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Abstract

We extend the reference DSGE model used for policy analysis at the NBB with a financial sector, by
incorporating multi-period fixed-rate corporate and mortgage loans, an imperfect pass-through from
policy rates to the deposit rate, and bank capital re-quirements. Adding multi-period fixed-rate loans
amplifies the propagation of default risks and strengthens the effectiveness of macroprudential policy.
This amplification operates through a bank capital channel and a market timing effect that delays bor-
rowing and investment when rates are expected to fall. The bank capital channel also propagates
shocks across sectors, and amplifies the effects of monetary policy when the duration of banks’ assets
is larger than that of their liabilities. With universal banks, that grant both corporate and mortgage
loans, sectoral prudential policy instruments can have unintended consequences on credit supply in
the untreated sector. These crowding out effects increase with the loan duration in the treated sector
and decrease with the risk weight differential between the treated and untreated sectors. Finally, we
apply our model to the mortgage risk weight add-on introduced by the NBB in 2013.

Keywords: Macroprudential policy, credit risks, loan maturity, financial accelerator, sectoral spillovers,
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Non-technical summary

Since the Global Financial Crisis (GFC), it has become evident that financial frictions significantly
influence the propagation of macroeconomic shocks and that the financial sector itself can be a
source of disturbances for the real economy. In response to the GFC, global policies like Basel Ill
were implemented to enhance the resilience of the financial system. In this context, tools such as the
New-Keynesian Dynamic Stochastic General Equilibrium (NK-DSGE) model have been developed to
analyze macro-financial developments and macroprudential policies.

This paper extends the NK-DSGE model of the NBB, BEMGIE, to financial frictions and
macroprudential policies. Inspired by an extensive body of literature, this extension features
entrepreneurs and homeowners who can default on their loans, exposing banks to credit default risks.
Moreover, interest rates are fixed in nominal terms for the entire life of the contract, exposing banks
to interest rate risks, which may be attenuated by rigid deposit rates. To manage these risks,
regulators set minimum capital requirements and impose penalties on banks that fail to meet these
rules. Banks hold precautionary buffers to mitigate the risk of breaching these requirements, with the
resulting costs passed on to borrowers, creating a bank capital channel. In times of distress, this
channel can be alleviated by macroprudential policy, such as the relaxation of countercyclical capital
buffers.

The paper departs from existing literature by explicitly modeling long maturities and fixed interest
rates typically associated with corporate and mortgage loans in practice. It shows that multi-period
fixed-rate loans amplify the effects of borrower risk shocks and macroprudential policies through the
bank capital channel and a market timing effect (where borrowers delay borrowing and investment
when lending rates are expected to fall). Compared to traditional models with one-period loans, raising
capital requirements imposes higher transition costs on banks because they can only adjust interest
rates on new loans, not on existing ones. However, easing capital requirements during financial stress
helps mitigate financial acceleration more effectively in the multi-period setting.

Additionally, the model highlights the implications of an imperfect pass-through from policy rates to
deposit rates for the transmission of monetary policy in the presence of the bank capital channel and
the interest rate risk faced by banks. A limited sensitivity of deposit rates to the policy rate provides a
natural hedge against interest rate risk. In contrast, a significant duration mismatch between banks’
assets and liabilities amplifies the effects of monetary policy shocks.

Finally, the model is populated with universal banks that provide both corporate and mortgage loans,
leading to significant sectoral spillovers through the bank capital channel. For example, an increase
in mortgage defaults can lead to higher lending rates for entrepreneurs and reduced corporate lending
and investment. Similarly, sectoral prudential policy instruments can have unintended consequences
for non-targeted sectors, with crowding out effects that increase with loan duration and the difference
in risk weights between sectors. That said, it is important to note that these measures also fulfill their
primary purpose within our universal banking framework. As a practical example, the model is applied
to the mortgage risk weight add-on introduced in Belgium in 2013, demonstrating its potential impact
on bank behavior and credit supply across sectors. It is found that the measure encouraged banks to
increase their capital buffers with only a minor impact on new mortgage rates and volumes.
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1 Introduction

Since the Global Financial Crisis (GFC), it has become clear that financial frictions have
a genuine effect in the propagation of macroeconomic shocks and that the financial sector
itself can be a source of disturbance for the real economy. In response to the GFC, poli-
cies were implemented around the world to improve the resilience of the financial system
(Basel III). In Belgium, new tasks were assigned to the National Bank of Belgium (NBB) in
terms of macroprudential supervision. In this context, tools have been developed to analyze
macro-financial developments and macroprudential policies. The New-Keynesian Dynamic
Stochastic General Equilibrium (NK-DSGE) model is an important part of this new pol-
icy toolkit used for macro-financial policy analysis. While the first generation of NK-DSGE
models initially focused on macroeconomic developments, substantial efforts have been made
since the GFC to model the financial system. NK-DSGE models are now used to study the
effects of financial shocks and the interactions between the financial cycle, macroprudential
policies, monetary policies, and the macroeconomy. In this context, the multi-country NK-
DSGE model of the NBB, BEMGIE (Belgian Economy in a Macro General and International
Equilibrium model, de Walque et al., 2023), is a natural starting point to incorporate a de-

tailed financial sector for macro-financial analysis.

In this paper, we extend the Belgian block in BEMGIE with a banking sector that faces
interest rate and credit default risks and must comply with capital requirements. Inspired
by the 3D model of Clerc et al. (2015), we assume that entrepreneurs and homeowners can
default on their NFC and mortgage loans, opening a borrower leverage channel as originally
proposed by Bernanke et al. (1999) for entrepreneurs and applied to the mortgage segment
by Aoki et al. (2004).! In addition, interest rates are fixed in nominal terms for the entire life
of the contract (e.g., Christiano et al., 2004 and Christensen and Dib, 2008). This implies
that banks are exposed to interest rate and default risks, which is empirically relevant and
gives a non-trivial role to the banking sector. To ensure that banks can manage these risks,
regulators set minimum capital requirements (as in Basel I1T) and impose penalties on banks
that fail to meet these rules. Following Benes and Kumhof (2015), banks hold precautionary
buffers to mitigate the risk of breaching minimum capital requirements, and the resulting
capital costs are passed on to their borrowers, opening a bank capital channel. In times

of distress, however, this bank capital channel can be alleviated by macroprudential policy

L BGG build on the agency problem originally proposed by Townsend (1979). They assume the existence
of asymmetric information and costly monitoring in the relationship between banks and their borrowers such
that an external finance premium endogenously emerges.



(e.g. a relaxation of counter-cyclical capital buffers), helping banks navigate the challenging

financial environment.

We depart from this literature along several dimensions to better reflect actual practice in
the banking sector. Although the model is calibrated to Belgian data, we believe that these
additional features are also relevant for other economies. First, while the above literature
focuses exclusively on short-term loans, we explicitly model the long maturities and fixed
interest rates typically associated with NFC and mortgage loans. Inspired by Benes and Lees
(2010), we assume that bank loans are repaid in an infinite number of geometrically decaying

payments, which allows us to easily calibrate the durations observed in bank balance sheets.

We show that the empirically relevant addition of multi-period loan with fixed interest
rates amplifies the effects of borrower risk shocks and of macroprudential policies through the
bank capital channel and a market timing effect. In a one-period loan model, an unexpected
increase in the default rate affects bank profitability for only one period — even if the shock is
persistent — as banks quickly adjust their interest rates to higher default risks. In the case of
multi-period fixed-rate loans, banks can only adjust their spreads on new loans, not on the
outstanding amount of previously issued loans. Banks thus incur losses over more than one

period, which weighs on their capital position and amplifies the effect of borrower risk shocks.

This stronger bank capital channel with multi-period fixed-rate loans also reinforces the
effects of macroprudential policy. On the one hand, it increases the transition costs of rais-
ing capital requirements, because it is more difficult for banks to adjust to higher capital
requirements if they can only adjust the interest rate they charge on their new loans, rather
than on the full outstanding amounts as in models with one-period debt or flexible interest
rates. On the other hand, easing capital requirements in times of financial stress mitigates
the financial acceleration that operates through the bank capital channel more than in a

model with one-period loans.

In addition, our multi-period fixed-rate loan model generates a market timing effect that
significantly affects the dynamics of borrowing and investment. When the bank lending rate
is expected to fall - for example, when it returns to steady state after a temporary rise - there
is an incentive to postpone borrowing and investment to avoid locking in the high current
interest rates. This market timing effect amplifies the impact of risk shocks and macro-

prudential policies. Moreover, it pushes down credit volumes after a monetary tightening,



in line with the credit channel of monetary policy (Bernanke and Gertler, 1995; Altavilla
et al., 2019) and with the empirical evidence presented in Peersman (2011) for the euro area.
This is different from the positive short-term response of credit generated by a one-period

counterfactual, which replicates well the findings of Benes and Kumhof (2015).

The literature surveyed in detail in de Bandt et al. (2024) has so far mostly focused on
one-period loans, where lending rates are sometimes assumed to be sticky (e.g., Gerali et al.,
2010; Darracq Pariés et al., 2019). While both the sticky-rate and the multi-period loan
frameworks can generate similar dynamics for the average lending rate, our multi-period
loan framework has the advantage of properly distinguishing the lending rate on new loans
from that on the outstanding amounts. This distinction implies that we can capture the
dynamics of the average lending rate on the outstanding amount — which is crucial for the
bank capital channel — and of the lending rate charged on new loans — which affects cur-
rent investment decisions and interacts with the market timing effect. A few other papers
consider multi-period fixed-rate loans (e.g., Andreasen et al., 2013; de Bandt and Chahad,
2016; Bluwstein et al., 2020). However, they do not model the interactions between the bank
capital channel, macroprudential regulations, and multi-period NFC and mortgage loans as

we do in this paper.

A second distinctive feature of our model is the imperfect pass-through from policy rates
to the deposit rate. This imperfect pass-through has important implications for the trans-
mission of monetary policy through the bank capital channel (Drechsler et al., 2017) and for
the interest rate risk faced by banks (Drechsler et al., 2021). Indeed, the limited sensitivity
of deposit rates to market rates provides a natural hedge against the interest rate risk as-
sociated with long-maturity loans. It is well known that deposits resemble long-term debt.
In fact, banks evaluate the duration of their non-maturity deposits with statistical models
in their asset and liability management strategies, and these statistics are closely monitored
by regulators. In our framework, we can easily use these statistics to match the duration
of bank deposits and discuss the impact of a potential duration mismatch on bank balance

sheets.

During the recent episode of monetary tightening, Belgian deposit rates adjusted un-
expectedly slowly compared to lending rates, which benefited Belgian banks (NBB, 2024).
When the adjustment of rates on the side of banks’ liabilities is not faster than the ones on

banks assets, the model predicts no amplification through the bank capital channel.



However, the specific nature of this episode — which followed a prolonged period of neg-
ative policy rates accompanied by a large inflow of sticky savings deposits — implies that
different outcomes cannot be ruled out in the future. There is also considerable uncertainty
in estimating the duration of non-maturity deposits, and external factors (e.g. the rise of
fintech, the government’s issuance of a competitive bond) could change the sensitivity of
deposit rates to market rates. Although banks actively manage maturities and use hedging
instruments to reduce their exposure, they cannot completely eliminate all the interest-rate
risk to which they are inherently exposed (e.g., Paul, 2023). Moreover, as illustrated by
Coulier et al. (2024), the recent increase in interest rates has triggered a shift from overnight
deposits — which behaviorally have a relatively long duration — to more rate-sensitive term
deposits. This shift is shown to largely be unexpected by banks, to widen the duration gap
(net of hedging) between banks’ assets and liabilities, and to impact their lending behavior
towards non-financial corporations. In this context, it is crucial to understand the potential

consequences of a duration mismatch.

