
COಯH

PH,COIM,t ቌIM
H,CO
I,t

1 ି ୻H,CO
IMI (IMC,CO

t /QI
t)

୻H,CO಩
IMI (IMC,CO

t /QI
t)

ቍ ,

where Gt is public consumpƟon, PG,t is its price deflator. It ୀ ఠEIE,t, Kt ୀ ఠEKE,t.

୻H,CO
IMC is standard adjustment cost on imports and ୻H,CO಩

IMC is defined as:

୻H,CO಩
IMC ≡ 1 ି ୻H,CO

IMC ൫IMC,CO
t /QC

t ൯ ି ቀ୻H,CO
IMC ൫IMC,CO

t /QC
t ൯ቁ

ᇲ
IMC

t .

The aggregate consumpƟon is defined as:

CHUt ୀ ఠBC
B,HU
t ఒB ା (1 ିఠJ ିఠE ିఠB)CI,t ାఠJCJ,t ାఠEC

E
t , (7)

CEAt ୀ ఠBC
B,EA
t ାఠBC

B,HU
t (1 ି ఒB) ା (1 ିఠJ ିఠE ିఠB)CI,t ାఠJCJ,t ାఠEC

E
t , (8)

CUS/RWt ୀ ఠBC
B,US/RW
t ା (1 ିఠJ ିఠE ିఠB)CI,t ାఠJCJ,t ାఠEC

E
t , (9)

where

CBt ≡ divBt ୀ
DIVB

t

PCt
.

ఒB is the fracƟon of domesƟc banks’ profit distributed to contribute to domesƟc aggregate consumpƟon (HU) and (1 ି ఒB) is
the fracƟon redistributed to the euro area (EA) for the reason that some commercial banks in Hungary are owned by Euro area
banks.
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3 CalibraƟon

The calibraƟon of the core of the model without financial fricƟons follows Békési et al. (2017) who used the so called EAGLE
CalibraƟon Help Tool (ECHT) soŌware to calibrate the four blocks of the model. The calibraƟon of model parameters can also
be found in Békési et al. (2017). The parameters of the Taylor rule are calibrated in line with the recent study on Hungarian
monetary policy AbaligeƟ et al. (2018). The calibraƟon of the banking sector variables as a percentage of GDP such as the
loan-to-GDP raƟo to households and entrepreneurs can be found in Table 1. The model produces the deposit-to-GDP raƟo
endogenously. The excess bank capital-to-loans raƟo is roughly five (4.67) according to the financial accounts of commercial
banks in Hungary. We find that a posiƟve value of the excess bank capital in Hungary does no jeopardise the equalisaƟon of
risk-free rates across the four model blocks. In the absence of data the excess bank capital-to-loans raƟo is set to zero for the
other blocks.

The parameters related to the financial sector can be found in Table 2. The loan-to-value raƟo for impaƟent household is
calibrated on the basis of the regular reports of financial insƟtuƟons to the MNB. The loan-to-income raƟos are based on
Hungarian loan-level data for new loans disbursed from 2012. We have no data available for the other three regions. We note
that standard aggregate debt-to-incomemeasures are inappropriate as they are calculated for the whole populaƟon instead of
the indebted populaƟon. Due to lack of data the LTV raƟo for physical capital and housing in the case of entrepreneurs is set
to the corresponding values in Bokan et al. (2018).The share of banks, impaƟent households and entrepreneurs in the whole
populaƟon follows Bokan et al. (2018). The adjustment cost on the dynamic relaƟonships in the banking sector such as loan and
deposit adjustment costs follow Bokan et al. (2018). Importantly, impaƟent households and entrepreneurs face a cost when
adjusƟng their loan. Banks have to pay a cost when adjusƟng the excess bank capital and interbank capital posiƟons.
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4 Experiments

4.1 AN PERMANENT INCREASE IN CAPITAL REQUIREMENTS IN THE EUROZONE

On Figure 2-5 we study a permanent two percentage points increase in the capital requirement in the eurozone. The shock to
capital requirements in the eurozone is meant to study spillovers from the eurozone to Hungary. In this experiment there is no
excess capital over the regulatory minimum in any regions to examine the possible maximum of spillover effects in the model.
Holding free capital buffers would mean that an unexpected increase in macroprudenƟal capital requirements have reduced
negaƟve effects on bank lending because free capital buffer allows banks to reduce credit by less.

