



Structural Breaks in Canada's Money Demand Function: Evidence from Inflation Targeting and The Covid-19 Pandemic 

ABSTRACT
Aims: This study empirically examines the validity and stability of the money demand function in Canada over the period 1961-2023, a timeframe characterized by major institutional reforms and significant economic disruptions. 
Study Design: Time series econometric analysis with structural break testing. 
Place and Duration of Study: Canadian economy, from the first quarter of 1961 to the third quarter of 2023 (251 quarterly observations). 
Methodology: The analysis employs quarterly data from the Federal Reserve Economic Data (FRED) database. Real money balances are measured using M1 deflated by the Consumer Price Index. Independent variables include real GDP and nominal interest rates (central bank rates). The methodology applies Ordinary Least Squares (OLS) and Generalized Least Squares (GLS) regression techniques to model the relationship. A key contribution is the incorporation of structural break analysis to account for the effects of the early implementation phase of inflation targeting (1991-1995) and the COVID-19 pandemic (2020-2023), which were confirmed to be statistically significant using the Chow test. 
Results: The GLS estimation, which corrects for serial correlation present in the OLS model, provides clear evidence supporting traditional money demand theory for Canada. The results indicate a statistically significant positive relationship between real income and money demand (β2 = 0.85, p-value = .00), and a negative relationship between interest rates and money demand (β3 = -0.003, p-value = .00), both consistent with theoretical predictions. The structural break analysis confirms parameter instability across the COVID-19 period, with the income elasticity dropping significantly (δ5 = -0.85, p-value = .00) and interest rate sensitivity becoming more negative (δ6 = -0.02, p-value = .00) during the pandemic. The Chow test validates the presence of a significant structural break (F-statistic = 68.756, p-value < .001), highlighting the impact of the COVID-19 pandemic on money demand dynamics. The final GLS model explains a substantial portion of money demand variation, with all key coefficients statistically significant at conventional levels. 
Conclusion: The results indicate that while real income and interest rates significantly influence money demand, a structural break occurred during the COVID-19 pandemic that materially altered the money demand dynamics. This finding reinforces the critical role of precautionary behavior, transaction patterns, and economic uncertainty in shaping money demand in advanced economies. The confirmed structural break highlights the importance of accounting for major economic shocks when formulating monetary policy frameworks and using money-based indicators for policy analysis. 
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1. INTRODUCTION
The theory of money demand has long served as a cornerstone of monetary economics, evolving from the classical quantity theory which established a stable proportional relationship between real money balances and real income (Friedman, 1969) to more sophisticated models that incorporate additional determinants such as interest rates, price levels, and external variables. In Canada, where the financial system has experienced considerable transformation through technological innovations, financial liberalization, and shifts in monetary policy frameworks, traditional models of money demand have come under renewed scrutiny. Early empirical investigations assumed a stable and predictable relationship between income and money balances. However, subsequent research has shown that factors such as interest rate regimes, institutional reforms, and the influence of global financial markets can alter this relationship (Gregory, 1985; Lubello, 2011). Recent analysis highlights that digital payment innovations and fintech developments are also changing how money is held and used (Bech et al., 2018).
Empirical studies have increasingly applied advanced econometric techniques, including cointegration and error correction models, to capture both long-run equilibrium relationships and short-run dynamics in money demand. For instance, Lubello (2011) demonstrates that real money balances, real income, and price levels exhibit cointegrated behavior over time, even though income elasticities sometimes deviate from traditional benchmarks. Similarly, Hueng (1997) highlights that both domestic and foreign interest rates, as well as exchange rate fluctuations, have become crucial determinants of Canadian money demand in an open economy framework. Such findings highlight the need to re-examine the conventional specification of the money demand function in Canada. Recent high-frequency data analyses show that consumer payment behaviors changed markedly during the COVID-19 crisis (Dahlhaus & Welte, 2024), suggesting that traditional money demand relationships may not hold during extraordinary periods.
