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We reconcile theory and recent evidence on the benefits of building releasable bank capital 
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1 Introduction

Supported by evidence (Jiménez et al. 2017) and theory (e.g., Elenev et al. 2021), there is a wide
consensus that releasing (releasable) bank capital buffers in extraordinary crisis times helps sustain
lending to the real economy. In contrast, the question of when and how to build such buffers in
normal times (i.e., over a business-cycle frequency) has been subject to intense debate in recent
years. Based on the evidence that financial crises are preceded by credit booms (Schularick and
Taylor 2012; Jordà et al. 2017; Mian et al. 2017), in 2016 the Basel III Accords gave birth to
the countercyclical capital buffer (CCyB); a releasable capital buffer whose adjustments over the
cycle were expected to take the credit-to-GDP gap as a key common reference. However, a large
number of competent national authorities started to build their capital buffers during the recent
tightening cycle as net interest margins began to soar and despite the fact that these and other
contractionary shocks were exerting a downward pressure on aggregate demand and credit-gaps
were in negative territory (Figure 1).1

These actions were generally preceded by a revision of the corresponding national CCyB frame-
works and motivated by a series of events.2 First, the approach to the CCyB based on credit gaps
led to inaction; Very few jurisdictions had a positive CCyB in place by the time the COVID-19
shock hit the economy.3 Second, evidence based on the COVID-19 experience has reconfirmed
the benefits of releasing capital buffers in extraordinary crisis times (see Section 2). Third, recent
evidence finds that gradually building the CCyB when banks have headroom for doing so has
no significant (negative) impact on lending in the very short-term and increases lending over the
medium-term through improved banks’ resilience (e.g., Bedayo and Galán 2024).

Standard business-cycle macro-banking models that provide a convincing rationale for prudential
bank capital regulation by featuring bank risk failure, limited liability and deposit insurance gen-
erally find that there are little to no macroeconomic and welfare gains from having a dynamic
capital buffer when the optimal static capital requirement is already in place (e.g., Canzoneri et al.
2021; Abad et al. 2024). This is so as the externality they feature (i.e., agents do not internalize
the consequences of their individual decisions on the aggregate economic cost of bank risk failure,
modelled as a deadweight loss) is most effectively corrected with fixed capital requirements. The

1For further details, see the IMF’s Macroprudential Policy Survey and BCBS’ CCyB Dashboard.
2These revisions of national CCyB frameworks have been oriented to ensure the existence of sufficient macro-

prudential space ahead of the build-up of financial cycle vulnerabilities by introducing a positive CCyB rate in
the neutral phase of the cycle or PN-CCyB (e.g.; Check Republic, Cyprus, Estonia, Ireland, Latvia, Lithuania,
Netherlands, Slovenia, Spain, Sweden) or by adopting an early activation strategy for the CCyB (Denmark and
Norway). A few other countries, including the UK, had already introduced a PN-CCyB before the COVID-19 crisis.
For further details and a more comprehensive list, see BCBS (2024). Range of practices in implementing a positive
neutral countercyclical capital buffer.

3Out of the 89 countries that currently have a CCyB framework in place, only 15 countries had a positive CCyB
rate by the time the COVID-19 shock hit the world economy (Edge and Liang 2020).
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very few exceptions to this result typically find that optimal dynamic capital requirements should
respond to macroeconomic indicators such as credit and output (e.g., Davydiuk 2017) and do
generally not inspect the role for building such buffers gradually (i.e., capital buffer smoothing).
In general, these models do not feature pecuniary externalities due to collateral constraints either
because the borrowing limits are not (occassionally) binding or because there are no endogenous
price/s entering the constraints.

The main contribution of this paper is to build a simple version of the above mentioned class of
quantitative macro-banking models that provides a rationale not only for optimal static capital
requirements but also for dynamic capital buffers optimally being built gradually and in response
to expected upward shifts in the net interest margin (i.e., when there is headroom for doing so).
We distill the full transmission mechanism of these buffers into three main channels that we refer
to as the "bank profitability channel", the "aggregate economic cost channel" and "the collateral
channel". In the absence of pecuniary externalities originated by collateral constraints, the latter
remains inactive, the transmission mechanism does not operate, and dynamic capital buffers are
ineffective. By considering different specifications of the collateral market, we identify the different
market features that contribute to the stabilization and welfare gains of dynamic capital buffers
through the "collateral channel". We show how capital buffer smoothing amplifies these gains and
how that matters to the actual calibration of these buffers.

First, we build a quantitative general equilibrium saver-borrower type of model that features collat-
eral constraints and property markets a la Iacoviello (2005) and a banking sector as in Mendicino
et al. (2020). Beyond abstracting from nominal rigidities and monetary policy, our model only
fundamentally differs from the latter in that entrepreneurs and the collateral market are modelled
differently. To focus on the role of pecuniary externalities originated by collateral constraints, we:
(i) deviate from the assumption that the asset pledged as collateral (to access bank funding) by en-
treprenuers is physical capital to allow for empirically-relevant property collateral constraints, and
(ii) abstract from the assumption that bank borrowers also face idiosyncratic asset return shocks
(Bernanke et al. 1999). We show that - for the purpose of our analysis - there is no "cost" in doing
so as we match the same banking data targets with similar calibrated parameter values, capture
the same empirical findings, and find the same mechanisms, welfare trade-offs and optimal static
capital requirements. That is, to reach the same conclusions on optimal static capital requirements
it is sufficient to assume that only banks are subject to the same type of idiosyncratic shocks.4

Since borrowers (entrepreneurs) discount the future more heavily than savers (households), these
borrowing limits are binding in a neighbourhood of the steady state.

4This follows from the fact that - for tractability purposes - these models typically assume these shocks to affect
bank asset returns independently of the performance of individual loans. For a model that studies the implications
of this standard but simplifying assumption for optimal static capital requirements by simultaneously capturing
high firm and bank failures, see Mendicino et al. (2024).
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Figure 1: Net interest margin and credit-to-GDP gap in the euro area
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Notes: Bank net interest margin in the euro area computed as the difference between the NFC loans interest
rate and the household deposits interest rate and expressed in annualized percentage points. Credit-to-GDP in the
euro area (secondary y-axis), constructed by the BIS (using the the standard methodology made available on its
webpage) and expressed as a percentage of GDP. The horizontal red line indicates the level below which the gap is
negative. For further details on the data, see Appendix B). Data sources: European Central Bank (MFI Interest
Rate Statistics) and BIS statistics.

Then, we study the macroeconomic and welfare consequences of dynamic capital buffers through
the lens of a simple policy rule according to which dynamic bank capital requirements comprise
a steady state component (i.e., static capital requirements) and a time-varying component that
adjusts with a macro-financial indicator of the choice of the regulator (i.e., dynamic capital buffer).
Following a similar approach to the one proposed in Schmitt-Grohé and Uribe (2007) for the case
of optimal simple monetary and fiscal rules, we assess the welfare effects of these buffers for a large
number of candidates for such indicator. As opposed to macroeconomic indicators (e.g., credit-to-
GDP gap), bank profitability metrics enable dynamic capital buffers to induce significant welfare
gains. Welfare-maximizing dynamic capital requirements are built in response to expected upward
shifts in the net interest margin (also referred to as the bank lending spread).

To better understand what is behind this finding, we distill the channels through which adjust-
ments in optimal dynamic capital buffers transmit to the real economy. According to the "bank
profitability channel", by adjusting capital requirements in response to expected shifts in the net
interest margin, the competent authority has great control over the dynamics of banks’resilience
(proxied by the bank default probability). This follows from the fact that the expected threshold
for the idiosyncratic bank asset return shocks below which intermediaries default is determined
by the dynamic capital requirement and the one period-ahead net interest margin. In the event
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of adverse exogenous shocks that precede the expected recovery in the net interest margin (which
leads to the accumulation of the capital buffer), such mechanism enables adjustments in optimal
dynamic capital buffers to have real effects through two channels that feed one another. Through
the "aggregate economic cost channel", the corresponding decline in the bank default probability
causes bank resolution costs and taxes collected to fund the deposit insurance scheme to recede.
Such reduction in the "macroeconomic cost of bank risk failure" frees up resources that help sus-
tain aggregate demand. Through the "collateral channel", certain empirically-relevant features
of collateral markets strengthen the pass-through that allows dynamic capital buffers to induce
stabilization and welfare gains through improved banks’ resilience. In the case of collateral con-
straints in which property plays a role, these market features include a sufficiently inelastic real
estate supply (i.e., a market that predominantly adjusts via prices), households deriving utility
from housing services and commercial real estate entering the production function.

The first two channels are standard in this class of macro-banking models with bank risk failure.
The third one (i.e., the "collateral channel") is generally not present in those models that find little
to no gains from adjusting capital buffers over the cycle (i.e., outside extraordinary crisis times).
This suggests that this third channel - which revolves around borrowers (modelled in this set up
as entrepreneurs) - needs to be active for the entire transmission mechanism to be operative.

This is confirmed throughout the paper from different angles. First, we find that optimal dynamic
capital requirements induce welfare gains across the different types of shocks that hit this model
economy. However, stabilization and welfare gains are only significant in response to financial
(collateral) and TFP shocks, which are those borrowers are more exposed to and those that more
directly impact the property collateral held by entrepreneurs. Second, due to the key role played
by the "collateral channel", borrowers are those who reap most of the benefits (i.e., welfare gains)
from optimal dynamic capital buffers. Third, by considering four different versions of the model
that differ from one another in one or more of the key collateral market features, we are able
to distill each of the sub-channels around the "collateral channel" and their contribution to the
welfare and stabilization gains of optimal dynamic capital buffers. The elasticity of the collateral
asset supply fundamentally determines the effectiveness of dynamic capital buffers. Under our
baseline case that real estate supply is inelastic (which allows us to match the empirical property
price volatility) adjustments in the collateral (property) market in response to exogenous shocks
and policy responses (e.g., the accumulation of capital buffers) are made via prices, which makes
ample room for the correction of the resulting pecuniary externalities via macroprudential pol-
icy. Additional assumptions that housing services enter the utility function and commercial real
estate serves as a productive factor strengthen the mechanism through which dynamic capital
buffers guided by net interest margins stabilize the economy and induce welfare gains. Given
our specification of property markets, dynamic capital buffers yield significant welfare gains under
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the two most empirically-relevant types of collateral constraints in the real economy; property
(or mortgage)-based and earnings-based collateral constraints (Lian and Ma 2021) modelled as in
Drechsel (2023) and Drechsel and Kim (2024).

Then, we inspect the interactions between static capital requirements and dynamic capital buffers.
While the former permits to more effectively correct the externality due to bank risk failure by
managing the steady state level of bank default risk, the latter allows to correct the pecuniary
externality due to collateral constraints by managing banks’ resilience over the cycle. That is,
there are complementarities between the two - as they provide stability to the system through
different mechanisms - but also a trade-off. This trade-off makes the initial level of static capital
requirements crucial to the question of whether having dynamic capital buffers is optimal or not. If
this level is sufficiently high (i.e., the steady-state default probability is sufficiently low), the space
to stabilize the economy further by strengthening banks’ resilience via capital buffer accumulation
is limited. In fact, we find an effective lower bound for the long-run bank default probability below
which dynamic capital buffers are ineffective. As the initial level of static capital requirements goes
down, welfare gains of capital buffers soar (with the headroom for strengthening banks’resilience
over the cycle). There is an initial level of steady-state capital requirements below which having
dynamic capital buffers is optimal as their benefits outweigh the cost of having low static capital
requirements (i.e., lower than optimal static capital requirements).

Lastly, we assess the role for capital buffer smoothing by incorporating persistence in the policy rule
according to which dynamic capital requirements are set. We find that adjusting capital buffers
gradually is optimal. It amplifies the welfare gains of dynamic capital buffers and materially
improves the trade-off between such buffers and static capital requirements. Under the baseline
calibration, the optimal rule with buffer smoothing features even lower static capital requirements
and yields substantially larger welfare gains than in the absence of it. By more gradually building
the capital buffer, the decline in the bank default probability is more persistent and the real effects
more sizable and long-lasting.

