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Abstract

Two important features of a monetary system are its policy controllability and reliability. Using an autoregressive distributed lag (ARDL) approach, we construct two models to investigate the impacts of implementing no-interest banking system on monetary policy controllability and the monetary aggregate-economic goals link in Iran. This approach allows us to study both the short-run and the long-run effects. The models are estimated for the narrow and broad definitions of money. The results of the controllability of M1 and M2 models show that the new banking system adopted in 1984 has reduced the impact of money base growth on the growth rate of M1. This means that this structural change has decreased the controllability of narrow definition of money. Hence, the structure of monetary sector has not remained intact in Iran after the presence of the new system. Our finding also indicates that M1 has become less controllable in the new banking system. However, when M2 is used for policy purpose, the results of our estimated model show that the degree of the controllability of M2 has not changed after the implementation of the new monetary arrangement. Moreover, this paper examines how the aggregate-economic goals link has been affected by the new system. The results show that the no-interest banking has neither increased nor decreased the reliability of the monetary aggregates (i.e. M1 and M2) in Iran. These results hold both in the short run and the long run.  Finally, the paper concludes that M1 is more controllable than M2 but M2 is more reliable than M1. Hence, the Iranian monetary authorities should take this fact into their account before setting their monetary instruments. 

1. Introduction

The Iranian financial system has gone through a structural change since 1984 when the central bank of the Islamic Republic of Iran officially adopted the interest free banking system. This paper intends to examine the performance of narrow and broad definitions of money
, as two alternative monetary aggregates, before and after the implementation of the new financial system in Iran.

In the literature of monetary economics, a monetary aggregate is subject to the problems of controllability and reliability or policy-goal links. These are two important criteria for evaluating the performance of a monetary system. In another words, if the monetary aggregate is not effectively controllable by the monetary authority, it cannot be used to predict the policy moves. This might happen when it is affected by non-policy factors. Moreover, even if the aggregate is controllable, it might not be reliable because it might not be linked to the main goal of monetary authorities. In another words, if the system misses its target, it indicates that there might be no close link between a monetary aggregate and the goal set for the monetary system by the policy makers. Policy controllability and reliability are two  crucial requirements for usefulness of a financial aggregate. As Darrat (1988) mentions one important criterion for relative superiority of a financial systems is usefulness of a financial aggregate.

In many countries “price stability” is the ultimate objective of policy making. If the relation between the goal of price stability and a particular monetary aggregate is weak, even if that aggregate is controllable, it is not useful for policy purpose. This paper attempts to empirically investigate the controllability and reliability of monetary aggregates in the Iranian financial system.

Islamic Republic of Iran has implemented the no-interest banking system since 1984. This research focuses on how the new system has changed the effectiveness and usefulness of monetary policy in Iran. In another words, the two important features of a monetary system – namely policy controllability and usefulness are examined under the new and old monetary rules. Using an autoregressive distributed lag (ARDL) approach to co-integration analysis, we construct two models to investigate the impacts of implementing no-interest banking system on monetary policy controllability and the monetary aggregate-economic goals link in Iran. This approach allows us to study the short-run and the long-run relationships simultaneously. Moreover, it gives efficient and unbiased estimator when the sample size is small. The model will be estimated for two definition of money -- the narrow and broad definitions of money. 

The paper contains six sections. After the introduction, in section two we briefly review the literature on the subject. The estimation method is discussed in Section 3. Section 4 presents the basic econometric models  for examining the degree of controllability of the monetary aggregates. It also contains the estimation results. In section 5, we present a basic econometric model to study the reliability of M1 and M2. In the same section we analyze the empirical results. Hence, sections 4 and 5  examine the degree of controllability and reliability of the monetary aggregates on the part of the monetary authorities in influencing the intermediate targets for monetary policy. Section 6 is concluding remarks.

2. Background

There are few studies on the issues of controllability and usefulness of the monetary aggregates in the Islamic countries. Using time series data on banking system of Tunisia, Darrat’s (1988) valuable work attempts to study the feasibility of an Islamic interest-free banking system. More specifically, using regression analysis he examines the relative stability and policy usefulness of Islamic banking in comparison with the traditional (Western) interest based banking system. This researcher takes M1 (no interest bearing asset) and M2 (interest bearing asset) as symbols of Islamic banking and western banking, respectively. He shows empirically that a banking system with no interest bearing asset (Islamic banking) is more  stable than that with interest bearing asset such as the western banking system. Moreover, since M1 is more controllable and  reliable in Tunisia monetary system than M2, he concludes that an  Islamic financial system is superior to the traditional (western) one. 

In Darrat’s investigation, only M1 is considered to be the representative of an aggregate in an Islamic banking system. However, in some countries like Iran, with some history of interest-free banking, M2 is also used for policy purpose. Hence, using M2 as a monetary aggregate is not specific to Western banking system. Indeed, M2 is now an important monetary instrument in the Iranian monetary system. 

Feldstein and Stock (1994) examine the possibility of using the broad monetary aggregate M2 to target the growth rate of nominal GDP. Their result indicates that the monetary authority can guide M2 in way that reduces not only  the average rate of inflation but also the variance of annual rate of growth of output. More specifically, using VAR and single equation approach, they show that there is a stable relation between M2 and GDP in the U.S. and that M2 can be used to reduce the variance of nominal GDP growth. Their finding also indicates that M2 is useful predictor of nominal GDP.
Dotsey and Otrok (1994) studies the dispute over using M2 as an intermediate target of monetary policy. It finds that Feldstein and Stock’s result, regarding the ability of M2 in reducing the variance of nominal GDP growth, depends highly on this assumption that M2 is completely controllable.