Themodel includes interbank lending betweenHungary and the eurozone. The interbankmarket is introduced in simple fashion
into the model. If either of the two regions is a borrower then the other region must be the lender and the equilibrium on the
interbank market is achieved by one parƟcular interest rate which is the interbank rate. One can see a contracƟon in interbank
lending meaning that Hungary borrows more. The eurozone has larger impact on the interbank interest rate due to its greater
size relaƟve to Hungary. Overall we find that the impulse responses of a number of variables exhibit similar responses to those
in Bokan et al. (2018). In parƟcular, the increase in capital requirement generates a decline in interbank lending and a rise in
interbank in interest rate consistent with the findings of Bokan et al. (2018). It is of interest to point out that the interbank
market in our model behave similar to the one in Bokan et al. (2018) only when the transacƟon cost on interbank lending is
somewhat higher in our model.

We plot two cases to examine the importance of interbankmarket in themodel. In one case there is interbankmarket between
Hungary and the eurozone. In the second case there is no interbank market. We find that the introducƟon of the interbank
market (black dashed line for Hungary and red dashed line for the eurozone) has negligible effects on our results. Shocks
emerging in the eurozone have moderate spillover effects on the variables of Hungary (see black lines) due to the fact that in
the model euro area banks do not operate abroad and, therefore, the only spillover channel is restricted to internaƟonal trade
which has liƩle impact on domesƟc variables.

Figure 2 shows the effect of greater capital requirements on banking sector related variables. Eurozone banks decrease lending
and, thus, the scarcity of loans is associated with an increase in the interest rate on domesƟc loans. The model emphasizes the
financial intermediary role of banks where banks can issue more loans if they accept more deposits. Hence, the contracƟon in
loan demand implies a reducƟon in deposits.

Figure 3 exhibits that greater capital requirements reduce the borrowing of impaƟent households as well as entrepreneurs.
They also reduce their demand for housing services. The greater supply of housing which is not offset by the rise in the housing
demand of paƟent households leads to a sharp reducƟon in the house price.

Figure 4 provides how Ɵghter credit condiƟons impact real macro variables. One can observe that GDP, aggregate consumpƟon,
investment, exports and imports decline. The appreciaƟon of the real exchange rate supports the decline in exports. Figure 4
also reveals that the increase in the capital requirements in the eurozone has strong negaƟve spillover effects on the exports
and imports of Hungary even though this is not much reflected in aggregate output and consumpƟon. The real exchange rate
in Hungary appreciates when accounƟng for the spillovers. Due to the relaƟvely large size of the eurozone among the four
country blocks the increase in the capital requirements in the eurozone will have strong spillover effects on Hungary through
trade connecƟon.² In parƟcular, the reducƟon of import demand in the eurozone has negaƟve effect on the net export in
Hungary.

Figure 5 offers a detailed picture of the components of aggregate consumpƟon. One can see that the reducƟon in aggregate
consumpƟon ismainly borne out by the reducƟon in the consumpƟonof impaƟent households and entrepreneurswhich decline

² The most significant trade partners of Hungary are located in the eurozone.
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more than the consumpƟon of paƟent ones. The regulatory change also implies deflaƟon which results in a decline of the
nominal interest rate through the Taylor rule provided that the response to the output gap which also turns negaƟve is small.
Figure 5 also contains the variables related to the labour market. Real wages as well as the labour supplies of both paƟent and
impaƟent households plummet in line with the fall in their consumpƟon demand.

4.2 AN INCREASE IN CAPITAL REQUIREMENT IN HUNGARY AND THE EURO AREA

On Figures 6-9 we assess a two percentage points rise in capital requirements either only in Hungary (called 1 shock in the
figure, capital requirement increases from 12.3 per cent to 14 per cent, the shock should be interpreted as the introducƟon of
macroprudenƟal capital requirements over SREP requirements.) or in both Hungary and the eurozone (denoted as 2 shocks).
In these experiments we assume that banks in Hungary hold excess capital consistent with Hungarian banking sector data while
it is held at zero for the remaining three regions due to lack of data³. Holding free capital buffer implies that an unexpected
increase in macroprudenƟal capital requirements have slightly reduced negaƟve effects on bank lending because free capital
buffer allows banks to reduce credit by less.

