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Abstract

This thesis explores the impact of a countercyclical capital buffer on the economy.
A small open economy DSGE model is estimated using Swiss data.

The analysis of the impulse response functions during a build-up phase after a
positive return on equity shock shows how the buffer leads to a higher equity-to-
loans ratio given a positive deviation of the credit-to-GDP gap. Furthermore, a
dampening effect on the credit-to-GDP gap, serving as an indicator for the state of
the financial sector, is observed. The amount of loans and deposits given a positive
deviation of the gap lies below the one of an economy where no countercyclical
capital buffer is implemented. The same conclusions are reached when looking
at shocks from other sectors. The shock from the financial sector also has a
mitigating effect on the main macroeconomic variables outside the financial sector.
The analysis showed that the buffer reaches the goal in enhancing the resistence
of the banking sector by building up the equity-to-loans ratio. Furthermore it
dampens the imbalances during the build-up phase.

The thesis also looks at the welfare costs which are according to the results -0.02%
in terms of consumption. Therefore, the countercyclical capital buffer is welfare
enhancing.

Furthermore, the analysis of the volatilities of the main financial variables and the
credit-to-GDP gap showed that the buffer exerts a dampening effect. The impact
on typical macroeconomic variables depends on the variable. The buffer does also
not induce any sign change in the correlations of the absorption respectively the
GDP with the main macroeconomic and financial variables.

Finally it is shown that the buffer is robust to monetary policy.
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1 Introduction

This master thesis explores the effects of a countercyclical capital buffer in a DSGE
model for Switzerland. The countercyclical capital buffer is part of the Basel 111
regulations and was introduced into Swiss legislation in 2012 (ERV, 2012 [33] and
SNB, 2014 [51]). The countercyclical capital buffer enhances the resistance of the
banking sector against excessive credit growth and leans against those imbalances
(ERV, 2012 [33] and SNB, 2014 [51]).

The financial crisis revealed the necessity and importance of regulation in the
banking sector. For Switzerland with its large banking sector, regulation is espe-
cially important. Regarding the countercyclical capital buffer Switzerland takes
a forerunner role with its early introduction (SNB, 2014 [51]).

Assessing how the countercyclical capital buffer would have influenced the Swiss
economy in the past is challenging. How the buffer is implemented in Swiss
legislation it would for example have been activated in the late 1980s and the
early 1990s. According to the Swiss National Bank (SNB) the countercyclical
capital buffer would have substantially increased the resilience of the banking
system. Next to a moderating effect on the market in the second half of the 1980s
it would have absorbed a large part of the losses due to the crisis (SNB, 2014
51)).

Furthermore, in 2013 a sectoral countercyclical capital buffer targeting the resi-
dential real estate in Switzerland was announced (SNB, 2017 [52]). According to
the report of the SNB in January 2014 the activation let several banks, among
them also important ones, to take actions regarding their capital. This contributed
to the strength of the sector. Furthermore, Danthine (2012, [24]) points out that
even if banks hold a significant capital cushion before the activation of the coun-
tercyclical capital buffer, the effect of the countercyclical capital buffer may be
weaker but it can still be useful if it shifts lending from relatively weak banks
constrained by the buffer to more resilient banks who benefit from a sufficient

capital buffer.

The effects of the countercyclical capital buffer is currently researched by many

and this thesis contributes to the exploration of its impact.

More specifically, the aim of this thesis is to a) explore how impulse response

functions change, b) quantify the welfare costs, c) explore the impact on volatilities
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and correlations and d) analyse the robustness to monetary policy, all with respect
to the countercyclical capital buffer.
Analysation is done with a DSGE model of a small open economy which is cali-

brated and estimated using Swiss data. Dynare is used for the computations.

Section 3 discusses separately the related literature. While there exists worldwide
a solid basis of literature regarding the countercyclical capital buffer almost none
research exists for the Swiss case. Three studies focusing on Switzerland are
Basten and Koch (2015 [11]), Junge and Kugler (2013 [40]) and Auer and Ongena
(2016 [9]) which are shortly discussed in the mentioned section.

The thesis is structured as such that after a first part giving an overview over the
regulation and the literature, the model is solved in a second part and the results
are discussed in the last part. In more detail: In section 2 the Basel 111 regulations
regarding the countercyclical capital buffer are described and the implementation
of the buffer is discussed. Section 3 gives an overview over related literature. In
section 4 the model is described and section 5 shows the deflated general equilib-
rium. Section 6 shortly describes the calculation of the welfare costs. Information
regarding calibration and estimation can be found in section 7. In section 8 results

are discussed. Finally section 9 concludes.
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2 Regulation and implementation

2.1 Overview

The countercyclical capital buffer is a macroprudential instrument and an integral
part of the Basel IIT banking regulations (Basel Committee on Banking Supervi-
sion (BC), 2011 [13]).

According to article 44 ERV (2012 [33]) and stated by the SNB (2014 [51]) the goal
of the buffer is to enhance the resistance of the banking sector against excessive
credit growth and to lean against those imbalances. In periods of excessive credit
growth, associated with an increase in system-wide risk, the buffer is activated
and if the cycle turns the buffer is released. Depending on the situation the release
can happen promptly or gradually.

As history showed excessive aggregate credit growth was often associated with
the build-up of system-wide risk. The countercyclical capital buffer helps to en-
sure that the banking sector in aggregate growth the necessary capital to absorb
losses and help maintain the credit flow in times of stress in the broader financial
system after excessive credit growth without risking insolvency of the banks. Fur-
thermore, like this the risk of undermining the performance of the real economy
and therefore of additional credit losses in the banking system due to constraints
on the supply of credit by regulatory capital requirements may be prevented.
The countercyclical capital buffer is added on top of the capital conservation
buffer. Depending on the assessment of the system-wide risks the relevant au-
thority in each jurisdiction determines whether the buffer increases or decreases
over time. The buffer size is always within the range of 0% to 2.5% of risk
weighted assets (BC, 2010 [12]). Banks have to fullfill the capital requirements
with common equity tier 1 (CET 1) or other fully loss absorbing capital. Oth-
erwise the banks will be subject to restrictions on distributions (BC, 2011 [13]).
Authorities monitor indicator variables and have to use their judgment when tak-
ing decisions about the buffer. Furthermore, they should follow the guidance by
the Basel Committee where also main principles regarding the setting of the buffer
are described.!

Banks can have credit exposure in different jurisdictions. Therefore, each bank

!There exist different guides and one can for example also have a look at the one for the
European Union (ESRB, 2014 [34]).
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has to calculate the countercyclical capital buffer it is supposed to have. It is a
weighted average of the buffers in effect in the jurisdictions were a bank has credit
exposure.?

Authorities review relevant information on a quarterly or more frequent basis.
Communication on the stance of the buffer takes place at least once a year or
more frequent when buffer actions are taken. Buffer increasements are prean-
nounced by up to 1 year before while reductions can take place immediately. The
Basel Committee stresses the importance of proper explanation regarding deci-
sions taken.

There are no restrictions on the distribution of the capital surplus when the buffer
is turned off. However if the supervisory authority assesses a distribution of
released capital as imprudent it can prohibit it (BC, 2010 [12]).

The countercyclical capital buffer is worldwide gradually phased in between the
beginning of 2016 and the end of 2018. This does not mean that the buffer must
be in action during this time period but it can with a possible maximum size
growing gradually during the phase in (Bank for International Settlements (BIS),
2011 [13]).

2.2 Indicator

In this part, indicator variables for guiding the Basel III countercyclical capital
buffer with a special focus on the credit-to-GDP gap are shortly discussed.® Due
to the inherent importance of finding the right indicators for the success of the
buffer, quite a lot of empirical research was conducted in that direction. For
example Behn et al. (2013 [14]) point out, that it is important to take a broad
approach regarding indicators used for setting the countercyclical capital buffer.
They conclude that next to credit variables, other domestic and global financial

factors as well as banking sector variables have prediction power for vulnerable

2In Switzerland banks with a balance sheet of at least 250 billions, of which at least 10
billions correspond to their total foreign exposure, or with a total foreign exposure of at least
25 billions Swiss Francs have to hold a so called extended countercyclical capital buffer. The
size of this buffer is a weighted average of the buffers in place in the jurisdictions where they
have exposure to the private sector. The maximum lies at 2.5% of risk-weighted assets. The
countercyclical capital buffer of Switzerland described before is eligible to the extended buffer.
No extended countercyclical capital buffer exists in the context of a sectoral buffer (ERV, 2012
33]).

3A sectoral buffer uses other or additional variables for assessment of the situation. Which
indicator variables are useful for a sectoral buffer are not discussed in this section.
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economic states. Drehmann et al. (2010 [27]) come to the conclusion that a
system-wide approach would be preferable and that not the same variables are
useful as signals for the pace and size of the accumulation of the buffer and the
timing and intensity of the release. The credit-to-GDP ratio for example is well
suited to indicate the build-up phase while measures of aggregate losses with a
possible combination with indicators of credit conditions can signal well the release
phase. Drehmann et al. (2011 [28]) come to similar conclusions.

Lozej et al. (2016 [43]), where this thesis takes the banking sector from, look at the
credit-to-GDP gap and house prices as indicators for guiding the countercyclical
capital buffer. Regarding rules linked to the credit-to-GDP gap, they show that
the buffer has a dampening effect on the economy after a boom and bust cycle in
the housing market as well as an AR(1) type housing demand shock. The same
conclusion holds for exogenous unexpected shock losses on the bank portfolio.
When a shock triggers an acyclical or countercyclical credit gap response the
countercyclical capital buffer linked to the gap can not attenuate the shock or
even amplifies it. An example for such a shock is a temporary decline in export
demand. The rule responding positively to house prices reacts to all shocks they
looked at procyclically and therefore, they suggest to not only look at the credit-
to-GDP gap but also to take house prices into account.

Gete and Tiernan (2014 [36]) suggest to implement a countercyclical capital re-
quirement with a value at risk rule. Edge and Meisenzahl (2011 [32]) focus on
exploring the reliability of the credit-to-GDP ratio as a real time measure and find
that mismeasurement and ex post revisions are sizable and can trigger incorrect
shrinkage of lending volume. Finally, Drehmann and Tsatsaronis (2014 [30]) agree
that there are relevant measurement issues concerning the credit gap but still, the
credit-to-GDP ratio is in general the best single indicator in the countercyclical
capital buffer framework.

As research shows there is not the one and only indicator variable and guidance
can be based on different variables. The credit-to-GDP ratio is a repeatedly
mentioned useful indicator and also recommended by the Basel Committee on
Banking Supervision (2011 [13]). As the buffer in the model is also based on this
ratio, in the following, figures plotting the evolution of this ratio, its trend and
the gap for Switzerland and the US are shown.

Figure 1 shows the evolution of the credit-to-GDP ratio, its trend and the cor-

responding gap between the ratio and its trend for Switzerland. Furthermore,
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an average yearly gap is calculated (smoothed gap) and the corresponding buffer
that would have been in place according to this gap. Regarding interpretation of
the buffer it is important to keep in mind, that the influence of the buffer itself on
the gap is missing and that from 2013 on the sectoral buffer may have influenced
the gap.

We notice that the credit-to-GDP ratio trend increased strongly over the last 45
years from originally around 120 percent to around 210 percent. The first two
lines in the third figure indicate the reaching of the buffer maximum of 2.5% in
1978 Q3 resp. 1988 Q4. We can see that the maxima were reached before the
slow down of GDP growth in Switzerland in the beginning of the 80ties (Data:
Trading economics) and the outburst of the crisis in the 90ties (Bodmer, 2004
[17]).

Credit-to-GDP ratio (blue) and its trend (red) Smoothed gap (blue) and corresp. buffer (red)
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Figure 1: Credit-to-GDP ratio, gap and countercyclical capital buffer for Switzer-
land from 1970Q4-2016Q3 (Data: BIS)

For the recent financial crisis evidence is less clear. In Switzerland the recent
financial crisis mainly brought the large and internationally focused Swiss banks
under pressure but the regional banks were hardly affected (Jordan, 2014 [39]).
Having a look at figure 2 which shows the same data for the US where the financial
crisis originated, we can see that the credit-to-GDP ratio was clearly above the
trend before the outburst of the crisis. The third line indicates the first quarter
of 2007 where the buffer would have reached its maximum just before the TED
spread jumped up and the $Libor rates and the Fed Funds rate were falling (Data:
FRED). The evolution of the US buffer would have also been of significance for
Swiss banks with credit exposure in the US due to the jurisdictional reciprocity.
As discussed above, for the release of the countercyclical capital buffer, research
showed that macro variables may not be ideal as indicators.

The last line in figure 1 indicates the last quarter in 2012, just before in the first
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Figure 2: Credit-to-GDP ratio, gap and countercyclical capital buffer for the US
from 1970Q4-2016Q3 (Data: BIS)

quarter 2013 the sectoral buffer was announced (SNB, 2017 [52]). We can see that
the years before the credit-to-GDP ratio was above its trend and rising strongly.
A more detailed assessment would show that the credit-to-GDP ratio was rising
due to an increase in the mortgage-to-GDP ratio (SNB, 2017 [52]). After 2012 the
gap slightly decreases. How much of this evolution is due to the countercyclical
capital buffer is left open. Basten and Koch (2015 [11]) as well as Auer and
Ongena (2016 [9]) evaluated the effects of this buffer. Their results are shortly

described in section 3.

2.3 Buffer calculation

In the guidance for national authorities operating the countercyclical capital buffer
(BC, 2011 [13]) the credit-to GDP ratio is also recommended as a useful common
reference point for guiding buffer decisions. They suggest to calculate the buffer

as follows:

Ratio; = Credit;/GDP; x 100%
Gap; = Ratioy — Trend,

First the credit-to-GDP ratio in percent is calculated. For the calculation of the
ratio according to the guide (BC, 2011 [13]), the annual size of GDP is used.
Although this is not that clearly described in the guide, the used data for GDP
can be recalculated from the reported data by the BIS.

Afterwards the long term trend is subtracted. They suggest to use the one sided
HP filter with a smoothing parameter lambda of 400’000 for its calculation.

