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ABSTRACT 

ii 

The purpose of this study is to examine the stability 

of a small macroeconometric model descr ibing Canadian 

monetary policy over the 1972-1989 period. Specifically, 

Gregory and Raynauld's (1985) mode l with rational 

expectations restrictions imposed is used to examine whether 

there are structural changes during the 1970s and the 1980s, 

and to identify whether the changes are associated with 

changes in the economic structure or in the execution of 

monetary policy. 

As the descriptive analyses of Canadian monetary policy 

indicate, there were changes in the execution of the Bank of 

Canada's policy during the 1970s and the 1980s. Financial 

innovations and technological advancements constituted major 

changes to the economic structure in the 1980s. Based upon 

this descriptive information, it is desirable to examine 

empirically whether a model based on the economic structure 

and monetary policy in the 1970s can be appropriately used 

to explain the economic structure and the Bank of Canada's 

policy in the 1980s. 

After the appropriate lag structures for the system of 

equations are chosen, the system is estimated using the Full 

Information Maximum Likelihood method over the period 1972Ql 

to 1989Q4. The Rational Expectations Hypothesis is tested. 
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Godfrey's (1988) likelihood ratio test is used to examine 

the structural changes over the 1972Ql-1989Q4 period. This 

study further extends the analysis to identify the causes of 

the structural changes. 

The systemwide stability test result suggests 

structural changes occurred during the 1970s and the 1980s. 

The results from further stability tests indicate that 

although both the conduct of Canadian monetary policy and 

the structure of the economy changed during the last two 

decades, the latter is the more important source of 

structural instability. 

The overall evidence suggests that the model is not 

robust over time, and that the model cannot be used to 

describe Canadian monetary policy over the 1980s. The 

empirical analyses further suggest that the Canadian economy 

has undergone some major changes, such as financial 

innovations, and technological advancements during the 

1980s. This evidence is consistent with the descriptive 

analyses. 



iv 

Examiners: 

Dr. Kenneth G. Stewart, Supervisor (Department of Economics) 

Economics) 

(School of Public 
Administration) 



V 

TABLE OF CONTENTS 

Title Page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1. 

Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v 

Li st of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii 

List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii 

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix 

Chapter 1: INTRODUCTION .................................. 1 

Chapter 2: OVERVIEW OF THE CONDUCT OF CANADIAN MONETARY 
POLICY, AND THE STRUCTURE OF THE CANADIAN 
ECONOMY IN THE 70S AND THE 80S ................ 4 

2.1 The Conduct of Monetary Policy 
2.1.1 The Conduct of Monetary Policy in the 70s 4 
2.1.2 The Conduct of Monetary Policy in the 80s 9 

2.2 The Structure of the Canadian Economy 
2.2.1 Financial Innovation ....................... 17 
2.2.2 Technological Change ....................... 19 
2.2.3 International Trade ........................ 20 

2.3 Summary ........................................... 21 

Chapter 3: REVIEW OF GREGORY AND RAYNAULD'S MODEL 
3. 1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
3.2 The Structure of the Model 

3.2.1 An Overview of the Model ................... 25 
3.2.2 Description of Each Equation in the Model 

(a) Interest Rate Reaction Equation ......... 28 
(b) Demand for Money Equation ............... 30 
(c) Demand for Real Output Equation ......... 32 
(d) Inflation and Exchange Rate Equations .... 34 
(e) Rational Expectations Solutions ......... 36 

3. 3 Data Utilization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
3.4 Estimation Procedures and Results 

3.4.1 Ordinary Least Squares (OLS) Estimation and 
Results ...................................... 41 

3.4.2 Full Information Maximum Likelihood (FIML) 
Estimation and Results ...................... 44 

3.5 The Rational Expectations Hypothesis Test .......... 46 
3. 6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 



vi 

TABLE OF CONTENTS (CONTINUED) 

Chapter 4: LAG STRUCTURE SPECIFICATION, ESTIMATION, AND 
RESULTS: 1972-1989 

4. 1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
4. 2 Data Utilization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
4.3 Estimation Procedures and Results 

4. 3. 1 An Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
4.3.2 Specification of Lag Structure .............. 56 

(a) Discussion of the Criteria .............. 56 
(b) Summary of the Criteria .................. 60 
(c) Determination of the Lag Structure ...... 61 

4.3.3 Full Information Maximum Likelihood (FIML) 
Estimation and Results ....................... 72 

4.3.4 The Rational Expectations Hypothesis Test .... 74 
4.4 Summary ........................................... 76 

Chapter 5: STABILITY TESTS DURING THE 70s AND THE 80s 
5 .1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
5.2 Systemwide Stability Test and Results 

5. 2. 1 Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
5.2.2 Examinations and Results .................... 81 

5.3 Further Stability Tests and Results 
5. 3. 1 Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
5.3.2 Examinations and Results .................... 85 

5. 4 Summary and Implications . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

Chapter 6: Conclusions and Implications ................. 91 

Bihl iography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 5 

Appendix A: DATA SOURCES ............................... 100 

Appendix B: THE MODEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 



vii 

LIST OF TABLES 

Table 3-1: VARIABLE DEFINITIONS ......................... 27 

Table 3-2: GREGORY AND RAYNAULD'S OLS ESTIMATES (1970Q3 
TO 1981Q3) ................................... 43 

Table 3-3: REPLICATED OLS ESTIMATES OF GREGORY AND 
RAYNAULD'S MODEL (1970Q3 TO 1981Q3) .......... 45 

Table 3-4: GREGORY AND RAYNAULD'S FIML ESTIMATES (1970Q3 
TO 1981 Q3 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 7 

Table 3-5: REPLICATED FIML ESTIMATES OF GREGORY AND 
RAYNAULD'S MODEL (1970Q3 TO 1981Q3) .......... 48 

Table 4-1: SELECTION OF REGRESSOR RESULTS ............... 64 

Table 4-2: OLS ESTIMATES OF THE MODIFIED MODEL (1972Ql 
TO 1989Q4) .................................. 70 

Table 4-3: FIML ESTIMATES OF THE MODIFIED MODEL (1972Ql 
TO 198 9 Q4 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 3 

Table 5-1: SYSTEMWIDE STABILITY TEST RESULTS: 1972Ql TO 
1989Q4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 

Table 5-2: STABILITY TEST RESULTS: THE CONDUCT OF CANADIAN 
MONETARY POLICY AND THE STRUCTURE OF THE 
CANAD IAN ECONOMY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 7 



viii 

LIST OF FIGURES 

Figure 2-1: GROWTH RATE OF CANADIAN Ml ................... 6 

Figure 2-2: NOMINAL INTEREST RATES: 90-DAY T-BILL RATE ... 7 

Figure 2-3: INFLATION RATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Figure 2-4: REAL GROSS NATIONAL PRODUCT ................. 10 

Figure 2-5: CANADIAN AND US SHORT-TERM INTEREST RATES ... 11 

Figure 2-6: CANADIAN-US EXCHANGE RATE ................... 13 

Figure 2-7: UNEMPLOYMENT RATE . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 



ix 

ACKNOWLEDGEMENTS 

I would like to express a sincere thank you to my 

thesis supervisor Dr. Kenneth G. Stewart, for his guidance 

and valuable research advice in helping me complete this 

thesis. I would also like to express my appreciation to Dr. 

Robert V. Cherneff, Dr. Ian P. King, and Dr. Ralph W. 

Huenemann for their assistance and comments. 

Finally, my sincere thanks go to Bill Stipdonk, Janine 

Chan, Jackson Chan, and my parents, for their invaluable 

support and encouragement. 



CHAPTER 1 

INTRODUCTION 

During the 70s and the 80s, the appropriate instruments 

and goals of monetary policy have initiated much discussion 

and debate by media, scholars and the public. 1 As their 

analyses indicate, there were changes in the economic 

structure, and the execution of Canadian monetary policy in 

the past two decades. Their analyses were, however, based 

upon observed macroeconomic performance rather than a 

formulated econometric model. Some of those descriptive 

analyses are discussed in Chapter 2 of the thesis. 

The Bank of Canada has constructed a few large-scale 

econometric models to describe Canadian monetary policy. 2 

These models contain hundreds of equations. Gregory and 

Raynauld (1985 ) developed a small macroeconometric model 

describing Canadian monetary policy over the 1970s. The 

model consists of five interdependent equations with 

rational expectations restrictions imposed. They claim that 

a small macroeconometric model has estimation and analytical 

advantages over a large-scale model. These advantages will 

1For instance, Courchene (Apr 1976, Dec 1976, 1977, 1981 & 
1983), Lipsey (1983), Howitt (1986), Freedman (1983), and Fine 
(1990) have provided detailed analyses on Canadian monetary 
policy. 

2The models are as follows: the RDXl model (see Helliwell et 
al. (1969)), the RDX2 model (see Helliwell et al. (1971)), the 
RDXF model (see Robertson and Mcdougall, (1982 a & b)), and the 
Small Annual Model (see Rose and Selody (1985)). 
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be discussed in Section 3.2.1 of Chapter 3. 

There have been studies which specifically address the 

issue of stability within a single equation framework. 3 It 

is, therefore, desirable to examine the stability of a 

simultaneous system of equations characterizing Canadian 

monetary policy. The objective of this thesis is to utilize 

Gregory and Raynauld's (1985) model to investigate whether a 

model that was based on the Canadian economic structure and 

monetary policy in the 1970s can still be used to explain 

the execution of Canadian monetary policy, and the economic 

structure in the 1980s. The above objective is addressed by 

testing the following null hypotheses: 

(1) There are no systemwide structural changes during the 

1970s and the 1980s. That is, the model is stable over 

time. 

(2) There is no change in the structure of the economy and 

in the conduct of Canadian monetary policy. 

The organization of this thesis is as follows. Chapter 

2 provides a narrative account of the conduct of monetary 

policy, as well as the structure of the Canadian economy 

over the 1970s and the 1980s. Chapter 3 reviews Gregory and 

Raynauld's (1985) model, and replicates their model over the 

same period of time as they did in their article. Chapter 4 

3See, for example, Cameron (1979), Clinton (1973), Hostland 
(1990), and Carmichael (1991). 



reports the lag structure specification, estimation 

procedures, and results over the 1972-1989 period. Chapter 

5 tests the stability of the model that is specified in the 

previous chapter, and identifies the causes of the 

instability. Finally, conclusions and implications are 

presented in Chapter 6. 

3 
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CHAPTER 2 

OVERVIEW OF THE CONDUCT OF CANADIAN MONETARY POLICY, AND 
THE STRUCTURE OF THE CANADIAN ECONOMY IN THE 70S AND THE 80S 

There have been many sophisticated analyses of Canadian 

monetary policy and the structure of the Canadian economy. 

For instance, Courchene (Apr 1976, Dec 1976, 1977, 1981 & 

1983), Lipsey (1983), Howitt (1986), Freedman (1983), Cote 

(1990), and Fine (1990) have provided detailed analyses of 

the conduct of Canadian monetary policy, and of the 

structure of the Canadian economy during 1970s and the 

1980s. The purpose here is to review some of these 

descriptive analyses before we proceed to examine the 

structural changes over the past two decades using an 

econometric model. 

2.1 The Conduct of Monetary Policy 

2.1.1 The Conduct of Monetary Policy in the 70s 

The primary objective of monetary policy was to 

maintain stability in the general level of prices. This was 

not a change in policy in the 1970s. In 1966, Governor 

Louis Rasminsky had already made it clear that monetary 

policy was concentrated on achieving price stability in the 

economy. This section reviews the execution of monetary 

policy during the 1970s. 

The stance of monetary policy was rather expansionary 



during the early 1970s. Figure 2-1 shows that Ml was 

growing at, approximately, an average annual rate of 16 

· percent during 1971. The interest rate level was gradually 

brought down from 7.5 percent in the first quarter of 1970 

to 3.1 percent in the second quarter of 1971 (Figure 2-2). 

However, monetary policy started to tighten in the 

course of 1973. Short-term interest rates rose from 3.1 

percent in the second quarter of 1971 to over 6 percent in 

the last quarter of 1973, reflecting the monetary policy 

restraints, the strong demand for funds, and the rapidly 

rising US short-term interest rates. After a short-lived 

reduction in short-term interest rates at the beginning of 

1974, interest rates rapidly moved up again (Figure 2-2); 

the inflation rate had risen substantially (Figure 2-3). 

5 

The Anti-Inflation Program, established in October 

1975, was initially unsuccessful; the annual inflation rate 

was over 10 percent (Figure 2-3). Therefore, in November 

1975, the Bank adopted a policy of monetary gradualism: a 

policy to gradually moderate the rate of growth of the 

narrowly defined money supply (Ml) 4 in an attempt to reduce 

inflationary pressures. The Bank of Canada controlled Ml by 

setting the interest rate at a level consistent with the 

desired rate of monetary growth. 

4Ml composes of currency and net deposit (i.e., demand 
deposits net of float). 
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FIGURE 2-3: INFLATION RATE 
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2.1.2 The Conduct of Monetary Policy in the 80s 

The Canadian economy, in 1980, was characterized by 

high inflation, low real output growth, and volatile 

interest rates. The annual inflation rate was averaging 10 

percent (Figure 2-3). The growth of real GNP was, however, 

averaging 1.5 percent (Figure 2-4). Interest rates in the 

United States were remarkably volatile. US short-term 

interest rates rose from 14 percent in January to 18 percent 

in March and then went down to almost 8 percent in the 

middle of 1980; by the end of 1980 short-term rates went up 

to approximately 17 percent (Figure 2-5). A much greater 

amplitude in US short-term interest rates than in Canadian 

rates is indicated by Figure 2-5; the Canadian-U.S. 

differential in the bottom half of Figure 2-5 further 

illustrates this. Exchange rate variations during 1980 

conformed very closely to the Canadian-US interest rate 

differential shown in Figure 2-5 . When U.S. interest rates 

exceed Canadian interest rates, the exchange rate 

depreciates, and vice versa. 

The Bank contended: "[e]xpectations and confidence play 

an important role in the determination of exchange rates." 5 

Therefore, to moderate the impact of the large swings in US 

interest rates on the Canadian exchange rate , the Bank of 

5Bank of Canada (1980), Annual Report of the Governor to 
the Minister of Finance, Ottawa: Bank of Canada, p. 10 
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Canada compelled domestic interest rates to move in line 

with the US interest rate movements (Figure 2-5). The Bank 

of Canada allowed exchange rate considerations to dominate 

monetary policy. 6 

During the first three quarters of 1981, the Canadian 

dollar depreciated vis-a-vis the US dollar (Figure 2-6). 

