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Abstract

Output floor has emerged as a possibly important tool to ensure financial stability within
the banking system. This paper proposes to assess the quantitative potential of output floor to
ensure financial stability through the lens of a general equilibrium model for the Euro Area. We
get three main results. First, implementation of output floor entails macrofinancial stabilization
benefits for Euro Area activities in the long run, which confirms results found by financial
European regulators. Second, along financial and economic cycles, output floor activation
reduces volatility of banks capital to risk-weighted-asset ratio and the dispersion of this ratio
between core and periphery banks, consistently with the desired outcome defined by financial
regulators. Third, moderate banking openness in Euro Area limits cross-border credit flows
spillovers, which does not affect output floor efficiency. However, full banking openness (i.e.

banking union) produces high spillovers and erodes this efficiency.
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1 Introduction

The Global Financial Crisis (GFC) in 2007 and its consequences on the European Debt crisis in
2010 reinforced the economic and financial dichotomy among Euro Area countries. Basically,
this dichotomy led to the definition of core economies in this area taht actively participate in the
funding of periphery economies (Schmitz and Von Hagen, 2011). While this dichotomy is not
new (already mentioned in Bayoumi and Eichengreen, 1993), it reflects financial heterogeneity
and incomplete financial integration process (Poutineau and Vermandel, 2015). Thus, this issue
is at the opposite objective of the financial integration promoted by European regulators and
come to fuel work on structural heterogeneities in the Economic and Monetary Union (EUM).
Both crises contributed to this financial heterogeneity by reducing cross-banking flows in the
Euro Area (Poutineau and Vermandel, 2015 ; Emter et al., 2019 ; Hoffmann et al., 2022), which
exacerbates the economic cycle asymmetry between core and periphery economies (Belke et
al., 2017). Moreover, as shown in Figure 1, regarding the evolution of credit access conditions
in Euro Area, both crises also have increased heterogeneity in the financial cycle between core
(solid blue line in the figure) and peripheral economies (purple dashed line). Note that before
the 2007 GFC, the figure highlights a lower restriction in credit access. Part of this lower
tightening credit condition could be fueled by stronger incentives of banks to underestimate the

credit risk used in the computation of Risk-Weighted-Asset (RWA).

Before the 2007 GFC, these incentives were more pronounced for banks using the Internal
Rating Based (IRB) approach in the estimation of credit risk (Behn et al., 2016). Underes-
timation of credit risk comes from the essentially biased definition of default probability and
Loss-Given-Default (henceforth LGD) made by banks and used in IRB approach'. Moreover,
these incentives contribute to an unjustified variability in the bank capital to RWA ratio over
time (i.e. volatility of the ratio) and among banks (variability). This ratio is a key indicator
for assessing the financial robustness of financial institutions. Hence, the unjustified variabil-

ity of this ratio erodes its comparability between banks and reduces its reliability for investors

'Basel Committee allows two IRB approaches in credit risk estimation. The first one is the Foundation IRB
(F-IRB) approach where banks provide only estimation of borrowers default probability and LGD is fixed at 40%.
The second one is the Advanced-IRB (A-IRB) approach where banks provide estimation of default probability
and LGD.



Figure 1: Evolution of credit conditions between core and periphery banks in the Euro Area
between 2003 and 2015.
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(Avramova and Le Leslé, 2012).

The Hypothetical Portfolio Exercise (henceforth HPE) led by the Basel Committee in 2013
is a concrete proof of this variability issue (BCBS, 2013). The HPE was a bottom-up approach
that asked 32 international banking groups to estimate the RWA from an identical and fictive
credits portfolio. The results of the HPE pointed out a non-negligible dispersion of default
probabilities and LGD among banks. This dispersion significantly contributes to the high RWA
variability among these financial institutions. Based on a capital requirement ratio of 10%,
figure 2 shows that RWA estimations in the HPE generated a deviation of this ratio between
roughly minus 2 and 1.8 percentage points. This high variability confirms the results obtained
in a 2012 FMI report that analyzed the potential reasons for capital requirements heterogeneity

between banks (Avramova and Le Leslé, 2012).

The HPE results also contribute to the creation of Basel Committee recommendations re-
garding the harmonization of credit risk estimation and prudential policies to improve IRB
credibility for financial actors. Among these recommendations, the Committee suggested set-
ting a minimum value for banks’ capital and / or estimated parameters in the IRB approach

(BCBS, 2013). This suggestion led to the elaboration of an Output Floor (OF) in the Basel 3



Figure 2: Variability of capital adequacy ratio between international banking group participat-
ing at the HPE in 2013.
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finalization document (BCBS, 2017a). The OF imposes a minimum level of RWA estimated us-
ing the IRB approach. This minimum level corresponds to 72.5% of the RWA estimated using
the standardized approach. As mentioned by the Basel Committee, the objective of the Output
Floor is to limit RWA volatility (temporal dimension) and reduce capital to RWA variability
between banks (cross-sectional dimension) (BCBS, 2017a). The cross-sectional dimension of
the OF objective could play an important role in Euro Area prudential regulation as Figure 2
points out the high variability of the capital to RWA ratio between European banks.

While OF is applicable since January 2023, it has not yet been implemented in the Euro
Area countries, and European financial regulators have recently confirmed an operational OF
in two years, that is, on January 20252, In the current financial and economic context, studies
on the effect of the Output Floor in the Euro Area financial and real activities are important
to obtain first intuitions about the potential benefits and costs of this instrument (Budnik et al.,
2021). These studies are even more than necessary because the literature on the impact of the
Output Floor is still in its infancy.

While the ongoing procedure for OF implementation in the Euro Area limits empirical

2See the speech of the European Central Bank (ECB) Vice-President made in June 2023. URL link to the
speech:
https://www.ecb.europa.eu/press/key/date/2023/html/ecb.sp230609~c9ef904931.en.html



studies, some econometric and statistical papers provides insights about the potential effects
of the prudential instrument. For instance, Pop and Pop (2022) conducted a counter-factual
study on the OF by constituting a bank portfolio composed of credits to small and medium
French companies. The authors’ results indicate a reduction in the spread between RWA es-
timated using standardized and IRB approaches. This reduction limits OF efficiency. Other
works, such as the one of Neisen and Schulte-Mattler (2021), concludes that OF implementa-
tion leads to a decrease in banking profitability, while Binder and Lehner (2020) indicate that
OF obliges banks to increase their capital. This result corroborates the conclusions of the Eu-
ropean Banking Authority report published in 2018 (EBA, 2018). Moreover, Stewart (2021)
explains that OF reduces banks’ incentives to use the IRB approach, and in fine erodes opti-
mal allocation in banking capital. However, the work of Pfeifer and Hodula (2021) indicates
that OF improves banks’ resilience using the IRB approach. Furthermore, based on Norwegian
banks, Andersen and Johnsen (2023) show that the Output Floor contributes to more equal and
comparable capital requirements between Norwegian and foreign banks. This result confirms
the cross-sectional objective of the OF defined by financial regulators.

Regarding the theoretical literature, to the best of my knowledge, only the work of Acosta-
Smith et al.(2021) has evaluated the macrofinancial and macroeconomic impact of the Output
Floor in a modeling approach. The authors used the Dynamic Stochastic General Equilibrium
(DSGE) model of Gambacorta and Karmakar (2018) (an extended version of the DSGE model
of Gerali et al., 2010) to analyze OF impacts in United Kingdom economy. the results of
Acosta-Smith et al.(2021) indicate that OF incites banks to compose their portfolio with credits
whose risk-weight is close to the OF threshold, that is, corporate credits in their model. Despite
an asymmetrical effect between credit sectors, the authors show that the use of the Output Floor
improves financial stability. Nevertheless, the DSGE model of Gambacorta and Karmakar
(2018) does not integrate the default probabilities of borrowers. This issue constrains Acosta-
Smith et al.(2021) to define an alternative IRB approach taht differs from the one imposed
by the Basel Committee. Contrary to these authors, one of the contributions of this paper
is the consideration of endogenous borrowers default probability, determined via a financial

accelerator. This probability is consistent with the empirical IRB approach and provides a



more realistic Output Floor analysis.

