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Abstract

Analyzing the responses of economic variablespitiol inflation to the change of the level of mamgtpolicy
instrument, we can take into consideration the dase of economic variables in appropriate horizanleast
equal to the monetary policy transmission horiZzbmese forecasts are the operational objective wieemake
the decisions for inflation forecast targeting. Wivee realize the direct inflation targeting stratetipe inflation
forecasts are important. In this paper we predenselected methods of choice of the optimal moygtalicy
transmission horizon in inflation target realizati@ontext. We determine the optimal horizon usihg t

traditional reduced rank vector autoregression moflmonetary policy for inflation forecasting.
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1.  Introduction

National Bank of Poland and many other central bankluding the European Central Bank
pursue an explicit inflation target. Accordinglyetimportant problem is choice of the optimal
monetary policy horizon that is the appropriate banof periods ahead when the operational
target is achieved. Note the operational targatiseved inflation rate k periods ahead equals
inflation target.

Therefore the optimal horizon can be the time iper of periods ahead, at which
inflation should be on target in the future asswgrarshock occurs today, while the authorities
determined the policy instrument minimizing theis$ function.

In the case of the direct inflation targeting ®gy, as an operational objective we require
sometimes achievement of the inflation rate in thenetary policy transmission horizon
belonging to a certain interval.

According to Rudebusch and Svensson’s interpoetatf inflation targeting we need solve
the optimisation problem that minimalizes deviasiasf inflation from target and of output

from potential output.
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At the beginning we will discuss the theoreticaliridations of the reduced rank vector

autoregression model.

2. Reduced rank vector autoregression model - theor etical foundations
To explore the optimal horizon issue, we use thaditional reduced rank vector
autoregression model for monetary policy.

Since between inflation and monetary policy instemts and other macroeconomic
variables is feedback, that is, they are jointlyrelated nature, to modelling of inflation can
be used vector autoregression models, includingcesttirank vector autoregressive models.
Overall, generally reduced form of VAR model of erdo without constant term can be

written in matrix form as follows:

Ye =A D tA Dot t AgOh-p te (1)

where:

y; - vector of all variables in the model at titne

Vi -j - vector of all variables in the model at tite, fori =1, 2,...,p;

A - matrices of coefficientsi =12,...,p;

& - vector whose coordinates are the shocks thatiracerrelated with each other and they

are the white noise. The variance and covariandexm@ of vectors; is a diagonal matrix.

Writing a model (1) in the following matrix form:

Yo = AKX +& 2)
where y; - vector of all variables in the model at timeX; =|yi—1 VYi-2 ... yt_pr;
A=[A1 A L. ApJ and denoting byA L( Yhe lag operator applied to the matAxand

the identity matrix by, model (2) can be written in the equivalent forsrfa@lows:

(I = ALY = & 3)

in which A(L) = Ay [L+ Ay [ +...+ Ay [LP,

— 2
thereforel - A(L) =1 - AL - Ay M~ —...—- A [LP.
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Lag operator can be written in general form as:
A(L)=B(L)[C(L) (4)

where: B(L) =Bg + BjL + ByL? +...+BqL9, C(L) = CL +C,L? +...+CLP.
If g = 0, the model is called the reduced ranktmeautoregressive model — RR-VAR
model. Then the lag operator has the foi(h.) = BoC,L +BOCZL2 + ...+BOCpr.

Assuming thatB =By, C=|C; C, ... Cp|, the matrixA of the reduced rank vector

autoregressive model can be written s BC'T, where: matrix8 has dimensiork xr , and

c' = C C ... Cp]T has dimensiorr xk [ p, k — number of variables in the modpl,

— vector autoregression rank, r is cointegratiorkra
Least squares estimators of parameters of RR-VARemare calculated from the formula

A=BC'" in which [5]:

A7 (5)

[« N1

B=Y

~ - -1
Cl=vTs,2yxT(xxT)™ (6)

assuming that' —observation matrix of;, X —observation matrix ofy;_1, yt-2,..., - p, for
t=p+1Lp+2..,N,N-number of observations (length of the sample).

In the formulas (5) i (6) =[%, V, ... V] is the matrix of the orthonormal eigenvectors
corresponding to thethe largest eigenvalues of the following matrix:

1
N-p

-1 -1
e Y XT(xxT)ytxyTs, 2 @)

Furthermore, sincg,, is any positive definite matrix, it can be assurtiext

- 1 -
S, = N——pY(IN_p_XT(XXT) IxyyT 8)

where: | N - is the(N - p)x(N - p )identity matrix.
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Since the analysis of the impact the monetarystt@cion inflation was based on the
traditional reduced rank vector autoregressive rhfmdemonetary policy than we present the
general form of this model below.

In traditional VAR models of monetary policy weesd three variables: the inflation rate,
the interest rate (eg. the reference rate) andptbduction — the output dynamics - for
monthly data and the GDP - for quarterly data. Thien model (2) we have
Vi =[7Tt Y it]T; & :[e_u et e3t]T where 73 - inflation rate at time, i; - reference
rate at timd, Y; - output at time; e; - inflation shock,ey; - output shockges - interest rate

shock. Vectore; of white noise shocks; it is assumed teais the three-dimensional random

variable having a normal distributidf{g, D) , whereD — variance and covariance matrix.

3. Optimalization problem
We assume that policy-makers wish to minimize thiertemporal loss function, that is,
decision-makers should take into consideration sloéution of following optimisation

problem [3]:

E¢ 25" [Li4k — Min (9)
k=0

Constraints in the minimalization problem are dugiation of traditional VAR models of

monetary policy.