The Bank of Canada chose to support the Canadian dollar in 

order to suppress the rise of imported inflation. This 

action resulted in growth of Ml well below the lower limit 

of the 4-8 percent target range; Figure 2-1 denotes a 

decrease of 22 percentage points in the first quarter of 

1981. 7 The policy of gradualism was, therefore, compromised 

by the exchange rate problems, along with financial 

innovations and technological developments. 8 

6Thomas Courchene (1983), Money, Inflation, and the Bank 
of Canada: An analysis of Monetary Gradualism, 1975-80, 
(Montreal) pp.77-90, and Peter Howitt (1986), Monetary Policy 
in Transition: A Study of Bank of Canada Policy, 1982-85, 
Policy Study No. 1, (Toronto), pp. 90-107 provided a detailed 
discussion on supporting the value of the Canadian dollar. 

7This confirms Richard Lipsey's (1983) "The Great Anti­
inflation War 1975 ? , " the E.S. Wooodward Lectures in 
Economics delivered at the University of British Columbia, 
(Vancouver), pp. 11-14 argument that a large reduction in the 
rate of monetary expansion was required in order to support 
the value of the Canadian dollar on foreign exchange markets, 
causing an acute rise in interest rates. 

8The Bank of Canada's 1982 Annual Report illustrates some 
examples of what happened to the relationship between Ml and 
economic development. Charles Freedman ( 1983), "Financial 
Innovation in Canada: Causes and Consequences, " American 
Economic Review, May 1983, p. 101 pointed out that the reasons 

(continued ... ) 
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Freedman (1983) identified three approaches that the 

Bank of Canada can use to adjust the monetary aggregate 

target. 9 One of these approaches is to redefine the 

monetary aggregate to reflect the changes; this is the 

approach chosen by the Bank of Canada. As a result, the 

Bank of Canada formally abandoned the monetary targeting of 

Ml in November 1982: 

Over the past two years the relationship between 
Ml and economic developments has become so 
distorted that Ml can no longer be taken at its 
face value; both the process of financial 
innovation and the response of bank customers have 
been rapid and continuing. Since neither can be 
reliably predicted, appropriate ranges for the 
future growth of Ml cannot be chosen with any 
confidence . 10 

The year 1987 was considered to be the fifth 

consecutive year of economic expansion; real GNP grew at an 

annual rate of over 6 percent (Figure 2-4), while the 

unemployment rate was declining during the course of that 

year (Figure 2-7). In the summer of 1987, the Bank of 

8
( ••• continued) 

for the success of the financial innovations were the high 
interest rate environment in the mid- to late-70s, and the use 
of computers in financial institutions and corporations. Also 
see Ibid., pp. 101-106 for detailed analyses of financial 
innovations and technological developments. 

9For the three ways of adjustment, see Charles Freedman, 
op. cit., pp. 104-106. 

10Bank of Canada (1982). Annual Report of the Governor to 
the Minister of Finance. Ottawa: Bank of Canada, p. 27. 
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Canada was prompted to tighten monetary policy because of 

domestic overheating, rapid advances in nominal spending, 

and continuing strength in world commodity prices. 

16 

In the 1988 Hanson Memorial Lecture at the University 

of Alberta, the Bank of Canada Governor John Crow explicitly 

announced that monetary policy should concentrate on 

stabilizing the general level of prices, and that price 

stability was the Bank of Canada's long-term objective for 

monetary policy. 11 The announced goal of monetary policy is 

to establish a zero-inflation rate in Canada. 

Since the Autumn of 1988 the Bank of Canada restrained 

monetary conditions further, causing short-term interest 

rates to increase substantially. Short-term interest rates 

were averaging 9.5 percent during 1988, and above 12 percent 

by the end of 1989 (Figure 2-2). It is evident that the 

Bank of Canada continues to pursue the goal of achieving 

zero inflation. 

11John w. Crow (1988) , "The Work of Canadian Monetary 
Policy," ( Eric J. Hanson Memorial Lecture delivered at the 
University of Alberta, Edmonton, Jan. 18, 1988); reprinted in 
Bank of Canada Review, Feb. 1988, pp. 3-17. Governor John 
Crow's 1988 Hanson lecture a l so explained why the primary 
objective of monetary policy was price stability, and why it 
was so important in the eighties . 



2.2 The Structure of the Canadian economy 

2.2.1 Financial Innovation 

Freedman ( 1983) stated that as a result of the 1967 

revision of the Bank Act, there had been financial 

innovations in the late 1960s and early 1970s. Freedman 

(1983) pointed out that those financial innovations had no 

significant direct effects on monetary policy, but had 

implications for the stability of the demand for money and 

the definitions of monetary aggregates. 12 

The pace of financial innovation in Canada increased 

substantially in the late 1970s and early 1980s because of 

the interaction of high interest and inflation rates, 

because of advances in information technology, and finally 

because of competition among financial institutions. 13 

Financial innovation affects both the household and 

corporate sectors. Freedman (1983) indicated that there 

were four specific episodes of financial innovation in the 

late 1970s and early 1980s. The two main periods of 

financial innovation in the household sector were the 

17 

12See Charles Freedman, op. cit., pp. 101-106 for the 
rationale of the innovations that did not affect the monetary 
policy. 

13See Charles Freedman, op. cit., pp. 101-106 and Ed Fine 
(1990) " Institutional Developments Affecting Monetary 
Aggregates," in Monetary Seminar, a seminar sponsored by the 
Bank of Canada, May 7-9, (Ottawa ), pp. 555-563 for a detailed 
description of financial innovation in Canada. 
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introduction of daily interest savings account (DISA) in 

1979, and the introduction of daily interest chequing 

account (DICA) in 1981. 14 The former innovation reduced the 

demand for personal chequing accounts and hence the demand 

for Ml; the latter innovation also caused a decline in 

demand for Ml because the DICA is classified as a notice 

deposit and is included in M2, but not in Ml. The most 

recent financial innovation was the introduction of tiered 

investor accounts in retail banking in 1985. 15 The investor 

accounts were widely adopted in late 1987. 

There were two main episodes of financial innovation 

affecting corporations. The first occurred in the mid-1970s 

when banks started to offer sophisticated cash management 

services to large firms and large governmental 

organizations. The second episode occurred in the early 

1980s when smaller-sized firms began to utilize these 

services and banks started to offer companies interest­

bearing chequing accounts. As a consequence, there were 

reductions in firms' transaction balances and a shift of 

funds from current accounts into non-personal notice 

14Charles Freedman, op. cit., pp. 101-102 provided 
detailed descriptions regarding the reasons for and factors 
lead to the introduction of these two types of household 
accounts. 

15Francesco Caramazza et al. 11 Studies on the Demand for 
M2 and M2+ in Canada, 11 in Monetary Seminar, a seminar 
sponsored by the Bank of Canada, May 7-9 , 1990, p. 13 provided 
some discussions on the investor accounts. 



19 

deposits. 16 

In addition to the above innovations, there were other 

financial innovations. Courchene (1990) indicated that 

there were innovations that embodied transfer of risk, that 

enhanced liquidity, and that enhanced access to markets. 

For instance, interest-rate swaps and currency swaps had 

widened access to financial markets. As Lesourne (1990) 

pointed out, the four financial pillars (banks, insurance 

and brokerage firms, and trust companies) were in the 

process of merging. He further stated that the 

globalization of financial markets had generated instability 

and a higher degree of competition in foreign exchange and 

money markets. 

2.2.2 Technological Change 

In the 1980s, the pace of technological change 

accelerated remarkably. The cost of computers fell by a 

factor of 300 between 1970 and 1985. 17 The speed and 

capacity of computers were increasing dramatically. 

Technological change in computers, therefore, had a major 

16See Charles Freedman, op. cit., pp. 102-103 for a 
detailed discussion. Non-personal notice deposit is a 
component of M2. 

17See Marcel Cote ( 1990 ) , "The Competitiveness of the 
Canadian Economy to the Year 2000. " In Perspective 2000: 
Proceedings of a Conference Sponsored by the Economic Council 
of Canada, December 1988, ( Ottawa: Supply and Services 
Canada), pp. 141-57. 
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influence on employment in Canada. Osberg (1990) stated 

that labor demand shifted away from occupations which 

handled merely routine types of informational transactions. 

For instance, automatic teller machines replaced bank 

tellers, computerized check-outs reduced the demand for 

cashiers, and filing clerks lost their function in the 

paperless office. 

Technological progress was not limited to the 

computer. 18 Although oil prices rose from $30 to $35, the 

price of an economy ticket for a Montreal-Paris flight fell 

20 per cent in real terms. 19 Freedman (1983) pointed out 

that in the financial market, there were technological 

advancements in telecommunication and computerization. 

These innovations led to the availability of different cash 

management packages. 

2.2.3 International Trade 

With respect to international factors, the Canadian 

economy did not experience any major changes. In the 1970s, 

our export markets mainly focused on the United States. Our 

export markets continued to center on the United States in 

the 1980s, despite the efforts of the Canadian government to 

18Ibid., pp. 141-57. 

19 Ibid., pp. 141-57. 
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diversify our international trade. 20 

The nature of international competition had, however, 

changed in the 1980s. The newly industrializing countries 

of the Pacific Rim had increased their penetration of world 

markets. Canadian industry had to compete with Korean and 

Taiwanese firms in industries such as automobiles and 

consumer durables during the 1980s. 21 

2.3 SUDllllary 

In this chapter, we have reviewed the conduct of 

Canadian monetary policy, and the structure of the Canadian 

economy over the 1970s and 1980s. It is clear that price 

stability was the primary goal of the Bank of Canada during 

the last two decades. The Bank of Canada set explicit 

targets for the narrow monetary aggregate, Ml, in November 

1975. Exchange rate movements played an important role in 

the conduct of Canadian monetary policy during the late 

1970s and early 1980s. The Bank of Canada abandoned Ml 

targeting in November 1982. The announced goal of monetary 

policy in 1988 by Governor Crow was zero inflation. 

The financial innovation that occurred in the 1980s was 

20 Ibid., pp. 141-57. 

2 1See Lars Osberg ( 1990 ) , "Distributional Issues and the 
Future of the Welfare State. " In Perspective 2000: Proceedings 
of a Conference Sponsored by the Economic Council of Canada, 
December 1988, (Ottawa: Supply and Services Canada), p. 164. 
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a response to a number of forces, the most important of 

which were high inflation and interest rates, rapid 

technological progress in the provision of financial 

services and the increase in competition among the different 

financial pillars. The net effect of the financial 

innovations in the 1980s was to reduce the demand for Ml. 22 

In the 1980s, there were many technological advances in 

different areas in the Canadian economy. Technological 

changes not only transformed the employment pattern, but 

also increased the importance of research for the design of 

new industrial processes. Furthermore, the Canadian economy 

did not undergo major changes in the international trade in 

the 1980s; the nature of international competition had been 

changed. Hence Canada had to compete with the newly 

industrializing countries of the Pacific Rim on durable 

products. 

In summary, although there were changes in the conduct 

of monetary policy during the 1970s and the 1980s, price 

stability was the primary goal of monetary policy in the 

last two decades. However, the structure of the Canadian 

economy, in the 1980s, had undergone some major changes such 

as financial innovations, technological advancements, and 

22See Patrice Muller ( 1990), "The Information Content of 
Financial Aggregates During the 1980s," in Monetary Seminar, 
a seminar sponsored by the Bank of Canada, May 7-9, Table 1 p. 
188 discusses the declining share of Ml in the broad money 
aggregates. 
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the nature of international trade. All these had affected 

the pattern of employment and the demand for money in 

Canada. Given the descriptive discussions of the structural 

changes in the execution of Canadian monetary policy, and in 

the structure of the Canadian economy, we can then proceed 

to examine those structural changes empirically. 
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CHAPTER 3 

REVIEW OF GREGORY AND RAYNAULD'S MODEL 

3.1 Introduction 

This chapter has two purposes. The first purpose is to 

introduce Gregory and Raynauld's (G&R) (1985) model which 

will be used in chapter 4 to extend the estimation period to 

cover the 1980s. Secondly, G&R's (1985) model is re­

estimated to see whether the same results can be obtained. 

The Bank of Canada has constructed and used large-scale 

econometric models, such as the RDXl model (see Helliwell et 

al. (1969)), the RDX2 model (see Helliwell et al (1971)), 

and the RDXF model (see Robertson and Mcdougall, (1982 a & 

b)). These models consist of several hundred equations. 

More recently, the Bank of Canada developed the Small Annual 

model (see Rose and Selody 1985) which consists of about two 

dozen behavioral equations, and less than one hundred total 

equations. The complexity of a large-scale model makes it 

difficult to specify what the constraints should be. 23 In 

addition, the limitations of estimation technology make it 

impossible to estimate simultaneously a large number of 

equations. Therefore, G&R (1985) developed a small 

macroeconometric model describing Canadian monetary policy 

23For example, it is difficult to specify the Rational 
Expectations restrictions in the model. 
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over the 1970s. 

G&R's (1985) model is a five-equation model. The model 

is estimated using the Full Information Maximum Likelihood 

(FIML) method. The Rational Expectations Hypothesis is also 

examined. The following section provides reasons for 

developing a small system rather than a large-scale model. 

It also introduces and discusses the model used in this 

study. Data utilization, estimation procedures and results 

are discussed in Sections 3.3 and 3.4. Finally, Section 3.5 

discusses the test for the Rational Expectations Hypothesis. 

3.2 The Structure of the Model 

3.2.1 An overview of the model 

G&R (1985) constructed a small macroeconometric model 

describing Canadian monetary policy over the 1970s. They 

estimated the model in order to gain a better understanding 

of the implementation and effects of Canadian monetary 

policy in the 1970s. G&R (1985) used a small system of 

nonlinear equations rather than a large-scale linear model. 

Some justifications regarding their use of a small system 

are as follows: 

(a) It allows researchers to model in a coherent and cogent 

manner the interdependencies of the various postulated 

relations . 

(b) The model can be efficiently estimated by such system 
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methods as Full Information Maximum Likelihood (FIML). 

(c) Rational Expectations may be solved from the system of 

equations analytically. 

G&R's (1985) model comprises five interdependent 

equations: the interest rate reaction equation, the demand 

for money equation, the demand for real output equation, the 

inflation rate equation, and the exchange rate equation. 

Table 3-1 lists and defines the variables used in the model. 

In the interest rate reaction equation, the interest rate 

(rt ) responds to the lagged value of the nominal interest 

rate, the deviations between the US nominal interest rate 

and the lagged domestic interest rate, and the gap between 

lagged and targeted nominal money supply. G&R (1985) 

related the demand for money (mt-Pt ) to real output, the 

current nominal interest rate, and the lagged value of real 

balances. In the demand for real output equation, real 

output (yt ) is a function of lagged values of real output, 

real money balances, real interest rates, real exchange rate 

and US real output. The exchange rate (st ) and the 

inflation rate (nt ) are modelled as univariate 

autoregressive moving average processes. 

