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CHAPTER I 

INTRODUCTION 

Statement of the Problem 

Until 1960s, most economists believed that the tradeoff between inflation 

and output (or unemployment) was stable and independent of the policies being 

pursued. Under this argument, the policy implication was that the government 

could choose a menu of inflation and unemployment rates along a given stable 

Phillips curve. 

This view was strongly challenged by Milton Friedman (1968) in his 

presidential address to the American Economic Association. Friedman's basic 

challenge to a stable Phillips tradeoff was theoretical. Friedman argued that the 

possibility of securing lower unemployment in exchange for higher inflation, 

which the standard interpretation of the Phillips curve implied, was hypothetical 

in all but short run. Later, the Phillips curve has come to be regarded as 

temporary and theoretical phenomena that lasts only as long as inflationary 

expectations differ from actual inflation. 

In particular, the stable inflation-output tradeoff view popularized during 

1960s was continued to be strongly shaken both by the stagflation of the mid 

1970s and by theoretical developments of the rational expectations-natural rate 

model. Since 1970s, the rational expectations-natural rate model has received 

considerable attention in macroeconomic literature especially in the business 



cycle area. Much attention has been devoted recently to the development of 

rational expectations macromodels and to statistical tests of propositions 

derived from them. Related to the business cycle area, rational 

expectations-natural rate model consists of two main propositions: 

(1) The short-run Phillips curve exists whenever aggregate nominal 

disturbances such as unanticipated monetary growth; that is, 

aggregate nominal disturbances have effect on real variables of 

the economy, and 

(2) The slope of the short-run Phillips curve which has been known as 

inflation-output tradeoff parameter is inversely related to the 

variance of aggregate nominal disturbances. In other words, 

the effects of aggregate nominal disturbances on real output 

level increase (decrease) as the variance of such disturbances 

decreases (increases). 

Generally, it is appropriate to name the first one the Barro proposition 

and the second one the Lucas proposition since the first standard direct tests of 

both propositions in this literature are those by Barro (1977, 1978) and by 

Lucas (1973). 

In a series of his papers, Robert Barro (1977,1978) has statistically 

tested the first proposition that only unanticipated, and not anticipated, part of 

the policy instrument affects the levels of real output and unemployment for the 

U.S. postwar period, using annual data and money supply as a proxy for the 
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policy instruments."" His empirical tests supported his proposition that only 

unanticipated money supply growth affects the real variables for the U.S. Later, 

several tests on the data of other countries using the same methodology have 

shown the results similar to Barro's.^ However, in this literature there have 

been a considerable number of direct empirical challenges to Barro's 

methodology. For example, Mishkin (1982) applied a somewhat different 

approach and tested both the neutrality and rationality implications of the Barro 

proposition. His study cast doubt on previous findings that only unanticipated 

part of the policy instruments is relevant to the business cycle.^ 

After reviewing the studies which have attempted to test the Barro 

proposition, we are turning our attention to the Lucas proposition which is 

central issue to this current study. In his pioneering paper, Lucas (1973) was 

^Barro originally proposed using money supply growth as a proxy for the 
policy instruments. However, since his proposition states that only 
unanticipated part of the policy instruments such as monetary, fiscal, and 
exchange rate policies affects the real variables, some studies demonstrated 
that the proposition holds also for nominal gross national product (GNP) and 
fiscal policy. For example, using nominal GNP as a proxy for the policy 
instruments, Grossman's (1979) tests supported the Barro proposition for the 
U.S. Similarly, in their tests for the U.S., Sheffrin (1979) and Glick and 
Hutchison (1990) used both unanticipated fiscal and monetary policy as the 
policy instruments. 

^Some of them are Darrat's (1985) for Italy, Wogin's (1980) for Canada, 
Darrat (1984) for the West Germany, Canarella and Pollard (1989) for Latin 
America, Beladi and Samanta (1988) and Attfield et al.'s (1981, 1983) for the 
U.K. 