Our findings are well in line with those described in the previous secƟon. The only difference now that besides the spillover
effects from the eurozone there are direct effects associated with the rise in capital requirements in Hungary.

When there is only shock to Hungary there is huge decline in domesƟc loans which have to be followed by a fall in deposits
(the model is based on the loanable funds view of banking where less lending is consistent with less deposits) and interbank
lending changes to small extent. Figure 6 shows that higher capital requirements are consistent with a higher level of capital in
the eurozone than in Hungary. Capital levels do not have to rise as much in Hungary to saƟsfy higher regulatory capital levels
when there is an simultaneous and equal increase in capital requirements in both regions. The laƩer is due to the difference
in the original levels and also the reacƟon of loans (domesƟc and interbank) in the two regions. In parƟcular, domesƟc loans
in the eurozone contract more than in Hungary. In line with reacƟon of domesƟc and interbank loans the bank capital has to
increase by less when there are higher bank capital requirements in both regions. In this sensewe can say that the higher capital
requirements in the eurozone have posiƟve spillover effects on Hungary. However, entrepreneurs’ borrowing declines more
due to the spillover effects. There is marked difference in the borrowing of impaƟent households across the 1 and 2 shocks
cases. For other variables such as the borrowing of impaƟent households and entrepreneurs as well as the consumpƟon there
is less difference between the 1 and 2 shock case. These impulse responses are also consistent with the findings of Bokan et al.
(2018).

Shocks emerging in Hungary have negligible or zero spillover effects on the variables of the eurozone (see red dashed lines) due
to the miniscule size of Hungary (0.0028) among the four blocks.

4.3 A PERMANENT DECREASE IN LOAN-TO-VALUE RATIO FOR HOUSEHOLDS IN
HUNGARY

Figure 10-13 show a permanent one percentage point decrease in the average loan-to-value raƟo of impaƟent households
and entrepreneurs. The shock can alternaƟvely be interpreted as a change in the lending standards of commercial banks.
Dashed lines on the figures correspond to a lower raƟo of impaƟent households as a sensiƟvity check (ఠJ ୀ 0.3 instead of
0.5, ’omegaimp’ on figures). The shock has zero persistence but permanent and, therefore, the transiƟon from the iniƟal
steady-state to the new steady-state is imminent. ImpaƟent households can pledge housing like entrepreneurs. In the case
of entrepreneurs we assume that the loan-to-value raƟo for physical capital and housing is reduced to the same extent. A
regulatory change leading to the reducƟon in the loan-to-value raƟo implies that less loans can be taken for given value of the
collateral.

For given asset pricesmore restricƟve lending standards induce households to take up less loanswhich is followedby a reducƟon
in deposits. The laƩer is due to the fact our modelling framework allows for more loans if more deposits are guaranteed. The

³ Note that we explored whether free capital buffers (posiƟve excess capital) has impact on our results but found negligible effects (these experiments
are not reported in the paper but available upon request).
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shorƞall in lending reduces the consumpƟon and housing demand of impaƟent households and leading to a decline in the price
of physical capital and housing. The fall in credit demand leads to small decline in the interest rate on loans. Importantly the
decline in asset prices reduces the collateral value of housing and capital. Hence, the decline in asset prices will induce further
reducƟon of credit demand for given lending standards and facilitate an appreciaƟon of the real exchange rate and, thus, a fall
in export. Less consumpƟon, investment and exports leads to lower output.