Dynamic effects are captured by utilizing lagged terms 

in each equation. Distributed lags are finite and need not 

be the same. Expectations of real and nominal interest 

rates are formed rationally. The actual model is presented 
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TABLE 3-1 

VARIABLE DEFINITIONS 

All variables are expressed in their natural logarithms except for the interest and inflation 
rates. 

y1 = percentage deviation of Canadian real output from trend (y1 = Y1 - Yt where Y1 

is Canadian real output and Yt corresponds to its trend value). Simply called 
Canadian real output in this paper. 

y/ = percentage deviation of US real output from trend (y1•= Y1• - Yt° where Y/is US 
real output and Yt° corresponds to its trend value). Simply called US real output 
in this paper. 

m1 = nominal money supply 

m1T = target nominal money supply 

r1 = Canadian nominal interest rate 

. 
r1 = US nominal interest rate 

r 1 = conditional expectations of the Canadian nominal interest rate , given information 
through period t-1 

s, = spot exchange rate 

P1 = Canadian price level 

P1 = US price level 

Jtl = inflation rate (p1+1 - P1) 

n, = conditional expectations of the inflation rate (p1+1 - p1), given information through 
period t-1 

D1 = dummy variable for the money target (= 0 before 1975Q2, =1 from 1975Q2 to 
1982Q4, and =0 after 198204) 
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in section 3.2.2. Detailed discussions of each equation are 

presented in the following section. 

3.2.2 Description of Each Equation in the Model 

(a) Interest Rate Reaction Equation 

In light of the execution of monetary policy in the 

past two decades, it is evident that interest rates were the 

principal instrument. G&R (1985) provided a summary of the 

changes in goals by the Bank of Canada in managing interest 

rates during the seventies. 24 The policy overview in 

Chapter 2 also provided evidence that the Bank of Canada had 

adopted exchange rate targeting during the late seventies 

and the early eighties; interest rates were used as the 

principal instrument to achieve the target. 

Many researchers in the past had modelled the execution 

of Canadian monetary policy through the interest rate 

reaction function. Courchene and Kelly (1971) specified a 

reaction function embodying the four announced objectives of 

Canadian monetary policy over the period 1955:3 to 1965:4. 

Fortin (1975) related the yield on one-to-three year 

Government of Canada securities to the US treasury bill 

rate, the percentage change in the over-all Canadian 

24See A. W. Gregory and J. Raynauld ( 1985), "An Econometric 
Model of Canadian Monetary Policy over the 1970s," Journal of 
Money, Credit, and Banking, Vol. 17 (1), pp. 46-47 for detailed 
discussions. 
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official international reserve position, the unemployment 

rate, the rate of increase in the consumer price index, the 

rate of increase in the index of industrial production, and 

some financial variables. Likewise, G&R (1985) used an 

interest rate reaction equation to describe the behavior of 

the Bank of Canada in managing interest rates in the conduct 

of monetary policy. The equation is as follows: 

Interest Rate Reaction Equation 

r, = 60 + I61l,-i + Ibir\_i - r,_1_J + L63pi(mT1_i - m,-1-J + e11 + l8ie1t-i (3.1) 
i=l i=O i=O i=l 

The effects of past changes in interest rates are 

captured by the distributed lag on interest rates in 

equation (3.1). The short-term spread between Canadian and 

US interest rates (i.e. r" t -i - r t -l-i) is used to pick up any 

exchange rate considerations employed by the Bank of Canada 

in determining interest rates. The magnitude of o2 i is 

determined by the degree of capital mobility. If capital 

were perfectly mobile, then the Canadian interest rate could 

not deviate from the US interest rate for any length of 

time. On the other hand, if capital were not perfectly 

mobile, then 6 21 would reflect the degree to which the Bank 

of Canada takes into account movements in US interest rates. 

Additional lagged terms are included in this equation to 

capture possible delays in adjustment. 
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The term ( mT t - mt-i ) is the spread between the current 

money target and the actual lagged value of the nominal 

money supply. If the lagged money supply is above the 

current target, we expect the Bank of Canada to raise 

interest rates to keep the money supply within the announced 

target. A priori, we expect that 6 3 i will be negative. The 

dummy variable Dt is set equal to one from 1975Q2-1982Q4 and 

is set equal to zero after the Bank abandoned the monetary 

targeting of Ml in 1983. Dynamic influences are picked up 

through the lagged terms of the explanatory variables. 

(b} Demand for Money Equation 

The following equation represents the real demand for 

money. 

Demand for Money Equation 

-
m, - P, = Po + Pi(y, + YP,) + P2 r , + PJ(m,-1 - P,-1) + ez, + L<l>ie2,-i (3 .2) 

i=l 

This equation is analogous to Goldfeld's (1973) partial 

adjustment specification. Many researchers in Canada have 

used this conventional specification to model the demand for 

money. For example, Poloz (1980) modelled the demand for 

money in Canada using a partial adjustment technique. He 

found empirically that the partial adjustment model of the 

real demand for money surpassed other types of model 

specifications. Additionally , Clinton (1973), Foot (1977), 
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Cameron (1979), and Hostland (1990) modelled the demand for 

money equation using partial adjustment techniques. 

The dependent variable in equation (3.2) is the demand 

for real money balances. Since the income variable is 

logarithmic (natural), the estimated coefficient is in fact 

the income elasticity. The coefficient ~1 can, therefore , 

be interpreted as the short-run income elasticity; the 

long-run income elasticity is ~1 / (1-~3 ). Theory suggests 

that real income and real demand for money have a positive 

relationship; therefore, ~1 should be positive. 

Increases in expected nominal interest rates would have 

a negative effect on the real demand for money; hence we 

expect that ~2 will be negative. We assume economic agents 

form their expectations of the nominal interest rates 

rationally. Part (e) in this section will discuss rational 

expectations in some length. The rational expectations 

solution of this equation will also be presented in that 

section. 

Actual money demand is assumed to adjust 

logarithmically to the gap between the desired equilibrium 

level and last period's demand. Hence the speed of 

adjustment between desired money holdings and last period's 

money holdings is measured by ( 1-~3 ). Its value is between 

0 and 1. 
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(c} Demand for Real Output Equation 

The demand for real output equation takes the following 

form. 

Demand for Real Output Equation 

- -
Y, = ao + La1iY1-i + Ia2imH - P,J + air, - n,) + La4i(p1-i - s,_i - P

0

1-J + LasiY
0

1-i 
i=l i=O i=O i=O 

+ e3, + 1 ·4\e31-i 
i=l 

(3.3) 

It is modelled similarly to Taylor's (1979) closed-economy 

aggregate demand equation, except that it is modelled in 

this study as an open-economy aggregate demand equation. 

That is, terms of trade and US real output are incorporated 

in the equation as explanatory variables. Any 

multiplier-accelerator effects and other sources of 

persistence are captured by distributed lags on real output 

in this equation. 

The term ( mt-i P t-i), real money balances, is an 

explanatory variable in the demand for real output equation. 

Real money balances are expected to have a positive effect 

on the demand for real output for the following reason. 

Economic agents save to accumulate wealth. However, a rise 

in wealth tends to reduce the incentive to save, thereby 

increasing consumption. This will then lead to an increase 

in the demand for money and an increase in aggregate demand. 



33 

Real cash balances are allowed to influence real output with 

a lag. 

The expected real interest rate, (r t- nt ) , affects the 

demand for real output in two ways. First, if real interest 

rates increase, economic agents will reduce current 

consumption, thereby reducing real output; this is the 

substitution effect. Second, the real return from assets 

increases as real interest rates rise, thereby increasing 

real output; this is the income effect. In reality, it is 

difficult to identify whether changes in real output are due 

to income or substitution effects. Therefore, it cannot be 

determined how the expected real interest rate affects real 

output through the investment and consumption channels; 

thus, the coefficient a3 is either positive or negative. 

Economic agents are assumed to form their expectations of 

the real interest rate rationally. 

Finally, an unrestricted distributed lag on the terms 

of trade (p - s - p*) is incorporated in this equation. A 

currency depreciation will raise import prices relative to 

export prices; therefore, it lowers the terms of trade, 

improving the competitiveness of the country. Relatively 

higher import prices cause both domestic and foreign buyers 

of goods and services to switch their purchases of output 

from foreign to domestic suppliers, thus increasing domestic 

output. In light of this, we would expect a 4i to be 
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negative. Dornbusch and Krugman (1976), however, argued 

that export prices and physical trade adjust slowly to the 

currency depreciation; import prices respond immediately to 

the depreciation. Therefore, the direction of the trade 

effect is the reverse of that described above, with trade 

balances worsening in the short term and bettering only over 

time. That is, a J curve exists. Hence, a 4 i would be 

positive and then would be followed by negative magnitudes. 

Finally, foreign aggregate demand (y\) is also 

included in the equation to capture the effect of domestic 

output through the changes in the export channel. Trade 

theory suggests that an increase in foreign aggregate demand 

will increase exports to that country, thereby increasing 

domestic output. We therefore would expect that a 6 i would 

be positive. Lagged terms are also allowed for y\ to 

capture the dynamic effects. 

(d) Inflation and Exchange Rate Equations 

G&R (1985 ) used pure time series techniques to specify 

the inflation rate equation. The equation is a univariate 

autoregressive moving average (ARMA) process. 



Inflation Rate Equation 

Jt, = "-o + LA1iJtt-i + e4, + LTJ ie4t-i (3.4) 
i=l i=l 

G&R (1985) attempted the price/wage determination 

specification of Taylor (1979) with Canadian data. 25 The 

equation, however, performed poorly under this 

specification. Therefore, due to the absence of adequate 

econometric specifications to model inflation movements in 

Canada, the inflation rate equation is modelled as a pure 

time series equation. 

Exchange rate movements are also formed by using pure 

time series techniques. 

Exchange Rate Equation 

s, = µo + Lµlist-i + es, + }:-fries,-i (3.5) 
i=l i=l 
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It is quite common to use pure time series representations 

to describe exchange rate movements. Both Leiderman (1979) 

and Backus (1982) had employed time series methods to model 

price and exchange rate movements. G&R (1985) also claimed 

25Taylor's (1979) price/wage determination equation is as 
..... 

..... 
defined as P t+i -Pt and Yt is the condi tional expectation of the 
deviation from trend of the log of r eal expenditures given 
information through period t-1. 
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that modelling the inflation and exchange rates by a vector 

autoregressive moving average process was not statistically 

superior to a univariate autoregressive moving average 

(ARMA) process. 

(e) Rational Expectations Solution 

It is assumed that expectations of real and nominal 

interest rates in this model are formed rationally. This 

section presents the rational expectations solution to these 

two unobservable variables: expected nominal (rt) and real 

(rt- nt) interest rates. However, some comments on the use 

of rational expectations in the model must be made before 

the presentation of the rational expectations solution. 

The Rational expectations hypothesis (REH) states that 

economic agents have access to all relevant information 

available in the model, thereby forming their expectations 

on the basis of the true structural model. Economic agents 

with rational expectations do make mistakes, but they do not 

make the same mistake each time. An editorial from The 

Economist (Nov 10, 1990) asserted that "the crucial insight 

from the literature on rational expectations (RE) is this: 

people learn from their mistakes. " 26 Hence, if errors 

occur, people will learn from them, revise their 

26The Economist, "Schools Brief: Tales of the expected, " The 
Economist, Nov 10, 1990, p. 90. 



expectations and make a more accurate forecast. Thus the 

Rational Expectations Hypothesis asserts that economic 

agents do not make systematic errors in forecasting the 

future. 
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Another type of expectations formation, namely, the 

Adaptive Expectations Hypothesis is contrary to the Rational 

Expectations Hypothesis. This expectations hypothesis is a 

backward-looking way of forming expectations. More 

specifically, the Adaptive Expectations Hypothesis means 

that in any one period, economic agents' expectations are 

revised in the light of past errors of expectations. This 

way of forming expectations is subject to two deficiencies. 

In the first place, it implies that agents will make non­

random errors in predicting the future. Secondly, this 

hypothesis ignores relevant information that may be 

available to economic agents at the time of expectations 

formation but not at the time of the past events. Because 

of these two primary objections, we use the Rational 

Expectations Hypothesis in our model rather than the 

Adaptive Expectations Hypothesis. 

In the model, economic agents are assumed to have 

knowledge of the structure of the model when performing 

forecasting. All the exogenous and lagged dependent 

variables are contained in agents' information set I, at 

time t. Moreover, agents are assumed to know the current 



value of the money target and any changes to the target 

growth rate. It is further assumed that the current 

exchange rate is also observed. 
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To obtain the rational expectations solution of the 

model, expectations of the interest rate reaction equation 

(3.1) and the inflation rate equation ( 3.4) are taken 

conditional upon agents' information set I t at time t. The 

resulting equations are then substituted into the demand for 

money equation (3.2) and the demand for real output equation 

(3.3). As a result, two nonlinear equations with no 

unobservable variables are obtained. Appendix B presents 

the rational expectations results of the demand for money 

equation (3.2a) and the demand for real output equation 

(3.3a). 

The two nonlinear equations (3.2a) and (3.3a), together 

with equations (3.1) (3.4), and (3.5) form a system of 

restricted equations. 27 This system of equations is used to 

test whether the cross-equation restrictions implied by the 

Rational Expectations Hypothesis are valid. Section 3.5 

provides in-depth discussion of the test. 

27 The system of equations is listed in Appendix B. 
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3.3 Data Utilization 

The Canadian macroeconomic variables used in this study 

are as follows: real GNE, GNE implicit price deflater, Ml, 

money target, spot exchange rate, and 90-day prime corporate 

paper rate. The US macroeconomic variables used in this 

study are as follows: US real GNE, US nominal GNE , and 

90-day commercial paper rate. The data set contains 

quarterly data from 1970Ql to 1991Ql. Data are obtained 

from the CANSIM28 University Base Series Directory for the 

abovementioned economic indicators. They are seasonally 

adjusted. Data sources are given in Appendix A. Each of 

these variables will be discussed below. 

Canadian real GNE is used in this model. GNE adds to 

GDP29 foreign investment income of Canadians and deducts 

domestic income of non-residents. In practice, GDP and GNE 

are very highly correlated. 30 The log of its trend value is 

subtracted from the log of real GNE to obtain percentage 

deviations of real GNE from trend. The GNE implicit price 

deflator is used to compute the inflation rate in the model. 

28CANSIM is the acronym for Canadian Socio-Economic 
Information Management, the computerized databank created and 
maintained by Statistics Canada. 

29GDP measures the production of all goods and services 
taking place within Canada. 

30D. Hostland et al. (1978 ), An Analysis of the Information 
Content of Alternative Monetary Aggregates, Bank of Canada 
Technical Report No. 48, p . 9 i nd i cated that the correlation 
coefficients between GNE and GDP was 0.996. 
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There are some controversies regarding the use of the GNE 

implicit price deflater or the consumer price index. The 

GNE implicit price deflater is used in this model for two 

reasons. Firstly, it is the most comprehensive index of 

price level; secondly, most publications, including the Bank 

of Canada's publications apply the GNE implicit price 

deflater in their model estimations. 

