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Abstract

This paper contributes to the debate on the macroeconomic effectiveness of expansionary
non-standard monetary policy measures in a regulated banking environment. Based on an es-
timated DSGE model, we explore the interactions between central bank asset purchases and
bank capital-based financial policies (regulatory, supervisory or macroprudential) through its
influence on bank risk-shifting motives. We find that weakly-capitalised banks display excessive
risk-taking which reinforces the credit easing channel of central bank asset purchases, at the
cost of higher bank default probability and risks to financial stability. In such a case, ade-
quate bank capital demand through higher minimum capital requirements curtails the excessive
credit origination and restores a more efficient propagation of central bank asset purchases.
As supervisors can formulate further capital demands, uncertainty about the supervisory over-
sight provokes precautionary motives for banks. They build-up extra capital buffer attenuating
non-standard monetary policy. Finally, in a weakly-capitalised banking system, countercyclical
macroprudential policy attenuates banks risk-taking and dampens the excessive persistence of
the non-standard monetary policy impulse. On the contrary, in a well-capitalised banking sys-
tem, macroprudential policy should look through the effects of central bank asset purchases on
bank capital position, as the costs in terms of macroeconomic stabilisation seem to outweigh
the marginal financial stability benefits.

Keywords: non-standard monetary policy, asset purchases, bank capital regulation, risk-taking,
regulatory uncertainty, effective lower bound

JEL classification: E44, E52, F40.
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Non-technical summary
After the financial crisis of 2008-2009, as short-term policy rates reached their effective lower bound
(ELB), several central banks have embarked on various forms of non-standard measures, notably
asset purchase programmes. One consequence of such policies is the downward pressure on bank
lending margins which might incentivise banks to undertake riskier investments (Borio and Zhu, 2012;
Angeloni et al., 2015; Albertazzi et al., 2016). At the same time, the crisis led to a comprehensive
overhaul of the regulatory and supervisory frameworks, reinforcing the risk prevention orientation of
financial policies against the build-up of financial imbalances. Bank capital demands have been put
in place to tame excessive leverage and unreasonable risk-taking. At a given point in the cycle, such
polices may run against the intended impact of non-standard monetary policy measures. Moreover,
frequent changes in such bank capital demands based on micro- and macroprudential considerations
might increase the uncertainty about financial policies which in itself, could hamper the credit easing
channel of non-standard monetary policy measures.

In Europe, several financial policies formulate bank capital demands to banks. The EU Capital
Requirements Regulation (CRR) and the Directive (CRD IV) lay down the minimum requirement
of bank capital. The Supervisory Review and Evaluation Process (SREP) of the ECB conducts
yearly assessments of individual bank risks and recommends top-up capital demands through Pillar 2
guidance (P2G). Finally, the countercyclical capital buffer (CCyB) is part of a set of macroprudential
instruments which can be applied on systemically important financial institutions.

The salient aspects (or the stylised interpretation) of this policy apparatus which are relevant for
the present analysis are threefold. First, the financial regulation sets minimum standards that are
meant to be universal and stable trough time. This layer is interpreted as a steady state feature of the
structural model. Second, supervisory policy adds a layer depending on the idiosyncratic bank risk.
Our modelling framework captures this supervisory capital demand by undesired uncertainty. Third,
some bank capital-based macroprudential instruments are expected to be implemented through a
countercyclical rule. However, the relevant cyclical conditions for macroprudential policy may differ
from the ones presiding upon monetary policy conduct.

This paper contributes to the debate on the macroeconomic effectiveness and strength of expan-
sionary non-standard monetary policy in a regulated banking environment. The above-mentioned
layers of regulatory, supervisory and macroprudential bank capital demands, guide our analysis of
the interaction with non-standard monetary policy. We explicitly study how incentives of banks to
engage in risky projects affect the transmission of central bank asset purchases and evaluates the
role of bank capital regulation. We shed some light on the hinderance that supervisory uncertainty
might have on the effectiveness of non-standard monetary policy measures. We address this context
the potential benefits of countercyclical macroprudential policies.