The above argument shows that it is important to study both the controllability and reliability of a monetary aggregate. Yousefi et. al. (1997) replicate the  Darrat’s work on Tunisia for the case of Iran. They examine the monetary stability of interest-free banking of Iran. Their results are mixed. Hence, they suggest that more work has to be done to see whether an Islamic banking system is more stable than the Western banking system. These researchers also examine the policy usefulness of an Islamic banking system. Following Darrat, their paper assumes that the monetary base is under the control of the central bank. Using a regression analysis they confirm the Darrat’s (1988) result that M1 is more controllable than M2. However, they do not explicitly examine how the control ability of M1 and M2 has been affected by the implementation of interest-free banking in Iran.

Yousefi et al. also use a simple model to study the link between the monetary aggregates and the price stability. After performing regression analyses for the period 1967-92, 1967-83 and 1984-92, the paper fails to confirm Darrat’s (op cit.) conclusion that M1 has a stronger and more reliable link with the goal of price stability than M2.

However, the regression techniques used by Yousefi et al. (op cit.) does not allow them to avoid the problem of spurious regression. The data might not be stationary,  and Yousefi et al. does not control for this problem. More important, their paper does not examine how the controllability and ability of these two monetary aggregates have been affected  since 1984 when the new banking arrangement was in place. 

Rather, much of the debate has focused on the notion of stability content. The argument in Yousefi et al., (1997) is that if M1 is less controllable than M2, then the no-interest banking system is less useful in comparison with the traditional Western banking system. This argument basically misses the point. The method used in Yousefi et al (1997) is not generally a proper way to examine the usefulness of a monetary system after the implementation of interest-free banking system in Iran.  To evaluate the aggregate-economic goal link we need to use a structural model, which is correctly specified. Omitting many important variables from the model causes the misspecification problem. Our paper, will also take this problem into its consideration.

In particular, Darrat (op cit.), and Yousefi et al. (op cit.) examine the usefulness of an Islamic financial system by looking into controllability and reliability of M1.  For them M2 is an interest bearing asset and hence cannot be included in a no-interest banking system. In another words, the broad definition of money is specific to the traditional western banking system. However, we now that M2 is also an important monetary aggregate in the interest-free banking system of the Islamic Republic of Iran, and hence cannot be considered as a distinguishing feature of the Western banking systems. Therefore, issues involving the controllability of M1 (or M2) and the structural relationship between M1 (or M2) and economic goals have not been adequately addressed in Iran.
To fill these gaps and also to find out to what extend the implementation of no-interest banking system in Iran has changed the controllability and reliability of M1 and M2,  four structural equations will estimated by ARDL approach. We use the dummy variable techniques to measure the exact impacts of this change. We are interested to know whether the structure of the Iranian monetary system has  changed after 1984. The technique used in this paper allows us not only to study the behavior of the models in the long run but also to examine how the models correct their short-run error and move towards their long-run equilibrium paths. 

3. The Estimation Method

It is broadly known in economics that many macroeconomic time series are integrated of order one or two. It means that they are trend stationary after differencing once or twice. In order to avoid spurious regressions and to investigate possible co-integrating relationships, it is important to first verify the degree of integration of all time series. 

It is known that Least Square approach may lead to misleading results when there are non-stationary variables in the model. More specifically, t and F statistics are not valid in the presence of non stationarity. They suggest that the problem might be overcome if we use first or second difference of non-stationary variables in our model. If a time series has to be differenced p times before it becomes stationary, it is integrated of order p, denoted by I(p). However, we might lose a valuable long-run information when first or higher order differenced time series are used. 

It is widely known that different non-stationary variables might be used at levels in one model if they are co-integrated
. This means that the regression on the levels of these variables is not spurious. In this case usual econometric methods can be used to estimate the model. Hence, different methods have been developed to examine whether a vector of time series are co-integrated. 

The concept of co-integration is now used widely in econometrics analysis. It is a useful tool to model variables that are linked by economic forces. Two or more non-stationary time series might form a linear combination that is stationary. In this case, the variables are co-integrated. It means there is a long-run equilibrium relationship between them. Hence, the regression on the levels of these variables is not spurious.

Given a long-run equilibrium relationship exists, there might be a deviation from this equilibrium path in the short-run. This deviation must be stationary to have sensible long-run relation. In the subsequent sections we use the concept of co-integration and present the error–correction representation associated with co-integrated variables. 

The method used by Engel and Granger to test whether different I(1) series are co-integrated is based on checking the stationarity of the estimated residual obtained from estimation of long-run model. However, as it is shown the OLS estimator in small sample might be unbiased and inconsistent.
 To remove this inconsistency, it is suggested to use an over parameterized model. In another words, using more are preferred to less lags. Another reason that makes the use of lagged variables important is this fact that we cannot understand the adjustment process unless know the short-run dynamics. This allows us to see how a short-run dis-equilibrium error corrects itself through time.

To complete our discussion we need to estimate the long-run equilibrium and the short-run relations simultaneously. This can be done by using the ARDL modeling to co-integration analysis. Consider the following ARDL(p,q1,q2,...,qk) model:
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where L is a polynomial lag operatorA(L)= 1-(1L -(2L2 -.... -(pLp, and Bi(L)= 1 - (i1L - (i2L2 - .... - (iqiLqi  (i=1,2,..,k). Wt​ is a vector of deterministic variables such as the constant term, dummy variables and exogenous variables with fixed lags and (is a vector of parameters. The disturbance term, ut, is assumed to be a white noise. 

