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Abstract
This study revisits the stability of the money multiplier on the determination of the money supply process for Canada

under the assumption of potential nonlinear relation between the money supply (M1 and M2) and monetary base. To

this aim, we apply the recently developed nonlinear autoregressive distributed lag (ARDL) model by Shin et al. (2014)

between 2000M1-2018M09. This model decomposes the monetary base series into increases and decreases

separately. The main empirical findings of this study indicate that the nonlinear model successfully detects potentially

concealed proportional nonlinear (asymmetric) relations between monetary base and money supply (M1). Additionally,

increases in monetary base have strong proportional relation with M1. This implies an almost stable money multiplier

and exogenous money supply determination process for the Bank of Canada (BoC). This can be interpreted that the

BoC determines money supply exogenously only its expansionary monetary policy in the long-run. This finding may

allow the BoC to apply more proactive and manageable monetary policy.
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1. Introduction 

Understanding the mechanism of the money supply determination process is necessary in 

order to conduct a successful monetary policy. A successful monetary policy may require a 

controllable money supply through a controllable monetary base and a stable money 

multiplier. If the money multiplier is unstable and unpredictable, changes in monetary base 

by the central banks can cause undesirable results in all macroeconomic variables. This 

means that money supply is determined by the central banks endogenously. On the other 

hand, a stable and predictable money multiple provides the central banks a means to 

determine and control money supply exogenously. Accordingly, knowing whether the 

money multiplier is stable or unstable plays a key role for the central banks in achieving their 

monetary policy goals.  

 

There is no consensus about the stability of the money multiplier and controllable monetary 

base among monetary economists. The historical and theoretical discussions in the schools 

of economics thought about this are outside the scope of this empirical study. However, there 

are two main approaches on this issue. In the orthodox (monetarist) approach, it is assumed 

that money supply is determined by the central banks exogenously. This means that a given 

change in monetary base leads to proportional changes in money supply through a stable and 

predictable money multiplier. The other approach, the Post Keynesian approach, assumes 

that money supply is determined endogenously because portfolio choices of economic agents 

and market forces may change the magnitude of money multiplier and make it unstable 

(changeable).   

This study revisits the stability of the money multiplier for Canada for M1 and M2. There are 

some empirical studies examining the money supply determination process with different 

methodologies for this country. For instance, Howells and Hussein (1998) used cointegration 

and causality tests for the G7 countries and found an unstable money multiplier (endogenous 

money supply) for all countries including Canada. Similarly, Panagopoulos and Spiliotis 

(2008) applied the Error Correction Vector Autoregressive (VAR) causality for the same 

group of countries and found an unstable money multiplier for all. Badarudin et al. (2013) 

applied the Vector Error Correction (VECM) and Trivariate vector autoregression model 

(VAR) for the G7 countries and found that the money supply is unstable for all countries 

including Canada. Similarly, Nayan et al. (2013) used the Generalized Method of Moments 

(GMM) for 177 countries including Canada and found an unstable money multiplier for all.  

 

All these empirical studies, however, assume that there is a linear (symmetric) long-run 

proportional relation between money supply and monetary base. This relation though may 

potentially exhibit nonlinear (asymmetric) characteristic. This means that increases and 

decreases in the monetary base may separately lead to different size and sign proportional 

impacts on the money supply. Another possibility is that while increases in the monetary base 

may have impacts on the money supply, decreases may not or vice versa. The rising 

uncertainties in financial markets and the changing portfolio choices of economic agents can 

easily cause this nonlinear (asymmetric) characteristic on the money supply determination 

process. Accordingly, this study differs from aforementioned empirical studies and is 

constructed on this potential nonlinear (asymmetric) relation. To this aim, the newly 

developed nonlinear autoregressive distributed lag (ARDL) model by Shin et al. (2014) is 

applied. 

 

 
 



 

2. Empirical Model and Methodology 

The empirical model of this study is based on the interpretation of the money multiplier model 

by Brunner (1961) and Brunner and Meltzer (1964). This model is constructed in the 

following proportional form:  
݉݉ =ܯ  ∗  (1)                                                                                                                   ܤܯ
 

where M is the money supply, mm is the money multiplier and ܤܯ is the monetary base. 