We extend the dynamic stochastic general equilibrium (DSGE) model from Darracq Paries and
Kiihl (2016) by introducing risk-taking motives of banks and bank capital policies. The model of
Darracq Paries and Kiihl (2016) is estimated on euro area data and analyses the macroeconomic
transmission of non-standard monetary measures through bank portfolio re-balancing frictions. We
re-interpret such frictions and introduce a risk-taking behaviour of banks through limited liability
under a deposit insurance scheme: bankers face idiosyncratic risks on their loan book return and
default when the return on asset is not sufficient to cover for the repayments due to deposits. Banks

engage in excessive leverage, providing a rationale for bank capital regulation which is implemented
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by imposing penalty costs if operating profits fall below the regulatory minimum.

This paper has thre main findings. First, we show that in a weakly-capitalised banking system,
limited liability together with a deposit insurance scheme drives banks’ risk-taking motives by rein-
forcing the credit easing effects of central bank asset purchases. The presence of a risk-taking channel
increases the strength of banks’ portfolio re-balancing from government bonds towards loans. Ex-
cessive credit origination spurs sizable and protracted macroeconomic support to the real economy.
However, this comes at the cost of higher bank default probability which can endanger financial
stability.

In this case, higher capital requirements can effectively deter banks’ risk-shifting and restore a
more efficient transmission mechanism of central bank asset purchases. Through the regulatory con-
straint, banks internalize the pecuniary externality associated with excessive bank leverage (Bianchi
and Mendoza, 2013): extreme levels of bank leverage can indeed act as a financial accelerator and
intensify downturns. Starting from a weakly-capitalised banking system, we show that the economic
stimulus of asset purchases is largely preserved with higher bank capital requirements, despite re-
duced lending. The financial stability risks of the non-standard monetary policy measure are then
drastically reduced.

Second, while steady state minimum capital requirements should be set high enough to deter
bank risk-shifting incentives, uncertainty about the cyclical conduct of the other financial policy
layers could in itself hamper the intended transmission of non-standard monetary policy measures.
Given the significant degree of discretion within supervisory reviews, we consider the case of an
uncertainty shock on supervisory capital demand in conjunction with central bank asset purchases.
The self-insurance motive of banks encourages them to accumulate costly bank equity. As a result
banks are reluctant to pass on favorable financing conditions stemming from the monetary stimulus,
which weakens and delays the expansionary macroeconomic impact.

Third, during times of central bank asset purchases, countercyclical macroprudential rules can
contain excessive risk-taking by banks but at a cost in terms of macroeconomic stabilization. We
consider the macroprudential rule proposed by the ESRB by which capital demands react to the
credit-to-annual GDP gap. The rule brings about tighter bank capital regulation and mutes the
economic stimulus of central bank asset purchases. This is not accompanied by tangible improvement
in financial stability when the banking system is well-capitalised to start with. Macroprudential
policy should in this case look through the effects of the central bank asset purchases on bank
balance sheets and adopt a general equilibrium perspective. Conversely, with fragile bank balance
sheets, the combination of central bank asset purchases with macroprudential feedback provides
strong safeguards against the potential financial stability risks of the non-standard measures. The
macroprudential intervention actually substitutes for too lax minimum capital requirements and

leans against excessive loan origination.
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1 Introduction

After the financial crisis of 2008-2009, as short-term policy rates reached their effective lower bound
(ELB), several central banks have embarked on various forms of non-standard measures, notably
asset purchase programmes. Some examples are the Large-Scale Asset Purchase programmes of the
US Federal Reserve, the asset purchase facilities of the Bank of England and more recently the ECB’s
asset purchase programme (APP), which mainly includes the public sector purchase programme
(PSPP). One consequence of such policies is the downward pressure on bank lending margins which
might incentivise banks to undertake riskier investments (Borio and Zhu, 2012; Angeloni et al.,
2015; Albertazzi et al., 2016). At the same time, the crisis led to a comprehensive overhaul of
the regulatory and supervisory frameworks, reinforcing the risk prevention orientation of financial
policies against the build-up of financial imbalances. Bank capital demands have been put in place
to tame excessive leverage and unreasonable risk-taking. At a given point in the cycle, such polices
may run against the intended impact of non-standard monetary policy measures. Moreover, frequent
changes in such bank capital demands based on micro- and macroprudential considerations might
increase the uncertainty about financial policies which in itself, could hamper the credit easing
channel of non-standard monetary policy measures.