To do so, this paper modifies and extends the core-periphery DSGE model of Poutineau
and Vermandel (2017) in order to bring three main contributions in the literature : 1) evaluate
potential OF benefits and costs for the Euro Area activity in different time horizons ; 2) verify
whether OF would reach its objectives, that is, reduce volatility and variability of capital to
RWA ratio between Euro Area banks and 3) analyze its compatibility with banking integration
promoted by European financial regulators.

The main results of the paper suggest that OF implementation produces macrofinancial
and macroeconomic benefits for Euro Area activities in the long run which confirms guesses
made by financial European regulators. However, these potential benefits comes at a lower
welfare for households because higher production leads to the generation of more hours of
work (negatively linked to households utility) than consumption (positively linked to it).

The paper shows that, in comparison with immediate and full Output Floor implementa-
tion, progressive OF implementation in time (i.e. phase-in process) limits macrofinancial and
macroeconomic costs of Euro Area activities in the short run (i.e. during the process) but not
in the medium run (i.e. after the process ends). Moreover, process transition costs is smoother
for core banks than for periphery banks. This result underlines the potential asymmetry for
European banks to adapt their activities to a new prudential instrument.

Furthermore, the results show that during financial and economic cycles, OF activation
reduces the volatility of bank capital to RWA ratio and the dispersion of this ratio between core
and peripheral banks. This means that OF can reach its goals of limiting banking solvency
risk and improving financial investors’ confidence in using the ratio to compare solvency risk
between banks hail from different economic regions in the Euro Area.

Finally, the paper indicates that, up to a certain threshold, banking openness in the Euro
Area has no significant impact on OF efficiency. However, full banking openness (i.e. banking
union) is detrimental to it. This last result calls for the design of a national OF instead of a

federal one to preserve OF and banking integration objectives in the Euro Area simultaneously.

The rest of the paper is organized as follows. Section 2 describes the key parts of the

DSGE model for OF analysis. Section 3, evaluates the long-run impact of the Output Floor on



banking and real sectors in the Euro Area. This section also discusses the choice of progressive
implementation of the instrument, as suggested by Basel Committee (i.e. OF phase-in process).
Section 4 studies the role of the Output Floor in banking solvency risk along the financial
and economic cycles. Section 5 studies the influence of banking integration on Output Floor

efficiency. Section 6 concludes.

2 The Model

To study the macro effects of the Output Floor (henceforth OF), this paper modifies and extends
the core-periphery DSGE model of Poutineau and Vermandel (2017) in three ways. First, con-
trary to these authors, our analysis does not consider the inter-bank market in the model because
banks do not have the possibility of default. This implies the absence of a default probability,
which makes the IRB approach (and thus OF analysis) of banks’ credit risk less realistic. Sec-
ond, instead of using the Pareto distribution to compute a firm’s default risk, as in Poutineau and
Vermandel (2015) and Poutineau and Vermandel (2017), our model follows Bernanke, Gertler
and Gilchrist (BGG, 1999) by adopting a log-normal distribution. This choice in DSGE models
provides a dynamic of IRB risk-weighted-assets closer to the one provided by the Basel reg-
ulation (Mendicino et al., 2018 and Darracq-Paries et al., 2019). Third, the model integrates
the OF mechanism into the bank capital constraint as in Acosta-Smith et al.(2021). Similar to
Gerali et al.(2010), the bank capital constraint corresponds to a quadratic cost in a bank’s profit.
The rest of the model is close to that of Poutineau and Vermandel (2017) and can be summa-
rized as follows. The model is based on a monetary union similar to the Euro Area, that is, it
incorporates two economies (core and periphery) that have a common monetary policy directed
by a central bank. In each economy ¢ € {c¢, p} (core and periphery economies respectively),
there is a continuum of identical households that consume, save and work in intermediate firms.
Household work is remunerated via a salary that is determined by labor unions and subjected
to nominal friction a la Calvo (1983).

In the production sector of each economy ¢, competitive intermediate firms use capital and labor

(realized by households) to produce and sell heterogeneous intermediate goods to monopolis-



tic final firms. Prices of intermediate goods are also subject to nominal friction a la Calvo
(1983), while final firms can generate a mark-up on the prices of their final goods. There are
also entrepreneurs who finance intermediate firms’ capital rental through investment projects.
Entrepreneurs use their own net worth and banking loans to finance such projects. For an en-
trepreneur in economy ¢, banking loans come from banks implemented in both economies. En-
trepreneurs can make default when projects return is not profitable enough to reimburse bank
loans. Moreover, entrepreneurs have a biased view of the expected return of their projects,
which influences the banking lending condition and generates a financial accelerator. Capital
producers buy depreciated capital from intermediate firms and invest in the production of the
necessary capital in entrepreneurs’ projects. Investment decisions of capital producers imply
the definition of an optimal capital price subject to a quadratic adjustment cost of investments.
In each economy 7, banks provide loans to core and peripheral entrepreneurs. Loans finance
banks’ capital and deposits made by domestic households. Banks have two financial constraints
: balance-sheet and prudential capital constraints. The latter corresponds to a quadratic cost in
the bank profit function, which increases when the capital-to-risk-weighted-asset ratio deviates
from the level expected by the financial authority.

There is a government and financial authority in each economy ¢. Government finances public
spending by charging lump-sum taxes to local households. The amount of taxes permits the
full financing of public spending, which means that the government does not contract public
debt to guarantee the balance of the public budget. Financial authority implements prudential
policy on banks’ capital to maintain financial stability. Finally, a central bank sets a common
Taylor-shaped monetary policy in both economies.

In the rest of this section, we focus on the modified and extended parts of the model for the OF
analysis, that is, the entrepreneurs and banking blocks. The other parts of the model are similar

to those of Poutineau and Vermandel (2017).



2.1 Entrepreneurs
2.1.1 Projects’ financing

Each entrepreneur e provides the amount K; ;(e) of capital to finance the projects of intermedi-
ate firms. In period ¢, an entrepreneur manages a large number of heterogeneous projects with a
total value of ¢; ;K ;(e) (where ¢;; = Q;+/ PZC; is the implicit real price of capital, i.e. the ratio
between nominal capital price ();, and the aggregated price level PZ-(j;). Entrepreneur finance
these projects with their own net worth V; ;(e) and a real amount of banking loans L/ (e). The

balance of the representative entrepreneur is given by :

¢ i 1(e) = Niqie) + Lft(@) (D)

where h% € [0, 1] denotes the habit degree, Lgt_l reflects the aggregate average of loan demand
in the previous period and Zj is the long run level of loans’ demand. As mentioned by Pou-
tineau and Vermandel (2017), the integration of this habit allows the capture of the high auto-
correlation of loans observed empirically. Entrepreneurs borrow from domestic banks (indexed
by h) and foreign banks (indexed by f) to meet their balance sheet. Similar to Brzoza-Brzezina
et al.(2017), the total amount of loans borrowed by the representative entrepreneur is expressed
by the following CES function :

v v—1)/v v v=1)/v] ¥/ (=D
th(e) _ [(1 _ OgiL)l/ (Lz’mﬁ(e))( 1)/ + (OélL)l/ (L?i’t(e))( 1)/ i| (2)

where o € [0,1/2] corresponds to the share of entrepreneurial loans financed by foreign
banks. This parameter also indicates the degree of banking openness inside the monetary union
(aF = 0 for banking autarky and o* = 0.5 for banking union). Parameter v > 0 denotes the
elasticity of substitution between domestic and foreign banking loans while Lﬁ’i’t(e) (respec-
tively L‘]{M(e)) stands for the amount of domestic (foreign) loan demands of entrepreneur e in
economy ¢.