The money multiplier (mm) links the monetary base (ܤܯ) to the money supply (M ). The 

model in Eqn. (1) can be written in the following logarithmic form: 
ܯ�݋ܮ  = ݉݉�݋ܮ +  ሺʹሻ                                                                                                          ܤܯ�݋݈
 

Eqn. (2). can be rewritten in the following regression form: 
�ܯ�݋ܮ  =  �଴ + �ଵܤܯ�݋ܮ� + ݁�                                                                                                   ሺ͵ሻ 
 

where �଴ is the logarithm of mm and ݁� is the error term. Exogenous money supply 

determination process requires mm to be stable (stationary). Furthermore, M and ܤܯ must 

be stationary or cointegrated if they are not stationary at the same order of integration 

(Thenuwara and Morgan (2017); Bhatti and Khawaja (2018)). Hence, for a stable money 

multiplier (݉݉ = �ܤܯ/�ܯ =1), �଴ must be zero (logarithm of ݉݉ which equals to 1) and �ଵ must be 1 which implies one-to-one cointegrated proportional relation between money 

supply and monetary base in the long-run. The monthly data of M1, M2 and monetary base 

(MB) were obtained from the Bank of Canada (BoC). The contents of M1, M2 and MB are 

presented in appendix 1. 

 

The empirical methodology of this study is based on the nonlinear ARDL model by Shin et 

al. (2014). This model decomposes the changes in the monetary base series (ܤܯ) as increases 

and decreases. Hence, it allows us to examine the impacts of increases and decreases on the 

money supply separately in case of the existence of potential nonlinear (asymmetric) 

relations. This model is the extended version of the linear ARDL model by Pesaran et al. 

(2001) and accounts for the nonlinearities (asymmetries) between the changes in variables. 

In this study, we also apply the linear ARDL model to compare the empirical results of both 

models.  

 

Therefore, the model in Eqn. (3) first transforms to the following linear ARDL model by 

Pesaran et al. (2001). In this model, we apply bounds testing to the cointegration and error 

correction model (ECM) for the short-run and long-run impacts of the changes in the 

monetary base (ܤܯ) on the money supply (M): 
 

�ܯ�݋ܮ∆ = �଴ + ∑ �ଵ�∆ܯ�݋ܮ�−�௣
�=ଵ + ∑ �ଶ�∆ܤܯ�݋ܮ�−�௤

�=଴ + �ଷܯ�݋ܮ�−ଵ + �ସܤܯ�݋ܮ�−ଵ + ݁�                 ሺͶሻ 

where Δ denotes first difference. In this linear form ARDL model, while short-run impacts 

of the changes in monetary base (ܤܯ) on money supply (M ) are determined by the size and 

significance of �ଶ� the long-run impacts are determined by �ସ.   
 

In the next step, we apply the nonlinear ARDL model by Shin et al., (2014) for estimating 

potential nonlinear (asymmetric) impacts of the changes in monetary base (ܤܯሻ on money 

supply (M ). This model decomposes the changes in monetary base (ܤܯ) series as ܤܯ+and ܤܯ− for increases and decreases respectively with the concept of the partial sum process in 

the following form. 



 

+�ܤܯ = ∑ �+�ܤܯ∆
�=ଵ = ∑ max ሺ∆ܤܯ� , Ͳሻ�

�=ଵ                                                                                                                     ሺͷሻ 
−�ܤܯ = ∑ �−�ܤܯ∆

�=ଵ = ∑ min ሺ∆ܤܯ� , Ͳሻ�
�=ଵ                                                                                                                      ሺ͸ሻ 

After this decomposition process the model in Eqn. (4). transforms into the following 

nonlinear form ARDL model in Eqn. (7). 

�ܯ�݋ܮ∆ = �଴ + ∑ �ଵ�∆ܯ�݋ܮ�−�௣
�=ଵ + ∑ �ଶ�∆ܤܯ�݋ܮ�−�+௤

�=଴ + ∑ �ଷ�∆ܤܯ�݋ܮ�−�−௥
�=଴ + �ସܯ�݋ܮ�−�+ �ହܤܯ�݋ܮ�−�+ + �଺ܤܯ�݋ܮ�−�− + ݁�                                                                                      ሺ͹ሻ 

In Eqn. (7), the long-run impacts of the increases (ܤܯ+) and decreases (ܤܯ− ) in monetary 

base on money supply (M) are determined by the sizes-signs and significances of �ହ and �଺ respectively. Similarly, short-run impacts of ܤܯ+and ܤܯ− are determined by �ଶ� and �ଷ� . Hence, the nonlinear ARDL model allows us to understand whether the changes in ܤܯ+and ܤܯ− have symmetric or asymmetric impacts on M. At first glance, symmetry will 

be confirmed if the sizes-signs of coefficients of ܤܯ+and ܤܯ− on M are significantly the 

same. However, for the formal decision, we apply the Wald test for both the short-run (�ௌோ) 

and long-run (�௅ோ).   