We show that a duration mismatch between banks’ assets and liabilities amplifies the
effects of monetary policy shocks through the bank capital channel. In the aftermath of a
contractionary event, additional pressure arises when banks’ lending rates adjust more slowly
than the cost of their liabilities. As a result, bank capital declines to a greater extent than
in a one-period loan setup. Such a larger decline in bank capital translates into a larger
increase in the bank rate charged on new loans, which affects the investment decisions of en-
trepreneurs and homeowners. This exercise highlights the importance of monitoring banks’

exposure to interest rate risk.

A third feature of our model is that it is populated with universal banks that take deposits
and provide both NFC and mortgage loans. This assumption is consistent with the actual
practice of Belgian banks, but differs from the 3D model, which assumes that banks special-
ize in a particular credit segment. In the presence of universal banks, sectoral spillovers are
sizeable. For example, an increase in mortgage defaults leads to an increase in the lending
rate charged to NFCs and to a reduction in NFC lending and investment. We also show that

these spillovers operate through the bank capital channel and increase with the loan duration.

Finally, we show that in the presence of universal banks, sectoral prudential policy in-

struments can have unintended consequences for the non-targeted sector of the economy.



Universal banks have the opportunity to comply with stricter sectoral regulation by reduc-
ing lending to the sector of their choice. In our framework, universal banks find it optimal to
spread the burden of a sector-specific shock — such as an increase in mortgage risk weights —
across the two credit segments. These unintended crowding out effects increase with the loan
duration and with the difference in risk weights between the non-targeted (e.g., NFCs) and
targeted (e.g., mortgages) sectors. That said, one should not overlook that these measures
also achieve their primary objective in our universal banking setup. For example, our model
suggests that the mortgage risk weight add-on introduced by the NBB in 2013 encouraged
banks to increase their capital buffers at the cost of a small response in new mortgage rates

and loan volumes, in line with the empirical study by Ferrari et al. (2017).

The structure of the paper is as follows. In Section 2 we describe our model. Section 3
presents the calibration. We illustrate the financial channels of the model with a reporting of
macro and financial dynamics after a monetary policy shock and a borrowers’ risk shock in
Section 4. Finally, two macroprudential experiments on the CCyB and sectoral risk-weights

are documented in Sections 5 and 6.

2 Model

Our model extends BEMGIE with a fully-fledged financial sector in the Belgian economy.
The standard BEMGIE model, described in details in de Walque et al. (2023), is a multi-
country New Keynesian DSGE setup featuring three fully-fledged blocs: Belgium, the euro
area and the United States. The rest of the world appears under the form of exogenous
shocks. The domestic core of the modelled blocs in BEMGIE follows closely Smets and
Wouters (2007) and presents thus many of the characteristics found relevant in the empirical
DSGE literature to fit the data: among others, habits in consumption, adjustment costs
in investment, price and wage rigidities and indexation. The open economy dimension is
designed with a special attention to the inclusion of imported inputs and energy in produc-
tion, the import content of exports and mechanisms that limit the pass-through of volatile
external variables —such as exchange rate and oil prices — to domestic variables. Belgium is
modelled as a small open economy inside a monetary union, and thus shares the nominal
interest and exchange rate with the (rest of) the euro area. The Belgian economy is assumed
to be too small to generate significant spillovers on the other regions of the model. The
dynamics of the euro area, the US, and the rest of the world are detailed in de Walque et al.
(2017, 2023).



To enrich the model with financial frictions, we introduce four new categories of agents:
(1) entrepreneurs, (2) homeowners, (3) banks, and (4) a prudential authority. We refer to
de Walque et al. (2023) for the behaviors of domestic households, firms, and the government
and detail here the ones of the new agents. Compared to the standard BEMGIE, there are
two differences regarding the behavior of households. First, they do not invest in physical
capital and housing stocks, as these tasks are now performed by entrepreneurs and home-

owners. Second, they hold an exogenously given stock of bank deposits.

( "
Wholesale Bank Central
- Bank
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~
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Figure 1: Overview of the structure of the model
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Figure 1 shows how the new agents interact with domestic households, firms, and public
authorities. The bank consists in a wholesale unit and two sector-specific retail units. The
wholesale bank manages the bank capital and faces capital requirements set by a prudential
authority. It combines the bank net worth with households’ deposits and central bank
funding to finance the retail units. Retail banks grant multi-period loans to entrepreneurs and
homeowners. Those borrowers finance their investments in productive capital and housing
with a combination of bank loans and their own funds. They rent the stock of productive
capital and housing services to firms and households, respectively. In what follows, we detail

our assumptions regarding these four new categories of domestic agents.



2.1 Entrepreneurs

Entrepreneurs finance their investments in productive capital with a combination of bank
loans and their own funds. Bank loans are multi-period contracts with fixed interest rates.
Entrepreneurs face aggregate and idiosyncratic risks to the returns on their investment,
which affect their ability to repay their loans obligations. Figure 2 summarizes the sequence
of entrepreneurs’ decisions within each period. We describe the different stages, highlight the
differences between our setup and the original BGG framework and solve the entrepreneurs’

optimization problem in what follows.

period t

AN

period t + 1

AN

[ Investment/credit

[ Return on investment

( Default decision

Aggregation \

- Entrepreneurs combine
net worth and loans to
purchase capital K; at
price Q;

- Endowed with identical
net worth N

- Outstanding loans from
previous periods {Ly_4
at rate Rf_; that is non
renegotiable

- Newloan L} at rate RF*
negotiated at time t.

- Total credit available is

Ly =8Leq + Lt

Entrepreneurs rent
capital K; to final good
producers at rate 1<
Sell undepreciated
capital (1 — §)K; at
price Qp+1

Total return on
investment R}le =
f(rtk;erQt+1rwj,t+1) is
affected by unexpected
aggregate shocks
affecting 7% 1 and Qp41
and the idiosyncratic
income shock wj 141

- Unlucky entrepreneurs
With j¢41 < Dpyq
default

- Limited liability implies
that they default when
their income is smaller
than the value of their
debt:

@) r+1RE1 QK < D,
where
Dy =Dy + REL

The net worth of all non-
defaulting entrepreneurs is
aggregated and a share

(1 — py) is redistributed to
households

The net worth that will be
shared equally among all
entrepreneurs at the next
investment stage is:

Ny = f(("j,t+er£(+1)

- Balance sheet:
\ QcKe = Np + L / \ / \ / \ /

Figure 2: Sequence of entrepreneurs’ decisions within each period

Investment and credit stage. We begin by presenting the last stage of period ¢ that
corresponds to the start of an investment project. At the end of every period t, entrepreneurs
purchase the stock of productive capital K; at price ;. Their liabilities consist in a combi-
nation of bank loans L¥ and their own net worth NF. The balance sheet of an entrepreneur

7 is thus given by:
QiKj = Ly, + N, (1)

Entrepreneurs have access to multi-period loans repaid in an infinite number of geometri-
cally decaying payments as in Benes and Lees (2010). A loan Li’t* taken at time ¢ is paid back
in repayments proportional to the amount borrowed and decays at a fixed rate £ € (0, 1).

The principal repayment consists of a fraction (1 — &) of the residual outstanding amount.



Thus, the outstanding amount of a loan L?f granted at time ¢ is fL;i’t* at time t+1, §2L?,’t*

at time ¢ +2, and &°LY;

outstanding amount (R is a gross rate of interest). Table 1 summarizes the structure of a

at time ¢ + s. The interest payment is a fixed rate Rf’k — 1 on that

loan contract.

Table 1: Loan contract signed at period t by Entrepreneur j.

Period Outstanding debt Interest payment Principal repayment

t Lj;;‘

t+1 €LYy (ROM—1Lhy (- 9Lly
t42 52LZ;;‘ (RO"—1eLly  (1—geLly
t+3  oLby (RP*F —veLly (1 -oeLhy

The total outstanding amount of loans available to an entrepreneur is given by the sum
of newly granted loans Lﬁ’t* and previous loans granted s periods ago, that decayed at the

rate £*:
L, = > €L, @)
5=0

The interest rate is fixed at time ¢ and cannot be re-negotiated. The total loan repayment

obligations O;ft are given by the sum of the promised interest and principal repayments:

0
Of = Y (R —98Lyy (3)
5=0

Compared to more common debt contract with finite maturities and constant repayments,
this specification introduces fixed-rate and multi-period loan with three desirable modelling
features. First, it is easy to calibrate £ to match desired empirical measures such as an
average interest rate fixation period or a Macaulay’s duration in loan contracts (see Section

3). Second, we can rewrite Equations (2) and (3) recursively:

Lk, = gL’?,tfl—yL?”t* (4)

J

Of, = €08+ (RIF =LYy, (5)

This simplifies the optimization problem because we can set any loan duration by adjusting
& without altering the equations of the model and at the cost of only two new sate variables.
This is in contrast to a setup with a loan with fixed and finite maturity and constant

repayments that would imply a very large number of new state variables to model long



maturities.” Third, we can integrate this multi-period loan contracts with geometrically
decaying payments into the original BGG framework with only a few minor tweaks that will

be discussed below.

Return on investment. Entrepreneurs rent capital services to firms. They choose the
intensity of capital utilization u;y; such that total capital services in period t+1 amounts
to 41K, Capital depreciates at rate 6% and the undepreciated capital stock (1 — 6F) K,
is sold at price ;41 at the end of the period. The ex-post (nominal) return to capital is

thus given by:

“?,t+17"f+1 - a(“?,tﬂ) + (1= 0)Qi1

Q¢

(6)

RJI';H = Wf,tﬂ
where rf,; is the rental rate of capital and a(u) is the cost of varying the rate of utilization of
capital. Equation (6) shows that unexpected aggregate shocks in ¢ + 1 affect entrepreneurs’
income through their impact on the (nominal) price and rental rate of capital. Moreover,
following BGG, an entrepreneur j faces an idiosyncratic shock to the return on its investment
denoted w¥ which is log-normally distributed with mean one and variance o} ,. This variance

follows an AR(1) process with an entrepreneur risk shock.

Default decision. Limited liability implies that entrepreneurs default when their net
worth falls below zero, that is when wf, Rf\,Q;K;; < D5, We denote &* the cut-off

value for the realization of the idiosyncratic shock below which the entrepreneur defaults:

D¥

—k It
= = 7
ST RELQUK, "

2 Note that, as mentioned by Bene§ and Lees (2010), the setup with geometrically declining repayments
does not contradict the effort to model fixed-rate loans. What matters is that the repayment scheme is fixed
at the beginning of the contract and cannot be re-negotiated, as it is the case here. Moreover, it replicates
well the declining repayment scheme observed at the aggregate level (e.g. household or NFC sector). For
instance, think of many individual borrowers with a traditional fixed-rate mortgage. For each individual,
the stream of cash flow is constant: she/he pays the same amount periodically until the maturity date of the
loan. However, at the aggregate level, there is a range of mortgage loans with different maturities at each
point in time. Each of such cohort of loans decays over time, as more and more loans of the cohort reach
maturity, resulting in a decrease in the repayment amount for that cohort.



where DF, is the sum of the repayments Of, due at time ¢ and the book value of the

outstanding debt carried over to the next period:

Dy, = Of, +¢€Lf, (8)
= ¢DF,  + ROFLYY (9)

In Equation (7), note that @, , — and thus the probability of default — are increasing functions

of leverage, as in the original BGG-framework.