As an application of our quantitative analysis, we present a simple framework for calibrating micro
and macro-prudential capital requirements - including the so-called "positive neutral CCyB" (PN-
CCyB) - to give a sense of how our optimal rules would map into capital requirements and buffers
typically calibrated by regulators in practice. Under the optimal rule with buffer smoothing, the
calibrated optimal PN-CCyB - and, more generally speaking, calibrated optimal dynamic capital
buffers - is larger (1.84%) than without it (0.37%) mainly because the volatility of the underlying
indicator (i.e., the expected growth rate of the net interest margin) is higher. The reason for this is
twofold. First, due to lower static capital requirements that make aggregates more volatile (from
the bank lending spread to private consumption). Second, more gradual responses to expected
shifts in the net interest margin cause such variable itself to fluctuate more than in the absence of
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buffer smoothing.

The paper is organized as follows. Section 2 reviews the literature. Section 3 describes the quan-
titative macro-banking model. Section 4 studies static capital requirements. Section 5 conducts a
detailed welfare analysis of dynamic capital buffers. Section 6 distills the sub-channels around the
"collateral channel" through which dynamic capital buffers induce welfare gains. Section 7 presents
an application of the quantitative analysis in the form of a simple framework for calibrating the
PN-CCyB. Section 8 concludes.

2 Related Literature

This paper belongs to the literature that studies the effects of bank capital regulation (e.g., Admati
and Hellwig 2013; Admati et al. 2013; Repullo 2004; Repullo and Suarez 2013; Repullo 2013; He
and Krishnamurthy 2012; De Nicolò et al. 2014; Gersbach and Rochet 2017; Lang and Menno
2023) and, more precisely, those of optimal capital requirements through the lens of quantitative
macroeconomic models (e.g., Collard et al. 2017; Mendicino et al. 2024). Many of these models
focus on the study of static capital requirements. In doing so, some papers abstract from bank
failure to focus on other frictions that also matter to optimal bank capital levels (e.g., Van den
Heuvel 2008; Begenau 2020; Begenau and Landvoigt 2022). Some others, explicitly allow for bank
default. Within this strand of the literature, there is a general class of macro-banking models that
features bank failure, limited liability and deposit insurance. To capture bank failure, they assume
that banks and bank borrowers face idyosincratic asset return shocks modelled as in Bernanke
et al. (1999) (e.g., Clerc et al. 2015; Mendicino et al. 2018; Abad 2019; Mendicino et al. 2020).5

Our set-up belongs to this general class of macroeconomic models but differs from the rest by
allowing for a pecuniary externality due to collateral constraints that can be corrected by building
dynamic capital buffers in response to expected upward shifts in the bank lending spread.

More specifically, our paper contributes to the strand of the literature that considers this class
of macro-banking models to study dynamic capital requirements. Given the growing empirical
literature on the effects of releasing capital buffers in crisis times and the still scant one on when
and how to accumulate these buffers, this literature has mainly focused on the former.6 In a model
of the same class that features large financial crises due to occasionally binding constraints in
the intermediation and productions sectors, Elenev et al. (2021) show that releasing a dynamic
capital buffer when the economy switches to the bad state of the nature is optimal. This result also

5The cross-sectional dispersion of these shocks evolves stochastically over time, driven by some aggregate risk
shocks (Christiano et al. 2014).

6For recent evidence on the effectiveness of releasing (releasable) capital buffers to sustain lending supply to the
real economy in crisis times, see Couaillier et al. (2022); Bergant and Forbes (2023); Dursun-de Neef et al. (2023);
Mathur et al. (2023); Bedayo and Galán (2024).
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applies to the case in which banks face idyosincratic funding shocks (Corbae and D’Erasmo 2021).7

Canzoneri et al. (2021) show that in a model of this class that does not capture this type of non-
linear financial crises (i.e., outside extraordinary crisis times), optimal static capital requirements
are hard to beat. Abad et al. (2024) come to similar conclusions and find mixed effects for the
release of a capital buffer in a banking crisis as it moderately alleviates the credit crunch but
also induces more systemic risk-taking ex-ante (by mitigating rents ex-post). Very few models of
this class find that adjusting capital requirements over the cycle (i.e., outside extraordinary crisis
times) is optimal (Davydiuk 2017).8 These exceptions typically find optimal adjustments in capital
requirements to be guided by macroeconomic indicators such as output and credit gaps.9

Our paper also relates to recent work on the effects of tightening bank capital requirements on
bank lending. The model captures both, the negative short-term effects of an exogenous tightening
of static capital requirements (e.g., Aiyar et al. 2014; Gropp et al. 2019) and the positive medium-
term effects of accumulating dynamic capital buffers when there is headroom for doing so (e.g.,
Bedayo and Galán 2024). Accounting for the implicit subsidy to banks that government guarantees
generate, Bahaj and Malherbe (2020) study through the lens of a one-period representative bank
model, a mechanism through which a bank may optimally respond to higher capital requirements
by increasing lending (i.e., the "forced safety effect").

Our work connects with the literature on macroprudential policies that correct pecuniary exter-
nalities due to collateral constraints (e.g., Lorenzoni 2008; Bianchi and Mendoza 2018; Dávila and
Korinek 2018; Van der Ghote 2021). Different from theirs, in our model there is also an externality
caused by economic agents not internalizing the consequences for the aggregate economic cost of
bank risk failure of their individual decisions (Section 3). Similar to theirs, collateral constraints
are the engine of financial amplification that gives rise to welfare and stabilization gains from
macroprudential policies. This key feature obviously follows from initial work on the financial ac-
celerator (Bernanke et al. 1999; Kiyotaki and Moore 1997) and subsequent literature (e.g., Jermann
and Quadrini 2012; Boissay et al. 2016). We show that by allowing for binding property-based
collateral constraints as in Iacoviello (2005), this financial amplification mechanism is particularly
powerful.10 We show further that, as long as property markets retain several of these empirically-
relevant features (e.g., fixed property supply and commercial real estate entering the production

7In a similar vein, macro-banking models in which the economy is prone to bank runs, find significant gains
from releasing capital buffers when the bad equilibrium occurs (Angeloni and Faia 2013; Faria-e Castro 2021).

8Malherbe (2020) would be another example, although in this case the modelling of bank failure and the
dynamics of the economy is somewhat different.

9On the basis of a normative criterion that builds on a welfare function that incorporates the volatility of various
aggregates in the economy, Aguilar et al. (2019) also find that optimal dynamic capital buffers respond to credit.

10The assumption of binding borrowing constraints faced by firms is empirically relevant. At the aggregate level
the NFC sector is credit constrained (Banerjee and Duflo 2014), firms that are credit constrained are found across
the entire firm-size distribution (Ferreira et al. 2023), and such financial constraints have large real effects (Campello
et al. 2010).
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function), our findings remain qualitatively unchanged also in the case of the other main class
of empirically-relevant collateral constraints; earnings-based borrowing limits (Lian and Ma 2021)
modelled as in Drechsel (2023) and Drechsel and Kim (2024).

In essence, our work reconciles recent evidence and theory on the benefits of building capital buffers
when there is headroom for doing so (i.e., when net interest margins are expected to improve) by
connecting the literature on optimal bank capital regulation in macro-banking models featuring
bank failure, limited liability and deposit insurance with that on pecuniary externalities stemming
from collateral constraints as the engine of financial amplification. By combining the externality
from bank risk failure and the associated "bank profitability channel" and "aggregate economic
cost channel" of the former with the pecuniary externality and the related "collateral channel"
of the latter, we simultaneously provide a rationale for both having static capital requirements
to manage the bank default risk in the steady state and gradually accumulating dynamic capital
buffers in response to expected upward shifts in net interest margins to manage banks’ resilience
dynamics over the cycle.

Contrary to what other set-ups show in this strand of the literature, by capturing the empirical
observations such as the correlation between net interest margins and credit gaps, we are able to
show that building a countercyclical capital buffer in response to expected improvements in bank
profitability is optimal even when credit gaps are in negative territory.

3 The Model

Consider a real, closed, decentralized and time-discrete economy populated by savers and borrow-
ers. Savers are households that provide consumption insurance to two types of members: workers
and bankers. Workers supply labor and return their wage income to the household. Bankers
devote their net worth to provide equity financing to the banks they manage and transfer their
accumulated earnings back to the household. Borrowers are entrepreneurs - also referred to as non-
financial corporations (NFCs) - who accummulate commercial real estate (CRE) to obtain bank
lending by pledging such property holdings as collateral and to combine it with labor to produce
a homogeneous final good. Entrepreneurs discount the future more heavily than households (i.e.,
βe < βh) which effectively implies that, in the aggregate, the former are net borrowers and the
latter are net savers (Iacoviello 2005). This key assumption ensures that the borrowing constraint
faced by entrepreneurs is binding in a neighbourhood of the steady state.

Banks finance their loans to NFCs with equity from bankers and deposits held by households, and
have to comply with a regulatory capital requirement. Banks operate under limited liability and
default when the value of their assets falls below that of their debt obligations. A fraction κ of
these bank deposits is insured by a deposit insurance scheme, which is funded with lump-sum taxes.
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The remaining deposits are uninsured and depositors price them based on the expected potential
losses associated with the risk of failure of an average bank. Hence, deposit valuation does not
depend on leverage and risk taking choices of each bank, which are assumed to be unobservable
to small and dispersed depositors (Dewatripont et al. 1994). This friction implies that the risk of
bank default is not priced at the margin and banks have incentives to lever up excessively (i.e.,
the capital adequacy constraint is binding) and to underprice the risk involved in lending to NFCs
(Mendicino et al. 2020).

The presence of these two frictions (binding property-based collateral constraints in the real econ-
omy and lending risk underpricing that makes capital requirements binding in the financial sector)
provides a strong rationale for both static capital requirements and dynamic capital buffers. The
next subsection describes the main features of the model in greater detail. The full list of equilib-
rium conditions of the model is available in Appendix A.

3.1 Main Features

3.1.1 Households: Savers

Let ch,t, nh,t, hh,t represent consumption, hours worked and housing demand by households in
period t, respectively. The representative household seeks to maximize

E0

∞X

i=0

βi
h





1

1− σu

"
ch,t+i −

n1+ϕ
h,t+i

(1 + ϕ)

#1−σu

+ jh,t+i log hh,t+i



 , (1)

where βh ∈ (0, 1) is the households’ subjective discount factor, ϕ refers to the inverse of the
Frisch elasticity, and jh,t denotes a possibly time-varying preference parameter for housing. More
precisely, jh,t = jhε

h
t is the exogenously time-varying households’ preference parameter for housing

services, where jh > 0 and εht captures exogenous housing preference shocks.11

The maximization of (1) is subject to the sequence of budget constraints

ch,t + qt(hh,t − hh,t−1) + dh,t + bh,t + Tt = eRd
t dh,t−1 +Rb

t−1bh,t−1 + wtnh,t + Ωt, (2)

where dh,t denotes bank deposits, bh,t holdings of the risk-free asset (which is in zero net supply),
Tt lump-sum taxes, and Ωt net transfers received from bankers. qt denotes the price of housing, wt

11Households have GHH preferences in consumption and hours worked (see Greenwood et al. 1988). This type
of preferences - under which wealth effects on labor supply are arbitrarily close to zero - has been extensively
used in the business cycle literature as a useful device to match several empirical regularities. As in this paper,
GHH preferences have been formulated by other authors when evaluating macroeconomic policies to prevent a
counterfactual increase in labor supply in response to adverse shocks (see, e.g., Bianchi and Mendoza 2018).
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the wage rate, and Rb
t the gross interest rate on the risk-free asset. The gross interest rate on bank

deposits is eRd
t = Rd

t−1 − (1 − κ)Ψt, where Rd
t is the promised gross bank deposit return that the

fraction κ of insured deposits always yields and Ψt is the average per unit loss rate on the fraction
of uninsured deposits.

3.1.2 Banking Groups

As in Gertler and Karadi (2011), in each period bankers become workers with probability 1 − θb

(and workers become bankers with probability θb). Thus, in each period a fraction (1− θb) of
bankers retires, they transfer their terminal net worth to the household, and they are replaced
by new bankers who continue business with an endowment (that is assumed to be a constant
fraction χb of retiring bankers’ net worth) received from the household. Therefore, the size of
bankers’ population remains constant over time and the (joint) aggregate accumulated net worth
of (surviving and new) bankers is prevented to grow excessively and is devoted to provide equity
financing to banks and pay dividends to the household.