Ml 31
, the narrowly defined money supply, is used as the 

nominal money supply in the model. In 1975, Governor Bouey 

publicly announced that the rate of growth of Ml is used as 

the intermediate target. Hence, Ml is used in the model as 

a measure of the nominal money supply. 

The Bank of Canada publicly announced the money target 

growth ranges periodically during November 1975 to February 

1981. To construct the money target in the model, G&R 

(1985) used the middle value of the announced target growth 

range to obtain the base period. The procedure was repeated 

for each money target growth announcement. The resulting 

money target series is used in this study. 

Interest rates and the exchange rate are crucial 

macroeconomic variables. The Canadian interest rate used in 

the model is the 90-day prime corporate paper rate. The 

spot exchange rate measures Canadian cents per one US 

dollar. 

31Ml includes currency in c i rcula t ion and demand deposits. 
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One of the foreign variables used in the model is the 

US real GNE implicit price deflator. To obtain the US real 

GNE implicit price deflator, we divide US nominal GNE by US 

real GNE, and multiply the result by 100. The other two 

foreign variables used in the model are US real GNE, and the 

90-day corporate paper rate. 

3.4 Estimation Procedures and Results 

3.4.1 Ordinary Least Squares (OLS) Estimation and Results 

G&R (1985 ) use a single-equation approach to estimate 

the interdependent system of equation. They use the 

ordinary least squares techniques to determine the 

appropriate lag and error structures of each equation. The 

system of equations is then estimated using the Full 

Information Maximum Likelihood (FIML) method. 32 G&R (1985) 

justify the use of single-equation techniques based upon the 

following arguments. 

First, there is a potential misspecification in forming 

an equation. If part of the model is misspecified, FIML 

estimation can yield inconsistent parameter estimates. 

Second, non-linear system estimation involves substantial 

computation cost. The single-equation method, however, 

saves time and computation cost. 

32Discussion of the FIML method is provided in section 
3.4.2. 
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The estimation period is from 1970Q3 to 1981Q3. Each 

equation is estimated independently using seasonally 

adjusted quarterly data. The expected nominal and real 

interest rates are unobservable at time t. Therefore , when 

estimating the demand for money equation (3.2), and the 

demand for real output equation (3.3) by the OLS method, 

expected nominal and real interest rates are replaced by 

their actual ex post values. To determine the lag lengths 

of the variables in each equation, Gregory and Raynauld 

(1985) set the maximum lag length at four. 33 They then use 

F-tests to investigate whether the lags could be shortened. 

G&R's (1985) OLS results are reported in Table 3-2. 

The purpose here is to replicate G&R's (1985) model. 

Their model is replicated using the OLS method. The sample 

period (1970Q3-1981Q3) is the same as G&R's estimation 

period. G&R (1985) used custom software to estimate their 

model, treating the disturbances as moving average 

processes. As our ultimate objective is to estimate the 

model by system methods, and as no commercially available 

software treats model disturbances as moving averages in a 

systems context, no attempt is made here to replicate the 

G&R (1985) treatment of the equation disturbances. Hence 

our estimation results will not reproduce those of G&R 

33A. w. Gregory and J. Raynauld, op. cit., p. 52 claimed 
that they set the maximum lag length at four because quarterly 
data is used. 



TABLE3-2 

GREGORY AND RAYNAULD'S OLS ESTIMATES (1970Q3 TO 1981Q3) • 

Interest Rate Reaction Equation: 

rt= 0.2943 +rt-I+ 0.5676 (rt_1-r1_J + 0.5496(r*1-r1_1) - 0.3196 (r\_1-r1_J - 18.0916 D1{(mT1-Jl\_1)-(mT1_1-m1_2)} 
(5 .14) (9.07) (18.56) (7.36) (4.20) 

+ 0.5429 e1t_2 
(6.75) 

Demand for Money Equation: 

JI\ - p, = 0.0718 (y1+YPi) - 0.0047 r, + 0.8316 (m1_ 1-pt-1) 
(3.32) (6.93) (15.68) 

Demand for Real Output Equation: 

y, = 0.4031 y1_ 1 + 0.0975 (mt-1-Pt-i) - 0.0020 (r1- :rtJ + 0.1009 (pt-s,-p* i) + 0 .1266 y\ 
(3.81) (3.44) (5.45) (3.43) (2.21) 

Inflation Rate Equation: 

:rt( = 2.4427 + 0.4017 :rtt-1 + 0.3357 rtt-2 
(2.16) (2.76) (2.33) 

Exchange Rate Equation: 

st = st-1 + 0.5067e5,_1 

(3.56) 

"Gregory and Raynauld (1985, p. 53, Table 1) 
Absolute t-ratios are in parentheses. 

R2=0.9678 

R2 =0.9324 

R2= 0.9263 

R2=0.4466 

R2=0.9657 

-"" 
\.>4 



(1985) exactly. The replicated OLS estimation results are 

reported in Table 3-3. 

44 

Comparing the replicated OLS results with G&R's (1985) 

OLS results, it is found that the estimated coefficients in 

the demand for money, the demand for real output, and the 

inflation rate equations possess the same signs and 

magnitudes as those reported in G&R's (1985) OLS estimation 

results. The estimated coefficients in the interest rate 

reaction equation possess the same signs as those presented 

in G&R's (1985) model. Their magnitudes, however, differed 

slightly from those of G&R (1985); the t-ratios are also 

lower in the replicated OLS estimation than those in G&R's 

OLS estimation. This is probably because the equation 

suffers from not being corrected for autocorrelation in the 

error terms. Finally, the exchange rate equation is 

modelled as a random walk which is the same as what G&R 

(1985) have done. Overall, this study has successfully 

replicated G&R's (1985) model for the 70s using the OLS 

method. 

3.4.2 Full Information Maximum Likelihood (FIML) Estimation 

and Results 

Using the model obtained from the OLS method, G&R 

(1985) estimated the model again by the FIML method with 

rational expectations restrictions imposed. The FIML method 



TABLE3-3 

REPLICATED OLS ESTIMATES OF GREGORY AND RAYNAULD'S MODEL (1970Q3 TO 1981Q3) 

Interest Rate Reaction Equation: 

rt = 0.3189 + rt-i + 0.5486 (rt_1-rt-:U + 0.5483 (r\-r1_1) - 0.3076 (r*t_1-rt_z) - 15.8380 Dt{(mTt_IDi_1)-(mTt-i-mt_2)} R2=0.9564 
(2.2585) (3.6056) (7.2980) (2.9099) (1.6369) 

Demand for Money Equation: 

IDi - p1 = 0.0718 (y,+YP,) - 0.0047 rt+ 0.8316 (mt-1-Pt-i) R2 =0.9328 
(3.3166) (6.9619) (15.6740) 

Demand for Real Output Equation: 

Yt = 0.4031 Yt-i + 0.0975 (mt_1-pt-1) - 0.0020 (rt-n:J + 0.1009 (p,-st-P* J + 0.1266 y*t 
(3.5542) (3.4226) (5.4388) (3.4094) (2.1963) R2= 0.9262 

Inflation Rate Equation: 

,tt = 2.4427 + 0.4017 11:,_1 + 0.3357 ,tt-2 R2=0.4467 
(2.1565) (2.7655) (2.3333) 

Exchange Rate Equation: 

st = s,_1 

Note: Absolute t-ratios are in parentheses. 

~ 
VI 
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is used as the estimation technique for this model so that 

the cross-equation rational expectations restrictions can be 

tested. The estimated results are presented in Table 3-4. 

G&R (1985) found that the estimated results did not differ 

substantially from the OLS estimated results. 

The objective is to replicate G&R's (1985) model over 

the same sample period (1970Q3-1981Q3). Table 3-5 presents 

the replicated FIML results. The results do not differ much 

from those of G&R (1985). It is found that our estimated 

coefficients are of the same signs as those estimated by G&R 

(1985). The magnitudes are very close to those of G&R 

(1985); t-ratios are also lower in the replicated FIML 

estimation than those in G&R's FIML estimation. The 

probable reason for the difference in the results is that 

G&R (1985) modelled the error terms in the interest rate 

reaction equation and the exchange rate equation as moving 

averages; however, we model them as normally distributed 

with mean zero and variance o 2
• The overall replication of 

G&R's (1985) model using the FIML method is quite 

successful. 

3.5 The Rational Expectations Hypothesis Test 

One of the advantages of using a small system of 

nonlinear equations is that rational expectations can be 

solved from the system of equations analytically. Pesaran 



TABLE3-4 

GREGORY AND RAYNAULD'S FIML ESTIMATES (1970Q3 TO 1981Q3) • 

Interest Rate Reaction Equation: 

rt= 0.2979 + rt-1 + 0.6202 (rt_1-rt_J + 0.5833 (r\-rt_1) - 0.3661 (r\_1-r1-2) - 18.0270 Dt{(mTt_Jl\_1)-(mTt-I-mt_2)} + 0.5212 e1t_2 
(1 .80) ( 4 . .40) (12.50) ( 4.15) (2.00) ( 4.02) 

Demand for Money Equation: 

11\ - Pt= 0.0958 (yt+YPi) - 0.0053rt + 0.7734 (mt_1- Pt-t) 
(4.30) (7.38) (14.20) 

Demand for Real Output Equation: 

Yt = 0.4032 Yt-i + 0.0995(Jl\_1-pt-t) - 0.0023 (rt-nt) + 0.1028 (pt-st-p*i) + 0.1431 y*t 
(3.62) (3.55) (4.90) (3.53) (2.51) 

Inflation Rate Equation: 

Jtt = 2.8972 + 0.3760 Jtt-1 + 0.3074 Jtt-2 
(2.47) (2.63) (2.32) 

Exchange Rate Equation: 

st = st-I + 0.6069 e5t-t 
(4.19) 

• Gregory and Raynauld (1985, p. 54, Table 2) 
Absolute t-ratios are in parentheses. 

~ 
...J 



TABLE 3-5 

REPLICATED FlML ESTIMATES OF GREGORY AND RAYNAULD'S MODEL (1970Q3 TO 1981Q3) 

Interest Rate Reaction Equation: 

r, = 0.2568 + rt-1 + 0.5862(rt-1-r,_J + 0.5146(r\-r,_1) - 0.3383 (r\_1-r,_i) - 11.0600 D1{(mT1- II\_1)-(mT1_1-m1_2)} 

(0.76) (1.62) (3.58) (1.39) (0.47) 

Demand for Money Equation: 

II\ - p, = 0.0902 (y,+YPJ - 0.0052r, + 0.7871 (m1_1-pt-1) 
(2.38) (3.07) (8.58) 

Demand for Real Output Equation: 

y, = 0.4019 y,_1 + 0.1010(11\_1-pt-1) - 0.0023 (r 1-n:1) + 0.1044 (p1-s1-p*1) + 0.1421 y*, 
(1.49) (1.60) (2.25) (1.59) (1 .20) 

Inflation Rate Equation: 

n:, = 2.8296 + 0.3819 n:l-1 + 0.3036 n:,-2 
(1.26) (1.08) (0.65) 

Exchange Rate Equation: 

s, = s1_ 1 

Note: Absolute t-ratios are in parentheses. 

~ 
0:, 
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(1987) indicated that one possible method of testing the 

rational expectations hypothesis is to see if the cross­

equation restrictions implied by the hypothesis are valid. 

Pesaran (1987) further stated that a suitable procedure 

for testing the cross-equation restrictions is the 

likelihood ratio (LR) test, in which we denote the maximized 

values of the log-likelihood functions of the unrestricted 

model and the restricted model as LLU and LLR, respectively. 

The likelihood ratio (LR) statistic for testing the cross­

equation restrictions is the following: LR= 2(LLU-LLR). 

The test statistic is distributed as X2 (r), where r is the 

number of restrictions. We test the null hypothesis that 

rational expectations restrictions are true against the 

alternative hypothesis that the rational expectations 

restrictions are not true. If the computed LR is greater 

than the critical value from a x2 table at the chosen level 

of significance, then the null hypothesis is rejected in 

favor of the alternative hypothesis. 

Pesaran (1987) commented that the rejection of cross­

equation restrictions, in general, does not necessarily lead 

to the rejection of the Rational Expectations Hypothesis. 

It can be argued that cross-equation restrictions have been 

rejected due to misspecification in the underlying model, 

but not because the Rational Expectations Hypothesis is 

false. 
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G&R (1985 ) performed a likelihood ratio test on 

fourteen non-linear rational expectations restrictions. The 

computed LR statistic of 23.62 is marginally less than the 

critical value of 23.67 at 5 percent significance level A 

likelihood ratio test based on the FIML model described in 

Table 3-5 is also performed. 34 The computed LR statistic is 

16.16 with twelve restrictions35 imposed in the model. This 

statistic is less than the critical value of 21.03 at 5 

percent significance level. Hence the replicated result 

agrees with G&R (1985) that it fails to reject the rational 

expectations restrictions. 

3.6 Summary 

This chapter reviews the Gregory and Raynauld (1985) 

model. The model consists of five interdependent equations 

modelling the behavior of the Bank of Canada in the 70s. 

The model assumes economic agents form their expectations on 

nominal and real interest rates rationally. Ordinary least 

squares are used to obtain the appropriate lag and error 

structures of each equation in the model. FIML estimation 

is used to estimate the system of equations simultaneously. 

34This table presents the replicated model using the FIML 
estimation. 

35We did not model the error term in interest rate reaction 
equation as moving averages; therefore , we have two restrictions 
less than did Gregory and Raynaul d. 
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The Rational Expectations Hypothesis is also examined. 

Reasonable approximations of G&R's estimation results 

are obtained using both the OLS and the FIML methods. The 

econometric package that is used to perform both the FIML 

and the OLS estimations does not allow the error terms to 

have moving average specifications. Therefore, the exact 

results as reported by G&R (1985) cannot be reproduced. 

Nevertheless, this chapter reveals that we are able to 

replicate G&R's (1985) model over the 1970s. Chapter 4 in 

this study will examine if this model can be used to explain 

the economy and the execution of monetary policy over the 

period 1972-1989. 



CHAPTER 4 

LAG STRUCTURE SPECIFICATION, ESTIMATION, AND RESULTS: 
1972-1989 

4.1 Introduction 
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Gregory and Raynauld (G&R) (1985) developed a model 

consisting of five interdependent equations. They used the 

model to examine the conduct of Canadian monetary policy 

over the 70s. G&R's (1985) model was reviewed in Chapter 3. 

The purpose of this chapter is to utilize the G&R (1985) 

model to extend the examination period to the 1980s. That 

is, the examination period is from the early 1970s to the 

end of the 1980s. 