Aggregation. The net worth of all non-defaulting entrepreneurs is aggregated and a share
(1 — p) of this net worth is redistributed to households. The aggregate entrepreneurs’ net
worth at the end of period ¢ + 1 is given by Nf;:

o0 o0

Ntk-i-l = Pk [/k wfRfithth(wf)dj - . Df,tf(w?)dj] (10)
Wity IR

We assume that in the next investment stage this net worth is shared equally among all

entrepreneurs. This assumption implies that all entrepreneurs remain homogeneous. They

always start with the same net worth and thus always make the same investment and credit

decisions before the realization of the idiosyncratic risk.

Differences with the original BGG-setup. Our setup differs from the original BGG-
framework in a few dimensions. Most importantly, we introduce multi-periods contracts (e.g.
Benes and Lees, 2010) with interest that are fixed in nominal terms (e.g. Christiano et al.,
2004 and Christensen and Dib, 2008) for the full duration of the contract. This implies that
banks carry the interest rate and default risks, which is empirically relevant and gives a non-
trivial role to the banking sector. For tractability and simplicity, we also made two different
assumptions. First, we assume that net worth of entrepreneurs is redistributed equally in
every period to ensure that they remain homogeneous. Second, we assume that banks set
the lending rate based on aggregate financing conditions (more details in Section 2.3.3).
When choosing their loan level, entrepreneurs thus do not internalize the impact of their
borrowing decisions on their risk premium. Instead, they face a stigma when defaulting on
their loans. This allows entrepreneurs to internalize the consequences of default and brings
the dynamics of the model close to the BGG-model (see Appendix B) but simplifies the
optimization problem, that would otherwise be much more complex due to the presence of

nested infinite-sums with multi-period contracts.
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Optimization problem. Entrepreneurs maximize the sum of their discounted expected

dividends paid to households net of the cost associated to stigma:

0 (e’e]
B> (0 )= { [, mi@sehai— [ Db —¢ / de}(ll)
t=0 Wit Wit1

where Z; is their discount factor and { captures the stigma-intensity. Note that in contrast
to BGG, R*" is not indexed by j in Equation (9). Moreover, their objective function (11)
has an infinite sum over time. Multi-period loans imply that their optimization problem is
dynamic and not static as in BGG. Using a similar notation as in BGG and the entrepreneurs’

balance sheet (1), we rewrite their objective function (11) as

oo

E; ZEt {(1 G(Wtﬂ)) Rf+1 ( ¢t le'ft) B (1 - (1 B C) wt+1 ) t} (12)

where G(wf,,) = w“f "W f(wh)dj captures the fact that defaulting entrepreneurs get a
zero return on thelr investment and F(wF +1 fowt“ fw d] represents the default rate.
k., DF, and th under Constraints (4), (7) and (9).

The FOCs can be expressed with these two equations:

Entrepreneurs maximize (12) w.r.t L¥

(1= G@E)) Ry = (1= F@E )R + ¢ (F@h )R + Flaf,) (RF - RS,k ) of)

~~

FExpected return on cap. FExpected loan cost

—_ L.k L.k
+ M <Rt - Rt+1)
Market timing

A= (1— F(Wt+1)) +CF(Wt+1> +(‘Utﬂ (Wfﬂ) +EZ 1At

Stigma cost internalization

where )\; is the shadow value associated with Constraint (9) capturing the cost of one mon-

etary unit of repayment commitment made at time ¢, and

log(&F )+ o2 ,/2
F(wt+1) Nedf ( 09<wt+1) Uk,t/ ) (15)
Okt
log(@wF, ) —o2,/2
G(wt+1) Nedf ( Og(wt+1) Uk,t/ ) (16)
Okt
1 log(@f 1)""71%15/2
F'(@F, ) = ——Npdf + ’ 17
(t+1) @fﬂak p ( - ( )
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Equations (13) and (14) link the expected return on capital to the bank lending rate and to
the expected stigma costs. As such, an increase in bank spread (and/or in borrower risk)
should be accompanied with an increase in the expected return on capital, which can only be
achieved through a decline in aggregate investment. It also creates a market timing motive
for entrepreneurs to borrow. If the bank lending rate is expected to rise, borrowers have an
incentive to increase their current borrowing in order to lock in the current interest rate. In
this case, entrepreneurs tolerate either lower returns on their investments or higher lending

rates, which satisfies Equation (13).

2.2 Homeowners

We model mortgage credit in a similar vein than NFC credit, and follow Aoki et al. (2004).
Housing entrepreneurs take multi-period loans and manage the housing stock that they rent

to households. FOCs are similar to the Entrepreneurs section, mutatis mutandis:

(1 G(thrl)) Rt+1

(1= F@l )R + ¢ (Pl R + Fl@l) (R = Ri@l ) o)

FExpected return on housing FExpected loan cost

h— L,h
+ 'S (Rt Rt+1)
Market timing

A= (1= F(wt—i-l)) +CF(%+1) +th+1F/(Wt+1) + S M

Stigma cost internalization

and
F(@}.,) = Nedf <log (w?+;1j0’2”t/ 2) (20)
G(@fy,) = Nedf (log (w;;;)ht Ot/ 2) (21)
Fl(@gyy) = wt:lahN df (log W*;lj ! 2> (22)

where the subscript h stands for "housing" and replaces the subscript & used for capital in
the previous section, and where R is the price of housing services. We allow for a different
interest rate duration period for mortgage loans, ¢, compared to the NFC loans presented

in the previous section.
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2.3 Banks

A bank consists in a wholesale unit and two sector-specific retail branches. Wholesale banks
manage their capital and allocate funds to retail banks. Any wholesale bank faces capital
requirements and pays a penalty when its Capital Adequacy Ratio (hereafter CAR) — defined
as the ratio of capital to risk-weighted assets — falls below a regulatory constraint as in
Benes and Kumhof (2015). A compensation for the risk of breaching capital requirements
introduces a first wedge between the risk-free rate and the bank lending rate, which is a
function of the bank’s CAR. Finally, retail banks grant multi-period loans to entrepreneurs
and homeowners. Credit risks add a second wedge between the risk-free rate and the bank

lending rate, which is a function of current - and future - borrowers’ leverage.?

2.3.1 Bank liabilities and the deposit rate

The bank liabilities consist in its own net worth, households deposits, and funds obtained
from the central bank. We assume that the bank has a probability (1-£;) of being allowed
to adjust its deposit rate. It sets the optimal deposit rate Rf ™ by imposing a mark-down on

the policy rate R, over its expected duration:

o0

B> (6a) Zass {ealters — B} =0 (23)

s=0
where €5 < 1 is the mark-down parameter. In Equation (23), the deposit rate is a weighted
average of present and expected future short-term interest rates. Up to a first order ap-

proximation, this framework is equivalent to a staggered rate setting framework a la Calvo
(1983). The average deposit rate is simply given by: R¢ = &R | + (1 — E4) R

Our motivation for introducing this friction is to obtain an imperfect pass-through of the
short-term interest rate set by the central bank to banks funding costs as documented in
the literature (see for instance De Bondt, 2005; De Graeve et al., 2007; Gerali et al., 2010).*

3 In practice, banks strategically chose between fixed and variable rate loans, and can also decide to modify
the maturity/duration of their asset portfolio. We do not model these strategic decisions and the model can
thus not generate dynamics where the duration of the loan portfolio varies due to changes in these strategic
decisions after shocks. The model however considers these decisions as given ex-post, once these decisions
are made, in its calibration which is based on the average maturity at the level of the loan portfolio.

4In reality bank funding liabilities consists in very responsive debt instrument (e.g. wholesale short-term
debt) and more stable funding sources (e.g. deposits and long-term debt securities). Jacob and Munro
(2018) model unstable and stable sources of funding separately, which allows them to study the implications
of the stable funding requirement (SFR) included in Basel III liquidity regulations. We leave this more
sophisticated modeling of the bank liability side for future research.
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Moreover, this rigidity prevents the model to generate counterfactual abrupt adjustments in

bank capital after a monetary policy shock.

For simplicity, we assume that household demand for bank deposits is exogenously deter-
mined. This assumption is consistent with the low elasticity of deposit demand to changes
in the interest rate reported in Chiu and Hill (2018) (for the UK) and captures the relative
stability of households deposits compared to other funding sources.> Our calibration also
implies that the cost of deposits is lower than that of other sources of funds, but that deposits
are not sufficient to cover the bank’s full funding needs. Thus, the marginal cost of bank

liabilities is given by the risk-free rate, as in Benes and Kumhof (2015).

2.3.2 'Wholesale banks and capital adequacy costs

Wholesale banks use their own capital N, bank deposits B¢, and central bank funds Bf* to
allocate funds to NFC-retail banks L¥ and mortgage-retail banks L?. Their balance sheet is

thus given by:
N+ B} + B’ = Lj + L} (24)

The wholesale bank sets sector-specific wholesale bank rates charged to NFC and mort-
gage retail banks. At the end of every period, retail banks transfer the operating profit or
losses to wholesale banks. Therefore, total incomes earned by the wholesale bank are given
by:

(R;Uj[/ffl + RﬂLil) + 107 + Wy (Lzlsil + L?A)

where the first term represents income from (inter-bank) loans to NFC and mortgage-retail
branches, the second term are the profits (or losses) of the retail units redistributed to the

wholesale bank, and the final term is an idiosyncratic shock to the return on loans books.

Banks thus face two different types of risks affecting their incomes. (1) Aggregate risks
originate from operating profits or losses made by the retail branches facing interest rate and
default risks when extending credit to entrepreneurs and homeowners (see next subsection).

(2) Idiosyncratic risks introduce a purely random component to the bank’s loan returns. The

5 Note that it would be easy to introduce a shock that can capture, for example, an unexpected decline
in deposit demand.
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latter captures the idea that some unlucky banks might unexpectedly be more exposed to
default than the rest of the sector. The term w}; is normally distributed with mean zero
and variance o2, and introduces dispersion in banks’ income. Following Benes and Kumhof
(2015), wholesale banks face capital requirements and pay a penalty whenever their CAR

fall below regulatory requirements given by:

N

kEpwk 1k hpwhrh
TR L+ TR LY

> cary (25)

where ¢ar, is the regulatory threshold for the bank CAR, and 7 and 7, are the risk weights.
The idiosyncratic risk w), implies that in equilibrium, a time-varying fraction of banks will
breach capital requirements and will be forced to pay a penalty. The ex-post cut-off value

for the idiosyncratic shock (denoted @®) below which the bank pays the penalty is given by

(RPELE + RPMLY) + 1%, + @ty (LF + L) — RiB® — RIB! — s
Tth?’ka + TthR;U’hL?

= car;

where x . is a fixed operating cost. This expression can also be expressed as

i RiB* + RIBY — (1 — rfear) RV LE — (1 — t)ear,) R LY — T2, + e
wt-‘rl = L? + L?

It shows that the bank cut-off value directly depends on the realized profits of retail
banks. As such, losses made by the retail banks will increase the likelihood of wholesale
banks breaching the regulatory capital requirement. The wholesale bank maximizes its

expected net worth (bank capital) w.r.t L and L}:
E.N, = E, {R;””“Lf + RUMLY — RyBi? — R{B! + 1%, — (L) + Ly)J (@Zil)} (26)

where R;“”’k and R}’ M are the wholesale bank rate to the NFC and mortgage retail banks,
Yo (LY + LF) is a penalty paid if the bank breaches its capital requirement, and .J (@ﬁl) is
the breach probability. The FOC wrt L} and L} are

. w w0
R~ R, = xuE <J (wt+1) +J (wt+1) ﬁf@? + Lf)) (27)

t

. w w0
R! b R, = xuoE: <J (wt+1) + J (wt+1) 5221 (L? + Lf)) (28)

t
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where,

log(wy, w)?/2

J (@) = M&(”WHEHU)/> (29)

o 1 log(@® ) + (04)?%/2

Pty = o (s ) w
0oy R— (1—rfear) R — oy (31)
SLY Ly + L}
0y Ry~ (1—rjear) Ry — oy (32)
SLY LY+ L}

In terms of interpretation, the wholesale bank rates are the rates at which a risk-free
entrepreneur or homeowner could borrow at the bank for a maturity of one period. The gap
between the wholesale bank rate and the risk-free rate represents the compensation for banks’
capital adequacy costs. The latter relates to banks capital position and thus opens a bank

capital transmission channel for macro-financial shocks and macroprudential regulations.