More precisely, in Europe, several financial policies formulate bank capital demands to banks.
The EU Capital Requirements Regulation (CRR)' and the Directive (CRD IV)? lay down the
minimum requirement of bank capital. As illustrated in Figure 1, the regulatory dimension applies
to the constant minimum level of requirements, i.e. Pillar 1 (P1R). The overall capital demand
also consists of Pillar 2 (P2R) supervisory requirements, which cover risks underestimated or not
covered by Pillar 1, the capital conservation buffer (CCB) that focuses on the build-up of capital
buffers outside periods of stress, to be drawn down as losses are incurred, and the systemic risk
buffer (SRB) that intends to increase the resilience of financial institutions with systemic relevance.
The Supervisory Review and Evaluation Process (SREP)? of the ECB conducts yearly assessments
of individual bank risks and recommends top-up capital demands through Pillar 2 guidance (P2G).
Finally, the countercyclical capital buffer (CCyB)? is part of a set of macroprudential instruments
which can be applied on systemically important financial institutions.

It is certainly beyond the scope of the present paper to build a macro-financial model which could
encompass all the specific features of such bank capital-based financial policies. On the contrary,
the salient aspects (or the stylised interpretation) of this policy apparatus which are relevant for
the present analysis are threefold. First, the financial regulation sets minimum standards that are
meant to be universal and stable trough time. This layer can be interpreted as a steady state
feature of the structural model. Second, supervisory policy adds a layer which can vary significantly
through the cross-section of the banking system but intends to be calibrated through the cycle. In our
modelling framework, this layer could be introduced as a link between idiosyncratic bank risk and the
supervisory capital demand. We will actually illustrate the need for supervisory policy by generating
uncertainty on its through the cycle calibration in the context of central bank asset purchases. Third,
some bank capital-based macroprudential instruments are expected to be implemented through a

countercyclical rule. The relevant cyclical conditions for macroprudential policy might however differ

1See EU (2013b).
2S8ee EU (2013a).
3See EBA (2014).
4See ESRB (2014) and more recent recommendations available at https://www.esrb.europa.eu/.
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from the ones presiding upon the monetary policy conduct.

Therefore, this paper contributes to the debate on the macroeconomic effectiveness and strength
of expansionary non-standard monetary policy in a regulated banking environment. The above-
mentioned layers of regulatory, supervisory and macroprudential bank capital demands, guide our
analysis of the interaction with non-standard monetary policy. We explicitly study how incentives
of banks to engage in risky projects affect the transmission of central bank asset purchases and
evaluates the role of bank capital regulation. We shed some light on the hinderance that supervisory
uncertainty might have on the effectiveness of non-standard monetary policy measures. We address
this context the potential benefits of countercyclical macroprudential policies.

We extend the dynamic stochastic general equilibrium (DSGE) model from Darracq Paries and
Kiihl (2016) by introducing risk-taking motives of banks and bank capital-based policies. The model
of Darracq Paries and Kiihl (2016) is estimated on euro area data and analyses the macroeconomic
transmission of non-standard monetary measures through bank portfolio re-balancing frictions. We
re-interpret such frictions and introduce a risk-taking behaviour of banks through limited liability
under a deposit insurance scheme: bankers face idiosyncratic risks on their loan book return and
default when the return on asset is not sufficient to cover for the repayments due to deposits. There-
fore, the bank has an incentive to take on risks beyond a socially optimal level. Banks engage in
excessive leverage, providing a rationale for bank capital regulation which is implemented by impos-
ing penalty costs if operating profits fall below the regulatory minimum.® The set of frictions also
includes adjustment costs on bank government bond holdings, which affect banks’ portfolio decision
between sovereign bonds and loan origination. The model estimation is meant to provide a realis-
tic mapping of the euro area conditions and sufficient validity for the qualitative and quantitative
implications of this analysis.