At last defined thresholds come into play for setting the buffer. The thresholds

were empirically evaluated and an overview over the results can be found in the
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guidance from the Basel Committee on Banking Supervision (2011 [13]). The
buffer is set to zero if the gap is below 2%. If the gap is above 10% the buffer is
set at its maximal size of 2.5% of risk-weighted assets. Between 2% and 10% the
size of the buffer rises linearly with the gap. It is for example set to 1.25% when
the gap is 6%, thus in half-way between 2% and 10%.

A broad definition of credit that includes all sources of debt funds for the private
sector (including funds raised abroad) is used. Ideally all credit given to house-
holds and other non-financial private entities in an economy independent of form
and supplier should be included.

Reasons for using such a broad definition are prediction precision, prevention of
giving wrong incentives and the fact that also banks not directly driving credit
growth can suffer from its consequences. The last fact is also the reason why the

buffer applies to all banks having credit exposure in a certain jurisdiction.

According to the Basel Committee on Banking Supervision (2011 [13])* looking
at the past performance, the credit-to-GDP ratio would have often been a use-
ful guide in taking buffer decisions. Furthermore, it takes into account the size
of the economy, the stage of development of the financial system, it is smoother
than other variables, minimizes spurious volatility and directly targets the ob-
jective wanted to be reached. But they also stress the importance of judgment,
discretion and adequate communication as also the credit-to-GDP ratio did not
correctly signal the imbalances at all times in all places. Additionally, as al-
ready mentioned, research also showed that macro variables may not be optimal
indicator variables for signaling the release phase (BC 2011 [12]). Indicators of
banking sector conditions, asset prices and spreads are named in the guidance by
the Basel Committee on Banking Supervision (2011 [12]) as possible indicators.
Results from the evaluation of these variables are mixed and a summary can be

found in the guidance for national authorities.

2.4 Implementation in Switzerland

Switzerland introduced the countercyclical capital buffer ahead of schedule (SNB,
2014 [51]). Since July 2012 the buffer can be activated according to Art. 44

4They base their recommendation on the results from the BIS Working Paper of Drehmann
et al. (2010 [27]).
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ERV (ERV, 2012 [33] and SNB, 2014 [51]). The countercyclical capital buffer is
implemented as such that it can target the whole credit market (consistent with
the Basel III rules) or just a sector of the credit market (SNB, 2017 [52]). The
buffer applies to all Swiss Banks as well as to subsidiary companies of foreign
banks in Switzerland and has to be fullfilled with CET1 capital.

The SNB consults the Swiss Financial Market Supervisory Authority (FINMA)
before it makes an official proposal to the Federal Council. The Federal Council
then takes a final decision.

The SNB uses a “guided discretion” approach for building its opinion. Guidance
corresponds to the systematic analysation and aggregation of main quantitative
indicators while discretion especially plays a role when the main indicators do not
indicate a homogeneous picture of the situation. In the latter case a broader set of
quantitative and qualitative indicators is taken into account. The buffer size is set
proportional to the extent of imbalances. Historical experiences help in assessing
the situation. In normal times the buffer should be zero (SNB, 2014 [51]).
Switzerland already made first experience in using the countercyclical capital
buffer. A sectoral countercyclical capital buffer of 1% of relevant risk-weighted po-
sitions targeting the residential real estate situated in Switzerland was announced
in February 2013. The buffer was subsequently increased to 2% (SNB, 2017 [52]).
As mentioned in the introduction, the activation contributed to the strength of

the sector as several banks took actions regarding their capital (SNB, [51]).
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3 Literature overview

Due to the worldwide importance of the Basel regulations, research regarding
the countercyclical capital buffer was conducted in different institutions all over
the world and with different goals and approaches to reach them. The following
section gives an overview with some focus on the impact on volatility and welfare
as well as the effects of the buffer given the conduct of monetary policy. Also
three studies focusing on the Swiss case are mentioned.

Research on the impact of the buffer was mainly conducted using theoretical mod-
els as the countercyclical capital buffer was in most countries not yet introduced

and data was therefore not available.

Agénor et al. (2014 [2]) use a small open economy DSGE model to asses the ef-
fects of a countercyclical capital buffer on macroeconomic and financial stability.
According to them countercyclical capital buffers are able to strength both types
of stability. However they also point out that due to diminishing returns coun-
tercyclical capital buffers should be complemented with other macroprudential
policies. Agénor et al. (2015 [3]) also study the effects of countercyclical capital
buffering and come to the conclusion that a buffer helps mitigating macroeconomic
and financial volatility. Angelini et al. (2015 [6]) use several macroeconomic and
econometric models to explore long-lasting effects of the Basel III reform. Re-
garding the countercyclical capital buffer they come to the conclusion that it can
enhance the dampening effect on output volatility the Basel III reform exerts.
Clancy and Merola (2017 [22]) conclude that it helps limiting the damage in eco-
nomic downturns if banks are forced to build up capital in an economic upswing
driven by over-optimistic expectations. The economies ability to absorb negative
shocks can furthermore be boosted with a more aggressive action during the re-
lease phase. Lastly, de Carvalho and Castro (2015 [25]) show that results may
depend on the origin of the shocks. Their research reveals that countercyclical
capital buffers help mitigating the effects of adverse shocks to the credit market
when the shocks originate in the financial system. If the shock comes from the
real sector, the power of the buffer is much lower.

Christensen et al. (2011 [21]), Mimir and Sunel (2015 [45]) and Angelini et al.
(2014 [7]) also include the interaction of the countercyclical capital buffer with
monetary policy in their research. Christensen et al. (2011 [21]) conclude re-

garding monetary policy that there may exist strong interactions with banking
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regulation policy. Especially the stabilizing effects of the countercyclical capital
buffer after a productivity shock is depending on the policy response of monetary
authorities. Mimir and Sunel (2015) [45] study the quantitative performance of
lean-against-the-wind-type monetary policy rules and reserve requirement rules
after shocks on macroeconomic, domestic and external financial stability. Re-
garding countercyclical reserve requirements targeting a stabilization of credit
spreads they find that in combination with a conventional Taylor-type rule it can
effectively reduce welfare costs. Effects are especially pronounced under external
financial shocks. Angelini et al. (2014 [7]) come to the conclusion that in “nor-
mal times” macroprudential policy in the form of a countercyclical requirement
could damage rather than enhance macroeconomic stability if there is a lack of
cooperation with monetary policy. In the case of financial shocks a countercycli-
cal requirement reduces the volatility of output and the loans-to-output ratio no
matter if authorities cooperate or not. De Resende et al. (2013 [26]) show that
key stabilizing effects on key macroeconomic variables are most pronounced after
financial shocks.

Several researches also focus on the analysation of welfare. For example Aliaga-
Diaz et al. (2011 [4]) come to the conclusion that anticyclical capital requirements
improve welfare. The reason is that it makes consumption more stable although
it can make investment more volatile. Karmakar (2013 [41]) concludes that a
countercyclical capital requirement regime can help reduce fluctuations and raise
welfare. He comes to the conclusion that the household has welfare gains of about
1.11% of consumption under the countercyclical scheme in contrast to a fixed
capital requirement regime. The gains stem from the bank having to adjust less
in economic downturn to remain solvent and the household anticipating this ben-
efit. Benes and Kumhof (2015 [16]) also find that a countercyclical capital buffer
induces a significant increase in welfare. Rubio and Carrasco-Gallego (2015 [48])
differentiate between the welfare gains of borrowers, savers and the bank. They
come to the conclusion that borrowers and savers gain from the implementation
of the countercyclical capital buffer while the bank looses welfare given optimal
monetary policy.

As already shortly mentioned, empirical research exploring the effects of an in-
troduced countercyclical capital buffer was only done to a limited extend due to
the lack of experience. Spain is an exception in that regard. Spain introduced in

2000 “dynamic” provisioning, modified it four times and tested it in its counter-
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cyclicality during the crisis, (Jimenez et al. 2015 [38]). Jimenez et al. (2015
[38]) analyse the experience of Spain. They find that dynamic provisioning damp-
ens credit supply cycles and has pronounced positive aggregate firm-level credit,
employment and survival effects in crisis times. Furthermore, they describe im-
portant compositional effects in credit supply.

Drehman and Gambacorta (2012 [29]) focus as well on Spain. They find a damp-
ening effect when doing a counterfactual simulation using Spanish data.

One empirical study was also done for the case of Switzerland. Basten and Koch
(2015 [11]) analyse how the countercyclical capital buffer affected mortgage pricing
after Switzerland activated it. For this they explore the supply and demand side of
the mortgage market. Basten and Koch (2015 [11]) come to the conclusion that the
countercyclical capital buffer has reached its intended goal in shifting mortgages
from less resilient to more resilient banks. Especially capital-constrained banks
with small capital cushions and banks with a specialization in mortgage lending
showed pronounced reactions. They furthermore conclude that banks seek to pass
on the extra costs of previously issued and also by the buffer affected mortgages
to the new customers. In addition they find that risk-weighting does not amplify
the buffer’s impact.

Another study focusing on the Swiss case was written by Junge and Kugler (2013
[40]) who look at the cyclical component of leverage. They come to the conclusion
that when the trend leverage is on a higher level a measure that could reduce
the cyclical component of leverage becomes more effective. Good timing and
the ability to effectively stop the cyclical build-up of leverage are crucial. They
furthermore point out that the countercyclical capital buffer my slow the build
up of leverage but whether it is able to prevent excess is questionable.

Auer and Ongena (2016 [9]) as well focus on the implementation of the counter-
cyclical capital buffer in Switzerland and find like Basten and Koch (2015 [11])
shifts in lending behavior. They come to the conclusion that the squeeze of lend-
ing in one place has led to an expansion in another. More specifically they show
that the activation of the buffer targeting residential lending led to an increase in
the amount and the cost of lending to corporations especially to small firms and
those active in the commercial real estate market. Is important to point out that
they also write that such an expansion may not be suboptimal or unexpected but
it needs to be taken into account.

The countercyclical capital buffer leaves as a new instrument a lot of questions
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in diverse directions open. Within the next years, due to the introduction of the
buffer in several countries, research will most probably be boosted, simply due to

the availability of empirical data.
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4 The model

4.1 Literature sources

The following model is based on Lozej et al. (2016 [43])® and Collard et al. [23]
with own adjustments and extensions where necessary.

While the banking sector is mainly based on Lozej et al. (2016 [43]), the firm
sector is taken from Collard et al. [23]. The household and other building blocks

of the model base on elements from both papers.

4.2 The household

The maximization problem

The representative household maximizes lifetime utility with respect to consump-
tion ¢, hours h, investment i/capital k, housing H, domestic deposits D, loans L
and money M subject to its budget constraint and the evolvement of capital. P is
the general price level. (g, (44, ¢, denote the relative importance of the respective
elements in the utility function and § is the discount factor. 7, ¢« and ®™ denote

the inverse elasticity of labour supply, real domestic deposits and real money.

(14m)
ht+in

max - E, > 8| log(ciyi) — Ch,t'(1+n)
i=0

{Ct+i hii Heqd ,Dfﬂv ttiskttit1,Deqi,Miyq }i:O

(1=¢) (1=Pm)
pf,,; My
(Pt+i ) ( Py >
+Culog(Hyyi) + Cua—~—7%— + ln——1% 7

(1—¢) (1-2m)

®Note that Clancy and Merola (2017 [22]) published a paper in May where they use a slightly
modified version of the model as in Lozej et al. (2016 [43]). As the model of this thesis was
already implemented and analysed at this point in time, it was decided to stay with the version
from Lozej et al. (2016 [43]). Clancy and Merola (2017 [22]) made several adjustments regarding
the banking sector and also changed the rule of the regulatory requirement. Clancy and Merola
(2017 [22]) made the model more detailed but the model by Lozej et al. (2016 [43]) is still valid.
Clancy and Merola (2017 [22]) and Lozej et al. (2016 [43]) did not explore the same aspects
of the countercyclical capital buffer. A comment about the paper by Clancy and Merola (2017
[22]) can be found in section 3. See section 2.2 for details about the paper by Lozej et al. (2016
[43]). As the thesis takes the banking sector from this paper but does not do a replication of
the paper itself, the summary of the paper by Lozej et al. (2016 [43]) is a bit longer as other
ones but it is not exhaustive.
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s.t.

PtCt + B’lt + PH7th + Rll,tLt—l + Dzj + Et + Mt + @t = ththt + PtZtk't + PH’th,1
+Ly+ R Dy + Rey By oy + My oy + 1] + Pey 4

and

kt-ﬁ-l - it + (1 — 5)kt

L are loans, F is equity and D are domestic deposits. R;; is the gross interest
rate the household pays on loans after having accounted for defaults. R is the
gross interest rate the household gets on deposits. R, denotes the gross return on

equity.

Investment is denoted by ¢ and k is the capital stock. The capital stock evolves
according to the equation written down above. ¢ denotes the depreciation rate

and z is the net rental rate of capital.

Py is the price of housing and H denotes the housing stock. The wage the
household gets per hour worked is denoted by w. M stands for money. © are
lump sum taxes which are paid to the government. 7/ are the profits of the firm
sector which are rebated to households. Pe;, denoting the amount of penalty the
bank has to pay (see section 4.3), is as well given to the household.® See section

4.3 for further information regarding the latter.

First order conditions

Solving the problem” of the household yields the following first order conditions:

Consumption decision

AtPt:é

Labor supply
AN Powy, = Ch,th?

Housing demand

AN Ppy = CHH% + BE A1 P

6The general equilibrium is the same, no matter if the amount of penalty is given to the
household or, as another possibility, to the government.
"See section A.1 for the Lagrangian.
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Deposit demand

Ay = G (%f) R <P%> + PEA 1 Ry
Money demand

v ()

Investment supply
AP = Qt

Q: = PE; [Ary1 Pip12e41 + Qiga (1 — 0)]

" (P%) + BE A4

Loan demand

Ay = BE N1 Rt

Having domestic deposits in the utility function is a way to implement that the
household holds deposits as well as loans at the same time as we also see it in the
real world. Without the term coming from the utility function in the first order
condition of domestic deposits, the first order conditions of domestic deposits and
loans would be the same except of the different interest rates. We know that the
interest rate on loans is higher than the one of domestic deposits. Therefore, the
two conditions couldn’t hold at the same time if the term from the utility function

would be missing.

