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Introduction

The transmission mechanism describes the link between monetary policy actions and their impact
on real economic activity and inflation. Of course, several interrelated transmission channels may be
at work. Yet, it is widely accepted that the Polish financial system is principally a bank-oriented one.
This motivates our study since we seek to explain the role the banking sector plays in the transmission
mechanism in Poland since 1994. More specifically, we investigate the importance of the bank lending
channel and evaluate the disequilibrium in the Polish loan market. The difficulties of the authorities’
control over credit activity prove that the Polish banking sector is a key element in understanding the
efficiency of monetary policy actions during the 1990s (Polański, 1998; Brzoza-Brzezina, 2000).

Following Bernanke and Blinder’s (1988a,b) seminal article, the main result presented in the bank
lending channel literature states that the imperfect substitutability between bonds and loans generates
an amplification of monetary policy shocks when compared to the traditional money (or interest rate)
channel. The bank lending channel makes monetary policy more restrictive (expansionary) than in
a standard IS/LM model because of an independent effect that emanates from the asset side of the
banking sector, which reduces (increases) the loan supply to “bank-dependent” borrowers2. The
variations in both the credit supply and the spread between loan and bond interest rates summarize
the amplifying nature of the bank lending channel: the interest rate spread increases (decreases) and
the supply of credit decreases (increases) in the event of a restrictive (expansionary) monetary policy
(Bernanke, 1993).

Kierzenkowski (2001) makes a critical assessment of Bernanke and Blinder’s results, demonstrating
that they are not general since they require special assumptions (see Bernanke and Blinder (1988a) for
their detailed exposition). The bank lending channel can either amplify or attenuate the effects of
the traditional interest rate channel. He establishes that, as a general rule, the direction of change
in the spread between loan and bond interest rates after a monetary policy shock is a good indicator
for distinguishing between these two effects. Following a monetary tightening (expansion) there is
an increase (decrease) in the interest rate spread in the event of amplification effects and a decrease
(increase) when monetary policy shocks are attenuated.

However, these testable implications cannot be used for empirical investigations in Poland, since
Polish monetary authorities use an interest rate and not, as assumed in the model, a base money target
policy. Therefore, in section 1, we develop a simple aggregate-demand-and-supply (hereafter AD/AS)
credit-augmented model more in line with the conduct of the monetary policy in Poland, assuming an
interest rate monetary control, flexible prices of goods and an imperfect nominal wage indexation. In
section 2, we apply the testable implications of the model to provide an assessment of the bank lending

2 See, for instance, Kashyap, Stein and Wilcox (1993).
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banking system created by a combination of strong capital inflows and fixed exchange rate policies
followed till late 1990s. We calculated a single intervention rate as a weighted average of 1 to 14-
days reverse repo operation rates and that of the central bank securities issued for different maturities
between February 1994 and January 1998 and, since then equal to the actual rate on 28-days NBP
bills5. As it appears in Figure 1, our indicator of monetary policy stance is almost equal to WIBOR
T/N and, since at least August 1994, is very close to the yield of 3-month and 1-year Treasury bills on
the primary market.

Figure 1. Intervention, WIBOR T/N and Treasury Bills Interest Rates, II/94 - VI/01
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Source: National Bank of Poland and the authors’ calculations.

An indicator of monetary policy stance comparable to ours is used by Kokoszczyński (1999).
Moreover, similarly to Kokoszczyński (1999), we find a significant impact of our indicator on Treasury
bills interest rates. More precisely, as shown in Table 1, the intervention rate (IC) Granger caused
the 3-month Treasury bill interest rate (IB3M) for the entire period under consideration, the 6-month
interest rate (IB6M) in the February 1994 - August 1998 period6 but failed to affect the 12-month rate
(IB12M). However, in the latter case, the expected relationship still occurred for a shorter period of
time. On the whole, by controlling its intervention rate, the central bank exerts an important influence
on the market interest rates. Given these different observations, we assume, for the sake of simplicity,
that the bond interest rate of the model7 is equal to the yield of NBP’s securities, i.e. to the intervention

5 The indicator also includes the average rate of outright operations, which were systematically used
since September 2000 and seldom before that date.
6 Due to breaks in data since August 1998, the test could not be made for the entire period.
7 Empirically, Bernanke and Blinder (1988a,b) use the 3-month Treasury bill interest rate as a proxy
for the bond interest rate.
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2 An Empirical Assessment of the Bank Lending Channel

We analyze monthly data of a sample that runs from February 1994 up to June 2001 inclusive. We
construct three different interest rate spreads defined as a difference between 3-month, 6-month and
1-year minimum loan rates applied to Polish firms by major banks and the intervention rate of the
central bank (cf. Appendix C for definitions).

