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This article describes an extension to the bank liquidity stress test methodology used by the CNB. The new test has been
lengthened to a one-year stress period. Shocks are generated using the CNB’s macro-stress scenario and bank solvency
macro-stress test results. The test concept is based on the principles of the European LCR and NSFR liquidity standards. By
changing its liquidity test methodology the CNB is responding to the need to incorporate the impact of credit risk into the
liquidity position of Czech banks and to monitor their liquidity position over a longer stress period. The presented
methodology is then applied to a sample of Czech banks. This allows us to monitor the sensitivity of their liquidity position to

the combination of shocks under consideration.

1. INTRODUCTION

Asset and liability maturity mismatch is one of the key
features of banking business. Limiting that mismatch to a
reasonable level, or at least covering it with enough liquid
assets, is currently one of the main aims of European
regulations. The Capital Requirements Regulation (CRR)
introduced two requirements to strengthen bank liquidity
management: a liquidity coverage ratio (LCR) and a net
stable funding ratio (NSFR)." Both are based on assumptions
about liquidity inflow and outflow rates, asset quality and
liquidity, and funding source stability over a given period.
Methodologies and calculation parameters for the two
requirements are laid down in directly effective EU
regulations.? However, those acts should be viewed by
supervisory authorities as harmonised minimum standards
that do not necessarily reflect all the national specificities of
the banking sector.® For this and other reasons, the CNB is
continuing to stress test the Czech banking sector for
liquidity risk using its own methodology, as it has done since
2007 (FSR 2007).

The CNB's current liquidity stress test considers a single
maturity band for inflows and outflows and is applied with
a short stress period. Given the heterogeneity in the
sensitivity to liquidity risk of the banks tested, stress periods

1 The LCR represents a requirement to hold sufficient liquid assets to cover
net liquidity outflows over a 30-day period. The NSFR represents a
requirement to limit excessive maturity mismatches in balance sheets due
to unstable funding sources with maturities of one year or less.

2 The relevant act for the LCR is Commission Delegated Regulation (EU)
2015/61 of 10 October 2014 to supplement Regulation (EU) No
575/2013 of the European Parliament and the Council with regard to
liquidity coverage requirement for Credit Institutions. The directly
effective EU regulation for the NSFR is still under preparation owing to
the later date of effect of this requirement. Publication is planned for late
2016/early 2017.

3 See Article 98 of the CRD and also EBA (2014): Guidelines on common
procedures and methodologies for SREP (12/2014).

of one and three months are used.* The two-round test
methodology presented in FSR 2010/2011 (based on the
model of Van den End, 2008) has been gradually modified
and refined (Komarkova et al., 2011; Gersl et al., 2016; FSRs
2009/2010 to 2014/2015). Liquidity risk and credit risk are
tested separately in the CNB’s current stress-testing
framework. However, there are interactions between
solvency and liquidity which should not be ignored even in
the conservative Czech banking sector. The correlation
between credit risk and liquidity risk, however, is not easy to
model. Credit risk builds up slowly in the system and has a
gradual impact on banks’ liquidity, whereas liquidity shocks
occur suddenly and have a rapid impact on solvency.

The concept of banking sector liquidity and its interaction
with solvency has been analysed extensively in the literature,
especially since the fall of Lehman Brothers. Researchers
have examined the interaction between the deposit outflow
rate and the probability of default (Wong and Hui, 2009)
and profitability (Koméarkova et al., 2011), among other
things. Close interlinkages have also been found between
various solvency indicators and the rating of a bank and its
funding costs (BIS, 2015). A few supervisory authorities (e.g.
the Austrian, Canadian and Norwegian central banks) use
more advanced liquidity stress tests in integrated stress-
testing frameworks combining credit, market and liquidity
risk models. In this way, the effect of a credit shock
generated by a macro-financial scenario on a bank’s
liquidity or funding sources is tested (see, for example,
Gauthier and Souissi, 2010). A decrease in liquidity inflows
due to growth in NPLs or the credit spread in the case of
bonds is considered most often. Some models also test the
reverse linkage where increased funding costs and/or losses

4 The three-month test is conducted primarily because of the low sensitivity
of customer deposits in building societies to some liquidity shocks over a
one-month period.



