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Abstract

The paper presents a formal framework of money market interest rates variability under a
zero lower bound in a monetary policy strategy of inflation targeting. The potential factors
influencing the variability of money market interest rates are considered within a near zero
level of main policy rate variability. At the same time, model optimal main policy rate shows
significant volatility due to changes in the structural characteristics of economy facing
deep economic and financial shocks, changing perception of inflation risks, central bank’s
weakened credibility and uncertainty about the efficient transmission of monetary
measures. The money market interest rates are modeled in the framework of VAR model
with exogenous variables using the example of the Czech economy for a period 2000-2016.
The model is estimated by Bayesian method and its structural form is obtained through sign
restriction. The repo rate and money market interest rates are decomposed into a series of
cumulative structural shocks of each endogenous component in the model. The results show
that global financial crisis and the exchange rate alternative monetary policy measures are
two main sources of endogenous variables’ shocks for interest rates which confirm high
importance of net export, banking loans and investment for the dynamics of an open econ-
omy.

1. Introduction

In a framework of inflation targeting, the main policy rate and money market
interest rates are typically considered as key signaling and transmission variables that
initiate further adaptations in client interest rates, exchange rates, expectations and
lending/spending activity consistent with inflation target. It is assumed that both the
level and variability of main policy rate and money market interest rates are at non-
zero level to provide adequate level of real interest rates and optimal stimulus to eco-
nomic system that could be considered as a series of nominal and real financial and
economic shocks. In a short history of inflation targeting in the Czech Republic, central
bank developed different stages of the prediction models that reflect the fact of non-
zero character of the level and variability of main policy rate and money market interest
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rates as a natural mechanism for establishing internal price equilibrium in a market
economy. It is challenging for all central banks that adopted policy of inflation target-
ing to correctly reflect and analyze the reality of deep financial and economic crisis
that caused a decline in monetary policy interest rates and money market interest rates
close to zero level and in some cases even slightly below zero. Consequently, alterna-
tive monetary policy measures were being applied in many countries to overcome re-
strictive character of expected deflation, high credit risk and debt deleveraging result-
ing in high expected real interest rates, high risk premiums and high debt burden.

The paper presents formal framework of money market interest rates variability
under a zero lower bound in a monetary policy strategy of inflation targeting. The goal
of the research is to set a general link between alternative monetary policy measures
in a model of inflation targeting and the factors influencing the variability of money
market interest rates in case of a zero variability of main policy rate when model opti-
mal main policy rate shows high variability due to changing structure of endogenous
and exogeneous shocks in economic system. To quantify the variability of money mar-
ket rate, we use a Vector Auto Regressive (VAR) model with exogenous variables
estimated by Bayesian technique for its reduced form. The corresponding structural
form is then recovered by sign restriction method. The obtained coefficients are used
to decompose residuals into the corresponding structural shocks which allows us to
express money market interest rate as a function of individual endogenous structural
shocks, hence to measure how each of them contributes to total variability of money
market interest rate. For estimation purpose, we use quarterly data from the Czech
money market and the Czech economy for a period 20001 to 201694.

2. Money Market Yield Curve Variability and Inflation Targeting under a Zero
Lower Bound

Money Market Interest Rate and Traditional Framework of Inflation Targeting

A concept of preferred habitat theory assumes that agents in the money market
compare actual n-day interest rate with the expected future development of O/N inter-
est rates average level in n-day horizon. The preferences of the agents also make them
request increasing term premium reflecting higher maturity included risk premium as
a price for credit and liquidity risks. Therefore, the money market equilibrium can be
in general expressed as a position of a risk averse speculator who (based on available

information (€)) quotes the actual n-day interest rate (IR,") as the sum of the expected

average of O/N rates in the period of t to t+k and term/risk premium (¢,"):
IRn_lnilIRO/N,e n
t —_Z trk |Qt + ¢ (1)
Nico

In a framework of inflation targeting, it is assumed that central bank uses posi-

tive s-day targeted interest rate (IR g ") as a price of main policy measures while

the maturity of this rate maximally equals the maturity of ultra-short money market
rates. Central bank’s policy instruments are typically used to manage the liquidity of
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the banking system within a minimum reserves maintenance period. It is assumed that
the duration of maintenance period r is longer/maximally equals the maturity of main
policy rate (s < r) while it holds good that r is usually the whole multiple of s. The end
of the maintenance period would then be identical with the maturity of a tender for
liquidity supply/withdrawal at s-day effective main policy rate.