Default

In each period some of the households default. Default happens if the following
inequality holds:

exp(uis) Fie < Fip
with Ft = ,UHt—lpH,t + (1 — ,u)ththt

+ _ LR
and Fy = =75

The term exp(u;;) is an idiosyncratic shock term. wu; is N(0, o). F,_; is pro-
portional to the value of loans times the gross interest rate. 1 is an inverse
proportionality factor. We call F;_; the relevant minimum wealth for default
calculation. The individual composite wealth is a weighted sum of the value of

housing and income by work. ¢ denotes the weight of housing.
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The probability to default at the beginning of period t on the loan from the

previous period is given by J; =k + (1 — k)P (W).

op is a risk measure and ® denotes the standard normal cumulative distribution
function. k is the proportion of households that default regardless of the state of
the economy.

After defaults have taken place, resources are redistributed among households such
that the composite wealth is identical for all households. Only after redistribution
consumption and saving decisions take place. By the law of large numbers the
probability to default is also the share of households that default.

Of a non-performing loan only a proportion Y is lost while the proportion (1 — x)

can be recovered.

4.3 The banking sector
The maximization problem

The banks balance sheet consists out of four components: loans L, domestic

deposits D, foreign deposits B and equity F.
L,=D!+ D! +E

];f: . R. denotes the steady

state value of R.. Equity is only raised from returned earnings as the costs of

Equity evolves exogenously according to F; = F; 4

raising equity on the financial markets are too high.

Foreign deposits evolve according to D! = Rt,lDf_l — P2 + Py,. See section
A.13 for details about the derivation. According to the equation, the level of
foreign deposits is determined by two dynamics. First, the stock of foreign deposits
is augmented each period by the received interest on it. Second, the level of foreign

deposits is directly influenced by the current account of the home country.

Given that E; and th evolve exogenously and the balance sheet constraint has to

hold, the bank solves the following maximization problem?®:

80ne could also add the term —R;B; — E; but as equity and foreign deposits evolve exoge-
nously and are additive terms, they do not matter for the decision of the bank. On the same
time they have to be taken into account when calculating the return on equity.
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mazlE, (Rht(l — XJi41)Le — Ry(Ly — D{ — E)
L N——

Dy
(o (100 (22))°) Lt>

The bank optimally chooses loans to maximize its profits. R; denotes the gross re-

turn on loans before accounting for losses due to defaults. The term v ( I rcrt> =

<v + 3 <log <E1fC/TLt>>2) is a penalty term. The bank has to pay a penalty for de-
viating from the regulatory capital ratio. Note that in the maximization problem
the penalty is multiplied by L and so the total penalty payment is proportional
to the banks balance sheet. v and vy are parameters. rer is the regulatory capital
ratio which should be met. See section 4.5 for details about rcr. The penalty
function is a way of how to implement that the bank has an incentive to meet the
requirement. In comparison to a model in which the equity-to-loans ratio is just
fixed, the model with the penalty function leaves the bank more flexibility as it is
also the case in the real world.

Meeting the regulations and therefore having a low penalty should be the common
case. A high penalty due to a too low equity-to-loans ratio can be associated with
the consequences to the bank when not meeting the requirements. Furthermore,
one part of the Modigliani-Miller-theorems (1958 [46] and 1961 [44]) is that the
capital structure does not matter for the value of a firm. As the assumptions
underlying this theorem do not hold in the real world, capital structure matters
(2010 [5]). Therefore, the penalty function can also be interpreted in this way.
Karmakar (2013 [41]) uses as well a penalty function.

The first order condition

Solving the maximization problem yields the following first order condition:
2

Ei(Ri441) = Ry + v —vylog (E;!#) (log (%ﬁﬁ)

with Et(Rll,t+1) =E, [Rl,t(l - th+1)]

E(Rp++1) is the expected gross return on loans after losses due to defaults have

been accounted for. See section A.2 for the calculation of the first order condition.
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Return on equity

The profits the bank earns are added to equity. Given equity evolves as specified

above, R, is therefore as follows:
2
Re,t — Rtfl + (Rll,t — Rt*l)é:i — (U + % (lOg (%)) > % -+ (ERe,t — 1)

with Rp s = Rip—1(1 — xJ¢)

Ry is the gross return on loans after having accounted for losses due to defaults.

ERes 1s @ shock process. See section A.3 for details.

4.4 The firm sector

In this section only the main results are written down. For details about the

derivation of the results see section A.

Producer of y

The retailer firm combines the inputs z¢ (domestic good) and z/ (foreign good)
and produces the non-tradable final good y. The firm maximizes profits with
optimally choosing ¢ and z/. P, respectively Py, is the price of the domestic

respectively the foreign good denominated in the currency of the seller.

1

maz Py — Ppd — NetP;tm{ with vy = (w(l_p):rtdp +(1— w)(l_p)${p> 7

d
XTy'y Ty

The parameter p determines the substitutability between the domestic and the

foreign good and w is 1 minus the import share. The two first order condi-
1 N i
tions z¢ = (P;;t’t) oy, and @ = (NetTI:“> " (1 = w)y, represent the opti-
dx

mal demand for the inputs. Foreign equivalence is assumed and therefore z{* =
1

Pyt (p—1) %
(Neﬁ%*) ’ (1 - C“'))yt :

(p—1)

P p P
The general price index P, = (wa(,’;” + (1 —w)(N etP;7t)M) can be de-

rived by plugging the demand functions into profits (given the assumption of free

entry in the final good sector).
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Producers of z¢, %, z/

x? is a combination of inputs denoted by z%(i) according to the following func-
9

1 B (0-1)
tion: ¢ = ( i xf(i)(eel)di) . The parameter 6 determines the elasticity
0
of substitution between the various inputs. For zf the equivalent holds, so

2]
1 ) =y
zf = (f x{(i)(eel)di> :

0

The firm producing ¢ maximizes profits with optimally choosing x4(i):

1 ~
mazx Pyad— [ Ppy(i)zd(i)di.
g (1) 0

5\ -0
This yields the first order condition z¢(i) = (%ﬁ”) z¢. Equivalently, the

AN
demand function of the firm producing z/ is as follows: IE{ (i) = (Pfg’i(z)) x{ .
x,t

Equivalent behavior of foreign firms is assumed when they demand domestic prod-

5 N0
ucts. Therefore, the following demand function holds: z¢*(i) = (%) T
ti et

Plugging the demand functions for x¢ and x,{ into profits yields the general price

1
index P,; = ( i Pw,t(i)“—@di)
0

1
(1-0)

Producer of z(7)

The production function of an input x(i) is (i) = a;k;(i)*h,(i)*~*). The param-
eter o denotes the capital elasticity. The firms have local monopoly power and

minimize real costs subject to their production functions:

man 2k (1) + wihe(2) s.t. x4(1) = x4(2).
min i)+ wih(i) s:.2,(0) = (0

It follows that the real marginal cost, s;, is given by s, = g—% = m The

total minimized real costs are s,z (7).
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The firm sets its prices such as to maximize the expected profit flow subject to

the demand it faces:

maz, E Dy 4y H( (1))

Pypi(i)  j=0

with T1(Py (1)) = (Pry(i) = Prgyses;)Tes (i) and By y; oc f125E

s.t. z(i) = Pyt(3) - ith 7, — 24 dx
tox(i) = Prs xy with o, = zf +

®, 44, is the discount factor and § is the probability that the firm can adjust its

price. The maximization problem yields the following first order condition:

0 =~ -0 = -0
i AN Pyi(i Py Py (i
> 0t (-0 (32) "y 07 (322 )] ~o,

As all firms that are able to reset their price choose the same price, P, (i) = Py,
holds for all i« € (0,1). The first order condition can be restated as

= P
P;(:,t o P:gl,t
with Py, = K, ZO (BEY Aty gy P P, gf,t+j3t+j93t+j]
J:
and P:g,t =E: | X (5f)jAt+jP£,t+jxt+j :
7=0

P}, and det can also be stated in recursive representation as follows:
Pn — (0 I)AtPt mtStl‘t"—/BgEt z,t+1 and t_At $tl‘t+6€Et 41

Aggregate price level
Using the price index P, ; the aggregate price level can be expressed as the average

of all surviving contracts:

=)
Poy = <Z (1—&& Py (1_9)> or expressed recursively

1
Pz,t = ((1 - é)ng,lt_e) + épgg,ltiel)> (176)-
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Aggregate output

Using Zigg = Zigg = % and inserting it into the production function of x;(7) yields

24(i) = a; () hy(i). From integration across firms it follows that
t

al
x(1)di = ay <th) [ hi(i)di. Inserting for z(4) its demand function yields
0

he
~ N —0 1
(P”’—t(’)) diz; = atk:t“hgl_a) with h; denoting [ h.(i)di. Furthermore, we define
0

Pz,t Pz,t

ﬁz t(l) _0 - 131 t _0 0
Ny =/ (—) di , rearrange and get A, = (1 —¢) (—) S VAVERE
0

Inserting A\; in the equation above yields the aggregate output Az, = atk;fhil_a) .

Combining the aggregate output and the real marginal cost yields the real wage

(1—a)stpe,txt

w; = ——7P==t and the real interest rate on investment z; = 25tDa 1%t

k¢

4.5 The countercyclical capital buffer

Regulatory requirement without countercyclical capital buffer (Op-
tion 1)

In the base case the regulatory capital ratio requirement, this means the regulatory

equity-to-loans ratio, is set to a constant. No countercyclical term is implemented.

rcry = crcer

Regulatory requirement with countercyclical capital buffer (Option 2)

The decision about the size of the countercyclical capital buffer is based on the
credit-to-GDP gap. The credit-to-GDP gap is calculated as follows:

_ yLe AL
gapt - <4Pz,t$t 4Pz$>

The variables without time index denote the steady state values. Therefore the
credit-to-GDP gap is defined as the deviation of the “loan-to-GDP ratio” from
its long term trend, e.g. the steady state. v is a parameter that adjusts the total

amount of credit to the relevant one. See section 7.1 for details.

The regulatory capital ratio is then calculated as follows:

rcry = crer + Vggapy — Ve
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So additionally to the constant minimum requirement there is now the credit-to-
GDP gap dependent term which lowers or increases the requirement.

As a first order approximation around the steady state is taken when using Dynare,
an implementation of a step function is not possible. Therefore, the rule is a linear
function with no minimum or maximum. See section 7.1 for details about the

calibration of v, and v..

4.6 Monetary policy
Exogenous money supply (Option 1)

In the base case, exogenous money supply is assumed. Money demand is imple-

mented as money in the utility function (see section 4.2).

My = My

Taylor rule (Option 2)

To study the robustness of the countercyclical capital buffer to monetary policy,
the exogenous money supply and the money in the utility function term are taken

out of the model and replaced by a Taylor rule.

log(R,) = prlog(Ri—1) + (1 — p;)(log(R) + v=(log(m) — log(m)) 4+, (log(y:) —
log(y)) + Yrer(log(rery) — log(rer)))

4.7 Shock processes

Return on equity shock

109(€Ret) = PRelOG(ERet—1) + €Rert

Shock to the preference for hours

10g(Gn) = pelog(Cha—1) + (1 = pe,)log(Gr) + €
Fiscal shock

log(g:) = pglog(gi—1) + (1 — pg)log(g) + €gs
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Technology shock

log(ay) = palog(ai—1) + €as

4.8 Other

Foreign deposits

The foreign deposits evolve as follows (see section A.13 for details):

th = Rt—lD{—1 + Py — Px,tIt
with the absorption
vy = Piey + Py + Pgy

For details about the derivation see section A.13.

Government spending/Lump sum tax

The government raises a lump sum tax in each period and spends it in the same
period. Government spending does not give the household any utility nor is it

productive in any way. [T} denotes the gains from seigniorage.

@t‘f‘ﬂtM:Ptgt

Capital stock

kt+1 - it -+ (1 - (S)kt

Housing supply
The housing supply is fixed to 1 and only house prices can fluctuate.

H=1

Inflation m,,
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Uncovered interest rate parity

s
_ Netyy Dy
Ry = Ry Ey Ner T prz T

Foreign economy

Foreign absorption equals the domestic absorption in the steady state y* = y.
Furthermore, it is assumed that P =1 and P;, = F;. As these variables do not

vary over time, they are inserted as parameters in the model.

Change in the nominal exchange rate

e __ Ne
At " Nei—1

GDP

GDPt = P$7t..'['t

Equity-to-loans ratio

ratio; = %

Penalty

2
pe, =v+ 2 (log <—€fc/it>)
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5 The deflated general equilibrium

Household

Awy = Ch,th‘?

1
MNDHt = CHﬁ + BE N 1PH 1

A
A = Cpad? ™t + BE,ZLR,
Te41
m A
T+1
A
A = BB Ri g
T+1
At =G
2t 11T
q = PE, At—i—l“&f—&-l% + qi1 (1 =6)
t+1

— LR
7, — twl,t
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fe=pHpm: + (1 — p)wihy

Ji=r+(1— k) (log(ft_ﬁ — log(f) — log(m))

OB

Banking sector

l l 2
Ei (R t+1) = Ry + v — valog (et/ t> + U2 <log (et/ t>)
rery 2 rery

i v e\ e
Rey =Ry + (Rug = Rioy) = <U+52 (log (et 1/l 1)) )t_1+(€Re,t_1)

€t-1 rery—1 €1

e €i—1 ]Ze,t
=
m R,

L=dl+df +e

Rll,t = Rl,t—l(l — X]t)
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Firm sector

Atxt = atkfhgl_a)

1

d __  (»-1)
Ty =Pz WYt

1

dx Pzt (r=1) %
el = (=L 1—w

t <rert) ( )Y

o] = (rergpl) T (1 - w)y,
xp =2 +

p

_p
L=wp,y " + (1= w)(rergpy )0

€,k
t
rery = " reri—q
TP
- 7Tz,t
Pzt = Pzi—1
Uy

)

0
Pzt = mAtPZ,tstxt + BEE: [P 1701

pcxlt = )‘tpz,txt + BEE, [pg,pﬂﬂ'f;f}

)

1
n o\ (1-6) (1-60)\ T8
Dzt Pzit—1
o= -0 () (— )
t (( o(B) e )

D
d
Da,tDz ¢

—0
At - (]- - 5) < ) + éAt—lﬂ-zﬂg
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StPx Tt

wy =(1 — «)

Countercyclical capital buffer

Regulatory requirement without countercyclical capital buffer (Option 1)

rcry =crer

Regulatory requirement with countercyclical capital buffer (Option 2)

_ v _ gl
gapt B <4px,t$t 4pm'r)

rcry =crer + vygapy — Ve

Monetary Policy

Exogenous money supply (Option 1)

myTe =Mg—1
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Taylor rule (Option 2)

log(Ry) = prlog(Ri—1) + (1 = py)(log(R) + v (log(m) — log())
+ v, (log(y) — log(y)) + Yrer(log(rer) — log(rer)))

Shock processes

log(cRret) = Prel0g(ERet—1) + €Rey

1og(Cht) = Pc,l0g(Chi—1) + (1 — pe,)log(Ch) + €c

log(g:) = pglog(gi—1) + (1 — pg)log(g) + €44

log(ar) = palog(ai_1) + €qy

Other

f

f t—1 €t—1
dt =Ry 1— — PaptTt + Y — (5Re,t - 1)—
T T
f
Teri 1My d
R = Ry 4Ky " :
TeTtTt+1 pgg’t:L‘t
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kt+1 :it + (1 - (5)]{?15

Y =C + i+ g

gdp; =Pzt
. €¢
ratio; = —
Iy
2

v e/l

pey :U+—2 log o/l

2 rery

with
_ _ Pur on _ Pis
)\t - AtPta px,t - P pg;Vt - ptG )
d *
d _ Pz,t _ PH,t _ Pt * _ Pz,t _
pa:,t - Pt(0—1)7 PHt = P, Ty = P’ pw,t = _Pt* s Tt =
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6 Welfare costs

For the calculation of the welfare costs a second order Taylor approximation of
the lifetime utility function is taken.

