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Abstract This paper introduces heterogeneity in the pass-through from market interest rates to retail bank interest rates. A substantial proportion of the heterogeneity in bank pricing policies can be explained by the bank lending channel and the relative market power hypothesis. In addition, the paper provides a new approach for testing the completeness hypothesis. The results suggest that on aggregate, the long-term pass-through of market to retail interest rates is typically less than one-for-one. While there is no convincing evidence for asymmetry in retail rates, large deviations from equilibrium mark-ups are faster reduced than small deviations. Overall, conditions for corporate loans are more competitive compared to consumer loans. Demand and savings deposits have, by far, the most rigid prices. Keywords: retail bank interest rates; pass-through; heterogeneity; panel cointegration; bank lending channel; asymmetry JEL: C23, E43, E52, G21, L11
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Introduction



This paper introduces heterogeneity in quantifying the pass-through from market interest rates to retail bank interest rates. From a macroeconomic perspective, understanding the behaviour of retail interest rates is crucial. According to the traditional interest rate channel of monetary policy transmission, policy rates have a one-for-one e¤ect on interest rates upon which agents base their decisions. Much of the research in the pass-through literature aims to test that assumption, the so-called completeness hypothesis. Another assumption implicit in the money view of policy transmission is that there are no distributional e¤ects across banks. According to the credit view, however, di¤erences in banks’ …nancial structure entail heterogeneities in bank behaviour. From a microeconomic perspective, the pass-through sheds light on banks’ incentives to change prices of their retail products. Moreover, tracing bank-related di¤erences in pricing policies is crucial in the validation of various theories. The importance of accounting for heterogeneity in dynamic relationships is stressed in estimating persistence in the real exchange rate (e.g., Imbs et al., 2005) and in‡ation (e.g., Clark, 2006). We test and con…rm that heterogeneity is also present in the relationship between bank interest rates and market rates. To provide a ‡avour of such heterogeneity, Figure 1 presents the average, minimum and maximum retail interest rate for mortgages and time deposits in the Belgian banking market over most of the 1990’s and the early 2000’s. The plots also contain the market interest rate of equal maturity1 . While the similarities between retail bank and market interest rates over time are obvious, so are the dissimilarities over the crosssection of banks. The mark-up of mortgage rates over the market rate varies over banks from essentially zero to about two hundred basis points. The mark-down of time deposits exhibits similar variation over banks. In addition to levels, there are clear di¤erences in dynamic behaviour. Consider, for instance, the varying degrees of persistence between the minimum 1 Comparing retail rates with market rates of equal maturity -rather than with the policy rate- separates the pass-through of marginal costs from term structure e¤ects of policy rates. This is consistent with a microeconomic banking perspective. In terms of monetary policy transmission these comparisons of retail rates with market rates should be interpreted as being conditional on the yield curve response of policy shocks. This policy-to-yield part of transmission is investigated thoroughly by, among others, Cook and Hahn (1989) and Ellingsen and Söderström (2001).
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and maximum interest rates of both mortgages and time deposits. This paper aims to measure the time series behaviour of retail rates, while taking into account and -where possible- explain the cross-sectional heterogeneity. Two early in‡uential studies on interest rate pass-through are Hannan and Berger (1991) and Neumark and Sharpe (1992). Following their lead, the issue has been investigated by Cottarelli et al. (1995) and Gambacorta (2004) for Italy, Lago and Salas (2005) for Spain, Weth (2002) for Germany, He¤ernan (1997, 2002) and Hofmann and Mizen (2004) for the UK and Hannan and Liang (1993) for the US. The contribution of this paper to that literature can be divided into three main parts. First, we assess the validity of the completeness hypothesis in the presence of both heterogeneity and cointegration. On the one hand, we perform tests that formally con…rm the presence of heterogeneity in the dynamics of retail interest rates. In such an environment the homogeneity assumption implies biased dynamic coe¢ cients, as shown by Pesaran and Smith (1995) or De Graeve et al. (2004) and Lago and Salas (2005) for the particular case of bank retail interest rates. On the other hand, we test and con…rm cointegration between retail rates and market rates. Hence, the distribution of the long-run pass-through is unknown. Our approach simultaneously resolves these two issues in evaluating the completeness hypothesis. The methods we use originate in the "large n, large T " panel literature. Second, we introduce asymmetry within the heterogeneous approach. We try to unify much of the existing types of non-linearity into one convenient but comprehensive form to allow several theories and types of asymmetry to coexist. Disaggregate evidence on various types of asymmetry is scarce, especially for EMU. Third, we analyse a total of thirteen products, both loans and deposits. In contrast to existing studies, which typically consider only a limited number of products, we present a more comprehensive analysis of loan and deposit products covering a large spectrum of retail banking activities. In anticipation of our results, we …nd that heterogeneity is substantial in retail interest rates. In contrast to what homogenous studies tend to …nd, the incorporation of heterogeneity reveals that banks adjust their retail interest rates fast and incomplete. At the source of 2



heterogeneity are di¤erences in banks’ …nancial structure and market power. For instance, our results show that a bank with a large capital bu¤er or a large market share will have the tendency to charge high loan mark-ups and adjust less than complete to changing market conditions. In addition to variation over banks, we also …nd di¤erences over products. On the asset side, corporate loans are priced more competitively relative to consumer products. With respect to liabilities, the interest rates of demand and savings deposits are very rigid, while this is far less the case for time deposits and savings bonds. We also …nd evidence of non-linearities. Speci…cally, larger deviations from equilibrium interest rates are more swiftly corrected. Moreover, while the speed of adjustment for loans is relatively symmetric, deposit interest rates tend to be more rigid upwards. The paper is organized as follows. The second section describes the data. Section 3 introduces the heterogeneous framework and presents a …rst set of results. In Section 4 we investigate the scope for non-linearities. Section 5 traces the sources of heterogeneous pricing behaviour. A …nal section summarizes the main results and discusses a number of implications.
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Data