The main policy rate is considered as an instrumental variable that minimises the
values of future deviations of the variables that are the objects of central bank s interest
from targeted values in relation to restrictions given by the existing structure of an
economy. Thus the loss function (L) of central bank is usually the sum of the present

values of quadratic deviations of expected inflation (7¢,;) and expected economic

growth (y&;) from inflation target (z;3R°ET) and potential output (y;,;) (Srour,

1999):
L= 80— a)(rl — 22 +a(ye - yia)?) @
i=0

where J stand for the discount factor (0 <o <1), a and (1-a) are the relative weights
of quadratic deviations of inflation and economic growth from targeted values and i is
a time shift indicating forward looking character of monetary policy and the existence
of time lags of the effects within transmission mechanism.

To set the main policy rate, the present economic structure implies restrictions for
achievement of monetary targets. With regard to the central bank’s loss function and
model of economic structure, the main interest rate that minimises central bank’s loss
function for the actual inflation forecast applied for the model of economic structure

in the horizon of efficient transmission (k period) is considered as optimal. Formally

the optimal level of the main interest rate ( IRgBPI'M ) is defined by the reaction function

of central bank of the Taylor’s type:

TARGET

JROPTIM _ |RCE§ + B (i — o - )+ 7 Ve — yt*+k) (3)

CB,t

where |Rg§ is the main policy rate corresponding to long-term economic equilibrium,

parameters S and/or y: express the intensity by which the central bank reacts to the
overshooting (undershooting) of inflation target and/or positive (negative) output gap.
As stated by Svensson (2000) and Favero and Rovelli (2000), time variable parameters
Srand y; are the convolution of parameters describing central bank’s preferences to the
inflation and economic cycle and structural characteristics of economy.

Sack (1998) and Rudebusch (2001) point out that there exists a disproportion

between the model optimum level of the main policy rate and the targeted main policy

rate ( IRE@ﬁGET ) which is less volatile and strongly positively correlated with its lagged

values (Clarida, Gali and Gertler 1998) to avoid impairment of central bank’s credibil-
ity that could be connected with high variability of the main policy rate (Goodhart
1998). Therefore, the variability of the targeted main policy rate often becomes a part
of the central bank’s objective function while optimal main policy rate is based to
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achieve monetary-policy objectives under the lowest possible variability of the main
interest rate.

The dynamics of targeted main interest rate may show deviations from monetary
rule (3) due to application of monetary policy strategies following other than inflation
targets that are presented as a correlation of random shocks w; (Rudebusch 2002):

IRGet " =(=pi=p,)RGa1 " +p1IRG L + P2y @
q r z
W = z Dlul,t—n + Z DyU 2t-n T F z DU m,t-n (5)
n=0 n=0 n=0

where p; is the weight of the lagged targeted main policy rate, being the measure of
central bank’s aggressiveness in the stabilisation of inflation and output gap, p2 is the
weight of alternative central bank’s targets, D1, Dy, ..., Dm are the vectors of parame-
ters, U n, Uz, ..., Umen are the actual and lagged values of variables considered by
the central bank for setting the main interest rate.

Variability of Main Policy Rate Under a Zero Lower Bound

It is normally assumed that optimal main policy rate is positive and potention-
ally high volatile interest rate that stabilizes inflation and output gap to (near) zero
levels considering a model framework of an economy and reflecting exogeneous and
endogenous shocks stimulating the dynamics of the whole economic system. In case
of expected deep deflation, economic recession and financial instability it seems to be
optimal to set the main policy rate to deep negative level and to stay below zero for a
long period to enable the real and financial sector to recover. When optimal main pol-
icy rate goes to negative, inflation targeting policy faces up its limitation as targeted
main policy rate is rarely used to cross its zero lower bound (Bernanke 2000). A set of
alternative monetary policies (outright purchases of assets, home currency deprecia-
tion, money-financed aggregate demand expansion) are typically suggested to over-
come a restrictive character of near zero level targeted main policy rates.