Before a closer examination of the action of the bank lending channel in Poland, we try to verify two
elements. First, we need to find out whether the loan rates and the intervention rate move in the same
direction. This is the (H1) theoretical assumption of the model that must hold in order to ensure that
the change in the spread makes possible a distinction between attenuation and amplification effects.
Second, it is necessary to check the transmission lag between the intervention rate and the loan interest
rates. To this end, we use advanced and lagged correlations between the intervention rate and the loan
rates. In Figure 2 are shown the correlation coefficients between the intervention rate at date t and the
loan interest rates at date t+k. The left-hand side of the origin shows correlations between the current
monetary policy rate and lagged loan interest rates whereas the right-hand side depicts correlations
between the current monetary policy rate and the future loan rates.

Figure 2. Advanced and Lagged Correlations Between Loan and Intervention Rates, II/94 - II/01
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Source: National Bank of Poland and the authors’ calculations.

As we can see from Figure 2, there is a strong positive correlation between the intervention rate
and all loan rates. Hence, the assumption (H1) of the model is satisfied.

Concerning the transmission lag, we notice that the maximum correlation is obtained for k = 0:
this indicates an instant (within the month) pass-through of official interest rates to loan interest rates9.

9 For the 12-month loan rate the correlations for k = 0 and k = 1 are almost identical, equal
to 0.93266 and 0.93261 respectively.
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This finding allows us to study the reaction of the spreads calculated between current loan and
intervention rates to changes in the intervention rate (see Figure 3).

Figure 3. Nominal Intervention Rate and the Interest Rate Spreads, II/94 - VI/01
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A closer look at Figure 3 shows that the period under study is not homogeneous. Recall that a
scissors-like evolution of the spreads, as compared to the policy rate, indicates attenuation effects of
monetary policy: the spreads decrease after a rise of the central bank’s rate and rise otherwise. On
the other hand, a co-movement between the spreads and the intervention rate indicates amplification
effects of monetary policy: the spreads go up after an increase of the central bank’s rate and diminish
otherwise. Using this simple rule, we can distinguish several periods.

According to Osiński (1999), in 1994-1995, the reverse repo rate was the most important policy
instrument acting on banking interest rates. Our analysis shows possible amplification effects in April
and May 1994 and from June to October 1995 because of the observed co-movement between the
spreads and the policy rate. Yet, care should be taken when dealing with the first period. Indeed,
the important decline of all spreads resulted probably rather from the structural overliquidity of the
banking systemwhich pushed down the yield of Treasury bills (see Figure 1) and subsequently the loan
interest rates, than from an enhanced monetary policy effectiveness, although there was a reduction
of the intervention rate in April and May 1994. There was also an intermediate, 8-month period
from October 1994 to May 1995 characterized on average by possible attenuation effects of monetary
policy. However, the February 1994-December 1995 period must be analyzed with cautiousness as in
several cases the average lending rate moved significantly in the opposite direction as compared to the
intervention rate.

12



Beginning with January 1996 is a rather lengthy period, that lasted more than two years and a
half, until August 1998, clearly indicating an almost systematically reduced potency of monetary
policy. The important intervention rate increase since December 1996 was designed to curb the credit
expansion. In September 1997, the central bank started to accept deposits directly from the public as
its tightening measures did not yield the expected results on banks’ behavior. Our analysis confirms
the existence of a period of monetary policy weakness between December 1996 and April 1997.

The third and rather ambiguous period started in September 1998. First, we can depict several
amplification episodes which occurred between September 1998 and January 1999 (except November
1998) and sporadically for example in December 1999, February 2000 and August 2000. However,
banks were clearly reducing the impact of monetary shocks for example in February 1999, March and
September 2000 and in the March-April 2001 period.