^In addition, see Sargent (1976) for the issue of observational equivalence in 
Barro's methodology, and Small (1979) and Barro(1979) for the problems on 
the choice of policy variable. 



the first not only to express his proposition in an operationally and empirically 

testable format, but also to commence the actual empirical test. 

In the attempt to test his proposition, Lucas regressed detrended real 

income on the changes in nominal income which was a proxy for aggregate 

nominal disturbances for each of 18 countries and then made a cross-country 

comparison of the resulting inflation-output tradeoff coefficients with the 

variance of each country's aggregate demand disturbances. Since the 

estimated tradeoff coefficients were found to be greater for a group of sixteen 

stable countries than for two highly volatile countries (Argentina and Paraguay), 

Lucas argued that the evidence supported his proposition, a negative 

relationship between the slope of the Phillips curve and the variance of the 

aggregate demand disturbance. The Lucas model was necessarily and 

naturally cross-country comparison with two data points. Later, Hanson (1980) 

extended the Lucas's test to a third data point (moderate inflation from South 

American Countries) and almost confirmed the Lucas's findings. Also, 

extending the Lucas study from a sample of 18 countries to 50 countries, 

Alberro (1981) supported the Lucas hypothesis on the Phillips curve again 

under two data points. Since the cross-country comparison with two data 

points is disappointing for Lucas model, Froyen and Waud (1980) extended the 

Lucas study to 10 industrial countries by splitting the whole period into three 

regimes for each countries and by adding two other important implications of 

Lucas's model to empirical test procedure; (1) inflation-output tradeoff and the 



variance of changes in aggregate price level should be negatively correlated, 

and (2) variances of changes in aggregate demand and price should be 

positively correlated. However, Froyen and Waud's (1980) results did provide 

the evidence only on the last one among all three implications derived from the 

Lucas model. 

Lucas originally employed nominal GNP (or GDP) as the nominal shift 

variable. However, Lucas (1973) quoted that his proposition should hold for 

any part of the policy instruments: monetary and fiscal policies and variation in 

export demands. Although the majority of the subsequent studies continued to 

use nominal GNP as the demand shift variable, there have been a few studies 

which have employed the implicit GNP deflator, unanticipated monetary growth 

and actual monetary growth as the demand shift variables."^ 

In the literature, there has been a large body of the works which have 

attempted to test empirically the Lucas propositions. Most of them have carried 

out their tests under cross-country sample data. Unfortunately, the major 

assumption in cross-country test studies was "constant inflation-output tradeoff 

parameter and variances of demand, supply and price disturbances" for a given 

country throughout the time period, since each country was treated as different 

"̂ The implicit GNP deflator has been used by Cukierman and Wachtel (1979), 
Froyen and Waud (1980), Abrams et al. (1983), Jung (1985) and Gerhaeusser 
1989). On the other hand, the nominal money stock has been used by Kim 
and Nelson (1989) and Christensen and Paldam (1991a). 



cross-regime in terms of aggregate demand policy.^ Cleariy, this assumption is 

very crucial to test the Lucas propositions under changing policy regimes and 

is, also one important potential violation of the rationality principle. Therefore, 

the empirical test results of those studies on the Lucas propositions suffer from 

two kind of problems: theoretical and empirical. 

As is well known in economic theory, Lucas (1976) raised the theoretical 

question and consideration on the assumption of parameter constancy in 

empirical work. In this regard, Lucas (1976, p. 41) quoted that 

... given that the structure of an econometric model consists 
of optimal decision rules of economic agents, and that optimal 
decision rules vary systematically with changes in the structure 
of series relevant to the decision maker, it follows that any 
change in policy will systematically alter the structure of 
econometric models. 

...; for it implies that comparisons of the effects of 
alternative policy rules using current macroeconometric models 
are invalid regardless of the performance of these models over 
the sample period or in ex ante short-term forecasting. 

Undoubtedly, in this regard the best approach is to formulate and estimate the 

econometric model with varying coefficients rather than fixed coefficients. 