Using these alternative monetary policy measures, targeted main policy rate is
meantime fixed to (near) zero level for a long time which reduces its variability and
respective covariances to zero in the same period as well. This fact deals with an im-
plicit change in monetary policy mechanism of inflation targeting within which un-
conventional monetary policy instruments take over a position of main policy rate in
the reaction function. Therefore, variability of targeted main policy rate is considered
as positive if and only if central bank believes that reaction function could be effec-
tively applied to reach monetary policy targets in the central bank’s loss function. For

the case of high restrictive impact of (near) zero targeted main policy rate when

IRG: ™ <0, it holds good:
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var IRGBRCET = (1— p, — p,)? var IRGET™ + py” var IRGGRE + p,° var w, +

+ 2= py = po)py COV(IRG ™ IRGGTET) + 2(1= py = ;) pp COM(IRGT™ W)+ (6)

+2p15 COV(IRGGT T W) =0

Zero variability of targeted main policy rate reflects the case when correlated
shocks that stem from alternative monetary policy measures offset optimal main policy
rate (high negative covariance between these variables is maintained) and weight p; is
optimized according it:

—|@-py - £2)% var RET™ + 20— p; — p3) oy cOM(IRST™ )]
var w;, = ' 5 ' (7
P2

Although targeted main policy rate remains at a zero level which is typically
maintained by overall excess of banking system liquidity provided by central bank
through alternative monetary policy instruments, the dynamics of economic funda-
mentals behind money market interest rates could be a source of their significant nom-
inal and real variability. Although the variability of targeted main policy rate is at a
zero level, the variability of economic fundamentals is still reflected in the variability
of optimal main policy rate, which using Goodman’s breakdown of the product of ran-
dom variables (Goodman 1960) could be written in the following form:

_ —_—2 —
OPTIM 2 e TARGET e TARGET e TARGET
var IRGE 1™ = B var(zsy — i ) + (e — i o) var B+ 2B(nf — mES ) covfy +

+2B 00Vl +2(nd - wBROET Y cov T + var[AﬂA(zz‘ik — mAReET )]+ ®)

-2 * 7*2 - . * . B -
+7 Var(Yeu = Vo) + ek = Ye) Vary +27(Yeu — Yook ) COV]y + 2y covl +

+2(Y5ik — Yook ) COVY + Var[A}’A(yte+k - Yiuk )]+ ZCOV{[ﬂ(ﬁak - ”:ﬁRGET)l [}’(Yﬁk - Yiuk )]}

where B and/or ;_/ is the mean value of parameter g and/or y, the term
(fy — 7t hRCETY andlor  (yf., — Yr.x) IS the mean value of the deviation of ex-

pected inflation from the inflation target and/or expected output gap, covf” is

cov|(A8)', (At — 7IARSET) |, covil is covl(An)', (AYE - Ven ) |, the sym-
bol A expresses the deviation of the respective variable from its mean value (e.g.
AB=p-F).

There are a few main elements of variability of optimal main policy rate under
a zero lower bound. First, it reflects instability of expected inflation and output gap,
which represent the application of actual prediction of inflation factors in the form of

inflation forecast to the model of an economic structure. Especially long-lasting defla-
tion pressure and/or economic recession together with deep deleveraging of financial
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sector produces inflation and economic activity forecast below inflation target and po-
tential output and requires a downward trend of the central bank’s optimal main policy
rate.