128

THE RELATIONSHIP BETWEEN LIQUIDITY RISK
AND CREDIT RISK IN THE CNB’S LIQUIDITY STRESS TESTS

on fire sales of assets affect the solvency of banks via their
profit and loss accounts (Cetina, 2015; Puhr and Schmitz,
2014; Schmieder et al., 2012). Systemic feedback effects
caused by banks’ reactions (e.g. Van den End, 2012),
including interbank contagion (e.g. Bank of Korea, 2012;
Gauthier and Souissi, 2010), are thus an integral part of
advanced tests.

For these reasons, the CNB's original liquidity stress-testing
framework has been partially modified. The stress period
has been lengthened to one year, with a gradual impact of
a credit shock on banks’ liquidity position. The impacts of
the individual types of shocks will help the CNB better
assess the sensitivity of the liquidity of the Czech banking
sector over a longer period. It may also use them to perform
its own LCR/NSFR parameterisation for the Czech banking
sector in the future.

This article sets out to present the extended bank liquidity
stress test methodology. It is divided into two main parts. In
the first we describe the methodology® and in the second
we present illustrative examples of the application of the
methodology based on data for the Czech banking sector.

2. THE CONCEPT OF THE APPROACH

The presented approach is based on the CNB's original
liquidity risk test (see FSRs 2009/2010 to 2014/2015). The
methodology still covers the interaction between balance-
sheet liquidity (a bank's ability to raise funds) and market
liquidity (its ability to monetise its assets at a set price) and
the banking sector’s reactions. The model remains a two-
round one and we still consider three successive steps. The
banking system is first hit by scenario-defined exogenous
shocks which banks react to under certain conditions. Those
reactions then increase the reputational risk of each reacting
bank and the systemic risk in the banking sector as a whole
(endogenous shocks).

The main changes compared with the original test are as
follows: (i) the liquidity test is linked to the CNB's solvency
macro-stress tests, (i) four three-month maturity bands are
included, extending the stress period to one year,® and
(iii) the main features of the LCR requirement (calculation of

5 We should point out that the methodology presented in this article may
change in the future due to changes in the business models of Czech
banks or in the amount and type of information reported.

6 Putsimply, the test uses quarterly data and maturity bands of 0-3 months
(Q1), 3-6 months (Q2), 6-9 months (Q3) and 9-12 months (Q4).

the ratio) and the NSFR requirement (the maturity mismatch
profile and the stress period) are included. Banks have a
limited ability to increase their balance-sheet totals over the
entire test period. For example, they cannot raise additional
funds by issuing securities or borrowing from central
banks,” and funds are not deposited back in the bank once
they have been withdrawn.

The approach focuses on testing whether a bank holds a
sufficient buffer of liquid assets in relation to its maturity
mismatch. To assess banks’ resilience to liquidity risk we use
a liquidity indicator (IL) defined as the ratio of the liquidity
buffer to net expected liquidity outflows, i.e. the difference
between liquidity outflows and inflows. The calculation of
the IL (see below) is analogous to that of the LCR
requirement, with two main differences. First, for the IL,
unlike the LCR, the expected inflow is not capped (at 75%
or 90% of the total outflow depending on the type of
inflow),8 but is included in full. Second, the IL is used to test
whether the liquidity buffer is sufficient to meet
accumulated net outflows across four three-month maturity
bands. Unlike the LCR requirement with its one-month
stress period, the IL with its one-year period allows us to
take into account the rate of accumulation of maturity
mismatch in the bank’s balance sheet.