Furthermore, even when the underiying parameters of any econometric 

function are fairly stable over time, there are some often circumstances in which 

a time varying parameter estimation approach will be more efficient than the 

fixed parameter technique. Since any econometric function such as that of the 

^But, the aggregate demand policy for a given country was assumed to be 
fixed over time. 



Lucas model is an approximation of reality, it can be subject to specification 

errors such as omitted variables and linear approximation of nonlinear models. 

If this is the case, then the fixed coefficient technique will provide biased, 

inefficient and inconsistent estimates. Again, the effective way to minimize the 

problems caused by the possible specification errors in the fixed parameter 

technique is to specify and estimate econometric function under a time varying 

parameter technique. 

Besides cross-country studies, there has been a small number of 

intra-country studies which have attempted to minimize the above problems in 

their estimations. It is conventional to categorize those studies into three 

distinct groups since each of three groups employed fairiy different techniques 

in testing the Lucas propositions. 

The basic approach in the first group of such studies is first to estimate 

the reduced form output equation of the Lucas model for two or more 

subperiods by using the fixed parameter technique such as the ordinary least 

squares technique (OLS) and then to make comparison of the estimated 

inflation-output tradeoff parameters with the corresponding variance terms for a 

given country. Since this kind of approach is only able to capture parameter 

variation among the subperiods, the major shortcoming of this procedure is that 

again the parameter estimates would suffer from the above problems and the 

conclusion derived from the test statistics would be misleading if the discrete 
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shifts are more often or the parameters of the regression equations vary 

continuously over time. 

Another technique which has been used only by two studies is to 

estimate the regression equation as rolling over time in order to get varying 

inflation-output tradeoff parameters. Despite the advantages of this technique 

over the first, the major problem in this is one of efficiency. Since the number 

of the observations of moving regressions would be necessarily low, the 

parameter estimates would probably suffer from the problems of low degree of 

freedom. Another shortcoming of this technique is that the parameter 

estimates would be sensitive to the number of moving period used in regression 

equation. 

Among three techniques, the most sophisticated one was stochastically 

varying parameter estimation technique of Swamy and Mehta (1975). This 

technique has been used by Abrams et al. (1983). The basic assumption in 

this technique is that the underiying coefficients of the regression equation are 

stochastically distributed. Although this technique has several advantages 

against the alternatives, its parameter estimates would suffer from the specific 

problems such as inefficiency (Hsiao, 1991). Furthermore, the problem with 

this estimation procedure is that it produces the parameter estimates based on 

the entire data sample that reflects "average" variability over time. Of course, 

this is undesirable in the case of rapid discontinuous shifts in the parameters 



since the estimated parameters will not represent the accurate variability of the 

parameters during those periods. 

Obiectives 

The main objective of this study is to test the empirical validity of each of 

the following hypotheses implied by the Lucas model by allowing for the 

inflation-output tradeoff parameter and the corresponding variance terms 

varying over time: 

(1) The effects of aggregate demand disturbances on real output should 

be inversely related to the variability of such disturbances; 

(2) The effects of aggregate demand disturbances on real output should 

be inversely related to the variability of aggregate supply 

disturbances; and 

(3) The relationship between the variability of the changes in the 

aggregate price level and the effects of aggregated demand 

disturbances on real output should be inverse. 

Moreover, the secondary objectives of the study are 

(1) To carry out the primary objective under the specification which does 

not include the lag of the real output on the right hand side and to 

compare the performance of two models in terms of parameter 

restrictions and of appropriateness of the specified model; 
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(2) To identify the possible regimes and to divide the whole period into 

subperiods; and 

(3) To compare results of the cross-regime correlation related to the 

hypotheses to the results which will come from our primary 

technique. 