This paper relates to the broad literature on the interaction of monetary policy and financial
stability. A growing body of this literature evaluates how expansionary monetary policy affects
banks’ risk-taking (Adrian and Shin, 2010; Borio and Zhu, 2012; Dell” Ariccia et al., 2016; Dell’ Ariccia
et al., 2014). In this regard, the debate has centered around whether extended periods of low interest
rates motivate banks to re-allocate their portfolio towards riskier assets. Banks’ tolerance of risks
and their greater leverage might, however, pose a threat to financial stability (Stein, 2012; Woodford,
2012).

Some empirical papers focus on the credit and associated risk-taking channel of central bank
asset purchases (Albertazzi et al., 2016; Bua and Dunne, 2017; Lambert and Ueda, 2014; Lamers
et al., 2016). The majority of these studies provides evidence for bank re-shuffling from safe, low-
yield assets towards loans with higher risk premiums. More specifically, asset purchase programmes
spark banks’ search for yield by lowering yields of long-term securities. Budrys et al. (2017) and
Dell’Ariccia et al. (2014) suggest that banks with low level of capitalization are more responsive to
take on risks when monetary policy turns accommodative, but this relation remains controversial.

Turning to the theoretical literature, in a majority of quantitative models asset purchase policies

are effective because they allow banks to extend further credit when banks’ face balance sheet

5This modelling approach by Jakab and Kumhof (2015) exerts an occasionally binding capital constraint. Most
contributions in the literature model a bank capital constraint which always binds. Karmakar (2016) provides another
model approach where through a penalty function approach the capital constraint binds occasionally.

SEvidence also exists for a positive relationship between low interest rate and bank risk-taking (Altavilla et al.,
2017; Dell’ Ariccia et al., 2016) when favourable economic conditions relaxes banks’ incentives to seek for higher
non-risk adjusted returns.
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constraints (Karadi and Nakov, 2018; Gertler and Karadi, 2013). In this situation, low interest
rate margins not only induce banks to increase leverage (Kiihl, 2016) but also affect indirectly
lending by influencing intermediaries’ acceptance of risk (Adrian and Duarte, 2017). Brunnermeier
and Sannikov (2016) and Collard et al. (2017) point out that monetary policy is unable to deter
bank risk-taking when focusing on macroeconomic stabilization. Therefore, prudential policies are
sufficient tools to prevent risk-taking (Altunbas et al., 2017).

Last, a growing literature looks explicitly at how bank capital regulation interacts with monetary
policy (see Borio and Zhu (2012) and Beyer et al. (2017) for summaries). One major finding is
that bank capital regulation increases the sector’s resilience by reducing the negative externality of
excessive leverage. Undesired effects of monetary policy on risk-taking are thus dampened. Despite
these financial stability benefits, banks with a high level of bank capitalisation are less likely to
pass on low policy rates as higher capital costs prevent them from passing on favorable lending
conditions (Aghion and Kharroubi, 2014; Gambacorta and Mistrulli, 2004). Therefore, in a well-
capitalised banking system monetary policy would need to react more aggressively (Rubio and
Carrasco-Gallego, 2016; Cociuba et al., 2016). In addition, Tressel and Verdier (2014) document
that too tight bank capital regulation in prolonged periods of monetary expansion can drive banks
to involve in risk-taking by engaging in collusion.