The speci…c market we study is the Belgian banking market. The central bank (National Bank of Belgium) collects monthly interest rate data for six loan products and seven types of deposits, with both short and long maturities, and oriented both to consumers and …rms. The reported interest rates apply to new operations. The loan and deposit products are standardized in the sense that maturity, amount and debtor quality are stipulated. Analysing standardized products has the advantage of limiting the e¤ects of non-price competition. Concerning deposits, we examine the behaviour of three time deposits, two savings bonds, one demand and a savings deposit. The loan products cover four corporate loans and two consumer-oriented loans. Loan rates in the sample are those charged to the most creditworthy borrowers. The dataset comprises monthly bank-speci…c interest rates of 31 banks for 13 products over the period January 1993 – December 2002. These banks account for more than 90% of total 3



assets of the Belgian banking sector. The dataset is unbalanced due to a number of mergers and acquisitions. We treat banks that were involved in a merger or acquisition as di¤erent units before the merger, and as one thereafter. As is evident from Figure 1, over most of the sample period interest rates have been declining. This characteristic can largely be explained by the EMU-related convergence of interest rates, in‡ation and the stance of the business cycle and of monetary policy. The general picture that emerges from the loan and deposit rates is that bank retail rates generally follow changes in market rates (with a comparable maturity). However, there are clear di¤erences across products in terms of speed and magnitude of the adjustment.
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Measurement



3.1



Methodology



The standard approach in the literature for measuring the pass-through is an error correction framework. The way in which we treat heterogeneity and the "large n, large T " methods2 we use, however, are far less common. We here describe our approach and highlight where abandoning the homogeneity assumption may help. For each of the thirteen products, we consider a separate panel. A …rst step in measuring the pass-through is determining the relevant marginal cost for each product. For almost all products in our dataset, the inquiry speci…es a well-de…ned maturity. For those products for which a reference maturity was not explicitly speci…ed we use as marginal cost the market rate which exhibits the highest correlation. The fact that products are standardized translates naturally into considering the same marginal cost for all banks, within a product category. The majority of interest rate series in our dataset are non-stationary over the sample period. For modelling purposes, in order to avoid spurious results, a natural question to ask is whether the respective retail and market rates are cointegrated. By now, the literature has 2 The dimension of our dataset (n = 31, T = 120) falls well within the range of the prototypical international macroeconomic datasets, for which the "large n, large T " methods were originally designed.
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established a wide variety of panel cointegration tests, surveyed in Banerjee (1999). Our aim is to allow heterogeneity in almost all aspects of banks’price setting behaviour. We therefore apply Pedroni’s (1999) cointegration test, i.c. the between-dimension augmented Dickey-Fuller test (see also McCoskey and Kao, 1999). This residual-based test is based on individual cointegrating regressions of the form (Engle and Granger, 1987):



bi;t = c1i +



i mt



+ ui;t



(1)



where b = bank rate, m = market rate, t = 1; : : : ; T indexes time and incorporation of heterogeneity is clear from the “i” subscripts on the parameters (i = 1; : : : ; n where n is the number of banks). Individual long-run pass-through coe¢ cients are measured by



i,



while



c1i captures bank-speci…c mark-ups. The cointegration test, under the null hypothesis of no cointegration, allows for both short (ui;t ) and long-run ( i ) heterogeneity under the alternative. In case of cointegration, or stationary ui;t , an error correction representation of the retail rate exists:
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The lag length (p,q) is determined using the Schwarz Bayesian Information Criterion. The term



i ui;t 1



captures the adjustment towards equilibrium. When



i



2 ] 1; 0[, this con…rms



the presence of an equilibrium-restoring relationship. Even though our approach fully encompasses heterogeneity, the estimation procedure still allows observations on a macro scale. First, aggregate coe¢ cients l (where l 2 fc1 ; c2; 1 ; :::;



q;



1 ; :::;



p,



) are a weighted average of the bank-speci…c coe¢ cients. The weights wil are a



function of the respective estimated covariances (Swamy, 1970; Hsiao, 2003)3 . Second, the average long-run pass-through,



, is estimated following Phillips and Moon (1999). They



provide an estimator of the heterogeneous cointegration coe¢ cient4 . 3 An earlier version of the paper (De Graeve et al., 2004) compared the Swamy-estimates with mean-group estimates as suggested by Pesaran and Smith (1995). We found no substantial di¤erences. 4 In particular, when the variance of the exogenous variable is (almost surely) the same for each cross-sectional unit, as in the setup of Equation (1), the pooled estimator proposed by Phillips and Moon (1999) traces the
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There are a couple of di¤erences between our estimates and more standard panel estimates (such as …xed and random e¤ects estimators). First, consider the immediate pass-through coe¢ cient



0.



Our estimator for this coe¢ cient is



0



N P



=



i=1



wi 0



0i .



It is clear from this



speci…cation that each bank is allowed to exhibit a di¤erent immediate reaction to changes in market rates. A similar relation holds for c1 ; c2;



1 ; :::;



p;



1 ; :::;



q



and . The traditional



panel approach controls for an individual level e¤ect (in c1 and c2 ), but disregards heterogeneity in the dynamics (the



,



and



coe¢ cients). Second, much of the pass-through literature



has focused on the speed with which banks adjust their retail rates to changing money market conditions. A commonly used metric is the “mean lag”, an indicator of the number of months it takes to attain the long-run equilibrium. For an individual bank this measure can be computed as N P
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. The present model allows us to compute the average mean lag
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latter is what one can extract from a standard homogenous panel. The former measures the average of individual adjustment speeds, which is in interpretation closer to the economic parameter of interest. There is a similar and equally important distinction between the average long-run pass-through, , and the long-run average pass-through. Recently, analogous points have proven to be important in the estimation of in‡ation persistence (e.g., Clark, 2006) and in the literature on the purchasing power parity puzzle (e.g., Imbs et al., 2005). Our results suggest that these distinctions are also important when dealing with retail interest rates. Third, a very interesting by-product of the way we estimate the average long-run pass-through is that it has a tractable normal distribution5 (Phillips and Moon, 1999). This allows us to assess whether the pass-through is e¤ectively complete ( = 1). By contrast, alternative estimators of pass-through coe¢ cients follow non-standard distributions, leaving the completeness issue unresolved. average long-run parameter. 5 In a traditional time series setting OLS provides (super)consistent estimates of the cointegration vector. Due to the non-stationarity of the regressors, however, these estimators no longer have standard distributions. In a panel setting too, one can consistently estimate the cointegration vector by OLS. However, what is particular to “large n, large T”panels is that certain estimators of cointegration coe¢ cients converge to a normal distribution, as shown Phillips and Moon (1999). This enables standard hypothesis testing on long-run coe¢ cients.
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3.2