The CES function of aggregate loan demand implies that the global cost of loan Pﬁ(e) for

the entrepreneur aggregates domestic and foreign loan interest rates (respectively Rﬁ’t(e) and

. . —d
Moreover, loan demands are subject to external habits such as L’ (e) = L¢,(e)—h} (L,‘;ft_1 — L,

2

)



R (e)) as follows :

_v] 1/(1-v) 3)

L+ Plh(e) = |(1—af) (1+ BE) '™ +ak (1+ Bf,)'

Furthermore, loan demands for banks in both economies depend on the relative level of

their local interest rate such as :

[ 1+ RE, |
d L hit d
Lh,i,t(e) =(1—-a) 11 Pth(e> Li,t(e)
[ 14+RE, ]
d _ L fit d
Lfyiyt(e) = 14+ ‘Pz{/t(e) Li,t(e)

2.1.2 Financial accelerator and projects’ return

Similar to Bernanke, Gertler and Gilchrist (BGG, 1999), it is assumed that entrepreneurs’
projects are risky and obtain an individual return equal to w; (1 + Rﬁt). Component w;
represents the idiosyncratic risk of the project’s return whereas Rﬁt reflects its aggregate re-
turn. Contrary to Poutineau and Vermandel (2017), it is supposed that the idiosyncratic risk
wj ¢ follows a log-normal distribution with a mean uln(wi_’t) and a stochastic standard deviation
Oln(wis) = eggm as in Mendicino et al.(2018) and Darracq-Paries et al.(2019). The stochas-
tic process of the standard deviation e¢ corresponds to a random exogenous shock on default
risk to capture exogenous changes in banks risk estimation.

The variable w;; is i.i.d with a cumulative distribution function F'(w;;) which follows

standard regularity properties’. The mean of idiosyncratic risk w is equal to Hin(wiri1) =

—0.5012n ) in order to guarantee that E; ;(w; ;1) = 1 in each period.

(Wi t+1
Each project is profitable when its return is above a threshold wft such that the value of the
profitable project is equal to Wi (e) = E (w;¢|w;¢ > wl(e)). After aggregating all projects,

profit function of the entrepreneur e can be expressed as follows :
117, (e) = By {@is(e)(1 + RE 1) @i Kig(e) — (1+ PL)L(e) } (4)

To obtain a loan, entrepreneurs engage in financial contracts before the realization of risk

3The cumulative distribution function is continuous, first order differentiable and satisfies the following condi-
tion : %jjw) > 0, where f(w) is the hazard rate.

10



w which can generate unexpected losses for banks and entrepreneurs. After the realization of
w, entrepreneurs observe the ex-post value of wgt and are able to distinguish profitable projects
(i.e. w > wf) from non-profitable ones (w < w{,). Assuming null profit in equation (4), the ex

post value of wS, must respect the condition below :

wip(1+ R i1 Kig-1(e) = (1+ Py Lig i (e) )

Contrary to Bernanke, Gertler and Gilchrist (BGG, 1999), this condition implies that en-
trepreneurs do not know the ex-ante value of W, ;(e) (i.e. before the realization of w).

Moreover, unlike these authors, the financial accelerator introduced in the model comes
from a biased view of the entrepreneur on the expected return of projects and not from a moral
hazard issue. This bias view concept is similar that of De Grauwe (2010) and allows for the
introduction of an alternative financial accelerator in the model. This bias generates a distortion
in the ex-ante entrepreneur’s perception of the profitable project w; ;(e) which is defined by the

following CES function :
9 @is1(€)) = Ti(e) 07 (@i (€))7 (6)

where »; € [0, 1] denotes the bias intensity and w;(e) corresponds to the long run value of
w; +(e). Therefore, the financial accelerator mechanism can be summarized as follows. During
economic and financial upturns, projects’ aggregate returns increase above their steady state
values (w; 1+1(e) > w;(e)). Entrepreneurs’ forecasts regarding aggregate profitability are opti-
mistic (¢ (W; ++1(e)) > w;++1(e)) and send a stronger confidence signal to banks’ beliefs about
projects quality. Banks further reduce financial restrictions for entrepreneurs, and the latter can
invest in more profitable projects, increasing aggregate return. During downturn episodes, this
relationship between banking and real the sector exacerbates the economic and financial reces-
sion.
Furthermore, in the long run, it is assumed that entrepreneurs are not exposed to a biased view
of aggregate returns, such as g(w;(e)) = w;(e). Note that the force of the financial accelerator
depends on the degree of bias, that is, this accelerator is stronger when s¢; converges to 1.

Once entrepreneur e forecasts the projects’ aggregate returns before the realization of w,

11



it can to select profitable projects (i.e. > wft) and choose the amount of capital ;(e) to

maximize its ex ante profit function :

7€) = Ee {1 [9@i1(e)) (1 + REy 1) aiaKi(e) — (1 + PR)Li(e)] } ()

where nft 4 reflects the proportion of profitable projects. From the banks’ perspective, this
share represents the entrepreneur’s non-default probability.

Using the condition of equation (5), the maximization of this profit function generates an
external finance premium that depends on the ex-ante aggregate profitability forecasts of en-
trepreneurs :

L+ Ry 1

T PL = g~ O T @ () (8)
i,t 1y

The equation above highlights the negative relationship between entrepreneurs’ forecasts and
their credit access restrictions : the more optimistic entrepreneurs are the lower the external
finance premium.

Finally, the law of motion of entrepreneurs net wealth is given by the profit obtained at the
end of period ¢t — 1 :

N

Nige) = (1 - 5E)Hft—1(e)€gi’t )

where 6% € [0, 1] describes the tax rate on entrepreneurs’ profit and 5% corresponds to a random
exogenous shock on net wealth to capture exogenous changes in stock prices and demand for

loans.

2.2 Banking sector

Monopolistic banks provide different types of loan and deposit services. Banks also set an
interest rate subject to friction a la Calvo (1983). Banks’ heterogeneous loan and deposit
services are provided to financial intermediaries, who aggregate them to produce homogeneous
loan and deposit services (such as a CES packer).

Each bank b in economy ¢ finances its credit supply to domestic and foreign entrepreneur

L3 ,(b) with domestic households deposits D;;(b), its own capital BK;;(b) and liquidity fur-

12



nished by central bank LftCB(b). In each period, banks must respect the following balance

sheet constraint :

L%, (b) = Di(b) + BE;4(b) + LEFB(b) + liab, (10)

where liab; ; = exp(eft)mi represents an exogenous stochastic shock that captures aggregate
changes in other liabilities in the banks’ balance sheet that are not considered in the model. We
assume that the cost of these liabilities is indexed to the intesrest rate of the central bank.

By considering the balance sheet constraint in equation (10), banks maximize the following

profit function :

My = (1= p” (1= Ei{niea}) (1+ RY) L3, (b) — (1+ RY) Diy(b)

B 2 (11)
— (14 Ry)liab, — (1+ R,) LY — o5 <W;(b) —v | BK;,

where th and RZZ stand for loans and deposit interest rates respectively. R, is the interest rate
set by the central bank. The parameter 4 € [0, 1] reflects the banking costs associated with the
use of recovery agencies in the case of entrepreneurs’ default. Variable 1 — E, {n, ;. } denotes
the expected default probability of entrepreneurs. For each bank of economy ¢, this probability
comes from an aggregation of domestic and foreign entrepreneurs’ default rates such as :

L L] 1/(1—af+ak)

Nit = [(nfi)l_“i (n5)™ with i # j (12)

Similar to Gerali et al.(2010), Garcia-Revelo and Levieuge (2022) and Badarau and Roussel
(2022), banking activity is constrained by the capital requirements of a financial regulator. In
the bank’s profit function, the constraint is represented via a quadratic cost on any deviation
of bank capital to risk-weighted-assets ratio (i.e. BK;+(b)/RWA, (b)) from the value required
by the financial regulator (i.e. v? = 10.5%). Parameter x” > 0 describes the intensity of the
capital requirements constraint on banking activity. As explained by Poutineau and Vermandel
(2017), the representation of this constraint through a cost in the banks’ profit function allows
the production of a response of credit interest rates to prudential regulation that is closer to that
observed empirically (Kashyap and Stein, 2004; Berrospide and Edge, 2019; Fraisse et al.2020

among others).