The welfare of the household in a system without implementation of a coun-
tercyclical capital buffer is compared to one with buffering. More exactly, it is
calculated how much extra consumption in percent the household would need to
be willing to live in an economy with a countercyclical capital buffer.

This extra consumption in percent is the welfare cost and is denoted by €2. See

appendix C for details.

W (e (14 Q), hesis Hvis D Mo} 2
— [y noceyb {Ct+i7 Pyriy Hepiy Dy, MtJri}ioiO
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7 Calibration and estimation

7.1 Calibration

The table below gives an overview over calibrated steady state values of variables,
steady state ratios and parameters. The longest possible time horizons within
1987Q1 and 2016Q3 were used. See section D for an overview of the sources. The
model is in quarterly frequency.

The values in the first block of the table are calibrated according to Swiss data.
In the second block in the table are parameters which are calibrated according
to common used values and assumptions. The parameters (4, H, ;4 and k in
that block are calibrated according to Lozej et al. (2016 [43]), the parameters
n, 0, w, y*, p* and p’ correspond to the ones in Collard et al. ([23]). The utility
weight of money (,, is as in Brazdik (2006 [18]). The parameter ¢ is part of the
uncovered interest rate parity. As the foreign deposits are zero in the steady state
the uncovered interest rate parity could not be exactly implemented as in Lozej
et al. (2016 [43]), but similar. The parameter ¢ is calibrated to a low value. The
Taylor Rule exchange rate coefficient 7., is calibrated to 0 in the base case and to
1000 if the exchange rate is wanted to be held fixed. For the first four parameters
see the comment below.

Regarding the first block of parameters some important points should be men-
tioned. First, the value of loans in the steady state loans-to-GDP ratio corresponds
to the whole size of the balance sheet of banks. This is due to the fact that in
the model the asset side of the balance sheet only consists of loans. To make
the calculation again consistent with the guidelines for national authorities (BC,
2010 [12]) a coefficient v is inserted. When computing the gap the coefficient
accounts for the risk-weighting and the fact, that not all loans resp. all bank
assets are relevant for the calculation of the gap. The parameter is a ratio. The
numerator is the average credit-to-GDP ratio which is used by the BIS to calculate
the gap. The denominator is the credit-to-GDP gap when the total unweighted
size of the banks balance sheet is counted as loans. As GDP is the same in both
ratios, it cancels out. What is left is a coefficient that accounts for the relevant
risk-weighted amount of credit.

For the return on equity the growth rate of the SPI was used. The default thresh-

old parameter is calculated as the interest rate on loans (ex-ante) divided by 1
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minus the average loan-to-value ratio. For the calculation of an approximation of
the typical loan to value ratio, data of the housing stock (Data: Federal Statistical
Office (FSO)) and mortgages (Data: SNB) were used.

Regarding the second block it is important to mention that the CET1-to-loans
ratio is an assumption. Next to the lack of data for the whole banking sector?,
another reason for this value is that the steady state value should lie below the
steady state value of the capital requirement. This makes sure that the first order
approximation of the penalty function is taken in a part where not having enough
capital leads to a penalty.

The parameter crer is set to 7%. The 7% correspond to the minimum CET1 value
of 4.5% plus 2.5% stemming from the part of the minimum conservation buffer
which has to be fullfilled with CET1 as well and holds for banks of category 5
(ERV 2012, [33]).1% The slope coefficient v, and the intercept v, are set according
to the guidance for national authorities (BC, 2010 [12]). The idea is that the
buffer shall vary linearly between 0% and 2.5% when the gap is between 2 and 10
percentage points (BC, 2010 [12]).

7.2 Estimation

Estimation is done in Dynare. The mode of the standard deviations and the
parameters are used afterwards as values when running the model to get impulse
response functions, volatilities and correlations with and without countercyclical
capital buffer. The model is estimated twice. One time with exogenous money
supply and a second time with a Taylor Rule (without fixed exchange rate). An
estimation of the model with a Taylor rule and a fixed exchange rate was not done
as we know that historically the exchange rate was not fixed and a fixed exchange
rate has quite some impact on the data.

Estimation is in both cases done for the economy without a countercyclical capital
buffer.

As mentioned above, the model is in quarterly frequency and Swiss data over
the time horizon 1987Q1-2016Q3 is used. The data series taken for estimation

9For example Credit Suisse had in the first quarter of 2012 a CET1 ratio of 4.4% (SNB, 2013
[50]).

10See ERV (2012 [33]) for information about other categories and legislation regarding sys-
temically relevant banks.

43



’ Parameter \ Description Value
h Hours 0.19
g/GDP Government spending-to-GDP ratio 0.34
puH/GDP | Housing stock-to-GDP ratio 6.70
wh/GDP | Labor share 0.57
[/GDP | Loan-to-GDP ratio 17.17
R Interest rate on deposits 1.002135571
R, Interest rate on loans 1.008956426
R, Return on equity 1.022621833
dif fR Banking sector profit margin 0.0022771
Y Default threshold 3.57
v Credit adjuster 0.43
crer Constant regulatory capital requirement 0.07
Vg Parameter in the c. c. buffer rule 0.3125
Ve Parameter in the c. c. buffer rule 0.00625
e/l CET1-to-loan ratio 0.05
n Inverse labor supply elasticity 0.1
@7 Utility weight of deposits 0.3526
Cm Utility weight of money 0.005
H Housing 1
0 Weight on pledgeable housing wealth 1
K Non-contingent default rate 0
) Depreciation rate 0.025
10) Parameter in UIRP 0.0025
0 Determ. of the elast. of subst. btw. inputs 6
w 1-import share 0.85
y* Foreign absorption Y
p* Foreign price level 1
. Foreign price of z* 1
Vrer Taylor rule exchange rate coefficient 0 resp. 1000

Table 1: Calibrated parameters
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are inflation, the return on equity and investment!'. Before usage the natural
logarithm is taken, a linear trend is taken out to make the series stationary and
the intercept is set to the steady state value of the variable in the model.'? The
priors of the standard deviations of the shocks and the structural parameters are
listed below.

The standard deviation and persistence priors are set as in Smets and Wouters
(2007 [49]). The prior mean of £ is set in between the prior mean according to
Adolfson et al. (2007 [1]) and Balke et. al. (2012 [10]). The standard deviation
was set to 0.05 as in Adolfson et al. (2007 [1]). The prior mean of § was chosen
according to the calibration in Collard et al. ([23]). The standard deviation was
set to half of the mean. The prior mean of x is the calibrated value in Lozej et
al. (2016 [43]). The standard deviation is 0.1. The standard deviation of p is as
well 0.1 and the mean is chosen according to the calibrated value in Collard et al.
([23]). The prior mean and standard deviation of @,, is in line with Benchimol
(2011 [15]).

The prior mean of the reaction to output is a typical value and is used for example
in Cantore et al. (2014 [20]). The standard deviation is as well as in Cantore et
al. (2014 [20]). The prior mean and standard deviation in the reaction to inflation
are as well typical prior values and are used for example in Gehrke (2015 [35]).
The prior distributions of the last two mentioned parameters are gamma as in
Kliem and Kriwoluzky (2013 [42]). The prior mean of the interest rate coefficient
was set to 0.8 as in Cantelmo and Melina (2017 [19]). Anguyo et al. (2017 [8])
use the same value. The standard deviation is set according to the last mentioned
paper.

A jscale of 0.7 in the case with exogenous money supply and a jscale of 0.475 for
the estimation with Taylor rule was used. This gave an overall acceptance ratio
of around 24.4% in the case with exogenous money supply and around 24% in
the case with a Taylor Rule. This is in line with Roberts (1997 [47]) who find an

optimal acceptance rate of 23.4% under quite general conditions.

L Government investment is not taken out of the data of total investment. The reason is that
quarterly data is not available. As the mean of the series is anyway adjusted to the mean of the
variable in the model, it should only have a neglictable impact.

For the return on equity data of the SPI was used.

12Due to the estimation of the parameter # the steady state of investment slightly changes
but to a negliglible amount. The steady state in logs is still the same until 2 decimals behind
the comma and therefore we can use the same data.
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St. Description Prior
dev. Distr. fct. | Mean | St. dev.
. St. dev. of the return on - 0.1 5
€Re equity shock -6 .
o St. dev. of the preference inv. eamma | 0.1 5
Ch shock to hours -8 '
o St. dev. of the fiscal - 01 5
g shock - 8 '
o St. dev. of the inv. gamma 0.1 5
“ technology shock ’ '

250’000 replications are done with two parallel chains. The first observation is 1.

No prefiltering is done.

Sim’s csminwel is used. Have a look at the Dynare user guide by Griffoli (2013

Table 2: Priors of the standard deviations

The type of initialization of the Kalman filter is set
to 1 (lik_init) and presample is set to 4. The first 20% of the draws from the

Metropolis-Hastings are discarded. As optimizer for the mode computation Chris

[37]) and the Dynare reference manual ([31]) for detailed information.

The estimation results are listed below. Figure 4 and 5 show the results for the
case with exogenous money supply and figure 6 and 7 the ones in the case with
a Taylor rule. In the appendix E the MCMC univariate convergence diagnostic,

the multivariate convergence diagnostic, the priors and posteriors as well as the

smoothed shocks can be found.

46




Para- | Description Prior

meter Distr. fct. | Mean [ St. dev.
Persistence of the

Pere return on equity shock beta 0-5 0.2
Persistence of the pre-

Pen ference shock to hours beta 05 0.2
Persistence of the fiscal

Pq shock beta 0.5 0.2
Persistence of the

Pa technology shock beta 0-5 0.2
Loss given

X default beta 0.5 0.1

¢ Probablh.ty that a price beta 0.675 0.05
contract is not ending

P Substitutability btw. do- normal 0.33 0.1

mestic and foreign good

0 Determinator of elast. of S 6 3
subst. btw. various inputs &

Inverse elasticity of

D, gamma 1.25 0.1
real money

o E(lelrlselstence of the Taylor beta 0.8 0.05
Taylor Rule inflation

Y coefficient gamma 1.7 0.1
Taylor Rule absorption

Yy coefficient gamma 0.125 0.05

Table 3: Priors of the structural parameters

St. Posterior

dev. Mode St. dev. Mean 90% HPD int.

Ocpe 0.0871 0.0057 0.0882 0.0786 0.0974
o¢, 0.0197 0.0025 0.0199 0.0157 0.0241
04 0.0296 0.0045 0.0313 0.0235 0.0391
Oq 0.0159 0.0016 0.0160 0.0133 0.0186

Table 4: Posteriors of the standard deviations, exogenous money supply
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Para- Posterior

meter Mode St. dev. Mean 90% HPD int.

PRe 0.0717 0.0441 0.0864 0.0189 0.1481
Pe 0.8302 0.0458 0.8120 0.7310 0.8991
Pg 0.9686 0.0107 0.9655 0.9479 0.9831
Pa 0.8383 0.0311 0.8299 0.7775 0.8847
X 0.4990 0.1067 0.5003 0.3340 0.6625
d,, 1.2701 0.0700 1.2776 1.1147 1.4484
& 0.4814 0.0242 0.4822 0.4415 0.5231
p 0.3191 0.0916 0.3165 0.1679 0.4643

Table 5: Posteriors of the structural parameters, exogenous money supply

St. Posterior

dev. Mode St. dev. Mean 90% HPD int.

Ocpe 0.0837 0.0054 0.0848 0.0758 0.0937
ac, 0.0344 0.0100 0.0430 0.0219 0.0639
og 0.0493 0.0076 0.0507 0.0388 0.0626
04 0.0295 0.0081 0.0381 0.0183 0.0585

Table 6: Posteriors of the standard deviations, Taylor Rule

Para- Posterior

meter Mode St. dev. Mean 90% HPD int.

PRe 0.1081 0.0582 0.1228 0.0336  0.2069
Pes 0.4095 0.1775 0.3525 0.1648 0.5355
Pg 0.8310 0.0350 0.8152 0.7534 0.8794
Pa 0.3539 0.1133 0.3324 0.1813 0.4862
Pr 0.8333 0.0329 0.8125 0.7572 0.8673
Vo 1.6646 0.0921 1.6778 1.5254 1.8251
Yy 0.2263 0.0366 0.2527 0.1819 0.3230
X 0.5194 0.1042 0.5197 0.3589 0.6789
& 0.7205 0.0345 0.7452 0.6840 0.8096
P 0.4909 0.0905 0.5093 0.3647 0.6606
0 5.9629 0.0572 5.9649 5.8708 6.0605

Table 7: Posteriors of the structural parameters, Taylor Rule
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8 Evidence

8.1 Impulse response functions
8.1.1 General

In this section the focus lies on the differences in the impulse response functions
(IRFs) due to the countercyclical capital buffer. For a discussion of how the shocks
in general affect the economy see section F in the appendix.