Results Table 1 reports the cointegration and heterogeneity tests. Table 2 presents the estimation



results6 . For all loans and deposits, the size and signi…cance of the negative adjustment coef…cients in Column 5 of Table 2 con…rm the presence of an equilibrium-restoring relationship. This is consistent with the results of the cointegration tests in Table 1. As the t statistics in the third column of Table 1 show, for every product panel, the null hypothesis of no cointegration is rejected. Although the cointegration test indicates the presence of a cointegrating relation in the demand deposit panel, its adjustment coe¢ cient is only marginally signi…cant. Conversely, in the case of trade credit cointegration is con…rmed only marginally by the panel augmented Dickey-Fuller test, but its adjustment coe¢ cient is highly signi…cant. All other loan and deposit products are clearly cointegrated with their respective comparable market rates. The presence of heterogeneity is also evident from Table 1. The right-hand panel of this table compares, by means of likelihood ratio tests, our model with a traditional homogenous coe¢ cient model. For all products the likelihood ratio test rejects the null of homogeneity. Thus, the data prefer a heterogeneous speci…cation. Not fully appreciating the amount of heterogeneity in the data may generate substantial biases, as De Graeve et al. (2004) show for the adjustment coe¢ cient and Lago and Salas (2005) for the long-term pass-through. The importance of heterogeneity can be deduced from Table 2. Each number in square brackets is the percentage of the standard error that is due to cross-sectional heterogeneity. The remaining proportion is mere parameter uncertainty. As these percentages typically attain values of 70% and more, most of the uncertainty surrounding our macro-estimates is clearly due to the amount of cross-sectional variation7 . 6 All results have been subjected to a number of sub-sample stability (and other robustness) checks. First, market rates are highly volatile in 1993 due to the EMS-crisis. Performing the analysis from 1994 onward never had a signi…cant impact on the results. Second, after the introduction of the euro the pass-through of some products is low relative to the full sample. It is di¢ cult, however, to attribute this result solely to the introduction of the Euro. It may also be driven by the more or less simultaneous consolidation of the banking sector. The results in Section 5 (in particular those for market share) suggest that at least some weight should be attributed to this latter interpretation. Additional details can be found in De Graeve et al. (2004). 7 To illustrate the potential di¤erences in inference between various approaches, consider the average mean lag of trade credit in Table 2, which is 0:198. Recall that this is the average of the individual mean lags, and j j is thus the true coe¢ cient of interest. The mean lag average can also be computed from the table, as j j 0 .
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We reject the completeness hypothesis for the majority of the products in our sample. While much of the literature accepts the completeness of the long-term pass-through, our view is that it should be measured and tested di¤erently. As regards measurement, the present estimates do not su¤er from biases due to the use of aggregated data or the imposition of homogenous slopes. As regards the testing procedure, we take into account distributional aspects of the long-term pass-through estimate. More precisely, we trace the exact distribution of long-term pass-through ( ) relying on results in Phillips and Moon (1999). With that in mind, the evidence in Column (3) of Table 2 reveals that the long-run response is one-for-one only for four out of thirteen products. In particular, the long-term time deposit, the mortgage loan and two of the corporate loans, viz. the term and investment loan, have a long-term pass-through that is not statistically di¤erent from one. The remaining products exhibit an incomplete pass-through. Turning to point estimates, for loans we …nd a considerable amount of short-term stickiness (ST PT in Column 4 of Table 2). This is in line with the bulk of evidence in the literature. Yet substantial di¤erences exist across the respective loan products. This stickiness is most pronounced for the consumer loans in our sample, while only to a lesser extent for corporate loans. Regarding the consumer loans, at most 40% of the long-term pass-through is adjusted on impact, whereas for corporate loans at least 75% of the …nal response is immediately realized8 . The long-run pass-through, too, is low for the two consumer-oriented products (65% for consumer credit and 91% for mortgages) relative to equal maturity corporate loans9 . With respect to the speed of adjustment, computation of the mean lag reveals a similar result. Banks are slower in their adjustment to market rates for consumer-oriented products. Angeloni et al. j0:908 0:692j



For this product this yields = 0:774. For more than half the products in our sample, we obtain j 0:279j a mean lag average at least twice as high than the average mean lag. The largest bias is found for current account overdrafts. 8 The observation that consumers are faced with less competitive pricing is consistent with the model of Rosen (2002). He argues that the more sophisticated (in terms of search intensity and access to alternative …nance) customers are, the more complete the pass-through will be. Rosen (2002) …nds evidence for his model using aggregate US deposit data. Interpreting consumers as being less sophisticated than …rms, we too …nd evidence in support of his model, but using disaggregated data on loans. 9 The sample of the consumer credit data starts in January 1996. This warrants some caution in interpreting results for consumer credit. To investigate the e¤ect of the shorter time span we also performed the analysis for all products for that shorter period. We then …nd that the pass-through is lower for all products, and that the precision of the estimates is somewhat lower, relative to the full sample results in Table 2. Within this shortened sample, however, consumer credit still exhibits the lowest (long and short-term) pass-through.
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(2003) …nd that the ECB’s policy decisions have a stronger impact on corporate investment relative to private consumption. The results in Table 2 suggest that such di¤erential composition e¤ects of monetary policy actions may well be due to the manner in which banks adjust their retail interest rates. Furthermore, long-term adjustment tends to be more complete for both corporate and consumer loans the longer their maturities. For time deposits and savings bonds, too, point estimates of the long-run pass-through are higher for longer maturities. This result has not been identi…ed in previous research due to either a lack of products to compare with, or the use of a short-term market rate, rather than one with a comparable maturity. Pass-through estimates that do not distinguish between marginal cost and term structure e¤ects -using the short-term market rate as marginal cost- typically …nd the opposite: the pass-through is lower the longer the maturity of the product. Our results show that this …nding is only due to the incomplete transmission of short rate movements to the entire yield curve. The Belgian bank deposit market seems to consist of two distinct segments. The …rst is the market for time deposits and savings bonds, where banks seem to follow changes in market conditions quite rapidly. Table 2 shows that mean lags in this segment are very low, viz. below one month. Interestingly, the product-speci…c spreads for time deposits and savings bonds are insigni…cant and sometimes even positive, accentuating the competitiveness with which these products are priced. This contrasts sharply with the other segment, namely that of demand and savings deposits. Here, the average spreads are more negative than for all time deposits and savings bonds. Adjustment is particularly sluggish for both these deposits, as indicated by their mean lags (around 2 months). Moreover, the estimated immediate pass-through is 2% for savings and 9% for demand deposits. Even in the long run, the response is far from complete (70% and 53%10 , respectively). 1 0 For demand deposits the results understate the actual smallness of the pass-through. A number of banks did not change their demand deposit rate over the sample period. Absent any reaction to market rate changes, these banks’pass-through is zero. These zero pass-through coe¢ cients are not incorporated in the estimates of Table 2.
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4