The figures also display robustness checks for the share of impaƟent households. Clearly, a lower share of impaƟent house-
holds (black dashed line) imply smaller effects of the LTV regulaƟon for the simple reason that the LTV regulaƟon impacts the
borrowing constraint of impaƟent households. A lower share of impaƟent households imply smaller decrease in bank-related
such as domesƟc and interbank lending as well as real variables such as consumpƟon and output. The impulse responses of
most variables exhibit a hump-shape and is similar to the those in Bokan et al. (2018). In contrast to the previous experiment
– a raise in capital requirements – the decline in the LTV reduces the interbank interest rate. For instance, figure 11 shows
that a smaller share of impaƟent households lead to less change in paƟent and impaƟent consumpƟon, housing, labor and real
wages. The red solid and dashed lines indicate that the spillover effects of the macroprudenƟal policy changes in Hungary on
the eurozone are virtually zero in line with our expectaƟons.

It is necessary to discuss why a restricƟon in LTV regulaƟon has stronger real effects than a rise in capital requirements. The LTV
regulaƟon has direct effect on the consumpƟon of indebted households and, hence, on aggregate consumpƟon. The capital
regulaƟon has no direct effect on real variables, however. Following a rise in capital requirements the bank decreases lending as
well as accepƟng fewer deposits. Deposits are held by savers who can smooth their consumpƟon by risk-free bonds as well and,
therefore, a reducƟon in deposits will not have significant effect on the behaviour of savers aswell as on aggregate consumpƟon.
The profit of banks has direct impact on aggregate consumpƟon. The LTV regulaƟon has stronger effects on the lending and
deposit policy of banks and, hence, has greater impact on the profitability of banks as well as aggregate consumpƟon.

4.4 A PERMANENT DECREASE IN LOAN-TO-INCOME RATIO FOR HOUSEHOLDS
IN HUNGARY

Figures 14-17 exhibit the effects of a one percentage point reducƟon in the loan-to-income raƟo of impaƟent households in
Hungary. The decrease in the loan-to-income raƟo reduces the maximum amount of loans that can be taken by the borrower
household and the entrepreneur against future value of the collateral. Figure 14 shows that the amount of domesƟc loans
decrease leading to the decline in the domesƟc lending rate. Indeed, figure 14 tells us that the impaƟent households and
entrepreneurs borrow less, reduce their demand for housing and causing a decline in house prices. The permanent reducƟon
in the loan-to-income raƟo results in lower consumpƟon of Ricardian and non-Ricardian households. Further, the Ɵghtening
of households’ borrowing constraint reduces the build-up of excess capaciƟes in the economy in terms of aggregate output
and hours worked. Investment also declines. There is also a slight decrease in the real wages of the two types of households
(paƟent and impaƟent) as well as the aggregate real wage. As the policy has negaƟve effect on households’ spending and real
wages inflaƟon declines.
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5 Conclusion

We have studied the effects of macroprudenƟal policies in Hungary as well as the eurozone. In parƟcular, we examined the
effects of an increase in regulatory capital requirements (with or without addiƟonal capital buffers), a reducƟon in the loan-
to-value raƟo of households and entrepreneurs and a decrease in loan-to-income raƟo of borrower households. We also con-
sidered the effects of the inclusion of an interbank lending channel in the model and found that it has moderate effects on
domesƟc macroeconomic aggregates. We show that macroprudenƟal policies of the eurozone have moderate spillover effects
on Hungary. In parƟcular, we find that an increase in capital requirements in both Hungary and the eurozone requires lower
accumulaƟon of bank capital relaƟve to the case when there are higher capital requirements only in Hungary.

We find that a rise in capital requirement has negligible negaƟve short-run effects of about -0.01 per cent and small but non-
negligible long run effects (around -0.015) on GDP. In terms of lending, capital requirements lead to a reducƟon of 0.2 per cent
over a year while 0.15 in the long run. In contrast stricter lending standards induce 2.3 per cent decline in domesƟc lending in
the short and about 2 per cent in the long run. The laƩer has stronger negaƟve effects on the GDP (about -0.4 per cent) relaƟve
to capital requirements on the short run with almost zero effects on the long-run.

