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The Term Structure of the Polish Interbank Rates.
A Note on the Symmetry of their Reversion to the Mean'

Abstract The empirical analysis of the term structure of the Polish interbank rates has re-
vealed that the short and the long rates from the whole spectrum of maturities have evolved al-
most accordingly to the expectations hypothesis. They have exhibited common stochastic trends,
their spreads have had cointegrating properties as well as much predictive power. Of all interest
rates considered it is only a 3 month rate that has asymmetrically been reverting to the mean.
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1. Introduction

The Polish interbank market is a place where short and medium term prices
of money are decided. These are WIBORs (Warsaw Interbank Offered Rates),
the interest rates at which banks-money market dealers lend their vis-a-vis com-
petitors within daily limits amounts in domestic currency for periods ranging
from the overnight to 12 months'. The WIBORs are used by commercial banks
as reference rates for credit and derivatives settlement purposes. They affect the
amount of credit and demand in the economy as well as the inflation rate.

The term structure of interest rates is usually explained on the ground of the
expectations hypothesis (EH) (theory) originated by Fisher (1886, 1930) and
Lutz (1940). It claims that rational expectations about the future short rate

¥ This is an English version of the paper entitled *Struktura terminowa stop procentowych na
rynku depozytéw migdzybankowych w Polsce. Uwagi o symetrii powrotu stop do $redniej’ pre-
sented at the Dynamic Econometric Models Conference held at the Nicolaus Copernicus Univer-
sity, Torun, September 8-10, 2009, and printed in Polish in Dynamiczne modele ekonometryczne,
a special issue of the Acta Universitatis Nicolai Copernici. Ekonomia, 2009, XXXIX, 27-40. The
research was founded by the Polish Ministry of Science and Higher Education under the grant
N111 007 31/0804 The term structure of interest rates at the Polish interbank market.

' Regulamin (2004).
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formed by market agents is the main driver affecting long rates. If valid, as
Cambell and Shiller (1987) demonstrates in their seminal paper on cointegration
and present-value models, the short and the long rate are cointegrated, exhibit
a common stochastic trend, and their actual spread becomes a good predictor of
their changes in the future. Since then a large empirical literature has focused on
cointegrating properties of the term structure and on building equilibrium cor-
rection models explaining dynamic interactions among interest rates of different
maturities”. In more recent analyses an asymmetric and nonlinear adjustment
towards equilibrium is allowed for due to factors such that as nonzero and
asymmetric transaction costs, infrequent trading, and the existence of regime
shifts (see Gray, 1996; Anderson, 1997; Enders, Granger, 1998; Bansal, Zhou
(2002); Sarno, Thornton, 2003; Clarida et. al., 2006). It is also argued that busi-
ness cycle expansions and contractions may have statistically and economically
important first-order effects on expectations of inflation, monetary policy, and
nominal interest rates resulting in the change of entire yield curve
(see Clarida et. al., 2006).

There has been relatively little known about cointegrating properties of the
interbank rates term structure in Poland. Using weekly sampled data from the
period 1995-2003 Konstantinou (2005) proved cointegration within the set of
interest rates ranging from one week to 6 months, and their symmetric adjust-
ment towards equilibrium. Blangiewicz and Mitobedzki (2009, 2010) reached
the same conclusions on the extended set of WIBORSs including 9 and 12 month
maturities and the extended sample until the end of 2007. They also found non-
linear reversion to the mean of some maturities which could be attributed to
transaction costs (see Blangiewicz, Mitobedzki, 2008).

The purpose of this paper is to test for asymmetric adjustment of WIBORs
towards their long run equilibrium relation. Such an adaptation is believed to be
a consequence of infrequent trading and poor liquidity in markets for longer
maturities, that is exceeding one month. The speed of the process is supposed to
depend on maturity and the sign of deviation from equilibrium relation. The
analysis is nested within a two variable vector error correction model (VECM)
with the error correcting term build upon a threshold autoregressive model
(TAR) of Tong (1983), developed by Enders and Granger (1998) and Enders
and Siklos (2001). The threshold exhibits a term premium. The estimation and
the inference are performed on the monthly sampled WIBORs of 1, 3, 6, 9 and
12 month maturity from the period January 1999-December 2007 with the use
of Gauss 9.0 and Stata SE 10°. The data is obtained from Thomson Reuters.

2 See Campbell, Shiller (1991), Hall, Anderson and Granger (1992), and Taylor (1992)
to name few commencing this literature.

? The series comprised of 108 monthly observations on WIBORs from 1M to 6M and 86 ob-
servations on WIBORs 9M and 12M.
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The remainder of the paper proceeds as follows. Section 2 is devoted to the
EH of the term structure and the way it is tested for using the asymmetric
VECM. A strategy aimed towards deriving impulse responses to unit shocks in
individual equations of the system is also outlined there as well as a method of
evaluating its forecasting properties. The results of testing for validity of the EH
and the short run dynamics of interest rates in the Polish interbank market are
reported in Section 3. The last Section briefly concludes.

