McKinnon’s Complementarity Hypothesis for Tunisia: 

Autoregressive Distributed Lags (ARDL) Approach

 Bouzid AMAIRA

Senior Economist at the Institute Tunisian Competitiveness and Quantitative Studies, Faculty
of Economic Sciences and Management of Tunis, University of Tunis El Manar, Research
Laboratory "Prospective, Strategy and Sustainability (PS2D)

Abstract
A complementary relationship between money and physical capital is explained by the financial liberalization theory will lead to a surge in money demand and investment. In this paper, the validity of this hypothesis, which is also known as McKinnon's complementarity hypothesis, in terms of financial liberalization policy has been tested empirically to examine the domestic credit, money demand, interest rate and investment size in order to attempt to designate the respective relationship in Tunisia. In this study, over the period of 1986-2015 in Tunisia, the relationship between money and physical capital for available data is investigated through the BOUND and ARDL test methods. Empirical analysis of the findings suggests that Tunisia's economy is based on a limited complementary relationship between money and physical capital.
Keywords: financial liberalization, McKinnon's complementarity hypothesis, money and physical capital, Bound test and ARDL method
JEL Classification: E44, F43, G18, O16
Corresponding author: Joesph M Katz Graduate School of Business and College of Business Adminis-
tration, University of Pittsburgh, Pittsburgh, PA 15260; E-mail: dkdenis@pitt.e
1. Introduction

In 1973, McKinnon and Shaw are argued that the repressed financial markets (low and administered interest rates, domestic credit controls, high reserve requirements and concessional credit practices) discourages savings, retards the efficient allocation resources, increases the segmentation of financial markets, constrains investment and lowers the economic growth rate. The essential argument of the McKinnon-Shaw thesis is that a low or negative real rate of interest discourages savings and hence reduces the availability of loanable funds, constrains investment and lowers the economic growth rate. 
On the contrary, an increase in the real interest rate may induce the savers to save more, which will enable more investment to take place and which would exert a positive effect on the economic growth. This idea was adopted by great international institutions such as the International Monetary Fund and the World Bank.
Thus, many developing countries have implemented financial liberalization policies with the aim to delete the repressed regime. The financial liberalization policies were aimed at liberalizing interest rates by switching from an administered interest rate setting to a market-based interest rate determination; reducing the credit controls by gradually eliminating directed and subsidized credit schemes; developing primary and secondary securities markets; enhancing competition and efficiency in the financial system by privatizing the nationalized commercial banks. This suggests a basic complementarity hypothesis between the money and physical capital. In the McKinnon model, the success of the financial liberalization process depends to the following hypothesis: (i) the effective deepening of the financial sector, (ii) a positive correlation between the saving and the real interest rate, and (iii) a perfect complementarity between the money demand and investment.
This paper critically appraises McKinnon’s complementary hypothesis by conducting a vigorous empirical approach using Autoregressive Distributed Lag (ARDL) Approach for Tunisia with the sample period of 1986 to 2015.  A two-equation model is developed for this purpose. Since the use of non-stationary time series data often produces spurious results, the data series are tested for stationarity. Therefore, an error correction model is developed and estimated. These variables are mostly predicted to raise the capital formation independently of the hypothesis. We find a cointegration relationship among the key variables, providing a necessary condition for the complementarity hypothesis. The long-run and dynamic estimates are supportive, too, since we find a statistically significant effect of return on capital on the demand for money model, and also a significant positive impact of real deposit rates on investment. Evidence reveals that financial development and the status of a middle-income level among developing economies are factors, which reduce self-financed capital formation by mitigating financial constraints. The conditional variables are found to boost the economy by accumulating the physical capital independently of the self-finance hypothesis. Although, even after augmenting the investment model with the conditional variables, real deposit rates are found to be statistically significant, the size of the coefficients is numerically too marginal to provide vital evidence of self-financed capital formation. The empirical result highlights the key role of financial intermediation through the conduit of credit for increased capital formation.