13



In the model, risk-weighted-assets are computed as the product of the credit supply to en-

trepreneurs L3, (b) and the risk-weight assigned to these credits rw; () such as :

RWA, ,(b) = rw; ,(b) * L2 ,(b) (13)

Moreover, as in Angelini et al.(2014), the bank capital accumulation process is determined

by :

BK;; = (1— 791, (14)

(2

where 72 € [0, 1] reflects bank costs coming from resources used in managing bank capital.
By considering the banks’ balance sheet constraint in equation (10) and capital requirements

constraint, each bank b chooses the amount of credit supply L3 ,(b) which maximizes its profit

function. The first-order condition of this program defines the credit marginal cost M C; (D) as

follows :

2
BK; (b B K (b
| O = X (s — o) (i) rone® 15
+ i.4(0) = 1—pB (1 —Ei{niz1}) o

The equation above indicates that, during financial upturns, banks are willing to provide

more loans to increase their profits. However, this initiative can generate a decrease in bank
capitalization with respect to capital requirements (i.e. BK;;(b)/RWA,;;(b) < v;) and lead-
ing to financial regulator sanction. This sanction implies an increase in bank marginal cost
which tightens credits access to real economy and contains banking activity expansion (Van
den Heuvel, 2014; Meh and Moran, 2010). The prudential sanction disappears when banks are

able to meet their capital requirements.

2.3 Credit risk and Output Floor
2.3.1 Definition of IRB approach

In the same vein as Mendicino et al.(2018) and Darracq-Paries et al.(2019), it is supposed that

each bank b can use an IRB approach to estimate the risk-weight of entrepreneurs’ credits, i.e.

14



rw;¢(b). To use this approach in the model, banks must determine their Exposure-At-Default
(EAD) and the borrowers’ Default Probability (PD). The estimation of EAD depends on the
Loss-Given-Default (LGD) of borrowers. The determination of EAD, PD and LGD allows

banks to define the risk-weighted-assets (RWA) needed to meet capital requirements :

RWA!TP (b) = rw] P (b) L (b) = CR;4(b) % 12.5 x EAD;,(b) (16)

where C'R;; represents the amount of capital required to cover credit losses and the value of
12.5 corresponds to the inverse of capital requirement without capital conservation buffers (i.e.

8%). In the IRB approach, the Basel Committee imposes banks to compute C'R; ; as follows :

CR) = LGP |1 =) P8 (P9 + (70 (0.999)] _LGDPD

1—m iﬂf(

where N[.] denotes the cumulative distribution function for a standard normal random variable
while N 71(.) is the inverse of this function. In the model, default probability of entrepreneurs is
equal to PD,;; = 1 — E, {n; ,+1}. Variable 7, ; indicates the correlation coefficient for borrower

exposure. The Basel Committee mandates the computation of this coefficient as :

(1 _ 6750*PD¢,t(b))

(1 —e99)

(1 _ 6750*PD¢,t(b))

(1 —e59)

7:4(b) = 0.12 [

+0.24 [1 —

Similar to Darracq-Paries et al.(2011), Angeloni and Faia (2013) and Mendicino et al.(2018),
this model focuses on the foundation IRB (F-IRB) approach by assuming that the LGD of bor-
rowers in both economies is fixed by financial regulator and is equal to LG D = 0.45*. More-
over, in line with Darracq-Paries et al.(2011) and Darracq-Paries et al.(2016), it is assumed
that the EAD of credits corresponds to the amount of loans acquired by entrepreneurs, that is,
EAD;(b) = L;,(b). Combining these two assumptions allows us to define the risk-weight of

credits as :

“Modeling Advanced-IRB (A-IRB) approach is more complex because it implies to access private banking
data.
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Ti,t<b) 0.5 B
b)> N1(0.999)

rw! P (b) = (./\/ [(1 = 7i4(0)) " N (PDig(b)) + (W

— PDm(b))

% 0.45 % 12.5 (17)

2.3.2 Output Floor setting

Basel 3 finalization imposes banks to integrate an Output Floor (OF) in the computation of
their risk-weighted-assets (RWA) estimated using the IRB approach. OF defines a minimum
level of the RWA obtained using the IRB approach. This minimum corresponds to 72.5% of the
RWA estimated using standardized approach (BCBS, 2017a). As in the work of Acosta-Smith
et al.(2021), the OF implementation introduces a non-linear constraint in the RWA estimated

with the IRB approach :
RWAYF (b) = maz {RWA[T?(b) ; 0.725 « RWAY7 (b) } (18)

where RWA?* reflects RWA using a standardized approach, that is, RWAY;' = rwi* « L, and

RWA%F stands for RWA obtained with the Output Floor. In line with Poutineau and Vermandel

(2017) and Gambacorta and Karmakar (2018), it is assumed that entrepreneurs credit risk using
SA

a standardized approach is equal to rw;;" = 1. Since banks’ portfolio is only composed of

entrepreneurs’ credits in the model, the OF has a direct impact on credit risk :
RWAgtF(b) = L;(b) x max {rwﬁw(b) ;0.725} (19)

Moreover, empirical evidence indicates that major banks mostly use IRB approach in credit

risk estimation (Behn et al., 2016). Since it is assumed that each bank in economy ¢ is identical,

we take into account of this evidence in the model by assuming that a share ~/1*5

)

of credits is
estimated with the IRB approach by bank of economy 4. The remaining share 1 — /%8 is
estimated with a standardized approach such as aggregate RWA of bank b in this economy, that

is, RWA?, (b) is given by :
RWAf}t(b) = fRBRWAftF(b) + (1 - %IRB)MUE:‘ * Lf,t
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As aresult, the implementation of the Output Floor influences the optimal marginal cost of

credits (equation (15)) such as :

2
By (b By (b
1+ R, — X" <RWA§t((b)) — vf) <RWA§t((b))> « [(1 =/ B8) + 4 FBmaz {rw{P(b) ;0.725} |

1 —pubP (1 — E, {Ui,tﬂ})
(20)

In addition to capital requirements, monopolistic banks can set loans and deposits interest
rates to create margins. This monopolistic market power generates rigidity in interest rates
adjustments. The model uses Calvo’s (1983) friction to reflect this rigidity such that at each
period, a fraction 67 (or 67) of banks is not able to adjust its loans (or deposits) interest rate
which implies that (or R, = R}, ). The fraction 1 — 6] (or 1 — 6)) is thus able to set the
optimal interest rate Rf;‘ (or Rﬁ*) to maximize its profit. The definition of the optimal rate in
the loan and deposit markets is derived from the maximization of the following programs :
For entrepreneurs’ credits :

[ee]
L\T B L L L
E, Z (ei ) Njtir (1 —p” (1= 77i,t+1+‘r)) [sz - exp(gi,t+T>MCi,t+T] Liyir 21
7=0
For households’ deposits:
oo
-
B> (0F) Nipir [Regrexp(el,) — RY] Diyr (22)

7=0

where 557: and sﬁ are stochastic shocks that capture exogenous changes in the loans and de-
posits interest rates respectively.
After aggregation and setting equilibrium conditions, the evolution of loans and deposits

interest rate are given by :

For loans interest rate :

(RE) ™ =0f (BE) ™ + (1 - 0F) (RE)
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For deposits interest rate :
(RO)™ =07 (RE)™ + (- 6P) (RE) ™

2.4 Government, central bank and financial regulator

In each economy ¢, the government finances public spending with the fiscal revenue obtained
from households. Hence, the government does not borrow to meet the public budget. As in
Smets and Wouters (2007), it is assumed that the evolution of public spending (; ; is exogenous,
thatis, G, = g?exp(eft) (with gY’, the constant share of public spending ¢ financed with long-
run production Y). Variable exp(eft) is a stochastic shock that captures exogenous changes in
public spending.