The test can be summarised as follows. Exogenous shocks
are applied to selected types of balance-sheet or off-
balance-sheet items, outflows and inflows in each maturity
band (see the Appendix for examples). In the second to
fourth maturity bands, the items included in the liquidity
buffer are additionally subjected to endogenous shocks
caused by banks’ reactions. These reactions are determined
by the difference between the liquidity outflow and inflow
in each bank in the monitored bands. Three situations can
arise: (A) the bank does not react because it has a low/zero
mismatch and/or a high proportion of stable funding
sources,® so outflows are covered by inflows, (B) the bank

7 The liquidity stress test forms part of the microprudential supervisory
policy toolkit. As central bank tools are an element of lender-of-last-resort
policy, application of those tools is not considered in the tests.

8 Compliance with the LCR requirement is required at the end of the stress
period, i.e. the net outflow assessed over a 30-day period is compared
with the liquidity buffer for the same period. The aim of capping the
inflow in the LCR calculation is to increase the emphasis on maintaining a
stable liquidity buffer and to prevent the LCR from being met using
suitably timed one-off inflows. By contrast, the results of the CNB test for
the one-year period are continuously monitored at the end of each
successive quarter. For this reason, a cap on inflows is regarded as
unnecessary.

9 It is natural for banks to have asset and liability maturity mismatches,
hence it is essential to assess the stability of funding sources as well.
These sources consist largely of demand deposits, which for banks have
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has a sufficient liquidity buffer and reacts by using it to
cover net outflows, (C)the bank reacts by deploying its
liquidity buffer, which, however, does not cover its net
expected outflows due to excessive maturity mismatch in a
balance sheet dominated by unstable funding sources. The
liquidity buffer is deemed sufficient if the bank can meet its
accumulated net outflows (across the four maturity bands)
over a one-year period. A sufficient IL thus takes a minimum
value of one.

In the first step of the stress test, we simulate three different
types of exogenous shock expressed in terms of a haircut on
the asset value (h), a haircut on the expected liquidity inflow
(p) and a liquidity outflow rate (r). The maximum
haircut/outflow rate is 100%. The liquidity indicator can
then be expressed as:

YiLAb, (1-hb,;
ILg; = Nilto(UTé’lQl )' M
where, in the numerator, the liquidity buffer of each bank
(b) is computed as the sum of the book values of liquid
assets (LA) after application of the haircut (h). Among liquid
assets () we include cash, claims on the central bank
excluding minimum reserves, unencumbered debt securities
and equities and collateral accepted. In the denominator is
the net liquidity outflow (NetOUT) in the relevant maturity
band (Q, where Q1 is the first maturity band of 0-3
months), which can be expressed by the following relation:

NetOUTY = 3, OUTg, -1 — X ING - (1 —p§). ()

Among outflows (OUTx) we include liabilities due in the
given band (e.g. deposits and debt securities), credit line
drawdowns and new loans.™® The rate of individual outflows
is given by parameter (r). Projected inflows (IN) comprise
claims due in the given band, for some of which an inflow
of only a part thereof is assumed (7 - p).

The asset types included in the liquidity buffer match the
definition of the liquidity buffer for the LCR regulatory
requirement, although in the case of debt securities the
conditions of inclusion differ. For the LCR requirement debt
securities are strictly differentiated in terms of credit quality,
whereas in the CNB'’s approach their initial credit risk is not

the advantage of being available in the long term. In addition, payments
and deposits on such accounts converge at a given time.

10 Outflows include new loans, which are assumed to have maturities over
one year. The credit growth assumption is computed using satellite
models in solvency macro-stress tests (Gersl et al., 2012).

taken into consideration™ and all unencumbered tradable
debt securities are recognised.

The haircuts on the liquid portfolio (h) reflect the fall in
market prices of such assets and the lower proceeds that
would come from selling/pledging them if they had to be
monetised to cover a liquidity outflow. The haircuts are
applied in the form of an interest rate shock to debt
securities that are not held to maturity and as an equity
shock. Cash and claims on the central bank are not subject
to haircuts. The impact of the materialisation of general
interest rate risk™ on the value of debt securities is
computed separately for the portfolio of debt securities
issued by domestic/foreign government, credit institutions
and other corporations, with differentiation of the currency
of issue. The size of the haircut on each portfolio depends
on the projected paths of the koruna/euro government yield
curves in the macro-stress scenario’™ and on the average
residual maturity of the banking book. It generally holds
that larger haircuts are applied in the case of higher growth
in the yield curve or longer residual maturities.