2. EH of the Term Structure and its Testing for within
the Asymmetric VECM

Let P be the price at time ¢ of a bond with the face value of Pln 1 that

matures in 7 periods. According to the EH the expected one period return from
holding this bond is equal to the actual rate of return on one period bond (short

rate), RY, increased by the term premium, 49,(”) (Tzavalis, Wickens, 1998;

14 b

Cuthbertson, Nietzsche 2003), i.e.
ES) =E|[mpY - B =RV + 6", (1)

t" 7+l t+1

where E, — expectations operator conditional on information available at time ¢
. In case interest rates are continuously compounded, In P,(") =—nR,(”), where

R™ _ actual rate from holding #n-period bond (long rate), and

t

E[ 1) |=E [ nR" = (n-1)R" | =ﬁ[1¢<”> -R"] +ﬁ9}">. @)

1+1 1+1 t 1
Solving equation (2) forwards yields
n 1 & n
R"==% ER" +0". (3)
nizo
The long rate is the average of expected one period interest rates over n periods

t+i

n—1 .
increased by a rolling over term premium, ©'") = (1/ n)ZE,H("_’) .
i=0

Subtracting the short rate, Rt(l), from both sides of equation (3) after some
manipulation results in

n—1 .
s = Etz(l —;} AR} +6)", @)
i=1

which indicates that the actual spread, S,("’l) =R™ —R,(l) , should equal the opti-

4
mal forecast of a change in future short rates (perfect foresight spread, PFS) and
the rolling over term premium, conditional on information available at time .
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Now that the future short rates are integrated of order one variables, and the
rolling over term premium is stationary, stationary is the actual spread, and the
short and the long rate are cointegrated exhibiting a common stochastic trend. In

case the term premium is not time-varying (@5") = ®(")) , the cointegating vec-

tor becomes [1 -1 @(")] . Additionally, if the adjustment of the long and the

short rate to their long run equilibrium relation is asymmetric, under the
Granger representation theorem their short run behaviour is to be modelled us-
ing a two variable asymmetric VECM (Enders, Siklos, 2001)

ARY = g+ p, 10 [ ~0 |1, [1- 1 [ ~0 1.
p-l )

A Y A AR + Y BUARY. 4, )
j=1 j=1

where: 1" =1 5" >0, 1M =0 5" <0, f,a;, B, — structural

o ; N
parameters, p, — parameters exhibiting the size of correction caused by the
short and long rate deviations from their long run equilibrium relation,
&, —random disturbances (¢ =1,2,...,T5i=12,...,n;k =1,2).

The estimation of model (5) sets off with testing for the order of interest

rates integration. Then a two step procedure invented by Engle and Granger
(1987), and developed by Enders and Granger (1998) is run.

n,l)

In the first step the actual spread, St( , 1s regressed on a constant, o ,

using the OLS and a sequence of regression residuals, {ﬁ(”)}, is saved. The

t

stationarity of the spread is decided upon the auxiliary regression

AR =10 A [ 1= 10 | P+ o (©)

t t

(n)

where: v," — white noise error independent of 77,(") for k <t, in which its right

hand side is eventually supplemented with the lags of A7"" to remove autocor-

relation when needed®. Critical values of the relevant test statistics are taken
from Enders and Granger (1998), Enders (2001), and Enders and Siklos (2001).
In case the null of spread nostationarity is rejected, the symmetry of the long

*In case both the short and the long interest rate asymmetrically adjust to their long run equi-
librium relation the sample mean is a biased estimator of the threshold. In order to circumvent the
problem when running (6) the Chan method is employed, who proved that taking as a threshold

its value that minimizes the sum of residual squares 0 results in superconsistency of the estima-

tor (Chan, 1993). The threshold estimate is admitted from the sequence of middle 70 per cent
residuals 7, stacked in the ascending order (Enders, 2001; Enders, Siklos, 2001).
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and the short rate adjustment to their long run equilibrium relation is tested for
(" =p")’

In the second step a consistent estimate of the threshold (rolling-over term

), is used to determine the sign of indicator I,(") and model (5) is

premium), O
estimated by the OLS. Then the causality in Granger sense within the interest
rates is revealed through testing for the significance of zero restrictions set on

i i
parameters ¢, and f3;.