Our paper contributes to this literature by looking explicitly at the interaction between capital
constraints, bank risk-taking and central bank asset purchases and has four main findings. First, we
show that in a weakly-capitalised banking system, limited liability together with a deposit insurance
scheme, drives banks’ risk-taking motives by reinforcing the credit easing effects of central bank
asset purchases. The presence of a risk-taking channel increases the strength of banks’ portfolio
re-balancing from government bonds towards loans. As a result, excessive credit origination spurs
sizable and protracted macroeconomic support to the real economy, however, at the cost of higher
bank default probability which can endanger financial stability. In this case, higher capital require-
ments can effectively deter banks’ risk-shifting and restore a more efficient transmission mechanism
of central bank asset purchases. Through the regulatory constraint, banks internalize the pecuniary
externality associated with excessive bank leverage (Bianchi and Mendoza, 2013): extreme levels of
bank leverage can indeed act as a financial accelerator and intensify downturns. Starting from a
weakly-capitalised banking system, we show that the economic stimulus of asset purchases is largely
preserved with higher bank capital requirements, despite reduced lending. The financial stability
risks of the non-standard monetary policy measure are then drastically reduced.

Second, while steady state minimum capital requirements should be set high enough to deter
bank risk-shifting incentives, uncertainty about the cyclical conduct of the other financial policy
layers could in itself hamper the intended transmission of non-standard monetary policy measures.
Given the significant degree of discretion within supervisory reviews, we consider the case of an
uncertainty shock on supervisory capital demand in conjunction with central bank asset purchases.
The self-insurance motive of banks encourages them to accumulate costly bank equity. As a result
banks are reluctant to pass on favorable financing conditions stemming from the monetary stimulus,
which weakens and delays the expansionary macroeconomic impact.

Third, during times of central bank asset purchases, countercyclical macroprudential rules can
contain excessive risk-taking by banks but at a cost in terms of macroeconomic stabilization. We

consider the macroprudential rule proposed by the ESRB by which capital demands react to the
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credit-to-annual GDP gap. The rule brings about tighter bank capital regulation and mutes the
economic stimulus of central bank asset purchases. This is not accompanied by tangible improvement
in financial stability when the banking system is well-capitalised to start with. Macroprudential
policy should in this case look through the effects of the central bank asset purchases on bank
balance sheets and adopt a general equilibrium perspective. Conversely, with fragile bank balance
sheets, the combination of central bank asset purchases with macroprudential feedback provides
strong safeguards against the potential financial stability risks of the non-standard measures. The
macroprudential intervention actually substitutes for too lax minimum capital requirements and
leans against excessive loan origination.

The remainder of this paper is organized as follows. Section 2 describes the model. Subse-
quently, Section 3 discusses the calibration and estimation of the model using Bayesian techniques.
Section 4 discusses the main simulation exercises by studying the macroeconomic impact of central
bank asset purchases and bank capital regulation. The analysis also covers the influence of risk-
taking, regulatory uncertainty and macroprudential policies. Subsequently, Section 5 summarizes

and concludes.

2 The model economy

The model consists of the following agents: households, intermediate labour unions and labour pack-
ers, intermediate and final goods-producing firms, capital producers and non-financial firms (called
entrepreneurs) investing into capital projects, bankers, retail lending branches and loan officers who
intermediate funds to the projects of non-financial firms, the government and monetary and super-
visory authorities. Both entrepreneurs and banks are exposed to endogenous borrowing constraints
and can default. Due to the fact that the loan market operates under imperfect competition, finan-
cial frictions and market power in the loan market create inefficiencies in borrowing conditions. The
real sector is standard as in New Keynesian models and features staggered prices and wages.

The model bases upon Smets and Wouters (2007) regarding the real sector and combines elements
in the banking sector from Benes et al. (2014), Darracq Paries et al. (2011), Darracq Paries and
Kiihl (2016), and Kiihl (2016). The modelling approach for bank capital regulation follows Jakab and
Kumbhof (2015). Furthermore, banking sector features, like bank default and the institutionalization
of deposit insurance, follow Clerc et al. (2015). The model economy evolves along a balanced-growth
path driven by a positive trend, -, in the technological progress of the intermediate goods-production
and a positive steady state inflation rate, 7. In the description of the model, stock and flow variables
are expressed in real and effective terms (except if mentioned otherwise). They are deflated by the

price level and the technology-related balanced growth path trend.

2.1 Households

The economy is populated by a continuum of heterogenous infinitely-lived households, where each
household is characterized by the quality of its labour services, h € [0, 1], and has access to financial
markets.