Our future research will introduce cross-border lending between the euro area and Hungary which couldmake the foreign own-
ership in the Hungarian banking systemmore plausible than the current setup. Cross-border lending would also generate more
realisƟc spillovers of macroprudenƟal policies. Regarding macroprudenƟal intervenƟons, we could include features that would
allow for monitoring the probability of default on loans taken by households. EsƟmaƟng such a complex model is extremely
challenging and we leave it for research in the future.
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6 Tables and figures

Table 1
Steady-state financial accounts as fracƟon of annual GDP, %

HU EA US RW

Loans 32 119 148 146

Loans to households 16 61 90 76

Loans to entrepreneurs 16 58 58 70

Interbank 4.41 0.00 n.a. n.a.

Deposits 26.5 109 137 134

Excess bank capital/loans 4.67 0.00 0.00 0.00

Notes: HU, EA, US, RW denote Hungary, eurozone, United States and the rest of the world, respecƟvely.
Excess bank capital is in percentage of total loans.

Table 2
Financial and bank parameters

HU EA US RW

Discount factor (ఉ) 0.99 0.99 0.99 0.99

Households LTV raƟo (VJ) 0.63 0.7 0.7 0.7

Households LTI raƟo (LTIJ) 1.6 1.6 1.6 1.6

Entrepreneurs LTV raƟo
(VHE )

0.7 0.7 0.7 0.7

Entrepreneurs LTV raƟo
(VKE )

0.3 0.3 0.3 0.3

HHs Loans smoothing
(ఘBJ )

0.3 0.3 0.3 0.3

Entrepreneurs Loans
smoothing (ఘBE )

0.4 0.4 0.4 0.4

Capital Requirement (஌K) 0.123 0.08 0.08 0.08

Banks discount factor
(ఉB)

1.03ష
1
4 1.03ష

1
4 1.03ష

1
4 1.03ష

1
4

Banks share in populaƟon
(ఠB)

0.10 0.10 0.10 0.10

Adjustment costs

Deposits (ఊDH) 0.0001 0.0001 0.0001 0.0001

Excess bank capital (ఊX) 0.001 0.001 0.001 0.001

Interbank capital (ఊIB) 10 n.a. n.a. n.a.

Loans–banks (ఊL) 1.5 1.5 1.5 1.5

Loans–impaƟent HHs
(ఊBJ)

1.5 1.5 1.5 1.5

Loans–entrepreneurs
(ఊBE)

1.5 1.5 1.5 1.5

Notes: HU, EA, US, RW denote Hungary, eurozone, United States and the rest of the world, respecƟvely.
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Figure 2
Increase in euro area capital requirements – Bank variables
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Figure 3
Increase in euro area capital requirements – Borrowing and housing
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Figure 4
Increase in euro area capital requirements – Macro variables
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Figure 5
Increase in euro area capital requirements – ConsumpƟon and labour
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Figure 6
Increase in EA and HU capital requirements – Bank variables
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Figure 7
Increase in EA and HU capital requirements – Borrowing and housing
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Figure 8
Increase in EA and HU capital requirements – Macro variables
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Figure 9
Increase in EA and HU capital requirements – ConsumpƟon and labour
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Figure 10
Decrease in HU LTV raƟo – Bank variables
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Figure 11
Decrease in HU LTV raƟo – Borrowing and housing
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Figure 12
Decrease in HU LTV raƟo – Macro variables
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Figure 13
Decrease in HU LTV raƟo – ConsumpƟon and labour
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Figure 14
Decrease in HU LTI raƟo – Bank variables
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Horizontal axis: quarters. VerƟcal axis: percentage deviaƟons from steady state. In case of interest rates: percentage point deviaƟons. Interbank
lending is in percentage-point deviaƟon to Home GDP.
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Figure 15
Decrease in HU LTI raƟo – Borrowing and housing
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Figure 16
Decrease in HU LTI raƟo – Macro variables
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Figure 17
Decrease in HU LTI raƟo – ConsumpƟon and labour

 

5 10 15 20 25 30 35 40
−15

−10

−5

0

5
x 10

−3 Patient hous. consumption

 

 
Home
EA

5 10 15 20 25 30 35 40
−0.2

−0.15

−0.1

−0.05

0

0.05
Impatient households consumption

 

 
Home
EA

5 10 15 20 25 30 35 40
−0.025

−0.02

−0.015

−0.01

−0.005

0

0.005
Entrepreneurs consumption

 