2.3.3 Retail banks and multi-period loans

Retail banks extend wholesale bank loans to entrepreneurs and homeowners. Here, we
present the optimization problem of NFC-retail banks (it is similar for the mortgage sector).
At every period t, the retail bank offers multi-period loans repaid in an infinite number of
geometrically decaying payments. The retail bank objective is thus to maximize its expected

discounted flow of profits associated with a new loan Lf ™ issued at time ¢:

o0

EY . Buaee {(L= F@hn) LGD, ) R = REAf € Lb (33)

s=0

where R®" the wholesale bank rate corresponding to the retail bank’s cost, F (wF) the prob-
ability of entrepreneurs’ default, €™ governs the bank mark-up, and LG D is the loss-given-
default (LGD) computed as

(1— Nk)RtKG(@f)Qt—th—l
F(a}?)RtLileffl .

LGDf =1~ (34)
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In equation (33), sttL ka* captures a geometrically decaying outstanding amount due on

loan Lf ™ issued at time t. The FOC gives the bank participation constraint:
Et Z fsEt,tJrs {(1 - F(wf+s+1)LGDf+s+1) ]%tLJC - gTszU-&lIZ} (35)
s=0

Equation (35) shows that retail banks set their lending rate based on a weighted average
of present and expected future wholesale banks rates and default risks (function of expected
default rates and LGDs), capturing the borrower’s leverage channel. Also note that when
rates are fully flexible (¢ = 0), there is no mark-up (¢"* = 1), and no bank regulatory
requirements (R}’ = R,), equation (35) simplifies to (1 — F(&y,,)LGD}, ;) RFF = R¥F =
R;, which is equivalent to the bank’s participation constraint in the BGG-framework with

nominal debt contracts. Finally, equation (35) can be expressed recursively as:

Xl
Lk rb
R"W = ¢ X—% (36)
X! = R4+ EnEE XL, (37)
Xt = (1= F(0fi)LGDE,) + B X7 (38)

2.3.4 Bank profits and capital dynamics

In this model, the dynamics of bank capital play a crucial role and depends on retained

banks’ profits. Profits of the banking sector reads:

= ((1 — F(@})LGDY) RM, — RH) L+ ((1 — F(@"LGDY) R — RH) o,
+ (R = DN+ (Reen = R B — xwLi ) T (@)

where RtL * and RtL " are the average bank loan rates on the total outstanding amount of

NFC and mortgage credit. They are given by:

_ DF
Lk _
R = LTZ (39)
5L Dy
R = i (40)
Bank capital is then given by:
N = (1= py) Ny + 107 (41)
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where p,, determines banks’ redistributed dividends to households.

2.4 Prudential authority

The prudential authority sets capital requirements, collects penalties from banks breaching
capital requirements, and manages entrepreneurs’ default (it recovers a fraction py and py, of
the entreprencur and homeowner’s assets). It has three tools: the minimum CAR (mcary),
the countercyclical capital buffer (ccb;), and the sectoral risk-weights (7} and 7/*). The bank

CAR below which the bank pays a penalty is thus given by
car, = mear; + ccb, (42)

Note that the threshold below which the bank must pay a penalty is higher than the MCAR
when the CCyB rate is higher than zero. When the CCyB is activated, the CCyB rate
follows

Ly —Lv

— (43)

ccby = Yeen
where LY = LF + LI is the total outstanding amount of bank loans composed of mortgage
and NFC loans. Note that the CCyB is only activated in Section 5. In the other sections,

the CCyB rate always remains at zero.

3 Calibration

The baseline calibration is reported in Table 2 and discussed in the following two subsections,
dedicated to the calibration of standard parameters and the ones of the financial friction

extension, respectively.

3.1 Standard parameters

Parameters for the real and nominal sides of Belgian, euro area and US economies are cali-
brated at the calibrated or estimated values obtained in de Walque et al. (2023). This paper
uses Bayesian full-information maximum likelihood methods to estimate the BEMGIE model
without financial frictions. We describe here the most relevant non-financial parameters of
the Belgian bloc and refer to de Walque et al. (2023) for deeper details.
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Table 2:

Calibrated parameters.

Parameter Symbol Value Target

Capital investment / Entrepreneurs

Investm.-to-GDP Yi 0.18 national account average 1995-2019

Depreciation rate d; 0.025  Smets and Wouters (2007)

Adjustment costs U; 6.3 de Walque et al. (2023)

Utilization rate Vg 0.72 de Walque et al. (2023)

Idiosyncr. shock volatility ok 0.37 annual default rate of corp. loans (4.2%)

Loss given default i 0.17 LGD rate of corp. loans (26%)

Share of retained earnings Pk 0.025  debt-to-equity ratio of 68%

Default stigma Ck 0.26 dynamics of BGG model

Loan repayment decay &k 0.92 average int. rate fixation period of 2.5 years
(ECB SDW)

Housing investment / Homeowners

Investm.-to-GDP Yh 0.06 national account average 1995-2019

Depreciation rate On, 0.0075 3D model (Clerc et al., 2015)

Adjustment costs Up, 13.4 de Walque et al. (2023)

Utilization rate vp 0.46 de Walque et al. (2023)

Idiosyncr. shock volatility o 0.34 annual default rate of mortg. loans (1.4%)

Loss given default b 0.04 LGD rate of mortg. loans (13%)

Share of retained earnings Ph 0.025  mortgage credit-to-GDP of 52%

Default stigma Cn 0.13 dynamics of BGG model

Loan repayment decay &n 0.98 average int. rate fixation period of 11.8 years
(Badarinza et al., 2018)

Banks and capital requirements

Min. capital-to-risk-weighted assets ratio  mcar 0.08 Basel 111

Risk weight on NFC assets Tk 0.52 NBB data

Risk weight on mortgage assets Th 0.11 NBB data

Idiosyncr. shock volatility Ow 0.014  voluntary buffers (3.5%)

Penalty cap. requ. violation Xw 0.0035 wholesale bank spread of 0.55% per annum
(Benes and Kumhof, 2015)

Share of retained earnings Puw 0.016  capital requ. breach prob. of 2% per quarter
(Benes and Kumhof, 2015)

Retail bank market power ere 1177 average bank lending margin of 1.53% (ECB SDW)

Fixed cost Xfe 0.003  average bank ROE of 10% per annum

Bank funding repayment decay &y 0.93 duration of non-maturity deposits
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The steady-state great ratios of Belgian consumption, business investment, housing in-
vestment, public expenditures and imports to GDP are calibrated respectively to 0.61, 0.18,
0.06, 0.15 and 0.75 (with a trade balance assumed to be in equilibrium at steady state).
The depreciation rate on capital assets is set to 2.5% on a quarterly basis. Following Clerc
et al. (2015), the housing depreciation parameter is set to 0.75%, which is equivalent to a
depreciation rate of 3 % per year. Given this depreciation parameter and the great ratios,
the share of housing services in total consumption is obtained to be around 0.12. This value
is somewhat smaller than - but not too far from - the average share of actual, imputed rents
and other housing services in total private consumption in national accounts: 0.16 for the
period 1995-2019. The elasticity of substitution between housing and other consumption

expenditures is set to 0.76, the value obtained in the estimation of the standard model.

Capital and housing investment adjustment costs and utilization rate parameters are
calibrated to the large values obtained in the estimation by de Walque et al. (2023). That
is 6.3 and 13.4 for adjustment costs in respectively capital and housing investments. This
indicates a smooth but very forward-looking reaction of investment to changes in asset prices.
The parameter driving the utilization intensity of capital and housing assets is set to 0.72
and 0.46, respectively. It produces a volatile utilization rate and hence a smooth evolution in
the rental rate of capital assets and in the price of real estate services in response to changes

in output.

3.2 Financial sector

Entrepreneurs and homeowners We set o) and i, to target (annual) default and LGD
rates of 4.2 and 26 % for corporate loans. For mortgage loans, we target values of 1.4 and 13
%. The values are obtained from the FINREP, COREP, and PHL databases.® We calibrate
pr to ensure that homeowners’ net worth adjusts to a level consistent with a mortgage credit
to GDP ratio of 52 %, its empirical value before the start of the 2020 pandemic (which implies
a leverage ratio of 1.61). We set p; such that entrepreneurs’ debt to equity ratio amounts to
0.68 at steady state (equivalent to a leverage ratio of 1.68), as observed in Belgian financial
accounts. This value implies a NFC credit to GDP ratio of 64 %, which is higher than in
the data (32%). The difference is explained by the fact that we target NFC debt to equity
ratio (instead of a credit to GDP ratio) to better capture total NFC leverage, which plays a

6 PHL stands for Préts hypothécaires - Hypothecaire Leningen and has data about residential real estate
exposures of credit institutions. FINREP and COREP are available on the ECB Data Portal and stand for
FINancial REPorting Standards and COmmon REPorting Standards.
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crucial role for the financial channel as in the original BGG model. Moreover, banks may be
directly or indirectly exposed to corporate bonds, and one may interpret our banking sec-

tor as a more broadly defined financial sector (including non-banks financial intermediation).

We calibrate the stigma-intensity parameter ¢ to reproduce similar dynamics in the one-
period loan version of our model compared to the BGG variant with predetermined nominal
interest rates. To illustrate this point, we describe the effect of shocks that have an impact on
borrowers’ risk and on leverage in Appendix B. This simulation shows that one can approach
BGG dynamics by simply calibrating the stigma parameter to the average LGD at steady

state (thus forcing borrowers to internalize the cost of their potential defaults).

Banks and capital requirements The minimum CAR is 8 % as imposed by Basel III.
The risk-weights on entrepreneurs (NFC) and homeowners (mortgage) loans are set to 52%
and 11% respectively, corresponding to the average risk-weights set by Belgian banks.” We
calibrate o, Xw, and p, to match three steady-state targets: (1) banks’ voluntary buffers
at 3.5 % of their risk-weighted assets, (2) a wholesale bank spread of 55 basis points (per
annum) for wholesale loans to NFC retail branches, and (3) a capital requirement breach
probability of 2% per quarter. The first target is based on the observed average banks’
voluntary buffers in 2019 while the second and third follows the original calibration of Benes
and Kumbhof (2015).

We set the retail bank market power parameter £ to reach a pure credit spread of 38 basis
points of both NFC and mortgage loans. Overall, this calibration implies that the average
lending margin of Belgian banks is 153 basis points (equivalent to its observed average in the
2010-2019 period based on ECB SDW data). The average mortgage and NFC loans bank
spreads (92 and 202 bp, respectively) are explained by three factors: a compensation for
credit default risk (18 and 109 bp); a wholesale bank spread capturing the costs of capital
management (36 and 55 bp) and a pure retail spread (38 bp for both). We then set the
fixed-cost parameter xy. to match an average bank ROE of 10% on an annual basis (the
ROE of Belgian banks fluctuated between 8 and 10 % between 2015 and 2019).