Non-linearities



4.1



Methodology Non-linearities in interest rate adjustment are compatible with numerous theoretical argu-



ments, ranging from market structure, over consumer sophistication and informational problems, to nominal rigidities and transaction costs. Most of the existing empirical work considers the asymmetry implied by a particular theory one at the time. Since the various theories are not mutually exclusive, we propose a functional form of the interest rate adjustment process that aims to nest all theories. Similar to most of the existing empirical literature, we focus on asymmetries in the speed of adjustment11 . Consider the following expression for



i,



the adjustment coe¢ cient of the error



correction model (2), as our baseline speci…cation12 :
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(3)



of the cointegration relation (1) play an important role with respect to



non-linearities. In the short run retail interest rates (rt ) often di¤er from their equilibrium value (c1 + mt ). In what follows we label these di¤erences (ut ) "supermargins" to indicate temporary deviations from the long-run margin c1 . These supermargins capture the bank’s incentives to change its price. First, the sign of the supermargin indicates whether the bank makes pro…t or loss relative to its long-run mark-up. A negative supermargin for loans may indicate an increased incentive to increase loan rates. Second, the magnitude of the supermargin can also convey important information. The larger deviations from equilibrium are, the more likely it is that incentives to change prices become more pronounced. Small deviations from equilibrium 1 1 In principle, one could allow asymmetries in each coe¢ cient of Equation (2). Lim (2001) takes this approach and investigates asymmetry depending on the sign of interest rate changes. However, di¤erent theoretical models predict di¤erent factors that generate the non-linearity. This suggests to go beyond the traditional models that capture only sign asymmetries, by allowing multiple drivers of non-linearity. From an econometric point of view parsimony then dictates to restrict non-linearity to a limited number of coe¢ cients. Because of its close correspondence to theoretical models we focus on the adjustment coe¢ cient. Frost and Bowden (1999), Hofmann and Mizen (2004) and Sander and Kleimeier (2004) choose a similar setup. 1 2 While all coe¢ cients are still heterogeneous, we drop the “i” subscripts to lighten notation.
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may not instigate price changes. Equation (3) makes the dynamic adjustment regime-dependent. Regime shifts are driven by the value of the supermargin relative to a threshold, u. In the lower regime the adjustment is characterized by the coe¢ cients based on



1
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+ 1,



2
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and



3



1,



2



and



+



+ 3.



3.



The upper regime measures the adjustment



While the



coe¢ cients determine how the bank



reacts (the shape of the adjustment coe¢ cient), the threshold u determines when there is a change in behaviour (shift to another shape). The speci…cation (3) captures several types of adjustment behaviour suggested by economic theory. For clarity of exposition, the description below of (3) …rst discusses the case where u = 0. That is, we start by focusing on the case where asymmetry is considered relative to the long-run equilibrium (i.e. below versus above the cointegration relation). We later generalize this to a variable threshold u. First of all, Equation (3) nests symmetric adjustment towards equilibrium: + 2



=



3



=



+ 3



= 0. This implies a constant adjustment coe¢ cient of



1,



+ 1



=



2



=



irrespective of the



sign and size of the supermargin. Second, the sign of the supermargin may induce di¤erent dynamic responses. The coe¢ cient + 1



captures the possibility of such asymmetric reactions. Asymmetry is modelled in a similar



fashion in Levine and Loeb (1989), Neumark and Sharpe (1992), Scholnick (1996), Frost and Bowden (1999), Mojon (2000), Hofmann and Mizen (2004) and Sander and Kleimeier (2004). Whenever banks have some market power they may have little incentive to adjust their retail lending rates when they are above their equilibrium value (rt > c1 + mt in terms of Equation (1)). For loans, a signi…cantly positive estimate of



+ 1



indicates that banks are slower in



adjusting retail rates when their mark-up is above its equilibrium level. Such behaviour is also in accordance with downward nominal price rigidity. If, however, the market is characterized by customers with su¢ ciently high (absolute) demand elasticities, a policy of prolonged positive deviations from equilibrium prices would result in a severe loss of demand. This could more than o¤set the gain in pro…ts due to the positive supermargin and may imply an insigni…cant (or even negative)



+ 1.
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Third, not only the sign but also the size of the supermargin may be a source of non-linearity in adjustment towards equilibrium (Frost and Bowden, 1999 and Hofmann and Mizen, 2004). Inclusion of



2



means adjustment towards equilibrium di¤ers for each value of the supermargin.



In the case of loans, a positive estimate for this coe¢ cient means that case of large negative supermargins (ut



1



t



is highly negative in



<< 0). In other words, the higher the bank’s loss



relative to its equilibrium mark-up, the faster it will adjust its loan rates. As supermargins increase



2



> 0 implies that the speed of adjustment falls. This is equivalent to adjustment



coe¢ cients closer to zero. As another example,



2



> 0 and



2



+



+ 2



< 0 implies that larger



supermargins entice faster adjustment regardless of their sign. Moreover, when j 2



+



+ 2



2j



di¤ers from



asymmetric behaviour is present. Then both the sign and size of the supermargin



matter for the speed of adjustment. Fourth, the incentives that are captured by



2



could become increasingly more important



for larger deviations from equilibrium. Theories of menu and switching costs imply no or relatively weak transmission of shocks when the retail interest rate is in the vicinity of its equilibrium. These theories imply



3



< 0. The persistence of large gaps between the market



and retail interest rates as argued relevant by Rosen (2002), is corroborated by …nding



3



> 0.