Lag structures in the G&R (1985) model3 6 are examined 

using the F-test, the Akaike Information Criterion (AIC), 

the Schwarz Criterion (SC), and the Amemiya Final Prediction 

Criterion (PC). These criteria allow us to select the 

appropriate lag lengths for the regressors in the model, and 

to estimate the model for the 70s and the 80s. Detailed 

discussion is provided in Section 4.3.2. After the 

appropriate lag structure is selected for each equation, the 

Full Information Maximum Likelihood (FIML) method is used to 

estimate the system of equations. Section 4.3.3 describes 

the estimation procedures and provides the estimation 

results. Economic agents are assumed to form their 

36The model is presented in Appendix B. 



expectations rationally. A test for the validity of the 

rational expectations restrictions is performed. The test 

and results are discussed in Section 4.3.4. 

4.2 Data Utilization 
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Data for the 70s and the 80s are obtained from the 

CANSIM University Base Series Directory. 37 They are 

seasonally adjusted. Data sources are given in Appendix A. 

The Canadian and US macroeconomic variables used are the 

same as those described in Section 3.3 of Chapter 3. The 

narrowly defined money supply, Ml , is still being used for 

estimations in the 80s. The Bank of Canada had abandoned 

targeting Ml in the early 80s, and Ml was found empirically 

to be unstable over time in the 80s. 3 8 However, there is no 

explicit targeting for any monetary aggregates; therefore, 

Ml is still used in this study. The dummy variable 

associated with the money target is set equal to zero after 

the Bank of Canada had stopped announcing the money target 

in 1982. 

37Data for the 70s are the same as G&R's data set. The base 
year of some of the data are adjusted to the same base year as 
G&R's data. As a result, the two data sets can be bridged 
together, and a consistent data set in estimation is formed. 

38See K. Clinton (1973), "The Demand for Money in Canada, 
1955-70: Some Single-Equation Estimates and Stability Tests," 
Canadian Journal of Economics, Vol . 6 (1 ) , p. 58. 



4.3 Estimation Procedures and Results 

4.3.1 An Overview 
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The objective here is to extend G&R's examination 

period from the 7Os to the end of the 8Os. It is, 

therefore, necessary to re-examine the lag specification of 

each equation in the model. The model examined is presented 

in Appendix B. 39 Various regressor selection criteria are 

used to determine the lag lengths in each equation. One of 

the criteria used is the F-test. It is a conventional way 

to evaluate the inclusion of an additional variable on the 

basis of its significance level. Using this test, the 

resulting parameter estimators are actually pretest 

estimators. However, the sampling properties of pretest 

estimators are unknown in general. 40 The F-test has the 

pretest problem. Furthermore, the inclusion of an 

additional variable also depends on the significance level 

chosen. 

As a result, other criteria are also used to determine 

the lag structure of the model. The criteria are as 

follows: the Akaike Information Criterion (AIC), the Schwarz 

Criterion (SC), and the Amemiya Final Prediction Criterion 

(PC). Each criterion is based on an explicit consideration 

39See Section 3.2 of Chapter 3 for the description of the 
model. 

40See G. Judge et al. (1985 ), The Theory and Practice of 
Econometrics, ( New York), Chapter 3 for details. 



of a loss (risk) function. Durbin's h-test41 is also used 

to check for the presence of an autocorrelation (AR) error 

structure. Detailed discussion of specifications of lag 

length is provided in Section 4.3.2. 
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After the appropriate lag lengths of the regressors in 

each equation are determined, the FIML method is used to 

estimate the system of equations simultaneously. This 

estimation method is a system-method which applies to all 

the equations of the model and yields estimates of all the 

structural parameters simultaneously. Section 4.3.3 

illustrates the FIML estimation procedures and discusses the 

results. 

Economic agents are assumed to form their expectations 

of nominal and real interest rates rationally. A cross­

equation restrictions test is used to test the validity of 

the Rational Expectations Hypothesis. Section 4.3.4 

discusses the test for rational expectations in detail. 

41Since the Durbin-Watson statistic is biased in the 
presence of a lagged dependent variable, Durbin' h-test is used 
to test for serial correlation when some of the regressors are 
lagged dependent variables in an equation. 
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4.3.2 Specification of Lag Structure 

Various regressor selection methods are used to 

determine the appropriate lag lengths of the explanatory 

variables in the model. 42 Autocorrelation of error terms is 

also examined. This section begins by introducing the 

criteria that are used to determine the lag structure in the 

model. Based upon these criteria, procedures to perform the 

determination of the lag structure are described . Finally , 

the lag structure results are reported. 

(a) Discussion of the Criteria 

The F-test is used to test whether the inclusion of an 

explanatory variable in an equation has statistically 

significantly improved the explanation in the variation of 

the dependent variable. Denote the equation without the 

additional regressor as the restricted equation. The 

equation that includes the additional regressor is denoted 

as the unrestricted equation. The null hypothesis is that 

the additional regressor does not improve the proportion of 

the variation explained by the restricted equation. This 

hypothesis is tested against the alternative hypothesis that 

the restricted equation is not true. 

The F-statistic is the fo l lowing: 

[(SSEr - SSEu)/r]/[SSEu/(N-K)], 

42The model is specified in Appe ndix B. 
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where SSEr= restricted error sum of squares (i.e. the error 

sum of squares when the null hypothesis is imposed), SSEu= 

unrestricted error sum of squares, r= number of restrictions 

imposed by the null hypothesis, K= number of regressors 

including the constant term, and N= number of observations. 

The F-statistic has an F distribution with (r) and (N-K) 

degrees of freedom. If the calculated F-statistic is 

greater than the critical value from the F-distribution 

table at the chosen significance level, the null hypothesis 

is rejected and the alternative hypothesis that the 

additional variable is an important explanatory variable is 

accepted. 

The F-test is the conventional way of judging the 

significance of additional explanatory variables by 

analyzing the variance and the F-statistic. However, 

whether the null hypothesis is rejected depends mainly on 

the pre-chosen significance level. Another disadvantage in 

using the F-test to determine whether the inclusion of an 

additional variable is statistically significant, is that 

the resulting parameter estimators are pretest estimators. 

The sampling properties of the pretest estimators are, 

however, unknown. 

Akaike developed a regressor selection criterion based 
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on the consideration of a loss function. 43 He proposed the 

following criterion called the Akaike Information Criterion 

( AIC): 44 

ln o 2 + ( 2K/N) , 

where K = number of regressors, N = number of observations, 

and o 2 = the error sum of squares divided by the number of 

observations (i.e. SEE/N). The objective is to calculate 

the AIC for each alternative equation, and to choose the 

equation that has the minimum AIC value. 

Schwarz (1978) stated that the AIC gives a mathematical 

formulation of the principle of parsimony in model building. 

The AIC also avoids the inference problems of sequential 

estimators. Finally, it rewards good fit but penalizes the 

loss of degrees of freedom. The AIC, however, retains a 

probability of leading to overfitting even as the number of 

observations approaches infinity. 

Schwarz (1978) derived a regressor selection criterion 

using Bayesian arguments. Schwarz's Criterion (SC) is as 

follows: 45 

ln o 2 + [K( ln N) /NJ, 

43See T. Amemiya (1980), "Selection of Regressors," 
International Economic Review, Vol. 21, p. 341 for the form of 
the loss function. 

44This criterion is obtained from G. Judge et al. (1985), 
The Theory and Practice of Econometrics, (New York), p. 242. 

45 Ibid., p. 242. 
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where K = number of regressors, N = number of observations, 

and o 2 = the error sum of squares divided by the number of 

observations (i.e. SEE/N). The objective is to compute the 

SC for each alternative equation. The equation that has the 

minimum SC value is chosen. 

Amemiya (1980) constructed a criterion based on the 

mean square prediction error. The objective is to take into 

consideration the losses associated with choosing an 

incorrect model. Amemiya's Criterion is called the 

Prediction Criterion (PC), and is in the form: 46 

o 2 [(N+K)/(N-K)], 

where K = number of regressors, N = number of observations, 

and o 2 = the error sum of squares divided by the number of 

observations (i.e. SEE/N). The objective is to calculate 

the PC for each alternative model, and to choose the model 

that has the minimum PC value. 

The PC can be used as a selection criterion in a linear 

and nonlinear regression model, including the case of an 

error term which has a general variance-covariance matrix 

without a specified distribution. This criterion, 

therefore, has a wide applicability. It also imposes a 

higher penalty upon increasing the number of regressors than 

does Theil' s adjusted R2
• 

46 Ibid. , p. 242. 



(b) Summary of the Criteria 

The F-test is used to test a sequential inclusion of 

explanatory variables in regression analysis. It has the 

pretest problem. The AIC, SC, and PC are based on an 

explicit consideration of a loss function. They avoid the 

inference problem of the F-test. The objective is to 

minimize the criterion for each alternative model and to 

choose the model that gives the minimum criterion value. 

The PC and AIC give very similar results. 47 The PC 

imposes a slightly heavier penalty on the inclusion of 

regressors than the AIC. The PC and AIC are complementary 

because the PC can be used in linear and nonlinear 

regression model and/or without a specified distribution; 

the AIC can be used in any model where the likelihood 

function is specified. The PC is, however, preferred 

because of its simplicity. The SC is the same as the AIC, 

except the SC puts a heavier penalty on additional 

regressors. Hence one should choose a model which is no 

larger than the model chosen using the AIC. 

47See T. Amemiya (1980), "Selection of Regressors," 
International Economic Review, Vol. 21, p. 345, Table 1. 
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(c} Determination of the Lag Structure 

To determine the lag structure of each equation in the 

model, the maximum lag on each variable is set equal to 

eight. 48 The following sequential searching method is 

employed to the interest rate reaction equation, the demand 

for real output equation, the inflation equation and the 

exchange rate equation. All the variables in the above 

equations are lagged once, except for those variables 

contain zero lag. The aforementioned criteria49 are then 

used to determine the appropriate lags on each variable in 

the model, using the Ordinary Least Squares technique. An 

additional lag is then added to each variable in the 

equations. The procedure is repeated until the pre-chosen 

maximum lag is reached. The procedures and results are 

described below in detail. 

To perform the selection of the appropriate lag 

lengths, additional lags are added to an equation one at a 

time. Each time a F-test is carried out on the associated 

variable. The equation containing that additional variable 

is denoted as the unrestricted equation, whereas the 

equation without that additional variable is treated as the 

restricted equation. The value of the F-statistic is 

48Degrees of freedom limitations prevent us from testing the 
model with longer lags on each explanatory variable. 

49The criteria are the F-test, the AIC, the SC, and the PC. 
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compared with critical F-value at a selected significance 

level. If the F-value is significant when compared with a 

critical F-value, the additional variable is then included 

in the equation. In other words, the hypothesis that the 

coefficient of the additional variable in the equation is 

zero, is rejected. As soon as an F-value is found to be 

non-significant, the testing procedure is terminated, and 

the corresponding variable and all succeeding variables are 

deleted from the equation. 

Autocorrelation of error terms that is found to be 

significant can be because of true autocorrelation of the 

error terms, or because of the omission of lagged dependent 

and independent variables. Durbin's h-test50 is used to 

determine the presence of an autoregressive error structure. 

Durbin's h-test examines the null hypothesis of no first­

order autocorrelation versus the alternative hypothesis of 

first-order autocorrelation. The h-statistic51 is 

approximately normally distributed with unit variance. If 

the computed h-statistic is higher than the critical value 

50It is inappropriate to use the Durbin-Watson test in 
equations containing lagged dependent variables. Its statistic 
is biased toward 2.0 when there is a lagged dependent variable. 
Therefore, Durbin's h-test is used in this study. 

51See R. Pindyck and D. Rubinfeld (1981), Econometric & 
Models Economic Forecasts, 2nd., (New York), p. 194 for the 
formula of the h-statistic. In this study, we used the h­
statistic calculated by the TSP program. TSP used the same 
formula as it is used in Pindyck and Rubinfeld (1981). 



in the Normal-distribution table at a selected level of 

significance, the null hypothesis of no autocorrelation is 

rejected. 
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The aforementioned selection procedures, as well as 

Durbin's h-test, are applied to the following equations: the 

interest rate reaction, the demand for real output, the 

exchange rate, and the inflation rate equations. The 

results are presented in Table 4-1. The results indicate 

that, in all four equations, an F-test on the second lag of 

the variables is statistically insignificant at 5 percent 

level. As a consequence, the F-test procedure is terminated 

and the second lag on the explanatory variables is dropped, 

retaining only the first lag of the explanatory variables. 

Durbin's h-tests at 5% significance level show that 

autocorrelation of error terms exist in all four equations. 

This may indicate dynamic misspecification. 

Since the F-test has the pretest problem, as 

alternatives, the AIC, SC, and PC are used to select the 

appropriate lag lengths of the four equations. 52 The 

equations are estimated using ordinary least squares. 

Explanatory variables are lagged once in an equation; 

values of the AIC, SC, and PC are then calculated. The 

criterion values are calculated each time when an additional 

52The four equations are the exchange rate equation, the 
inflation rate equation, the interest rate reaction equation, and 
the demand for real output equation. (See Appendix B). 
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TABLE 4-1 

SELECTION OF REGRESSOR RESULTS 

INTEREST RATE REACTION EQUATION: 

REGRESSOR I NUMBER OF LAGS CRITERIA 

. 
D(mT .-II1i1J AKAil(E SCHWARZ AMEMIYA r1-i r 1-i-r1-1-i I 1-1 - -

PREDICTION 

3 2 0 - 0.41409 -0.19275 0.66135 

1 0 0 -0.20565 -0.07917 0.81421 

2 1 1 -0.26119 -0.03984 0.77061 

3 2 2 -0.34237 -0.02616 0.71137 

4 3 3 -0.30730 0.10377 0.73838 

5 4 4 -0.30548 0.20045 0.74235 

6 5 5 -0.29969 0.30110 0.75059 

7 6 6 -0.23942 0.45622 0.80311 

8 7 7 -0.23877 0.55174 0.81168 

* This is the selected lag specification for the Interest Rate Reaction Equation. 

Note: 5% significance level is used for both F-tests and Durbin's h-tests. 
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TABLE 4-1 (CONTINUED) 

SELECTION OF REGRESSOR RESULTS 

DEMAND FOR REAL OUTPUT EQUATION: 

REGRESSOR / NUMBER OF LAGS CRITERIA 

Y1-i Illi-i-Pt-i r,- n:, P,-i-s,_i-p* 1-i Y*i-i AKAIKE SCHWARZ 

1 1 0 1 1 -8.90589 -8.65293 

1 0 0 0 0 -8.81229 -8.62257 

2 1 0 1 1 -8.87444 -8.55823 

3 2 0 2 2 -8.88916 -8.44647 

4 3 0 3 3 -8.79329 -8.22413 

5 4 0 4 4 -8.81078 -8.11514 

6 5 0 5 5 -8.88403 -8.06190 

7 6 0 6 6 -8.82267 -7.87406 

8 7 0 7 7 -8.76032 -7.68523 

* This is the selected lag specification for the Demand for Real Output Equation. 