The above model will be estimated for all possible combination of p and q (p=qi=0,1,2,…,m). After determining maximum lag (i.e. choosing m)  in the model, (m+1)k+1 different model will be estimated. At this stage, using Akaike Information Criterion (AIC), Schwarz Bayesian  Criterion (SBC), and Hannan-Quinn Criterion (HQC) we choose  the most appropriate estimated short-run model.
  Hence, it would be possible to find the estimated parameters of the long-run model. If there exist a long-run equilibrium relation between variables, (i.e., the null hypothesis of no co-integration in the long-run model is rejected), we can reformulate the error correction model (ECM) for two variables (i.e., yt and xt as: 

A(L)Δyt =B(L) Δ xt + (1-Π) ECTt-1+(’Wt + ut,
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where A(L) and B(L) are the polynomial lag operators defined before, Δ denotes the first difference, ECTt-1 is error correction term, and Π =((1 +(2+ .... +(p). In general we have:
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where ψ is a parameter. Consequently, this approach not only allows us to derive the long-run relation between variables but also to see how fast short-run dis-equilibrium is corrected.
 

In the next tow sections this paper applies the above autoregressive distributed lag modeling approach to co-integration analysis to study policy controllability and reliability of monetary system in Iran. Moreover, using dummy variable approach, we compare the usefulness of the monetary aggregates in the Iranian financial system before and after the implementation of  no-interest banking system in 1984.
4. The Issue of Policy Controllability

4.1 Basic Model

To see to what extent the controllability of monetary aggregates has been changed by the implementation of no-interest banking system  we estimate the following models. In another words, this allows us to compare the policy controllability of post-Islamic revolution with pre-revolution banking system in Iran.

GM1t= α o + α o GMBt + u 1t






(4)
GM2t= β o + β o GMBt + u 2t,






(5)

in which GMB is the growth rate of monetary base, GM1 is the growth rate of M1 and GM2 is the growth rate of liquidity (M2), (i  and (j are parameters and uit (i=1,2) are disturbance terms. The more the monetary base can explain the increase in the growth  of money balances, the better the authority have control over his monetary policy. Since M1 and M2 might have different degree of policy controllability, the ARDL approach is used to examine their behavior before and after the implementation of no-interest banking system in Iran. More specifically, the following model will be estimated for the Iranian economy. 
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(6)
in which GM can be the growth rate of either M1 or M2,  Di (i=1,2) is a vector of dummy variables and θi is a vector of  its related coefficients. The vector of dummy variables contains the dummy representing the adoption of no-interest financial system in Ira. In the following sections, the dummy to capture the implementation of the free-interest banking in 1984 is denoted by DU84.

4.2 The Estimation Results of policy controllability

In this section we present the results of estimation of controllability of the monetary aggregates in Iran. This allows us to compare the degree of monetary controllability of M1 and M2 before and after the implementation of interest-free banking system in Iran. Before, estimating the model we used Augmented Dicky-Fuller test (ADF) and Phillips-Perron unit root tests. The results of these tests are presented in Table A1 and A2 in the appendix. As the results show all variables are stationary.

4.2.1 The estimation results of policy controllability for M1

In this subsection equation (4) is estimated to see how policy controllability of M1 has been affected by the adoption of no-interest banking system in Iran.
 DU84 and DU71 are added to the model to represent the dummy for the implementation of the new banking system in 1984 and the oil revenue shock of 1971, respectively. As Table 1 shows, based on Schwarz Bayesian Criterion, the selected order of our Autoregressive Distributed Lag (ARDL) is (1,0).

Table 1.

Controllability of M1 Model
                   Autoregressive Distributed Lag Estimates

            ARDL(1,0) selected based on Schwarz Bayesian Criterion

******************************************************************

 Dependent variable is GM1

 36 observations used for estimation from 1963 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 GM1(-1)                  .19487              .10703                       1.8206[.079]

 GMB                       .79387               .12667                      6.2672[.000]

 C                       
-.0084473           .030159                     -.28009[.781]

 DU84GMB           -.36973               .20548                      -1.7993[.082]

 DU84                      .095853             .044313                     2.1631[.039]

 DU71                      .014753             .048543                       .30391[.763]

 R-Squared               .75055            R-Bar-Squared                .70897

 S.E. of Regression           .056252   F-stat.    F(  5,  30)   18.0528[.000]

 Mean of Dependent Variable    .20963   S.D. of Dependent Variable      .10427

 Residual Sum of Squares      .094930   Equation Log-likelihood        55.8047

 Akaike Info. Criterion       49.8047   Schwarz Bayesian Criterion     45.0542

 DW-statistic                  1.8648   Durbin's h-statistic      .52897[.597]

******************************************************************

As the result of diagnostic test in Table 2 shows the model passes the regular serial correlation, functional form, normality and heteroscedasticity tests. 

Table 2

Diagnostic Tests of controllability of M1 model

******************************************************************

*    Test Statistics  *        LM Version        *       
  F Version          *

* A: Serial Correlation*CHSQ(   1)=  .031899[.858]*F(   1,  29)=  .025719[.874]*

* B: Functional Form   *CHSQ(   1)=   2.4757[.116]*F(   1,  29)=   2.1416[.154]*

* C: Normality         *CHSQ(   2)=   .59471[.743]*       Not applicable       *

* D: Heteroscedasticity*CHSQ(   1)=   2.3479[.125]*F(   1,  34)=   2.3722[.133]*

   A: Lagrange multiplier test of residual serial correlation

   B: Ramsey's RESET test using the square of the fitted values

   C: Based on a test of skewness and kurtosis of residuals

   D: Based on the regression of squared residuals on squared fitted values

******************************************************************

Table 3 represents the results of the long-run model. As the table shows 1 percent increase in the growth rate of money base will increase the growth rate of M1 by bout 0.99. As the table shows the coefficient of DU84GMB is negative (-.45922) and significant. It means that the no-interest banking adopted in Iran has decreased the slope of GMB by about half a percent. The coefficient of DU84 is positive and significant. Hence, the intercept of our model has increase after the new system has been implemented. Thus, there is a structural change in the monetary sector of Iran. Indeed, in the new system, based on the slope impact, M1 is less controllable.