Loan and deposit durations Following Benes and Lees (2010), we set the loan decay
parameters (£, and &) to match the Macaulay’s durations of mortgage and NFC loans ob-

served in the data. The observed Macaulay’s duration matches the duration of the geometric

" Note that most loans are granted by banks using an internal ratings-based (IRB) approach.
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loans used in our model when

o - 55_1 .
pDpa J REy RL
d= — = : (44)
o & 1 RLji _ é‘
Zj:l (RLTYT v

for i = h, k for mortgage and NFC loans respectively. Note that this duration is computed

at the steady state using the lending interest rate to discount cash flows.

The observed Macaulay’s duration d is computed using the average maturity at origi-
nation extracted from the data.® For mortgage loans, the average maturity at origination
is approximately 16 years, as calculated from the NBB mortgage lending (PHL) survey for
the banking sector (see Figure 7 in NBB, 2024) over the period 2007-2023.° The average
maturity of 16 years of a fixed-payment loan gives a Macaulay duration of 7 years. Using
the formula above with the steady-state mortgage lending rate and this duration, we obtain

a loan decay parameter &, = 0.98 for mortgage loans.

Regarding NFC loans, BECRIS data extracted in June 2024 indicates an average matu-
rity at origination of 4 years. About 37% of these loans involve fixed payments of principal
and interest, similar to a mortgage loan, and are associated with a Macaulay duration of 2
years. Bullet loans, where the full principal amount is repaid in the final cash flow, consti-
tute approximately 34% of the total loans, with a computed duration of 3.5 years. We have
less information about the remaining category, referred to as "other" in the data. Although
we do not know the exact proportions, this category includes balloon-type loans, where a
significant portion of the principal amount (though not necessarily 100%) is also repaid in
the last cash flow. Depending on whether we classify the "other" category as fixed-payment
or bullet, we obtain a duration range between 2.5 and 3 years. Using the midpoint of this
range and the steady-state lending rate to NFC firms, our calibration of & is 0.92. For com-
parison, Badarinza et al. (2018) calculated an average initial interest rate fixation periods of
2.5 years for NFC loans.

8 For a textbook formula applied to fixed-rate loans, see for instance Fabozzi (2005), Page 493-497.

9 This dataset provides a breakdown of the total loans granted in a given year by their maturity at
origination. We can therefore weight each maturity by its proportion of the total. When only a range of
maturities is available (e.g., |10-15] years), we use the midpoint in the weighted average. On average, 74% of
the loans are fixed-rate instruments. However, for each year, we also have data on the variability of interest
rates for new loans, which helps to compute an average maturity that accounts for the time to the next
repricing.
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Our calibration implies that corporate loan rates adjust more rapidly than mortgage
rates. This outcome is in line with estimated DSGE models that feature a lending rate rigid-
ity mechanism. Using a euro area dataset from 1998Q1 to 2009Q1 which includes interest
rates and volumes on loans to firms and households, Gerali et al. (2010) estimate larger
rate adjustment costs for interest rate on households compared to NFC rates. In a model
with staggered lending rates a la Calvo (1983), Darracq Pariés et al. (2016b) find a larger
nominal rigidity when mortgage rates are added to NFC rates in their dataset, in an estima-
tion based on bank interest rates published on the ECB SDW website. Empirical evidence
from the interest rates on different Belgian loan products also points towards the direction
of more pronounced stickiness for mortgage rates compared to corporate rates (Baugnet and
Hradisky, 2004; De Graeve et al., 2007).

On the liability side, we rely on NBB estimates of the Macaulay duration of bank sight
and savings deposits (retail and wholesale non-financial) over the period 2019-2023. These
durations range from 2.7 to 4.4 years, and can be matched with the average age of deposit
contracts in the Calvo (1983) setup, 1/(1 — &¢). This results in a & between 0.91 and 0.94.
We calibrate the decay parameter to the average of this interval, 0.93. The average deposit
share in bank liabilities (excluding capital and reserves) is 0.85, corresponding to its value
before the pandemic (NBB stat). It is used to calibrate the proportion of deposits in the
bank liabilities in the model: B%/(B¢ + B®).

4 The financial channels

In this section, we describe how changes in the risk-free interest rate and default risks prop-
agate in the model via financial channels: the bank capital channel and the entrepreneurs
and homeowners leverage channels. We evaluate the contribution of these channels to the
dynamics of key macro and financial variables after a monetary policy shock and after an
NFC risk shock. We also document the effect of multi-period loans contracts, and validate
our model and its calibration by comparing our results with other important benchmarks in

the literature.

To highlight the relative importance of the two channels, we include two specific plots
in the figures that show the impulse responses of variables to shocks. A first plot illustrates
the significance of the borrowers’ leverage channel by displaying the spread between the

retail lending rate and the wholesale interest rate (“risk channel" in the title of the plots).
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A second plot shows the spread between the wholesale rate and the risk-free rate (“bank
capital channel"). This spread widens when bank capital decreases, to reflect a higher
likelihood of breaching capital requirements. To ensure comparability across different model
configurations (one-period versus multi-period loan setups), and when necessary by applying
the expectation hypothesis of the term structure, the interest rates in these spreads are
calculated for loans of comparable Macaulay durations (2.75 years for NFC and 7 years for

mortgages).

4.1 A monetary policy shock

We start our illustration of the dynamics generated by the model with an impulse response
analysis of a conventional monetary policy surprise. The analysis of such a standard shock -
yet key to monetary policy - helps us to assess how the model propagation mechanism com-
pares with the literature. Moreover, it is also used to portray the contribution of financial
frictions to the dynamics after a standard shock, relative to a counterfactual configuration of
the model where these frictions are turned off. Figure 3 reports the impulse responses of key
Belgian macroeconomic and financial variables to a restrictive monetary policy surprise. The
shock is calibrated such as to produce an increase in the nominal short-term interest rate of
0.2% in annual terms. Each of the three lines refers to a different configuration of BEMGIE:
the baseline model with its financial extension including multi-period loans (solid grey lines),
a version of the model with one-period — and hence fully-flexible-rate — loan contracts (dashed

red lines) and a standard version of the model without financial frictions (dotted black lines).

The monetary policy shock generates a contraction in investment variables. In the model
with financial frictions, the initial drop in capital asset valuations and the subsequent de-
terioration of borrowers’ net worth leads to a jump in their leverage. Combined with an
increase in bank lending rates, this results in a significant rise in required returns, which in
turn accelerates the drop in capital asset prices compared to the model without any finan-
cial extension. The responses of other key macroeconomic variables are standard: inflation,

output and its demand components fall.
Both the one-period and the multi-period loan setups amplify the investment decline

compared to the counterfactual where financial frictions have been turned off, though the

effect is quantitatively small. The impulse responses of the model with one-period loan
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Figure 3: A monetary policy shock
Note: Variables in percentage deviation from steady state. Interest rates, default rates, and spreads annu-
alized. Horizon in quarters. Leverage is defined as the ratio of borrowers’ assets over net worth. NFC and
mortgage rates and spreads apply to new multi-period loans. In the one-period setup, they represent the
rates at which new multi-period loans would be granted. Bank funding rate is the rate that applies to total
(new and outstanding) liabilities. Spreads are expressed in terms of a risk-free loan of identical duration.
Grey = Baseline. Dashed-red = one period debts. Dotted-black = no financial frictions.
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contracts are in line with Bene§ and Kumhof (2015).!° The risk channel is reflected by a
persistent increase in borrowers’ leverage, which in turn leads bank to increase retail lending
spreads. The bank capital channel is negligible in this configuration of the model, as there
is no duration mismatch between banks’ assets and liabilities. Regarding loan volumes, a
hump-shaped increase in the short-term response of credit volumes can be observed.!' This
comes from a recovery in capital asset values that is faster than the recovery in borrowers’
net worth, as pointed out in Benes and Kumhof (2015). Consequently, households and en-
trepreneurs need to borrow more to finance desired levels of assets. An increase in bank
loan volumes after a monetary policy tightening is however inconsistent with the predic-
tions of the credit channel of monetary policy (Bernanke and Gertler, 1995; Altavilla et al.,

2019) and at odd with the empirical evidence presented in Peersman (2011) for the euro area.

In the baseline multi-period loan setup, the response of real investment is also amplified
compared to the no financial friction configuration, albeit through the bank capital channel
and a market timing effect rather than through the borrowers’ leverage channel as in the
one-period debt model. In our baseline calibration, the pass-through to the interest rate
on total amounts (new and outstanding) is more sluggish on the asset side than on banks
liability side. This contributes to a contraction in banks’ profit and a persistent decline in
banks’ capital, in contrast with the dynamics of the model with one-period loan setting.!'?
The resulting increase in the probability of violating capital requirements leads to higher
wholesale bank spreads. This in turn generates a stronger and more persistent response of
retail lending rates. Additionally, the anticipated easing of temporarily tighter conditions
on new loans incentivize borrowers to postpone borrowing and investment to avoid locking
in the higher interest rates for an extended period. This market timing effect significantly

contributes to a short-run decline in credit and amplifies the effect of the monetary shock.

It is however interesting to note that leverage does not increase as persistently in the
multi-period loan setup compared to the one-period configuration. Indeed, long-term loans
with fixed rates offer some protection to borrowers against the increase in interest rates and

mitigates the real effects of monetary policy, similarly to what is found in the sticky-rate

10Gee Figure 5 in Bene§ and Kumhof (2015) and black dotted lines for a comparison to the conventional
monetary policy shock.

1 This effect is also present in the impulse responses of loan volumes to a monetary policy shock in Benes
and Kumhof (2015) and Darracq Pariés et al. (2016a).

12 Note that the revenues from hedging instruments against interest-rate risks are not taken into account
in the model. The simulation presented here therefore misses the balancing effects on bank profits of the
cash flows coming from these hedging instruments.
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model of Gerali et al. (2010) for the euro area. In addition, the market-timing effect en-
courages borrowers to deleverage when interest rates are temporarily elevated, resulting in
a muted borrower leverage channel. However, the capital channel dominates the borrower
leverage channel, so that overall, we obtain an amplification of monetary policy shocks in

the multi-period loan setup.

The magnitude of the bank capital channel obtained in the multi-period loan configu-
ration depends on the bank duration gap between its assets and liabilities. Depending on
the calibration, it is possible to generate a more or less significant bank capital channel,
as indicated by the shaded areas around the baseline impulse-response in Figure 3. In the
recent years 2022-2023, the rise of policy rates has been associated with a surprisingly slow
pass-through to the sight and savings deposits offered by Belgian banks.!® This suggests
a smaller duration mismatch, and a more neutral role for the bank capital channel in the
transmission of the monetary surprise. This situation could correspond to the lower bound of
the shaded area generated by our model, which is associated with a larger calibrated deposit

rate stickiness compared to the baseline calibration.