In the problem (9)E; 25" [Li+k Is intertemporal loss function at peripd is discount
k=0

factor, 0<d< 1, E; is symbol of the expected value determined orbtmsas of information
available at the periot, L; is temporal loss function.

The temporal loss function can take various for@rse of form of temporal loss function
Is quadratic loss function. This function is followgt

L = A, 0 - 12 + Ay (Y, YD) + A5 OAN)? (10)

where 7z is inflation rate, 7 is the inflation targety; is log output,YtD Is potential log

output, A, Ay, A5 - the weights assigned to deviations of inflatieom target, deviations of
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log output from potential log output and volatilitg the first difference of the nominal

interest rate, respectively.

4.  Optimal transmission monetary policy horizon

We have two operational definitions of optimal samssion monetary policy horizon: an
absolute and a relative horizon concept [1]. Takinigp consideration our discussion in
introduction, we present the first definition. Wefide the optimal transmission monetary
policy horizon as the time at which it is least tbgsfor a given loss function, to bring

inflation back to target after a shock. Operatibnahis horizon is given by the number of
periods after a shock when inflation is back ogeaunder an optimal rule.

Because since 2004 the Polish National Bank parsaatinuous inflation target of 2.5%
with a maximum deviation of 1 percentage point up down, we consider optimal
transmission monetary policy horizon as referringdrget range, so it can also determine
optimal horizon as the number of periods ahead which inflation has returned permanently
to within a target or target range, following a cktoday.

Since optimal horizon will vary according to thature of the economic shock, we

compute optimal horizon under the first criterion different kinds of shocks.

5. Thegeneralized impulseresponse GIR
The most intuitive tool to analysis the impact dhon the other variables in the system is the
impulse response function. We have the differerthous for identifying the shock response.
One of this methods presented in this paper igémeralized impulse response GIR

The method of generalized impulse response has jpegposed by the Koopa, Pesarana
and Potter [2]. This method involves comparing tiwcecasts of the model. One forecast

takes into account one-time shock, while the sedoretast is determined for the situation

without the occurrence of shock. Thus, the geregdlimpulse respons@IRy (ne;j,w ;) is

the difference of two conditional expected valugBich can generally write for the vector y

as follows:

GIRy (nej,W—1) =E(Yi+n/€j,We-1) ~E(Yten/We-1) (11)

where yi,, — vector variables of the model at tirhe n, n — horizon of analysisg;j— shock

vector that corresponds tox1 vector with not null element at the th element and zeros
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elsewhere,w; _;— historical or starting values of the variablestlie model, E({/[) — the

conditional expected value.
When we determine the generalized response oftiofi to shocks we take into

consideration the first coordinate of the vedBIRy (ne;,w;-1) .

Assuming the residuals from the VAR model are naaliate normally distributed, we have
that the generalized impulse response from a sliook standard deviation) to tle th
residual is given by
1
GIRy(nej,w_1) =——=—=A"[D[&;. (12)

2
g

The matrixA is a matrix associated with the operafiL) = A [L + Ay M2 +..+ Ap P,

then A=A +Ap +...+ Ap.

6. Theempirical analysis

For the calculation of optimal monetary policy samssion horizon we use the monthly
inflation rate data (data published by CentraliStigal Office) (source: www.stat.gov.pl) the

monthly reference rate data (data published byNB®) - data at the end of the month, as
well as monthly industrial production growth ratatal (data published by the Central
Statistical Office) (source: www.stat.gov.pl) frotime period January 2004 to March 2010
year.

Figures 1 to 3 show the generalized responsefiation associated with presented VAR
model to different values (0.25%, 0.5%, 1%) of $#sodnflation shock, output shock and
interest rate shock respectively.

The following Table 1 summarizes the optimal mangpolicy transmission horizons for
different types and values of shocks. This horidetermine on the basis of presented VAR
model.

Based on the analysis it can be seen that thenapthonetary policy transmission horizon
is primarily dependent on the size of the shockamathan its type. The value of shock is

higher the optimal horizon is greater.
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Value of shock
Type of shock

0.25% 0.5% 1%
Inflation shock 2 4 7
Output shock 2 5 7
Interest rate shock 2 4 7

Table 1 The optimal monetary policy transmission horizons.
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Fig. 1. The generalized impulse response of inflatiorhaface of inflation shocks.
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Fig. 2. The generalized impulse response of inflatiorhanface of output shocks.
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Fig. 3. The generalized impulse response of inflatiorhenfaice of interest rate shocks.

139



Proceedings of thé"Professor Aleksander Zelias International Confesesn Modelling and Forecasting of Socio-Econonfieromena

7. Conclusions

In this paper we determined the optimal monetarjcpdransmission horizon using the
traditional reduced rank vector autoregresson mdolelmonetary policy. Analyzing the
generalized impulse response of inflation we catelahis optimal horizon is primarily

dependent on the size of the shock, rather thagpges

References

[1] Batini, N., Nelson, E., 2001. Optimal horizons fmflation targeting. Journal of
Economic Dynamics and Control 25 (6-7), 891-910.

[2] Koop, G., Pesaran, M.H., Potter, S.M., 1986pulse response analysis in nonlinear
multivariate models. Journal of Econometrics 74 (1p-147.

[3] Rudenbush, G.D., Svensson, L.E.O., 1998. Policye rtdr inflation targeting.
Proceedings, Federal Reserve Bank of San Francsste Mar.

[4] Weise, C.L., 1999. The Asymmetric effects of monetaolicy: a nonlinear Vector
Autoregression Approach. Journal of Money, Credd Banking 31 (1), 85-108.

[5] Velu, R.P., Gregory, C.R., Dean, W.W., 1986. ReduRank Models for Multiple Time
Series. Biometrika 73 (1), 105-118.

140