3 A Simple Regime-Switching Model

Let us consider the following model:

Ḋt = X
0
1,tβ1 + ε1,t, (19)

Ṡt = X
0
2,tβ2 + ε2,t, (20)

Q̇t = Min
³
Ḋt, Ṡt

´
, (21)

where Ḋt denotes the annual growth rate of the demanded quantity of loans during period t, Ṡt the
annual growth rate of the supplied quantity of loans during period t. X 0

1,t andX 0
2,t denote the variables

that influence Ḋt and Ṡt respectively, and ε1,t and ε2,t are the residuals. Q̇t is the actual annual growth
rate of the observed quantity in the loan market during period t. The above model can be considered as
a regime-switching model that allows for two regimes for characterizing Q̇t. Given equation (21), the
growth rate of the amount of loans exchanged in the market corresponds to the minimum of the loan
supply and demand growth rates. In other words, a demand (supply) regime takes place if the growth
rate of the quantity of loans is determined by the variables and their parameters associated with the
annual increase in loan demand (supply). The occurrence of regimes, i.e. any divergence between Ḋt
and Ṡt, indicates (with a 12-month lag) the existence of a disequilibrium in level in the loan market.
Indeed, if the level of demand is equal to the level of supply in each date (i.e. Dt = St), this implies
an equality of the annual growth rates of loan demand and supply (i.e. Ḋt = Ṡt). The disequilibrium
is the result of market imperfections leading to an incomplete price adjustment of the loan interest
rate and therefore to a possible distortion of the monetary policy impulses. In the case of credit
rationing, the speed and effectiveness of monetary contractions is substantially increased (Tucker,
1968). At the same time, the efficiency of the monetary policy is not symmetric since following a
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monetary expansion, there may be substantial lags and the overall impact may be less than desired if
there is an excess demand for bank loans (Sealey, 1979). However, since the quantity of loans and
therefore the estimates of the unobservable loan demand and supply variables are defined in the paper
as annual growth rates, our methodology precludes the identification of the type of disequilibrium in
level (whether the level of loan demand exceeds the level of loan supply or vice versa). Yet, we should
observe a supply (demand) regime if the level of the loan quantity is equal to the level of the loan
supply (demand).

As shown by Maddala and Nelson (1974), with condition (21), the model itself determines the
probabilities with which each observation belongs to either Ḋt or Ṡt. In what follows, we briefly
develop the theoretical underpinnings of this result. We also discuss the choice of initial conditions
which is of primary importance in order to get consistent estimators of the structural parameters of the
model.

We assume that both innovations in each function are i.i.d. Gaussian processes.

Assumption H1 We assume that εt = (ε1,t ε2,t)
0 is a i.i.d. vector and normally distributed

N (0,Ω), with:

Ω = E (εtε
0
t) =

µ
σ21 σ12
σ12 σ22

¶
. (22)

3.1 ML Estimation of Parameters

Let θ denote the vector of structural parameters θ = (β1 β2 σ1 σ2 σ12)
0. In order to propose an

ML estimate of θ, we have to compute the marginal density, denoted fQ̇t (q̇t), of the only observable
variable Q̇t. For that, we first consider the joint density of Ḋt and Ṡt, denoted gḊt,Ṡt

³
ḋt, ṡt

´
. Given

the definition of the disequilibrium in the model, we know that:

fQ̇t (q̇t) = f Q̇t|Ḋt<Ṡt (q̇t) + f Q̇t|Ṡt<Ḋt (q̇t) . (23)

Then, we get the corresponding marginal density of Q̇t on the two subsets (cf. Appendix A):

f Q̇t|Ḋt<Ṡt (q̇t) =

Z ∞

q̇t=ḋt

gḊt,Ṡt

³
ḋt, z

´
dz, (24)

f Q̇t|Ṡt<Ḋt (q̇t) =

Z ∞

q̇t=ṡt

gḊt,Ṡt (z, ṡt) dz. (25)