 
Home
EA

5 10 15 20 25 30 35 40
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02
Patient hous. labor

 

 
Home
EA

5 10 15 20 25 30 35 40
−0.08

−0.06

−0.04

−0.02

0

0.02
Impatient hous. labor

 

 
Home
EA

5 10 15 20 25 30 35 40
−0.08

−0.06

−0.04

−0.02

0
Labor

 

 
Home
EA

5 10 15 20 25 30 35 40
−4

−3

−2

−1

0

1
x 10

−3 Pat. hous. real wage

 

 
Home
EA

5 10 15 20 25 30 35 40
−6

−4

−2

0

2
x 10

−3 Imp. hous. real wage

 

 
Home
EA

Horizontal axis: quarters. VerƟcal axis: percentage deviaƟons from steady state.

MNB WORKING PAPERS 1 • 2019 35



References

A��½®¦�ã®, G., K. N�Ã�ã« �Ä� Z. S�«�ÖÖ (2018), ‘A Ɵme-varying parameter Taylor rule for Hungarian monetary policy’, Közgaz-
dasági Szemle (Economic Review - monthly of the Hungarian Academy of Sciences), vol. 65 no. 1, pp. 24–43

AÄ¦�½®Ä®, P., S. N�Ù® �Ä� F. P�Ä�ãã� (2011),Monetary and MacroprudenƟal Policies, Temi di Discussione (Working Paper) 801,
Bank of Italy.

B��«Ã�ÄÄ, R. �Ä� S. Rç�ã« (2017), SystemaƟcmonetary policy and themacroeconomic effects of shiŌs in loan-to-value raƟos,
Discussion Papers 12024, CEPR.

B�»�Ý®, L., L. K�Ýþ�� �Ä� S. Sþ�ÄãÃ®«�½ù® (2017), The EAGLEModel for Hungary - A Global PerspecƟve, MNBWorking Papers 7,
Magyar NemzeƟ Bank.

B�Ä�Ý, J., M. KçÃ«Ê¥ �Ä� D. L�øãÊÄ (2014), Financial crises in DSGE models: A prototype model, IMF Working Paper 4/57,
IMF.

BÊ»�Ä, N., A. G�Ù�½®, S. GÊÃ�Ý, P. J��Øç®ÄÊã �Ä� M. P®Ý�Ä® (2018), ‘EAGLE-FLI. A macroeconomic model of banking and
financial interdependence in the euro area’, Economic Modelling, vol. 69, pp. 249–280

BÙþÊþ�-BÙþ�þ®Ä�, M., T. C«Ã®�½�óÝ»® �Ä� J. N®��ÿó®��þ®ÅÝ»� (2010), SubsƟtuƟon between domesƟc and foreign currency
loans in Central Europe. Do central banks maƩer?, Working Paper Series 1187, European Central Bank.

BÙþÊþ�-BÙþ�þ®Ä�, M., M. KÊ½�Ý� �Ä� K. M�»�ÙÝ»® (2017), ‘Monetary andmacroprudenƟal policy with foreign currency loans’,
Journal of Macroeconomics, vol. 54, Part B, pp. 352–372

BÙþÊþ�-BÙþ�þ®Ä�, M., M. KÊ½�Ý� �Ä� K. M�»�ÙÝ»® (2018), ‘Crisis, contagion and internaƟonal policy spillovers under foreign
ownership of banks’, Journal of Financial Stability, vol. 36, pp. 293–304

C½�Ù�, L, A. D�Ùò®þ, C. M�Ä�®�®ÄÊ, S. MÊù�Ä, K. N®»Ê½Êò, L. SãÙ����, J. Sç�Ù�þ �Ä� A. V�Ù�Êç½�»®Ý (2015), ‘Capital RegulaƟon
in a Macroeconomic Model with Three Layers of Default’, InternaƟonal Journal of Central Banking, vol. 11 no. 3, pp. 9–63

CÊÙ���, D. �Ä� P. D’EÙ�ÝÃÊ (2014), Capital Requirements in a QuanƟtaƟve Model of Banking Industry Dynamics, Working
Papers 14-13, Federal Reserve Bank of Philadelphia.