Second, realized economic and financial shock typically makes structural char-
acteristics of economy and consequently the central bank’s preferences to the inflation
and/or economic cycle unstable which is reflected in the variability of parameters
pand y In case of stability of structural characteristics, large and relatively closed
economies supposed to have low interest rate elasticity of inflation and economic
growth due to the limited intensity of transmission between external equilibrium and
internal equilibrium that produce high variability of the main policy rate for the
achievement of monetary objectives. In small open economies, one can expect higher
stability of the main policy rate as a result of negative correlation of the real monetary
restriction and exchange rate and its direct and quick impact on efficient transmission
of monetary measures. This is also one of the main reasons why large and relatively
closed economies follow (under a zero lower bound) alternative monetary measures
based on quantitative easing while small open economies prefer a policy of home cur-
rency depreciation. Consequently, under a zero lower bound, declining sensitivity of
the targeted economic fundamentals to conventional interest rate policy (and predicta-
bility of its transmission) together with a switch of central banks’ preferences to eco-
nomic growth and financial stability targets (central bank’s policy dynamic incon-
sistency) could be expected, which generates a series of correlated shocks w; arising
from application of alternative monetary measures and makes parameters #and ymore

volatile. Covariance cov‘;" and coviyjy also shows that the variability of parameters g

and y and therefore the instability of the central bank’s optimum main policy rate is
influenced by the pro-cyclic character of monetary restriction intensity (covg" and

covyy >0).

Third, variability of the optimal main policy rate under a zero lower bound re-
flects potential asynchronization of the inflation cycle, economic cycle and rate of
monetary restriction which stems from nominal and/or real demand and supply side
shocks to real economy under financial crisis and post-crisis period (see sign and extent

of COV{[B(TCerk . Nohal )], [y(yf+k - yf+k)]}). Contrary to pure demand fac-

tors of inflation cycle producing the positive covariance of economic cycle and rate of
monetary policy restriction, the unstable mix of demand and supply sources of inflation
with much lower covariance of inflation and economic cycle and rate of monetary re-
striction are expected to become dominant. On the other hand, in transition economies
sudden depreciation of home currency following outflow of foreign capital under a
financial crisis can potentially increase the inflationary pressure in case of deep eco-
nomic downturn that would require higher main policy rate reaction comparing with
other supply side shocks.

Variability of Main Policy Rate Under a Zero Lower Bound

Under a zero lower bound, the variability of n-month money market interest
rate is limited by negative covariance between expected optimal main policy rate and
the series of shocks produced by alternative monetary policy measures. Therefore, the
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variability of money market interest rates reflects especially the variability of risk and
term premium while monetary impulses are temporally weak until the exit strategy is
being applied:

|' n=1 n=1 '|
OPTIM,
[(1—py —p2)2varz Regry;© + pzvarz Wi+
IRT = ll j=0 j=0 |
varing = n2| n=1 n=1 |
OPTIM,
[ + 2(1 —P1— pZ)pZ COV(Z IRCB,H.J' ¢ ;Z Wf+j) J
=0 =0
+ p2varp! +
) n=1 C)]
+=covi (1= py = py) D IRGTe
=0
n=1 n=1
TARGET,
+p1 Z IRcpeij-1 + +p2 Z Wi | oF
=0 =0
n-1
var " RS =
=0
n—-1
Lt
—var ) (it — aHHE
=0
n-1
et+j *
+ Varz )/t+j (yt+k+j - yt+k+j) (10)
=0

n-1
et+j
+ 2 cov(z ﬁt+j(nt+k+j
j=0
n-1
TARGET et+j
— Tiik+j ):ZVH;’()’HRH = Yirk+j))
j=0

As for a long-end of money market yield curve the expected dynamics of infla-
tion and economic growth reaches the horizon of efficient transmission of monetary
policy, variability of money market interest rates may reflect the anticipated macroe-
conomic effects of monetary policy, which makes it possible to achieve — when a zero
lower bound will end soon and exit strategy is planned or at least expected by market
- high variability of longer interest rates in the situation of temporarily low variability
of short-term interest rates. Therefore, stable expectations of agents are crucial for low
variability of long-term money market interest rates in a period within which future
variability of optimal main policy rate will be offset by alternative policy measures
which stem from expected recovery of economic fundaments, changes in the central
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bank’s preferences back to inflation target and instability of the economic structure.
Variability of money market interest rates is then a result of a conflict between the
central bank’s official inflation forecast and analogical forecast of the financial market
that could be significantly influenced by central bank’s credibility in a post crisis pe-
riod and consistency of preceding monetary measures. Because the variability of inter-
est rates in equations (9) and (10) is influenced by variability of the average expected
values of the particular factors over the observed period, the shocks affecting variabil-
ity of interest rates are assumed to be of a long-term character.