In the beginning of period ¢, households hold three types of assets: short-term risk-free bonds
Btrfl (h), with nominal gross return R;_1, retail deposits D;_1(h), with nominal gross return Rp 1,

and long-term government bonds B +—1(h), with nominal gross return R, and price Qp¢—1. The
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interest rates on the risk-free bonds and retail deposits are predetermined in period ¢: due to the
deposit insurance scheme, deposits are considered as risk-free by the households (see Section 2.2.1).
The risk-free bonds are assumed to be in zero net supply and are used by the monetary policy
authority to implement standard monetary policy.

During period ¢, households purchase C(h) units of consumption goods, decide on the amount of
risk-free bonds B} (h), retail deposits D;(h) and government bonds By (h), with the latter being

subject to quadratic portfolio adjustment costs defined as follows

%XH (Bri(h) — EH)2 (1)
where By is the steady state level of government bonds holdings while yy denotes the portfolio
adjustment cost parameter.

Furthermore, during period ¢, households supply N;°(h) units of labour at the nominal wage W}
(expressed in effective terms) net of the time-varying labour tax 7, ;.

At the end of period ¢, the household receives nominal transfers from the government T3 (h) and
real profits IT; (h) from the various productive and financial segments owned by them. The household

then faces the following budget constraint

Di(h) + B () + Qo0 | Buu(h) + gxm (Biro(h) — Bir)’| +Culh)

_ Rpi-1Di—1(h) + Rt—1BtT£1(h) + R.QBt—1Bri—1(h)
Y7t
(1- Tw,t) WthNtS(h)
+
P

+T,(h) +1I,(h)

where P, is an aggregate price index and w11 = Py11/P; is the one-period ahead inflation rate.

The generic household h at time ¢ obtains utility from consumption of an aggregate index Ci(h),
relative to internal habits depending on its past consumption, while receiving disutility from the
supply of its homogenous labour NtS (h). The instantaneous household utility ¢ has the following
functional form

l1-0o
Ciij—1(h ¢
- (Cm‘(h) - 2 )) oo —1)

~( oy
Ui (h) = T exp (LMN;ij(h)H ) (3)

where L is a positive scale parameter, 7 is the habit’s parameter, o, is the intertemporal elasticity
of substitution and o; is the inverse of the elasticity of work effort with respect to the real wage
(Frisch elasticity).

The household, therefore, chooses Cy(h), N (h), D;(h) and By (h) to maximise its intertemporal
utility function, Wy (h), defined as follows

~ NCej-1(h)

max E, Z (571—%)1 Ei)Jrju (CtJrj(h) -

{Ce(h).NE (h), By (h).Dy(h),Bu (W)} 525

,Nfijw)) )

where 8 = is the discount factor, 75 is the rate of time preference and % is a consumption

1
T4r5/100
preference shock.
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In equilibrium, households’ choices in terms of consumption, working hours, the risk-free bond,
deposit and government bond holdings are identical and its first order conditions, respectively, are

as follows

Jexp (LEEH (NE)+) exp (L (NS )

(140y) . (140y)
¢ 1 _l o = B 7Es |el4a 1 l_ o + Ay (5)
- 1— 7y ) Wh
A ©
— R
E; {:t,tjtl ¢ } =1 (7)
Tt4+1
_ R
E; |::at,t+1 D’t:| =1 (8)
Tt4+1
— Rgiv1| —
Ei |Eipr1——— | =14+ xn (BH,t - BH) (9)
Tt4+1

Avga
t
the period t stochastic discount factor of the households for nominal income streams at period ¢+ 1.

where A; is the lagrange multiplier associated with the budget constraint and = ;41 = Sy77¢ is

2.2 Banks

The banking sector is owned by the households and is segmented in various parts. Bankers collect
household deposits and provide funds to the retail lending branches. In doing so, they face capital
requirements which forces them to hold a sufficient level of equity. Furthermore, capital requirements
create penalty costs that lead to a wedge between the banks’ funding and lending costs. Bankers
devote endogenously their funds to government bonds, subject to adjustment costs, and loans to
the retail lending branches. Furthermore, bankers may default when their return on assets is not
sufficient to cover their deposit repayments, while they however benefit from limited liability under
a deposit insurance scheme. Retail lending branches receive funding from the bankers and allocate
it to the loan officers. In the retail segment, a second wedge results from banks operating under
monopolistic competition by facing nominal rigidity in their interest rate setting. Last, loan officers
grant loan contracts to entrepreneurs as explained previously, which implies a third financing cost

wedge related to credit risk compensation.