The size of the haircut applied to the expected inflow (p)
reflects the risk of the bank not receiving the full expected
inflow. The haircuts are therefore derived from the quality
and collateralisation of claims. Inflows from due mortgage
loans and other inflows from due unsecured claims on
households, non-financial corporations, credit institutions
and other financial institutions are subject to other haircuts.
The haircut applied to the inflow from unsecured loans to
households and non-financial corporations is a function of
the probability of default (PD) and the expected loss given
default (LGD™). PD and LGD are modelled using satellite
models in bank solvency macro-stress tests. In those models,
PD and LGD are a function of macroeconomic variables (for
a detailed description, see Gersl et al., 2012). Claims on
other banks are not subject to a haircut, as failure of the
bank is implicitly assumed even in the event of partial
default on such claims.

11 This simplification can be made thanks to the very low occurrence of low-
quality debt securities in Czech banks’ balance sheets. This assumption
will have to be changed if the credit risk of the bond portfolio increases.

12 At the time of publication of this article, the method for defining
scenarios for the specific interest rate shock was undergoing revision. For
this reason, the size of this shock — like the equity shock — had to be set
by expert judgement.

13 For the adverse scenario, we assume a shock to the five-year government
bond rate as a result of growth in global risk aversion and reassessment
of the safety of certain assets. Other rates (other maturities, IRS) are then
modelled consistently with the five-year government bond using a
dynamic factor model (Diebold et al., 2006).

14 LGD may not be 100% where the test considers the sale of due claims.
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The outflow parameter (r) reflects the fact that due liabilities
or credit commitments do not always lead to an outflow to
the full extent. The value of credit lines, debt securities
issued by the bank and selected deposits is multiplied by this
parameter. In the case of credit line drawdowns, the rate of
outflow is set by expert judgement due to a shortage of
detailed data. Debt securities issued by the bank and due in
the given band are included in the liquidity outflow to the
full extent, i.e. their rate of outflow is equal to one. In
simple terms, it is assumed in the model that this source will
not be restored in the next period. So, all issued debt
securities with maturities of up to one year gradually mature
over the test horizon.

In determining the deposit outflow rate, account is taken of
the type of provider and the stability of this funding source.
The model is based on the same assumption as the Basel
LCR and NSFR standards, under which longer-term, more
stable and easier-to-restore sources are subject to a lower
outflow rate. The lowest rate is applied to insured retail
deposits and the highest to unsecured liabilities to other
banks. In the test, the deposit outflow rate is composed of
two values. The first is a benchmark derived from the
outflow factors for the relevant liabilities applied in the LCR
requirement. The second is an add-on linked to the capital
ratio results from bank solvency macro-stress tests. The
larger the decline in the overall capital ratio in the given
quarter recorded by the bank, the larger the add-on to the
outflow rate in the relevant maturity band. It is assumed
that a larger decline in the capital ratio reflects larger losses
or a higher overall level of risk, exposing the bank to larger
liquidity outflows.

In the next step, the banks concerned are assumed to react
to the exogenous shocks. A reaction is triggered if the net
liquidity outflow is positive. The bank tries to close the gap
between outflows and inflows by using some sort of asset
from its liquidity buffer. To raise liquidity, the bank either
reduces the buffer (cash, claims on the central bank,
available-for-sale securities) or pledges it (held-to-maturity
debt securities). The model assumes minimisation of
transaction losses. The bank therefore uses more liquid
assets with smaller market haircuts first."