Table 3
Estimated Long Run Coefficients of Controllability of M1 Model

Estimated Long Run Coefficients using the ARDL Approach

ARDL(1,0) selected based on Schwarz Bayesian Criterion

******************************************************************

 Dependent variable is GM1

 36 observations used for estimation from  1963 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 GMB                         .98602              .16556                   5.9558[.000]

 C                             -.010492            .038029                 -.27589[.785]

 DU84GMB               -.45922              .26316                 -1.7451[.091]

 DU84                        .11905            .057266                   2.0789[.046]

 DU71                      .018323            .059889                   .30595[.762]

******************************************************************

However, the coefficient of DU71 is insignificant. Hence, the oil shock of 1971 in which oil price tripled had no impact on the growth rate of M1 in Iran.

Table 4 presents the result of ECM model. The coefficient of ecm (-0.8) is significant. Hence, about 80 percent of dis-equilibrium is corrected each period. The coefficient of DU84GMB shows that the implementation of the new monetary system in Iran has decreased the controllability of M1 in the short run as well. 

Table 4

Error Correction Representation for Controllability of M1 Model

          Error Correction Representation for the Selected ARDL Model

            ARDL(1,0) selected based on Schwarz Bayesian Criterion

******************************************************************

 Dependent variable is dGM1

 36 observations used for estimation from  1963 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 dGMB                         .79387             .12667                  6.2672[.000]

 dC                           -.0084473            .030159                -.28009[.781]

 dDU84GMB              -.36973              .20548                 -1.7993[.082]

 dDU84                      .095853            .044313                  2.1631[.039]

 dDU71                      .014753            .048543                  .30391[.763]

 ecm(-1)                     -.80513               .10703                 -7.5221[.000]

 R-Squared                     .70800   R-Bar-Squared                   .65933

 S.E. of Regression           .056252   F-stat.    F(  5,  30)   14.5477[.000]

 Mean of Dependent Variable  .0049256   S.D. of Dependent Variable     .096377

 Residual Sum of Squares      .094930   Equation Log-likelihood        55.8047

 Akaike Info. Criterion       49.8047   Schwarz Bayesian Criterion     45.0542

 DW-statistic                  1.8648

******************************************************************

 R-Squared and R-Bar-Squared measures refer to the dependent variable

 dGM1 and in cases where the error correction model is highly

 restricted, these measures could become negative.
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Since the variables are stationary at level, we know that there is a long run equilibrium relation between them.
 

4.2.2 The estimation results of policy controllability for M2

To see how the adoption of the new financial system in Iran has affected the controllability of M2, we estimate equation (6). As before, the dummy variables are introduced into the model to examine the impact of the new monetary system, (DU84); the oil revenue shock of 1971 (DU71); and the closure of banks before the victory of Islamic Revolution in 1979, (DU79). The results are presented in Tables 5-8. As that Table 5 shows, based on Schwarz Bayesian Criterion, the selected order of our Autoregressive Distributed Lag (ARDL) is (1,0).

Table 5
Controllability of M2 model

                   Autoregressive Distributed Lag Estimates

            ARDL(1,0) selected based on Schwarz Bayesian Criterion

******************************************************************

 Dependent variable is GM2

 34 observations used for estimation from   1965 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 GM2(-1)                    .23918             .12885                  1.8563[.074]

 GMB                         .52559             .17117                  3.0707[.005]

 C                              .052603            .040103                1.3117[.201]

 DU84GMB             -.062612             .22364                -.27997[.782]

 DU84                      .020617            .047918                   .43026[.670]

 DU71                      .051191            .050338                 1.0169[.318]

 DU79                      -.17089            .070564                -2.4218[.022]

R-Squared                     .67431   R-Bar-Squared                   .60193

 S.E. of Regression           .050806   F-stat.    F(  6,  27)    9.3167[.000]

 Mean of Dependent Variable    .22126   S.D. of Dependent Variable     .080526

 Residual Sum of Squares      .069693   Equation Log-likelihood        56.9862

 Akaike Info. Criterion       49.9862   Schwarz Bayesian Criterion     44.6440

 DW-statistic                  1.7915   Durbin's h-statistic      .92111[.357]

******************************************************************

As the result of diagnostic tests in Table 6 shows the model passes the regular serial correlation’s, functional form, normality and heteroscedasticity tests.

Table 6

Diagnostic Tests of Controllability of M2 Model

******************************************************************
*    Test Statistics  *        LM Version        *          
 F Version          *

* A: Serial Correlation   *CHSQ(   1)=   .31696[.573]*F(   1,  26)=   .24466[.625]*

* B: Functional Form     *CHSQ(   1)=   1.2044[.272]*F(   1,  26)=   .95486[.337]*

* C: Normality                *CHSQ(   2)=   1.1092[.574]*       Not applicable       *

* D: Heteroscedasticity *CHSQ(   1)=   .47237[.492]*F(   1,  32)=   .45085[.507]*

   A: Lagrange multiplier test of residual serial correlation

   B: Ramsey's RESET test using the square of the fitted values

   C: Based on a test of skewness and kurtosis of residuals

   D: Based on the regression of squared residuals on squared fitted values

******************************************************************

Table 7 presents the results of the long-run model. As the table shows that 1 percent of increase in the growth rate of money base will increase the growth rate of M2 by bout 0.7. The coefficients of dummy variables for implementing the no-interest banking system in 1984 (i.e., DU82 and DU84GM) are not significant. It means that controllability of M2 has not been affected by the new financial system in the long run. However, the coefficient of DU79 shows that the closure of banks during Islamic revolution (1978-1979) had negative impact on  the growth rate of M2.