In order to derive impulse responses to one standard error shock in individ-
ual equations their specificity in nonlinear models are taken into account (Koop,
Pesaran, Potter, 1996). These are generalized impulse responses obtained per-
turbing the system at time # =7 °’. Then using a sequential substitution the long
and the short rate levels are computed from the VECM and for each 7 +/
(/=12,...,s) the sign of their deviation from the long run equilibrium relation
is established indicating which of the adjustment parameters should be used in
the next substitution. The impulse responses are estimated subtracting the indi-
vidual rates observed at time ¢ =7 from their calculated levels for time 7 +i .

The analysis is concluded with computing 3 types of interest rates dynamic
forecasts for (n,l) pairs of maturities: skeleton, bootstrap and from a Monte
Carlo simulation®.

Skeleton (naive) forecasts are directly calculated from the VECM with an
asymmetric error correcting term.

Bootstrap forecasts are arrived to by adding to dynamic forecasts residuals
from the bootstrapped matrix of residuals of the estimated VECM, specific for
the periods of positive and negative deviations of the long and the short rate
from their long run equilibrium relation.

Monte Carlo forecasts differ from the bootstrap ones in that the residuals for
both deviation regimes are drawn from a bivariate normal with a covariance
matrix separately estimated in each regime.

5 In such circumstances the OLS estimators of p"”) and p!") are jointly normally distributed,

see Tong (1983).

¢ Orthogonalized impulse responses depend on the variables ordering in the VAR system
(Pesaran, Pesaran, 1997).

" In models that allow for an asymmetric adjustment of variables to their long run equilibrium
relation a parameter exhibiting the speed of adjustment at time #+/ (for which the response of
the system is computed) depends on variables at time 7+/—1 so that for different 7 (time
a shock hits the system) different impulse responses for ¢+1,7+2,...,¢+/ are obtained (Koop,
Pesaran, Potter, 1996).

% Techniques of calculating forecasts using asymmetric models are extensively reviewed in
Clements, Smith (1997), and De Gooijer, Vidiella-i-Anguera (2004).
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All the forecasts are then compared to that obtained from the linear VECM
with the use of such ex-post accuracy measures as the bias, RMSE and the aver-
aged coefficient of variability’.

3. Empirical Results

The WIBOR 1M-12M and their spread series are displayed in Figures 1
and 2 (see Appendix). Contrary to the spreads the WIBORSs rarely pass through
their mean levels which suggests they are not stationary. Such a supposition is
enhanced by the results of the DF/ADF, DF-GLS and KPSS tests (see Dickey,
Fuller, 1981; Hobijn, Franses, Ooms, 1998; and Kwiatkowski, Phillips,
Schmidt, Shin, 1992)"°.

The estimates of the Enders-Granger test statistics F° gathered in Table 1

(see Appendix) are supportive for stationarity of the spreads s") " for

t
n=3,6,9,12 months. Accompanying them estimates of the y° test statistics
stand for symmetry of the long and the short rate adjustment to their long run
equilibrium relation for all pairs of maturities but the (12,1) month pair.

The rolling over term premia " for all pairs of maturities except for the
(6,1) month pair monotonically increase not exceeding 0.8 per cent, however.

The above findings are used in estimation of model (5). Its results with the
results of symmetric VECM estimation are stacked in Table 2 (see Appendix).
They indicate the following conclusions:

a) in view of the Akaike (AIC) and the Schwarz-Bayesian (SBC) information
criteria for the system of equations a symmetric VECM is to be used in
modelling the long and the short rate behaviour for all pairs of maturities

except that of the (3,1) month pair;

b) for the latter an asymmetric adjustment to the long run equilibrium relation
should be accounted for since the estimate of the Wald test statistics under

the null of symmetric adjustment distributed as z° (1) variable equals
15.3676 and exceeds its critical value at the 5 per cent significance level,

both rates more strongly react to negative than to positive deviations from
the long run equilibrium relation'';

¢) the short rate series (7 =1, equation II) for all pairs of maturities except the
(6,1) month pair exhibits ARCH effects up to the 6™ order;

? This equals a square root of the Theil coefficient multiplied by 100.
' The results of relevant procedures are available on request to concerned readers.
' The results of relevant procedure are available on request.



The Term Structure of the Polish Interbank Rates. A Note on the Symmetry ... 89

d) the short rate Granger causes the long rate only in the (3,1) month pair; the
reverse also holds in the (3,1) and (6,1) month pairs.

Inspection of Figures 3 and 4 right panels in which the generalized impulse
responses to one standard error shock in the long and the short rate equations of

the asymmetric VECM for the (3,1) month pair is displayed indicate that the

rates behave almost accordingly to the EH of the term structure. They fall (rise)
in the future in reaction to an increase in actual short (long) rate'”. Additionally,
their response to unit shocks in long rates is stronger than a response to the
same shocks in short rates. Similar behaviour for the other pairs of maturities
concerned is revealed on the ground of symmetric VECM.