Bankers The representative banker solves

Vb,t = max
eb,t, divb,t

{divb,t +EtΛh,t+1 [(1− θb)Nb,t+1 + θbVb,t+1]} , (3)

subject to
Nb,t = eb,t + divb,t , (4)

Nb,t+1 =

Z ∞

0

ρb,t+1(ωb)dF (ωb)eb,t, (5)

divb,t ≥ 0, (6)

where divb,t is the dividend payed to the household, Λh,t+1 = βh
λh,t+1

λh,t

the stochastic discount

factor of the household (with λh,t being the Lagrange multiplier of the households’ optimization
problem), Nb,t the banker’s aggregate net worth, eb,t the net worth invested in the continuum of
banks, and ρb,t(ω) is the return on equity invested in a bank with return shock ωb.

Given that individual banks operate under constant returns to scale (see below) and bankers
take returns on bank equity as given, ρb,t, the value function of bankers is linear in their level of
net worth. Thus, assuming that bankers always fully reinvest their wealth as bank equity, the
marginal value of one unit of net worth can be defined as υb,t = Et [Λb,t+1 (1− θb + θbυb,t+1) ρb,t+1]

and expression (3) can be re-written as
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υb,tNb,t = max
eb,t, divb,t

[divb,t +EtΛh,t+1 (1− θb + θbυb,t+1)Nb,t+1] . (7)

Provided that the shadow value of one unit of bank equity satisfies υb,t > 1, it is optimal for
bankers to fully reinvest their net worth in bank equity and only distribute a terminal dividend
when they retire. Expression (7) allows us to conveniently define the banker’s stochastic discount
factor as Λb,t+1 = Λh,t+1 (1− θb + θbυb,t+1).

The law of motion of bankers’ aggregate net worth is given by

Nb,t = θbρb,teb,t−1| {z }
Retained Earnings

Surviving Bankers

+ (1− θb)χbρb,tNb,t−1| {z }
Initial Endowment

New Bankers

, (8)

where χb is the fraction of retiring bankers’ net worth with which the representative household en-
dows new bankers. In this regard, it is useful to define transfers from retiring bankers to the house-
hold net of the initial endowment received by new bankers as Ωt = (1− θb) ρb,t (eb,t−1 − χbNb,t−1).

Banks The representative bank maximizes the net present value of bankers’ equity share

Et

�
Λb,t+1 max


ωb,t+1R

l
t+1lb,t −Rd

t db,t, 0
��

− υb,teb,t, (9)

subject to a balance sheet identity and a regulatory capital requirement, respectively:

lb,t = eb,t + db,t, (10)

eb,t ≥ γtlb,t, (11)

where ωb,t is the bank-idiosyncratic asset return shock, Rl
t the gross interest rate on bank loans

to NFCs, lb,t bank loans to NFCs, and db,t bank deposit funding. Expression (9) indicates that
bank equity, eb,t, is valued at its equilibrium opportunity cost, υb,t, and the max operator captures
bank shareholders’ limited liability. Equation (10) stipulates that bank assets (i.e., loans to NFCs)
are fully financed with equity, eb,t, and bank deposit funding. Expression (11) states that, for
regulatory reasons, bank equity cannot fall below a possibly time-varying fraction γt of bank assets.
This regulatory capital requirement, γt, is binding in equilibrium since uninsured (or "partially
covered") deposits are comparatively "less costly" to banks than equity.
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Idiosyncratic return shocks, ωb,t: (i) are the driver of idiosyncratic bank default risk in the model,
(ii) capture any exogenous sources that may affect banks’ profitability, (iii) follow a log-normal
distribution with a mean of one and a distribution function F (ωb,t) and are i.i.d. across banks
(Bernanke et al. 1999), and (iv) its cross-sectional dispersion, σω,t, evolves stochastically over
time, driven by some aggregate risk shocks (Christiano et al. 2014). The bank operates across two
consecutive dates. If positive, the bank transfers its terminal net worth back to the bankers. If the
bank’s terminal net worth is negative the bank defaults, its equity is written down to zero and its
assets are repossessed by the deposit insurance scheme. The condition for the bank not to default
requires ωb,t+1R

l
t+1lb,t − Rd

t db,t ⩾ 0, which allows us to rearrange and define the threshold for the
value of ωb,t below which the bank defaults as ωb,t+1 =


Rd

t db,t
�
⧸


Rl

t+1lb,t
�
. Then, we can define

the probability of bank default as

F (ωb,t) =

Z ωb,t

0

f (ωb; σω,t) dωb = 𭟋
�
log(ωb,t) + σ2

ω,t/2

σω,t

�
, (12)

where f (ωb; σω,t) and 𭟋 [.] denote the probability density function and the cumulative distribution
function of the bank-idiosyncratic asset return shock ωb,t, respectively. Given that the risk weight
of loans to NFCs is normalized to one for simplicity, it can be rearranged in expressions (10) and
(11) to define the bank’s leverage ratio as db,t⧸lb,t = (1− γt). Thus, we can redefine the threshold
for the value of ωb,t below which the bank defaults as

ωb,t+1 = (1− γt)
Rd

t

Rl
t+1

. (13)

From expressions (12) and (13) it follows that the bank default probability fundamentally depends
on the capital requirement and components of the net interest margin (i.e., the lending and de-
posit rates). As it will become clearer in Sections 4 and 5, this is important to understand the
transmission and effectiveness of static capital requirements and dynamic capital buffers in the
model.

3.1.3 Entrepreneurs: Borrowers

Let ce,t represent consumption by entrepreneurs in period t. Then, entrepreneurs seek to maxi-
mize

E0

∞X

i=0

βi
e

"
(ce,t+i)

1−σu

1− σu

#
, (14)

subject to a sequence of budget constraints
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ce,t + qt(he,t − he,t−1) +Rl
tle,t−1 + wtne,t = Ye,t + le,t, (15)

where βe ∈ (0, 1) is the entrepreneurs’ subjective discount factor, le,t denotes bank loans extended
to NFCs, he,t refers to commercial real estate or CRE, ne,t makes reference to labor demand and
Yt is total output (or sale revenues). According to (15), in each period, entrepreneurs devote their
available resources in terms of loans and sale revenues to repay their debt, remunerate workers,
accumulate commercial real estate and consume.

The homogeneous final good is produced by using a Cobb-Douglas technology that combines labor
and CRE as follows:

Ye,t = Ath
ν
e,t−1n

(1−ν)
e,t , (16)

The maximization of (14) is also subject to a collateral constraint that ties the borrowing capacity
of the entrepreneur to the value of her commercial real estate collateral:

le,t ≤ ϕtqthe,t, (17)

where ϕt = ϕεϕt is a possibly time-varying fraction (or multiple) of the aggregate against which the
entrepreneur gets indebted, with ϕ ≥ 0 and εϕt capturing exogenous shocks to the entrepreneurs’
borrowing capacity.

3.1.4 Public Authorities

Prudential Authority The prudential authority sets the regulatory capital requirement ac-
cording to a rule

γt = γ + γx eXt, (18)

where γ captures static (i.e., steady-state) capital requirements and the term γx
eXt measures dy-

namic capital buffers, with the capital buffer parameter γx capturing the two-sided degree of re-
sponsiveness of γt to changes in a macro-financial indicator of the choice of the regulator, eXt.

Deposit Insurance Scheme The DIS operates as follows to ensure that, upon default of a bank,
households are fully refunded for the losses associated with their insured deposit holdings. When a
bank defaults its assets are transferred to the DIS. However, due to a proportional repossession cost
µb (also interpretable as bank resolution costs) only (1− µb)ωb,t+1R

l
t+1lb,t is effectively repossessed

by the DIS. Insured deposits are fully covered by complementing a fraction κ of repossessed bank
assets with lump-sum taxes. Thus, lump-sump taxes collected by the DIS are given by

14



Tt = κΨtdh,t−1, (19)

where the term Ψtdh,t−1 =
�
Rd

t−1db,t−1

�
F (ωb,t)− (1− µb)R

l
tlb,t−1Gt(ωb,t)

�
refers to the total losses

incurred by households on deposits that are not covered with repossessed bank assets. G(ωb,t)

refers to the share of total bank assets that end up in default.12 Remaining repossessed bank
asset returns, (1− κ) (1− µb)R

l
tlb,t−1Gt(ωb,t), are devoted to partially cover the losses incurred by

households for their holdings of uninsured deposits.

3.1.5 Aggregation, Market Clearing and Net Output

In equilibrium, all markets clear. The supply is endogenous in all markets with the exception of
real estate supply, which is specified as a fixed endowment that is normalized to one

H = hh,t + he,t., (20)

In the case of the final goods market, the aggregate resource constraint dictates that the income
generated in the production process is fully spent in the form of aggregate final consumption, Ct,
and resolution costs, which represent a deadweight loss for society:

Yt = Ct + µbR
l
tlb,t−1Gt(ωb,t), (21)

where Ct = ch,t + ce,t. As standard in this strand of the literature, we differentiate between total
output (expression 21) and net output, defined as total output net of the deadweight loss:

eYt = Yt − µbR
l
tlb,t−1Gt(ωb,t), (22)

The definition of real GDP given by expression 22 is convenient for the purpose of "uncovering"
the real effects of capital requirements, which under expression 21 may be blurred by the fact that
the bank default probability (and bank resolution costs) is countercyclical and determined, to a
large extent, by the capital requirement itself. Note that in this model, net output is equal to
aggregate consumption.

12See Appendix A for the analytical expression of G(ωb,t).
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3.2 Calibration

We follow a three-stage strategy in order to calibrate the model to quarterly data of the euro
area economy. Data targets have been taken from three recent macro-banking models that are
calibrated to quarterly euro area data for a similar period; Mendicino et al. (2020), Muñoz (2021)
and Burlon et al. (2024).

Table 1: Baseline calibration

Parameter Description Value Target ratio/Source
(A) Preset Parameters

σu Risk aversion parameter 2.0000 Standard
φ Inverse of the Frisch elasticity 1.000 Standard
σω Std. bank risk shock 0.0290 Mendicino et al. (2020)
ν Property share in production 0.030 Iacoviello (2005)
ϕ Borrowing limit param. 0.600 Standard

(B) First moments
βh Savers’ discount factor 0.9942 (β−1

h − 1)x 400 = 2.320

βe Borrowers’ discount factor 0.9840 lb/Y = 1.682

j Savers’ housing services weight 0.0708 qhh/Y = 2.802

γ Regulatory capital requirements 0.0800 eb/lb = 0.080
κ Share of insured deposits 0.5400 κ = 0.540
µb Complementary of recovery rate 0.300 µb = 0.300
θb Survival rate of bankers 0.9062 υb = 1.148
σb Mean std. of iid bank shocks 0.0286 F (ω)x 400 = 0.665
χb Transfer from HH to bankers 0.8150 (ρb − 1) x 400 = 7.066

(C) Second moments
σA Std. TFP shock 0.0047 σY x 100 = 2.631
σh Std. housing pref. shock 0.0098 σq / σY = 2.429
σϕ Std. NFC financial shock 0.0010 σl/σY = 6.473

Notes: All series in Euros are seasonally adjusted and deflated. Data targets for quarterly data of the euro area
have been taken from Mendicino et al. (2020), Muñoz (2021) and Burlon et al. (2024). The standard deviation
of GDP is in quarterly percentage points. Abbreviations HH, NFC and TFP refer to households, non-financial
corporations (entrepreneurs) and total factor productivity, respectively.

First, we set several parameters following convention (Table 1A). The risk aversion parameter is
set to a value of 2, whereas the inverse of the Frisch elasticity of labor is fixed to a value of 1.
The standard deviation of bank asset return shocks is set to 0.029 (Mendicino et al. 2020) and the
property share in production to a conventional value of 0.03 (Iacoviello 2005). Based on existing
legislation and available evidence for the euro area, the loan-to-value on commercial (real estate)
mortgages, ϕ, is set to a value of 0.6.