Table 7.

Estimated Long Run Coefficients of controllability of M2 model

Estimated Long Run Coefficients using the ARDL Approach

ARDL(1,0) selected based on Schwarz Bayesian Criterion

******************************************************************

Dependent variable is GM2

 34 observations used for estimation from   1965 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 GMB                         .69083              .22177

  3.1150[.004]

 C  
                   
  .069140            .048885                
1.4143[.169]

 DU84GM               -.082296           .29349                 
-.28041[.781]

 DU84                      .027099            .062937                
 .43056[.670]

 DU71                      .067284            .065148                 
1.0328[.311]

 DU79 

   -.22462   
   .097228                
-2.3102[.029] 

******************************************************************

The table also shows that the oil shock of 1971 which triple oil price and hence the government revenue from oil had no impact on the M2 growth rate.

Table 8.

Error Correction Representation for controllability of M2 model Error Correction Representation for the Selected ARDL Model 

ARDL(1,0) selected based on Schwarz Bayesian Criterion

******************************************************************

 Dependent variable is dGM2

 34 observations used for estimation from  1965 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 dGMB                      .52559               .17117                   3.0707[.005]

 dC                     
    .052603             .040103                1.3117[.201]

 dDU84GMB      
   -.062612            .22364                  -.27997[.782]

 dDU84                      .020617            .047918                 .43026[.670]

 dDU71                      .051191            .050338                 1.0169[.318]

 dDU79                     -.17089             .070564                -2.4218[.022]

 ecm(-1)                    -.76082             .12885                  -5.9046[.000]

R-Squared                     .61431   R-Bar-Squared                   .52860

 S.E. of Regression           .050806   F-stat.    F(  6,  27)    7.1674[.000]

 Mean of Dependent Variable  .0033979   S.D. of Dependent Variable     .073998

 Residual Sum of Squares      .069693   Equation Log-likelihood        56.9862

 Akaike Info. Criterion       49.9862   Schwarz Bayesian Criterion     44.6440

 DW-statistic                  1.7915

******************************************************************

 R-Squared and R-Bar-Squared measures refer to the dependent variable

 dGM2 and in cases where the error correction model is highly

 restricted, these measures could become negative.

As the result of the dynamic model in Table 8 shows the impact of the growth rate of monetary base on the growth rate of M2 is lower in the short run than the long-run. The dummies capturing the effect of no-interest banking system on policy controllability of M2 are not significant in the short-run as well. The coefficient of the ecm is significant and negative. It shows that about 76 percent of error is corrected each period. 

5. The Monetary Aggregate-Economic Goals Link

It is not sufficient to evaluate the usefulness of a monetary system by simply examining the degree of controllability of the monetary aggregates in that system. For that to be the case, M2 must be controllable and must have an effect on economic variables that the monetary authority wishes to influence. 

5.1 Basic Model
To study the link between the monetary aggregate and the goal of price stability (inflation rate in this model) the following model is used. 
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(8)
in which (tis inflation rate, GM1 and GM2 are defined before, Wt is a vector of all other variables that affect inflation rate, (, ((i, (j are parameters, and vit  are disturbance terms. To avoid the problem of misspecification, we introduce the growth rate of official exchange rate (GOR), and the real output growth (GY) as other explanatory variables.
More specifically, the following ARDL model will be estimated for Iranian economy.
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in which GORt is the growth of official exchange rate, GYt is the real output growth, DU71, DU84 and DU93  are dummies to capture the oil revenue shock of 1971, the implementation of no-interest Islamic banking system in 1984, and  the exchange rate reform of 1993, respectively. The disturbance term (t is assumed to be a white noise. 

5.2 The Estimation Results of aggregate-economic goals line model

In order to examine the degree of reliability of money balances and to study the aggregate-goal link, using ARDL approach, we estimate the model constructed in the previous section. The results of ADF and Phillips-Perron unit root tests of the variables are presented in Tables A1 and A2 in the appendix.

5.2.1 The estimation of M1 reliability

Using the Schwarz-Bayesian Criterion (SBC) which economizes in the use of lags, the optimal lags of variables in our ARDL model for inflation is ARDL(2,2,2,2). The results are presented in Table 9. 

Table 9
Reliability of M1 Model
Autoregressive Distributed Lag Estimates

ARDL(2,2,2,2) selected based on Schwarz Bayesian Criterion

*******************************************************************************

 Dependent variable is 

 37 observations used for estimation from  1962 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 (-1)                          .28950            
 .15933             
   1.8170[.083]

 (-2)            
        -.43390           
  .18551           
  -2.3389[.029]

 GY             
        -.019364           
  .13819            
  -.14013[.890]

 GY(-1)     
        .054957             
.14820             
   .37084[.714]

 GY(-2)         
        -.36841            
 .14133            
  -2.6068[.016]

 GM1                      .10580              
.12678             
   .83452[.413]

 GM1(-1)                .13561            
 .11765            
   1.1527[.261]

 GM1(-2)                .27269             
 .10757            
   2.5351[.019]

 GOR                   -.0053651           
 .054650           
-.098172[.923]

 GOR(-1)                .12712           
.057471            
   2.2118[.038]