There is also a central bank that sets a common monetary policy for both economies. This

monetary policy has the following Taylor rule :
Ri—R=p (R = R) + (1= p) (7] + 67 (Vi = Vi) + (23)

where R represents the long-term central bank interest rate. Parameters ¢™ and ¢ respec-
tively denote the sensitivity of monetary policy to changes in inflation and production at the
Euro Area level, that is, 7f’ = nn$, + (1,)75, and Y; = nY., + (1 — n)Y,,. Parameters n
reflects the economic weight of core economies in the Euro Area activities. The variable 1 is
a stochastic shock that captures exogenous changes in monetary policy.

Finally, in each economy ¢, there is a financial regulator that sets a prudential policy to main-
tain financial stability. As explained in previous parts of the section, this policy corresponds to

imposing capital requirements of v2 = 10.5% in banks’ activity.

2.5 Calibration

Most of the model’s parameters calibration follows the values estimated by Poutineau and

Vermandel (2017) and are presented in Table 1°.

5 Authors estimated parameters using data from Austria, Belgium, Germany, France, Luxembourg and the
Netherlands for core economies and Greece, Italy, Ireland, Portugal and Spain for periphery economies.
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Table 1: Calibration of structural parameters and shocks

Parameter | Core | Periphery | Monetary union Parameter | Core | Periphery | Monetary union

Structural parameters Shocks

h® 0.55 0.48 — Parameters p™

ht 0.79 0.91 — p? 0.98 0.96 —
ol! 0.79 1.96 - p¢ 0.87 0.63 —
&P 022 | 0.23 - pU 0.29 | 0.82 -
v 0.51 0.18 - ot 0.79 0.68 —
or 0.72 0.72 - ot 0.99 0.76 —
ov 0.85 0.89 — oV 0.49 0.16 —
o 0.84 | 0.52 - pN 0.86 | 0.91 —
oL 0.71 0.74 — pP 0.88 0.9 —
6P 0.79 0.73 = pB 0.94 0.96 —
xP 0.07 0.07 - p* 0.71 0.68 —
X! 6.59 7.83 — p° — — 0.98
Y 0.71 0.7 = pf — — 0.36
” 0.13 0.09 — Innovations ¢™ (in percentage)
a¢ 0.08 0.14 - o’ 082 0.79 —
af 0.05 0.08 - o¢ 1.43 1.39 —
at 0.05 0.12 — oV 1.24 1.52 —
Tt 0.209 |  0.209 — o” 0.1 0.29 -
~IRB 0.635 0.4 _ oV 0.45 0.71 —
vB 0.105| 0.105 - o 0.36 | 0.37 -
B 11 11 _ oP 0.3 0.64 —
3 _ _ 1/1.01 oB 5.89 9.75 -
a _ _ 0.38 ol 2.31 2.09 —
) — — 0.025 o’ - - 0.08
[ _ _ 1.49 ok — — 0.09
v — — 1.1

€Ep — — 10

Ew - - 10

uB — — 0.1

gy — — 0.24

n — - 0.58

p — — 0.84

ol — — 1.65

¢2Y - - 8

By using the work of Darracq-Paries et al.(2019), it is supposed that, in absence of Out-

IRB
c

put Floor, long run value of credit risk weight is equal to rw = 0.45 for core economy
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IRB

. . 6 . . . . .
= 0.59 for periphery economy®. These values indicate that risk weights in both

and rw

economies are lower than the level of credit risk imposed by the OF, that is, 0.725. Hence,

IRB—OF _
C

in the long run, OF implementation in both economies leads to a risk-weight of rw

TwII)RB*OF = (0.725.

Parameters 7,(.,) and 0y, are calibrated such that, in the long run, the default probability
of entrepreneurs generates credit risk weights consistent with and without OF setting. This
means that, without OF, 77,,,.y = 0.181 and 77,,(,,) = 0.2 which implies a long run default
probability equal to PD. = 0.3% for the core economy and PD, = 0.7% for the periphery

economy’. OF implementation provides homogeneity in banking risk because it implies that

Oln(we) = Oln(we) = 0.209 and long run default probabilities are equal to PD. = PD, = 0.97%

for both economies.

IRB _

Moreover, based on data from the European Banking Authority, it is assumed that .,

0.635 and V;RB = (.48,
Finally, regarding parameters of risk shock 7, the paper follows Darracq-Paries et al.(2019)

by assuming that p” = 0.98 and ¢ = 0.08.

3 Long run effect of the Output Floor

In this section, we first analyze the long run effect of the Output Floor on financial and real
activities in the Euro Area. Then, we discuss the best option between a progressive floor on

IRB-RWA (i.e. phase-in process) and a non-progressive one.

3.1 Does Output Floor beneficial for Euro Area in the long run ?

One of the main questions for European financial regulators about the OF setting is its potential

long run benefits on the financial and real economic sectors in the Euro Area. This question

Values are based on the average between France and Germany for core economies and Italy and Spain for
periphery economies.

"Long run default probabilities are obtained by fixing steady state value of w® at 0.6 in both economies. The
value of wC is close to the one obtained in Poutineau and Vermandel (2017).
8Calibration of /¥ and 'yéRB corresponds to the average value in Austria, Belgium, Germany, France,
Luxembourg and Netherlands for core economies and Greece, Italy, Ireland, Portugal and Spain for periphery
economies. EBA dataset comes from the 2021 - EU Wide Transparency Exercise and is available via following

URL link : https://www.eba.europa.eu/risk-analysis-and-data/eu-wide-transparency-exercise/2021
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is also important to counterbalance the banking industry arguments regarding the potential
short and medium-term costs of the prudential instrument. Budnik et al.(2021) find a potential
long-term benefits of Output Floor implementation but highlights that alternative Output Floor
settings designed to reduce OF transitory costs leads to a decrease in long run benefits’.

In this section, we check the existence of these benefits and study their consequences on
welfare for Euro Area economies. To do so, we first assume that, in both economies, credit
risk estimated using a standardized approach is fixed at 100% as in Gambacorta and Kar-
makar (2018). This calibration implies that credit risk estimated with IRB approach is lower
than the one required by the Output Floor for both economies (rw!f? = 0.45 < 0.725 and
rwI{RB = 0.59 < 0.725). As a result, in the model, OF implementation forces banks to ad-
just their borrowers’ default probability upward. This adjustment has a structural impact on
banking and real activities in the Euro Area. Moreover, the new long run risk weights cali-
bration implied by the OF setting homogenizes financial and economic conditions in the Euro
Area. Hence, the OF favors financial and economic convergence between core and peripheral
economies. To examine this convergence, Figure 3 depicts the long run changes in the main
macrofinancial and macroeconomic variables in both economies after OF implementation. In
each histogram of the figure, first and second bar (’S1’ and ’S2’ on graphs) denotes long run
changes for core and peripheral economies respectively, while the last bar (’S3’) corresponds
to the heterogeneity evolution between both economy types. For each variable x displayed in

the figure, the heterogeneity is given by :

Heterogeneity = abs (x— — 1)

:Eperiphery

where abs(.) is the absolute value of the spread between heterogeneity observed in the model
and perfect homogeneous situation (i.e. a ratio equal to 1).
As expected, Figure 3 shows that the OF implementation increases banks’ RWA in both

economies.