Finally, we get the unconditional density function of Q̇t as:

fQ̇t (q̇t) = fQ̇t (q̇t, θ) =

Z ∞

q̇t

gḊt,Ṡt (q̇t, z) dz +

Z ∞

q̇t

gḊt,Ṡt (z, q̇t) dz. (26)

Next, conditionally to a structural parameters set θ and a sample of observable variables Q̇t, X1,t and
X2,t observed on T periods, the log-likelihood function of the model is then defined by:

L (θ) =
TX
t=1

log
£
fQ̇t (q̇t, θ)

¤
. (27)
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considered as a typical “credit crunch” year, the interesting question to be addressed is whether this
state of the market lasted in the subsequent years. What we know for sure is that the end-of-year share
of non-performing loans to total loans for enterprises and households decreased steadily from 31.2 per
cent in 1993 to 28.3 per cent in 1994 reaching a low point of 9.8 per cent in September 1997.

Second, fixed exchange rate policies followed until at least the end of July 199812 can be expected to
have had a long-standing impact on the loan market. Sterilization operations of capital inflows created
a structural overliquidity of the banking system, defined as a net indebtedness of the central bank
towards commercial banks. This has been a permanent situation since the end of 1993: it potentially
renders demand regimes more likely. At the same time, we can also expect that imperfectly sterilized
capital inflows had a direct positive impact on the annual rate of growth of loan supply.

Third, the instability of real activity increased since the last quarter of 1998. Whereas the average
annual growth rate of GDP was about 5.6 per cent in the 1993-1998 period, it amounted to 4.1 per cent
in 1999 and started to fall below trend from 5.9 per cent year-on-year in the first quarter of 2000 to 2.4
per cent in the fourth quarter. In the second quarter of 2001 it was 0.9 per cent. Simultaneously, the
share of non-performing loans to total loans experienced an upsurge from 10.7 per cent in December
1998 to 13.2 per cent in December 1999 and attained a 16.5 per cent level in June 2001 (for the
corporate sector only, the corresponding figures were 11.9, 15.1 and 18.6 per cent respectively). These
stylized facts had probably a negative impact on the growth rates of loan demand and supply.

Figure 4. Nominal Growth Rate of Loans to the Corporate Sector and its Empirical Density, II/94 - VI/01
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Source: National Bank of Poland and the authors’ calculations.

Figure 4 represents the nominal growth rate of the loan series used in the study and its
corresponding Kernel density. The empirical density has the general form of a mixture of normal
distributions. This observation, with the history of the Polish loan market outlined above, renders
relevant the disequilibrium assumption and, therefore, the estimation of the regime-switching model

12 According to Polański (2000), date at which the central bank stopped its direct interventions on the
foreign exchange market.
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presented in the previous section.

4.1 Data

The data set covers the period from February 1994 to June 2001, including 89monthly observations.
All data were obtained from the National Bank of Poland, except the industrial production which
comes from the Central Statistical Office (GUS). As to the loan series, we used total zloty denominated
loans up to one year extended to resident and non resident firms. This series represents, on average for
the period under consideration, 36.7 per cent of total credit extended to firms for the sample of banks
used in the study (cf. Appendix C for definition) and 27.6 per cent taking the whole Polish banking
sector. In all models, the variables are expressed as percentage annual growth rates, except for the
interest rates which are measured in percentage points. Unless otherwise indicated, all variables are in
nominal terms.

4.2 Specification Research

We consider several models. The first one (model 1) is based on the theoretical model of the bank
lending channel presented in section 1. It is defined by:

Ḋt = β0 + β1ILt + β2ICt + β3PRODt + ε1,t,

Ṡt = α0 + α1ILt + α2ICt + α3DEPt + ε2,t, (Model 1)

Q̇t = Min
³
Ḋt, Ṡt

´
,

with εi,t i.i.d. N (0,σ2i ) and where Ḋt denotes the annual growth rate of the demand for bank
loans, Ṡt the annual growth rate of the supply of bank loans and Q̇t the annual growth rate of the
observed amount of loans. The exogenous variables of both loan demand and supply functions and
their expected signs are as follows.