3. The Analysis of Endogenous and Exogenous Shocks and Variability of Money
Market Interest Rate

Model of Historical Decomposition with Exogenous Variables

As stated before, the variability of money market interest rate is caused by
shocks in endogenous and exogenous variables included in the model. To measure
their impact, we use the historical decomposition technique for a VAR model with
exogenous variables in the following structural form:

14
DY, = ¢ + ZAth_i + BX, + U,, (12)

i=1

where Y; is a vector of endogenous variables, X is a vector of exogenous variable, U,
is a vector of structural shocks, C is vector of constants, D, A; and B are matrices of
coefficients, and p is the length of lags of a VAR model. By multiplying with matrix
D1, equation (11) can be transformed into the following reduced form:

14
Yt=k+zpiyt—l’+ QXL-+Et, (12)

i=1

where k = D™c, P, = D™'4;, Q =D'B, and E, = DU, is the reduced form er-
rors.

Having all coefficients matrices and matrix D, we can decompose each endog-
enous series into series of individual structural shocks using historical decomposition
technique. The principle of this technique comes from the fact that the reduced form
of a VAR model in (12) can be expressed by its corresponding moving average repre-
sentation with recursive substitutions as follows (for p = 2 in our case):

ytz,u'i' ZCDLE1+ ZLPLXL, (13)

where Y; = K; + P,Y, + P,Y_, + QX; + E;". As E, = D~1U,, equation (13) can be
rewritten as:

* For other terms ®; is a function of P, and P,, ¥; is a function of P;, P, and Q.
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t t t t
Yt=/i+ Z‘biD_lUi‘{' Z‘PiZi= ,U.+ ZF,:U,:"‘ZLP,:Z,:, (14)
i=1 i=1 i=1 i=1

where I; = ®; D1, Clearly in equation (14) each endogenous variable in the model is
expressed as a sum of structural shocks up to time t. Collecting the contribution of each
shock separately, we obtain the decomposition of a series in each period from the be-
ginning to the end.

Data and Their Pre-Processing

This research is performed using the publicly available data for the Czech Re-
public. The main sources of data are the databases of the Czech Statistical Office and
the Czech National Bank. The real GDP series of Germany is provided by Destatis
database, the historical series on oil price (Europe Brent Spot Price FOB) by US En-
ergy Information Administration database and the series on EURIBOR 12 months by
European Money Markets Institute, and finally series on CPI in Euro Area 19 and unit
labor costs series for Czech Republic are from the OECD database. All series are quar-
terly data from 2000Q1 to 2016Q4. Each of them consists of 68 observations. All series
are listed in Table 1.

Table 1 List of Primary Data Used for Econometric Analysis

Notation Full name Unit
1 REPO Monetary policy Repo rate %
2 YD Disposable income Mil. CZK *
3 CPI Consumer Price Index Index
4 CONS Households consumption Mil CZK *
5 INV Investments Mil. CZK *
6 UNE Unemployment rate %
7 NX Net export Mil. CZK *
8 CRE Client loans Mil. CZK
9 PRIBOR Interbank pribor one year rate %
10 EURER Average EURCZK exchange rate CzZK
11 ULC Unit labor costs,year-to-year change %
12 PROGINF Inflation Prognoses %
13 GDPGE German GDP index
14 EURIBOR Interbank euribor one year rate %
15 OILP Average oil price Crude Brent Europe Usb
16 USDER Average USDCZK exchange rate CzZK
17 CPIEA19 Consumer Price Index in Euro Area 19 index

Notes: (*) denotes real variables.