Despite these advancements, debates continue regarding the stability and correct functional form of money demand in Canada. Issues such as measurement errors, evolving financial practices, and the potential endogeneity of explanatory variables complicate empirical estimation (Hueng, 1997). Moreover, studies have found that policy and economic uncertainty can induce nonlinearities and instability in money demand (Bahmani-Oskooee & Nayeri, 2018). Furthermore, significant economic events such as the initial phase of Canada's inflation-targeting regime and the COVID-19 pandemic may have introduced structural breaks that challenge the long-run stability of the money demand relationship. For instance, recent analyses document that cash demand rose sharply during the COVID-19 lockdowns as households and firms hoarded liquid assets (Chen et al., 2020; Engert & Huynh, 2022).
This study aims to contribute to the existing literature by conducting a two-fold econometric analysis of the Canadian money demand function. First, the research will estimate the money demand equation using Ordinary Least Squares (OLS) regression while testing for the presence of structural breaks that may coincide with major economic disruptions. Second, should the OLS model reveal issues such as autocorrelation, the study will employ Generalized Least Squares (GLS) estimation to achieve more efficient estimation and consistent standard errors. By addressing both the potential instability and estimation challenges inherent in modeling money demand in Canada, the findings could provide valuable insights for policymakers and enhance our understanding of monetary dynamics in an increasingly interconnected global economy.
2. METHODOLOGY
2.1 Theoretical Framework
The money demand function provides a theoretical framework for analyzing the relationship between real money balances, real income, and interest rates. The model builds upon traditional monetary theory, which states that the demand for real money balances is positively related to income and negatively related to interest rates (Friedman, 1956). The money demand equation to be studied takes the following form:
Log(Mt) = β1 + β2log(Yt) + β3it + εt 
where Log(Mt) is the logarithm of real money balances, log(Yt) is the logarithm of real GDP, it is the nominal interest rate, β1 is the intercept, β2 and β3 are the coefficients of real income and interest rate respectively, and εt is the error term.
2.2 Structural Break Model
We conduct tests for structural breaks in the model using the Chow test. The analysis examines the possibility of structural breaks during two significant economic events: the adoption of inflation targeting in 1991 and the COVID-19 pandemic beginning in 2020. These periods were selected based on established economic literature and empirical observations.
The structural break representing the inflation targeting regime shift in Canada is defined to span from the first quarter of 1991 to the fourth quarter of 1995. The commencement in 1991 directly aligns with the initial announcement and beginning of the implementation of explicit inflation targets by Canadian authorities. The endpoint of 1995 is chosen, as this period concluded with the 2 percent inflation rate (the midpoint of the established 1 to 3 percent target range) becoming the more firmly anchored goal for monetary policy, a development that significantly influenced inflation expectations (Macklem, 2001).
The structural break representing the economic impact of the COVID-19 pandemic in Canada spans from Q1 2020 to Q3 2023. The Q1 2020 start aligns with the pandemic's onset and subsequent economic disruptions, including lockdowns and market shifts (World Health Organization, 2020). The Q3 2023 endpoint aims to capture the period of significant economic downturn and initial recovery phases, influenced by ongoing pandemic waves and policy responses.
The extended model with these theoretically grounded structural breaks takes the form:
Log(Mt) = β1 + β2log(Yt) + β3it + δ1d08t + δ2[log(Yt) × d08t] + δ3[it × d08t] + δ4d09t + δ5[log(Yt) × d09t] + δ6[it × d09t] + εt 
The variable, d08t is the dummy variable representing the early implementation phase of the Inflation Targeting Regime Shift in Canada with d08t = 1 specifically from the first quarter of 1991 to the fourth quarter of 1995. For all other periods in the sample before 1991 Q1 and after 1995 Q4, d08t = 0.
The variable, d09t is the dummy variable representing the COVID-19 pandemic with d09t = 0 for the pre-pandemic period (before 2020) and d09t = 1 for the pandemic period (2020 Q1 to 2023 Q4).