16



Table 2: Model fit

Variable Description Data Model
(A) First moments
(β−1

h − 1)x 400 Real risk-free rate 2.320 2.334
(ρb − 1) x 400 Bank equity return 7.066 7.064
F (ω)x 400 Bank default rate 0.665 0.672
υb Bank price-to-book ratio 1.148 1.141

eb/lb Regulatory capital requirements 0.080 0.080
κ Share of insured deposits 0.540 0.540
µb Complementary of recovery rate 0.300 0.300

lb/Y Bank lending-to-GDP ratio 1.682 1.683

qhh/Y HH property wealth-to-GDP ratio 2.802 2.803
(B) Second moments
σY x 100 Std(GDP) x 100 2.631 2.650
σq / σY Std property prices/Std(GDP) 2.429 2.513
σlb / σY Std. bank lending/Std(GDP) 6.473 6.928
σeb / σY Std. bank equity/Std(GDP) 6.554 6.928
σrl / σY Std. bank lending rate/Std(GDP) 0.122 0.226
σrd / σY Std. bank deposit rate/Std(GDP) 0.043 0.151
σµ / σY Std. bank lending spread/Std(GDP) 0.087 0.159
(C) Correlations
ρµ,lb Corr(bank lending spread, bank lending) 0.064 0.209
ρµ,lb/Y Corr(bank lending spread, bank lending-to-GDP) 0.278 0.195

Notes: All series in Euros are seasonally adjusted and deflated and their log value has been linearly detrended
before computing standard deviation and correlation targets. Data targets for quarterly data of the euro area have
been taken from Mendicino et al. (2020), Muñoz (2021) and Burlon et al. (2024). The exceptions are the empirical
correlations, which have been explicitly computed for the purpose of this analysis, using the same methodology
and time series for the period 2003:I-2024I. The standard deviation of GDP is in quarterly percentage points.
Abbreviation HH refers to households. Data sources are Eurostat and Bloomberg.

Second, another group of parameters is calibrated by using steady state targets (Tables 1B and
2A). Importantly, the first seven data targets reported in Table 2A (which include all steady-state
bank data targets) have been taken from Mendicino et al. (2020). The households’ discount factor,
βh = 0.9942, is chosen such that the annual interest rate on the risk free asset equals 2.32%. The
entrepreneurs’ discount factor is set to 0.984, in order to generate an annualized bank lending-to-
GDP ratio of 1.68. Households’ weight on housing utility, jh, has been calibrated to match the
households’ property wealth-to-GDP ratio. Based on the Basel III Accords, we set the regulatory
(static) capital requirement, γ, to 8%. In line with existing evidence for the euro area, the share
of insured deposits is fixed to a value of 0.54. The bank bankruptcy cost parameter is set to 0.3 in
order to generate a recovery rate of around 70% of assets held by banks upon default (Mendicino
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et al. 2020, 2024).13 The survival rate of bankers, θb = 0.9062, is chosen to match a bank price-
to-book ratio of 1.148; whereas the mean standard deviation of i.i.d. bank-idiosyncratic return
shocks is set to a value of 0.0286 such that the annual bank default rate equals 0.665. The fraction
χb of retiring bankers’ net worth is fixed to a value of 0.815 to match the annual bank return on
equity (RoE).

Third, the size of TFP shocks, housing preference shocks, financial (NFC collateral) shocks, and
bank risk shocks is calibrated to match the second moments (in terms of relative standard devia-
tions) of GDP, property prices and bank assets, respectively (Tables 1C and 2B).

Lastly, we use quarterly euro area data for the period 2003:I-2024I (that includes the full tightening
cycle discussed in Section 1) to compute the empirical correlations between the net interest margin
and, on the one hand, bank lending to NFCs and, on the other hand, the lending (to NFCs)-to-
GDP ratio. In both cases, the model correlation is approximately equal to 20%, which lies between
the data correlation between the bank lending spread and lending to NFCs and that between the
net interest margin and the credit-to-GDP ratio and captures the empirical observation that these
historical correlations are positive but low.

The autoregressive coefficients in the AR(1) processes followed by all shocks are set equal to 0.90
in both versions of the model. Importantly, under the baseline scenario, dynamic capital buffers
remain inactive (i.e., γx = 0).

4 Static Capital Requirements

First, we inspect the individual and social welfare consequences of static capital requirements, γ.
To do so, we propose a measure of social welfare specified as a weighted average of the expected
life-time utility of savers and borrowers. This measure is maximized with respect to the relevant
policy parameter/s. Formally:

argmax
Θ

V0 = ζhV
h
0 + ζeV

e
0 , (23)

where V h
0 = E0

∞P
i=0

βi
hu (ch,t+i, hh,t+i, nh,t+i) and V e

0 = E0

∞P
i=0

βi
eu (ce,t+i) are the expected life-time

utility functions of households (savers) and entrepreneurs (borrowers), respectively. ζh and ζe

denote the utility weights of each agent type; and Θ refers to the vector of policy parameters
within policy rule (18) with respect to which the objective function is maximized, which in this
case restricts to γ. The Problem (23) is subject to all the competitive equilibrium conditions of

13Alderson and Betker (1995) estimate liquidation costs to represent 36% percent of assets, whereas Granja et al.
(2017) find that the average FDIC loss from selling a failed bank is 28% of assets
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the model. As in Schmitt-Grohé and Uribe (2007), welfare gains of each agent type are defined as
the implied permanent differences in consumption between two different scenarios. Formally, and
for the case of households, consumption equivalent gains can be specified as a constant λh, that
satisfies:

E0

∞X

i=0

βi
hu


cah,t+i, h

a
h,t+i, n

a
h,t+i

�
=

∞X

i=0

βi
hu

�
(1 + λh) c

b
h,t+i, h

b
h,t+i, n

b
h,t+i

�
(24)

where superscripts a and b refer to the corresponding alternative (capital requirement) scenario and
the baseline (calibration) scenario, respectively. As standard in the macro-banking literature, ζh =

(1− βh) and ζe = (1− βe), which ensures the same utility weights across agent types discounting
future utility at different rates.14 For reporting purposes, welfare weights are normalized, bζx =

(1− βx)

[(1− βh) + (1− βe)]
, for x = h, e to ensure that bζh+ bζe = 1.15

Figure 2 plots the individual and social welfare gains of changing the value of parameter γ under
the baseline calibration. These are mainly driven by the trade-off faced by the economy from
hiking these capital requirements. On the one hand, a higher capital ratio lowers the bank default
probability. This effect promotes aggregate demand and real economic activity through two chan-
nels; by fostering bank lending and by lowering the aggregate economic cost of bank risk failure
(i.e., the deadweight loss in equation 21) as well as lump-sum taxes. On the other hand, the
increase in the relatively more expensive bank funding source (i.e., equity) encourages banks to
exert an upward pressure on lending rates by restricting lending supply. At the macroeconomic
level, beyond a certain capital requirement threshold the second effect dominates the first one.16

At the individual level, borrowers are directly affected by such trade-off and more vulnerable to
the negative level effect on bank lending supply. In contrast, savers’ welfare increases with γ for
the entire range of such parameter values as they are more affected by the decline in bank default
risk, which results in smaller losses on deposit holdings and lower lump-sum taxes and resolution
costs.

Table 3 reports the optimal static capital requirement - which under the baseline calibration is
equal to 9.10% - and the resulting individual and social welfare gains.

14This is a welfare weighting criterion typically considered in the macro-banking literature to prevent an over-
weight of savers’ welfare related to a higher discount factor (see, e.g., Lambertini et al. 2013; Alpanda and Zubairy
2017; Burlon et al. 2024).

15Under the baseline calibration this normalization implies that bζh = 0.2661 and bζe = 0.7339.
16For further details on the transmission and macroeconomic effects of permanent and transitory hikes in bank

capital requirements in this model economy, see Appendix C.
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Figure 2: Welfare gains of static capital requirements
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Notes: Second-order approximation to the unconditional individual welfare gains of savers and borrowers as well
as to the unconditional social welfare gains (expressed in percentage permanent consumption), both as a function
of static capital requirement parameter, γ. The vertical solid and dashed lines indicate the value for such parameter
under the baseline calibration and the optimal static capital requirement scenarios, respectively.

Table 3: Optimal static capital requirements and welfare gains

SCR WG Saver WG Borrower Social WG
(γx100) (λhx100) (λex100) (λx100)

A. {γ∗}
9.10%∗ 0.0719% 0.6344% 0.4847%

Notes: Second-order approximation to the welfare gains (expressed in percentage permanent consumption) and
the corresponding optimized policy parameter value resulting from solving Problem (23) for γ. Abbreviations
SCR and WG refer to static capital requirements and welfare gains, respectively. λh, λe and λ denote households’,
entrepreneurs’ and social consumption equivalent gains, respectively. The policy parameter marked with an asterisk
is the one for which social welfare is maximized.

In summary, the set-up matches the same key bank data targets (with similar calibrated parameter
values), captures the same empirical observations, reveals the same transmission mechanisms and
trade-off, yields the same type of capital requirement-induced individual and social welfare effects
(e.g., Mendicino et al. 2018) and finds similar optimal static capital requirements (Mendicino et al.
2020) as in the literature.17

17On the empirical observations, see Appendix C for the mechanisms through which an exogenous tightening of
static capital requirements reduces the bank default probability, increases the weighted average cost of capital and
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5 A Dynamic Capital Buffer

Next, we study the welfare consequences of a dynamic capital buffer by allowing for changes in γx.
In the first instance, this requires making a choice for the indicator that enters the simple capital
requirement rule within the class (18), eXt.

5.1 Macro-Financial Indicators

We consider two standard cases for the specification of such macro-financial indicator that we refer
to as growth rate-based rules and gap-based rules

eXr,t =

�
xt+i

xt+i−1

− 1

�
, i = −1, 0, 1 (25)

eXg,t =
�xt+i

x
− 1

�
, i = −1, 0, 1

where sub-index j = {r, g} indicates whether the rule is growth-rate based or gap-based and
sub-index i = −1, 0, 1 informs about whether the rule is backward-looking, contemporaneous, or
forward-looking, respectively. For each of these six cases, we consider six different options for the
variable, xt, that enters indicator (25):

xt =
n
lb,t/eYt; qt; eYt; ρb,t; αb,t; Rl

t

o
, (26)

where the first three variables (lb,t/eYt; qt; eYt) are macroeconomic aggregates (the credit-to-GDP
ratio, property prices, and real GDP) and the last three (ρb,t; αb,t; R

l
t) are bank profitability

indicators (bank RoE, bank lending spread, and bank RoA), with αb,t = (rlt − rdt−1).18

Figures 3 and 4 display the welfare gains of changing the value of parameter γx under the baseline
calibration for the case of the above outlined macroeconomic and bank profitability indicators,
respectively.19 Regardless of the type of macroeconomic indicator under consideration, attainable
welfare gains via a dynamic capital buffer are negligible to non-existent and, in most of the cases,
the best the competent authority can do is to refrain from having such a buffer in place. In contrast,
a capital buffer guided by a forward-looking growth rate-based bank profitability indicator has
the potential to yield significant welfare gains. From the 36 indicators under consideration, the

negatively affects short-term lending.
18Recall from Subsection 3.1 that, as standard in this strand of the literature, in the quantitative analysis we

consider net output as a proxy for real GDP.
19The welfare gains of changing the value of parameter γx under contemporaneous and backward-looking gap-

based and growth rate-based rules cannot be displayed as there is no stable equilibrium (i.e., Blanchard-Kahn
conditions are not satisfied) in these cases.
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forward-looking growth rate of the bank lending spread is by far the one that allows for the CCyB
to yield the largest welfare gains (4B).

Figure 3: Welfare gains of a dynamic capital buffer: Macroeconomic indicators
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Notes: Second-order approximation to the unconditional social welfare gains (expressed in percentage permanent
consumption) as a function of parameter γx for the 18 cases under consideration in which eXt is a macroeconomic
indicator. The figure differentiates between gap-based and growth rate-based indicators, between forward-looking,
contemporaneous and backward looking indicators, and across candidates for xt (i.e., credit-to-GDP, real GDP and
property prices). The vertical solid line indicates the value for such parameter under the baseline calibration.

Indicators based on expected changes in bank profitability metrics perform significantly better than
macroeconomic indicators, with the one based on the bank lending spread being the best performer.
This result ultimately follows from expressions (12) and (13). According to the latter, the expected
threshold below which a bank defaults is determined by the one-period ahead bank lending spread
and by the capital requirement, γt. This implies that the competent authority can have great
control over the dynamics of banks’ resilience (proxied by the bank default probability) by adjusting
capital requirements in response to forward-looking changes in the net interest margin.