For model estimation series repo rate REPO, unemployment rate UNE, unit
labor costs ULC, and interbank interest rates PRIBOR and EURIBOR are kept un-
changed. On the other hand, the oil price series in USD is converted into series in CZK
using exchange rate USD/CZK, nominal client loans and exchange rate EUR/CZK are
transformed into real quantities using price index CPI and price indices CPI and
CPIEA19 respectively. After that these series and the rest are converted into corre-
sponding year-to-year percentage changes series. All series thus have the same meas-
ure and the number of observation is reduced to 64. In Table 2 we show some descrip-
tive statistics of the original data set we use for our analysis.
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After that series on Disposable income, CPI, Consumption, Investment, Net
Export, EURCZK exchange rate, Oil price, German GDP, are converted to year on
year change series (in per cents). With respect to series on client loans volume, first
we convert it into a series of real values and then we transform it into a series of year
on year change rates. The number of observations of our dataset is then reduced to 62.
The length of untransformed series is adjusted accordingly. The descriptive statistics
of transformed series are shown in Table 3. In our analysis the endogenous variables
are those variables from the Czech economy (they are ten) and the exogenous variables
are the GDP of Germany, Oil price, Inflation prognosis, Unit labor costs and Euribor
rate.

Table 2 Descriptive Statistics of Original Data Used for Analysis

Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis

Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis
CONS 447,866 459,540 520,902 344,552 46,511 -0.58 2.15
CPI 108.47 111.70 124.30 88.60 11.72 -0.09 1.53
CRE 707,599 765,019 966,663 425,333 166,709 -0.47 1.82
EURER 28.48 27.55 36.02 24.29 3.27 0.69 2.43
EURIBOR 2.39 2.21 5.37 -0.02 1.59 0.21 1.87
GDPGE 98.80 99.06 110.35 89.55 5.79 0.16 1.73
INV 249,114 249,076 323,714 178,900 35,280 0.01 2.23
UNE 6.87 7.10 9.30 4.10 1.30 -0.61 2.50
NX 24,329 22,828 91,071 -34308 32,452 0.29 2.14
OILP 63.23 59.99 123.78 20.50 28.01 0.21 1.84
ULC 211 2.20 7.30 -1.76 2.20 0.38 2.60
PROGINF -0.11 -0.10 1.45 -1.60 0.63 0.04 3.03
PRIBOR1Y 251 2.30 5.90 0.45 1.56 0.56 2.48
REPO 1.96 2.00 5.25 0.05 1.66 0.58 2.30

Table 3 Descriptive Statistics of Transformed Data Used for Analysis

Mean Median Maximum  Minimum  Std. Dev. Skewness Kurtosis
CONS 2.19 2.76 5.87 -2.38 1.84 -0.57 2.71
CRE 0.27 1.14 19.07 -35.02 11.79 -1.15 4.41
EURER -1.88 -1.91 9.33 -17.91 5.78 -0.24 3.05
GDPGE 1.16 1.36 6.01 -7.85 2.49 -1.33 6.16
INV 2.63 3.13 18.98 -14.27 6.21 -0.41 3.71
NX 0.60 0.08 22.63 -6.87 3.30 4.79 33.64
olL 3.35 2.915 54.605 -44.35 26.29 -0.19 1.99
PI 2.13 1.74 7.43 -0.42 1.78 1.00 3.70
YD 4.16 4.61 14.17 -6.76 3.76 -0.37 3.70

Empirical Econometric Analysis

We choose the Bayesian method to estimate the model parameters (see Luet-
kepohl (2005) and Canova (2007) for more information on this method). This method
allows us to ignore the possible issue with stationarity in series included in our model.
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With respect to the number of observations in our dataset as well as the result of infor-
mation criteria, the length of lags of our VAR model p = 2. When estimating parame-
ters of our model by Bayesian method, we use the so called Menessota prior (see Lu-
etkepohl (2005) for priors). In order to recover the structural form in (11) from the
reduced from (12), we need to identify matrix D from covariance matrix £z = E{E..
For this purpose, we use the sign restriction approach which has been used in several
studies in the past (Faust (1998), Canova and De Nicolo (2002), Uhlig (2005)). Our
focus is placed on the response of the other endogenous variables to a shock in repo
rate and rate PRIBOR and the expected signs of the responses to a positive change of
an endogenous variable are summarized in Table 4. All necessary calculations have
been done in Matlab with our own programming.