         

3. Empirical Results 

 

Before processing the ARDL models we first must ensure that the variables are stationary. 

To this aim, Augmented Dickey Fuller (1981, ADF) and Phillips-Perron (1988, PP) Unit 

Root tests are applied. The results of these tests are reported in the following Table 1. 

 

Table 1: ADF and PP Unit Root Test Results 

Note: *** denote statistical significances at 1% level respectively. The optimal lags 

were automatically selected by using the Akaike Information Criterion.  
                                       

  The test results in Table 1 indicate that variables are integrated of order one I(1). Hence, we 

apply bounds testing of Pesaran et al. (2001) for the confirmation of cointegration relation 

between the variables. The results of bounds testing for both linear and nonlinear models are 

reported in Table 2. 

Table 2: Test Results of Bounds Testing 

                          Critical Values 

 
Dependent 

Variable 
k F stat. I0 Bound I1 Bound 

Linear 

   10% 5% 1% 10% 5% 1% 

M1 1 1.94 3.02 3.62 4.94 3.51 4.16 5.58 

M2 1 18.19*** 3.02 3.62 4.94 3.51 4.16 5.58 

 ADF PP 

 Level First Difference Level First Difference 

 Prob.  Prob. Prob. Prob. 000 0.64 ***0.00 0.64 −ܤܯ�݋ܮ ***0.00 0.59 ***0.00 0.69 +ܤܯ�݋ܮ ***0.00 0.64 ***0.00 0.91 ܤܯ�݋ܮ ***0.00 0.86 ***0.00 0.51 ʹܯ�݋ܮ ***0.00 0.80 ***0.00 0.56 1ܯ�݋ܮ*** 



 

Non-Linear 
M1 2 26.97*** 2.63 3.1 4.13 3.35 3.87 5 

M2 2 11.38*** 2.63 3.1 4.13 3.35 3.87 5 

Note: k is number of regressors. ***; denotes cointegration at the 1% significance level. 

The test results in Table 2 indicate that all variables (except M1 in the linear model) have 

cointegrated relations since the calculated F-statistics exceed the critical values tabulated by 

Pesaran et al. (2001). Consequently, M1 will not be estimated in the following analyses in 

the linear model. The estimates and diagnostic tests of the linear model for short-run and 

long-run are reported in Table 3.  

Table 3:  Linear ARDL Model Estimation Results for M2 

Variable Coef. Prob. 

Short Run ∆ܯ�݋ܮʹ�−ଵ 0.37*** 0.00 ∆ܤܯ�݋ܮ�  ଵ -0.001*** 0.00−��ܥܧ 0.05 0.07 

Long Run ܤܯ�݋ܮ�  0.77 4.34 ݐ݊�ݐݏ݊݋ܥ 0.33 1.21 

      Diagnostic Tests 

 Test Stat.           Prob. �ଶ 0.99 - ݀ܣ�. �ଶ 0.99 - 2.08 �ܦ - �ௌ�ଶ
 3.31*** 0.19 �ிிଶ  8.81 0.00 �ேைோଶ
 4.07*** 0.13 ��ா்ଶ  12.32*** 0.26 

F 4.35*** 0.35 

Note: *** and * denote statistical significances at 1% and 10% levels 

respectively. CUSUM and CUSUM of Squares test graphs are reported 

in Chart in Appendix 2. 

 

The test results in Table 3 indicate that there is no proportional relation between ܤܯ and M2 

in the long-run since its coefficient is insignificant. It is same for the short-run. Furthermore, 

the significantly negative but very low size coefficient value of Error Correction Term (ECT) 

confirms that short-run variations between the variables converge to the long-run very 

slowly. The estimates of the nonlinear model both short-run and long-run with the diagnostic 

tests are reported in Table 4. 