The macroeconomic and welfare effects that can be attained via dynamic capital buffers through
this mechanism also apply to other indicators of the bank’s profit generation capacity (e.g., bank
RoE and RoA). Not surprisingly, the magnitude of the welfare gains induced by a dynamic capital
buffer guided by any of these indicators will be directly related to the correlation between such
indicator and the net interest margin.

However, the literature shows that even if this mechanism is in place, dynamic capital buffers may
not necessarily yield significant stabilization and welfare gains. This suggests that there are other
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Figure 4: Welfare gains of a dynamic capital buffer: Bank profitability indicators
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key channels in the transmission mechanism that are equally important. We turn to this in the
next subsection.

5.2 Transmission

Without loss of generality, we describe the full transmission of a dynamic capital buffer that builds
in response to expected upward shifts in the net interest margin by inspecting the responses of
selected aggregates to a negative financial (collateral) shock that constrains the borrowing capac-
ity of entrepreneurs (Figure 5). In order to do so, we distill the full transmission mechanism into
three main channels. The "bank profitability channel" described in Subsection 5.1. The "collat-
eral channel", which allows for dynamic capital buffers to have real effects through a collateral
constraint that acts as the nexus between financial intermediation and the real economy (expres-
sion 17). The "aggregate economic cost channel", by which shifts in the bank default probability
have a direct impact on aggregate demand by altering the aggregate resources devoted to mitigate
the impact of bank failure (i.e., bank resolution costs and taxes levied on households to fund the
deposit insurance mechanism).
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The "Bank Profitability Channel" As bank lending demand is negatively affected, under the
baseline scenario (solid line) the bank lending rate and the lending spread fall on impact (in the
first quarter), causing the bank default probability to go up. Banks respond by tightening credit
conditions, inducing an increase in the lending rate and the lending margin in subsequent quarters
by restricting lending supply.

Under the alternative scenario (dashed line), the capital buffer starts being built one period ahead
of the one in which the net interest margin is expected to start recovering. Through this channel,
a dynamic capital buffer smooths bank profitability over the cycle and ensures that bank resilience
gets strengthened (i.e., the bank default probability declines) when it is needed the most (i.e.,
during the period in which the credit and output gaps are in negative territory).

By altering the bank default probability, a dynamic capital buffer can have real effects through
the "collateral channel" and the "aggregate economic cost channel".

The "Collateral Channel" The borrowers’ collateral constraint (i.e., expression 17) is the
nexus between financial intermediation and the real economy. It ensures that the downward
adjustment in the bank default probability stabilizes real economic activity by sustaining lending
to firms and by smoothing property prices.

As explained in greater detail in Section 6, the magnitude of any macroeconomic and welfare effects
generated by dynamic capital buffers crucially depends on the market features of the asset that
entrepreneurs pledge as collateral to obtain lending. In this model economy, such market (i.e.,
the property market) has three key distinctive (and empirically-relevant) features. First, supply is
exogenous and fixed (equation 29). That is, adjustments in this market are fully made via prices,
which provides stability for property holdings and implies that any stabilization of CRE holdings
transmits to RRE through this channel (since the volatility of the two classes of real estate are
identical by construction). Second, housing services enter the utility function of households, which
- in conjunction with the previous market feature - also implies that a dynamic capital buffer
indirectly improves households’ welfare by smoothing RRE holdings (expression 1). Third, CRE
enters the production function as an input (equation 16); a dynamic capital buffer also stabilizes
real economic activity directly from the supply side of the economy.

The "Aggregate Economic Cost Channel" As the default probability recedes, so do bank
resolution costs (i.e, the deadweight loss in expression 21) and taxes (levied on households) required
to fund the deposit insurance scheme (equation 19). This frees up resources that help sustain
consumption as well as housing investments (which favours a smoothing effect on property prices),
and a more rapid economic recovery.
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Figure 5: IRFs to a negative financial (collateral) shock
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5.3 Shocks

Although the size of the gains vary across them, the findings presented in Subsections 5.1 and
5.2 apply to the different shocks that hit this model economy. To illustrate this, Figure 6 plots
the social welfare gains of changing the value of γx for each of the four different types of shocks
across two indicators that are representative of the two main classes previously described. The
contemporaneous change in the credit-to-GDP and the expected growth rate of the bank lending
spread. In each panel, only one type of shock is active, with the size of such shock having been
set to a value of 0.01. Regardless of the shock type, a dynamic capital buffer: (i) guided by the
credit-to-GDP gap does not induce any significant welfare gains; (ii) optimally builds in response
to expected upward shifts in the net interest margin, and (iii) induces particularly large welfare
gains in response to financial and TFP shocks (under the bank lending spread indicator).

The first two findings confirm the robustness of the results presented in the two previous subsec-
tions. The third one does not come as a surprise either since collateral and TFP shocks are those
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Figure 6: Welfare gains of a dynamic capital buffer: Shocks
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Notes: Second-order approximation to the unconditional social welfare gains (expressed in percentage permanent
consumption) as a function of parameter γx under the case in which indicator eXt is the forward-looking growth rate
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A, B, C and D, only financial (collateral), TFP, housing preference and bank risk shocks are active, respectively.
In each case, the size of shocks is set to 0.01. The vertical solid line indicates the value for γx under the baseline
calibration.

that enter the two expressions (i.e., the collateral constraint and the production function) that
revolve around the "collateral channel" and are fundamental to ensure that capital buffer-induced
shifts in banks’ resilience have effects on the real economy.

5.4 Level and Volatility Effects

What is behind the welfare gains induced by dynamic capital buffers? Figure 7 depicts the level
(first row) and volatility effects (second row) on bank lending, property prices and net output of
changing the value of parameter γx under each of the same two indicators. The shape of the welfare
trade-offs presented in Figure 6 is mainly determined by level effects. In contrast to the case of a
capital buffer guided by the bank lending spread, at the optimum the positive level effects exerted
via a capital buffer guided by the credit-to-GDP gap are negligible.

The magnitude of these welfare gains is notably affected by volatility effects. As opposed to the case
of a capital buffer that is guided by the credit-to-GDP gap, one conducted by the expected bank
lending spread lowers the volatility of aggregate bank lending, property prices and real economic
activity. The explanation of why this sharp difference is in Figure 5. In response to a negative
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Figure 7: Level and volatility effects of a dynamic capital buffer

0.0  0.004 0.008 0.012 0.016 0.02 
100

100.2

100.4

100.6

L
e

v
e

l 
e

ff
e

c
ts

 (
%

 o
f 

b
a

s
e

lin
e

)

A. Bank Lending Spread

-0.02 -0.01 0.00 0.01 0.02 
99.9

99.92

99.94

99.96

99.98

100
B. Credit-to-GDP Gap

0.0  0.004 0.008 0.012 0.016 0.02 

x

Ceteris paribus change in 
x

-6

-4

-2

0

V
o

la
ti
lit

y
 e

ff
e

c
ts

 (
p

e
rc

e
n

ta
g

e
 c

h
a

n
g

e
)

-0.02 -0.01 0.00 0.01 0.02 

x

Ceteris paribus change in 
x

-2

-1

0

1

2

Bank Lending

Property Prices

Net Output

Baseline 
x
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changes in parameter γx under the case in which indicator eXt is the the forward-looking growth rate of the bank
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collateral shock, a dynamic capital buffer that builds in response to jumps in the credit-to-GDP
gap would have been released, which ultimately would have amplified the negative real effects of
the shock by weakening banks’ resilience.

5.5 Optimal Dynamic Capital Buffer

By applying the same welfare criterion presented in Section 4, Table 5 reports the individual
and social welfare gains and the optimized parameter value for the case in which Problem (23)
is solved for γx, under each of the two indicators. The results confirm the findings presented in
previous subsections and their relevance across agent types. As opposed to the case of a welfare-
maximizing capital buffer guided by the credit-to-GDP gap, one conducted by the expected bank
lending spread yields significant individual welfare gains. Importantly, such gains are mainly
attributed to borrowers. This result further confirms that the main direct real effects of a dynamic
capital buffer are transmitted through the problem of the borrower and, more specifically, through
the collateral constraint that connects the financial intermediation activity with the production
process (equation 17) via a collateral asset that serves as a productive factor (equation 16). This
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result is also consistent with the one presented in Subsection 5.3 that the shocks in response to
which a dynamic capital buffer yields the largest welfare gains are those that more directly affect
borrowers through the "collateral channel" (i.e., collateral and TFP shocks).

Table 4: Optimal dynamic capital buffer and welfare gains

DCB SCR WG Saver WG Borrower Social WG
(γx) (γx100) (λhx100) (λex100) (λx100)

A. {γ∗
x}
I. Bank lending spread 0.0050∗ 8.00% 0.0628% 0.7480% 0.5656%
II. Credit-to-GDP gap −0.0037∗ 8.00% −0.0005% 0.0030% 0.0021%

Notes: Second-order approximation to the welfare gains (expressed in percentage permanent consumption) and the
corresponding optimized policy parameter value resulting from solving Problem (23) for γx under the cases in which
eXt is the forward-looking growth rate of the bank lending spread (Section I) and the contemporaneous credit-to-
GDP gap (Section II). Abbreviations DCB, SCR and WG refer to dynamic capital buffer, static capital requirements
and welfare gains, respectively. λh, λe and λ denote households’, entrepreneurs’ and social consumption equivalent
gains, respectively. The policy parameter marked with an asterisk is the one for which social welfare is maximized.

5.6 Interactions Between Static Capital Requirements and a Dynamic

Capital Buffer

How do the welfare gains of the optimal dynamic capital buffer depend on γ? To answer this
question, Figure 8 plots the welfare gains of changing γx for different values of γ under each of the
two indicators. Regardless of the level of bank capitalization (γ), a capital buffer guided by the
credit-to-GDP gap maximizes social welfare for a value of γx of around 0 and the associated welfare
gains are not significant. In contrast, the welfare gains generated by the optimal (net interest
margin-led) dynamic capital buffer are significant and decrease with static capital requirements. If
the level of bank capitalization is sufficiently high (i.e., the bank default probability is sufficiently
low) a capital buffer that builds in response to upward shifts in the net interest margin yields
welfare losses. This reveals the presence of a trade-off between static capital requirements and
dynamic capital buffers.

To shed light on what is the underlying reason behind this result, Figure 9 plots the volatility
effects on bank lending, property prices and net output of changing γx for different values of γ
under the bank lending spread indicator. The stabilization gains of γx decrease with γ. This follows
from the fact that the volatility of these and other relevant aggregates decreases with γ (increase
with bank risk failure), which leaves less room for gains from a dynamic capital buffer when static
capital requirements are high.20 In particular, Panel C reveals that if γ is sufficiently high, there

20The result by which higher static capital requirements stabilize the economy is standard in this strand of the
literature (e.g., Clerc et al. 2015).
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Figure 8: Welfare gains of a dynamic capital buffer: γx - γ interactions
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(Panel B). The vertical solid line indicates the value for γx under the baseline calibration.

is not much room for generating welfare gains through the transmission described in Subsection
5.2. This is the case because there is not much room for reducing the bank default probability
further (see Appendix C). This result shows that there is an "effective lower bound" for the bank
default probability (effective upper bound for the static capital requirement) below (above) which
a dynamic capital buffer is ineffective (or even counterproductive) as the transmission mechanism
previously explained does no longer operate.