The interaction terms allow for the possibility that the coefficients on real income and interest rates may have changed after each structural break, reflecting potential changes in economic behavior and policy effectiveness.
We employ the Chow test rather than alternative structural break detection methods (e.g., Bai–Perron tests) because our analysis focuses on theoretically motivated, ex-ante identified break points. The dates for inflation targeting adoption (1991) and the COVID-19 pandemic onset (2020) are predetermined based on documented economic events and institutional changes, not derived from data-driven searches for unknown break points.
2.3 Hypothesis Testing
The Chow test (Chow, 1960) will be performed on this extended model to confirm the significance of the dummy variables and the interaction terms. 
H0: δ1 = δ2 = δ3 = δ4 = δ5 = δ6 = 0. There is no change in the Money Demand Function coefficients before and after the structural breaks in the inflation targeting regime shift and COVID-19 pandemic.
H1: At least one δi ≠ 0 for i = 1, 2, 3, 4, 5, 6. There is a change in the Money Demand Function coefficients before and after the structural breaks in 1991 and 2020, which states that the inflation targeting regime shift and the COVID-19 pandemic had a significant impact on the relationship between real money balances, real income, and interest rates.
Recognizing the potential for autocorrelation, we will conduct the Durbin-Watson test to ensure the validity of the inference. If autocorrelation is confirmed, we will employ Generalized Least Squares (GLS) estimation to improve the efficiency of the estimation and consistently estimate standard errors. With appropriate econometric techniques and by specifically addressing key challenges such as autocorrelation and structural instability, this research seeks to deliver credible findings regarding the empirical validity of the money demand function throughout the examined period.
2.4 Data Sources and Variables
This study utilizes quarterly data from the Federal Reserve Economic Data (FRED) database to calculate the money demand for Canada. The dataset spans the timeframe beginning with the first quarter of 1961 and ending with the third quarter of 2023, yielding a total of 251 quarterly data points for analysis.
2.4.1 Dependent Variable
The dependent variable in the analysis is the log of real money balances. We use the nominal money supply (M1) data (MANMM101CAM189S) and convert it into real money balances by deflating it using Canada's Consumer Price Index (CPALCY01CAM661N). This adjustment ensures that the measure accurately reflects real purchasing power and true liquidity conditions, removing the effects of inflation. The measurement is in monetary units (Canadian dollars), and because it is in real terms, it accurately tracks changes in liquidity over time. In the regression, real money balance serves as the dependent variable whose fluctuations we aim to explain with economic activity and the cost of holding money.
2.4.2 Independent Variables
Real Income: The variable for real income is captured using NGDPRSAXDCCAQ, the FRED series for real Gross Domestic Product in Canada. Real Income is measured in constant dollars, ensuring that the impact of inflation is removed so that the series reflects genuine economic growth. This variable is typically expressed in millions of Canadian dollars, providing a comprehensive measure of economic activity. In the money demand framework, we expect the coefficient on real income to be positive because higher real income is associated with increased transactions and, consequently, a higher demand for money.
Interest Rate: For the interest rate, we rely on IRSTCB01CAM156N, which is the Interest Rates (Immediate Rates < 24 Hours: Central Bank Rates: Total for Canada) published by FRED. Although this rate is nominal and expressed as a percentage, it represents the observable opportunity cost of holding money. A higher nominal interest rate suggests that holding money becomes more expensive relative to earning interest, leading to a reduction in money demand. Therefore, in our model, the coefficient on nominal interest rates is expected to be negative. This negative relationship is consistent with liquidity preference theory, where an increase in the opportunity cost (the interest rate) discourages holding money.
3. RESULTS AND DISCUSSION
3.1 OLS Estimation Results
We begin the empirical analysis by estimating the money demand equation with the structural break using OLS regression. The OLS results are presented in Table 1.
Table 1. Ordinary Least Squares (OLS) Regression
	Variables
	β1
	     β2
 log(Yt)
	 β3
  it
	δ1 
d08t
	         δ2
 log(Yt)×d08t
	    δ3
 it×d08t
	 δ4 
d09t
	      δ5
 log(Yt)×d09t
	   δ6
 it×d09t
	R̄2
	DW
	