The present study is organized as flows: in section 1 we develop the McKinnon’s complementarity hypothesis. Section 2 presents the empirical evidence (data, specify models and results) and section 3 spells out the cointegration tests. Long-run and dynamic models are estimated in Section 4. Section 5 concludes.
2. McKinnon’s Complementarity Hypothesis 
McKinnon-Shaw complementarity’s hypothesis can be represented by the following two equations:
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Equation (1) is the standard long-run real money demand function.
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 represents the money demand of transaction. An increase in the income generates a strong monetary detention. 
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: This partial derivative represents the money demand for investment. An increase of investment rate allows a strong money detention. In other words, the investment increases the monetary saving. It is an important condition of success of financial liberalization policy for the transmission of the investment to the saving.
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 : a positive real interest rate allows a greater money demand.

However, McKinnon complementarity’s hypothesis appears in the following investment function:
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     r : the average real return on capital.

Equation (2) is a private investment function. From an empirical perspective, since it is impossible to compute a sensible measure of the real return on physical capital, McKinnon (1973) suggests that it could be replaced by the investment to income ratio, I/Y, which is likely to vary directly with the average real return on capital. 
McKinnon’s model is, however, restrictive in that it is assumed that there is no role of intermediation by financial institutions from saving to the creation of credit. This is very unlikely even in under-developed financial markets. Since the indirect effect of real deposit rates on investment is due not only to self-finance, but also to the credit creation from money, where the real supply of credit increases side by side money demand (Fry 1980). By specifying credit along with the real rates of deposit in the investment equation, the two channels of funding sources could be identified: one is self-finance portrayed by the effect of real deposit rates, and the other channel is through credit intermediated by financial institutions.

The models now become:
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cp: the ratio of domestic credit to private sector to GDP 
The models (1) and (2) form a basis for empirical estimation.
Where 
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Thus, the complementarity’s hypothesis seen in the partial derivatives following:
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Equation (3) suggests that it is not the cost of capital but the availability of finance that constrains investment in financially repressed economies. When the real deposit rate increases, investment increases as well because the financial constraint is relaxed. However, the traditional theory suggests the reverse, that is, that an increase in interest rate reduces investment.
For Shaw, the investment (I) is a decreasing function of real interest rate (r) and the saving is an increasing function of economic growth rate (g) and real interest rate (r):
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Since the McKinnon-Shaw thesis of « financial repression » appear in 1973 has simplified in figure below.
Figure 1: financial repression, saving and investment
[image: image21.png]



         Source: Venet B. (2000)
3. The Empirical Methodology :  ARDL Approach
The empirical specificity of McKinnon’s complementarity hypothesis can be represented by the following system:
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Where 
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            Y : Gross Domestic Product 

            M : Nominal money demand

             P : General Price level index 

For the financial liberalization theory, the complementarity hypothesis holds true if the following partial derivatives are positive:
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The passage of the static to dynamic relations is obtained by an auto-regression model:


[image: image27.wmf]ï

ï

î

ï

ï

í

ì

÷

ø

ö

ç

è

æ

+

+

=

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

+

+

=

÷

ø

ö

ç

è

æ

å

å

å

å

=

=

-

-

=

=

-

-

n

j

m

i

i

t

i

j

t

j

t

n

j

p

i

i

t

i

j

t

j

t

P

M

Ln

P

M

Ln

Y

I

Ln

Y

I

Ln

Z

X

0

0

0

0

1

0

g

b

b

f

a

a

                                                             (7)                                             
With
[image: image28.wmf]{

(

)

t

t

t

t

i

Ln

P

M

Ln

P

Y

Ln

X

p

-

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

=

,

,

}                

         
[image: image29.wmf]{

(

)

t

t

t

t

i

Ln

Y

I

Ln

P

Y

Ln

Z

p

-

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

=

,

,

}  

The long term elasticities for the system (7) are as follows:
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In terms of the first differences, rewritten as: 
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In addition, lagged residuals from the cointegration regression are also included set of explanatory variables-this term is referred to as an ECM term- the statistical significance of the ECM term is that it measures the deviation of the dependant variable from its long-run trend. In other words, it represents the self-correcting mechanism of the system for deviation from its long-run trend. The general form of the ECM is as follows:
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Where ECM is the error correction model term 
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The methodology of this study is designed to assess the impact of financial liberalization on financial deepening in Tunisia. In this study, we use the cointegration approach as described by (Pesaran et al., 2001), namely Autoregressive Distributed Lag (ARDL). This approach examines the hypothesis that financial liberalization leads to financial depth as proposed by (McKinnon and Shaw, 1973).