More recently, from end-2023 to 2024, we observe a large shift from sticky sight and
savings deposits towards more rate-sensitive term deposits in the liabilities of Belgian banks
(see Figure 5 Page 23 in NBB, 2024). This phenomenon is also observed in euro area data
as reported in Coulier et al. (2024). As pointed out by these authors, this shift results
in an increase in the duration gap (net of hedging) of banks, leading to more exposure to
the interest rate risk. There is also uncertainty around the estimation of the duration of
overnight deposits, and external factors (e.g. the rise of fintech, the government’s issuance
of a competitive bond) could change the sensitivity of deposit rates to market rates. In the
model, a counterfactual can be constructed based on a small rate stickiness parameter on
bank’s liability side, thereby widening the duration mismatch. Such an experiment corre-
sponds to the upper bound of the shaded area in Figure 3. In this counterfactual, bank
capital responses are more sensitive to the policy rate compared to the baseline case. With

respect to the one-period setup, there is now an amplification of the shock that emanates

13Gee for instance NBB (2024), Page 27. The slow pass-through of policy rates to sight and savings
deposit fell short of what could have been expected based on the pass-through observed in the past. The
report points out the attempt by banks to restore commercial margins on their stock of deposits, which were
compressed during the period of low policy rates, as a reason behind this change in the pass-through.
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from the bank capital channel.'*

In the baseline model, measuring the pass-through of the policy rate to the bank funding

® we obtain a response on impact around 20% for the

rate by the relative impulse responses,!
rate on new deposits, while it is around 16% for the total cost of bank liabilities. In com-
parison, in a one-period debt setup where banks face costs in adjusting deposit rates, Gerali
et al. (2010) report a pass-through to their measure of EA bank funding costs around 25% on
impact after a monetary policy shock.!'® On the loan side, the baseline model-implied pass-
through is more limited for new mortgage credit (a bit less than 10% on impact and around
15% after one year) than for new corporate loans (a bit less than 35% on impact, slightly
above 50% after one year), consistently with empirical evidence (Baugnet and Hradisky,
2004; De Graeve et al., 2007). This is somewhat smaller than what is obtained in Gerali
et al. (2010) where, for a monetary policy shock, the pass-through to interest rates applied
to both households and firms credit is around 37.5% on impact, while the calibrated model
of Darracq Pariés et al. (2016a) generates on impact a 60% pass-through to EA commercial

lending rates.

14 In experiments not reported here, we also implemented a simulation with a negative net duration (du-
ration of assets smaller than the one on liabilities). A significantly smaller decay parameter on the asset
side compared to the calvo parameter on the liability side can turn the bank channel to be favorable: that
is, it contributes negatively to the lending spread and generates a positive response of bank capital. In this
case, it is interesting to note that, as credit contracts less, leverage does not undershoot in the medium run,
and the risk channel starts to play a significant — and adverse — force. This force is however not sufficient
to compensate the favorable ones from a lower interest-rate pass-through and the bank capital channel, and
responses of real investment and output are attenuated compared to the one-period counterfactual.

15 More specifically, we divide the impulse response of the specific interest rate by the one of the monetary
policy rate at each horizon. Our measure of the interest-rate pass-through is shock-dependent, as in Binning
et al. (2019). It is thus not easily comparable to the unconditional interest-rate pass-through measured in
empirical studies (see, for instance, Baugnet and Hradisky, 2004; De Graeve et al., 2007), which is influenced
by all sources of shocks affecting the monetary policy rate. As our model is not fully estimated, such an
unconditional measure - dependent on the relative importance of the different shocks in the model - is not
easy to produce. Moreover, empirical estimates are often measured relative to a reference market rate (e.g.
corresponding maturity or highest correlation) while we report the pass-through of the short-term interest
rate in the model.

16 See Figure 4 in Gerali et al. (2010). Their model is estimated based on euro area interest rates (on
deposit and lending) that apply to new business coverage.
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4.2 Risk shocks

Fluctuations in borrowers’ risk have often been identified as a key driver of business cycle
fluctuations (e.g., Christiano et al., 2014 in a study applied to the US). We thus simulate the
impact of an increase in the variance of the idiosyncratic risk faced by Belgian entrepreneurs
to evaluate its impact on the Belgian economy. We simulate this shock in two different
configurations of our model: in the baseline with multi-period loans (in grey) and in an
economy with one-period bank loans and debt (in black). Comparing the results in these
two scenarios allows us to identify the contribution of the multi-period loan extension. We
also discuss the role of the bank capital channels and borrower leverage by decomposing the
credit spread into a wholesale spread (capturing the former) and a retail spread (capturing
the latter) in Panel (b) of Figure 4.

For the baseline, a version of the model where the market timing channel is turned off
is also reported (in dashed grey). This counterfactual helps us to give an idea on the im-
portance of the market timing relative to the baseline, but caution is recommended when
comparing the outcomes: 1/ a comparison of this counterfactual with the one-period setup
is misleading as the loan maturities are different, 2/ we turn off the market timing based on
the ad-hoc assumption that borrowers behave myopically with respect to the market timing
term in Equation 13, ignoring the benefits they can have by optimizing their decisions on

the evolution of future lending rates.

In the baseline model, an increase in entrepreneurs’ risk is calibrated to cause a 4-
percentage point increase in the annualized default rate of entrepreneurs, on impact. Retail
banks respond to the increase in risk by raising the spread they charge on entrepreneurs’
loans. Higher rates encourage entrepreneurs to deleverage and thus to reduce their invest-
ment, which also causes a fall in the price of physical capital that reinforces the impact of
the shocks. At their troughs, investment in physical capital and GDP contracts by 4.5% and
0.7%, respectively.

The impact on consumption is, in contrast, more limited. Households respond to the fall
in hours worked by cutting on consumption. However, there is no direct effect from lower
physical capital or housing prices to consumption, as households do not use their capital as
a collateral to take consumer loans. This practice is limited in Belgium (e.g., Reusens and
Warisse, 2018).
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Figure 4: An entrepreneur risk shock (NFC)
Note: Variables in percentage deviation from steady state. Interest rates, default rates, and spreads annu-
alized. Horizon in quarters. NFC and mortgage rates and spreads apply to new multi-period loans. In the
one-period setup, they represent the rates at which new multi-period loans would be granted. Spreads are
expressed in terms of a risk-free loan of identical duration. Grey = Baseline. Dashed-red = one period debts.
Dashed-grey = Baseline with no market timing.
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The multi-period loan setup amplifies the effects of borrower risk shocks through the
bank capital channel compared to the one-period debt counterfactual. In a one-period loan
model, the unexpected increase in the default rate affects bank profitability for only one
period as banks quickly adjust their interest rates to higher default risks, and the bank CAR
thus quickly returns to its steady state. In the case of multi-period fixed-rate loans, banks
can only adjust their spreads on new loans, not on the outstanding amount of previously
issued loans. In that case, banks continue to make loses in the subsequent periods, and the
CAR reaches a deeper through after 2 years. This weaker capital position translates into
higher total spreads for entrepreneurs and homeowners and lower investment in physical

capital and housing.

The market timing effect also contributes to the amplification of risk shocks in the multi-
period loan setup. The transitory aspect of this rise in lending rates makes borrowers to
postpone part of their investment to avoid being burdened with more expensive financing for
long. This market timing effect adds a significant downward pressure on credit. Note that,
as for the monetary policy shock, borrowers’ deleveraging in the medium run attenuates

somewhat the borrowers’ leverage channel compared to the one-period loan setup.

Spillovers from an increase in NFC risks to the housing market are substantial in the
multi-period loan model. The higher rate on mortgage loans encourages homeowners to
deleverage, which results in a fall in house prices and mortgage loans volumes much more
pronounced than in a model that does not combine a multi-period feature (and its market
timing effect) and a bank capital channel. The predictions of our baseline model contrast
with Mendicino et al. (2018) that uses a model similar to the 3D model of Clerc et al. (2015)
calibrated to the euro area to simulate a NFC risk shock. They find a negative co-movement
between mortgage and NFC loans volumes and spreads after an adverse shock to NFCs risks.
In the 3D, banks specialize in either NFC or mortgage loans, limiting the ability of such a
model to produce a positive co-movement in NFC and mortgage credit after a sector specific
shock. In contrast, we obtain important spillovers from one sector to the next when banks
offer a mix of NFC and mortgage loans and when multi-period debt contracts magnify the

response of banks’ capital ratios.
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5 A cost-benefit analysis of the CCyB

We now turn to a cost-benefit analysis of the CCyB using an IRF analysis. First, we simulate
the cost of raising the CCyB rate from zero to one percentage point, building some room for
a potential release should an unexpected shock warrant it. When simulating these costs, the
increase is assumed to be quasi-permanent in the sense that the CCyB rate remains at this
level unless the economy is hit by an adverse shock. The benefits are measured by comparing
the differential response of the economy to a financial stress with and without a release of the
CCyB. It is assumed that the CCyB is released to support credit to households and NFCs

when the shock hits and that the latter is gradually rebuilt as the economy recovers.

This experiment is closely related to the idea of introducing a positive neutral CCyB rate
of 1%. The implication is that the cost of raising the neutral rate from zero to one must
be paid once — and only once — while the benefits can be reaped many times over, since
the room for maneuver created can be used indefinitely to smooth shocks as long as buffers
are rebuilt between shocks. Where possible, we compare our results with other structural

models and with empirical works applied to the Belgian economy.

5.1 Activation costs

We simulate the effect of a 1 percentage point increase in the CCyB rate applied to Belgian
banks in the model (thus raising total capital requirement from 8% to 9%). In this simula-
tion, the capital requirement is raised with a one-year notice. The persistence of the increase

in capital requirements is set to 0.9999 and is thus quasi-permanent.

Figure 5 shows the response of selected macro and financial variables to the announcement
of a future increase in regulatory capital requirements. Although Belgian banks initially hold
sufficient capital buffers and thus continue to comply with the new capital requirements, the
probability of breaching the requirements in the future increases. As a result, banks are
demanding more compensation for the potential capital costs by increasing the wedge be-
tween wholesale rates and their funding rate. The increase in the wholesale rate applied to
NFC loans is larger than that applied to mortgages because of the difference in risk weights.
The positive response of wholesale spreads in turn induces retail banks to set higher lending
rates for new loan contracts. This tightening of credit conditions originating from the bank
capital channel has a contractionary effect on borrowing, asset prices and real investment,

and hence output.
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Figure 5: An expected increase in capital requirements (1 year notice)
Note: Variables in percentage deviation from steady state. Interest rates, default rates, and spreads annu-
alized. Horizon in quarters. NFC and mortgage rates and spreads apply to new multi-period loans. In the
one-period setup, they represent the rates at which new multi-period loans would be granted. Spreads are
expressed in terms of a risk-free loan of identical duration. Grey = Baseline. Dashed-red = one period debts.
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The contraction, in turn, pushes up default probabilities in the short run. However,
default rates decline in the medium term as households and NFCs deleverage. Thus, the

borrower leverage channel somewhat mitigates the increase in lending rates.

The adjustment towards a higher level of bank capital-to-risk-weighted asset ratio is
gradual for two main reasons. First, in setting wholesale interest rates, banks weigh the
cost of breaching capital requirements against the adverse indirect effect on profits of a too
strong tightening in loan supply. Second, in our setup with multi-period loans, banks can
only adjust their spreads on new loans, not on the outstanding amount of previously issued
loans. It thus takes longer for income from lending to contribute significantly to profits
and hence to bank capital.!” This is different from the configuration with one-period loan
contracts, where the interest rate adjusts immediately on all loans. The convergence of bank
capital to the desired long-term level is thus slower with the baseline calibration. This in
turn produces an amplified response of the breach probability, of wholesale spreads and thus

accelerates the dynamics of credit and investment compared to the one-period counterfactual.

This contraction in credit lending after an increase in capital requirement is in line with
the empirical literature. De Jonghe et al. (2020) also find a significant decline in credit
growth due to stronger bank-specific capital requirements with a one-quarter notice in Bel-
gium. In the short run they obtain a decline of existing NFC credit growth at the intensive
margin (that is, for existing bank-firm relationships) between -0.27pp and -0.13pp after a
1pp increase in individual bank capital requirements, depending on whether banks restore
or not their capital buffers.!® After 1 year, the range of this effect is between -0.53 and -0.38
percentage points. In BEMGIE, NFC borrowings deteriorate by about -0.13pp and -0.77pp
after respectively 1 and 5 quarters. The medium-run response is somewhat larger than what
is reported on the intensive margin De Jonghe et al. (2020) but should be considered as a
total effect, capturing both the intensive and extensive margins. On the extensive margin
(new bank-firm relationships), De Jonghe et al. (2020) estimate a significantly larger effect
around -0.80pp after 1 quarter, and -1.7pp after 1 year.