Four shocks were chosen for the discussion of the effect of the countercyclical
capital buffer. The first shock is the shock to the return on equity which should
represent a typical shock in the banking sector. Other shocks in the banking
sector like a shock to the probability to default, the loss given default or the risk
measure would also have been possible. When looking at the IRFs due to these
shocks one can see that they look similar to the ones due to the shock to the
return on equity. As a second shock a preference shock was chosen. A shock to
the preference for hours was chosen as it is a typical preference shock and when
looking at the variance decomposition of the gap due to several preference shocks
it shows that this shock is relevant. A shock to the preference for consumption,
housing or domestic deposits would also have been possible. The third shock is
the fiscal shock. This shock was chosen as it is too an important driver according
to the analysation of the variance decomposition. The last shock is the shock
to technology because it is important for explaining the data in the estimation
process. Note that we therefore have four different shocks stemming from four
different sectors (banking, household, government, production). The shock from
the financial sector may be the most relevant with respect to the analysation of
the countercyclical capital buffer. The other shocks furthermore allow to enhance
the analysation and draw a bigger picture of how the buffer would influence the
economy. The focus in the analysation lies on the build-up phase where the buffer
reacts on a positive deviation of the gap. Note that the deviations are mirrored if
the same shock hits in the opposite direction. The conclusions from the results in
such a case correspond not exactly to the modeling of a downturn phase as first,
the buffer is in reality a step function which reacts only to positive deviations and
secondly the effects from a prephase with a positive deviation of the gap where
the buffer directly impacts on the economy is partially missing. Still one could

draw conclusion about the effect of a capital requirement which is lowered given

49



a negative deviation of the gap.

Dynare is used for the calculations. All variables are log-transformed. When
Dynare linearizes the model in terms of the log-transformed variables, it does
the log-linearization of the model in terms of the original variables. The impulse
response functions therefore show the deviations from the steady state in percent.
Before reading the interpretation of the impulse response functions one should be
aware that if a variable influences another then the other variable most probably
influences the first directly or indirectly as well and all effects finally lead to
an equilibrium. The interpretation points out the most important and direct
argumentation lines but a full description with all back effects is not possible nor
desired as not to loose the overview.

Furthermore, it should be pointed out that it is possible to add for example deposit
or capital adjustment costs to the model. Additionally we could also smooth the
gap or the GDP in the countercyclical capital buffer rule. For analysation this
was omitted as not to blur the pure effect of the buffer and thus its interpretation.
Before starting with the analysation of the different shocks, shortly the household
demand for deposits and loans should be explained as one can be confused because
the first order conditions look similar.

The first order condition for domestic deposits says that the marginal utility of
wealth today has to equal the marginal utility of domestic deposits today plus the
expected discounted marginal utility of wealth tomorrow times the interest rate
on deposits. Furthermore it is accounted for expected inflation. If the interest
rate is ceteris paribus higher, the household forgoes more interest tomorrow for
example when consuming today and therefore, the marginal utility of wealth has
to be higher today. This leads the household to save more.

The first order condition of loans is similar. The marginal utility of wealth today
has to equal the expected discounted marginal utility of wealth tomorrow times the
expected ex-post interest rate on loans. Expected inflation is taken into account.
If the interest rate on loans is ceteris paribus higher, the marginal utility of wealth
today has to be higher as it has to be worth to incur the higher costs of interest
tomorrow. Note that the interest rate on loans is higher than the interest rate on
deposits. Therefore, it is necessary that domestic deposits give utility today such
that both conditions can hold. As mentioned this is a way of how to implement
that the household both wants to hold loans and deposits at the same time. The

domestic deposits in the utility function term can be reasoned for example with
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the fact that people can get utility from the safety feeling they get when they
know that they have deposits.

Given the interest rates, the household decides how much he wants to save. The
amount the household saves each period with loans and deposits is actually d; — ;.
The household can save more if it takes more deposits or if it lowers the amount of
loans. Therefore, loans are just an other way of how savings can be adjusted. The
interest rates guide the households optimal decision of how much deposits and
loans it wants to have. Furthermore, investment, housing and money are other
means which shift budget from one to another period.

Lastly before analyzing it should be pointed out that the gap and the regulatory
requirement have the same time index. The gap influences the requirement which
itself influences again the gap etc. If they have the same time index this process
happens within the same period, otherwise the IRFs would reflect this fact in a

jagged evolution until the variables are back in their steady state.

8.1.2 Return on equity shock

The shock to the return on equity opens up the gap. Due to this the regula-
tory capital requirement goes up when the countercyclical capital buffer is im-
plemented. This affects the banks decision making as it has to pay a penalty
for a deviation of the equity-to-loans ratio from the regulatory ratio. The bank
chooses loans as such that the expected interest spread equals the marginal penalty
with respect to loans. A higher regulatory requirement implies that the marginal
penalty with respect to loans is ceteris paribus higher. Therefore, given an ex-
pected interest spread and equity the marginal penalty with respect to loans
equals the interest spread at a lower amount of loans. With the countercyclical
capital buffer implemented the bank therefore wants to supply less loans even
if the higher equity already contributes to the adjustment on the higher regula-
tory capital requirement. Given an amount of foreign deposits and equity the
banks wants to supply less domestic deposits when it supplies less loans as the
balance sheet has to equalize. As the household is not directly affected by the
requirement, demand for loans and deposits given interest rates stay on impact
the same. Therefore, given the change in the supply, the amount of loans and
domestic deposits is lower. The interest rate on loans (ex-post) lies above the

one in the case without buffer from the second period on and the interest rate on
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deposits is below. Mainly due to the lower interest rate on deposits, the amount
of foreign deposits is lower.

The probability to default lies above the one in the case without buffer in the
first period because the relevant wealth for default calculation is lower and the
for the calculation relevant minimum wealth is still in the steady state. Inflation
is slightly higher.

The relevant wealth for default calculation is lower as the marginal utility of wealth
is higher (see below). From the second period on the probability to default is less
high as the evolution of the minimum wealth for default calculation dominates.
The minimum wealth for default calculation is lower because of the lower amount
of loans and the lower interest rate on loans ex-ante (not shown).

Due to the higher probability to default, the interest rate on loans (ex-post) lies
in the first period below the one of the economy without buffer. The penalty is
higher due to the higher regulatory requirement.

Equity evolves exogenously and is higher due to the higher interest spread and
the evolution of loans. Given the evolution of equity and loans it follows that
the equity-to-loans ratio is higher when the countercyclical capital buffer is im-
plemented as it should be.

The marginal utility of domestic deposits falls by less with a lower amount of
domestic deposits. The marginal utility of wealth shows a dampened evolution.
Hours, investment and consumption also show on the whole a dampened evolution
as the marginal utility of wealth does. They themselves again influence back on
the marginal utility of wealth. Hours and investment directly affect the evolution
of the GDP which deviates on the whole less from the steady state with the
countercyclical capital buffer except in the first period. In the first period we have
the case that GDP falls below the steady state and therefore moves in opposite
direction to the gap. As the buffer leads to a lower GDP, the fall in GDP is even
more pronounced. Absorption which follows the evolution of consumption and
investment shows a dampened evolution. Government spending stays the same.
The evolution of inflation is slightly dampened due to the dampened evolution of
the marginal utility of wealth which dampens the demand of money.
Summarizing, we can see that the countercyclical capital buffer stabilizes the
gap. As the gap rises due to the shock, the equity-to-loans ratio is higher with
the countercyclical capital buffer due to the impact from the changed regulatory

requirement.

52



Furthermore we can see the dampening side effect the buffer exerts on the finan-
cial sector. The deviation from the steady state of loans and domestic deposits
are lower. The gap itself is lower in the case with the countercyclical capital buffer
due to the dampening effect of the buffer on loans which dominates the effect of
the mitigated GDP. But not only the financial but also typical macroeconomic
variables are smoother. As one can see also the GDP, the absorption, consump-
tion, hours and investment deviate on the whole less from the steady state in the

case with a countercyclical capital buffer.

93



Gap 8 Reg. capital requirement 10 Equity-to-loans ratio

10 ~
6 ‘\’\_ h\\
® R 4 T R 5 T
2 3 = -~
0 0
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
Loans Equit Domestic deposits
6 10 uy 6 P
4
R
2
0 —————————————
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
Foreign deposits GDP Absorption

10 20 30 40 50 10 20 30 40 50 10 20 30 40 50

0.4 Consumption B Investment 1 Government spending

10 20 30 40 50 10 20 30 40 50 10 20 30 40 50

blue solid = without c. c¢. buffer and red dashed = with c. c¢. buffer
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8.1.3 Preference shock to hours

The description of the impact of the buffer is for the following three shocks shorter
as the mechanisms are always the same. The focus lies more on pointing out what
the shock can learn us additionally about the buffer.

The shock to the preference for hours illustrates how the equity-to-loans ratio is
able to adjust to the evolution of the gap even if it moves from below the steady
state to above within a short time frame. As equity depends on the specified
exogenous rule it is less flexible in adjustment. Therefore, a large part of the fast
adjustment of the equity-to-loans ratio stems from the adjustment of loans.

In the beginning the gap falls below the steady state due to the pronounced rise
in the GDP which dominates the effect of the loans. Due to this the requirement
also falls below the steady state. As the marginal penalty with respect to loans
is ceteris paribus lower, the bank wants to supply more loans given an expected
interest spread and equity. The same mechanisms as described at the shock to
the return on equity come into play. Later GDP is almost back at its steady state
while loans are still positively affected by the shock. The gap is therefore positive
and we are in a typical situation of a high aggregate credit amount in comparison
to GDP. The requirement therefore rises from below to above the steady state
and now the bank wants to supply less loans. As loans have a duration of one
period in the model, the whole amount of loans can be adjusted without time lag.
In reality the adjustment would be more time lagged as contracts are made for
several periods. The evolution of domestic deposits follows the one of loans. The
bank takes its balance sheet into account when taking decision about the supply
of loans.

What may look oddly at a first sight is the evolution of the probability to default.
But given that the probability to default is affected by the minimum wealth with
a time lag and the minimum wealth falls fast after the second period due to the
fall in loans the evolution is explainable.

In comparison to the shock on the return on equity we can almost not see an
effect of the buffer on the typical macroeconomic variables as GDP, absorption,

consumption, investment, hours and inflation.
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8.1.4 Fiscal shock

The fiscal shock is outstanding due to its high persistence. Due to the high
persistence of the gap also the rise in the regulatory requirement is very persistent.
What is interesting to see is that the effect on loans and domestic deposits is so
pronounced that they are below the steady state and not anymore above it with
the buffer in action. This outstanding evolution is due to the fact that in the
case without buffer GDP and loans move in opposite directions due to the shock
which is not the case at the other shocks and loans do not deviate that much from
the steady state. Furthermore, we have the situation that not only the evolution
of loans determines the evolution of the gap in later periods but also the effect
of GDP, which given its value below the steady state lifts up the value of the
gap at any given value of loans ceteris paribus. For an optimal reaction of the
bank to the regulatory capital requirement loans have to adjust so much that they
fall below the steady state and the evolution is very persistent. We can see the
different evolution of loans with the countercyclical capital buffer reflected in the
dampened evolution of the gap which is due to the evolution of GDP still above
the steady state even if loans fall below it.

Although the effect of the buffer for example on GDP and absorption is neglectable
we can see a slight effect on consumption and house prices (relevant wealth for
default calculation). Especially due to the fall in domestic deposits the marginal
utility of wealth falls by a lower amount. This affects other variables and the most
pronounced impact (although still small) it has on consumption and house prices.
Their deviation from the steady state is less pronounced.

Lastly it is left to point out that the buffer causes an even more pronounced fall
in foreign deposits due to the pronounced and persistent fall in the interest rate

on deposits.
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8.1.5 Technology shock

The shock to technology causes similar reactions as the shock to the preference for
hours. Therefore, the reaction of the buffer is as well similar and not commented
again. As the technology shock has a slightly stronger impact, also the deviation

of the regulatory capital requirement is slightly more pronounced.

8.1.6 Summary

After having looked at all four shocks we can summarize a few important facts.
First we can see in the case of all four shocks a dampened evolvement of the
gap. Given that the credit-to-GDP gap is a good indicator for the imbalances
and excessive aggregate credit growth we can therefore say that the buffer exerts
a dampening effect on it. Secondly, we observe that the targeted equity-to-loans
gap in the case with buffer is higher than the one in the economy without buffer
if the gap is opened up positively. This goal is reached with a higher amount of
equity and a lower amount of loans.

The results of the opposite case when the gap initially falls below the steady
state are rather an issue of implementation. According to the guidelines, the
countercyclical capital buffer has always a value between 0% and 2.5% and only
reacts to a positive deviation of the gap from its trend (BC, 2010 [12]). As
we take a first order approximation when doing the calculations in Dynare, an
implementation of a step function is not possible. Therefore, in reality the reaction
to the fall of the gap below the steady state due to the rise in GDP in the first
few quarters after the preference shock and the technology shock would in reality
fall away.

Additionaly it is left to point out that the buffer always leads to a lower amount
of loans given a positive deviation of the gap. This therefore also means that if
the loans are already below their steady state values, they even fall further below
it. An authority can but does not have to implement a countercyclical capital
buffer in such a situation as they follow a guided discretion approach (BC, 2010
[12])

What should furthermore shortly be once again mentioned is the vice versa de-
pendence of the gap and the requirement which causes a repeating up and down
behavior which is not seen in the impulse response functions because it happens

all in the same period. When looking at the absolute numbers we have to keep
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this in mind. If the gap for example initially opens up by 6% this implies a re-
quirement of 1.25%. As the banking sector reacts on it already in the same period,
this lowers the gap and the authorities can set a lower requirement.

Lastly what should be mentioned is the observation that it partly matters from
which sector the shock stems. On the one hand we have a shock in the financial
sector. This shock represents a typical shock in the financial sector. The shock
represents also the typical case for which the countercyclical capital buffer got
implemented. First we have the case that due to higher returns especially the
amount of loans is higher. The credit-to-GDP gap opens up positively. Now the
buffer comes into play and dampens the evolution of the gap, loans and domestic
deposits in the financial sector and an extra equity cushion is build up. The equity-
to-loans ratio is higher. What we secondly observe is that also the other typical
macroeconomic variables as GDP, absorption, consumption, hours, investment
and inflation are on the whole dampened. Therefore, not only regarding financial
variables but also macroeconomic variables in general the buffer has the side effect
of mitigating the responses to the shock.