15 In reality, the bank may first try to sell off or pledge lower quality assets
even though they are subject to large market haircuts. The assumption of
minimum transaction losses was chosen because the CNB's approach is
aimed at testing the adequacy of a bank’s liquidity buffer in relation to
the maturity mismatch in its balance sheet.

Two cases can arise when the bank reacts. In the first case,
the liquidity buffer (LB) is sufficient to cover the net
outflows. The bank’s reaction (R) is thus smaller than or
equal to its liquidity buffer (situation B):

R§; < LR, if LRS; > NetOUT). 3)

In the second case, where the bank is hit more seriously by
a wave of exogenous shocks, its liquidity buffer is not
sufficient to cover the net outflow in the given maturity
band. In such a situation, the bank'’s reaction is equal to the
liquidity buffer. The entire liquidity buffer is exhausted, i.e.
the bank has a deficit liquidity position'® (situation C):

RS, = LRY,, if LRb; < NetOUT}. @)

A situation may occur where banks are able to meet the
liquidity outflow with a liquidity inflow. In such case, the
bank’s reaction is not considered (situation A):

R§; =0, if NetOUT{ < 0. (5)

On the one hand, the reaction may mitigate the impact of
the shock on balance-sheet liquidity, but on the other it
increases each reacting bank’s reputational risk as well as
raising systemic risk via the simultaneous reaction of banks
on financial markets. Systemic risk rises if banks exert
excessive unilateral pressure on the financial market (for
example, if all banks try to sell the same type of bond),
leading to a fall in market liquidity. Reputational risk consists
in the signalling of problems with a bank’s liquidity. The
growth in these two risks then feeds back in the form of a
second-round shock to banks’ balance sheets. The third step
therefore involves calculating and applying the feedback
effect in the form of an additional market shock caused by
banks’ reactions. This endogenous systemic shock manifests
itself as an additional haircut on the asset (q) held in the
liquidity buffer. We differentiate between the impact of
systemic risk on non-reacting banks (g and that of
systemic risk plus reputational risk on reacting banks (g?):

a+2pRY/(ZiEpRY,)s
qgi°" = hgi - Xy B e , )

where q € (h*,1) and h* reflects the market liquidity risk
associated with the asset (see below), s is a market

16 The liquidity position can be improved by accepting a short-term loan
from another bank. Such “assistance” is not considered in the test given
the assumption of a limit on the increase in funds. This does not apply to
banks in a liquidity subgroup.
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conditions indicator and B is a parameter equal to one if the
bank is a reacting bank and zero if it is a non-reacting bank.

For parameter h*, the model uses one of three haircuts: the
original haircut applied in the previous round of the test (h),
or, if his zero, the haircut applied to the asset type in the
LCR or the haircut applied in the NSFR requirement.'” The
size of the additional haircut depends on the number of
reacting banks (¥, B) and the size and similarity of their
reaction (3 Rgi). It is assumed that a larger number of
similarly reacting banks causes greater market stress and
hence a larger additional market shock.

The market conditions indicator (s) in the model expresses
risk aversion. This indicator is derived from the standardised
distribution of risk aversion indicators using implied stock
price volatility and bond spreads as proxies (Van den End,
2008). The indicator takes values in the range of (—1,1) in
normal market conditions and up to 3 at times of high
market stress. A higher market stress indicator magnifies the
effect of the simultaneous reaction of banks. It is set by
expert judgement based on knowledge of volatility and
liquidity in the market concerned.

Reacting banks face reputational as well as systemic risk. In
their case, the additional haircut is thus larger. This type of
risk (like systemic risk) is expressed using a market
conditions indicator, since the signalling effect of reacting
banks has a large feedback effect in the event of market
stress.

breac bnon

q01i = 41 VS (7)

In a crisis, illiquid financial institutions — due to either
prudential (liquidity-hoarding) or speculative (predatory)'®
motives — are driven out of private credit markets or are
granted liquidity at punitive rates.