Table 4:  Nonlinear ARDL Model Estimation Results 

  Dependent Variable (M1) Dependent Variable (M2) 

Variable Coef. t-st. Variable Coef. t-st. ܯ�݋ܮͳ�−ଵ -0.022581 -1.13 ܯ�݋ܮʹ�−ଵ -0.007214 -1.94 ܤܯ�݋ܮ�−ଵ+ +ଵ−�ܤܯ�݋ܮ 0.79 0.021437  −ଵ−�ܤܯ�݋ܮ 2.60 ***0.003457  −ଵ−�ܤܯ�݋ܮ 2.24- **0.099277-  +ଶ−�ܤܯ�݋ܮ∆ 400.95 ***0.36 +�ܤܯ�݋ܮ∆ 2.39 **0.021279 +�ܤܯ�݋ܮ∆ ͳ�−ଵଶ -0.20*** -3.41ܯ�݋ܮ∆ ଺ -0.055557 -1.46−�ʹܯ�݋ܮ∆ ͳ�−ଵ଴ 0.09 1.74ܯ�݋ܮ∆ ହ 0.133 667*** 3.52−�ʹܯ�݋ܮ∆ ͳ�−9 0.15*** 2.76ܯ�݋ܮ∆ ସ -0.046662 -1.23−�ʹܯ�݋ܮ∆ ͳ�−ହ -0.18*** -2.92ܯ�݋ܮ∆ ଷ 0.044664 1.15−�ʹܯ�݋ܮ∆ ͳ�−ସ 0.13** 2.40ܯ�݋ܮ∆ 0.16 0.003798  +ହ−�ܤܯ�݋ܮ∆ 2.37 **0.028404  +ଷ−�ܤܯ�݋ܮ∆ 2.17 **0.19  +ଵ଴−�ܤܯ�݋ܮ∆ 1.19- 0.013998-  +଻−�ܤܯ�݋ܮ∆ 1.56 0.12  +ଵଶ−�ܤܯ�݋ܮ∆ 1.67- 0.015856-  +଻−�ܤܯ�݋ܮ∆ 1.68 0.14  −ଶ−�ܤܯ�݋ܮ∆ 2.12- **0.020910-  +ଵଶ−�ܤܯ�݋ܮ∆ 1.79 0.17  −଻−�ܤܯ�݋ܮ∆ 2.46- **0.021958-  −଺−�ܤܯ�݋ܮ∆ 1.56 0.16   0.025333 1.05 



 

−ଵ଴−�ܤܯ�݋ܮ∆ −଻−�ܤܯ�݋ܮ∆ 1.22 0.11   ଵ -0.31*** -8.66−��ܥܧ ଵ -0.81*** -278.89−��ܥܧ 2.07 **0.067100 ݐ݊�ݐݏ݊݋ܥ 1.16 0.125454 ݐ݊�ݐݏ݊݋ܥ 1.25 0.029728 

                     Normalized Long-Run Coefficients             0.91 0.52 −�ܤܯ�݋ܮ 1.74- 4.39- −�ܤܯ�݋ܮ 2.80 ***0.47      +�ܤܯ�݋ܮ 2.52 **0.94 +�ܤܯ�݋ܮ 

Short Run-Coefficients ∑ �ଶ�∆ܤܯ�݋ܮ�+௤
�=଴  0.83*** 5.78 ∑ �ଶ�∆ܤܯ�݋ܮ�+௤

�=଴  -0.023 -1.21 

∑ �ଷ�∆ܤܯ�݋ܮ�−௥
�=଴  0.44*** 2.62 ∑ �ଷ�∆ܤܯ�݋ܮ�−௥

�=଴  0.055 1.53 

      Diagnostic Tests 

 Test Stat.      Prob.  Test Stat.     Prob. �ଶ 0.99 - �ଶ 0.25 - ݀ܣ�. �ଶ 0.99 - ݀ܣ�. �ଶ 0.20 - 1.69 �ܦ - 1.53 �ܦ - �ௌ�ଶ  0.00*** 1.00 �ௌ�ଶ  5.30*** 0.15 �ிிଶ  0.10*** 0.74 �ிிଶ  3.85 0.01 �ேைோଶ  25.42 0.00 �ேைோଶ  182.59 0.00 ��ா்ଶ  23.71** 0.07 ��ா்ଶ  13.87*** 0.53 

F 12751.55*** 0.00 F 4.54*** 0.00 �௅ோ -2.48** -2.48# �௅ோ 0.047 0.11 �ௌோ 0.39 1.78 �ௌோ -0.078** -2.03# ܧ�ெ�� -11.73*** 0.00 ܧ�ெ�� -5.41*** 0.00 

Note: *** and ** denote statistical significances at 1% and 5% levels respectively. �௅ோ and �ௌோ are 

long and short-run Wald tests. Normalized long-run coefficients are obtained with ܤܯ�݋ܮ�+ =−�ହ/�ସ, ܤܯ�݋ܮ�− = −�଺/�ସ. Critical t-table values are 2.57 and 1.96 for 1% and 5%. # denotes t- 

statistic. CUSUM and CUSUM of Squares test graphs are reported in Appendix 2.  