When the shock does not stem from the financial sector but from the household
(preference shock), firm sector (technology shock) or from the government sector
(government spending shock) the buffer also fulfills its goal in enlarging the equity-
to-loans ratio when the gap is above the steady state. Furthermore, we observe the
dampened evolution of the gap and a lower amount of loans and domestic deposits.
In difference to the financial shock the buffer has only a neglecting impact on the
evolution of other macroeconomic variables as GDP or consumption. This is
similar to the conclusion by Carvalho and Castro (2015 [25]) who observe that
the buffer helps to mitigate the effects of the shock stemming from the financial
system but its power is much lower when the shock originates elsewhere. Also De
Resende et al. (2013 [26]) show that key stabilizing effects on key macroeconomic
variables are most pronounced after financial shocks.

Summarizing we can say that the buffer is able to fulfill the goals listed in article
44 ERV (2012 [33]) and stated by the SNB (2014 [51]) in enhancing the resistance
of the banking sector against excessive credit growth by building up the equity-
to-loans ratio and leaning against those imbalances (represented by the credit-to-
GDP gap).
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8.2 Welfare costs

The welfare costs are -0.02% of consumption. The values of the relevant variables
in the steady state and the relevant parameters are the same with and without the
countercyclical capital rule. Therefore, the welfare costs stem from the differences
in the volatilities. The volatilites are taken from a stochastic simulation in Dynare
when all four shocks hit the economy at the same time.

If a term is concave, more volatility is lowering welfare costs. More volatility
makes welfare costs higher if the term is convex. This is the case because given
a point on a convex function, one can gain more when marginally moving up
than one looses when marginally moving down. In the case of a concave function
the opposite holds. In the case of a logarithmic function less volatility is as well
enhancing welfare gains.

Therefore, the household has higher welfare gains the lower the volatility of con-
sumption, real domestic deposits and real money. As the supply of the housing
stock is fixed, the volatility of the housing stock is zero in any case. In the case
of hours, the lower the volatility, the higher the welfare gains as well. Although
the function is convex, due to the negative sign in front of the term, more utility
lowers welfare.

We have a lower volatility of consumption, real domestic deposits and real money
and a higher volatility of hours in the case with the countercyclical capital rule.
On the whole the household is better of in an economy with a countercyclical
capital rule.

The results are in line with the conclusions of the researchers listed in section 3.

8.3 Volatilities and correlations
8.3.1 Volatilities

The following table shows the volatilities'® of different variables and how these
volatilities change when a countercyclical capital buffer is in action. The results
stem from a stochastic simulation in Dynare when all four shocks hit the economy
at the same time.

As expected the volatility of the gap on which the countercyclical capital buffer

13In the Dynare model the variables are log-transfomed. The volatitilies and correlations are
approximations to the ones of the not log-transformed variables.
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reacts is clearly less volatile. This means that the loan-to-GDP gap can be sta-
bilized. Given that the loan-to-GDP gap is a good indicator of imbalances, the
countercyclical capital buffer exerts a dampening effect. The mitigating effect
on the financial sector can also be seen when looking at the volatilities of loans
and domestic deposits which are lower with a countercyclical capital buffer im-
plemented. Also the volatility of equity is lower. With a countercyclical capital
buffer the volatility of consumption is as well smaller although to a very small ex-
tent. We can furthermore observe a negative negligible difference in the volatility
of the absorption. This corresponds to the findings by Lozej et al. (2016 [43])
who come to the conclusion that a buffer guided by the credit-to-GDP gap can
not attenuate or even amplify the response of the economy to shocks if the gap
and the GDP deviate not into the same direction. Also Angelini et al. (2014
[7]) conclude that in “normal times” a countercyclical requirement could damage
rather than enhance macroeconomic stability if there is a lack of cooperation with
monetary policy. An exception is the shock to the financial sector which reduces
the volatility of output anyway.

Our difference in the volatility of absorption is negative because investment and
hours are to a negligible amount more volatile. The evolution of investment and
hours are coupled to some extent as their marginal products depend on each
other. The effect of the buffer on hours and investment can almost not be seen in
the impulse response functions except we have the case of a shock to the return
on equity. In this case the countercyclical capital buffer actually exerts on the
whole rather a dampening effect. Also Aliaga-Diaz et al. (2011 [4]) come to the
conclusion that anticyclical capital requirements make consumption more stable
and can make investment more volatile. Finally, we observe that inflation is less
volatile with the buffer but also here as well the difference is small.

Our conclusions regarding welfare costs, volatilitites and correlations can give a
reference point about the impact of the countercyclical capital buffer represented
by our formulated rule. On the same time one should be conscious about the fact
that in reality the countercyclical capital buffer is a step function and with a full

modeling of cycles we would get more precise results.
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Volatilities

Ogap | 1O ccyb 0.134539
ccyb 0.023861
Difference 0.110679

oy no ccyb 0.063205
ccyb 0.038929
Difference 0.024276

Oe no ccyb 0.121783
ccyb 0.120873
Difference 0.000911

0 gd no ccyb 0.065989
ccyb 0.040131
Difference 0.025859

oy no ccyb 0.049063
ccyb 0.049379
Difference | -0.000316

Oe no ccyb 0.012252
ccyb 0.012008
Difference 0.000244

of) no ccyb 0.191767
ccyb 0.193104
Difference | -0.001337

oh no ccyb 0.049237
ccyb 0.049489
Difference | -0.000252

Or no ccyb 0.007465
ccyb 0.007282
Difference 0.000183

ccyb = countercyclical capital buffer

Table 8: Volatilities (EMS)
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Correlations ‘
Oygap | MO ccyb | -0.437052
ccyb -0.425327
oy | no ccyb 0.176037
ccyb 0.970927
Oye | DO ccyb 0.151187
ccyb 0.116515
Oyq4 | MO ccyb 0.165953
ccyb 0.972350
Oye | DO ccyb 0.426015
ccyb 0.420596
oyi | no ccyb 0.976590
ccyb 0.976825
oyn | no ccyb 0.903964
ccyb 0.908519
Oyr | Do ccyb | -0.144526
ccyb -0.151157

ccyb=countercyclical capital buffer

Table 9: Correlations (EMS)

8.3.2 Correlations

Table 9 shows the correlations with absorption. As we can see from the table, the
countercyclical capital buffer does not induce any sign changes in front of them.
One could have also looked at the correlations with GDP and would have come

to the same conclusions.

8.4 Robustness to monetary policy

The following graphs show the evolvement of the gap and of the equity-to-loans
ratio in the case of exogenous money supply, a Taylor Rule and a Taylor Rule
which holds the real exchange rate fixed.

As one can see, the effect from the countercyclical capital buffer on the equity-

to-loans ratio is robust to monetary policy. The equity-to-loans ratio reacts ade-
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quately to the evolvement gap and we can also see the dampening effect on the
gap. The reaction of the economy (without a countercyclical capital buffer) to the
shock itself changes to some extent when monetary policy changes. The analysa-
tion of how an economies reaction changes with the change from exogenous money
supply to a Taylor rule is another research question and is not part of this thesis.
The welfare costs in the case of a Taylor rule and a floating exchange rate are
-0.03%. This is in line with Mimir and Sunel (2015 [45]) who find that a counter-
cyclical reserve requirement in combination with a conventional Taylor-type rule
can effectively reduce welfare costs.

In the case of a model with a Taylor rule which holds the real exchange rate fixed
the costs lie at -0.22%.

The buffer therefore further enhances welfare if monetary policy can be repre-
sented by a conventional Taylor Rule, respectively a Taylor Rule which holds the
real exchange rate fixed. Note that when calculating the welfare costs the term
stemming from the money in the utility function falls away in the case of a Taylor
rule.

An overview over the volatilites and the correlations in the case with a Taylor rule

(and a fixed exchange rate) can be found in the appendix G.
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9 Conclusion

This thesis explored the effects of a countercyclical capital buffer on the economy.
A small open economy DSGE model estimated with data of the Swiss economy
was used. The buffer was implemented in line with the rule suggested by the Basel
Committee in the guidance for national authorities operating the countercyclical
capital buffer (BC, 2010 [12]). The buffer reacts on the credit-to-GDP gap, which
serves as indicator of the state of the financial sector. In a first step the impulse
response functions of the main financial and macroeconomic variables after four
different shocks from four different sectors were analyzed. The focus in the analy-
sation lied on the build-up phase. The countercyclical capital buffer always led
to a higher equity-to-loans ratio given a rise of the credit-to-GDP gap above the
steady state. The goal is reached by a lower amount of loans and partially by a
higher equity. Furthermore, due to the countercyclical capital buffer the credit-to-
GDP gap showed a dampened evolution. Therefore, the buffer shows the positive
side effect in dampening the imbalances. Furthermore given a positive deviation
of the gap from the steady state the amount of loans and deposits is lower. If
the buffer dampens important macroeconomic variables depends on the origin of
the shock. Given a typical financial shock the buffer shows a mitigating effect not
only on financial variables but also on typical macroeconomic ones. If the shock
stemmed from other sectors the buffer almost has no influence.

Summarizing we can say that the buffer is able to fulfill the goals outlined in
article 44 ERV (2012 [33]) and stated by the SNB (2014 [51]). It enhances the
resistance of the banking sector against excessive credit growth by building up
the equity-to-loans ratio and leans against the imbalances.

In a second step the welfare costs were calculated. The implementation of our
countercylical capital buffer rule enhances welfare and the welfare gains in terms
of consumption are -0.02%. The welfare gains stem from the differences in the
volatilities.

In a third step the effects of the countercyclical capital buffer on standard devia-
tions and correlations were explored. The implementation of the rule lowers the
volatilities of the main financial variables as well as the one of consumption and
inflation. The volatilites of absorption, hours and investment are higher but of a
neglectable size. Therefore the volatilities of these variables mainly stay the same.

The countercyclical capital rule does not change any correlation of absorption re-
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spectively GDP with the main macroeconomic and financial variables in the sense
that it inverts the sign in front.

Furthermore, analysis also showed that the countercyclical capital buffer is robust
to monetary policy. The exogenous money supply and the money in the utility
function term in the base case economy were replaced by a conventional Taylor
rule and a Taylor rule which holds the exchange rate fixed. The impulse response
functions showed that the equity-to-loans ratio is higher given a positive deviation
of the credit-to-GDP gap from the steady state in the case with a countercyclical
capital buffer. Also the dampening effect on the credit-to-GDP gap is present.
The welfare costs lie at -0.03% (conventional Taylor rule) and -0.22% (Taylor rule
and fixed exchange rate). The buffer therefore even further enhances the welfare

given those two cases.

As mentioned, the focus when analysing the impulse response functions lied on
the impact of the buffer during the build-up of the imbalances. This is the time
when the buffer is activated and leads to the build-up of the equity-to-loans ratio
and a dampening of the growing imbalances. In a future reseach project one could
focus more on modeling a whole cycle and look at the aftereffects of the counter-
cyclical capital buffer after the build-up phase. Furthermore the implementation
of the countercyclical capital buffer as a step function would enhance the research.
Maybe second order approximations are a possibility.

The modeling of whole cycles and the implementation of a step function would also
allow preciser results regarding the welfare costs, volatilities and the correlations.
Regarding the model itself an implementation of a more complex banking sector
would allow to explore a variety of shocks from this sector. One could for example
think about including interbank lending. Also to add lending from the banking to
the firm sector is another possibility. This would maybe allow to model a tighter
interconnectedness between the financial and the economic cycle. Furthermore,
one could differentiate more with respect to lending. A possibility would be to
implement two banks of which one is specialized in mortgage lending. Excessive
credit growth in the housing sector would then maybe induce compositional effects
as empirically evidenced by Basten and Koch (2015 [11]) and Auer and Ongena
(2016 [9]).

Within the next years reserach regarding the countercyclical capital buffer will be

further enhanced due to the availability of data from the first experiences with the

74



buffer in different countries. The available literature which draws its conclusions

from theoretical models will be enriched in its variety by empirical research results.
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A Selected model calculations

A.1 Lagrangian of the maximization problem of the house-
hold

The Lagrangian of the maximization problem of the household (see section 4.2)

is as follows:

(1—-2) (1—2m)
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When taking the derivative with respect to ¢;yq, hyri, Hirs, Dfﬂ», Tpriy keaivts Ly, My

we get the first order conditions written down in section 4.2.

A.2 Optimal bank behavior

The bank maximizes profits. It solves the following maximization problem:

f U Et/Lt 2
mLaxEt Riy(1 = xJis1) Lo — Ry(Ly — D] — Ey)— (v + % (log ( rere >> Ly
t %/_/

Df

Taking the first order condition with respect to L; yields

E, (Rz,t(l = XJiy1) — Ri— (U +3 (log <E;C/T€t)>2)

— (UglOg (E;C/it> éc/rit(—l)E;!f> Lt> =0

We can rearrange it to

E, (Rl,t(l — XJe41) — Ri— (U + 2 (log (E;C/TLt)> ) + walog (%C/TLt> > =0
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Using Et(Rll,t—H) = Et [Rlyt(l — XJt-i-l)] we get

2
Ei(Rit+1)= Ri + v — valog ( ;C/rLt) (log <E7fc/rft>>

A.3 Return on equity

The household is the shareholder of the bank and therefore, it gets the profits.