The ARDL model was chosen because it has many advantages. First, it can be applied regardless of whether the individual effects are integrated in the I(0) or I(1) order independently of stationarity. Second, the ARDL model takes a sufficient number of delays to capture the data generation process from a general modeling framework (Laurenceson and Chai, 1998). Third, the ARDL approach gives higher estimates of long-term coefficient and diagnostic tests of the estimated equation are more reliable (Laurenceson and Chai, 1998). Moreover, from the ARDL model, a dynamic error correction (ECM) model can be obtained by simple linear transformation (Banarjee et al., 1993). The ECM also helps us measure the short-term relationship between the variables in the model. Finally, the ARDL model is a more appropriate measure for a smaller sample size. As the size of our sample study is limited to 31 observations, it provides more motivation to apply the ARDL approach to the analysis.

In order to implement the boundary test approach, equations (10 and 11) are modeled in conditional ARDL-ECM as follows:
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The first steps in the estimation consists of performing OLS on the conditional ECM and determining or selecting the optimal structure for the final ARDL specification by following a specific general approach which consists in selecting the best specification starting with an order of Delay, and then exclude all variables that are not significant (Lin Hung-Pin, 2014).

After determining the optimal structure for the ARDL specification of short-term dynamics, the next step is to test the existence of a long-term relationship between the variables involved in the equation above. This is done by conducting the null hypothesis of "non-cointegration" using an F-statistic for the joint meaning of the offset levels of the variables involved in the error correction model, so that H0: π1 = π2 = π3 = 0. According to Pesaran et al. (2001), the asymptotic distribution of the best non-standard F-statistic under the null hypothesis of the absence of level relation between the included variables, irrespective of whether the variables are I(0), I(1) Or mutually cointegrated. The decision rule is taken on the basis of F-statistics. It is compared with the critical value tabulated by Pesaran et al. (2001). If the computed value of the F-statistic in the ECM is greater than the upper limit, a deduction can be made that there is a long-term relationship between the variables without needing to know the order of integration of the variables. However, if the F-statistic is below the lower limit of the null hypothesis of absence of a long-term relationship between the variables being analyzed cannot be rejected. If the computed F-statistic is within the critical value limits, the deduction is inconclusive and knowledge of the order of integration is necessary. When knowledge about the order of integration is obtained and it is found that all variables are I(1), this test is reduced to the test, no cointegration so that the null hypothesis means no cointegration. In this case, the decision rule is simplified as follows: if the F-statistic value is greater than the upper limit, we reject the null hypothesis; otherwise we accept the null hypothesis. Therefore additional information that the order of integration of variables is I(1) suppresses an inconclusive region (Pesaran et al., 2001).
4. Estimation and Presentation of Results
4.1. Stationarity test
McKinnon (1973) suggested to test the complementary relationship between money and physical capital using Equations (1) and (3) for the stability tests related to the clearly expressed sequence described by Dickey and Fuller’s (1981) ADF unit root test which was developed and the results are presented in Table 1.
Table 1: Unit Root Test Results
	
	ADF Level 
	ADF First difference
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(0.9478)
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	-2.285
(0.1832)
	-3.904
(0.062)
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	-2.825
(0.0675)
	-5.983
(0.0000)
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	-1.212
(0.6547)
	-5.060
(0.0004)
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	-0.109
(0.9390)
	-3.106
(0.0380)

	Asymptotic critical values

	1%
	-3.689194
	-3.699871

	5%
	-2.971853
	-2.976263

	10%
	-2.625121
	-2.627420


Source : Author’s estimate, Eviews 9.5
According to the findings of Table 1, unit root test results were compiled in order to test the stability of the real deposit interest rate variable it seems to be stable in the original level (0). It is understood that real income, the ratio of income of investments and private sector credit to GDP ratio are stable in the first difference (I (1)). The results of the unit root tests for the next stage of data at different levels are determined as they have been passed the limit stability test. In addition, after applying the ADF test for unit root test, variables (d-π) and 
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are not integrated at order 1, thus the conditions for the validation of the co-integration are not met. This is essential for the application of ARDL.
4.2. Co-integration tests : ARDL Bounds

The cointegration test under the bounds test procedure involves comparing the F-statistics with the critical values, which are generated for specific sample sizes.
Table 2: ARDL Approach to Cointegration: Result of F-Test
	
	Estimated F-statistic
	95% Lower Bound
	95% Upper Bound

	Money Demand Model
	5,56
	2,79
	3,67

	Investment model
	5,31
	3,1
	3,87


Source : Author’s estimate, Eviews 9.5
Table 2 shows that there is a long-term relationship between the variables since the estimated F-statistics are above the upper 95% limit. Consequently, the null hypothesis of no cointegration between the variables is rejected again.