Table 4 The Supposed Sign of Responses with Respect to a Positive Change of a

Variable

REPO YD Pl CONS UNE INV NX CRE PRIB1Y F\I’Eéjli
REPO + - - - + - - +
PRIB1Y S S = + . = . +

In Figures 1 and 2 we compare the estimated repo rate and one year pribor rate
with their actual counterparts. In both cases, there is a high closeness between them
indicating that our model is correctly specified. Figure 1 confirms that since the end of
2012 repo rate and consequently also 1Y pribor rate dropped to near zero level which
is maintained by the end of 2016 with a zero volatility of both rates. Due to long-lasting
undershooting of inflation target, CNB decided to apply a strategy of home currency
depreciation and set a floor at a weaker level of EUR/CZK exchange rate to boost the
whole economy and overcome deflationary expectations.
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Figure 1 The Modeled Repo Rate Compared to the Actual Repo Rate (in %)
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Figure 2 The Modeled 1y Pribor Rate Compared to the Actual 1y Pribor Rate (in %)
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We disassemble two series: repo rate and 12 months pribor rate (Figures 3 and
4) as a cumulative sum of individual structural shocks. The size of each shock in each
quarter is expressed by a bar of a certain color whose magnitude is scaled according to
the left-hand-side y-axis. One can observe that the magnitude as well as the sign of
each shock may change from a quarter to a quarter and in each quarter the shocks differ
in their signs, hence the aggregate impact of all shocks tends to be much lower. We
display the aggregate results for a quarter in the same figures as a black line with the
magnitude corresponding to the scale on the right-hand-side y-axis. As at the beginning
the impact of Y, and Y_, is still very strong and it dies out after a dozen of periods, we
show them for periods from 2004Q1 to the end. We proceed similarly when we calcu-
late the impact of each individual shocks on repo rate and 1y pribor rate in the actual
periods (Figures 5 and 6). Finally, we evaluate the impact of exogenous variables on
repo rate and 1y pribor rate (Figure 7 and 8).
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Figure 3 The Cumulative Effect of Shocks on Repo Rate
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Figure 4 The Cumulative Effect of Shocks on 1y Pribor Rate
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Figure 5 The Effect of Shocks on Current Period Repo Rate
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Figure 6 The Effect of Shocks on Current Period 1y Pribor Rate
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As far as the impact of endogenous variables included in the model is con-
cerned, in Figures 3 and 4 we can see two groups of factors which affect the money
market interest rate in both directions. The structure of each group is not constant over
time and so does the impact of each endogenous variable in the model. On the other
hand, long-lasting character of contribution of specific variable to repo rate and money
market interest rate dynamics confirms series correlation of these shocks that is in line
with our explanation of dynamics of interest rates as a trend driven macroeconomic
variables. The structure and the extent of the shocks also slightly differs for both the
repo rate and 1y pribor rate which is more volatile but in general both rates could be
explained via the same story. The positive impact of endogenous variables on repo rate
and money market rates are shown in case of the dynamics of bank loans, consumption
and unemployment before first negative effects of crises came in 2008 and 2009. Neg-
ative shocks in pre-crisis period are represented by the investments, net export and
disposable income. The global financial crisis produced high external shock, deep de-
cline in inflation with limited deflation expectations and pessimistic investments ex-
pectations that stay behind negative impact of investments, bank loans, and inflation
on money market interest rates. Since 2011 investments and banking loans start to
recover but unemployment and consumption remain weak. The application of ex-
change rate commitment in 2013 initiated positive impact of real exchange rate, un-
employment and consumption (maintaining positive effects of net export).
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Figure 7 The Impact of Exogenous Variables on Repo Rate
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Figure 8 The Impact of Exogenous Variables on 1y Pribor Rate
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Figure 5 and 6 shows individual shocks and their contribution to one period
dynamics of the repo rate and 1y pribor rate. The results confirm lower magnitude of
the shocks in case 1y pribor rate comparing with the repo rate and much volatile quarter
by quarter adaptations of both rates. Central banks’ long-term horizon forecasting typ-
ically smooths these short-term fluctuations to overcome the uncertainty about trend
reversals which stabilizes the repo rate and consequently the 1y pribor rate but also
reduces the ability of CNB to adapt its policy if sudden change is needed. Too long
cumulation of the shocks is then followed by lagged but quantitatively fast reaction of
main policy rate which makes 1y pribor rate changes less predictable.