 GOR(-2)                .11980            
.077674             
   1.5424[.137]

 C                            .015355          
  .028219             
 .54413[.592]

 DU84GM1              .092373          
    .21130           
 .43716[.666]

 DU71                   -.0012150            
.044585         
 -.027251[.979]

 DU84                      .047996           
 .051425            
 .93332[.361]

 R-Squared                     .86494   R-Bar-Squared                 .77899

 S.E. of Regression           .045287   F-stat.    F( 14,  22)   10.0634[.000]

 Mean of Dependent Variable    .12910   S.D. of Dependent Variable     .096332

 Residual Sum of Squares      .045121   Equation Log-likelihood        71.6219

 Akaike Info. Criterion       56.6219   Schwarz Bayesian Criterion     44.5400

 DW-statistic                  2.2776

******************************************************************
The result of diagnostic test is presented in Table 10. As the result shows the model passes the regular serial correlation, functional form, normality and heteroscedasticity tests. 

Table 10
Diagnostic Tests of Reliability of M1 Model
******************************************************************
*    Test Statistics  *        LM Version        *        
 F Version          *

* A: Serial Correlation*CHSQ(   1)=   2.5920[.107]*F(   1,  21)=   1.5820[.222]*

* B: Functional Form   *CHSQ(   1)=   2.5717[.109]*F(   1,  21)=   1.5687[.224]*

* C: Normality         *CHSQ(   2)=   .78579[.675]*       Not applicable       *

* D: Heteroscedasticity*CHSQ(   1)=   1.8579[.173]*F(   1,  35)=   1.8504[.182]*

   A: Lagrange multiplier test of residual serial correlation

   B: Ramsey's RESET test using the square of the fitted values

   C: Based on a test of skewness and kurtosis of residuals

   D: Based on the regression of squared residuals on squared fitted values

******************************************************************
After selecting the best ARDL model, we derive the estimated coefficients of the long-run and  the short-run error-correction models. Table 11 shows the result of the estimated coefficients of the long-run model. The estimation of the long-run model has mainly confirmed the expected results. There exists a stationary long-run relation between inflation rate, growth of M1, real output growth, and growth of real exchange rate. The coefficients influencing the inflation rate have the expected signs.

According to this result, real output growth has a significant negative impact on inflation. The growth of official exchange rate and M1 have positive impacts on the inflation rate. However, since the coefficients of DU84GM1 and DU84 are not statistically significant, the implementation of the new interest free banking system in Iran has neither increased nor decreased the impact of the M1 growth on the inflation rate. As Table 11 shows the oil shock of 1971 has not affected the inflation rate in Iran.

Table 11
Estimated Long Run Coefficients of Reliability of M1 Model

            Estimated Long Run Coefficients using the ARDL Approach

          ARDL(2,2,2,2) selected based on Schwarz Bayesian Criterion

******************************************************************
 Dependent variable is 

 37 observations used for estimation from  1962 to 1998

Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 GY            
  
-.29082              .13193            
  -2.2045[.038]

 GM1                      
 .44924            .098197             
   4.5749[.000]

 GOR                      
 .21108              .11947               
   1.7668[.091]

 C                         
 .013418            .024714          
      .54291[.593]

 DU84GM1           
.080718              .18319             
   .44063[.664]

 DU71                   
-.0010617           .038932           
-.027270[.978]

 DU84                      
.041940            
.042699             
   .98223[.337]

******************************************************************
The result of estimating the error correction model is depicted in Table 12. As the table shows the behavior of the short-run and long-run model are similar. Hence, the adoption of the new monetary system has not changed the impact of  M1 growth rate on the inflation rate neither in the short run nor in the long run.  

Table 12
Error Correction Representation for Reliability of M1 model
          Error Correction Representation for the Selected ARDL Model

          ARDL(2,2,2,2) selected based on Schwarz Bayesian Criterion

****************************************************************** Dependent variable is d

 37 observations used for estimation from  1962 to 1998

Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 d1                 

 .43390             .18551             
   2.3389[.028]

 dGY           
    
-.019364             .13819                 
-.14013[.890]

 dGY1             
  .36841             .14133                 
 2.6068[.015]

 dGM1                           .10580             .12678                 
 .83452[.412]

 dGM11                        -.27269             .10757               
 -2.5351[.018]

 dGOR              
-.005365            .054650            
-.098172[.923]

 dGOR1                      
 -.11980            
.077674             
 -1.5424[.136]

 dC                              .015355            .028219               .54413[.591]

 dD83GM1                 .092373             .21130                .43716[.666]

 dDU71                    -.0012150            .044585           -.027251[.978]

 dDU84                       .047996            .051425               .93332[.360]

 ecm(-1)                       -1.1444             .18252               -6.2701[.000]

R-Squared                     .77122   R-Bar-Squared                   .62563

 S.E. of Regression           .045287   F-stat.    F( 11,  25)    6.7420[.000]

 Mean of Dependent Variable  .0040124   S.D. of Dependent Variable     .074016

 Residual Sum of Squares      .045121   Equation Log-likelihood        71.6219

 Akaike Info. Criterion       56.6219   Schwarz Bayesian Criterion     44.5400

 DW-statistic                  2.2776

 R-Squared and R-Bar-Squared measures refer to the dependent variable

 d and in cases where the error correction model is highly

 restricted, these measures could become negative.

******************************************************************
5.2.2 The Estimation Results for M2 reliability
To examine how the policy maker can rely on M2 to affect the inflation rate we replace M2 for M1 and run the aggregate-economic goals model. Based on Schwarz Bayesian Criterion the optimal lags of inflation rate, real output growth, M2 growth rate, and exchange rate growth are determined. As Table 13 shows the order of ARDL is (2, 0, 2, 2).