It is assumed in the methodology that the impacts of the
shocks applied to the first maturity band and the
subsequent reactions of banks will pass through to
connected bands in the individual steps of the test (Q = 2,
3, 4). Here again, we consider an exogenous wave of shocks

17 The haircut on government bonds in the LCR requirement is zero.

18 This is a speculative motive based on the assumption that high demand
for cash implies low asset prices. In a crisis, when some banks are in a
difficult liquidity situation, liquid banks may use their market strength and
curb the provision of liquidity to illiquid banks or raise the price of that
liquidity for purely strategic, healthy competitive reasons. If loan rates are
too high, an illiquid bank is forced to sell off its assets, often at very
attractive prices (i.e. it falls prey to predators).

that affects the value of the assets held in the liquidity
buffer and the size of the liquidity flows via h, r and p.
Additionally, however, we take into account the bank’s
liquidity position in the previous quarter (Net/N) and the
market stress caused by reacting banks (g)." The liquidity
indicator thus changes as follows:

b _ ilAd(1-hbi—qf_y;)+NetINy_,
1Ly = TR : @)
etouTy

The net inflows generated by the bank in the previous
maturity band are added to the liquidity buffer in the next
period. This assumption is based on the expected behaviour
of financial institutions in a liquidity crisis (Heider et al.,
2015). In the second phase of a crisis, a bank generally
hoards liquidity due to fears that it will be hit by a liquidity
shock (e.g. excessive growth in the risk premium) in the next
phase of the crisis. It therefore makes decisions on the
assumption that it would be forced into a fire sale, which
would be costly for it. The motive to hoard liquidity is
increased by gradual growth in the parameter reflecting the
difference in market liquidity in different periods.

It is clear that the model has limitations that prevent it from
fully capturing the liquidity risk that the Czech banking
sector may face. For instance, it fails to take in consideration
that the provision and repayment of loans are closely bound
up with the creation and termination of deposits. In the
test, the liquidity position of banks is improved by loan
repayments (inflow) but no longer shows up as deposit
termination (outflow). The model also fails to take account
of direct interbank contagion and hence the potential
domino effect. The scenario considers only a simplified
general interest rate shock based on the evolution of
government yield curves, and only in two currencies.
Interest rate spread risk, or specific interest rate risk, is
captured only endogenously through banks’ reaction
functions. Exchange rate risk and real estate risk are not
considered at all. The liquidity stress test needs further
refinement in these areas.

19 The additional haircut is applied to available-for-sale assets in the
portfolio. In the case of held-to-maturity bonds, the additional haircut is
only applied to the part used as collateral.
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CHART 1

CHART 2

POST-STRESS LIQUIDITY INDICATORS
(%; one-year stress period)
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L
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banks

mLevel 1 indicator = Level 2 indicator

Source: CNB, CNB calculations

3. APPLICATION OF THE APPROACH TO SELECTED
CZECH BANKS

The methodology described above was applied to a
representative sample of 21 banks domiciled in the Czech
Republic, with various business models and bank sizes
represented. The main objective was to monitor the
sensitivity of the liquidity position of selected banks to a
combination of shocks under the given methodology. We
did not set out to assess the overall resilience of the Czech
banking sector to liquidity risk, as this would require a more
complex analysis (see section 3.3 of this Report). The
application was conducted on end-2015 Q3 data for the
banks under review. The CNB’'s November 2015 macro-
stress scenario and macro-stress test results (CNB, 2015)
were used to simulate the bulk of the exogenous shocks.
The parameters of the shocks, including the endogenous
ones, are summarised in Table 1 in the Appendix. We opted
for a single market indicator (s) of 1.5, implying low market
liquidity (Van Den End, 2008).