Note: 5% significance level is used for both F-tests and Durbin's h-tests. 
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TABLE 4-1 (CONTINUED) 

SELECTION OF REGRESSOR RESULTS 

INFLATION RATE EQUATION: 

REGRESSOR I NUMBER OF IAGS CRITERIA 

n:,_i CONSTANT AKAIKE SCHWARZ AMEMIYA ACCEPT 
PREDICTION F-TEST 

? 

3 - 3.17055 3.29703 23.82329 NIA 

1 - 3.22951 3.29275 25.26758 NIA 

2 - 3.19916 3.29402 24.51318 YES 

4 - 3.19737 3.35547 24.47360 NIA 

5 - 3.22395 3.41367 25.13695 NIA 

6 - 3.25108 3.47242 25.83403 NIA 

7 - 3.26668 3.51964 26.24832 NIA 

8 - 3.28963 3.57421 26.86824 NIA 

* This is the selected lag specification for the Inflation Rate Equation. 

Note: 5% significance level is used for both F-tests and Durbin's h-tests. 
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TABLE 4-1 (CONTINUED) 

SELECTION OF REGRESSOR RESULTS 

EXCHANGE RATE EQUATION: 

REGRESSOR I NUMBER OF LAGS CRITERIA 

s1- i AKAIKE SCHWARZ AMEMIYA ACCEPT REJECT 
PREDICTION F-TEST DURBIN 

? H-TEST 
? 

2 - 8.48914 -8.42590 0.00021 NIA NO 

1 - 8.30498 -8.27336 0.00025 NIA YES 

3 -8.46225 -8.36739 0.00021 YES NO 

4 -8.48860 -8.36212 0.00021 NIA NO 

5 -8.48340 -8.32530 0.00021 NIA NO 

6 -8.46093 -8.27121 0.00021 NIA NO 

7 -8.43346 -8.21212 0.00022 NIA YES 

8 -8.48497 -8.23201 0.00021 NIA NO 

* This is the selected lag specification for the Exchange Rate Equation. 

Note: 5% significance level is used for both F-tests and Durbin's h-tests. 

°' -.J 



explanatory variable is added to the equation. Since the 

maximum lag lengths in this study are set equal to eight, 

the procedure is repeated until the explanatory variables 

included are lagged eight times. The objective is to 

minimize the criteria; hence, we choose the equation that 

provided the minimum AIC, SC, and PC values. Durbin's h­

test for autocorrelation of error terms is also performed. 
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Table 4-1 reports the lag specification results. All 

three criteria provided consistent results for the exchange 

rate equation. A model with two lags of the exchange rate 

has the minimum AIC, SC, and PC values, and has no 

autocorrelation of the error term. This lag structure is, 

therefore, selected to represent the exchange rate equation 

in the model. Both the AIC and PC have minimum values when 

the inflation rate is lagged three times. A model with two 

lags of the inflation rate is found to have the minimum SC 

value. Again the result indicates that the hypothesis of 

serial correlation is rejected, and three lags of the 

inflation rate has a lower Durbin's h-test value than that 

of two lags. As a result, three lags of the inflation rate 

equation is selected. 

The interest rate reaction equation in the following 

form provides the minimum AIC, SC and PC values: three lags 

of the nominal interest rate ( r t_i) , two lags of the spread 

between Canadian and US interest rates 
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( r* t-i - r t-i-i ) , and one lag of the spread between the current 

money target and the lagged value of the nominal money 

supply. The demand for real output equation in the 

following form provides the minimum AIC, SC and PC values: 

the real interest rate (rt -nt), one lag of Canadian real 

output ( y t-i ), real money balances ( mt-i - Pt-i ), terms of 

trade ( Pt-i - s t-i - p \ _i ), and US real output ( y\_i). In 

addition, no autocorrelation of error terms exists in these 

equations. The resulting specifications of the model are 

reported in Table 4-2. Before we perform the Full 

Information Maximum Likelihood (FIML) estimation of the 

model, some 0LS estimation results are discussed below. 

The interest rate reaction equation reveals that 

financial capital between Canada and the United States is 

mobile. As indicated in the 0LS results, Canadian and US 

interest rate differentials are significant in determining 

the change in Canadian interest rates. In other words, 

exchange rate considerations as captured by interest rate 

differentials are important determinants of Canadian 

interest rates. This confirmed the Bank of Canada's policy 

in the past two decades that interest rates were used as a 

tool to achieve exchange rate targeting. 

The estimated short-run income elasticity in the demand 

for money equation is 0.04; t he estimated long-run 

elasticity is 0 . 44. These ma gni tudes are much lower than 



TABLE4-2 

OLS ESTIMATES OF THE MODIFIED MODEL (1972Ql TO 1989Q4) 

Interest Rate Reaction Equation: 

r1 =l.3290r1_1 + 0.1104r1_2-0.4037r1_3 + 0.5964 (r\-r1_1) - 0.0604 (r\_1-r1_i.) - 0.3573 (r\_2-rt_3)-4.5863 Di(mTt_IDi_1) R2 =0.9443 
(9.9001) (0.4943) (2.8458) (9.9052) (0.5160) (3.5580) (1.1638) 

Demand for Money Equation: 

IDi - Pt = 0.0391 (yt+ YPJ - 0.0048 rt + 0.9122 (mt_1-pt-1) R2 =0.8850 
(3.4333) (5.3990) (32.4930) 

Demand for Real Output Equation: 

y1 = 0.8411yH + 0.2282 (m,-pJ-0.2295 (IDi_1-p1_1) - 0.0004 (r1-n:J - 0.0210(p1-s1-p* J+ 0.0194(p1_1-s1_1-p*1_1)+ 0.4961 y*,-0.3482 y\_1 
(12.4360) (3 .9473) (4.0982) (1.3577) (0.4957) (0.4710) (3.6588) (2.4518) 

Inflation Rate Equation: 

n:t = 2.4304 + 0.2197 n:t-1 + 0.1782 n:,-2 +0.2337 n:,_3 
(2.1626) (1.8592) (1.4948) (1.9862) 

Exchangt: Rate Equation: 

s1 = l.4369s1_1-0.4367s1_2 
(13.382) (4.0651) 

Note: Absolute t-ratios are in parentheses. 

R2= 0.9251 

R2=0.2221 

R2=0.9853 

--l 
0 
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those obtained by Clinton (1973 ) over the period 1955-70. 53 

The expected nominal interest rate responds negatively with 

the demand for money; this is as expected. The elasticities 

of the estimated short-run and long-run interest rates are 

-0.005 and -0.05, respectively. The magnitudes are higher 

than those estimated during 1955-1970. 54 The speed of 

adjustment between desired money holdings and last period's 

money holdings is 0.09. 

The estimated coefficients in the demand for real 

output equation are all jointly statistically significant 

and of the proper signs. Real output responded to changes 

in real money balances and US real output with two lags. As 

indicated in Section 3.2 of Chapter 3, the expected real 

interest rate i nfluences real output through both an income 

effect and a substitution effect. The OLS estimation 

results suggest that real interest rates influence real 

output negatively; this means that the substitution effect 

dominates the income effect. 

Finally, the demand for real output reacts negatively 

on the terms of trade at time t, indicating that a J-curve 

does not exist. The result does not support Dornbusch and 

5 3K. Clinton, op.cit., p. 57 Table 1 indicates that the 
short-run and the long-run income elasticities using Ml were 0.1 
and 0.9, respectively. 

54K. Clinton , op. cit., p. 57, Table 1 indicates that the 
short-run interest rate elasticity using Ml was -0.03, and the 
long-run interest rate elasticity was -0.3. 
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Krugman's (1976) argument that export prices and physical 

trade adjust slowly to currency depreciation but import 

prices respond immediately. One reason for the non­

existence of a J curve might be because of the high degree 

of capital mobility between Canada and the United States. 

Moreover, because of the capital mobility between Canada and 

the United States, US real output influenced Canadian real 

output significantly. 

4.3.3 Full Information Maximum Likelihood (FIML) Estimation 

and Results 

Using the model presented in the previous section, the 

system of equations is simultaneously estimated by the FIML 

method with rational expectations restrictions imposed. 

This estimation method applies to the five interdependent 

equations of the model, and yields estimates of all the 

structural parameters simultaneously. The FIML method 

assumes the following: (1) the complete specification of all 

the equations of the model is known; and, (2) the 

disturbance terms of the structural equations are normally 

distributed with zero means and constant variances. The 

FIML estimates possess the desirable properties of 

efficiency and consistency. 

The estimation period is from 1972Ql to 1989Q4. The 

FIML estimation results are reported in Table 4-3. The 



TABLE4-3 

FIML ESTIMATES OF THE MODIFIED MODEL (1972Ql TO 1989Q4) 

Interest Rate Reaction Equation: 

rt =l.3594rt-i + 0.0644rt_2-0.3896rt_3 + 0.5795 (r\-r1-1) - 0.0852 (r\_1-rt_i.) - 0.3367 (r\_2-rt_3)-5 .3422 Di(mTt_IJ\_1) 

(6.4737) (0.1779) (1.7706) (5.3629) (0.5077) (l.6853) (0.6457) 

Demand for Money Equation: 

11\ - Pt = 0.0499 (yt+ YP J - 0.0052 rt + 0.8858 (mt_1-P1-1) 
(2.4 725) (3.24 73) (17.6550) 

Demand for Real Output Equation: 

Yt = 0.8707y1_1 + 0.2311 (mt-PJ-0.2285 (IJ\_1-P1-1) - 0.0002 ( r 1-rt1) - 0.0469(p1-st-p* J+ 0.0496(p1-1-s1_1-p*1_1)+ 0.4959 y\-0.3818 y\_1 

(5.7103) (0.7678) (0.8416) (0.1314) (0.6289) (0.8296) (1.5017) (0.9948) 

Inflation Rate Equation: 

Jtt = 2.5148 + 0.3673 J'tt-1 + 0.0894 Jtt-2 +0.1614 Jtt-3 

(0.6775) (0.7871) (0.2372) (0.8888) 

Exchange Rate Equation: 

Si = l.4535Si_1-0.4532s1_2 

(7.9029) (2.4646) 

Note: Absolute t-ratios are in parentheses. 

-J 
\.>4 
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estimated coefficients obtained from the restricted FIML 

estimation do not differ substantially in magnitudes from 

those obtained from the OLS estimation. The FIML estimates 

are able to preserve the same signs as the OLS estimates. 

The t-ratios are, however, lower than those obtained from 

the OLS estimation. These FIML estimation results will be 

used in the next chapter to examine the robustness of the 

model. 

4.3.4 The Rational Expectations Hypothesis Test 

The model contains two unobservable variables: expected 

- - -nominal ( r ) and real interest ( r - n ) rates ( see 

Appendix B). Economic agents are assumed to form their 

expectations on nominal and real interest rates rationally. 

The lag specification result yields a model with the 

following structures: seven parameters in the interest rate 

reaction equation, eight parameters in the demand for real 

output equation, four parameters in the inflation rate 

equation, and two parameters in the exchange rate equation. 

To test the Rational Expectations Hypothesis, the interest 

rate reaction and the inflation rate equations are 

substituted into the demand for money equation (see equation 

(3.2) in Appendix B) and the demand for real output 

equation, forming two nonlinear equations with no 
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unobservable variables. Besides the coefficients (~s), the 

demand for money equation contains the seven coefficients 

(os) of the interest rate reaction equation. The demand for 

real output equation also contains the seven os and the four 

ns, coefficients of the interest rate reaction and inflation 

rate equations, respectively. Hence the rational 

expectations solution of the model, presented in Appendix B, 

involves a total of eighteen cross-equation restrictions. 

To obtain an unrestricted system of equations, variables are 

entered linearly into the demand for money and the demand 

for real output equations and no cross-equation restrictions 

are imposed. 

The Rational Expectations Hypothesis (REH) is tested, 

using the following methodology. The likelihood ratio (LR) 

test statistic is LR=2(LLU-LLR). Here, LLU denotes the 

maximum value of the log-likelihood function of the 

unrestricted model; LLR denotes the maximum value of the 

log-likelihood function of the restricted model. The test 

statistic is distributed as X2 (r), where r is the number of 

restrictions imposed in the model. The null hypothesis that 

rational expectations restrictions are true is tested 

against the alternative hypothesis that rational 

expectations restrictions are not true. 

A likelihood ratio test based on the model in Table 4-2 

is performed. The calculated LR statistic is 74.03 with 
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eighteen restrictions imposed in the model. This statistic 

is greater than the critical value of 28.87 at 5 percent 

significance level. It fails to accept the null hypothesis 

that rational expectations restrictions are true. 

Some justifications need to be made regarding the above 

conclusion. As argued in Section 3.5 of Chapter 3, 

rejection of the cross-equation restrictions can be because 

of misspecification in the underlying model or because the 

Rational Expectation Hypothesis is false. In this study, 

although the null hypothesis of the cross-equation 

restrictions test is rejected, one cannot conclude whether 

the model is misspecified or the Rational Expectations 

Hypothesis is false. 

4.4 Summary 

Gregory and Raynauld's (1985) model is used to analyze 

the conduct of Canadian monetary policy over the 1970s. 

This chapter utilizes their model to extend the examination 

period to the end of the 1980s. Lag structures of the 

explanatory variables in the model are, therefore, required 

to be re-examined. Four regressor selection criteria are 

used in this study: the F-test, the Akaike Information 

Criterion (AIC), the Schwarz Criterion (SC), and the Amemiya 

Final Prediction Criterion ( PC ) . 

The F-test is the conventional way to select the 
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optimal regressors to be included in an equation. However, 

it has the pretest problem. This problem is avoided by the 

other three criteria which select a model based on the 

consideration of a loss function. These three criteria 

provide consistent results regarding the lag structures in 

the model. Durbin's h-test is also used to test for the 

presence of autocorrelation in error terms. 

Based upon the model selected by the aforementioned 

criteria, the system of equations was estimated 

simultaneously using the FIML method with rational 

expectations restrictions imposed. The estimation period is 

from 1972Ql to 1989Q4. The results indicated that the 

estimated coefficients do not differ substantially from 

those under the OLS estimation. The t-ratios are, however, 

lower than those in the OLS estimation. The rational 

expectations restrictions are also rejected. This model 

will be used in Chapter 5 to examine its stability over 

time. 



CHAPTER 5 

STABILITY TESTS DURING THE 70s AND THE 80s 

5.1 Introduction 

The empirical findings of the model described in the 

previous chapter yield estimates of proper sign and of 

statistical significance. Clinton (1973) stated that the 

usual criteria of hight-ratios and high R2s do not, 
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however, preclude significant shifts in the estimated 

coefficients between different sub-periods. It is, 

therefore, desirable to check for the presence of structural 

changes in the model. Stability tests are also carried out 

to examine whether the structural changes are associated 

with changes in the structure of the economy or in the 

conduct of Canadian monetary policy. 