The quantitative response of output, around -0.28% in the baseline simulation, is con-

17 Hence, the model does not need any ad hoc mechanism, such as adjustment cost in bank capital (as for
instance in Bokan et al., 2018), to generate this gradual response of bank capital.

18 Credit growth is measured as the quarterly change in the natural logarithm of authorized credit at the
bank-firm level in their paper.
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sistent with other DSGE models featuring bank capital requirements.!® Using a range of
macroeconomic models used at the European Central Bank, Cozzi et al. (2020) obtain a
range of response around [-0.35;-0.15] percentage points for the decline in GDP after a 1pp
increase in bank capital requirements. The meta-analysis of Fidrmuc and Lind (2020) sum-
marizes the results of 48 papers that evaluated the effects of one percentage point increase
in capital requirements. On average, a one percentage point increase in capital requirements
is found to cause a 0.20 % decline in GDP (with a range between -0.85 and -0.01 %).

Two elements of our model contribute to increasing the estimated cost of higher capital
requirements. First, the simulations in the literature are usually conducted at the global
level or for large economies, while we present the result for a regulatory capital increase in
Belgium only. Consequently, the accommodative monetary stance that follows endogenously
from the policy shock in models for larger economies is absent from our simulation. Hence,
if other euro area countries apply similar capital requirements than Belgium, a monetary
policy reaction can reduce our estimate. Second, our setup includes a multi-period debt
structure, which has been shown to accelerate real dynamics. For comparison, GDP falls by

about -0.16% in the one-period debt version of the model.

The effect of higher capital requirements on bank lending rates is mainly limited to the
short run. In the long run, as banks’ voluntary buffers are replenished and the probability
of breach returns towards its equilibrium level, the increase in lending rates is limited to two
basis points for NFCs and less than one basis point for mortgages. The small increase in
these lending rates is explained by the fact that the return on capital is higher than the cost
of other liabilities. The long-run output loss is 0.07%.

5.2 Benefits of releasing the CCyB during financial stress

We now turn our attention to a CCyB release in a situation of financial stress. The benefits
are measured in terms of the CCyB’s ability to smooth the adverse effects of a medium-size
shock on credit supply and economic activity. It is important to note that some other im-

portant benefits of a positive CCyB — such as a reduction in the risk of bank failures — are

19We remind the reader that this estimate is a percentage expressed in deviation from the steady-state
trend of real GDP, which grows by 0.3% per quarter in the model. This figure therefore does not correspond
to a recession situation. At steady state, GDP grows by about 2.4% in two years, compared to 2.1% with
the CCyB activation.
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not captured by this model, which is not designed to capture the effects of larger shocks
— such as tail risk events that could otherwise destabilize the proper functioning of credit

stitutions.

The financial stress is modeled as an increase in NFC default risk of about one percent-
age point in the first quarter, making NFC loans twice as risky as in the steady state. We
assume that the CCyB rate is 1% before the shock. In a first scenario, the CCyB remains
unchanged. In a second, the CCyB is released. The release is gradual and calibrated to
ensure that it is fully released at the worst of the crisis.?’ The difference between these two

scenarios allows us to identify the impact of a potential release of the CCyB.?!

The release of the CCyB mitigates the contraction in credit supply by preventing an
amplification of the shock that would otherwise operate through the bank capital channel.
When the CCyB is released, banks can absorb losses on their NFC loan portfolio without
increased fear of breaching capital requirements. In this case, wholesale spreads are more
stable. In contrast, when the CCyB is not released, wholesale spreads widen as banks pass
on the expected cost of breaching capital requirements to their customers. In both cases,
the borrower risk channel continues to contribute to the increase in NFC funding costs, but

the contribution of the bank capital channel is much smaller with a release.

The overall short-run benefit of the CCyB release on investment and GDP is substantial.
The release prevents a procyclical response of bank credit supply through the bank capital
channel. It has a strong positive effect on credit, allowing firms to maintain a relatively
higher level of investment. We find that business investment falls by 3.4% when the CCyB
is released, compared to 4.9% when it is not. The peak difference between the GDP re-
sponses with and without CCyB release is around 0.24 pp. This means that the activation

costs estimated in the previous subsection are almost entirely repaid with only CCyB release.

Moreover, the CCyB release initially mitigates spillovers to mortgage credit supply. With-
out a release, banks try to quickly rebuild their buffers with higher interest rates on both
new NFC and mortgage loans. As a result, household credit, residential investment and

house prices could fall.

20 That is, the reaction parameter v.., = 0.5 (see Equation 43), which ensures a release of 1%.
21 To ensure that the deep parameters of the model are identical in both scenarios, they share the same
steady-state bank CAR of 9%.
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Figure 6: An increase in NFC risks with and without CCyB release
Note: Variables in percentage deviation from steady state. Interest rates, default rates, and spreads an-
nualized. Horizon in quarters. NFC and mortgage rates and spreads apply to new multi-period loans. In
the one-period setup, they represent the rates at which new multi-period loans would be granted. Spreads
are expressed in terms of a risk-free loan of identical duration. Grey = Baseline without CCyB release.
Dashed-blue = with CCyB release (calibrated to 1% of the risk-weighted assets at the worst of the shock).



The CCyB release is associated with a persistent decline in banks capital-to-asset ratios.
Banks are allowed to absorb their losses without a sharp adjustment in credit volumes and /or
interest rates, which initially supports economic activity, but results in a prolonged period of
lower capital ratios in the banking sector. This result is also observed in Bene$ and Kumhof
(2015) and is partly mechanical: higher loan volumes imply lower capital ratios. Moreover,
lower lending rates also imply that banks do not rebuild their capital as quickly as they
would without the release. When considering whether to activate or release the CCyB, it is
important to be able to measure these trade-offs. Note, however, that capital ratios remain
higher than in a situation where the CCyB rate is initially at zero (before the shock) because

banks start from a more favorable position.

We can also show that easing capital requirements in times of financial stress mitigates
the financial acceleration that operates through the bank capital channel more than in a
model with one-period loans (see Figure 11 in Appendix C). In the baseline multi-period
loan model, the decline in bank capital following a risk shock is large and persistent, leading
to a strong amplification of the shock. In contrast, in the one-period loan setting, the decline
in capital is more muted and capital quickly returns to its steady state. Thus, for a given
CCyB rule (with the same parameter 7.4), the effect of adjusting capital requirements is
much weaker. In fact, the acceleration operating through the bank capital channel is limited

in the one-period loan setup, limiting the benefits of relaxing the CCyB.

6 Crowding out effects of sectoral prudential measures

Changes in sector-specific capital requirements can be a relevant macroprudential tool to
address the risks arising from specific sector exposures. Exposures to the mortgage sector
have come under particular scrutiny by regulators, given the financial stability risks posed
by excessive developments in the real estate market. For example, in 2013, the National
Bank of Belgium decided to add 5 percentage points to the risk weight of residential real
estate assets for several Belgian banks in order to strengthen their buffers against potential
adverse developments in the real estate market.?? The outcomes of such a sector-specific

measure on macro and financial variables are assessed in Figure 7.2

22 That is, banks that calculate regulatory capital requirements using an IRB approach, which held the
largest share of residential real estate loans among Belgian financial institutions.

23 Note that we are focusing here on the activation costs of this measure. Releasing the buffers in the event
of a shock to the mortgage segment would yield gains similar to those described in the previous section.
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The 5 percentage point increase in mortgage risk weights is simulated as a very persis-
tent policy shock (i.e. with an autoregressive coefficient of 0.9999). It leads to an immediate
decline in the ratio of bank capital to risk-weighted assets. The resulting increase in the
probability of breaching capital requirements induces the wholesale unit to set higher whole-
sale spreads on NFC and mortgage loans. As a result, lending rates on new NFC and
mortgage loans increase and the profits are used to build up more bank capital. The ob-

jective of the measure is thus achieved as banks gradually increase their capital to asset ratio.

The costs of higher capital requirements are passed on to mortgage loans. The model
prediction of a 6 basis points response of the interest rate applied to new mortgage loans
on impact echoes the findings of Ferrari et al. (2017). These authors analyze the 2013 NBB
risk weight add-on using panel regressions and finds that this measure had a limited effect
on mortgage loan rates. Our model also predicts that lending rates are persistently raised
by 2 basis points to compensate for the fact that capital is more costly than the other bank

liabilities.

The increase in mortgage rates deters credit and housing investment. In line with Ferrari
et al. (2017), our model suggests a small reaction of mortgage loan growth in the short term.
The long-term response in BEMGIE is however more important as mortgage retail rates are
persistently raised, and mortgage credit volumes contract up to around 1% after 10 years.
This persistent impact emerges from the quasi-permanent feature of the simulated shock that
makes the probability to breach capital adequacy persistently more sensitive to the mortgage
loan exposures (see Equations 28 and 32) and thus pushes the wholesale mortgage spread
above steady state as long as the measure is in place. After a short-lived spike, homeowners’
leverage and default probabilities decline after the measure is implemented. The subsequent
reduction in retail spreads gives rise to second-round effects that mitigate the contractionary

nature of the policy.

Interestingly, the model generates significant spillovers to the NFC segment in the short
run, in the form of unintended crowding-out effects?*. In our setup, banks feature a uni-
versal structure as the wholesale unit — subject to the capital requirement — is affected by
both NFC and mortgage segment activities. With this structure the bank finds it optimal

to share the consequence of the change in mortgage regulation in the two loan segments.

24 This terminology is for example used in ESRB (2014).
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Figure 7: An increase in mortgage risk weights
Note: Variables in percentage deviation from steady state. Inflation, interest rates, default rates, and spreads
annualized. Horizon in quarters. NFC and mortgage rates and spreads apply to new multi-period loans. In
the one-period setup, they represent the rates at which new multi-period loans would be granted. Grey =
Baseline. Dashed-red = one period debts.
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The NFC wholesale rate is thus affected by the stricter mortgage risk-weight policy. This
would not be the case in a more segmented banking structure, where banks specialize in one

type of market (NFC or mortgage), as it is the case in the 3D model (Mendicino et al., 2018).

The unintended fall in business investment is the main channel through which the shock
affects output, given the relatively low weight of residential investment compared to capital
investment in Belgian GDP (0.06 vs. 0.18 respectively). In addition, the long maturity of
bank loans — especially for mortgages — also amplifies the impact of this shock. Indeed, bank
capital accumulation is slower when banks cannot adjust the interest rate on the outstand-
ing amount of previously issued fixed-rate loans, and the market timing effect encourages
borrowers to delay investment, as the increase in bank lending rates is stronger in the initial

phase but gradually fades away.

These crowding out effects are limited to the short run. Once banks have built up their
capital buffers and the probability of default has returned to its equilibrium level, the interest
rate charged to NFCs also returns to its steady state. The overall impact on Belgian out-
put is thus limited due to the low weight of residential investment in GDP, the limited and
short-lived response of capital investment and the muted response of private consumption.
Overall, the output costs of higher mortgage risk weights are limited in the short run and

particularly low in the long run because business investment quickly recovers.