9 Alternative Output Floor settings suggested by the authors are as follows : 1) applying Pillar 2 requirements
and systemic risk buffer (SRB) to unfloored RWAs; 2) defining capital requirements as the higher between floored
requirements excluding Pillar 2 and SRB and the unfloored requirements including Pillar 2 and the SRB (parallel
stacks approach).
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Note that this increase is higher for core banks because of the larger spread between the
old and new steady-state risk weight (from 0.45 to 0.725). The higher share of IRB estimation
in core banks’ credit portfolio amplifies the increase of RWA (v!f*8 = 0.635 for core banks
and %{RB = 0.4 for periphery banks). However, OF implementation allows periphery banks
to get a long run level of RWA closer to that of core banks (decrease in heterogeneity index in
the figure), which improves the comparability of the capital adequacy ratio between both bank
types. This effect is in line with the OF role expected by Basel Committee.

Moreover, the rise in RWA for core and periphery banks leads to an increase in banks’
capital to meet capital requirements (i.e. v® = 10.5%). Since banks’ capital is fueled by
banks’ profit, the increase in bank capital means that banks provides more loans to generate
more profits. At the equilibrium, the expansion of credit supply encourages entrepreneurs to
finance more firms’ projects, which stimulates investment and production in the real sector.
This surplus production is partly redistributed in additional wages for households. The latter
uses revenue surplus to increase their consumption, which amplifies the rise of production to
satisfy higher demand.

Nevertheless, the surge in credit supply leads to higher banking funding for the production
sector, which translates into an increase in the credit-to-GDP ratio for both economies. Further-
more, an increase in credit supply is very different between the two economies and generates a
stronger heterogeneity in financial conditions between core and periphery entrepreneurs.

Despite this unintended effect, OF implementation seems to favor convergence of banking
risk and economic activity among Euro Area countries (decrease in heterogeneity in RWA and
real sector variables). This result is in line with the financial and economic integration promoted
by European regulators.

Consequently, Figure 3 indicates that, in the long run, the OF provides benefits for the
financial and economic sector, which confirm sconclusions obtained by Budnik et al.(2021).

However, these OF benefits do not inform the social gains of the instrument for Euro Area
agents. To examine these social gains, our model follows Chen and Columba (2016) by assum-
ing that, in each economy ¢, social gains come from an increase in households welfare. As in

Cole et al.(2020), welfare W, ; in economy ¢ is defined with respect to the inter-temporal utility
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function of households in this economy. Recursively, the welfare index is given by :

Wie =E > B'U(Ciy, Hiy) (24)
t=0
Wi =U(Cit, Hiy) + Wi (25)

Where U(C;, H; ;) is the utility function. The utility function has a positive relationship with
households consumption C;; and a negative relationship with the number of hours worked H, ,
by the households in firms activity. Similar to Poutineau and Vermandel (2017), the welfare
index for the Euro Area corresponds to the sum of the welfare indices in both economies ¢

weighted by their economic importance in the monetary union :

WEA =n s Wi+ (1 —n)* Wy,

where n € [0, 1] denotes the economic importance of core countries in the Euro Area.
Because the utility level is constant in the long run, it is possible to rewrite the welfare index
as follows :
U(C;, Hy)
1-p5
WEA = nx W, + (1 —n) =W,

W, = Vi € {c,p}

Figure 4 depicts the evolution of the welfare index for both economies when the Output
Floor is activated. Surprisingly, the implementation of the instrument reduces welfare in both
economies while Figure 3 shows an increase in households consumption. This result could be
explained by the fact that the structural rise in production requires an increase in hours worked
by households. This increase overcompensates fot the elevation of households consumption,
which generates a decrease in the welfare.

Nevertheless, this statement does not mean that, in the long run, OF implementation is
detrimental to European societies for two reasons. The first is that OF stimulates consumption
and production even if the increase in labor desutility contributes to reducing welfare. The

second reason is that the main goal of the Output Floor is to improve banks’ robustness in order
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Core Periphery Heterogeneity EA

Figure 4: Long run impact of Output Floor setting on welfare in the Euro Area.

Note : Variable for core, periphery and Euro Area are expressed in percentage deviation with respect to their
steady-state level without OF setting. The value of the variable "Heterogeneity’ is expressed in percentage absolute
deviation i.e. (HeterogeneityOF — Heterogeneity) * 100.

to promote financial stability.

3.2 Discussion about benefits of phase-in process for Output Floor

The previous subsection of this paper has shown that OF generates long run impacts on banking
and economic activities in the Euro Area. Moreover, the finalization of Basel 3, published in
2017, has suggested the progressive implementation of the OF in order to give banks enough
time to adapt their activities to this new prudential regulation (BCBS, 2017b). This progressive
OF implementation, also called the phase-in process, consists of gradually raising the floor of
the IRB-RWA estimation over a defined period.

Initially, the phase-in process was applicable in January 2022. However, the Basel Com-
mittee suggested postponing it in January 2023 because of the sanitary crisis (BCBS, 2023Db).
Furthermore, in the Euro Area, the European Commission and the European Council proposed
that the Output Floor be phased in from the start of 2025 (50 percent of SA-RWA) to the start
of 2030 (72.5 percent) (Andersen and Johnsen, 2023). As shown by Table 2, the beginning of

the European phase-in process is two years later than that suggested by the Basel Committee
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but the pace of increase in the floor remains the same :

Table 2: Calendar of Output Floor phase-in process.

Date || 01/2025 | 01/2026 | 01/2027 | 01/2028 | 01/2029 | 01/2030
OF 50% 55% 60% 65% 70% 72.5%
Source : BCBS (2023b), Andersen and Johnsen (2023).

For European financial regulators, the adoption of a phase-in process limits the OF im-
plementation costs on banking activity because the floor binds at the end of process'” which
is also confirmed by the work of Andersen and Johnsen (2023). In our paper, long run risk-

weights calibration implies that core banks bind the floor at each step of the phase-in process

(rw!fB = (.45) while peripheral banks bind the floor in the middle or end of the process
(rwéRB = 0.59). This statement provides a more granular analysis of the potential benefits of

the phase-in process to limit OF implementation costs in banking and economic activities. This
analysis is perfomed by simulating the progressive increase in the floor via successive determin-
istic shocks. These shocks enter into force every year over a period of five years with respect
to the time intervals defined by the Basel Committee. Moreover, it is assumed that the financial
regulator announces the beginning of the phase-in process five years before its implementa-
tion. This permits banks (and all other agents in the model) to anticipate credit and deposit
activities'!. It is also assumed that OF can be implemented without a phase-in process to high-
light the contribution of this process in limiting OF implementation costs for macrofinancial
and macroeconomic variables. Figure 5 depicts the dynamics of the main macrofinancial and
macroeconomic variables with (solid black line on graphs of the figure) and without (dashed
black line) the phase-in process. The x-axis in each graph describes the time horizon, expressed
in a quarter. The first and second row of the graphs correspond to variables of core and periph-
ery economies respectively. The last row represents key macrofinancial and macroeconomic

variables common to both economies.