As discussed in Chapter 2, 55 there were changes in the 

execution of Canadian monetary policy after the 70s. 

Firstly, the Bank of Canada abandoned targeting the narrow 

monetary aggregate, Ml, in 1982. Secondly, interest rates 

were used to support the exchange rate in the early 80s. 

Finally, the Bank of Canada adopted a zero inflation target 

in 1988. The structure of the Canadian economy had also 

changed in the 80s. Financial innovations and technological 

55Chapter 2 provides a historical review of the economy 
and the conduct of monetary policy during the 70s and the 
80s. 
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advancements are the key changes during the 80s. 56 Based 

upon this descriptive information, one can conclude that the 

conduct of monetary policy, as well as the structure of the 

economy in the 80s was different from that in the 70s. 

The purpose here is to investigate empirically the 

stability of both the conduct of Canadian monetary policy 

and the structure of the economy during the 70s and the 80s 

within a system of equations framework. Godfrey's (1988) 

likelihood ratio (LR) test is used to examine whether the 

estimated parameters change significantly around breakpoints 

in the full-sample period. This chapter extends the 

analysis to identify the causes of structural changes: a 

shift in the execution of monetary policy, and a shift in 

the structure of the economy. 

This chapter is arranged as follows. The following 

section introduces the test statistic, and describes the 

procedures that are used to test for systemwide structural 

changes over the 1972Ql to 1989Q4 period. Section 5.3 

presents the procedures that are used to identify the 

sources of structural changes. A brief summary of the 

tests, as well as implications for economic forecasting and 

for monetary policy is provided in Section 5.4. 

56See Chapter 2 for details. 



5.2 Systemwide Stability Test and Results 

5.2.1 Procedures 
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A stability test is used to test for parameter 

constancy. Specifically, it is used to determine whether 

structural changes in the estimated parameters occur in the 

sample period under study. Procedures to perform the test 

of parameter constancy are illustrated below. 

Godfrey (1988) claimed that discussions of system tests 

have usually been based on the likelihood principle. In 

this study we, therefore, use Godfrey's (1988) Likelihood 

Ratio (LR) test as a system test of parameter constancy. 

Analogous to Chow (1960), the full-sample is divided into 

two sub-samples. The two sub-samples must contain enough 

observations to permit the estimation of the complete 

parameter vector by the FIML method. The null hypothesis, 

that there are no structural changes in the model over the 

entire period, is tested against the alternative hypothesis 

that structural changes do occur. 

The LR test statistic is the following: 57 

LR= 2(LRl+LR2-LRR) 

LRR is denoted as the maximized log-likelihood function 

associated with the FIML estimation based upon the full­

sample period. This is the restricted maximized log-

57This formula is obtained from L. G. Godfrey (1988), 
Misspecification Tests in Econometrics, (New York), p. 200. 
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likelihood function under the null hypothesis. LRl and LR2 

denote the maximized log-likelihood functions derived from 

the first and second sub-samples, respectively. (LRl + LR2) 

is the unrestricted maximized log-likelihood under the 

alternative hypothesis. The LR test statistic is 

distributed as X2 (r) under the null hypothesis, where r is 

the number of restrictions. The decision rule is as 

follows: if the observed LR value is greater than the 

critical value of the X2 distribution at a pre-chosen level 

of significance, reject the null hypothesis, which indicates 

that there is evidence of structural changes. 

5.2.2 Examinations and Results 

Gregory and Raynauld (1985) estimated the model over 

the 1970s. The actual estimation period was 1970Q3-1981Q3. 

The purpose here is to extend the estimation period to the 

last quarter of 1989 and to examine if there are any 

structural changes after 1981Q3. Therefore, the structural 

break is 1981Q4. Numerical problems, however, occur when we 

attempt to estimate the model using 1981Q4 as the 

breakpoint. The breakpoint is then moved one quarter 

backward until numerical problems disappear. 1980Q2 is the 

closest structural break to the 1981Q4 breakpoint. The 

full-sample period 1972Ql-1989Q4 is, therefore, divided into 

two sub-periods: 1972Ql-1980Ql and 1980Q2-1989Q4. 
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Godfrey's (1988) LR test is used to investigate the 

stability of the model. The null hypothesis that there are 

no structural changes in the 70s and the 80s is tested 

against the alternative hypothesis that there are structural 

changes in the past two decades. To test the null 

hypothesis, the following approach is employed. 

The model (see Table 4-3) is estimated using the FIML 

method for the entire 1972Ql to 1989Q4 period. The value of 

the restricted maximized log-likelihood function, LRR, is 

calculated. The system of equations is then re-estimated 

for the two sub-periods: 1972Ql-1980Ql, and 1980Q2-1989Q4. 

The values of the unrestricted maximized log-likelihood 

functions, LRl and LR2, are computed. The LR statistic is 

then calculated. 58 Table 5-1 presents the stability test 

results. The calculated LR value is 141.68 with thirty-nine 

restrictions imposed in the model. We employ a 5 percent 

significance level to test the null hypothesis of stability. 

The computed LR value is greater than the critical x2 value 

of 43.77. Therefore, the null hypothesis that there are no 

structural changes is rejected. 

58LR=2(LRl+LR2-LRR) 



TABLE 5-1 

SYSTEMWIDE STABILITY TEST RESULTS: 1972Ql TO 1989Q4 

ESTIMATION MAXIMIZED LOG-
PERIOD LIKELIHOOD 

FUNCTION 

1972Ql-1989Q4 LRR 

1972Ql-1980Ql LRl 

1980Q2-1989Q4 LR2 

LR = 2 (LRl - LR2 
+ LRR) 

Note: The critical value of ·x.20_05 (39) = 43.77. 
* statistically significant at the 5% level 

LR: The likelihood ratio test statistic 

RESULT 

327.15 

209.99 

188.0 

141.68* 
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5.3 Further Stability Tests and Results 

5.3.1 Procedures 
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The result of the systemwide stability test indicates 

that there were structural changes over the period 1972Ql-

1989Q4. The objective in this section is to examine the 

causes of those structural changes. The causes can result 

from changes in the conduct of Canadian monetary policy, 

and/or in the structure of the economy. To test the 

structural changes of the coefficients in the model, dummy 

variables are attached to the policy variables and the 

private agents' behavior variables. The model is then 

estimated using the FIML method. A likelihood ratio test is 

used to check if structural changes occur in the conduct of 

monetary policy and/or in the structure of the economy. 

The model contains five equations. The interest rate 

reaction equation models the conduct of monetary policy, 

whereas the demand for money equation and the demand for 

real output equation model private agents' behavior. The 

exchange rate and the inflation equations are time series 

equations. 59 As a consequence, the variables associated 

with the interest rate reaction equation are policy 

variables; the variables associated with the demand for 

money and the demand for real output equations are the 

59A. W. Gregory and J. Raynauld, op. cit., pp. 49-50 
provided some justifications in using time series to model 
these two equations. 
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variables of the structure of the economy. To test the 

structural changes in the conduct of Canadian monetary 

policy and/or in the structure of the economy, dummy 

variables are incorporated into the policy variables and 

individual's behavior variables, respectively. The model is 

estimated using the FIML method. 

A likelihood ratio (LR) test is used to test the null 

hypothesis that there are no structural changes in the model 

against the alternative hypothesis that there are structural 

changes. The LR test statistic is as follows: 

LR= 2(LLU - LLR). 

LLR is the maximized log-likelihood function when the null 

hypothesis is imposed. LLU is the unrestricted maximized 

log-likelihood function under the alternative hypothesis. 

This statistic follows a X2 distribution with r 

restrictions. If the computed LR statistic is greater than 

the critical value of the x2 distribution at a pre-selected 

significance level, reject the null hypothesis that there 

are no structural changes in either the conduct of monetary 

policy or the economic structure over the 70s and the 80s. 

5.3.2 Examinations and Results 

As the result of the systemwide stability test 

indicates, there were structural changes during the period 

under examination (1972Ql-1989Q4). Those changes can result 
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from changes in the economic structure and/or in the 

execution of the Bank of Canada's policy. Two stability 

tests are performed. Firstly, we test whether the 

structural changes correspond to changes in the conduct of 

Canadian monetary policy. Secondly, whether the structural 

changes are due to changes in the structure of the economy 

is also examined. 

The sample period is from 1972Ql to 1989Q4. The 

breakpoint is the same as that is used in the systemwide 

stability test. Dummy variables are set equal to zero from 

1972Ql to 1980Ql, and are set equal to one over the 1980Q2-

1989Q4 period. The model is estimated using the FIML method 

for the entire 1972Ql to 1989Q4 period. 

Firstly, the model is estimated without incorporating 

dummy variables into the system of equations. This is the 

restricted model under the null hypothesis that there are no 

structural changes. LLR, the restricted maximized log­

likelihood function, is equal to 327.15 (see Table 5-2). 

Secondly, dummy variables are included in the model to 

shift the coefficients associated with the policy variables. 

The null hypothesis, in this case, is that there are no 

changes in the execution of monetary policy. Using the FIML 

method, the model is estimated over the 1972Ql to 1989Q4 

period. The result is reported in Table 5-2. The 
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TABLE 5-2 

STABILITY TEST RESULTS: THE CONDUCT OF CANADIAN MONETARY 
POLICY AND THE STRUCTURE OF THE CANADIAN ECONOMY 

STRUCTURAL MAXIMIZED 
CHANGES LOG-

LIKELIHOOD 
FUNCTION 

MONETARY LLU = 334.29 
POLICY LLR = 327.15 

THE LLU = 364.47 
STRUCTURE LLR = 327.15 

OF THE 
ECONOMY 

a at the 1 percent significance level 
b at the 5 percent significance level 

LIKELI- x2 
HOOD CRITICAL 

RATIO VALUE 
TEST 
STAT 

14.29 :X2
_0i(7) =18.48 

x2.05(7) =14.07 

74.64 :x2
.01(ll) =24. 73 

:X2
.05(11) =19.68 

LLU: the unrestricted maximized log-likelihood function 
LLR: the restricted maximized log-likelihood function 
H0 : the null hypothesis of no structural change 

REJECT 
Ho 
? 

Noa 
YESb 

YESa 
YESb 



88 

computed value of the unrestricted maximized log-likelihood 

function, LLU, is 334.29. The LR value is equal to 14.29 

with seven restrictions imposed under the null hypothesis. 

The null hypothesis of no change in the conduct of monetary 

policy is marginally rejected at a 5 percent significance 

level; however, it is accepted at a 1 percent level. 

Finally, it is desirable to examine whether the 

structure of the economy had changed during the 1980s. 

Dummy variables are used to shift the coefficients of the 

demand for real output equation and the demand for money 

equation. This unrestricted model is estimated using the 

FIML method for the 1972Ql-1989Q4 period. The null 

hypothesis is that there are no changes in the structure of 

the economy during the 1980s. Table 5-2 presents the test 

result. The calculated value of the unrestricted maximized 

log-likelihood function, LLU, is 364.47. The LR value of 

74.64 with eleven restrictions imposed in the model reject 

the null hypothesis at both 5 percent and 1 percent levels. 

That is, there is evidence of changes in the structure of 

the economy in the 1980s. As the LR value indicates, the 

rejection of no change in the structure of the economy is 

very large. This indicates that there were large changes in 

the structure of the economy over the 1980s. 
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5.4 Summary and Implications 

The systemwide stability test indicates that there were 

structural changes during the 70s and the 80s. That is, 

either the structure of the economy or the execution of 

Canadian monetary policy is not stable during the period 

under investigation. The result is consistent with the 

literature survey documented in Chapter 2. 

Two stability tests are performed to examine whether 

the structural changes result from changes in monetary 

policy, and/or in the structure of the economy. The results 

indicate that both the conduct of monetary policy and the 

structure of the Canadian economy changed during the 70s and 

the 80s. A large portion of those changes are, however, due 

to changes in the structure of the economy. It is 

consistent with the descriptive analysis presented in 

Chapter 2 that the Canadian economy had undergone major 

changes in financial markets, technology, and the nature of 

international trade during the 1980s. 

These results have implications for economic 

forecasting and policy analysis. The findings indicate that 

the economic model developed upon the 70s data cannot be 

used to explain and forecast both the structure of the 

economy and the conduct of Canadian monetary policy in the 

80s. Policy decisions are often based upon the nature of 

certain important relationships. Because structural changes 
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exist in the model, policy makers should, therefore, be made 

aware of the above parametric changes that had taken place 

in the past. 



CHAPTER 6 

CONCLUSIONS AND IMPLICATIONS 
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The instruments and goals of Canadian monetary policy 

have initiated much discussion and debate by the media, 

scholars, and the public. As the literature survey in 

Chapter 2 indicates, there were changes in the structure of 

the economy, and in the execution of Canadian monetary 

policy during 1970-1989. Using an econometric model, this 

thesis examines those structural changes over the past two 

decades empirically. 

Gregory and Raynauld (1985) developed a system of five 

interdependent equations to investigate Canadian monetary 

policy during the 1970s. In their model, economic agents 

are assumed to form their expectations rationally. The FIML 

method is used to estimate the system of equations 

simultaneously. The Rational Expectations Hypothesis is 

tested. The result indicated that it is not rejected during 

the 70s. 

This thesis utilizes their model to extend the 

investigation period to the end of the 80s. Lag lengths in 

the model are re-examined because a longer sample period is 

employed. Four different regressor selection criteria are 

used to determine the lag structures of the system of 

equations. They are the F-test, the Akaike Information 
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Criterion (AIC), the Schwarz Criterion (SC), and the Amemiya 

Final Prediction Criterion (PC). Durbin's h-test is also 

used to check for the presence of autocorrelation in error 

terms. 

After the appropriate lag structures are determined, 

the FIML method is used to estimate the model for the period 

1972Ql to 1989Q4 with rational expectations restrictions 

imposed. The estimated coefficients display the proper 

signs. The t-ratios are, however, low. The validity of the 

Rational Expectations Hypothesis in the model is also 

tested. The null hypothesis that economic agents form 

their expectations rationally is rejected. This rejection 

is either because the Rational Expectations Hypothesis is 

not true or because the model is misspecified. 

The model is tested for systemwide stability over time 

by re-estimating the equations for the sub-periods 1972Ql-

1980Ql and 1980Q2-1989Q4, and then by employing the 

Likelihood Ratio test over the period 1972Ql-1989Q4. The 

result indicates that there were structural changes during 

the 70s and the 80s. It implies that the model cannot be 

used to explain the conduct of Canadian monetary policy and 

the structure of the economy in the 80s; the model is not 

robust over time. These structural changes also explain the 

rationale behind the inferior FIML estimation results during 

the period 1972Ql to 1989Q4. 
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The structural changes can result from changes in the 

structure of the economy and/or in the execution of monetary 

policy. Two structural tests are, therefore, used to 

identify the causes of the structural changes in the last 

two decades. The tests are performed by employing dummy 

variables to shift the coefficients of the policy variables, 

and the structure of the economy variables in the model. 