	Log(Mt)
	-4.81***
(0.24)
	1.25***
(0.02)
	-0.02***
(0.001)
	-2.12
(9.24)
	     0.17
    (0.80)
	0.02*
(0.01)
	-2.36
(11.21)
	    0.22
   (0.95)
	0.003
(0.01)
	0.9701
	0.16
	



Source: Author's estimation, 2024. ***, **, * denotes statistical significance at 1%, 5% and 10%, respectively. Standard errors are in parentheses.

The coefficient for log(Yt), β2, is positive (1.25) and statistically significant at the 1% level (p-value < .001). Holding other variables constant, we expect real money balance to increase by 1.25 percent when real income increases by one percent. This finding is consistent with the classical view of money demand theory, as found in Haug and Lucas's (1996) study of Canadian money demand, which suggests that increased economic activity drives transaction demand for money.
The coefficient for it, β3, is negative (-0.02) and statistically significant at the 1% level (p-value < .001). The coefficient indicates that a one percent increase in the interest rate leads to a 0.02 percent decrease in real money balance, holding other regressors constant. This inverse relationship aligns with the theoretical expectation that higher interest rates raise the opportunity cost of holding money, thus reducing money demand. This finding is consistent with the broader literature on money demand in Canada. For instance, Atta-Mensah (2004) in a Bank of Canada working paper examining money demand and economic uncertainty for various Canadian monetary aggregates also found a significant negative relationship between interest rates and real money demand.
The dummy variable d08t has a coefficient of -2.12 with a high p-value of .82, indicating that it is not statistically significant. The coefficient of interaction term [log(Yt) × d08t], δ2, has a positive coefficient with a very high p-value of .84, indicating a lack of statistical significance. Conversely, the coefficient of the interaction term [it × d08t], δ3, has a positive coefficient of 0.02 and it is significant at 5% level with a p-value of .03. This indicates that the relationship between the interest rates and the money demand changed after the structural break.
The COVID period dummy (d09t) and its associated interaction terms ([log(Yt) × d09t] and [it × d09t]) also fail to show statistically significant effects in the OLS model.
The adjusted R-squared (0.9701) shows that 97.01% of the variation in the money demand is explained by the regressors. However, diagnostic tests on the estimated model reveal a significant presence of positive autocorrelation. The Durbin-Watson test statistic (DW = 0.16) yields a p-value less than .001, strongly rejecting the null hypothesis of no autocorrelation. This indicates substantial positive autocorrelation in the errors, suggesting that the OLS estimators are inefficient.
3.2 GLS Estimation Results
To account for this serial correlation and obtain more reliable estimates, we estimate the money demand function with the AR(1) process using GLS. The results of GLS model are presented below in Table 2.
Table 2. Generalized Least Squares (GLS) regression
	Variables
	β1
	     β2
 log(Yt)
	 β3
  it
	δ1 
d08t
	         δ2
 log(Yt)×d08t
	    δ3
 it×d08t
	 δ4 
d09t
	      δ5
 log(Yt)×d09t
	   δ6
 it×d09t
	Chow Test

	Log(Mt)
	-0.19
(1.27)
	0.85***
(0.11)
	-0.003***
(0.001)
	-3.69
(2.89)
	     0.32
    (0.25)
	0.003
(0.002)
	10.05***
(2.06)
	-0.85***
(0.18)
	-0.02***
(0.004)
	f-stat = 44.51
(p-value < .001)


Source: Author's estimation, 2024. ***, **, * denotes statistical significance at 1%, 5% and 10%, respectively. Standard errors are in parentheses.
The intercept, estimated at -0.19, suggests that when all other predictors are zero, the expected value of real money balance is -0.19 percent. The coefficient of real income, β2, is 0.85 and significant at 1% level (p-value = .00). Similarly, the coefficient for interest rate, β3, is -0.003 and significant at 1% level (p-value = .00). The coefficient of the early phase inflation targeting regime structural break dummy, δ1, has a coefficient of -3.69, but it is not statistically significant (p-value = .20).
The interaction term [log(Yt) × d08t] has a coefficient of 0.32 and is also statistically insignificant (p-value = .21). The interaction term [it × d08t] has a coefficient of 0.003, which is close to being significant at the 10% level (p-value = .14), indicating evidence of a change in the relationship between interest rates and real money balance during the early phase of the inflation targeting regime.
The coefficient of the COVID period dummy, δ4, is 10.05 and it is statistically significant at 1% level (p-value = .00). Similarly, the interaction terms [log(Yt) × d09t] and [it × d09t] are both statistically significant at 1% level (p-value = .00). The coefficient on [it × d09t] is -0.02, indicating that the negative impact of the interest rate on money demand was significantly strengthened during the pandemic. The coefficient on [log(Yt) × d09t] is -0.852, suggesting that the positive impact of income on money demand was significantly reduced during the pandemic. The altered relationship between money demand and its drivers during the COVID-19 pandemic likely stemmed from increased precautionary behavior and shifts in transaction patterns due to lockdowns and economic uncertainty (Chen et al., 2021). Households and firms increased their demand for liquid assets as a buffer against potential income loss and unforeseen expenses, potentially weakening the typical responsiveness to income and interest rates.
The Chow test conducted on the GLS model has a test statistic of 44.51 with a p-value less than .001. This p-value is statistically significant at the 1% level, suggesting that there is evidence to reject the null hypothesis of parameter stability over time. This finding indicates the presence of a structural break in the data, which confirms that the relationship between the variables in the model has undergone a change at some point during the sample period.
3.3 Final Model After Model Selection
Table 3 presents the results of the final GLS estimates of the money demand function after model selection. The variables that were statistically insignificant in Table 2 were gradually removed until a final model was achieved.
Table 3. Final Generalized Least Squares (GLS) regression after model selection
	Variables
	β1
	     β2
 log(Yt)
	 β3
  it
	 δ4 
d09t
	      δ5
 log(Yt)×d09t
	   δ6
 it×d09t
	Chow Test