 

The normalized estimates in Table 4 indicate that increases (ܤܯ+) in the monetary base have 

cointegrated proportional relations with M1 and M2 in the long-run since their coefficients 

are significant at 5% and 1% significance levels respectively. However, only the coefficient 

of ܤܯ+ is close to 1 (one-to-one relation) implying that the money multiplier is almost stable 

for M1. This can be interpreted that the BoC may determine money supply (M1) exogenously 

only in its expansionary monetary policy (ܤܯ+). However, the lower degree (0.47) 

proportional relation implies an unstable money multiplier and thereby endogenous money 

supply determination process by the BoC for M2. Furthermore, the short-run estimates 

indicate that while increases (ܤܯ+) in the monetary base lead to increases in M1, decreases 

 lead to decreases in it. Conversely, the estimates in the same table reveal that there ( −ܤܯ)

are no proportional relations between ܤܯ+ and  ܤܯ−  with M2 in the short-run since their 

coefficients are insignificant. The significantly negative long-run ECT confirms that the 

short-run variations converge to the long-run values. Furthermore, the Wald test confirms 

that increases (ܤܯ+) and decreases (ܤܯ− ) in monetary base have asymmetric impacts on 

M1 in long-run and symmetric effect in the short-run since ሺ−�ହ/�ସሻ ≠ ሺ−�଺/�ସሻ and since ∑ �ଶ�௤�=଴ ≅ ∑ �ଷ�௥�=଴  respectively. However, same changes in monetary base have 

symmetric impacts on M2 in the long-run since (−�ହ/�ସሻ  ≅ ሺ−�଺/�ସሻ and have no impacts 

on M2 in the short-run since their coefficients are insignificant.  

 

In the comparison of both models, we can conclude that the nonlinear model discovers 

potentially concealed proportional nonlinear (asymmetric) relations between money supply 

and monetary base for both M1 and M2. This means that money supply determination 

process in Canada exhibits a nonlinear (asymmetric) mechanism.  



 

 

Conclusion 
 

The Bank of Canada has been adopting inflation targeting policy since 1991. Therefore, a 

controllable money supply is crucially important for this country. In this study, we revisit the 

stability of the money multiplier on the determination of the money supply process for 

Canada. This revisiting is based on the existence of potential nonlinear relation between 

money supply (M1 and M2) and monetary base in this country. To this aim, we apply the 

recently developed nonlinear ARDL model alongside the linear version of this model. The 

nonlinear ARDL model successfully detects potentially concealed proportional relations 

between money supply (M1 and M2) and monetary base. Additionally, this implies that the 

money supply determination process in Canada exhibit nonlinear characteristics for M1. 

However, the decomposed variables of the nonlinear model reveal that only increases in 

monetary base (denoting the expansionary monetary policy of the BoC) have strongly 

proportional relation with M1. This signifies an almost stable money multiplier and 

exogenous money supply determination process for the BoC. This finding may allow the 

BoC to apply more proactive monetary policy for its goals. In conclusion, it is believed that 

all empirical findings of this study may help the monetary policy authorities in Canada to 

obtain a controllable and manageable money supply determination process and thereby 

desirable and predictable macroeconomic variables. This study shows the need for future 

empirical studies using different nonlinear analysis techniques on this issue.  
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Appendix 1: 

M1, M2 and MB are defined in the following forms by the BoC. 

M1: Is the sum of currency outside banks plus chartered bank chequable deposits (less inter-

bank chequable deposits) 

M2: Currency outside banks, chartered bank demand and notice deposits, chartered bank 

personal term deposits, adjustments to M2 (gross) (continuity adjustments and inter-bank 

demand and notice deposits) 

Monetary Base (MB): Notes and coin in circulation, chartered bank and other payments 

Canada members' deposits with the Bank of Canada 

Appendix 2: Cusum end CusumQ Figures of Linear and Nonlinear ARDL Models 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Non-Linear ARDL - Dependent Variable is M1 

Linear ARDL - Dependent Variable is 
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Non-Linear ARDL - Dependent Variable is M2 
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