0See the speech made by Elizabeth McCaul, Member of the Supervisory Board
of the ECB, at the Working Group Financial Services. URL link of speech
https://www.bankingsupervision.europa.eu/press/speeches/date/2021/html/ssm.sp210908_1~2f82d84760.en.html

""'The announcement of five years replicates time period between Basel 3 finalization publication in 2017 and
the first calendar of phase-in process, i.e. from January 2022 to January 2027. Since COVID-19 crisis and
European regulators decision about phase-in postponing happened after the Basel 3 finalization publication, it is
more complex to integrate these phenomena in our anticipation exercise.
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Among these variables, the *Term of Trade’ denotes the ratio between periphery and core
production good price, that is, P,;/P.;. The variable 'Disp. Capital to RWA ratio’ expresses
the dispersion (or variability) of banks capital-to-RWA ratio between core and periphery banks.
Dispersion of this ratio is one of the key variables for studying OF efficiency and is equal to :

BK,,(b) RWA,(b)

Di ion, =
ispersion, = o B B0

As mentioned previously, in the model, the phase-in process implies that the risk-weights
of core banks binds gradual floors earlier than those of periphery banks. This difference in
the sequence of binding floors leads to a more progressive decline in capital-to-RWA ratio for
core banks. Binding floors for periphery banks occurs at the third step of the phase-in process,
but really affects the ratio at the fourth step (when the floor is equal to 65%). Compared to
core banks, binding floors for periphery banks generates smaller adjustments of their capital-
to-RWA ratio. After the end of the phase-in process, for core banks, this ratio remains below
the value required by prudential regulation, while the opposite is true for periphery banks. This
result provides a more granular view of the potential OF impacts on banks’ capital management
in Euro Area countries. Furthermore, in comparison with no gradual floors (dashed black line
on graphs), the phase-in process reduces the volatility of the ratio and its variability between
core and periphery banks (smaller amplitude changes in the dispersion of the ratio). Hence,
the phase-in process limits the increase in capital requirements costs for banks, and the latter
dampen entrepreneurs’ credit restrictions implied by OF implementation.

A smaller reduction in credit access slows the production downturn in both economies.
Despite the decrease in inflation in these economies, term of trade of trade appreciation provides
better support in the production downturn of core economies.

Faced with the fall of good prices, the central bank sets an accommodating monetary policy,
which dampens the increase in loan interest rates and improves entrepreneurs’ credit access.
During the phase-in process, this improvement generates an increase in the credit-to-GDP ratio
among Euro Area countries.

However, at the end of the phase-in process, for both economies, the reduction in production

is stronger than in the scenario without gradual floors. Therefore, the process produces a trade-
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off between lower economic cost in the short run and a larger one in the medium run (i.e. after
the end of the process).

Consequently, in comparison with no gradual floors, all results highlighted in this sub-
section indicate that the phase-in process allows the reducction of banking and economic costs
in the short run (i.e. during the process) implied by OF implementation. Nevertheless, these
benefits are at a higher economic cost in the medium run, that is, after the completion of the
process. In the long run, the previous sub-sections have shown that bank OF implementation
incites banks to increase their credit activity, which stimulates investment and production in the
real sector. Hence, the higher medium run economic cost implied by the phase-in process is

temporary.

4 Output Floor and banking solvency along financial and
business cycle

As previously explained, the main goal of the Output Floor is to limit the volatility and variabil-
ity (or dispersion) of bank capital-to-RWA ratio. Reaching this goal also permits the reduction
of banking solvency risks represented by significant changes in the ratio. The aim of this sec-
tion is to examine whether OF can reach this goal along financial and business cycle driven by
financial and real shocks.

To do so, we select three exogenous stochastic shocks consistent with the study of the
Output Floor : a negative policy rate shock ; a negative risk shock and a positive productivity
shock in firms of core economies.

The first shock is similar to an accommodated conventional monetary policy, which corre-
sponds to a decrease in the central bank interest rate. This shock could trigger the Output Floor
during financial and economic cycles. Moreover, as mentioned by Acosta-Smith et al.(2021),
this shock is a consistent choice to analyze the impact of the Output Floor on banking activity
because accommodating monetary policy contributes to banks’ risk-taking (Delis and Kouretas,
2011; Heider et al., 2019 ; Bubeck et al., 2020 among others).

The second shock (i.e. €7) reflects a decrease in entrepreneurs default probability. As in
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Darracq-Paries et al. (2019), this shock is set at the Euro Area level to underline the importance
of financial and international trade channels in transmitting shocks across borders.

While the two previous shocks are common to both economies, productivity shock triggers
only the production sector of core economies. As mentioned by Poutineau and Vermandel
(2017), this shock is one of the key drivers of financial indicators used in prudential regulation.

Moreover, OF activation under these shocks implies the introducection of a piece-wise
linear regime in RWA evolution. Similar to the work of Acosta-Smith et al.(2021), we use
DynareOBC software of Holden (2016) to solve the DSGE model by taking into account of the
regime switching.

Then, we examine the OF’s influence on banking solvency and the real sector in Euro
Area via Impulse Response Functions (IRFs) of appropriate macrofinancial and macroeco-
nomic variables for our study.

Figure 6 depicts the IRFs of the key indicators in Output Floor efficiency with respect to
the three shocks. In each graph of the figure, the dashed and solid black lines denote responses
of these indicators with and without OF setting respectively.

Regarding the negative policy rate, we observe that accommodating monetary policy di-
minishes the capital-to-RWA ratio for banks in both economies and thus, increases banking
solvency risk. In addition to this detrimental effect on banks’ robustness, the shock increases
the variability in the ratio between these banks. As displayed in Figure 8 (presented in the
appendix), the increase in banks leverage is explained by the fact that lower central bank rate
incites financial intermediaries to decrease their credits interest rate. Better credit access allows
entrepreneurs to increase their investment in firms’ projects. A rise in productive investment
stimulates production and improves projects’ returns. An increase in profitable projects favors
a reduction in entrepreneurs’ default probability. Moreover, due to the financial accelerator
designed in the model, better quality projects today incites entrepreneurs to get an overopti-
mistic view of future projects’ returns. This overoptimistic behavior amplifies the decrease
in entrepreneurs default probability expected by banks, which in turn further reduces credits

restriction.
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Besides, the appreciation of the term of trade creates a stronger attraction for core produc-
tion goods in the Euro Area and emphasizes the increase in returns for core firms’ projects.
This international trade effect contributes to explaining the stronger reduction in banks’ credits
interest rate in the core economy.

When the Output floor is implemented, Figure 6 indicates that the prudential instrument
curbs the reduction in bank capital-to-RWA ratio in the both economies (dashed black lines
in figure). This effect diminishes the volatility of the ratio and its variability (or dispersion)
between core and peripheral banks. Therefore, the Output Floor can reach its goals when an
accommodated monetary policy shock occurs.

Note that the OF setting has almost no impact on the reduction of policy rate and credits
interest rate, which confirms the compatibility between the prudential instrument and accom-
modating monetary policy'2.

Regarding the negative risk shock, Figure 6 shows that this shock boosts the capital-to-RWA
ratio for banks in both economies. However, this result does not mean that banks are better
capitalized because the rise in the ratio is mostly due to the strong decrease in entrepreneurs’
credit risk fueled by the reduction in their default probability. Furthermore, strong variations
in the ratio in the Euro Area banking system lead to more variability in the ratio between core
and peripheral banks, which erodes its reliability for financial investors.

In addition, as reflected in Figure 9 (presented in the appendix), a strong decrease in en-
trepreneurs’ default probability encourages banks to relax their credits access condition via a
significant reduction in their loans interest rate. Entrepreneurs can finance more firms’ projects
at a lower cost, which stimulates investment and production in the real sector.

Once the Output Floor is activated, Figure 6 reveals that the prudential instrument limits
the strong decrease in entrepreneurs credit risk. Moreover, the shock leads credit risk to bind
the floor of the prudential instrument, which prevents banks to display an artificial” better
capitalization fueled the decrease of credit risk. Instead, in both economies, banks are not

sufficiently capitalized and financial regulator sets prudential sanction in banking activity. As

12Since steady-state values for policy rate and credits interest rate do not change with OF implementation, on
the figure, we can easily deduce the lower or higher short / medium term impact of the prudential instrument on
these variables. However, production, credits and credit-to-GDP-ratio have a different steady-state values with OF
implementation. Hence, it is more complex to interpret OF impact in the short / medium run for these variables.
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Figure 9 shows, this sanction curbs the reduction in credits interest rate set by banks.