We use two liquidity buffer levels in the test to monitor the
diversification and credit quality of the liquidity buffer.
Level 1 is the sum of cash, claims on the central bank
(excluding minimum reserves) and debt securities issued by
domestic and foreign government. Level 2 additionally
includes other freely transferable assets such as capital
instruments and corporate debt securities excluding those

BANK POST-SHOCK LEVEL 2 LIQUIDITY BUFFERS OF VARIOUS BANK

TYPES
(% of balance-sheet total of bank type)

Before
After
Before
After
Before
After

Net outflow
Net outflow
Net outflow
Net outflow

Medium-sized Small banks  [Building societies

banks

Large banks

= Capital instruments

Corporate debt securities
m Debt securities issued by foreign government
m Debt securities issued by domestic government
m Claims on CB

m Cash

Source: CNB, CNB calculations
Note:  CB stands for central bank.

held in credit portfolios.?® We distinguish between the
Level 1 and Level 2 liquidity indicator according to the
liquidity buffer level used in the calculation.

On the aggregate level, the indicator stayed high for all the
bank types after the shocks were applied. Small banks had
the highest indicator and building societies the second-
highest (see Chart 1).2" For building societies this was due to
very low net outflows, while for small banks it was due to a
relatively high initial liquidity buffer (see Chart 2). Universal
banks — represented mainly by large banks — recorded the
largest decline in the overall liquidity buffer over four
quarters (around 70%). This decline was caused primarily by
large net outflows, as their liquidity buffer is made up
mainly of high-quality liquid assets, which are subject to
small or zero haircuts.

20 Collateral accepted was not included in the buffer because at the time of
publication of the article the CNB did not have access to data on it from
all the banks under review.

21 Only banks which did not fully exhaust their liquidity buffers over the
one-year test period were included in the aggregate liquidity indicator
values for that period.
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CHART 3

CHART 4

LIQUIDITY INDICATOR PROFILES OVER THE TEST PERIOD
(x-axis: liquidity indicator in %)
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Source: CNB, authors' calculations
Note: LI and LI2 stand for the Level 1 and Level 2 liquidity indicators respectively.

A few banks exhausted their entire buffers during the test,
although the earliest this occurred was in the second
quarter. However, some of those banks specialise
intentionally in a particular product type. They rely mostly
on funding sources within their financial groups and hold
hardly any liquidity buffers. However, the methodology also
indicated that some universal banks have less stable sources
in relation to their liquidity buffers.

In the case of banks that did not exhaust their liquidity
buffers, the liquidity indicator gradually decreased as the
maturity bands increased in length (see Chart 3). However,
these banks are more than sufficiently compliant with the
required indicator level despite the fact that most of them
had to use their liquidity buffers to cover net liquidity
outflows from the very first round of the test.

The source of resilience of most of the banks under review
is their sufficient Level 1 liquidity buffer, which consists
mostly of zero-haircut claims on the central bank and debt
securities issued by domestic government. For the most
part, they are subject not to the interest rate shocks but
only to the additional haircuts in the second round of
shocks, since a large proportion of the banks under review
hold them to maturity (see Chart 2).22 The buffer is fairly
homogeneous across the banking sector, a property that
may magnify the drop in its value if it is used by a large set
of banks. Paradoxically, the overall endogenous shock in the

22 In the case of held-to-maturity bonds, the additional haircut is only
applied to the part used as collateral.

LIQUIDITY INFLOW STRUCTURE

(% of balance-sheet total of bank type; x-axis: maturity band)
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Source:

Q1 Q2 Q3 Q4
m Secured claims m Claims on individuals
m Claims on NFCs and SMEs m Claims on Cls

Claims on other Fls

CNB, authors' calculations

Note:  NFCs = non-financial corporations, SMEs = small and medium-sized non-financial
corporations, Cls = credit institutions, Q = maturity bands: of 0-3 months, 3-6 months, 6-9
months and 9-12 months.