R+ is the gross return on equity and is therefore as follows:

d f vg Fi_1/Li—1 2
Re,tEt—l = Rll,tLt—l - Rt—l(Dt_l + Dt—l)_ v+ o5 <l09 <W>> Lt—l
+ (€pes — 1) By

Using L; = Df + th + E; yields

2
RetEi 1= RpiLi1 — R (L1 — Eyq)— (U + % <l09 (%)) ) Ly
+ (€per — 1) By

We rearrange and get the following equation:

2
(v + 3 (1og (P2l ) Le-t

Rey=Ri_1 + (Riy — Ryo1) 5= —
+ (ERe,t - 1)

A.4 Demand for the domestic and foreign goods ¢ and xtf

The maximization problem is
1

maz Py — Pyl — NetP*ta:t with vy = (w(l_p)xf‘v +(1— w)(l_p)x{p> !

d
Ty Ty

which can be rewritten to

1
W;Laa;Pt ( (=)0 4 (1 — w)(l—l’)x{p> " — Pl — NetP*txt
Ty, Ty

Taking the first order condition with respect to x¢ yields

1_
Pl ( A-Pgfe 4 (1 w)(l‘%f”) gl _p

1- _p) d(p—1 Py
yt( -r) (1 p)xt(p ):TQ
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1
-1, —1,.d __ [ Puzt) @D
Yp W Ty = < P, >

1
d _ Pzt ®-1
Ty = < P ) Wy

The equation x{ = <

1
NejD}:wyt> -1 (1 — w)y; can be derived equivalently.

A.5 Price index P,

Given free entry in the final good sector, firms make zero profits. Therefore,

Ptl/t — vatﬂftd — N@tP;7txtf =0

1 N i
Inserting the demand functions z¢ = ( fzt) "™ wy, and 2/ = Neelaa ) 79 (1 =
g t

Pt Pt
w)y; yields

1 1
e\ =D . (NetPr,\G-D
Py, — P, (%) "y, — Ne, P2, ( & ) (1 — W)y = 0
1

1 I — _1
PP — P PY Uw— Ne,Pry (NeyPr, ) ™0 (1—w) =0
PP — PI gy — (NepPE) &0 (1—w) =0

(p=1)

P

P, = (wP;f;” +(1-w) (NetP;t)(Pfl))

A.6 Demand for the intermediate goods z¢(i), 2¢*(i) and
fr-
(1)

The maximization problem looks as follows:
%

1 1 (01 6-1)
mazx Ppxd— [ Ppy(i)xf(i)di with xf = (f xd(i) o di)
g (i) 0 0

respectively,

1 (-1 (6—1) 1
max Py (f xd(i)"o di) — [ Poi(i)xi(i)di

zi (i) 0

Taking the first order condition with respect to z¢(i) yields
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1 1 ~
Pma:fe (2)((0 t-1) = P,+(7)

—0
Py (1
xd(i) = <—Pz(t)) xd

The demand functions for z%(i) and /(i) can be derived equivalently.

A.7 Price index P,

Firms make zero profits as there is free entry in the final good sector. Therefore,

Pﬂ@tl’t fPact ()dZZO
0

5 o\ 0
Inserting the demand function z¢(i) = (%) zd yields

1 ~ .\ -0
Pyoai— [ Pya(i) (P—“) widi = 0

Pz,t
0

Rearranging yields
-6
xt_fpxt <P;3t(t)> di

PO =1 Boy(i)-0di

x,t

Px,t_(

A.8 Real marginal cost

O%»—A

1 (=)
[ Pm(z')(l_@)di)
0

We know that
COSt( )t = Ztkt< ) + wtht( )

and

24(1) = agky (1) hy ()0~

The intermediaries have local monopoly power. Therefore, the firms minimize
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real costs with respect to the production function stated above.
man ziki (1) + wihe(2) s.t. x4(2) = 24(0
min ki (0) + wehi(8) .. 4(0) = 20

We can rewrite it to

L ’(rT)thn()Ztkt(Z) + wtht(l) + T(atkt(i)aht(i)(l_a) — .Tt(l>>

There are two first order conditions. The first is

2y + T(Oé(ltkt(i)(a_l)ht(i)(l_a)) =0

Rearranging yields

A\ (1—a)
2+ Yaa, <228> =0

The second first order condition is

wy + T((1 — a)agk:(i)*hy(i) =) =0

We can rearrange it to

we+ T(1 —a)ay (2%3) =0

When we combine the two first order conditions, we get

>

_ _a M
t - (l—a) kt(l)

z

SN

g

For the next step we need the following three equations

We can insert the third equation into the second and then insert the new equation
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into the first. We get
(e 2) ()0
SL’t(Z) = Q¢ ((12()‘)2—;) ht(z)

(i) = 2 (5o

8
o~
—~
~.
~—
|
)

The same way we can also derive the equation for k(7).

. — 1 o ws (1-a)
k(i) = 33t(2)a_t <(1_a)z_t)

We insert k(i) and h¢(i) into the cost function. This yields

~ (1—a) ~ —«
et = zw(1) 5 ((ﬁ‘a) Z’—f) + wpzy (i) - ((ﬁa) Z’—f)

Then we can take the derivative with respect to ;.

Yo 1«

VI T ar ot w:gl_a)(l —a) (Ivgl=a) 4 a%zto‘wt(l_a)(l —a)*a™?
Do = aitzto‘wfl*a) (1= a) 0=9al= 4+ (1 — a)*a™@)

f = e Vet (l—a) (1-a) 1)

s = Lapuf Va1 - o) (2 + EY)

g—% = aitszt(l‘“)a—a(l — a)>!

Finally we get

1 a,,(1-0)
5, — Vcp _ agct Wi

Ut Yz a®(1—a)(l-e)

A.9 Calvo Fairy

The price setting behavior is represented by a typical Calvo Fairy

maxE; Y @t,t+j§jn(ﬁm,t(i>>
Py (1) 7=0
with TI(Py (1)) = (Pys(i) — Prjses;) Ty, ()

and
: P\
xt(l) = (ﬁ) Ty
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7 t+]

®, 4+, is the discount factor and ®;4y; o< 3 . Rewriting yields

A S o\ !
marEy 3 (B (Pry(i) — Prygsins) (B42) g

P
Peu(i)  5=0 o

Taking the first order condition with respect to f’m(z) yields

= B i\~ T
j A Pe 1 (i Py Py (i
5 (0t (-0 (39) ey 07 (322 )] —o

All firms which reset their prices in period t, set it at the same level and therefore,

P, (i) = P,y for all i € (0,1).

[e%e] P, ;
Z (Bf)JAtﬂ (Px e (901) P+ Pa?tJr]StJertJrJ)] =0

(o.9] o0
0 b 0
Z (B¢ )]At+jpx,t+jxt+j Z (BE) At+J @1 P = Px A+ St+i Lt = 0
: ]7
o0
A 0 .
7B > (BE Mvvj gy Peri PragySevi®ery = Be 30 (B Ay Pl y sy
, =0 Jj=0
By i (BEY Misj gy Peri Po o stai®ers
t = Px,t

> .
E¢ ZD(Bi)JAtHPf,HﬂtH
=

A.10 Recursive representation of P, Pdt and P, ;

Py, is defined as follows:

zt_Et

For the recursive representation we first take out the term at j = 0.

P;Zt:Et

Al PPy it 21 (ﬂﬁ)j/\tﬂ'ﬁptﬂpg,tﬂstﬂxtw]
J:
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We rewrite the equation as such that the sum starts at 7 = 0.

Pnt = Et At _Pth 1St

o0
j 0
+ 2 (55)]+1At+j+1 (9—1)Pt+j+1P t+]+13t+g+133’t+j+1]
J=0

We take out S of the sum.

L A

+5¢ Z (6§)jAt+j+1(9;f1)Pt+j+1P t+;+13t+g+1$t+g+1]

J=0

We can rewrite it to

P” - (60— 1)AtPt xtstxt—i_ﬁgEt z,t+1

The recursive representation of PZ, and P,; can be derived the same way.

A.11 The term 4,

We define A; as follows:

1,5 . \—0
Dy :f (—P;): (:) ) di
0 :

We can rewrite it to

Ay :i (1-&¢ (&)9

J=0

Rearranging yields
a=-a(f) B a-oe ()
r=-g (B 7+ > a-ge (%)
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a=-9(R) +e () S a-ge (Be)”
Atz(l—f) (i:z>_ +f< 5 1) GAtfl
Ay=(1-¢) (iz;)@ + gﬁx,tﬁtﬂ

A.12 Real wage and real interest rate on investment

(0%
Inserting 1;’—: (1fa) = % into p,1x = ay (%) h; yields

« o, (—a)
Py = (““ (13‘(1)) hy . We know that a,2- (1 — a) = ——t~t~—. Therefore,

a®(1—a)(

Pei®s = 4 ( (1 — a)>_ h; . Rearranging yields w; = (1 — a)stp“”;b—tft
Inserting the equation for the real wage into 2725 = ylelds z = as P

A.13 Foreign deposits

For deriving the foreign deposits we start with the budget constraint of the house-
hold:

PtCt + F)tlt + PH7th + Rll,tLt—l + Dzj + Et + Mt + @t = ththt + PtZtk't + PH’th,1
+ Li+ Ry Dy + Rey By + My + [T + Pey

Rearranging and using ©; + HtM = P,g; and L; = Df + D{ + E; we get

Piey + Pty + Pgy + Ryt Ly — Rtlefq — R By — Peyy = Powhy + Pk
+ D] + 11/

From the banking sector we know that R.,E, 1 = R_1Ei1 + (Rt — Ri—1) Ly
_ (U +u (log (%))3 Li_1+(gpes—1)F;_1. Inserting it into the equation
yields

Piey + Py + Pogi + Ry L1 — Ry D | — Ry 1By — (Riny — Ri—1) Ly

+ <v + 2 (log (—EH/L”)>2) Lyt = (€ret — ) Ei1 — Pery = Pawhy + Fiziky

rery—q
+Df + 11/

89



2
We use L; = Df—i—D{ + E; and Pe, = (U + 3 (log (%>) ) Ly, rearrange and

TCre

get
Piey + Py + Pigy + Rt—lth_1 — (epet — 1) Ey_1 = Powihy + Poziky + DZ + Htf

We know that Pw, = (1 — oz)stP”;L—ttx‘ and Pz = astp“'];—ixt. Inserting yields

Piey + Py + Pge + Rt—ng—l —(ERex — DE-1 = (1 —a)s, Pzéttxt hi 4 asy le%izt iy
+Df + 11/

After rearranging we finally get

DZ = Rt—lD{_l + Py — Ppyty — (€pey — 1) By
with
Py, = Piey + Pty + Pgy
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B The steady state

In the steady state the values of the variables do not change over time. Therefore,

it is the case that var, = var,_; = ... = vary.™

a=1
Ere =1
m=1
T, =1
Pz =1
h=h
R.=R,
R=R
R =R

Ry =R+ diffR

gap =0

4When implementing the model in Dynare the gap and foreign deposits are defined as such
that they are 1 and not 0 in the steady state. In the equations one gets distracted where
necessary such that the equations are equal to the original ones. This adjustment is necessary
because the logarithm of 0 is not defined.
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without countercyclical capital buffer

rcr =crcecr

with countercyclical capital buffer

rcr =crer — Ve

C
X
A7 =1
rer =1
A=1
_ (-1
Ty
ol
Oé:l—gdp
s
1
B—R—ll
ko afis
- 1-8(1-9)
k(=2
r="""
T
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Yy =y
k
i_sk
x x
c_,_i_ T
Y x  gdp
c
c=-y
Yy
k
k=-x
)
1=-x
T
g:iy
gdp
4 =wy
™ = (1 —w)y*
xf:(l—w)y
1
A=—
c
qg=A
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(Az)

P =150

Py =D

wo Yy

gdp h

G =2

e:jl

' =0
R,=R

py - R = B¢

o (2)
v = RI1l; — Ry + volog (

:pHHE

b gdp H

f=pHpy + (1 — p)wh
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rcr
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U2

2

o

e/l

rcr
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. e
ratio = 7

2w (%)
pe=v+ — (log | —
2 rer

The following value is only part of the steady state

in the case of exogenous money growth
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C Calculation of welfare costs

This section shows the calculation steps. For a summary about the concept see

section 6.

The lifetime utility function looks as follows:

(1+m) Py P

(1—2) (1—Pm)
)" ()
e ) ht i
E ZO oy (log(ct—i-i) — Chyt (11,]) +<Hlog(Ht+i) + Cqe -0 + Cm A—Bm) >

The second order Taylor approximation of the utility function is

Ezw(zog() (259) — 3(259)% — Gl — Guhh (Bt
— LG IR2 (b 4 Chlog () + Gy () — 1y (M)’

d_ d d_gd\ 2
+<dddd(1 v) +< dd dd (dt(;id > + %Cdd<_b)dd(7L71)dd2 (dt;id )

m(1=®m)

o gy T G m (BT 4 3G (=P ) %‘”mQ(m?nm)Q)

. . . . — * 3
Let us denote any given variable with var. We can write (M) = eVt —

var*

1 with var; = In(var;) — In(var*). The Taylor series for " is 1 + vdr; +

%vdrﬂ + ... Neglecting higher order terms and inserting it into the first equation

. — * A ~ . .
yields (%) “ vary + %vartz. As an approximation we therefore have that

(M)2 « vdr?. Inserting it into the second order Taylor approximation

var*

yields

£ 55 Dot v 4t 4] - 0 [y 4+ o]
o+ [Culog(H) + Gy + Cub 2 = Gk 2] + a0 G

_i_d;j 1dd2 (—L)dt ]+m(1 D) Cm [ . + 1y + %mﬁ + %(—@m)mt2]>
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We know that E [viry] <« E (w) —-E [11)@7}2}, respectively E [var]

var* 2
o Lm [ 2 2 _ 2 _ 2 _ -2
= —sE [U(M”t } Furthermore, 03, = 07, 0r) = Tin(vary)—in(war) = E [vart }

—[E [vdrt]]z. Rearranging yields E [vdmz] ol + [—%E [UthZ]]z-

As [-1E [vdrt2ﬂ2 = 0 we have that E [vdr,’] = o2, and E [var,] = —102,,.

Inserting it into the equation above yields

a b C
— 1. ° f) 1 g 1o
=) (lOQ(C) - 503 — hUHI¢ [<1 ) + 5770%} + Culog(H) — CH§‘712LI
d e
1 1 T 1 1 |
dd(l—L) S 2 (1-Pm) o - _@m 2
+ Cdd (1 _ L) + 2( L)Udd +m < (1 — gpm) + 2( )Um

Finally the second order approximation of the utility function in the economy with
a countercyclical capital buffer is set equal to the one of the economy without,

using the parameter (2 to equalize.