Table 13
Reliability of M2 Model

Autoregressive Distributed Lag Estimates

ARDL(2,0,2,2) selected based on Schwarz Bayesian Criterion

*******************************************************************************

 Dependent variable is 

 37 observations used for estimation from  1962 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 (-1)                      
.50760              .15730             
3.2269[.004]

 (-2)                       
 -.24147              .14638                 -1.6496[.113]

 GY               
     
 -.37636              .11103                -3.3898[.003]

 GM2                          
 .21591              .13078                 1.6509[.112]

 GM2(-1)       

-.16290             .13622                -1.1959[.244]

 GM2(-2)            
  .38899             .11922                  3.2627[.003]

 GOR            
    
-.023835            .057161                -.41698[.681]

 GOR(-1)            
   .19468            .053086                 3.6672[.001]

 GOR(-2)             
   .11630            .063601                 1.8286[.080]

 C                            
 .0012393          .030121               .041144[.968]

 DU84GM2         
 .088248            .22957                 .38440[.704]

 DU79                       
 -.15990             .050291               -3.1795[.004]

 DU84                      
-.017223             .052361               -.32894[.745]

 DU93                    
-.0097249            .043855                -.22175[.826]

R-Squared                     .87842   R-Bar-Squared                   .80970

 S.E. of Regression           .042024   F-stat.    F( 13,  23)   12.7824[.000]

 Mean of Dependent Variable    .12910   S.D. of Dependent Variable     .096332

 Residual Sum of Squares      .040618   Equation Log-likelihood        73.5670

 Akaike Info. Criterion       59.5670   Schwarz Bayesian Criterion     48.2906

 DW-statistic                  2.0287

******************************************************************
As Table 14 shows the model passes the regular diagnostic tests such as serial correlation, functional form, normality and heteroscedasticity tests.
Table 14
Diagnostic Tests  of Reliability of M2 model
******************************************************************
*    Test Statistics  *        LM Version        *        
 F Version          *

* A: Serial Correlation*CHSQ(   1)=   .11601[.733]*F(   1,  22)=  .069198[.795]*

* B: Functional Form   *CHSQ(   1)=   .58547[.444]*F(   1,  22)=   .35372[.558]*

* C: Normality         *CHSQ(   2)=   .33462[.846]*       Not applicable       *

* D: Heteroscedasticity*CHSQ(   1)=   .39683[.529]*F(   1,  35)=   .37945[.542]*

   A: Lagrange multiplier test of residual serial correlation

   B: Ramsey's RESET test using the square of the fitted values

   C: Based on a test of skewness and kurtosis of residuals

   D: Based on the regression of squared residuals on squared fitted values

******************************************************************
The estimated long-run coefficients of the reliability of M2 model depicted in Table 15 indicate that the growth of real output, the growth of M2 and the official exchange rate growth have the expected impacts on inflation rate. However, the coefficients of the dummies of the adoption of no-interest banking (i.e., DU84GM2 and DU84) are statistically insignificant. This means the implementation of the interest-free banking in 1984 has not changed the impact of M2 growth on the inflation rate.

Table 15
Estimated Long Run Coefficients of Reliability of M2 model

Estimated Long Run Coefficients using the ARDL Approach

ARDL(2,0,2,2) selected based on Schwarz Bayesian Criterion

*******************************************************************************

 Dependent variable is 

 37 observations used for estimation from  1962 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 GY              

-.51284             .16540           
-3.1006[.005]

 GM2                    
.60229             .16853                    
3.5738[.002]

 GOR                   
.39127             .17222                    
2.2719[.033]

 C                            
.001688           .041049                 
.041139[.968]

 D83GM2              
.12025             .30838                    
38994[.700]

 DU79                        -.21788            .083428                 
-2.6116[.016]

 DU84                      -.023469            .071893                 
.32644[.747]

 DU93                      -.013251            .059718                 
-.22190[.826]

******************************************************************
The dynamic model also mimic the long-run behavior. As Table 16 illustrates about 73 percent of dis-equilibrium error is corrected each period. 
Table 16
Error Correction Representation for Reliability of M2 model
Error Correction Representation for the Selected ARDL Model

ARDL(2,0,2,2) selected based on Schwarz Bayesian Criterion

*******************************************************************************

 Dependent variable is d

 37 observations used for estimation from  1962 to 1998

 Regressor              Coefficient       Standard Error         T-Ratio[Prob]

 d1                       
.24147              .14638             
1.6496[.112]

 dGY            
    
 -.37636              .11103                  -3.3898[.002]

 dGM2                        
.21591              .13078                   1.6509[.111]

 dGM21                    
-.38899              .11922                  -3.2627[.003]

 dGOR             
-.023835            .057161                 -.41698[.680]

 dGOR1               
 -.11630            .063601                 -1.8286[.079]

 dC                           
.0012393            .030121                .041144[.968]

 dD83GM2          
.088248              .22957                  .38440[.704]

 dDU79                      
-.15990             .050291                -3.1795[.004]

 dDU84                       -.017223            .052361                -.32894[.745]

 dDU93                  
-.0097249            .043855                -.22175[.826]

 ecm(-1)                     
 -.73387              .13437                -5.4617[.000]

R-Squared                     .79405   R-Bar-Squared                   .67765

 S.E. of Regression           .042024   F-stat.    F( 11,  25)    8.0617[.000]

 Mean of Dependent Variable  .0040124   S.D. of Dependent Variable     .074016

 Residual Sum of Squares      .040618   Equation Log-likelihood        73.5670

 Akaike Info. Criterion       59.5670   Schwarz Bayesian Criterion     48.2906

 DW-statistic                  2.0287

*******************************************************************************

 R-Squared and R-Bar-Squared measures refer to the dependent variable

 d and in cases where the error correction model is highly

 restricted, these measures could become negative.