In addition, OF implementation allows to reduce the volatility and variability of the capital-
to-RWA ratio between core and periphery banks. These results confirms the crucial role of the
Output Floor in limiting banks’ capacity to artificially improve their financial wealth. Hence,
OF preserves financial confidence in the bank solvency indicator (i.e. capital-to-RWA ratio).

Regarding the positive productivity shocks in core economies, Figure 6 shows that this
shock generates better capitalization for core banks, but not for periphery banks. This asym-
metric effect contributes to the increased variability in the capital-to-RWA ratio between both
bank types.

Looking at Figure 10 (presented in the appendix), we observe that the asymmetric effect is
driven by the asymmetric impact of shocks on core and periphery firms’ productivity. Indeed,
this shock benefits production in core economies mostly. Part of the extra revenue created by
the rise of core production is dedicated to domestic households’ wage who decide to increase
their consumption of domestic and foreign goods. Higher demand for foreign goods stimulates
the production of periphery firms. Nevertheless, the shock produces a significant decrease in
the price of core firm goods and generates a term of trade appreciation. Core firms are more
competitive than periphery firms, dampening the increase in periphery production. Moreover,
differences in firms competition cause asymmetry in projects quality, as proposed by core and
peripheral entrepreneurs. As a result, core banks are more incite to relax financial restrictions
(i.e. a decrease in credit interest rate) than periphery ones (increase of credit interest rate)
despite the reduction of the central bank rate in the short-term.

When the Output Floor is implemented, Figure 6 shows that the prudential instrument re-
duces the volatility and variability of banks capital-to-RWA ratio. Similar to the policy rate and
risk shock, the Output Floor reaches its goal when an asymmetric real shock occurs in the Euro
Area.

Consequently, all results explained in this section lead to the conclusion that, along the fi-
nancial and economic cycle, the OF setting can limit banking solvency risk (i.e. less volatility
of capital-to-RWA ratio) and improves credibility in banks’ solvency indicators for financial

investors (i.e. less variability of the ratio). These short and medium run OF benefits on bank-
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ing solvency complete financial and economic long run OF benefits observed in the previous

sections.

5 Is Euro Area banking integration fit with Output Floor ef-
ficiency ?

Since its creation in January 1999, one of the main goals of the Euro Area has been to promote
financial integration among members countries. As mentioned in the European Central Bank
(ECB) report published in 2018, full financial integration in the Eurozone is gauged by the
following characteristics of market participants : 1) they face a single set of rules when they
decide to deal with financial instruments and / or services; 2) they have equal access to these
financial instruments and / or services; 3) they are treated equally when these instruments and
/ or services are active in the market (ECB, 2018).

Since Output Floor setting would be common to all the Euro Area countries, the prudential
instrument would match the first and second characteristic. However, the third one could be
debated because, in our model, financial integration corresponds to banking integration and
does not mean a homogeneous economic structure between Euro Area economies. In this case,
OF activation could lead to different banking effect between core and periphery economies and
thus, banking integration could influence OF efficiency.

This section studies this influence by examining changes in OF efficiency with respect to
banking openness in the Euro Area. In the model, banking openness is measured by parameters
aF. To obtain a consistent analysis, we assume three different banking openness scenarios :
banking autarky (i.e. ol = a£ = (), baseline openness estimated by Poutineau and Vermandel
(2017) (i.e. o} = 12% and o) = 5%) and banking union (i.e. o = a), = 0.5).

Figure 7 depicts the IRFs of banks capital-to-RWA ratio for core and periphery banks and

the dispersion of the ratio between both bank types when the Output Floor is activated.'?.

3IRFs without Output Floor implementation are not displayed because it is not possible to solve the model at
steady-state under a banking union. This difficulty comes from the incompatibility between fully homogeneous
cross-border financial trades (i.e. banking union) and heterogeneous domestic financial structures without OF
implementation (i.e. heterogeneous long run credit risk between core and periphery banks).
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In each graph, the solid black line corresponds to the banking autarky scenario, the dashed
black line integrates baseline openness estimated by Poutineau and Vermandel (2017) and the
black circles represent the banking union case.

The first results to underline in this figure are the almost similar OF effects on banking
solvency between the banking autarky and baseline scenarios. This means that, up to a certain
threshold, banking openness does not have significant impact on OF efficiency.

Interestingly, in the banking union scenario, the OF setting generates a substitution effect
between core and peripheral banks capital-to-RWA ratio. However, this effect amplifies the
variability of the ratio between core and peripheral banks, which erodes comparability of the
ratio and thus, is detrimental to OF efficiency.

As shown in Figure 11 and 12, under common financial shocks to Euro Area members (i.e.
policy rate and risk shock), the substitution effect tends to homogenize the credit cost (credit
interest rate in figures) between core and periphery entrepreneurs. Nevertheless, under asym-
metric real shocks, the substitution effect exacerbates the heterogeneous credit costs between
both types of entrepreneurs.

Consequently, the results highlight three main conclusions. First, current (i.e. estimated)
banking openness is not detrimental to OF efficiency. Second, in the Euro Area, the influence of
banking union on homogeneous banking activity depends crucially on the symmetrical dimen-
sion of the shocks. Third, the homogenizing effect of the banking union comes at a higher cost

for OF efficiency. Therefore, a banking union seems incompatible with Output Floor goals.

6 Conclusion

This paper examined the potential impacts of the Output Floor (OF) on the Euro Area bank-
ing system and real sector from a macro perspective. Since this new prudential instrument
would enter into force in January 2025 in the area, this paper proposed an ex-ante study of
these impacts through the use of a monetary union DSGE model. This model encompasses a
core-periphery banking system close to that designed in the Euro Area and allows the incor-

poration of credit risk and OF setting in a consistent way. The results of this paper indicate
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that OF implementation is beneficial for banking and economic activity in the long run, which
confirms empirical guesses made by European regulators. Moreover, the way to implement
the OF is important to consider in analysis since phase-in process in OF implementation limits
macrofinancial and macroeconomic cost in the short run (i.e. during the process) but not in
the medium run (i.e. after the end of the process). Furthermore, financial and economic cycle
analyses show that the Output Floor can reach its goal, that is, to reduce the volatility of banks
capital-to-RWA ratio and the dispersion (or variability) of this ratio between core and periph-
eral banks. Reaching these goals limits the banking solvency risk and reinforce the reliability
of this ratio as a good banking solvency indicator for financial investors. However, banking
openness and Output Floor efficiency seems compatible up to a certain openness threshold. In-
deed, a banking union (i.e. perfect banking openness) is detrimental to OF efficiency. This last
result calls for the implementation of a specific OF at the national level instead of the common
OF at the federal scale to achieve compatible objectives with banking integration promoted by
European financial regulators.

Looking forward, the analyses outline several areas for future research. It would be inter-
esting to evaluate the optimal IRB-RWA floor with respect to OF goals because the empirical
floor (i.e. 72.5% of RWA estimated using a standardized approach) seems to result from a bar-
gaining process between the banking industry and financial regulators (Mérd, 2021). Another
possible extension of this paper would be the assignement of default probability for banks.
This would permit the reintegration of inter-bank loans and the construction of banks’ portfolio
that are more consistent with Output floor analysis. Incorporating mortgages in the portfolio
would also enrich OF study within this framework. Finally, the introduction of macroprudential
instruments, such as counter-cyclical buffers on banks capital, would allow the detections of

potential complementary or conflicting effects between main prudential regulations.
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