(1:3) (accyb + bccyb + Cccyb + dccyb + eccyb + lOg(]_ + Q)) —

(1iﬁ) (anoccyb + bnoccyb + Cnoccyb + dnoccyb + enoccyb)

Solving for €2 yields

<ano ccyb+bno ceyb +cne ccyb+dno ccyb+eno ceyb _accyb _bccyb _Cccyb _dccyb _eccyb>

Q=e -1
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D Data sources

Table 10 gives an overview of the used data sources for the model calibration. Most
data was not available within the whole time horizon of 1987Q1-2016Q3 which
was used for estimation. As long series as possible were taken. As the data is
“only” used to calibrate the steady state and all data series have some reasonable
length, the difference in the length of the series is neglectable. Furthermore, most
data is not available in quarterly series, but as for steady state calibration only a
mean is needed, the mean of the yearly data is taken and adjusted to quarterly

frequency. Lastly, note that the interest rates were all taken over the same time

horizon as consistency among them is crucial.

Parameter Data source and time horizon
h OECD (1991-2015)
g/GDP FSO, SECO (1990-2014)
paH/GDP FSO, SECO (1990-2015)
wh/GDP SECO (1990Q1-2016Q3)
l[/GDP FSO, SECO (1987-2015)
R World Bank (1995-2012)
R, World Bank (1995-2012)
R, SIX (1995-2012)
dif fR FRED (1995-2012)
P FSO, SNB (1990-2015)
¥ BIS, FSO, SECO (1987Q1-2016Q3)

BIS = Bank for International Settlements, FFA = Federal Finance Administration,
FRED = Federal Reserve Economic Data, FSO = Federal Statistical Office,
SECO = State Secretariat for Economic Affairs, SNB = Swiss National Bank

Table 10: Data
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E Additional estimation results

E.1 Results model with exogenous money supply
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Figure 15: MCMC univariate convergence diagnostic - interval, m2, m3 (1/4 EMS)
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Figure 16: MCMC univariate convergence diagnostic - interval, m2, m3 (2/4 EMS)
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Figure 17: MCMC univariate convergence diagnostic - interval, m2, m3 (3/4 EMS)
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Figure 18: MCMC univariate convergence diagnostic - interval, m2, m3 (4/4 EMS)
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Figure 19: Multivariate convergence diagnostic (EMS)
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Figure 20: Priors and posteriors (1/2 EMS)

101



phim Xi rho

4 4
) 10 ,
0 0 0
1 14 18 04 06 08 0 04 08

Figure 21: Priors and posteriors (2/2 EMS)
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Figure 22: Smoothed shocks (EMS)
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E.2 Results model with a Taylor Rule
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Figure 23: MCMC univariate convergence diagnostic - interval, m2, m3 (1/5 TR)
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Figure 24: MCMC univariate convergence diagnostic - interval, m2, m3 (2/5 TR)
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Figure 25: MCMC univariate convergence diagnostic - interval, m2, m3 (3/5 TR)
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Figure 26: MCMC univariate convergence diagnostic - interval, m2, m3 (4/5 TR)
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Figure 27: MCMC univariate convergence diagnostic - interval, m2, m3 (5/5 TR)
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Figure 28: Multivariate convergence diagnostic (TR)
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Figure 29: Priors and posteriors (1/2 TR)
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Figure 30: Priors and posteriors (2/2 TR)
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Figure 31: Smoothed shocks (TR)
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F Description of the impulse response functions

F.1 Return on equity shock

As the return on equity is instantly higher due to the shock, equity as well rises

RRf: is higher. Equity

is even to a higher extent above the steady state as variables not influencing the

mainly because the household invests more into it as the ratio

return on equity on impact do it from the second period on. Loans and domestic
deposits rise as well. The household has a higher budget as the shock induces
a direct social gain'® and the return on equity is higher than for example the
return on deposits. As the household invests more into equity, it also gets back a
higher return in absolut terms ceteris paribus. The household has more demand
for deposits and less for loans. The banks wants to supply as many loans until
the expected interest spread equals the marginal penalty with respect to loans.
In this decision the bank takes into account how domestic deposits have to adjust
due to its decision. As equity is higher the marginal penalty with respect to
loans is lower ceteris paribus and the bank wants to supply more loans for a given
expected interest spread. The amount of deposits and loans lie above their steady
state values. Given supply and demand the interest rate on deposits lies above
the steady state too. Due to the higher supply and lower demand the interest
rate on loans (ex-post) is lower from the second period on. In the first period the
interest rate on loans (ex-post) is above the steady state as the interest rate on
loans (ex-ante) was fixed the period before and the economy gets surprised by the
shock which in the first period lowers the probability to default.

The relevant wealth for default calculation is higher as the prices on houses are
higher when the demand for housing rises due to the shock. The variables influenc-
ing the minimum wealth for default calculation are loans and the ex-ante interest
rate (not shown). As both are above the steady state, the value of the minimum
wealth for default calculation is higher as well. Given these evolutions and the
evolution of inflation the probability to default lies above the steady state from the
second period on. In the first period the probability to default lies slightly below
the steady state as the house prices are higher. The minimum wealth for default

calculation influences the probability to default with a lag and does not influence

5The results are similar also when the gain from the return on equity shock is not part of
the rule guiding the foreign deposits.
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it in the first period. From the second period on the evolution of the minimum
wealth then dominates the effect from the evolution of the relevant wealth and
later of the inflation.

As the household has more budget it wants to consume more and work less.
Investment is another mean to save and if the household on the whole wants to
save more, also investment rises. This evolution of investment and hours and
the evolution of the price of x is reflected in the GDP. As we have a social gain,
foreign deposits fall below the steady state. Absorption rises as consumption as
well as investment rise above their steady state values and government spending
doesn’t change. Inflation first goes down as nominal money supply is fixed and
demand rises. Later it is above the steady state. The value of the marginal utility
of wealth is below the steady state.

As the evolution of loans dominates the effect from GDP, the gap is above the
steady state. The same holds for the equity-to-loans ratio. The effect from the
rise in equity overtops the effect from the rise in loans. The penalty falls below

the steady state due to the higher equity to loans ratio.

F.2 Preference shock to hours

The negative shock to the preference for hours instantly leads the household to
work more. As investment is therefore more profitable it rises as well. Due to the
rise in hours and investment, GDP rises. The negative shock to the preference for
hours influences the marginal utility of wealth as such that it deviates negatively
from its steady state. Therefore, the marginal utility of consumption has to fall
and thus consumption itself rises. As consumption and investment lie above their
steady state values absorption is as well above its steady state. Government
spending stays the same. As there is more demand for money, real money is
above its steady state value. As inflation is 1 divided by 1+4real money growth it
first falls below its steady value before it later rises above it.

Given the evolution of the GDP, the absorption and the interest rate foreign de-
posits are first above the steady state before they negatively deviate from it. The
household demands more deposits and less loans. Given an expected interest
spread loan supply depends on the evolution of equity as the equity-to-loans ratio
is relevant for the calculation of the penalty. Given that the probability to de-

fault lies below its steady state in the first period, the return on equity is above
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the steady state in the first period. Together with the lower inflation, the last
mentioned effect leads to a rise in the equity. In later periods the interest rate
on deposits, the interest spread, the amount of loans as well as the value of the
penalty influence the evolution of equity. Given that equity is above its steady
state value, the bank wants to supply more loans given an expected interest spread
(see argumentation at the shock to the return on equity) . Given supply and de-
mand the amount of loans rises above the steady state value and the interest rate
on it (ex-post) falls below it (from the second period on). Domestic deposits in
the home country rise as well. The interest rate on deposits rises above the steady
state and later falls below it.

As housing supply is fixed and the demand for houses is enlarged, the house prices
are higher and therefore the relevant wealth for default calculation. Due to the
higher amount of loans the minimum wealth for default calculation rises as well.
Given the evolution of the relevant wealth, the minimum wealth and the inflation,
the probability of default lies below the steady state from the first period on.
The gap is first mainly influenced by the evolution of the GDP and later by the
evolution of loans. Therefore, it first deviates negatively from the steady state and
later is above it. The equity-to-loans ratio is in the first half of the horizon above
the steady state as the evolution of equity is the dominating effect. The penalty
falls slightly below the steady state due to the higher equity-to-loans ratio.

F.3 Fiscal shock

A negative temporary fiscal shock triggers wealth effects. Government is not
producing anything in this model. Therefore, lower government spending induces
lower tax payments. Therefore, the household has a higher budget respectively is
more wealthy. That is why the household consumes more. Supply of hours falls
while demand stays the same on impact. From there it follows that hours fall.
Investment shows a similar evolution as hours but is after some quarters above
the steady state. Absorption falls below the steady state because government
spending and partially investment are below their steady state values. Due to less
hours worked and the lower capital stock, the GDP is lower. Inflation is directly
connected to real money growth.

As the fall in the GDP is lower than the one in absorption, net exports are

positively affected and foreign deposits fall. Equity rises above the steady state in
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the first period because the probability to default and inflation lie below it. Equity
stays above the steady state also after the first period implied by the evolution of
the loans and the penalty. As equity rises the bank wants to supply more loans
as the higher equity lowered the marginal penalty with respect to loans ceteris
paribus. The household wants to hold more deposits and less loans. Given supply
and demand, the amount of loans and domestic deposits in the economy both rise
above the steady state. Given the higher supply and lower demand the ex-post
interest rate on loans (from the second period on) falls below the steady state.
In the first period the ex-post interest rate on loans lies above the steady state
due to the lower level of default which comes as a surprise. The interest rate on
deposits falls below the steady state.

The marginal utility of wealth falls below the steady state. Due to the higher
demand for housing, the house prices are above the steady state (rel. wealth for
default calc.). Due to the higher amount of loans the minimum wealth lies over a
long time horizon above the steady state. The probability to default is lower (see
argumentation at the return on equity or the preference shock).

The gap rises due to the rise in the loans and the fall in the GDP. Due to the rise
in equity, the equity-to-loans ratio lies above the steady state too. The penalty
lies below the steady state due to the higher equity-to-loans ratio.

The fiscal shock is outstanding due to its high persistence. One factor leading to
a high persistence is the high persistency of the shock process itself. Furthermore
the shock almost directly affects absorption, which itself affects netexports. Net-
exports affect the foreign deposits which deviations from the steady state are very

persistent.

F.4 Technology shock

Due to the higher marginal products demand and supply for hours and investment
initially rise. Therefore they lie above their steady state values. The GDP is above
the steady state as technology, hours and the capital stock (from the second period
on) are above the steady state.

Due to the shock the household is more wealthy and therefore consumes more.
As consumption and investment are higher the absorption is higher. Government
spending stays the same. Foreign deposits rise initially above the steady state as

net exports are lower and the interest rate on deposits is higher. One can see the
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first effect from the comparison of the GDP and absorption. Later the foreign
deposits fall below the steady state.

The marginal utility of wealth falls below the steady state. The value of the
relevant wealth for default calculation is above the steady state as more housing
is demanded while supply is fixed and therefore, house prices are above their
steady state value. The minimum wealth is above its steady state value too as
although the interest rate on loans ex-ante (not shown) is below its steady state
value, the amount of loans is above it. The probability to default lies below the
steady state as the effect from the evolution of house prices and later also inflation
are dominating.

Equity lies above its steady state value. In the first period it jumps up due to
the lower probability to default which enlarges the return on equity and the low
inflation. Later the interest rate on deposits, the interest spread, the amount of
loans as well as the value of the penalty influence the evolution of equity. The
household wants to hold more deposits and less loans. The bank wants to supply
more loans given the evolution of equity. The amount of loans rises and the
interest rate on loans (ex-post) falls in the second period below the steady state.
Note that in the first period the ex-post interest rate on loans is above the steady
state as the ex-ante interest rate was already fixed the period before and then the
economy is surprised by the shock which lowers the probability to default. The
amount of domestic deposits is also above the steady state and given supply and
demand the interest rate on deposits falls below the steady state.

The gap falls initially below the steady state due to the high GDP. As the effect on
loans is more persistent than the one on the GDP the gap is after a few quarters
above its steady state. The equity-to-loans ratio is above the steady state as
although the amount of loans is above its steady state value, equity is too. The
latter effect dominates. The penalty lies below the steady state due to the higher
equity to loans ratio.

Real money evolves similar to consumption. As real money growth is first positive
and afterwards negative, inflation first falls below the steady state while it is later

above it.
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G Volatilities and correlations in the case with

a Taylor rule (and a fixed exchange rate)

’ Correlations \ TR \ TRFER ‘
Oygap | DO ccyb | -0.219939 | -0.806760
ccyb | -0.271661 | -0.671019
oy | no ccyb | 0.140783 | 0.398929
ccyb 0.924171 | 0.990234
oye | n0 ccyb | 0.139820 | 0.395884
ccyb 0.058947 | 0.371276
0,44 | no ccyb | 0.139107 | 0.395923
ccyb 0.928901 | 0.994263
oye | noccyb | 0.203754 | 0.412616
ccyb 0.162216 | 0.395005
oyi | no ccyb | 0.802394 | 0.995752
ccyb 0.806309 | 0.992862
oyn | no ccyb | 0.219131 | 0.988528
ccyb 0.243357 | 0.981045
Oyx | no ccyb | -0.665139 | 0.651638
ccyb | -0.661393 | 0.540387

ccyb = countercyclical capital buffer

Table 11: Correlations (TR and TRFER)
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| Volatilities | TR | TRFER
Ogap | 1O ccyb 0.124072 | 0.337514
ccyb 0.022380 | 0.045309
Difference | 0.101692 | 0.292205

o no ccyb | 0.062026 | 0.117816
ccyb 0.022728 | 0.130474
Difference | 0.039298 | -0.012658

O no ccyb 0.120630 | 0.195938
ccyb 0.119416 | 0.182918
Difference | 0.001215 | 0.013021

0 4d no ccyb | 0.064792 | 0.117101
ccyb 0.023629 | 0.134318
Difference | 0.041164 | -0.017217

oy no ccyb 0.027836 | 0.228829
ccyb 0.028310 | 0.171337
Difference | -0.000475 | 0.057491

O no ccyb | 0.007289 | 0.021037
ccyb 0.006865 | 0.015415
Difference | 0.000424 | 0.005622

o; no ccyb 0.137766 | 1.003978
ccyb 0.138868 | 0.746790
Difference | -0.001102 | 0.257188

Oh no ccyb | 0.032786 | 0.294932
ccyb 0.032736 | 0.223460
Difference | 0.000050 | 0.071471

Or no ccyb | 0.006436 | 0.044824
ccyb 0.006356 | 0.049247
Difference | 0.000080 | -0.004423

ccyb = countercyclical capital buffer

Table 12: Volatilities (TR and TRFER)
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