The presence of this trade-off between static capital requirements and dynamic capital buffers
makes us wonder what is the pair of values for γx and γ that solve Problem (23) under the baseline
calibration. Table 5 provides such information by reporting the corresponding optimized policy
parameter values and welfare gains. Interestingly (and coincidentally), we find that under the
baseline calibration (which implies that the value for γ in the baseline scenario is equal to 0.08),
the optimized values for the two policy parameters and the resulting welfare gains are very similar
to those reported in Subsection 5.5 for the case in which Problem (23) is only solved for γx. Put
it differently, when the baseline value for γ is 0.08 welfare gains displayed in Panel A of Figure 8
for the case in which the baseline value for γ is 0.07 are simply not attainable because of the large
cost from lowering the static capital requirement from 8% to 7% (see Figure 2).21

21For the shake of completeness, Table 5 also reports the same information for the case in which the indicator is
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Figure 9: Volatility effects of a dynamic capital buffer: γx - γ interactions
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Table 5: Optimal dynamic capital requirements and welfare gains

DCB SCR WG Saver WG Borrower Social WG
(γx) (γx100) (λhx100) (λex100) (λx100)

A. {γ∗
x; γ

∗}
I. Bank lending spread 0.0049∗ 8.07%∗ 0.0655% 0.7484% 0.5667%
II. Credit-to-GDP gap 0.0220∗ 9.17%∗ 0.0750% 0.6551% 0.5007%

Notes: Second-order approximation to the welfare gains (expressed in percentage permanent consumption) and the
corresponding optimized policy parameter values resulting from solving Problem (23) for γx and γ under the cases
in which eXt is the forward-looking growth rate of the bank lending spread (Section I) and the contemporaneous
credit-to-GDP gap (Section II). Abbreviations DCB, SCR and WG refer to dynamic capital buffer, static capital
requirements and welfare gains, respectively. λh, λe and λ denote households’, entrepreneurs’ and social consumption
equivalent gains, respectively. Policy parameters marked with an asterisk are those for which social welfare is
maximized.

the credit-to-GDP gap. It just confirms our conclusions that there are no significant gains from guiding a dynamic
capital buffer with such indicator over the business cycle, also regardless of the level of bank capitalization.
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5.7 The Role of Capital Buffer Smoothing

In practice, competent authorities typically build dynamic capital buffers very gradually over time
to mitigate any potential unintended consequences a capital requirement hike could have on bank
lending (see Section 4 and Appendix C). To assess the welfare effects of smoothing the build-up
(and adjustment, more generally speaking) of a dynamic capital buffer in this model economy, we
re-formulate equation (18) as

γt = ργγt−1 + (1− ργ)
�
γ + γx eXt

�
, (27)

where ργ is the capital buffer smoothing parameter. Table 6 provides the individual and social
welfare gains (and the associated optimized policy parameter values) for the case in which Problem
(23) is solved for ργ, γx and γ and for the one in which it is solved only for ργ, γx.22 Smoothing
the capital buffer is optimal. It amplifies the welfare gains generated via optimal dynamic capital
buffers guided by the expected net interest margin (Table 6A) and it materially improves the
trade-off between such buffers and static capital requirements studied in the previous section.
This implies that, under high capital buffer smoothing, it is optimal to tolerate a higher level of
bank risk failure since the comparatively larger benefits of dynamic capital buffers under higher
bank default probability (lower γ) scenarios more than compensate for the cost of lowering γ, in
this case from 0.08 to 0.07 (Table 6B).

Table 6: Optimal dynamic capital requirements, buffer smoothing and welfare gains

DCB Smoothing SCR WG Saver WG Borrower Social WG
(γx) (ργ) (γx100) (λhx100) (λex100) (λx100)

A.
�
γ∗
x; ρ

∗
γ

	

I. Bank lending spread 0.0089∗ 0.90∗ 8.00% 0.4166% 3.8665% 2.9485%
II. Credit-to-GDP gap −0.0037∗ 0.00∗ 8.00% −0.0005% 0.0030% 0.0021%

B.
�
γ∗
x; ρ

∗
γ; γ

∗	

I. Bank lending spread 0.0064∗ 0.90∗ 7.00%∗ 1.0696% 19.1822% 14.3625%
II. Credit-to-GDP gap 0.0363∗ 0.87∗ 9.18%∗ 0.0757% 0.6816% 0.5204%

Notes: Second-order approximation to the welfare gains (expressed in percentage permanent consumption) and
the corresponding optimized policy parameter values resulting from solving Problem (23) for γx and ργ (Part A)
as well as for γx, ργ and γ (Part B) under the cases in which eXt is the forward-looking growth rate of the bank
lending spread (Section I) and the contemporaneous credit-to-GDP gap (Section II). Abbreviations DCB, SCR and
WG refer to dynamic capital buffer, static capital requirements and welfare gains, respectively. λh, λe and λ denote
households’, entrepreneurs’ and social consumption equivalent gains, respectively. Policy parameters marked with
an asterisk are those for which social welfare is maximized.

22The grids of parameter values over which we search to numerically solve Problem (23) in each case are:
γx {(−1.00)− 1.00}, ργ {0.00− 0.90}, and γ {0.07− 0.15}.
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Admittedly, these welfare gains are unrealistically high. This is the case as the model assumes
that all bank lending that flows to the real economy is obtained by pledging as collateral an asset
that is traded in a market with very particular market features (see Subsection 5.2). In practice,
bank lending is obtained against various different collateral assets, each of which is traded in
markets with very specific characteristics. Some of these market features crucially determine the
welfare-improving capacity of dynamic capital requirements (see Section 6).

Figure 10: IRFs to a financial (collateral) shock and capital buffer smoothing
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�
γ∗
x = 0.0064; ρ∗γ = 0.9; γ∗ = 0.07

	
, {γx = 0.0064; γ = 0.07}

and {γ∗
x = 0.005}, respectively. Indicator eXt is the forward-looking growth rate of the bank lending spread. The

size of the shock, σϕ, is set to 0.01.

To distill the channels through which lower static capital requirements and higher capital buffer
smoothing amplify the stabilization gains attained by dynamic capital buffers, Figure 10 displays
the impulse responses of selected aggregates to an exogenous negative collateral shock under three
alternative scenarios that we compare against the baseline (calibration) scenario (solid line): (i)
a scenario under which social welfare is maximized with respect to ργ, γx and γ as in Table 6A.I
(diamond line); (ii) one that only differs from the previous one in that ργ is set to a value of 0,
to capture the effect of a lower value for γ (dotted line); and (iii) a scenario under which Problem
(23) is solved only for γx as in Table 5A.I (dashed line).
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For a detailed description of the responses and transmission under the baseline scenario (solid
line) and the optimal dynamic buffer scenario (dashed line), we refer the reader to Subsection
5.2. Under the optimal rule without smoothing (dotted line), γ is comparatively lower (the bank
default probability is higher), which means that: (i) the economy is more unstable, and (ii) there
is more room for adjusting the bank default probability downwards. For a given increase in the
capital buffer in response to the same shock, the bank default probability falls under this scenario
three times more than under the one in which the optimal dynamic capital buffer is in place
with γ being one percentage point higher (dashed line). That yields substantially larger economic
stabilization gains. Under the optimal rule with smoothing (diamond line), the capital buffer builds
more gradually over time. The bank default probability recedes by a little bit less on impact, but
then remains below its steady state level for a significantly longer horizon, which enables a more
prominent and swift economy recovery.

6 The Role of Collateral Market Features: Distilling the

Mechanisms of the "Collateral Channel"

As explained in Subsection 5.2, the model captures several key distinctive features of property
markets that strengthen the nexus between financial intermediation and the real economy - enabled
by collateral constraints - through which adjustments in capital buffers have real effects. This
section further investigates the relevance of the "collateral channel" by assessing the impact of
shutting down each of these market features on the welfare and stabilization gains of dynamic
capital buffers.

6.1 Collateral Market Features

To shut down each of these collateral market features, we consider four specifications of the model
that differ from one another in at least one of the key features of the collateral market (including
the baseline model presented in Section 3).

Model A (property-based collateral constraint, exogenous housing supply and housing
in utility function): This is the model described in Section 3, which features an economy in
which borrowers obtain lending against property collateral. The supply in the property market
is exogenous and fixed, entrepreneurs use property as an input in the production process and
houdeholds derive utility from housing services.

Model B (earnings-based collateral constraint): The only difference when compared to
Model A is that, under this specification of the model, the borrowings of the representative
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entrepreneur are constrained not by her stock of commercial real estate but by her earnings
(EBITDA), defined as the difference between total sales, Ath

ν
e,t−1n

(1−ν)
e,t , and input costs, wtne,t

(Drechsel 2023; Drechsel and Kim 2024):

le,t ≤ ϕB
t


Athe,t−1

νne,t
(1−ν) − wtne,t

�
, (28)

where ϕB
t = ϕBεϕt is a possibly time-varying fraction (or multiple) of the aggregate against which the

entrepreneur gets indebted, with ϕB ≥ 0 and εϕt capturing exogenous shocks to the entrepreneurs’
borrowing capacity. In this version of the model, property markets remain unchanged and the class
of collateral constraint under consideration is also empirically relevant (Lian and Ma 2021).

Model C (endogenous housing supply): It only differs from the baseline model in that the
supply of real estate is endogenous:

Ht = hh,t + he,t. (29)

Ht evolves according to the standard law for capital accumulation,

Ht = (1− δh)Ht−1 + IHt, (30)

where δh is the depreciation rate of real estate. For simplicity and to consider the opposite extreme
case under which adjustments in the market for the collateral asset are fully made via quantities
rather than via prices, we assumed that the property price is fixed and normalized to unity.

Model D (endogenous housing supply and no housing in utility function): This version
of the model differs from Model A in that the supply of real estate is endogenous (as in Model
C) and households do not derive utility from housing services. In particular, households do still
hold property but accumulate it to be rented by entrepreneurs as an input. In essence, the market
features of the collateral asset under this variant of the model are akin to those of a standard
physical capital market in a saver-borrower model and very much mimic those of the relevant
physical capital (collateral) market in Mendicino et al. (2020).23 This means that, as opposed to
the three other variants of the model, the productive factor that is combined with labor to produce
output is a physical capital-like input rather than a property-like one.

23For further details on the specification and calibration of each of the four versions of the model, see Appendices
D.1 and D.2, respectively.
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6.2 Welfare Gains of a Dynamic Capital Buffer

Figure 11 plots the welfare gains of changing the value of parameter γx - under each of the four
versions of the model - for financial (collateral) shocks (Panel A) and TFP shocks (Panel B). Figure
12 depicts the volatility effects on selected aggregates of varying the same parameter value. Such
aggregates are bank lending and the stock of commercial real estate - chosen for the role they play
in the nexus between financial intermediation and the real economy - as well as residential real
estate (housing services) and private consumption (from which utility is derived).

Figure 11: Welfare gains of a dynamic capital buffer: Collateral market features
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Notes: Second-order approximation to the unconditional social welfare gains (expressed in percentage permanent
consumption) as a function of parameter γx under the case in which indicator eXt is the the forward-looking growth
rate of the bank lending spread for each of the four versions of the model. Under panels A and B only financial
(collateral) and TFP shocks are active with a size equal to 0.01, respectively.

Maximum attainable welfare gains are the largest under Model A. Through the transmission mech-
anism described in Subsection 5.2, a dynamic capital buffer significantly reduces the volatility of
the four variables for the range of welfare-maximizing γx parameter values. Welfare gains under
Model B are also significant but considerably smaller. In this case, entrepreneurs do not internal-
ize changes in wages, which in turn affect their earnings. As documented in Drechsel and Kim
(2024), the externality due to earnings-based collateral constraints differs from the one generated
by asset-based collateral constraints (Model A).

Under Models C and D, real estate supply is endogenous and property prices are fixed. This implies
that adjustments in the collateral market are fully made via quantities and that these adjustments
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do not have any consequences on property prices that entrepreneurs may not be internalizing. That
is, there are no pecuniary externalities originated by collateral constraints and dynamic capital
buffers are counterproductive in the sense that they de-stabilize the economy and do not generate
any significant welfare gains. The exception to these welfare consequences of dynamic capital
buffers when the supply of the collateral asset is endogenous is in Model C under collateral shocks.
Positive level effects through the collateral constraint still operate under this specification of the
model (as in Model A; recall Figure 7). In contrast, when all mechanisms around the “collateral
channel” are shut-down and the market features of the collateral asset are akin to those of physical
capital markets rather than to property ones, dynamic capital buffers do not yield any positive
level effects (see Appendix D.3).

Figure 12: Volatility effects of a dynamic capital buffer: Collateral market features
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percentage change in the second-order approximation to the standard deviation of the relevant variables. Only
financial (collateral) shocks are active with a size equal to 0.01.

7 Application: Calibration of the Optimal PN-CCyB

To get a sense of how would the optimized parameter values of the optimal rules presented in
Section 5 map into the type of capital requirements and buffers typically calibrated by regulators
in practice, this section provides an application of our quantitative analysis in the form of a simple
framework for computing micro-prudential capital requirements and macro-prudential (releasable)
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capital buffers, including the so-called "positive neutral countercyclical capital buffer" (henceforth,
PN-CCyB).