Again, there may be reasons to suspect that the proportionality di¤ers depending on whether the retail rate is above or below the cointegration relation. We therefore also include



+ 3



in the



baseline speci…cation13 . For clarity of exposition, the above description of (3) assumed u = 0. Alternative scenarios are conceivable, however. A bank may, for example, only raise loan rates when its loss exceeds a menu cost. This implies that the relevant threshold (u) for the residuals need not be zero. In the empirical implementation, we allow the threshold to be di¤erent from zero14 . When u 6= 0 1 3 In Sander and Kleimeier (2004) there is an interval around equilibrium in which the bank rate adjusts di¤erently in comparison with large deviations. We also examined models with two thresholds to account for distinct adjustment in the neighbourhood of the equilibrium, in addition to the possible dynamics described in (3). These models do not seem to add much relative to the estimates of the two-regime models. 1 4 We estimate the threshold u as follows. Similar to Sander and Kleimeier (2004), we specify a grid over the domain of the residuals of the cointegration relation (1), ut 1 . Every point on the grid is a candidate for u. For each of these points we estimate the error correction model (2), where the adjustment towards equilibrium, , follows (3). For reasons of estimation precision, we require that there is at least ten percent of observations on each side of the threshold. Among these models we select the one with the maximal likelihood. That model’s value on the grid is our estimate of the threshold u.
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the interpretation of the



coe¢ cients remains the same, only the instances in which a certain



applies change. Starting from (3), we perform a general-to-speci…c procedure to determine the optimal parsimonious model.



4.2



Results Figure 2 plots the implied adjustment coe¢ cients as a function of the supermargin. Table



3 provides the estimated coe¢ cients. Both for loans and deposits adjustment coe¢ cients are more negative the further residuals are away from the estimated threshold. This implies that large deviations from equilibrium are swiftly corrected. In terms of point estimates, all the models have either a positive combined with a negative



+ 3,



2



combined with a more negative



+ 2,



or a negative



3



(possibly



or a positive one, but smaller in absolute values). The …nding



of greater inertia in interest rates when they are close to their equilibrium level is suggestive of menu or switching costs at work. Menu cost theories predict that when the price is close but not equal to its desired level, small costs of changing prices will prevent a full equilibrium correction. Similarly, switching costs predict that small deviations from equilibrium will not be su¢ cient to make customers consider changing bank, and will thus hamper quick price changes. One type of non-linearity the data strongly reject is the persistence of large deviations from equilibrium, advocated by Rosen (2002). Regarding the functional form in the case of loans, we …nd no clear asymmetric e¤ects over products. Three of the loan products (current account overdrafts, investment loans and mortgages) exhibit a symmetric adjustment process. Only



1



and



3



are signi…cant for these



products. For trade certi…cate and consumer credit there is a minor di¤erence in slope depending on the sign of the residual. Only for trade credit, there is a more substantial indication of asymmetry: the adjustment coe¢ cient is much steeper to the left of the threshold. For this product, a negative deviation from the threshold induces a faster adjustment than a positive one of equal size. For six of the seven deposits, we …nd indications of asymmetric adjustment. Moreover, four 13



of these models imply faster adjustment at times where the deposit rate is above its equilibrium value. In particular, the adjustment of the shortest maturity time deposit is characterized by j



2j







2



+



+ 2



and the savings deposit has j



3j







3



+



+ 3



. The asymmetric behaviour of



the time deposit is not completely surprising. To some extent, it may also be inferred from Figure 1, where the minimum tends to incorporate decreases and often neglects increases in the market rate. The long maturity time deposit and the short-term savings bond have a signi…cantly negative intercept (



+ 1)



in the upper regime. These results suggest that the type



of asymmetry Neumark and Sharpe (1992) show to be important in the US is also present in some of the Belgian deposit markets. In general, however, the e¤ects driven by the size of the supermargin are relatively more important than sign-induced asymmetries in the adjustment speed of both loan and deposit retail interest rates.
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Determinants



5.1



Methodology and speci…cation



The measurement of the pass-through in Section 3 highlights the importance of heterogeneity in banks’pricing behaviour. We now gather the bank-speci…c pricing measures and investigate if heterogeneity in them is driven by bank-speci…c factors. The focus is on two particular pricing measures of interest: the spread (c1 ) and the long-term pass-through ( )15 . For both loans and deposits, we estimate the following relation: 0



1



0



B c1i;j C B B C=fB @ A @ i;j



market poweri;j ; f inancial structurei ; operational structurei ; product market dummiesj



1 C C A



(4)



where i indexes individual banks and j refers to the respective products. Due to heterogeneity between banks and among products, the left-hand side variables are heteroscedastic. In order to cope with this feature, we estimate Equation (4) by (Feasible) Generalized Least 1 5 We have also investigated heterogeneities in the other pricing measures, such as the adjustment speed ( and ) and the immediate pass-through ( 0 ), yet supress their results. The results for adjustment speed are not very stable, especially when taking into account non-linearities. Heterogeneities in the short-term pass-through are generally driven by the same factors that in‡uence the long-term pass-through.
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Squares. The right-hand side variables are constructed from bank balance sheet and pro…t and loss account data. We now detail on the speci…c variables16 and hypotheses included. The literature concerned with the credit channel of monetary policy transmission has stressed the importance of banks’ …nancial structure, in particular bank capitalization and liquidity, in determining their responsiveness to monetary policy. Poorly capitalized and illiquid banks (Kashyap and Stein, 2000) are hypothesized to be relatively vulnerable to monetary, and by implication, market shocks. Moreover, banks have to maintain regulatory capital against their risk-weighted assets, implying that their capacity to expand lending depends on their capital adequacy. In line with Gambacorta and Mistrulli (2004), we measure the capital position of a bank by its excess capital-to-risk-weighted-asset ratio. As a measure of liquidity we include the ratio of the sum of cash, securities and the bank’s net interbank position over total liabilities. Similar to equity, we expect liquidity to act as a bu¤er against market ‡uctuations, implying a negative e¤ect on pass-through for both loans and deposits17 . Following the results of Maudos and Fernández de Guevara (2004) and Saunders and Schumacher (2000) for net interest margins, we include excess capital in the spread regressions too. Another obvious determinant of bank pricing behaviour is the degree of competition in the loan or deposit market. Since Berger and Hannan (1989), tests discerning between the structure-conduct-performance and e¢ ciency hypotheses in explaining bank margins and bank pro…tability have attracted considerable interest in empirical banking. In our regressions we therefore incorporate bank-speci…c indicators of market power, i.c. the bank’s market share in the loan or deposit market. The market share measure is calculated for each of the loan and deposit products separately. This is consistent with the relative market power hypothesis advanced by Berger (1995) which states that a bank with a large market share in a certain product market may be able to set interest rates less competitively for that particular product. 1 6 The characteristics we consider are structural in the sense that they capture typical features of banks that do not change very much over time, such as balance sheet structure or market position. One instance in which such characteristics do change signi…cantly over time is the case of mergers. The fact that we treat merged banks as di¤erent units before the merger implies that this e¤ect is taken into account in the analysis. 1 7 Contrary to most analyses in the credit channel literature, we do not consider bank size as a separate characteristic. Both from a theoretical and an empirical perspective, bank size is usually considered to proxy for some size-related characteristics for which data are not available. We explicitly take into account the e¤ect of these size-related factors, leaving little independent scope for bank size in the analysis. This is con…rmed in a regression of the residuals of (4) on bank size, where the latter is never signi…cant.