2.2.1 Bankers

Every period a fraction (1 — f) of households are workers, a fraction fe are entrepreneurs while the
remaining mass f(1—e) are bankers. Bankers face a probability ¢, of staying banker over next period
and probability (1 — () of becoming a worker again. When a banker exits, accumulated earnings
are transferred to the respective household while newly entering bankers receive initial funds from
their household. Overall, households transfer a real amount ¥ g ; to new bankers for each period t.7

Bankers operate in competitive markets providing loans to retail lending branches, Lgg +. They

can also purchase government securities, Bp, at price Qp ;. To finance their lending activities,

7As shown later in this section, bankers’ decisions are identical so that we expose the optimisation problem of a
representative banker.
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bankers receive deposits, D, from households, with a gross interest rate Rp; and accumulate net

worth, NWp ;. Their balance identity, in real terms, reads as follows
Lpet+ @BtBpt = Di + NWp. (10)

Bankers’ assets are subject to idiosyncratic shock, wy ¢, which is independent and identically
distributed across time and across bankers. wy ; follows a lognormal cumulative distribution function
(CDF) Fy(wp,), with mean 1 and variance oy,.

As in households, purchasing and selling of government bonds poses quadratic costs to the banker,

as a fraction of net worth, of the following magnitude

1 <QB,tBB,t _ QpBHu

2
NWgs=— —— NW, 11
Ot Bt 2XB NWB,t NW g ) Bt ( )

where y p denotes the portfolio adjustment cost parameter, while @z and NW g are the steady state
price of government bonds and accumulated net worth, respectively.

The operating profit of the banker for period t+1, OPth, results from the gross interest received
from the loans to the retail lending bank, the return on sovereign bond holding, the lump-sum share
of profits (and losses) coming from retail lending branches and loan officers activity, Hg’t, pro-rated
according to each banker’s net worth, minus the gross interest paid on deposits and is defined as

follows

OP}y (whi+1) = woes1RELELER: + Ret+1QB.4Bpt — 00NWpy — Rp +Dp ¢ + H’é,m (12)

where Rpr g+ is the banker’s financing rate.
The first key assumption in the decision problem of bankers relates to limited liability, resulting
in payoffs that are always positive, i.e. bankers default when their return on asset is not sufficient

to cover the repayments due to deposits. Therefore, the corresponding constraint is as follows
OP}., >0 (13)
and is not holding for draws of wy +11 that fall below the threshold W +41 given by

Rp D — Ra141QBBpi + 0 NWp, — 115,

wb’tJ’,] = 14
RpreLBE (14)
Denoting the leverage ratios for loans and government bonds as H%,t = ngVi;tf and Ii%,7t = %fi}i’t,
respectively, the default cutoff point can be expressed as follows
l g g Hg t+1
B Rp. (“&t t KB — 1) — Ra i1k — wwg, T 0
Wh,t41 = - (15)

7
kg RBLE

When bankers default, the deposit insurance agency serves the depositors and takes over the loan

portfolio of the failed banker subject to resolution costs, up, expressed as a fraction of the banker’s
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assets. The overall cost of the deposit insurance, €2 ¢, is given by

Wh,t+1
Dy = [wb,t — Ty (W) + ,Ub/ wdFy, (w)| ReretLBE, (16)
0
where 'y (@) is defined as follows
Nyw)=(1-F, (@))w+ / wdFy (w) . (17)
0

If bankers do not default, the second key assumption in their decision problem relates to a
regulatory penalty which is imposed if operating profit is less than a fraction of each risk-weighted

asset class.
Xo (Leet + QBtBBt) - (18)

where Yy is the regulatory penalty. Therefore, the corresponding non-binding constraint is as follows
OP}., > vy (wyt+1RprELpEt) + vy (RG111Qp,:Bpt) (19)

where v, denotes the bank capital requirement for loans and v, the minimum fraction for government
bonds.