In Figure 7 and 8 we can observe a positive, but declining impact of exogenous
variables on the repo rate and the money market interest rate except the period 2006 —
2010. It reflects a pre-crisis boom in foreign demand for the gross export together with
high growth of oil price followed by their declining trend after 2008. In the last several
years their influence is almost negligible due to overall stabilization of these factors.
As the repo rate and the money market interest rates reached their (near) zero levels
with (near) zero volatility and therefore strategy of home currency depreciation was
adopted, the effects of exogenous variables must be absorbed in endogenous ones
which could be a source of new shocks when economic recovery will come and exit
strategy will follow then.

4. Conclusion

Before the exit from unconventional monetary policy strategies, main policy
rate as well as money market interest rates variability could be found in the proximity
of the zero lower bound. It raises a point on the potential factors which keep them that
low as well as what may influence their apparent involatility. While money market
interest rates are close to a near zero level, the optimal main policy rates may exhibit
significant volatility as the economy faces deep economic and/or financial shocks and
uncertainties of various kinds. Therefore, we presented the model where main aspects
of near zero variability together with inherent high variability of main policy rate could
be explained applying a series of shocks that come from alternative monetary policy
measures. The attention is paid on variability of model optimal main policy rate due to
shocks in the structural characteristics of economy, central bank’s perception of infla-
tion risks, its weakened credibility and uncertainty about the efficient transmission of
alternative monetary measures. Variability of money market interest rates is driven by
monetary forces especially when the exit from zero lower bound strategy is expected
by market.

The money market interest rates in the Czech economy are modeled in the frame-
work of VAR model with exogenous variables. The model is estimated by Bayesian
method and its structural form is obtained through sign restriction. The model’s pa-
rameters are then used to decompose money market interest rate series into a series of
cumulative structural shocks of each endogenous component in the model. The results
show that global financial crisis and the exchange rate commitment are two main
sources of endogenous variables’ shocks on money market interest rates. These endog-
enous variables shocks confirm high importance of banking loans, unemployment,
consumption and investment as extremely sensitive economic variables for the dynam-
ics of an open economy as well as reaching the inflation target. Exogeneous sources of
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interest rate dynamics steeply declined after the impact of a pre-crisis boom in foreign
demand for the gross export together with high growth of oil price diminished and
exchange rate interventions were being applied by central bank to boost the whole
economy and overcome deflationary expectations.

Policy implications that stem from the research are these ones. The first, to un-
derstand correctly the problem of variability of main policy rate and money market
interest rates the variables chosen for the estimation of the model should be directly
linked to the character of the economy that enable to correctly reflect endogenous and
exogenous shocks that the economy faces up. In case of small open economy, it as-
sumes to employ both the dynamics of foreign demand and relative price competitive-
ness of the economy that is essential for the dynamics of all other variables within the
model and consequently main policy rate and money market interest rates. The second,
high volatility of quarter by quarter shocks of individual variable confirmed an im-
portance of a reflection of economy’s “story” which support smoothing in setting the
main policy rate and stabilize variability of money market interest rates when the cen-
tral bank’s policy is credible. The third, when zero lower bound is met, in order to
consistently follow the concept of inflation targeting it requires to adopt some uncon-
ventional monetary policy strategy to offset a cumulation of negative shocks for the
main policy rate and to stimulate economic activity. Last but not least expected exit
from unconventional policy regime seems to be the main source of potentially higher
money market interest rates variability when keeping the main policy rate unchanged
before exit’s real application.
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