Moreover, by comparing Tables (1-16) we support the argument the M1 is more controllable than M2 but M2 is more reliable than M1. Hence, the monetary authorities in Iran should take the above result into their consideration when deciding about which policy instrument to use in achieving the goal of price stability.
6. Concluding Remarks

Two important features of a monetary system are its policy controllability and reliability. Using an autoregressive distributed lag (ARDL) approach, we construct two models to investigate the impacts of implementing no-interest banking system on monetary policy controllability and the monetary aggregate-economic goals link in Iran. This approach allows us to study both the short-run and the long-run effects. Dummy variable technique is used to examine for the existence of structural break in the models. The models are estimated for the narrow and broad definitions of money.

The results of controllability of M1 show that the implementation of no-interest banking in 1984 has reduced the impact of monetary base growth on the growth of M1 and hence has decreased the controllability of narrow definition of money. This might be attributed to financial innovation occurred in the 1980s as a result of the adoption of new  banking system in Iran. However, when M2 is used for policy purpose, the results of our estimated model show that the degree of M2 controllability has not changed in the new financial arrangement implemented in 1984. 

The paper also examines how the aggregate-economic goals link (or the policy reliability) has been affected by the adoption of the new monetary system. The results show that the new financial arrangement has neither increased nor decreased the reliability of the monetary aggregates in Iran. These results hold both in the short run and the long run.  

Finally, based on the results of our models we find that M1 is more controllable than M2 but M2 is more reliable than M1. Hence, the Iranian monetary authorities should take this fact into their consideration when deciding about which policy instrument to use for achieving the goal of price stability

In general, we conclude that the adoption of the new banking system in Iran has not caused a major change in the usefulness of the Iranian monetary system. This might be attributed to the fact that the new system after 1984 still mimics the pre no-interest banking arrangement in which the authorities used to influence the interest rate and allocate the financial resources among economic sectors. After the implementation of the no-interest banking system, Bank-e Markazi (BMI) or the central bank of Iran determines the rate of returns on deposits and loans and allocates the financial resources in the economy. While there is no official interest rate in the system, the profit rate is set administratively by the monetary authorities. 

Indeed, BMI sets administratively the banks’ rates of return on investment (time) deposits according to the maturity of deposits. The lending rates are also set differently by BMI based on the expected rate of return  of the sector to which credit is extended. In practice, the administratively determined lending rates denote  the profit rate  that the borrowers has to obtain and the banks will collect from them. 

This causes some problems. First, it seems that this type of lending and borrowing operations are, in practice, against Islamic principle of profit-loss sharing advocated by Muslim economists. Second, the profit rate cannot freely respond to changes in the economy  and accommodate the economic shocks. Third, since it does not necessarily reflect the true profit rates, might mislead the economy by sending wrong signals to the market. Ex-post profit rates may be higher or lower than the administratively quoted rates. Hence, the implementation of a pre-determined profit rate system might be an important source of inefficiency in the Iranian monetary sector. Forth, in an economy with a relatively limited financial assets operating under the government supervision, and in the presence of an administratively controlled profit rate we should witness the rise of parallel underground financial markets. Therefore, the Iranian financial system should complete its progress and move faster towards  the implementation of a real profit-loss sharing system.
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Appendix: Unit Root Tests

A.1. Augmented Dick Fuller Test:

Augmented Dicky Fuller unit root test

	ADF Stat.
	Variable

	With trend
	Without trend
	

	-3.19
	-3.10
	GM1

	-3.27
	-3.33
	GM2

	-3.22
	-3.30
	GMB

	-5.00
	-2.45
	(

	--3.77
	--3.15
	GOR

	--2.90
	--2.63
	GY


              Critical Value at 5% a) without trend – 2.94; b) with trend  -3.53

A.2. Phillips-Perron Test

Phillips-Perron test

	Phillips-Perron test for First Difference
	Variable

	With trend
	Without trend
	

	-3.14
	-2.93
	GM1

	-3.27
	-3.31
	GM2

	-3.14
	-3.22
	GMB

	-3.89
	-2.21
	(


                        Critical Value at 5% a) without trend – 2.94; b) with trend  -3.53



� EMBED Equation.3  ���
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� That is  M1 and M2, respectively.


� Treichel (1997) uses a vector cointegration approach to study the relation between money base and M2 and M4 in Tunisia. It shows that money supply is controllable by the monetary authority. 


� If two or more non-stationary time series are integrated of the same order, they are on the same wavelength.


� See for example Pesaran et. a. (1997) and Harris (1995).


� Pesaran and shine (1997) suggest to use (SBC) because it economizes in using the lags.


� The coefficient of error correction term shows the speed of adjustment towards long-run equilibrium.


� Throughout this paper we use Mircrofit software package which is designed for the econometric modeling of time series data.


� However, even if we carry out a unit root test of the null hypothesis of no cointegration . The sum of âi (i=1,….p) in (1) must be less than one for the dynamic model to converge to a long-run solution. Thus, dividing (1-∑â) by the sum of their associated standard errors provides a t-type test statistic, which can be compared against the critical values given by Banerjee, Dolado, and Mestre, in order to test the null hypothesis. This test has been conducted for the M1 controllability model. From Table 1 we can compute the t statistic. Base on our computation t*= (1- 0.2)/(0.10) = 8 which is well above the critical value. Hence, we reject the null hypothesis of no cointegration.
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