CÊÙ���, D. �Ä� E. Qç®Äã®Ä (2015), ‘Leverage and the foreclosure crisis’, Journal of PoliƟcal Economy, vol. 123 no. 1, pp. 1–65

CÊÙÙ��Ê, L. �Ä� T. S�«ç½�Ù (2017), ‘Interbank market failure and macro-prudenƟal policies’, Journal of Financial Stability,
vol. 33, pp. 133–149

DÙ��«Ý½�Ù, I., A. S�òÊò �Ä� P. S�«Ä��½ (2017), ‘The Deposits Channel of Monetary Policy’, The Quarterly Journal of Economics,
vol. 132 no. 4, pp. 1819–1876

G�Ù��, E. �Ä� D. ŻÊ�«ÊóÝ»® (2017), KnighƟan uncertainty and credit cycles, Working Paper Series 2068, European Central
Bank.

G�ÙÝ���«, H. �Ä� J. RÊ�«�ã (2017), ‘Capital RegulaƟon and Credit FluctuaƟons’, Journal of Monetary Economics, vol. 36,
pp. 293–304

G�Ùã½�Ù, M. �Ä� P. K�Ù��® (2011), ‘A model of unconvenƟonal monetary policy’, Journal of Monetary Economics, vol. 58 no. 1,
pp. 17–34

G�Ùã½�Ù, M. �Ä� N. K®ùÊã�»® (2010), ‘Financial intermediaƟon and credit policy in business cycle analysis’, Handbook of mone-
tary economics, vol. 3 no. 3, pp. 547–599

36 MNB WORKING PAPERS 1 • 2019



REFERENCES

GÊ�½, T. (2016), Banking Industry Dynamics and Size-Dependent Capital RegulaƟon, Working Papers 599, Bank for InternaƟonal
SeƩlements.

GÊÃ�Ý, S. (2016), UnconvenƟonal monetary policies in the EAGLE model, manuscript, Bank of Portugal.

GÊÃ�Ý, S., P. J��Øç®ÄÊã �Ä� M. P®Ý�Ä® (2012), ‘The EAGLE. A model for policy analysis of macroeconomic interdependence in
the euro area’, Economic Modelling, vol. 29 no. 5, pp. 1686–1714

Gç�ÙÙ®�Ù®, V. �Ä� G. LÊÙ�ÄþÊÄ® (2017), ‘Credit crises, precauƟonary savings, and the liquidity trap’, The Quarterly Journal of
Economics, vol. 132 no. 3, pp. 1427–1467

Hç½½, I. (2017), ‘AmorƟzaƟon requirements and household indebtedness: An applicaƟon to Swedish-stylemortgages’, European
Economic Review, vol. 91, pp. 72–88

J�»��, Z. �Ä� M. KçÃ«Ê¥ (2015), Banks are not intermediaries of loanable funds-and why this maƩers, Working Paper 529,
Bank of England.

K�Ýþ��, L. (2016), The InternaƟonal Spillover Effects of UnconvenƟonal Monetary Policies, manuscript, Magyar NemzeƟ Bank.

KÊ½½Ã�ÄÄ, R. (2013), ‘Global banks, financial shocks, and internaƟonal business cycles: Evidence from an esƟmated model’,
Journal of Money, Credit and Banking, vol. 45 no. 2, pp. 159–195

MNB WORKING PAPERS 1 • 2019 37





REFERENCES

MNBWorking Papers 2019/1

MacroprudenƟal policies in the EAGLE FLI model calibrated for Hungary

Budapest, March 2019

MNB WORKING PAPERS 1 • 2019 39



MAGYAR NEMZETI BANK

.

40 MNB WORKING PAPERS 1 • 2019


	Abstract
	Introduction
	The model
	Households
	Entrepreneurs
	Banks
	Production
	Market clearing conditions
	Net foreign asset position and international relative prices

	Calibration
	Experiments
	An permanent increase in capital requirements in the eurozone
	An increase in capital requirement in Hungary and the Euro area
	A permanent decrease in loan-to-value ratio for households in Hungary
	A permanent decrease in loan-to-income ratio for households in Hungary

	Conclusion
	Tables and figures
	References