15



A negative (positive) e¤ect of the market share variable on the deposit spread (or loan markup) would thus corroborate the relative market power hypothesis. The alternative hypothesis is that banks’pricing decisions are driven by the degree of their operational e¢ ciency rather than their market power. The rationale is that e¢ cient banks have the incentive to use their coste¤ectiveness to post below-average lending rates or above-average deposit rates. We measure the degree of each bank’s operational ine¢ ciency with the cost-income ratio (e.g., Vander Vennet, 2002) and expect a positive (negative) relationship with the estimated loan (deposit) spread. These arguments may equally apply to the long-term pass-through. Finally, similar to Gambacorta (2004), we include two variables in the loan regressions to measure possible e¤ects of relationship lending. On the lending side, the percentage of longterm loans in total loans is intended to proxy for long-term contacts between a bank and its customers (Berger and Udell, 1992). The hypothesis is that banks engaged in relationship lending will tend to smooth market shocks for their customers by smoothing interest rates over the business cycle. We also include the ratio of deposits over the sum of deposit and non-deposit funding to verify the thesis of Berlin and Mester (1999). They suggest that banks with a stable pool of deposits, which leaves them less vulnerable to exogenous interest rate shocks, will provide more loan rate smoothing. The expected e¤ect of relationship lending is thus negative on the pass-through. As a compensation for keeping interest rates relatively stable, the bank could earn higher loan spreads. In sum, we expect relationships to result in higher, but less volatile loan rates. With respect to deposit rates, a low ratio signals a high degree of market based funding, and thus pricing close to the market.



5.2



Results



The estimation results are presented in Table 418 . Consider the spread regressions in Columns 2 and 3. The adjusted R2 indicates that the speci…cation captures heterogeneity in loans very 1 8 All regressions contain product dummies. These are not reported in the table, but are approximately equal to the spread and long-run pass-through estimates in Table 2.
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well (80%), while less so for deposits (13%). The good performance of the loan regression is comforting for our baseline speci…cation. The relatively poor …t for deposit spreads is most likely due to the (statistically) zero spread of many deposit products (see Section 3, Table 2). Capital exerts a positive e¤ect on both the loan and deposit spread. Gambacorta (2004) …nds similar e¤ects of capital on interest rate levels in the Italian banking market. In terms of excess capitalization the 25th percentile bank has a loan mark-up that is 38 basis points lower than the mark-up of the 75th percentile bank (implied di¤erences are reported in square brackets). Market share has a signi…cantly negative (positive) e¤ect on deposit (loan) spreads19 . This …nding corroborates the relative market power hypothesis of Berger (1995): having a large market share in the respective markets allows banks to charge high loan rates and pay low deposit rates. In addition, the deposit spread is signi…cantly negatively a¤ected by the ine¢ ciency indicator. This is consistent with the …ndings of Focarelli and Panetta (2003) for Italy. There too, e¢ cient banks pass on part of their cost-e¤ectiveness onto consumers in the form of higher deposit rates. The two proxies for relationship lending are never signi…cant20 . Turning to the long-term pass-through regressions, the baseline speci…cation explains 28% of heterogeneity in loans and 53% for deposits. Heterogeneity in the dynamics of retail rates is for a large part driven by capitalization and liquidity. Liquid and highly capitalized banks have a lower pass-through, both for loans and deposits. In other words, the pricing behaviour of these banks is least tied to market developments. The implied di¤erences suggest that the e¤ect of liquidity on the loan pass-through is large, even relative to the already substantial e¤ect of capitalization. This supports one of the basic hypotheses underlying the bank lending channel. This sub-channel of the credit channel of monetary policy transmission posits that there are cross-sectional di¤erences in the ability of banks to shield their loan supply from market ‡uctuations (e.g., Kashyap and Stein, 2000). Ine¢ ciency has a positive e¤ect on the pass-through, although only marginally for loans. Thus, it seems that e¢ cient banks are tied less closely to market conditions. Market share 1 9 For loans, the e¤ect is positive and insigni…cant in the baseline speci…cation. However, dropping the most insigni…cant variables, we …nd a coe¢ cient of 0:738 for market share, with a standard error of 0:368. 2 0 We also included the long-term business variable in the deposit regressions. It is never signi…cant and does not a¤ect the obtained results.
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does not a¤ect the deposit pass-through. Loan pass-through, by contrast, is the lowest for banks with large market shares. At …rst sight, the economic signi…cance, measured by the implied di¤erence in pass-through between the 25th and 75th percentile bank, seems rather small ( 0:016 for loans). The distribution of market shares is, however, highly skewed, indicating that market power is concentrated in a few banks. The implied di¤erence in pass-through between the 25th percentile and the bank with the largest market share is approximately …ve times as large. The signi…cantly negative e¤ect of market share on long-term pass-through has interesting macroeconomic consequences. In particular, for most of the products in the sample, we rejected the completeness of the long-term pass-through coe¢ cient . The negative impact of market share on



implies that the average long-run coe¢ cient tends to be even lower for



the major Belgian banks21 .