The PN-CCyB is the rate at which the CCyB is set in the neutral phase of the cycle, a concept
akin to the definition of steady state in our model. Setting this rate to a positive value implies
that in the steady state there is a capital buffer that could eventually be released, causing overall
capital requirements to fall below their steady-state level (which in our model corresponds to γ).
The two-sided nature of dynamic capital buffers captured by policy rule (18) allows for this.

The question is how to calibrate the proportion of these steady state (or structural) capital re-
quirements that can be released by means of a dynamic capital buffer and the proportion that is
genuinely static and interpretable as microprudential capital requirements, or minimun levels of
capital requirements that banks hold over time to mitigate the risk and costs of individual bank
failure. We turn to this in the next subsection.

7.1 Overview of the Framework

We define "calibrated optimal capital requirements at the peak of the eXt cycle" as

γ∗
c = γ∗

|{z}
Structural

Capital Reqs.

+ γ∗
x


nσ∗

eX
�

| {z }
Max Cyclical

Capital Reqs.

, (31)

where γ∗ and γ∗
x denote the optimized policy parameter values that solve Problem (23); σ∗

eX is the
theoretical standard deviation of eXt under such optimal capital requirement; and n is a positive
number of the choice of the regulator. The first term, γ∗, serves to calibrate optimal steady-state
or structural (prudential) capital requirements, whereas γ∗

x

�
nσ∗

eX

�
is computed to calibrate the

optimal dynamic capital buffer (or cyclical capital requirements) at the peak of the eXt cycle (as
an add-on to such structural capital requirements).

For simplicity, policy rule (18) is specified to be symmetric in the sense that the degree of respon-
siveness of γt to changes in indicator eXt (measured by γx) is the same one for positive and negative
shocks. This means that, the size of the calibrated optimal capital buffer that can be released
below the steady-state level of capital requirements (i.e., the calibrated optimal PN-CCyB) should
be identical to the size of the calibrated optimal capital buffer at the peak of the cycle as an
add-on to such steady-state capital requirements or identical to γ∗

x

�
nσ∗

eX

�
. Then, it follows that

- according to expression (31) - calibrated optimal microprudential capital requirements are given
by the part of optimal static or structural capital requirements that are not the calibrated optimal
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PN-CCyB or [γ∗ − γ∗
x(nσ

∗
eX)].

24

Figure 13 provides an illustrative overview of the components of calibrated optimal micro and
macro-prudential bank capital requirements under this simple framework.

Figure 13: Illustrative overview of calibrated optimal capital requirements

7.2 The Case of the Euro Area

To illustrate how to apply this simple framework to the case of the quantitative analysis presented
in Section 5, Table 7 reports the value that each of the components required to compute calibrated
optimal capital requirements (COCR) (as defined in expression 31) take for the cases in which
Problem (23) is solved for ργ, γx and γ (Part A) and for γx and γ only (Part) under the assumption
that indicator eXt is the the expected growth rate of the bank lending spread. Note that the only
difference between the two cases is whether capital buffer smoothing is allowed or not.25 As shown
in our quantitative analysis, this is important even if ργ does not directly enter expression (31) since
allowing for buffer smoothing affects the volatility of the indicator and the optimized parameter
values for γx and γ. Based on simulations of the model over large periods of time under the two

24Note that, as opposed to the language used in Section 4 here we refer to the components of "calibrated optimal
capital requirements" rather than to "optimal capital requirements". They are optimal, as our computations of the
different components are based on welfare-maximizing policy rules. However, they are "calibrated optimal" rather
than simply "optimal", as such computations rely on the calibration of parameter n and are intended to calibrate
the optimal size of a steady state component of optimal capital requirements (i.e., the PN-CCyB) rather than the
level optimal capital requirements have in each period over time.

25For convenience, the table also reports the associated social welfare gains, computed and presented in Section
5.
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optimal rules, we set parameter n to a value of 1.26

Table 7: Calibrated optimal capital requirements

SCR Param DCB Param Std(Indicator) COCR Social WG
(γ∗) (γ∗

x)
�
σ∗

eX

�
(γ∗

c ) (λx100)

A. Smoothing
I. YES 0.0700 0.0064 2.8771 0.0884 14.3625%
II. NO 0.0807 0.0049 0.7491 0.0844 0.5667%

Notes: Calibrated optimal capital requirements and each of its components for the cases in which Problem (23)
is solved for γx, ργ and γ (Section I) as well as for γx and γ (Section II) with indicator eXt being the expected
growth rate of the bank lending spread. For convenience, social welfare gains (expressed in percentage permanent
consumption) are reported in each case. Abbreviations SCR, param, DCB, COCR and WG refer to structural
capital requirements, parameter, dynamic capital buffer, calibrated optimal capital requirements and welfare gains,
respectively.

Figure 14: Calibrated optimal capital requirements

Notes: Calibrated optimal capital requirements and each of its components for the cases in which Problem (23) is
solved for γx, ργ and γ (Smoothing: YES) as well as for γx and γ (Smoothing: NO) with indicator eXt being the
expected growth rate of the bank lending spread. In particular, the figure reports the calibrated optimal: (i) micro-
prudential capital requirements (dashed area), (ii) PN-CCyB (solid area), and (iii) maximum cyclical component
of the CCyB (dotted area). Capital requirements are expressed in percentage points.

Figure 14 displays calibrated optimal capital requirements by components for the two optimal
rules. The results allow us to complement the findings on optimal dynamic capital requirements

26As illustrated in Appendix E, given the dynamics of this model economy this is a reasonable value for parameter
n.
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presented in Section 5. the rate of the calibrated optimal PN-CCyB - and, more generally speaking,
that of dynamic (releasable) capital buffers - is larger with smoothing than without it.27 The
reason is twofold. First, due to a lower γ value (a higher steady-state bank default probability)
macroeconomic and financial aggregates (from the net interest margin to consumption) are more
volatile, which means that society stands ready for gaining more from having dynamic capital
buffers in place. This is reflected in a comparatively higher optimized value for γx. Second,
less aggressive (i.e., more gradual) responses to expected shifts in the bank lending spread via
capital buffer smoothing imply that fluctuations in the bank lending spread are wider under the
optimal rule with smoothing (see the difference in the standard deviation of the indicator under
the optimal rules in Table 7 and the responses of the net interest margin in Figure 10). Given
that the bank lending spread is the variable that drives the adjustments in capital requirements, it
seems reasonable that more volatile net interest margins map into larger dynamic capital buffers.
For a simulation of dynamic capital requirements over a long period of time under the optimal rule
with smoothing, see Appendix E.

8 Conclusion

We reconcile recent evidence on the benefits of building releasable capital buffers when there is
headroom for doing so with the theoretical literature on macro-banking models featuring bank risk
failure, limited liability and deposit insurance. Our model also captures previous findings in the
empirical literature on bank capital regulation including those of the negative impact on short-term
lending of an exogenous capital requirement tightening and the macroeconomic and welfare gains
of setting relatively conservative static bank capital requirements.

To account for these empirical observations, it is sufficient to allow for certain empirically-relevant
features of collateral markets. The simplicity of the model is instrumental to clearly identify the
transmission of capital buffers that build in response to upward shifts in net interest margins.
However, it comes at the cost of omitting additional considerations that may be policy relevant
and which constitute promising avenues for future research. Among others, the assessment of
dynamic capital buffers in an environment with twin defaults (Mendicino et al. 2024) that also
allows for pecuniary externalities due to collateral constraints.

27Given that steady-state capital requirements are lower with smoothing, this means that calibrated optimal
micro-prudential capital requirements are significantly lower under the optimal rule with smoothing.
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A Equations of the Model

This section presents the full set of equilibrium equations of the model described in Section 3.

A.1 Households

Households seek to maximize their objective function subject to the following budget constraint:

ch,t + qt(hh,t − hh,t−1) + dh,t + bh,t + Tt = eRd
t dh,t−1 +Rb

t−1bh,t−1 + wtnh,t + Ωt, (A.1)

where the realized gross return on bank deposits is given by eRd
t = Rd

t−1 − (1− κ)Ψt.

Their choice variables are ch,t, hh,t, dh,t, bh,t and nh,t. The first order conditions of the problem
read

λh,t =

"
ch,t −

n1+ϕ
h,t

(1 + ϕ)

#−σu

, (A.2)

qtλh,t =
jh,t
hh,t

+ βhEt (qt+1λh,t+1) , (A.3)

λh,t = βhEt

�
λh,t+1

eRd
t+1

�
, (A.4)

λh,t = βhEt


λh,t+1R

b
t

�
, (A.5)

wt = nϕ
h,t, (A.6)

where λh,t is the Lagrange multiplier on the budget constraint of the representative household.

A.2 Banking Groups

A.2.1 Bankers

The law of motion of bankers’ net worth is
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Nb,t = θbρb,teb,t−1 + (1− θb)χbρb,tNb,t−1. (A.7)

The gross return on equity can be defined as

ρb,t+1 =
[1−Gt+1(ωb,t+1)]R

l
t+1lb,t − [1− Ft+1(ωb,t+1)]R

d
t db,t

eb,t
. (A.8)

The stochastic discount factor of the banker is

Λb,t+1 = Λh,t+1 (1− θb + θbυb,t+1) . (A.9)

The transfer from retiring bankers to the household net of the initial endowment received by new
bankers is given by

Ωt = (1− θb) ρb,t (eb,t−1 − χbNb,t−1) . (A.10)

A.2.2 Banks

Banks maximize their objective function subject to a balance sheet identity and a capital require-
ment constraint,

lb,t = eb,t + db,t, (A.11)

eb,t ≥ γtlb,t. (A.12)

The resulting optimality condition reads

Et

�
Λb,t+1

�
(1−Gt+1(ωb,t+1))R

l
t+1 − (1− Ft+1(ωb,t+1)) (1− γt)R

d
t

�	
= γtυb,t. (A.13)

The threshold for the value of ωb,t below which the bank defaults is

ωb,t+1 = (1− γt)
Rd

t

Rl
t+1

. (A.14)
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A.3 Entrepreneurs

Entrepreneurs seek to maximize their objective function subject to a budget constraint

ce,t + qt(he,t − he,t−1) +Rl
tle,t−1 + wtne,t = Ye,t + le,t, (A.15)

where the homogeneous final good is produced by using a Cobb-Douglas technology that combines
labor and CRE as follows

Ye,t = Ath
ν
e,t−1n

(1−ν)
e,t , (A.16)

The maximization of entrepreneurs’ objective function is also constrained by a collateral con-
straint:

le,t ≤ ϕA
t qthe,t, (A.17)

Their choice variables are ce,t, le,t, ne,t and he,t. The first order conditions are given by

λe,t = ce,t
−σu , (A.18)

λe,t = βeEt


λe,t+1R

l
t+1

�
+ µe,t. (A.19)

qtλe,t = βeEt

�
λe,t+1

�
qt+1 +

νYe,t+1

he,t

��
+ µe,tϕ

A
t Et(qt), (A.20)

wt =
(1− ν)Ye,t

ne,t

, (A.21)

where λe,t and µe,t are the Lagrange multipliers on the budget constraint and the collateral con-
straint of the representative entrepreneur, respectively.

A.4 Public Authorities

A.4.1 Prudential Authority

The prudential authority sets the regulatory capital requirement according to a simple rule
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γt = γ + γx eXt (A.22)

A.4.2 Deposit Insurance Scheme

The DIS collects lump-sump taxes to cover the gap between the losses on insured deposits incurred
by households due to bank failure and the repossessed bank assets

Tt = κΨtdh,t−1, (A.23)

where total losses incurred by households on deposits that are not covered with repossessed bank
assets are given by

Ψtdh,t−1 =
�
Rd

t−1db,t−1

�
F (ωb,t)− (1− µb)R

l
tlb,t−1Gt(ωb,t)

�
, (A.24)

F (ωb,t) is the probability of bank default

F (ωb,t) =

Z ωb,t

0

f (ωb; σω,t) dωb = 𭟋
�
log(ωb,t) + σ2

ω,t/2

σω,t

�
, (A.25)

and G(ωb,t) is the share of total assets owned by bankers which end up in default

G(ωb,t) =

Z ωb,t

0

ωbf (ωb; σω,t) dωb = 𭟋
�
log(ωb,t)− σ2

ω,t/2

σω,t

�
, (A.26)

with f (ωb; σω,t) and 𭟋 [.] denoting the probability density function and the cumulative distribution
function of the bank-idiosyncratic asset return shock ωb,t, respectively. This shock is i.i.d. across
banks and follows a log-normal distribution with a mean of one and a standard deviation, σω,t =

σωε
ω
t , that evolves stochastically over time, driven by some aggregate risk shocks εωt .