The loan interest rate, ILt, is defined as an arithmetical mean of 3-month, 6-month and 1-year
weighted averages for minimum loan rates applied to Polish firms by major banks. In accordance with
the model, it is expected to be statistically significant with a negative sign in the demand function
and a positive sign in the supply one. ICt is the intervention rate of the NBP (cf. Appendix C for
definition). Due to the substitution the effect, ICt should have the opposite sign to ILt in the two
equations. In the disequilibrium loan market literature13, a lagged index of industrial production is
often used to approximate the firms’ and the banks’ expectations about future economic activity and
to have a positive sign. Following the Bernanke and Blinder (1988a,b) and the bank lending channel
literature, we assumed in the model a positive dependence of loan demand on output invoking working

13 See, for instance, Sealey (1979), Kim (1999), Pazarbaşioğlu (1997).
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indicating that other banking loans can be substituted for the zloty denominated loans up to one year.
All other variables have the expected signs and, except for the intervention rate in the loan demand
equation, have statistically significant parameters in the two equations. We note that the interest rates
parameters in the loan supply equation are considerably higher than those in the loan demand function.
This suggests that banks are much more sensitive to interest rates in their loans’ decisions compared
to the corporate sector. The high t-statistic of LGORt shows that, despite huge sterilization operations
and the growth of Treasury bills in banking assets, the heavy build-up of the NBP’s foreign exchange
reserves had a strong positive impact on the loan supply growth. However, the estimated coefficient is
much lower than the one associated withDEPt. This indicates that the total deposits of the non-bank
private sector ultimately had a stronger effect on banks’ loan supply behavior.

Figure 5 shows the fitted loan demand and supply growth rates and the corresponding probabilities
of each regime. Recall that the growth rate of the quantity of loans exchanged in the market
corresponds to the minimum of the loan supply and demand growth rates. Put differently, a demand
(supply) regime occurs if the growth rate of loans is determined by the variables and their parameters
associated with the annual increase in loan demand (supply). The results clearly reveal the existence
of two regimes. The loan market was characterized by a strong demand regime until at least the end
of 1997 and by a supply regime since May 1999. In any case, since the loan demand and supply
growth rates are almost never identical, the implication is that disequilibrium is, in fact, a permanent
characteristic of the loan market since 1994.

The period under consideration begins with an outstanding, almost 150 per cent annual growth
rate of the loan supply. The reliability of this result will be shown later on. Since then, the growth
rate of the loan supply steadily declined to approximately 43 per cent in April 1995, with a growth
rate differential between loan supply and demand amounting to 20 per cent. Interestingly, in this
downward trend, there was a temporary 17 per cent increase in December 1994, probably linked to
the denomination of the Polish zloty, which started at the beginning of 1995. Subsequently, despite
an important increase in the loan demand growth between April and November 1995, there was a
simultaneous surge in the loan supply growth leading to a stronger demand regime. This situation was
probably brought about by the imperfectly sterilized huge foreign assets growth: in 1995, the stock
of gross official reserves increased from 6 to 15 USD billion. As of December 1996, in order to slow
down the demand of goods, the NBP started to tighten up progressively its monetary policy, rising both
the interest rates and the reserve requirement ratios. However, considering that these measures did not
yield the expected results on banks’ behavior, the central bank started to accept deposits directly from
the public in mid-September 1997. Our results bring some ex-post justification for this unprecedented
action, as far as the zloty up to one year loan market to the corporate sector is considered.
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regime since December 1999.

Third, we checked for the nominal as well as for the real specifications that our findings are not
sensitive to the suppression of any of the three additional variables SAVt, OLt and LGORt.

Fourth, taking three different starting dates (January 1995, 1996 and 1997), we did not find a major
temporal stability problem in our results. The model generated similar to baseline estimates of loan
demand and supply growth rates in nominal as well as in real terms, although sometimes one or two
interest rates or the OLt coefficients had the “wrong” sign or/and were not significant.

Fifth, we can justify the reliability of the impressive supply growth rate in 1994 using two
arguments, a statistical and an empirical one.

From the statistical point of view, we estimated a unique supply function for the whole period. If it
was misspecified, that is if the magnitude of the demand regime in 1994 was over exaggerated or even
if the opposite regime should have occurred, the quality of the model would dramatically deteriorate
in the period of time when the supply function is observable, that is in the supply regime. Obviously,
this is not the case: the concordance between adjusted and historical values in the supply regime is as
good as for the rest of the period.