4.3. Long and short-term estimation of the ARDL model

After finding the long-term relationship between the variables, we proceed to the second step of the analysis. At this stage, we estimate the long-term and short-term coefficients. The results of our ARDL model are presented in Tables 5 and 6.
Table 3: Money Demand model, ARDL(2,0,0,2)
	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.*

	M/P(-1)
	1.319898
	0.181321
	7.279356
	0.0000

	M/P(-2)
	-0.479148
	0.170408
	-2.811772
	0.0108

	Y
	0.025962
	0.006152
	4.219878
	0.0004

	I/Y
	-0.770661
	0.735426
	-1.047910
	0.3072

	(i-π)
	-0.551612
	0.484335
	-1.138906
	0.2682

	(i-π)(-1)
	0.799116
	0.475935
	1.679044
	0.1087

	(i-π)(-2)
	-0.609207
	0.419131
	-1.453499
	0.1616

	c
	-20.19265
	18.77868
	-1.075297
	0.2950

	R-squared
	0.998663
	Adjusted R-squared
	0.998195

	F-statistic
	2133.832
	Prob(F-statistic)
	0.000000


                             Source : Author’s estimate, Eviews 9.5
Table 4: Investment model, ARDL(1,2,0)
	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.*  

	I/Y(-1)
	0.689955
	0.110098
	6.266763
	0.0000

	CP
	0.039715
	0.055262
	0.718667
	0.4799

	CP(-1)
	-0.044181
	0.070396
	-0.627611
	0.5367

	CP(-2)
	-0.121057
	0.047073
	-2.571711
	0.0174

	(i-π)
	0.050921
	0.081936
	0.621470
	0.5407

	C
	14.91559
	3.532148
	4.222809
	0.0004

	R-squared
	0.815743
	Adjusted R-squared
	0.773866

	F-statistic
	19.47968
	Prob(F-statistic)
	0.000000


                             Source : Author’s estimate, Eviews 9.5

The money demand model ECM - ARDL (2, 0, 0, 2) is selected based on the Akaike information criterion (Figure 2).

Figure 2: Akaike Information Criterion (AIC), Money Demand model
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                           Source : Author’s estimate, Eviews 9.5

The investment model ECM - ARDL (1, 2, 0) is selected based on the Akaike information criterion (Figure 3).
Figure 3: Akaike Information Criterion (AIC), Investment model
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                           Source : Author’s estimate, Eviews 9.5
The parameters obtained in the framework of long-term money demand models according to the forecast results from the long-term demand for money show an important positive and statistically significant relationship with income level. 

At the same time, negative and no significant correlation between the ratios of investment income and the demand for money shows that increases in the demand for money leads to decrease in demand for physical capital. If we look at the results in the framework of an increase of investment in domestic investment model it creates a negative impact on the volume of credit investments. Analysis results are evaluated in terms of the relationship between long-term investments with private investment model, and real deposit rates are negative and statistically significant. It is also being noted that between Money Demand (M/P) and variable Y there is positive direct relationship established at a significance level of 1%. Also, research results show an inverse relationship within the investment model between (I/Y) and (cp) at a significance level of 5%. Regarding the relations between Money Demand (M/P), (I/Y) and (i-π), and between I/Y and (i-π), the validation tests show that there are no relationships between these variables. 
Consequently, the investment function is not verified by these findings, according to McKinnon's complementarity hypothesis. Despite the increase in interest rates, the increase in the rate of investment increases the demand for money in investments, contrary to what McKinnon anticipated as an increase. Their results therefore, present a partial complementarity relationship between money and physical capital in Tunisia's economy.
Table 5: Long-Term Coefficient Estimation Results
	Money Demand Model
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	0,163***
(10,755)
	-4,839
(-1,112)
	-2,271
(-0,402)
	-0,404**
(-2,388)
	0,164
(0,651)