CHART 5

LIQUIDITY OUTFLOW STRUCTURE
(% of balance-sheet total of bank type; x-axis: maturity band)
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m Secured liabilities to NFCs = Unsecured liabilities to NFCs
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m Maturing debt securities Credit line drawdowns

Source:
Note:

Growth in new loans

CNB, authors' calculations
NFCs = non-financial corporations, Fls = financial institutions, Q = maturity bands: of 0-3
months, 3-6 months, 69 months and 9-12 months.
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CHART 6

SENSITIVITY OF THE LEVEL 2 LIQUIDITY BUFFER TO INDIVIDUAL SHOCK
TYPES

(% of balance-sheet total of bank type; x-axis: maturity band)
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= Market — 2nd round
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Source: CNB, authors' calculations

Note:  The individual shock types reduce the attainable liquidity buffer level in each quarter to its
“post-stress" level. Q = maturity bands: of 0-3 months, 3-6 months, 6-9 months and 9-12
months; LB2 = the Level 2 liquidity buffer.

form of the additional haircut on domestic government
bonds may thus be large by comparison with riskier assets
with lower shares in the buffer. On the one hand, a more
diversified portfolio could mitigate this type of systemic risk.
On the other hand, most market prices of assets are highly
correlated during a crisis, so only cash or near-cash assets
(such as claims on the central bank) can offer real hedging
against such risk.

A more detailed breakdown reveals that claims on non-
financial corporations, which banks usually provide with
shorter maturities, make up the largest part of the inflows in
all maturity bands. They therefore significantly exceed claims
on individuals and credit institutions in maturities of one
year or less. Due to their very short maturities, inflows from
claims on credit institutions are relevant only in the first
maturity band of 0-3 months. By contrast, inflows from
claims on households grow in importance with increasing
maturity length. However, the one-year test period was too
short for the simulated credit shocks to have a major impact
via these claims (see Chart 4).

Uninsured retail deposits and unsecured liabilities to non-
financial corporations and financial institutions dominate
outflows at the aggregate level (see Chart 5). Outflows from
relations with non-financial corporations far exceed those

from other relations. There are two main reasons for this.
The banks under review fund themselves primarily by
accepting deposits from households and non-financial
corporations rather than by obtaining loans from other
banks in money markets. Compared to retail financing,
however, corporate (wholesale) financing is considered a
less stable funding source, so a relatively high outflow rate
is applied to it. Banks whose sources consist mostly of
corporate deposits therefore undergo severe stress in this
test. Their liquidity buffers should thus be larger than those
of banks with predominantly retail sources.

The cash flow characteristics and liquidity buffer structure
described above, combined with our estimates of the
impacts of individual shocks, also reveal that the
application of liquidity risk in the form of an outflow of
funding sources had the biggest impact on the liquidity
position of the banks under review. However, those banks
were also sensitive to market risk via a reduction in the
value of liquid assets in both the first and second rounds of
stress. The impact of credit risk was found to be limited for
most of the banks under review (see Chart 6).

4. CONCLUSION

This article presents major changes made to the
methodology used by the CNB to stress test the liquidity of
Czech banks. By making these changes, the CNB was
responding to the need to take into account the interaction
between liquidity risk and credit risk, to monitor the liquidity
position of Czech banks over a longer period of market
stress, and to take on board new developments in European
liquidity regulation.

The output of the new stress test is a liquidity indicator
which, analogously to the LCR, expresses the coverage of
the net expected liquidity outflow with liquid assets subject
to haircuts. The indicator level is deemed adequate if it
maintains a minimum value of one over a one-year period.

The stress test methodology was applied to a representative
sample of 21 banks domiciled in the Czech Republic, with
various business models and bank sizes represented. The

23 The impacts of the individual types of shock were estimated by stepwise
elimination, i.e. by setting the values of the relevant stress parameters
equal to 0 and comparing the results with and without the shock. In this
way, shocks were progressively eliminated in the opposite order to that in
the test, i.e. market risk was the first to be omitted from the second
rounds, followed by market — interest rate risk, then credit risk and finally
liquidity risk.
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sole aim of the analysis — based on real data — was to
present the methodology and monitor the sensitivity of the
liquidity position of selected banks to the combination of
shocks considered over a longer period. For this reason, the
presented stress test results do not provide information on
the true current resilience of the banking sector. That would
require a more comprehensive analysis.
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