From the empirical point of view, what needs to be stressed is that the level of credit, as measured
by the ratio of credit to the corporate sector to GDP (see Table 7), was extremely low, hardly reaching
17.1 per cent of GDP in 1994. Therefore, a potential doubling of its volume was not unlikely to
happen. Moreover, in the same year, there was an almost 40 per cent decline of the ratio as compared
to 1989, and a 25 per cent as compared to 1991. It seems that banks wanted to again build up their
market shares on a healthy basis, after the occurrence of a credit crunch in 1993.

Table 7.Credit to the Corporate Sector to GDP Ratio

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
28.3 21.1 23 20.6 19.9 17.1 16.4 17.6 18.6 19.8 21.2
Source: National Bank of Poland and the authors’ calculations.

5 Linking the Bank Lending Channel and the Disequilibrium Loan
Market Analysis

We assumed in our theoretical model of the bank lending channel that the loan interest rate is
perfectly flexible, thus clearing the loanmarket. However, the previous section showed the existence of
a strong disequilibrium since 1994. Therefore, we should empirically investigate whether the interest
rate spread is still a good indicator of the bank lending channel in the presence of a disequilibrium
which, by definition, implies an imperfect adjustment of the loan interest rate. To this end, we applied
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the following three-stage methodology.

First, using the model 3 estimates, we computed a theoretical price of loans that would have ensured
an equality of the annual growth rates of loan demand and supply, other things being equal. Assuming
that Ḋt = Ṡt implies Dt = St, this theoretical loan interest rate is also the one which would have
balanced the loan market in level.

Second, we constructed an interest rate spread between the theoretical loan rate and the empirical
intervention rate.

Third, we compared the reaction of both the theoretical and empirical spreads to monetary policy
actions reflected by the evolution of the empirical intervention rate.

Figure 7. Theoretical and Empirical Interest Rate Spreads and the Intervention Rate, II/94 - V/01
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Source: National Bank of Poland and the authors’ calculations.

As it appears in Figure 7, both spreads tend to change in the same direction, at least since the end
of 1994. This indicates that in the presence of a loan market disequilibrium, the empirical interest
rate spread is still a valuable indicator for distinguishing between amplification and attenuation effects
of the bank lending channel on monetary policy shocks. However, the magnitude of its reaction is
smaller as compared to the theoretical spread. Indeed, since January 1995 the variance of the latter
amounts to 3.67 whereas it is equal to 1.09 for the former.

Conclusion

In this paper we have developed an extended AD/AS credit-augmented model of the transmission
mechanism. The extensions include an interest rate control with flexible prices and an imperfect
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nominal wage indexation. Using this framework, we established that the bank lending channel may
amplify as well as attenuate the action of the traditional interest rate channel. We found that the
change in the interest rate spread between a loan rate and a policy rate is a good indicator to gauge the
efficiency of monetary policy impulses. If the pass-through of official interest rates to loan rates
is less (more) than one, this implies a weaker (stronger) impact on prices and output: the bank
lending channel will therefore reduce (increase) the potency of the traditional interest rate channel.
An important explanatory factor of amplification and attenuation effects is the sensitivity of banks and
firms to loan and market interest rates. But these results require two assumptions. First, there must
be a positive relationship between loan rates and the policy rate, which is a highly probable outcome.
Second, the loan interest rate should be a market clearing variable. We showed that although the latter
assumption does not hold in the Polish case, the spread can still be used by the policymaker as a good
indicator of attenuation and amplification effects of the bank lending channel. Our analysis indicates
that the bank lending channel was reducing the overall potency of monetary policy from January 1996
to August 1998 and had and on average a neutral effect from September 1998 to June 2001.

Secondly, we have estimated a regime-switching model. The great number of tests we have
performed makes us confident about the reliability of our results. The estimates reveal that
disequilibrium is, in fact, a permanent characteristic of the Polish loan market since 1994. However,
the type of regime changed over time. After a period of a strong and long-lasting demand regime until
the end of 1997, the market definitely switched into a supply regime from December 1999.
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