6



Conclusion



Our analysis is concerned with the static and dynamic characteristics of retail bank interest rates. The particular market under consideration is the Belgian retail bank market. Our approach and some of our results, however, pertain to retail interest rate analysis more generally. A …rst conclusion of the paper is that retail pricing behaviour is characterized by a substantial degree of heterogeneity. To some extent, such bank-level di¤erences in pricing are the consequence of market power and bank lending channel e¤ects. On the one hand, we …nd that banks with the largest market shares price their products least competitively, which is supportive of Berger’s (1995) relative market power hypothesis. On the other hand, both loan and deposit prices of well capitalized and highly liquid banks are least responsive to changing market conditions, as predicted by the bank lending channel. Second, for the majority of products in our sample we …nd that the pass-through is incomplete in the long run. This conclusion is opposite to many earlier studies (see e.g., the overview 2 1 While we measure market share for each product market separately, the largest banks tend to dominate each individual segment. When computing the average pass-through for the three largest Belgian banks (which comprise, on average, 65% of total assets), it seems that large banks are prone to lower, rather than higher pass-through behaviour.
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in de Bondt, 2002). Our analysis provides two methodological improvements relative to that literature, however. The …rst is that we take into account the non-standard distribution of the long-run pass-through. The second improvement is that the point estimates on which we base our conclusions are consistent with heterogeneity at the micro level. The …nding of incompleteness is reassuring for theoretical banking models that incorporate non-competitive pricing. With respect to empirical analysis, our results suggest that the incorporation of heterogeneity is important in the quanti…cation of aggregate e¤ects. Third, while the adjustment of loans tends to be symmetric, there is some evidence that deposit rates adjust faster downward than upward. Our non-linear analysis of adjustment speed suggests, however, that this kind of sign asymmetries is only of secondary importance. The dominant e¤ects are size-driven for both loans and deposits. We …nd much faster reactions of banks’retail interest rates in case of large deviations from equilibrium mark-ups, regardless of their sign. This type of behaviour is consistent with theories of menu and switching costs. Since we …nd such non-linearities for twelve out of the thirteen products we analyse, this seems to be a quite general feature of retail interest rates. Finally, we uncover a number of product-related di¤erences in pricing behaviour. On the liability side, contrary to term deposits and savings bonds, demand and savings deposits have the largest mark-downs and are least responsive to changes in marginal costs. On the asset side, corporate loans adjust both quicker and more complete to changes in money market rates with a comparable maturity, relative to consumer loans. This loan rate stickiness may be at the source of the compositional e¤ects of monetary policy. Angeloni et al. (2003), for instance, …nd a relatively rigid response of aggregate euro area consumption to monetary policy compared to that of investment. Conclusive evidence on this issue, however, needs con…rmation from other countries’banking markets.
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Figure 1: Retail interest rates: Mortgage and time deposit The figure plots the evolution of the average product-specific interest rate (thick solid line) across all banks, the highest and the lowest (dashed lines) product-specific rate charged by any bank in a given month and the evolution of the market interest rate with the same maturity as the specific product (thin solid line). The titles of the charts denote the name of the product. The maturity of the corresponding market rate is reported in brackets after the product name (where D=day, M=month, Y=year).
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Figure 2: Nonlinear adjustment The figure plots the implied adjustment coefficients (γ) on the y-axis, based on estimation of Equation (3) and the results in Table 3. The x-axis plots the supermargins, or, in other words, residuals of Equation (1). The titles of the charts denote the name of the particular product. The maturity of the corresponding market rate is reported in brackets after the product name (where D=day, M=month, Y=year). Trade credit (2M)
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Table 1: Cointegration and heterogeneity tests The first column contains the name of the loan and deposit products. The maturity of the corresponding market rate is reported in brackets after the product name (where D=day, M=month, Y=year). The second and third columns present respectively the mean augmented Dickey-Fuller t statistics (mean(ADF)) and corrected t statistics. The performed correction is n0.5 · (mean(ADF)- µ)/ σ and uses µ = -2.026 and σ = 0.82 (see McCoskey and Kao, 1999, for further details). The fourth and fifth columns of the table show the likelihood ratio (LR) and the corresponding 5% Chi-square critical value. A value above the critical value indicates the restrictions of the homogenous coefficient model are not valid.



PRODUCTS Trade credit (2M) Current account overdrafts (2M) Term loan (6M) Investment loan (5Y) Consumer credit (3Y) Mortgage (5Y) Time deposit (15D) Time deposit (3M) Time deposit (3Y) Savings bond (1Y) Savings bond (5Y) Savings deposit (7Y) Demand deposit (15Y)



Cointegration test mean(ADF) t statistics Loans -2.40 -1.66 -2.39 -2.15 -5.54 -16.02 -4.06 -9.61 -3.05 -5.12 -3.30 -7.10 Deposits -4.67 -14.79 -4.88 -17.39 -4.41 -13.30 -4.49 -14.07 -3.72 -10.15 -2.37 -2.01 -2.78 -2.07



Heterogeneity test LR Critical value 138.79 454.31 262.49 240.77 274.73 127.01



65.17 110.90 69.83 74.47 83.68 101.88



777.65 864.82 222.08 212.18 256.76 238.57 77.68



101.88 119.87 101.88 106.39 115.39 110.90 26.30



Table 2: Measurement The table consists of two parts, one for loans and one for deposits. Each row contains the point estimates of Equation (1) and (2) per (product) panel. The maturity of the corresponding market rate is reported in brackets after the product name (where D=day, M=month, Y=year). For each (product) panel the columns report the spread (SPREAD), longterm pass-through (LT PT), short-term pass-through (ST PT), the adjustment coefficient (ADJ) and the mean lag (ML). SPREAD



N ⎛ ⎞ c ⎜ c1 = ∑ wi c1i ⎟ , i =1 ⎝ ⎠ 1



ST PT



N ⎛ ⎞ β ⎜ β 0 = ∑ wi β 0i ⎟ , i =1 ⎝ ⎠ 0



ADJ



N ⎛ ⎞ γ ⎜ γ = ∑ wi γ i ⎟ i =1 ⎝ ⎠



and ML



N ⎛ ⎞ θ ⎜θ = ∑ wi θ i ⎟ i =1 ⎝ ⎠



correspond to weighted average coefficients. LT PT (δ) corresponds to the average long-run pass-through, estimated following Phillips and Moon (1999). Standard errors (in parentheses) are reported below the point estimates. Below the standard errors, the square brackets contain the percentage of these standard errors that is due to cross-sectional heterogeneity. The remaining proportion is mere parameter uncertainty.