The Likelihood Ratio test is used to test the null 

hypothesis that there is no structural shift. The results 

indicate that both the execution of Canadian monetary policy 

and the structure of the economy changed during the 70s and 

the 80s. The latter is, however, the more important source 

of structural instability. 

In light of the above conclusions, the model is 

required to be modified according to the changes in the 

structure of the economy during the 70s and the 80s to yield 

structural stability. Furthermore, other monetary 

aggregates such as M2 or M2+ should be used instead of Ml 

because results from past analyses indicated that using Ml 

as the monetary aggregate yielded instability in the demand 

for money equation. 

The empirical findings in this study have implications 

for economic forecasting and policy analysis. If the model 

exhibits instability over time, it can no longer be used for 

economic forecasting and policy analysis. If policy makers 
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continue to use the model to forecast or to evaluate the 

impacts of monetary policy, incorrect results will be 

yielded. Policy makers when performing economic forecasting 

or policy analysis should, therefore, aware of the existence 

of structural instability in a model. 



95 

BIBLIOGRAPHY 

Amemiya T. "Selection of Regressors." International 
Economic Review 21(2), June 1980, pp. 331-54. 

Backus, D. "Empirical Models of the Exchange Rate: 
Separating the Wheat from the Chaff." Canadian 
Journal of Economics 17, Nov 1984, pp. 824-46. 

Bank of Canada. Annual Report of the Governor to the 
Minister of Finance. Ottawa: Bank of Canada, 
1970-1989. 

Cameron, N. "The Stability of Canadian Demand for Money 
Functions 1954-1975." Canadian Journal of Economics 
12(2), 1979, pp. 258-81. 

Caramazza, F., D. Hostland, and K. McPhail. "Studies on 
the Demand for M2 and M2+ in Canada." In Monetary 
Seminar, a seminar sponsored by the Bank of Canada, 
Ottawa: Bank of Canada, May 7-9, 1990, pp. 1-114. 

Carmichael, C. M. "Shifts in the Indicators Used by the 
Monetary Authorities in Canada." Journal of 
Macroeconomics 13(3), 1991, pp. 523-34. 

Chow, G. C. "Tests of Equality Between Sets of 
Coefficients in Two Linear Regressions." 
Econometrica 28(3), July 1960, pp. 591-605. 

Clinton, K. "The Demand for Money in Canada, 1955-70: 
Some Single-Equation Estimates and Stability Tests." 
Canadian Journal of Economics 6(1), 1973, 53-61. 

Cote, M. "The Competitiveness of the Canadian Economy to 
the Year 2000." In Perspective 2000: Proceedings of 
a Conference Sponsored by the Economic Council of 
Canada, December 1988. Ed. K. Newton, T. Schweitzer, 
and J.-P. Voyer, Ottawa: Supply and Services Canada, 
1990, pp. 141-57. 

Courchene, T. J. "Rethinking the Macro Mix: The Case for 
Provincial Stabilization Policy." In Taking Aim: The 
Debate on Zero Inflation, ed. Robert C. York, Policy 
Study 10. Toronto: C.D. Howe Institute, Aug 1990, 
pp. 173-222 . 

. No Place to Stand? Toronto: C. D. Howe --------
Institute, March 1983. 



96 

BIBLIOGRAPHY, continued 

. Money, Inflation, and the Bank of ---------,----Can ad a: An analysis of Monetary Gradualism, 1975-80. 
Montreal: C.D. Howe Institute, Dec 1981 . 

. The Strateov of Gradualism: An Analysis --------,,-----
0 f Bank of Canada Policy from Mid-1975 to Mid-1977. 
Montreal: C. D. Howe Institute, 1977 . 

. Monetarism and Controls: The Inflation -----,------Fighters. Montreal: C. D. Howe Institute, Dec 1976 . 

. Money, Inflation, and the Bank of ---------Can ad a: An Analysis of Canadian Monetary Policy from 
1970 to Early 1975, A Special Study. Toronto: C. D. 
Howe Institute, April 1976. 

and L. Kelly. "Money Supply and Money 
Demand: An Econometric Analysis for Canada." Journal 
of Money, Credit, and Banking 3, 1971, pp. 219-44, 

Crow, J. W. "The Work of Canadian Monetary Policy." Eric 
J. Hanson Memorial Lecture delivered at the 
University of Alberta, Edmonton, Jan 18, 1988; 
reprinted in Bank of Canada Review, Feb 1988, pp. 
3-17. 

Dornbusch, R. and P. Krugman. "Flexible Exchange Rates in 
the Short Run." Brookings Papers on Economic 
Activity 3, 1976, pp. 537-75. 

Fine, Ed. "Institutional Developments Affecting Monetary 
Aggregates." Background paper in Monetary Seminar, a 
seminar sponsored by the Bank of Canada, Ottawa: 
Bank of Canada, May 7-9, 1990, pp. 555-63. 

Foot, D. K. "The Demand for Money in Canada: Some 
Additionai Evidence." Canadian Journal of Economics 
10(3), 1977, pp. 475-85. 

Fortin, P. A Study of Bank of Canada Behavior. Ph.D. 
dissertation, Department of Economics, University of 
California, Berkely, 1975. 

Freedman C. "Financial Innovation in Canada: Causes and 
Consequences." American Economic Review, May 1983, 
pp. 101-6. 



BIBLIOGRAPHY, continued 

Godfrey, L. G. Misspecificiation Tests in Econometrics. 
New York: Cambridge University Press, 1988. 

Goldfeld, S. M. "The Demand for Money Revisited." 
Brookings Papers on Economic Activity 3, 1973, pp. 
577-646. 

Gregory, A. W. and J. Raynauld. "An Econometric Model 

97 

of Canadian Monetary Policy over the 1970s." Journal 
of Money, Credit, and Banking 17(1), Feb 1985, pp. 
43-58. 

Greene, W. Econometric Analysis. New York: The Macmillan 
Press Ltd., 1990. 

Helliwell, J. F. et al. The Structure of RDXl. Bank of 
Canada Staff Research Studies, No. 3, Ottawa: Bank 
of Canada, 1969 . 

. The Structure of RDX2. Bank of ------------Can ad a Staff Research Studies, No. 7, (2 vols.), 
Ottawa: Bank of Canada, 1971. 

Hostland, D. "The Stability of the Long-Run Demand for 
Money in Canada: Some Evidence from Cointegration 
Tests." Paper prepared for the 1990 Meeting of the 
Canadian Economics Association Held in Victoria, 
B.C., June 1-3, 1990. 

et al. An Analysis of the Information 
Content of Alternative Monetary Aggregates. Bank of 
Canada Technical Report No. 48, Ottawa: Bank of 
Canada, 1978. 

Howitt, P. Monetary Policy in Transition: A Study of Bank 
of Canada Policy, 1982-1985, Policy Study No. 1. 
Toronto: C.D. Howe Institute, 1986. 

Judge, G. et al. The Theory and Practice of Econometrics. 
New York: Wiley, 1985. 

Leiderman, L. "Expectations and Output-Inflation 
Tradeoffs in a Fixed-Exchange Rate Economy." Journal 
of political Economy 87, 1979, pp. 1285-1306. 



98 

BIBLIOGRAPHY, continued 

Lesourne, J. "Visions of the Global Economy to the Year 
2000." In Perspective 2000: Proceedings of a 
Conference Sponsored by the Economic Council of 
Canada, December 1988. Ed. K. Newton, T. Schweitzer, 
and J.-P. Voyer, Ottawa: Supply and Services Canada, 
1990, pp. 61-113. 

Lipsey, R. "The Great Anti-inflation War 1975 - ?." The 
E.S. Woodward Lectures in Economics delivered at the 
University of British Columbia, Vancouver, B.C., 

March 24 & 25, 1983 . 

. (ed.) Zero Inflation: The Goal of Price - ----,-
Stability , Policy Study 8. Toronto : C.D. Howe 
Institute, Apr 1990. 

Muller, Patrice. "The Information Content of Financial 
Aggregates During the 1980s." In Monetary Seminar, a 
seminar sponsored by the Bank of Canada, Ottawa: 
Bank of Canada, May 7-9, 1990, pp. 183-304. 

OECD Economic and Development Review Committee. OECD 
Economic Surveys. Paris: OECD, 1980-1989. 

Osberg, Lars. "Distributional Issues and the Future of 
the Welfare State. " In Perspective 2000: Proceedings 
of a Conference Sponsored by the Economic Council of 
Canada, December 1988. (Ed.) K. Newton, T. 
Schweitzer, and J.-P. Voyer, Ottawa: Supply and 
Services Canada, 1990, pp. 159-80. 

Pesaran, M. H. The Limits to Rational Expectations. New 
York: Basil Blackwell Inc., 1987. 

Pindyck, R. and D. Rubinfeld. Econometric & Models 
Economic Forecasts, 2nd. New York: McGraw-Hill, 
1981. 

Poloz, S. S. "Simultaneity and the Demand for Money in 
Canada." Canadian Journal of Economics 13(3), Aug 
1980, pp. 407-20. 

Robertson, H. and M. McDougall. The Equations of RDXF, 
September 1980 Version . Technical Report No. 25, 
Ottawa: Bank of Canada , 1982(a). 



99 

BIBLIOGRAPHY, continued 

. The Structure and ----------,---------D v n am i cs of RDXF, September 1980 Version. Technical 
Report No. 26, Ottawa: Bank of Canada, 1982(b). 

Rose, D. E. and J. G. Selody. The Structure of the Small 
Annual Model. Technical Report No. 40, Ottawa: Bank 
of Canada, 1985. 

"Schools Brief: Tales of the Expected." The Economist, 
Nov 10, 1990, pp. 90-91. 

Schwarz, G. "Estimating the Dimension of a Model." The 
Annals of Statistics 6(2), 1978, pp. 461-464. 

Stone, M. "Comments on Model Selection Criteria of Akaike 
and Schwarz." Journal of the Royal Statistical 
Society Series B 41(2), 1979, pp. 276-78. 

Taylor, J. B. "Estimation and Control of a Macroeconomic 
Model with Rational Expectations." Econometrica 47, 
Sep 1979, pp. 1267-86. 

York. R. c. (ed.) Taking Aim: The Debate on zero 
Inflation, Policy Study 10. Toronto: C.D. Howe 
Institute, Aug 1990. 



100 

APPENDIX A 

DATA SOURCES 

All series are from the Cansim databank except for the 
Canadian GNE and Canadian GNE implicit price deflater in the 
80s. 

Data for the Canadian GNE and Canadian GNE Implicit Price 
Deflater in the 80s are obtained from the Bank of Canada 
Review, various issues. 

All series are seasonally adjusted. 

CANADIAN VARIABLES: 

Real GNE 

GNE Implicit Price Deflater 

Ml 

Spot Exchange Rate 

90-day Prime Corporate Paper Rate 

U.S. VARIABLES: 

U.S. Real GNE 

U.S. Nominal GNE 

90-day U.S. Commercial Paper Rate 

CANSIM DATABANK NO. 

D40593 (for the 70s) 
Bank of Canada Review, 
various issues (for the 
80s) 

D40625 (for the 70s) 
Bank of Canada Review, 
various issues (for the 
80s) 

B1627 

B40001 

814017 

CANSIM DATABANK NO. 

D360013 

850201 

854412 
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APPENDIX B 

THE MODEL 

Interest Rate Reaction Equation 

r1 = 00 + L01l,-i + LOir\_i - r1_1_J + ro3pi(mT,_i- m1+J + e11 + }:0ieIH (3.1) 
i=l i=O i=O i=l 

Demand for Money Equation 

-
mt - P, = ~o + ~i(y, + y P,) + ~2r, + ~lm,_1 - P,-1) + e21 + }:<j>ie2H (3.2) 

i=l 

Demand for Real Output Equation 

- -
y, = ao + LU1iY1-i + ra2lm1-i - P,-J + alr,-n,) + LU4j(pt-i - s,_i - p\_J + LUsiY"i-i 

i=l i=O i=O i=O 

+ e3, + 1'Vie3,-i 
i=l 

Inflation Rate Equation 

Jt, = "-o + LA1iJtt-i + e4, + Iriie4t-i 
i=l i=l 

Exchange Rate Equation 

St = µo + Lµ liSt-i + e51 + }:-frie5t-i 
i=l i=l 

(3.3) 

(3.4) 

(3.5) 



APPENDIX B (CONTINUED) 

THE RATIONAL EXPECTATIONS SOLUTION 

Demand for Money Equation 

m, - Pt = ~o + ~i(y, + yP,) + ~2 [bo + LD1l1-i + LD2h'1-i - r,-1-J 
i=l i=O 

+ L03iDi(mT,-i - m,-1-J + I8ie1H] + ~lm1-1 - P,-1) 
i=O i=l 

+ e2, + L<l>ie2,-i 
i=l 

Demand for Real Output Equation 

Y, = ao + La1iY1-i + ra2lm1-i - P1-J 
i=l i=O 
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(3.2a) 

+ a3[ (bo + LD1l1-i + LOzlr\_i - r,-1-J + L03pi(mT1-i - m,-1-J + I8ie1t-i) 
i=l i=O i=O i=l 

- ( "-o + L"-1iJtt-i + Lllie4t-i )] 
i=l i=l 

+ LU4i(p1-i - s,_i - P \_J + LUsiY "i-i + es, + I-Oies,-i (3.3a) 
i=O i=O i=l 



VITA 

Surname: Chan 

Place of Birth: Hong Kong 

Given Names: Elsie Suet Fong 

Date of Birth: November 24, 1961 

Educational Institutions Attended: 

University of Victoria 
University of Victoria 

Degree Awarded: 

B.Sc. University of Victoria 

Honours and Awards: 

The Canadian Pacific Scholarship 
The Canadian Pacific Scholarship 

1988 to 1994 
1985 to 1988 

1987 

1989-90 
1988-89 



PARTIAL COPYRIGHT LICENSE 

I hereby grant the right to lend my thesis to users of the 
University of Victoria Library, and to make single copies only 
for such users or in response to a request from the Library of 
any other university, or similar institution, on its behalf or 
for one of its users. I further agree that permission for 
extensive copying of this thesis for scholarly purposes may be 
granted by me or a member of the University designated by me. 
It is understood that copying or publication of this thesis 
for financial gain shall not be allowed without my written 
permission. 

Title of Thesis: MODEL STABILITY IN THE QUANTITATIVE ANALYSIS 
OF CANADIAN MONETARY POLICY 

Author: 

ELSIE SUET FONG CHAN 

DATE: JANUARY 20, 1994 