A.5 Aggregation and Market Clearing

Market clearing is implied by the Walras’ law, by aggregating all the budget constraints. The
aggregate resource constraint of the economy represents the equilibrium condition for the final
goods market:

Ye,t = Ct + µbR
l
tlb,t−1Gt(ωb,t). (A.27)

Similarly, in equilibrium labor demand equals total labor supply,
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ne,t = nh,t. (A.28)

The stock of real estate must equal the demand coming from households and entrepreneurs

H = hh,t + he,t. (A.29)

Aggregate net worth of bankers equals equity issued by banks

Nb,t = eb,t. (A.30)

Similarly, in equilibrium demand for loans of entrepreneurs equals bank credit supply

le,t = lb,t. (A.31)

The stock of bank deposits held by households must be equal to banks’ deposit funding

dh,t = db,t. (A.32)

In equilibrium, the risk-free asset is in zero net supply

bt = 0. (A.33)

A.6 Shocks

The following zero-mean, AR(1) shocks are present in the baseline calibration model: At, εht , ε
ϕ
t ,

εωt . These shocks follow the processes given by:

logAt = ρA logAt−1 + eAt , eAt ∼ N(0, σA). (A.34)

log εht = ρh log ε
h
t−1 + eht , eht ∼ N(0, σh), (A.35)

log εϕt = ρϕ log ε
ϕ
t−1 + eϕt , eϕt ∼ N(0, σϕ), (A.36)
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log εωt = ρω log ε
ω
t−1 + eωt , eωt ∼ N(0, σω). (A.37)
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B Data and Sources

This section presents the dataset employed for the construction of Figure 1 and the calibration of
the model in Section 3 of the paper.

Credit-to-GDP Gap: Euro area - Credit-to-GDP gaps (actual-trend), Credit from All sectors
to Private non-financial sector, percentage of GDP. Source: BIS statistics.

Gross Domestic Product: Gross domestic product at market prices, Euro area (fixed composi-
tion), Domestic (home or reference area), Total economy, Euro, Current prices, Non transformed
data, Calendar and seasonally adjusted data. Source: ESA2010 National accounts, Main aggre-
gates, Eurostat.

GDP Deflator: Gross domestic product at market prices, Euro area (fixed composition), Do-
mestic (home or reference area), Total economy, Index, Deflator (index), Non transformed data,
Calendar and seasonally adjusted data. Source: ESA2010 National accounts, Main aggregates,
Eurostat.

Bank Loans to NFCs: Loans vis-a-vis euro area NFC reported by MFI excluding ESCB in
the euro area (stock), Euro area (changing composition), Outstanding amounts at the end of the
period (stocks), MFIs excluding ESCB reporting sector - Loans, Total maturity, All currencies
combined - Euro area (changing composition) counterpart, Non-Financial corporations (S.11) sec-
tor, denominated in Euro, data Neither seasonally nor working day adjusted. Source: MFI Balance
Sheet Items (BSI Statistics), European Central Bank.

Deposit Interest Rate: Bank interest rates, overnight deposits from households - euro area,
Euro area (changing composition), Annualised agreed rate (AAR) / Narrowly defined effective
rate (NDER), Credit and other institutions (MFI except MMFs and central banks) reporting
sector, Overnight deposits, Total original maturity, New business coverage, Households and non-
profit institutions serving households (S.14 and S.15) sector, denominated in Euro. Source: MFI
Interest Rate Statistics (MIR Statistics), European Central Bank.

NFC Loans Interest Rate: Bank interest rates, loans to corporations with an original maturity
of up to one year (outstanding amounts) - euro area, Euro area (changing composition), Annu-
alised agreed rate (AAR) / Narrowly defined effective rate (NDER), Credit and other institutions
(MFI except MMFs and central banks) reporting sector, Loans, Up to 1 year original maturity,
Outstanding amount business coverage, Non-Financial corporations (S.11) sector, denominated in
Euro. Source: MFI Interest Rate Statistics (MIR Statistics), European Central Bank.
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C Static Capital Requirements: Transmission

This section outlines the transmission of permanent and transitory increases in static capital
requirements, γ.

Figure C.1: Permanent increase in static capital requirements
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Notes: The figure reports the steady state level of key selected aggregates as a function of γ. Bank equity, lending
and resolution costs are expressed as a percent of quarterly GDP. Banks’ default probability, WACC and lending
rate are expressed in annualized percentage points. Property prices and net output are expressed as a percentage
of their baseline levels. The solid line indicates the baseline static capital requirements level. Abbreviations DWL
refers to deadweight loss.
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Figure C.2: Transitory increase in static capital requirements
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Notes: Impulse responses of selected aggregates to a capital requirement shock. The shock size, σγ , is set to 0.125
such that, on impact, the capital requirement goes up by 1 percentage point. Variables are expressed in percentage
deviations from the steady state. The exceptions are bank capital requirements, the bank default probability, the
bank WACC, the bank RoE and the lending rate, which are shown as absolute deviations from the steady state and
are expressed in percentage points, with all of them being annualized except for the case of capital requirements.
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D The Role of Collateral Market Features

D.1 Equations of the Models

This section presents the equations of models B and C that differ from those of Model A as well
as the equations of Model D that differ from those of Model C. For the remainder of the section,
it is useful to define ϕs

t = ϕsεϕt as a possibly time-varying fraction (or multiple) of the aggregate
against which the entrepreneur gets indebted, with s = {A,B,C,D}, ϕs ≥ 0, and εϕt capturing
exogenous shocks to the entrepreneurs’ borrowing capacity.

D.1.1 Model B

Under Model B, the borrowing limit faced by entrepreneurs takes the form of an earnings-based
collateral constraint

le,t ≤ ϕB
t


Athe,t−1

νne,t
(1−ν) − wtne,t

�
. (D.1)

The first order conditions with respect to le,t and he,t are given by

qtλe,t = βeEt

�
λe,t+1

�
qt+1 +

νYe,t+1

he,t

��
+ µe,tϕ

B
t+1Et

�
νYe,t+1

he,t

�
, (D.2)

wtλe,t = λe,t
(1− ν)Ye,t

ne,t

+ µe,tϕ
B
t

��
(1− ν)Ye,t

ne,t

�
− wt

�
. (D.3)

D.1.2 Model C

Households’ budget constraint is given by:

ch,t + qt[hh,t − (1− δ)hh,t−1] + dh,t + bh,t + Tt = eRd
t dh,t−1 +Rb

t−1bh,t−1 + wtnh,t + Ωt. (D.4)

The first order condition with respect to hh,t reads

qtλh,t =
jh,t
hh,t

+ βhEt [λh,t+1qt+1(1− δ)] . (D.5)

Entrepreneurs’ budget constraint is given by:

ce,t + qt[he,t − (1− δ)he,t−1] +Rl
tle,t−1 + wtne,t = Ye,t + le,t. (D.6)
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The first order condition with respect to he,t reads

qtλe,t = βeEt

�
λe,t+1

�
qt+1(1− δ) +

νYe,t+1

he,t

��
+ µe,tϕ

C
t Et(qt). (D.7)

The aggregate stock of produced real estate must be equal to the stock of housing held by savers
and borrowers:

Ht = hh,t + he,t, (D.8)

where Ht evolves according to the standard law for capital accumulation,

Ht = (1− δh)Ht−1 + IHt. (D.9)

The equilibrium condition for the final goods market reads

Ye,t = Ct + IHt + µbR
l
tlb,t−1Gt(ωb,t). (D.10)

D.1.3 Model D

Households’ budget constraint is given by:

ch,t+qt[hh,t−(1−δ)hh,t−1]+sthh,t+dh,t+bh,t+Tt = eRd
t dh,t−1+Rb

t−1bh,t−1+wtnh,t+rht hh,t−1+Ωt+Ξt,

(D.11)

where st is the per unit management cost subject to which households can hold real estate (inter-
pretable as physical capital), rht is the rental rate and Ξt denotes profits from capital management
firms.

The first order condition with respect to hh,t reads

(qt + st)λh,t = βhEt

�
λh,t+1(r

h
t+1 + (1− δ)qt+1)

�
. (D.12)

Entrepreneurs’ budget constraint is given by:

ce,t + qt[he,t − (1− δ)he,t−1] +Rl
tle,t−1 + wtne,t + rht (Ht−1 − he,t−1) = Ye,t + le,t, (D.13)
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where the homogeneous final good is produced by using a Cobb-Douglas technology that combines
labor and the total stock of real estate as follows

Ye,t = AtH
ν
t−1n

(1−ν)
e,t . (D.14)

The first order conditions with respect to he,t and Ht read

qtλe,t = βeEt

�
λe,t+1

�
rht+1 + qt+1(1− δ) +

νYe,t+1

he,t

��
+ µe,tϕ

D
t Et(qt), (D.15)

rht =
νYe,t

Ht

. (D.16)

The equilibrium condition for the final goods market reads

Ye,t = Ct + IHt + µbR
l
tlb,t−1Gt(ωb,t) + z(hh,t). (D.17)

Capital Management Firms They maximize profits:

Ξt = sthh,t − z(hh,t), (D.18)

where z(hh,t) =
ξ

2
h2
h,t is a cost function that we assume to be quadratic, with ξ > 0. Then, the

first order condition is given by st = ξhh,t.

D.2 Calibration

Under the baseline calibration for Model A, all steady state rates and ratios with which we match
the list of data targets reported in Tables 1B and 2A remain unchanged across the four different
versions of the model with two exceptions; the bank lending-to-GDP ratio and the households’
property wealth-to-GDP ratio. For comparability purposes, we (re-)calibrate only the parameters
that are strictly needed to match these two data targets across the different versions of the model
while all other parameters remain at their baseline calibration values (Table D.1).

Under Model B, the bank lending-to-GDP ratio is the only data target that is no longer matched
under the baseline calibration. To match it, we set the value of the borrowing limit parameter, ϕB,
to a value of 56.28 Under Model C, we simultaneously match the two data targets by fixing the
depreciation rate of real estate to a value of 0.0005. Under Model D and given that in this case real

28Note that the value of borrowers’ property holdings is significantly larger than that of quarterly NFC earnings.
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estate is interpretable as physical capital in all respects, the physical capital share in production
and the capital management cost parameter, ξ, are set to conventional values of 0.3 and 0.006,
respectively (Mendicino et al. 2020). For comparability purposes, we fix the depreciation rate to
the same value as in Model C. Then, the borrowing limit parameter, ϕD is set to 0.046 such that
the data target for the bank lending-to-GDP ratio is matched.29

Table D.1: Model fit

Variable Description Data Model A Model B Model C Model D
lb/Y Bank lending-to-GDP ratio 1.682 1.683 1.680 1.608 1.689

qhh/Y HH property wealth-to-GDP ratio 2.802 2.803 2.802 2.830 −
Notes: All series in Euros are seasonally adjusted and deflated. Abbreviation HH refers to households.

D.3 Level Effects

Figure D.1: Level effects of a dynamic capital buffer: Collateral market features
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Notes: Level effects on bank lending, commercial real estate and aggregate consumption of changes in parameter
γx under the case in which indicator eXt is the the forward-looking growth rate of the bank lending spread for
models C and D. Level effects are captured by the changes in the second-order approximation to the stochastic
mean (expressed as a percent of the baseline level) of the relevant variables. Only financial (collateral) shocks are
active with a size equal to 0.01.

29Given that households do not derive utility from housing services under Model D, matching the households’
property wealth-to-GDP ratio is not possible. Under the calibration of Model D, the equivalent to this ratio (i.e.,
households’ physical capital-to-GDP ratio is equal to 0.020%).
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E Application: Calibration of the Optimal PN-CCyB

Figure E.2: Simulated optimal dynamic capital requirements
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Notes: Simulation of dynamic capital requirements, γt, over a period of 1,000 quarters for the case in which
Problem (23) is solved for γx, ργ and γ. Indicator eXt is the expected growth rate of the bank lending spread.
Capital requirements are expressed in percentage points.
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