In order to minimise the risk of violating bank capital requirements, bankers decide on holding
excess capital, i.e. capital buffer. While both constraints are exogenously taken into the bankers’
decision, the bank capital buffer and the bank balance sheet composition is endogenously determined
by each bank.

Therefore, the penalty will be paid for realisations of wy ¢41 which imply that bankers’ operating
profits fall below the certain fraction of risk-weighted assets specified above. In this respect, the

second threshold wy ;1 > Wp,¢41 is given by

R 2
l g g Hp41 4 1 g =g
Rp: (“B,t + Ky — 1) —(1—vy) Ra i1k — NWp. T 2XB (“B,t - “B)

(1—w) Kl Rprp,

Wht41 (20)

Based on the above two key assumptions, the expected return on net worth from period ¢ to t+1

can be expressed as follows

E, { E[OPY ) (wpi41) | wo 41 = Wh,e1] } (21)

E (xo (Lpe: + QBtBBt) | Woi41 < whig1 < @;t“]

where E is the conditional expectation operator for the cross-sectional distribution of idiosyncratic
banker returns on private loans. After some modifications, the one-period return on bank’s net

worth, RY ., can be formulated as follows

Rﬁ,t+1 = RBLE,t"iiB,t [1-Ty (wb,t+1)] — Xb (”lB,t + “%,t) (F (wz,t-u) - F (wb,t+1)) . (22)

Given bankers’ myopic view, each banker maximises its expected next period return to net worth

summarised by equation (22) for the exposures to private sector loans Iif)’t and government securities
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K 1, specified as follows

Rﬁ t+1NWB t
max [E; |[E _ 23
R} okl i e VTe+1 (23)
subject to the banks’ idiosyncratic cutoff values given by equations (15) and (20).%
The first order conditions for this problem are as follows
~  ORF..
E: |2t 41 T[H/WHW =0 (24)
KBt
—  ORR,,
E, [:t,t+1 TQ’H/MH’Y = 0. (25)
KBt

The partial derivatives of bankers net return on net worth with respect to IilByt and k% ., after some

modifications, are expressed as follows

B Wh,t41
———— =RprEt (1 - / wd Fy, (w)) —Rp (1 = Fy (Wp,141)) (26)
0

B (F (@ 441) — F @b,141))
—Xb +’Ct(m££i7by’;)+l) (RD,t — (1 — l/b) wz’tJrlRBLE)t)

—KdFy (Wpt41) (Rp,t — Wy 41 RBLE L)
and

B
aRN,t+1

it = (Rewss = B —xa (K%, —7%) ) (L= Fy (@pes1)) (27)
Bt

(F (@ 41) — F @,041))
dF, (@, B
TXb +Kt?577;51) (RD’t — (L —vy) Rat41 + x5 (ﬁgB,t - Ii%)>
—KidFy (W, t41) (RD,t — Rgt41+XB (Kgs,t - EgB))

where K; is defined as follows

! g
= KBt T Kpy

t pr— l .

Rpreikp,

The two conditions state that the penalty payments from breaching capital requirement and
government bond portfolio adjustment costs drive a wedge between the (expected) rate of return
from loans and the deposit rate as well as between the rate of return from government bond holdings
and the deposit rate, respectively.” The regulatory and adjustment premium above the risk-free
rate for government bond return limit arbitrage opportunities across securities (which is likewise
ensured by portfolio adjustment costs in the household optimisation), so that the Wallace Irrelevance
proposition does not hold (Chen et al., 2012; Eggertsson and Woodford, 2003). Consequently, the
long-term rate is not simply the expected average of short-term rates causing a term premium in the

model. This deviation from the expectation hypothesis is necessary for asset purchases to effectively

8The stream of transfers Hg 11 are con