Note: t-statistics are calculated in parentheses. Level of significance are ***, **, *, namely 1, 5 and 10 %, respectively
Source : Author’s estimate, Eviews 9.5
The error correction model results estimated for the acquisition of short-term help the ARDL equation coefficients that are exhibited in Table 6. The error correction model (ECM) is used to confirm the existence of a stable long-term relationship and a cointegration relationship between the variables. Table 6 shows that the coefficient of the error correction term         ECM(-1) is statistically significant with the expected negative sign. This confirms the existence of a stable long-term relationship between the variables.
In addition, the error correction term (ECM(-1)), representing the speed of adjustment between the short and the long-run periods, had a coefficient of - 0.223 and -0.317 of being statistically highly significant at 1% of Money Demand Model and  Investment Model, respectively. The negative sign is an indicator of model consistency both in the short and long run, and the model actually converges to long-run equilibrium.
Table 6: Error-Correction and Short-Run Estimates
	Money Demand Model

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.

	D(M/P(-1))
	0.351849
	0.141273
	2.490555
	0.0217

	Y
	0.000513
	0.001311
	0.391348
	0.6997

	I/Y
	0.005103
	0.146973
	0.034720
	0.9726

	D(i-π)
	-0.509210
	0.296885
	-1.715176
	0.1018

	D((i-π(-1))
	0.684632
	0.311795
	2.195775
	0.0401

	ECM(-1)
	-0.223778
	0.044969
	-4.976288
	0.0001

	Cointeq = M_P - (0.1630*PIB  -4.8393*INV  -2.2713*TIR  -126.7985)


	Investment model 

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.

	D(CP)
	0.037982
	0.051406
	0.738875
	0.4678

	D(CP(-1))
	0.128577
	0.044530
	2.887425
	0.0085

	(i-π)
	0.025518
	0.057450
	0.444173
	0.6613

	ECM(-1)
	-0.317027
	0.066159
	-4.791920
	0.0001

	Cointeq = INV - (-0.4049*CP + 0.1642*TIR + 48.1079 )


                     Source : Author’s estimate, Eviews 9.5
Finally, the structure stability of the long-run and short-run relationships of the both ARDL models (Money Demand Model and investment model) for the entire period are examined by the cumulative sum (CUSUM) and the cumulative sum of squares (CUSUMSQ) of the recursive residual test which proposed by (Brown et al, 1975).
The null hypothesis of these tests is that the regression equation is correctly specified. These two tests are presented in figure 4 and 5. The pair of straight lines is each figure indicates the 5 per cent significant level and if the plotted CUSUM and SUSUMSQ graphs remain inside the straight lines the null hypothesis of correct specification of the model can be accepted.

Otherwise, the null hypothesis is rejected and it can be concluded that the regression equation is miss-specified. The two figures reveal that the plots of CUSUM and SUSUMSQ stay within the lines, and, therefore, this confirm the equations 10 and 11 are correctly specified and stable.
Figure 4: Plotting of CUSUM Statistics for Stability Test
                                 Money Demand Model                                                                             Investment model
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     Source: Author’s estimate, Eviews 9.5
Figure 5: Plotting of CUSUMSQ Statistics for Stability Test
                                      Money Demand Model                                                                                         Investment model
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      Source: Author’s estimate, Eviews 9.5
5. Conclusion 

In the financial liberalization theory, an application of this theory for having different rates of growth performance for a country caused a question on neoclassical and endogenous growth theories. Different financial development levels for different countries seems to be the answer cited as a justification neo-classical economic thought for financial markets in relation to the technological changes and financial services innovations brought about by the demands advocated by the driving forces for financial development. 

Financial liberalization process of applications follows as a result of increasing interest rates on investments in physical capital. Demand for money will encourage these predictions which are tested by investigating the relationship between interest rates and investment volume. As McKinnon also established the complementarity hypothesis in this study for the relationship between money and physical capital, and to this end we have tried to investigate the test limit and ARDL method for Tunisia’s economy. Negative and significant relationship between the structures of money demand, according to the analysis result of the estimated money demand equation and the investment rate in a statistically significant and positive interaction of presence are detected. The investment variable in the equation of investment rate and interest rate refers to a substituent relationship rather than complementarity. Based on the results obtained in this direction from the period 1986-2015, there is a limited complementary relationship between money and physical capital in Tunisia’s economy for the reviewed period.
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