Loans



Trade credit (2M)



Current account overdrafts (2M)



Term loan (6M)



Investment loan (5Y)



Consumer credit (3Y)



Mortgage (5Y)



SPREAD c1



LT PT δ



ST PT β0



ADJ γ



ML θ



3.206 (0.185) [0.96] 4.595 (0.150) [0.93] 1.541 (0.369) [0.99] 1.855 (0.204) [0.91] 4.579 (0.466) [0.86] 1.509 (0.198) [0.91]



0.908 (0.025) [0.78] 0.841 (0.032) [0.91] 0.964 (0.086) [0.97] 0.994 (0.032) [0.87] 0.651 (0.085) [0.77] 0.913 (0.066) [0.90]



0.692 (0.069) [0.86] 0.635 (0.055) [0.89] 0.982 (0.092) [0.90] 0.767 (0.057) [0.71] 0.194 (0.085) [0.68] 0.355 (0.058) [0.75]



-0.279 (0.089) [0.93] -0.190 (0.056) [0.92] -0.689 (0.136) [0.92] -0.337 (0.078) [0.91] -0.245 (0.047) [0.87] -0.216 (0.027) [0.67]



0.198



0.200



0.167



0.404



0.659



1.448



Deposits Time deposit (15D)



Time deposit (3M)



Time deposit (3Y)



Savings bond (1Y)



Savings bond (5Y)



Savings deposit (7Y)



Demand deposit (15Y)



SPREAD c1



LT PT δ



ST PT β0



ADJ γ



ML θ



-0.184 (0.115) [0.96] -0.128 (0.098) [0.95] -0.059 (0.079) [0.90] 0.041 (0.043) [0.83] 0.037 (0.082) [0.91] -0.275 (0.234) [0.89] -1.214 (0.300) [0.84]



0.890 (0.028) [0.97] 0.884 (0.019) [0.95] 0.980 (0.010) [0.77] 0.924 (0.010) [0.81] 0.968 (0.012) [0.89] 0.695 (0.029) [0.91] 0.533 (0.042) [0.88]



0.726 (0.089) [0.94] 0.852 (0.069) [0.93] 0.756 (0.039) [0.81] 0.678 (0.032) [0.78] 0.735 (0.036) [0.81] 0.022 (0.034) [0.56] 0.090 (0.069) [0.75]



-0.403 (0.085) [0.89] -0.525 (0.103) [0.93] -0.472 (0.061) [0.87] -0.513 (0.077) [0.93] -0.343 (0.053) [0.85] -0.115 (0.026) [0.88] -0.075 (0.04) [0.89]



0.287
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0.241



0.315



1.720



2.431



Table 3: Non-linear adjustment The table provides the estimated adjustment coefficients (and corresponding standard errors in parentheses) of the passthrough model (1)-(2), where the adjustment specification is nested within the general form of Equation (3): 2 ⎧ γ 1 + γ 2 u t −1 + γ 3 (u t −1 ) γt = ⎨ 2 + + + ⎩(γ 1 + γ 1 ) + (γ 2 + γ 2 )u t −1 + (γ 3 + γ 3 )(u t −1 )



if u t −1 < u if u t −1 ≥ u



Estimation of the above adjustment specification allows for a non-zero threshold. The optimal threshold is given in the last column. The maturity of the corresponding market rate is reported in brackets after the product name (where D=day, M=month, Y=year). Loans



γ1 T rade credit (2M ) C urrent account overdrafts (2M )



γ3



γ1+



0.611 (0.074) -0.076 (0.049)



T erm loan (6M ) Investm ent loan (5Y)



γ2



γ3+
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-0.760 (0.236)



0.164



-0.691 (0.251) 2.066 (0.610)



-0.191 (0.065)



C onsum er credit (3Y)



γ2+



-0.327 (0.099) -0.438 (0.213)



0.440 (0.124)



M ortgage (5Y)



-0.495 (0.139)



Deposits T im e deposit (15D ) T im e deposit (3M )



γ1



γ2



-0.197 (0.116) -0.429 (0.105)



0.594 (0.274) 0.472 (0.260)



T im e deposit (3Y) Savings bond (1Y)



-0.170 (0.082)



Savings bond (5Y) Savings deposit (7Y) D em and deposit (15Y)



-0.075 (0.037)



γ3



γ1+



γ2+



γ3+



-1.694 (0.563) -0.705 (0.451) -2.451 (0.472) -2.304 (0.532) -5.707 (1.689) -0.063 (0.031)



-0.346 (0.073) -0.197 (0.079) -0.245 (0.055)



ū 0.036 -0.114 0.025 -0.016



4.169 (1.694) -0.316 (0.163)



-0.091 0.283



Table 4: Determinants of heterogeneity Column 1 contains the variables included in each regression. Columns 2 (Loans) and 3 (Deposits) contain the results of the spread regression. They report for each variable the point estimate and White-corrected standard error (in parentheses). Significance of point estimates at the 10, 5 and 1%-level is respectively denoted by *, ** and ***. The square brackets contain the implied difference for each variable between the 75th and 25th percentile bank, computed as the point estimate times the interquartile range. Columns 4 (Loans) and 5 (Deposits) report the same information for the long-term pass-through (LT PT) regression. Additionally, the right-hand panel provides the mean (Column 6), the standard deviation (Column 7, std) and the interquartile range (Column 8, 75th -25th percentile) per bank characteristic. The last row presents the adjusted R-squared of each regression. Summary statistics Dependent variable SPREAD LT PT Loans Deposits Loans Deposits c1 c1 δ δ mean std 75-25 Bank characteristics: Liquidity -0.20** -0.06* 0.412 0.219 0.373 (0.08) (0.03) [-0.076] [-0.023] Excess capital 10.87*** 3.18*** -1.53** -0.46** 0.060 0.029 0.035 (2.34) (1.00) (0.65) (0.18) [0.377] [0.110] [-0.053] [-0.016] Market Share 0.58 -0.59** -0.21*** 0.05 0.073 0.127 0.077 (0.42) (0.27) (0.07) (0.07) [0.045] [-0.046] [-0.016] [0.004] Inefficiency -0.48 -0.98** 0.19 0.21*** 0.257 0.096 0.152 (0.72) (0.38) (0.12) (0.07) [-0.073] [-0.149] [0.028] [0.032] Deposits / ( Deposit and non-0.52 0.04 0.08 -0.06 0.686 0.158 0.235 deposit funding) (0.69) (0.18) (0.12) (0.04) [-0.123] [0.010] [0.018] [-0.014] Long-term loans / Total Loans -0.45 0.07 0.714 0.201 0.304 (0.50) (0.08) [-0.138] [0.023] Adjusted R



2



0.80



0.13



0.28



0.53
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