It is also interesting to note that while banks accumulate more capital, there is a long-run
decline in capital ratios in terms of new risk-weighted assets. In fact, the decline in bor-
rower riskiness and credit volume and the increase in bank capital bring the probability of
violating the official capital requirements towards its steady state — in line with banks’ risk

appetite — without the need to restore the initial ratio of capital buffer to risk-weighted assets.

Finally, we describe the sensitivity of these unintended crowding out effects to changes
in a few parameters, allowing us to identify situations in which these effects are particularly
severe. We measure these unintended crowding out effects with the ratio of its indirect effect
on the untreated sector (e.g., on business investment) to its direct effect on the treated sector

(on housing investment). Specifically, we define the crowding out effects of an increase in
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Figure 8: Crowding-out effects: sensitivity analysis
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where ft’“ and ff are the IRFs of business and housing investment to an increase in mortgage
risk-weights, respectively. Note that our results are similar when using other key variables,

such as the lending rate or the volume of credit.

The crowding out effects increase with the risk weight in the untreated sector. We have
already explained that universal banks have the ability to comply with more stringent sector-
specific capital requirements by reducing exposures in the sector of their choice. Reducing
exposures in a segment with a high initial risk weight buys relatively more space and is more
effective in reducing the risk of breaching capital requirements. This effect can be seen from
Equations (27) and (31) that show how the cost of capital is passed through to lending rates

for NFCs. Combining these equations gives

w w s iw \ L Be— (1—rfear)R" — op
R" — R, = xuE (J(wt+1)+J(wt+1)>< e = ( : car) Ry )

t Lh Lk

which shows that there is an interaction between J' (anjrl) and the NFC risk-weight. The
increase in J' — resulting from the higher sensitivity of the odds of breaching requirements

when voluntary buffers are reduced by higher mortgage risk-weights — is magnified by the
NFC risk-weight.

For a similar reason, the crowding out effects decrease in the initial risk weight of the

treated sector. What matters is thus the risk weight gap, and we are more likely to observe

unintended crowding out effects when the risk weight of the untreated sector is larger than
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that of the treated sector — as it is the case for the mortgage add-on discussed above.

The crowding out effects also increase with the loan duration of the treated sector. Thus,
increasing the risk weight in a segment that has long maturities — such as residential mort-
gages — has larger unintended consequence on the other sector. The reason is quite simple:
with longer maturities and fixed rates, there is a large outstanding amount of mortgage loans
for which the bank must hold higher buffers without being able to raise the interest rate to
match the increase in capital adequacy costs. At the same time, there is a limited number
of new mortgage loans for which the lending rate can be increased. In such a context, the
bank has a stronger incentive to raise the lending rate charged on the untreated sector as
well. The long maturity of mortgage loans temporarily protects homeowners from the in-
crease in lending rates induced by higher capital requirements, but slows down the necessary
adjustment of bank capital — if this capital is built up only with retained earnings — and thus

encourages banks to raise all lending rates on new loans in the short run.

7 Conclusion

In this paper, we extend the DSGE model used at the NBB to include universal banks that
provide both corporate and mortgage loans. We add multi-period fixed-rate loans, an imper-
fect pass-through from the policy rate to the deposit rate, and bank capital requirements to
the model. These extensions generate a borrower leverage channel & la BGG, a bank capital
channel in which capital adequacy costs are passed on to borrowers, a market timing effect
that encourages households and NFCs to delay investment when lending rates are expected

to fall, and a duration mismatch on bank balance sheets.

We show that the empirically relevant addition of multi-period fixed-rate loans amplifies
the effects of borrower risk shocks and macroprudential policies compared to a one-period
loan setup. This amplification operates through a bank capital channel and a market timing
effect. The inability of banks to reset the interest rate on the outstanding amount of pre-
viously originated loans implies that they have more difficulty adjusting to an unexpected
increase in the default rate of their borrowers or to stricter capital requirements. Thus, when
offering new loans in these situations, banks increase their lending rate more in a multi-period
loan framework, while NFCs and households are encouraged to delay investment to avoid
locking in higher interest rates. At the same time, the easing of capital requirements in

times of financial stress mitigates the financial acceleration operating through the bank cap-
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ital channel more than in a model with one-period loans.

This bank capital channel also propagates shocks from one sector to the next in the
presence of universal banks. For example, if the capital position of banks suffers after an
unexpected increase in the default rates of NFCs, universal banks pass on their higher cap-
ital costs to all their borrowers and thus also raise the interest rate they charge on new
residential mortgage loans, unless countercyclical capital buffers are released. In addition,
the bank capital channel may amplify the effects of monetary policy when the duration of
banks’ assets is greater than that of their liabilities, highlighting the importance of monitor-

ing banks’ exposure to interest rate risk.

We also show that sectoral prudential policy instruments can have unintended crowding
out effects in a universal banking structure. Indeed, universal banks find it optimal to share
the burden of changes in sector-specific capital requirements to both NFC and mortgage
segments. These crowding out effects increase with the loan duration in the treated sector
and decrease with the risk weight differential between the treated and untreated sectors.
Sectoral measures implemented in the mortgage segments (such as an increase in mortgage
risk weights), where loans have typically a long maturity combined with low risk-weights, are
thus more likely to suffer from these unintended crowding out effects. Nevertheless, these

measures also achieve their objective at a relatively low cost in terms of output loss.

We see several interesting avenues for future research in the BEMGIE model with financial
frictions. Our extension concerns the Belgian bloc of the model, but could also be applied
and calibrated to the euro area economy, which is also fully-fledged in BEMGIE. This would
make it possible to assess the heterogeneity in the responses of Belgian variables to shocks
and policies compared to euro area dynamics. Moreover, the literature has demonstrated the
advantages of estimating NK-DSGE with financial data in terms of parameter identification
and forecasting performance (see for instance Cai et al., 2019; Cardani et al., 2019). Finally,
our design of bank liabilities has been kept relatively simple in order to introduce a limited
pass-through of the policy rate to bank funding costs without affecting the decision rules of
households. The model may benefit from a more sophisticated description of deposit demand
and supply to better capture the deposit channel of monetary policy (Drechsler et al., 2017).
In addition, a distinction between stable (deposits, long-term bonds) and less stable funds,
similar to the approach of Jacob and Munro (2018), may also be interesting to consider in

the model to capture liquidity risk and simulate prudential stable funding requirements.
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Appendix

A  Model

A.1 Entrepreneurs

We show here how we derive equations (13) and (14) from the entrepreneurs’ optimization
problem. Entrepreneurs maximize the sum of their discounted expected returns net of the
cost associated to stigma expressed in their objective function (12) w.r.t L?t, i k., and Lk -
under the constraints (4), (9), and knowing their default threshold &f,, given by equation
(7). Let us define 1 as the Lagrange multiplier associated with constraint (4) and \; as the
Lagrange multiplier associated with constraint (9).

The FOCs are given by:

_ . 0wk
wrt. Iy s (1= Glak) R, — REL(VE + 16 (@) 2 (16)
t
kv 5Wt+1 —
+(1 = Q) Dy F' (wy, ) ——= SLF + U — &= 11 = 0
Sk
wrt. DY, o —(1—(1—-QF(@),)) — R (Nf + LHG (@) 55,; (47)
t
k 5wf+1 —
+(1 =)D F(w t+1) SDF + A = 811 A1 = 0
t
wort. LV 0 RPN 4 =0 (48)
Since LHS (46) + RX*x LHS (47) = 0, we get:
(1-G@f) Ry = (1= (1= QF(@f,)R " (49)
_ Sk L.k 0w
bR+ LE Gl [T+ R
Sk Sk
k / t+1 L.k t+1
— (RPN A+ ) +EE e (RPN + Y1 )
=0 eqn.(48) szf_*’_liAt+1 eqn.(48)
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Dk

/
WF (@f.;) the second and third lines simplify:

Since G/((Dﬁ_l) = thF (Wt+1) =

(1-G@f) RS, = (1—(1=QF(@},)R" (50)
Sk Sk
+ CDEF @) | + RO hE
¢
+ §Et,t+1)\t+1(RtL’k - RtL_ﬁ)

. §Qf+1 L k;(swt+1 RL *k R{il —k 2
Since 5 + R, SHF = BF @ik — pF (@f1)", we get eqn. (13):

(1-G@fy) R = (1— (1= QF(@),)R" (51)
+ CF/(@fH)@fH (Rth Rt+1wt+1)
+ fEt,t+1/\t+1(RtL’k — RtLJﬁ)

Finally, eqn. (47) can be written as

Moo= (L= (1= QF(@f)) (52)

K oonk L k- 0%

+ RA(NY + L) G (@) ——p

D!

, Sk
— (1-()DfF(w t+1) 55;1 +EE A
Dk (Dk
Again, since G' (@}, ) = TF’(th) and 65,;1 = Dk , we get eqn. (14):
t+1 tgt

At = (1 - (1 - C)F(@f+1)) + CFI(@f-s-l)@f-s-l + gEt,tH)\tH (53)
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B Comparaison to BGG-framework

Compared to a modified BGG-framework where the (nominal) loan rate is predetermined
(so it is not contingent on the realization of shocks in period t), our maximization problem

is slightly different. Indeed, in this BGG-framework entrepreneurs would maximize:

Eq {/k t+1Qthf(W§:)dj - /k RﬁikLgf(W?)dj} (54)

“ijt+1 “it+1

under the constraint:

BB = B { (1= F@h )RS + (1= )RS, G@h, QK (55)

We show that we can calibrate ¢ to bring our model’s dynamics close to the BGG variant
with predetermined nominal interest rates in the one-period version of our setup (when
interest rates are fully flexible). Figure 9 shows the IRFs to an NFC risk shock and to
a NFC net worth shock in our model compared to the BGG variant with predetermined
nominal rates. Figure 10 does the same for housing shocks. In both cases, the elasticities of
the external finance premium — captured by the returns on capital and housing — are similar.
We interpret these results as follow. In the BGG variant, entrepreneurs internalize the impact
of their leverage decision though the response of the lending rate in Equation (55). In our
model, while the lending rate only responds to aggregate leverage, a similar internalization
occurs through the stigma. Entrepreneurs do not internalize the impact of their leverage
decision on the bank loan rate, but they do internalize the impact of their leverage decision
on their expected default rate, and thus, on their probability to face a stigma. With a proper

calibration of the stigma parameters, both mechanisms deliver quantitatively similar results.
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(a) Risk shock
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Figure 9: NFC shocks
Note: Variables in percentage deviation from steady state. Inflation, interest rates, default rates, and spreads
annualized. Horizon in quarters. Grey = Baseline with one-period debt. Dashed-blue = BGG variant.
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(a) Risk shock

GDP Return on capital Return on housing
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(b) Net worth shock
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Figure 10: Housing shocks

Note: Variables in percentage deviation from steady state. Inflation, interest rates, default rates, and spreads
annualized. Horizon in quarters. Grey = Baseline with one-period debt. Dashed-blue = BGG variant.
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C CCyB release in one-period loan model

(a) Macroeconomic & credit variables
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(b) Spreads decomposition into channels

NFC spread NFC risk channel ~ Bank cap channel (NFC)
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Figure 11: An increase in NFC risks with and without CCyB release
Note: Variables in percentage deviation from steady state. Interest rates, default rates, and spreads annu-
alized. Horizon in quarters. NFC and mortgage rates and spreads apply to new multi-period loans. In the
one-period setup, they represent the rates at which new multi-period loans would be granted. Spreads are
expressed in terms of a risk-free loan of identical duration. Grey = baseline without CCyB release. Dashed-
blue = baseline with CCyB release. Plain-red = one period debts without CCyB release. Dashed-red = one
period debts with CCyB release.
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