Table 3 contains the results of 3 and 6 month long and short rate forecasts
accuracy evaluation (equations I and II, respectively) obtained from the sym-
metric and asymmetric VECMs with the skeleton (SK) and bootstrap (BS)
methods, as well as using the Monte Carlo simulation (MC). The relevant fore-
casts for WIBOR 1M and 3M are displayed in Figure 5.

The estimates of the classical ex-post accuracy measures for single variables
(bias, RMSE, averaged coefficient of variability) prove that the 3 month fore-
casts of WIBOR 1M and 3M are more precise when asymmetry of the correc-
tion term is accounted for. For all other pairs of WIBORs the more precise fore-
casts are those from the symmetric VECM. On the other hand the asymmetric
system produces more accurate 6 month forecasts for WIBOR 1M, 3M and 6M.
Of all forecasting methods used in that case the naive method should be pre-
ferred.

4. Conclusions

The analysis of the Polish interbank term structure has revealed that the long
and the short rates from the whole spectrum of maturities have evolved almost
accordingly to the EH. They have exhibited common stochastic trends, and their
spreads have had cointegrating properties as well as much predictive power.

The rates from the shorter end of the term structure (I and 3 month
WIBORs) asymmetrically adjusts to their long run equilibrium relation and
more strongly react to negative than to positive deviations from the equilibrium
relation. The adjustment of rates from the longer end of the term structure (6, 9
and 12 month WIBORs) has been symmetric, however.

For all maturities considered in the paper an increase in the actual short
(long) rate has resulted in a fall (rise) in the future long and short rates preceded
by their temporary slight increases. Both interest rates have more strongly re-
acted to shocks in long rates than to shocks in short rates.

12 The future fall of both rates is preceded by their temporary slight increase. Distortions re-
sulted form an increase in the actual long rate are only transitory.
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The most accurate of all 3 month forecasts from the asymmetric VECM have
been those for WIBOR 1M and 3M. The same for 6 month forecasts has held
for WIBOR 1M, 3M and 6M. The naive method of forecasting has been found
the most accurate when asymmetry has been accounted for. In all other cases
the superior forecasts have been obtained from the symmetric system.
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Struktura terminowa stop procentowych na rynku depozytéw miedzy-
bankowych w Polsce. Uwagi o symetrii powrotu stép do sredniegj

Zarys tre§ci Wyniki empiryczne badania nad struktura terminowa stop procentowych na
rynku migdzybankowym w Polsce upowazniaja do stwierdzenia, ze stopy krotka i dluga dla
wszystkich rozwazanych par stop WIBOR zmieniaty si¢ w zasadzie zgodnie z przewidywaniami
wynikajacymi z hipotezy (teorii) oczekiwan struktury terminowej. Stopy te znajdowaly sig
w dtugookresowej rownowadze, a ich spredy wykazywaly wlasnosci kointegrujace i progno-
styczne. Sposrod rozwazanych stép procentowych tylko 3-miesigczna stopa WIBOR odchylata
si¢ asymetrycznie od relacji rownowagi dtugookresowej ze stopa miesigczna.

Stowa kluczow e: struktura terminowa stop procentowych, hipoteza oczekiwan, asymetria
dostosowania, model TVECM, polski rynek depozytéw migdzybankowych, stopy referencyjne
WIBOR.
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Appendix
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Figure 1. WIBOR 1M, 3M, 6M (left panel) and their spreads (right panel)
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Figure 2. WIBOR 1M, 9M, 12M (left panel) and their spreads (right panel)
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Figure 3. Generalized impulse responses to one SE shock in the equation for WIBOR
3M, symmetric (left panel) and asymmetric (right panel) VECM
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Figure 4. Generalized impulse responses to one SE shock in the equation for WIBOR
1M, symmetric (left panel) and asymmetric (right panel) VECM
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Figure 5. WIBOR 3M (left panel) and 1M (right panel) forecasts

Table 1. Testing for the unit roots and stationarity results

n,1 k F 7 Premia AIC SBC Auto(12)

31 0 22.9530 0.6095 0.0020 455.0690 452.3961 8.2504
6,1 0 14.5028 1.5892 -0.0032 427.9093 425.2365 16.6340
9,1 0 5.6835 2.0762 0.0044 356.0740 353.6673 19.5290
12,1 0 6.0330 3.7919 0.0077 349.8999 347.4932 13.2154

Note: critical values of the Enders-Granger F test statistics: Fj s =6.06 i Fy, =5.08 (n=100, augmenta-
tion lag k =0), see Enders (2001), table 1; critical values z;,s(1)=3.84, 5,(1)=2.71, g5, (12)=21.03

and y;, (12) =18.55; figures in bold — significant at 5 per cent significance level.
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