	Log(Mt)
	-0.29
(1.258)
	0.863***
(0.108)
	-0.002***
(0.0006)
	10.16***
(2.058)
	-0.861***
(0.175)
	-0.016***
(0.003)
	68.756***
(p-value < .001)


Source: Author's estimation, 2024. ***, **, * denotes statistical significance at 1%, 5% and 10%, respectively. Standard errors are in parentheses.
With the improved model, the dummy variable for COVID-19 pandemic remains statistically significant which testifies that indeed there was a structural break in the money demand equation during the COVID era. In the model, the coefficients for the interest rate and real GDP are statistically significant at the 1% level (p-value = .00). Consistent with economic theory on money demand, the coefficient for real GDP exhibits a positive sign, indicating a positive relationship between income and money demand. Conversely, the coefficient for the interest rate displays a negative sign, reflecting the inverse relationship between the cost of holding money and the quantity demanded.
The interaction term for income δ5, implies that the income elasticity dropped by 0.861 during the pandemic (net elasticity = 0.002), while the interest interaction δ6 means the nominal rate sensitivity became more negative (shifting β3 from -0.002 to -0.018). These shifts suggest that in the pandemic, money demand responded less to income and more strongly (negatively) to interest rates. This altered relationship likely reflects increased precautionary demand for liquidity and changing transaction patterns during lockdowns and uncertainty (Chen et al., 2020; Engert & Huynh, 2022). Households and firms raised cash holdings as buffers against income loss and for emergency spending, weakening the usual income effect and reinforcing the opportunity-cost effect of rates.
The Chow test conducted on the Final GLS model has a test statistic of 68.756 with a p-value of less than .001. This p-value is statistically significant at the 1% level, suggesting that there is evidence to reject the null hypothesis of parameter stability over time. The final model thus provides evidence that Canada's money demand function is not time-invariant: economic shocks like COVID-19 can materially alter the underlying demand behavior.
4. CONCLUSION
This analysis of Canadian money demand (1961-2023) confirms core predictions of monetary theory: real money balances rise with income and fall with interest rates. However, GLS estimation reveals significant structural breaks, especially during the COVID-19 pandemic (Chow test: 68.756, p-value < .001). During the pandemic, the income elasticity of money demand declined markedly, and interest-sensitivity increased, consistent with documented hoarding of cash under uncertainty (Chen et al., 2020; Engert & Huynh, 2022).
[bookmark: _GoBack]These findings emphasize that policymakers must account for such instabilities in money demand relationships, especially during crises, to ensure effective policy implementation. For example, Bank of Canada analysts note that significant shifts in money usage require careful reconsideration of policy indicators (Dunbar & Jones, 2018). In line with our results, ignoring such structural changes can impair monetary policy analysis (Dunbar & Jones, 2018; Engert, Fung, & Segendorf, 2019). Overall, the evidence suggests that money demand in Canada evolves over time with changing economic conditions and technologies (Bech et al., 2018; Dahlhaus & Welte, 2024), highlighting the need for ongoing empirical validation of money demand models in policymaking and forecasting.
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