General Procedures 

Two basic analytical tools that were utilized to carry out the stated main 

objective of this study are the Kalman filtering estimation and the ordinary least 

squares techniques. After specifying the state space model for the real output 

equation whose parameters are allowed to be a time varying, the Kalman filter 

was run to estimate time varying inflation-output tradeoff parameters. Then, 

using the estimated time varying inflation output tradeoff and the constructed 

moving average variances of aggregate demand, supply and price 

disturbances, each of the propositions derived from the Lucas model was tested 

under the ordinary least squares technique. Whenever the serial correlation in 

the residual terms was detected, the Hildreth-Lu procedure was employed to 

correct the serial correlation of the residual terms. In addition, by means of the 

Pearson correlation coefficients the performance of each proposition was 

evaluated under the identified subperiods. 

The overall plan of the study is as follows. The current chapter 

consisted of the introductory information on the statement of the problem, the 
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main and secondary objectives of the study, and the general procedures used 

to carry out these objectives. Chapter II presents a selective review of the 

literature related to this study. In this chapter, the literature is reviewed by 

categorizing the studies into three groups as cross-country, intra-country and 

cross-industry studies. Chapter III covers the theoretical description of the 

Lucas model including aggregate demand and supply side of the model and the 

solution of the model, and the arguments behind the propositions of the model. 

Chapter IV deals with the analytical methods and procedures used, and the 

basic data. In addition, this chapter covers the discussions on the rationales to 

estimate coefficients as time varying and on the alternative techniques used by 

previous studies. Chapter V covers the empirical results of the study, an 

analyses of the results and extensive comparison of the results with those of 

the previous studies. Finally, Chapter VI presents a summary of the results, a 

statement of the contribution of this study to the literature and the implications 

from the results. 



CHAPTER II 

REVIEW OF LITERATURE 

The purpose of this chapter is to present a selective review of literature 

related to the Phillips curve propositions of new classical rational expectations 

model. This chapter covers the literature from the founding study of Lucas (1973) 

to recent studies. Since the sample data and implying statistical procedures used 

by the previous studies are generally in three forms, the review of literature is 

carried out by dividing those studies into three groups: cross-country, intra-country 

and cross-industry studies. 

Cross-Countrv Studies 

Since Lucas (1973) was the first not only to test the macro rational 

expectations propositions in the strong form, but also to develop a testing 

empirical methodology which was generally used by later studies, it is 

appropriate to start the review of literature with his study. In his pioneering 

empirical study, Lucas's main purpose was " to see whether the estimated 

inflation-output tradeoff parameter declines as the sample variance of the 

changes in the nominal shift variable increases, that is, inverse relationship 

between inflation-output tradeoff parameter and the variance of the aggregate 

demand shocks " as the new classical rational expectations model suggests. 

Lucas first regressed the following reduced form supply function, detrended real 

12 
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income on the changes in nominal income which was used a measure of 

aggregate nominal disturbances, separately for each of the 18 countries 

covering the period 1952-1967. 

y,,t=-7c5+7cAXt+;>iy,̂ ,.,+£,, (2.1) 

where ŷ ^ is the time detrended real GNP; Ax, is the first difference of logarithm 

of nominal GNP; 5 is the average rate of aggregate demand expansion; X is the 

speed of adjustment with l ^ k l ; and K is the response of real GNP to changes 

in nominal GNP, that is, inflation-output tradeoff parameter with 0<7r<1. 

After getting the estimated fixed inflation-output tradeoff parameter from 

equation (2.1) and fixed sample variance of the changes in nominal income for 

each of 18 countries, Lucas made informal cross-country comparisons between 

inflation-output tradeoff parameters and the variances of aggregate demand 

shocks. His estimated tradeoff coefficients were found to be greater for a group 

of sixteen countries wherein aggregate demand policy was more stable than it 

was for two countries (Argentina and Paraguay) wherein demand policy was 

highly volatile. From his findings, Lucas concluded that cross-country evidence 

supported the proposition that the higher sample variance of the changes in 

nominal income was, the lower inflation-output tradeoff parameter was. 

Later, Koskela and Viren (1980a) attempted to test the Lucas hypothesis 

in the following respects; (1) while using the same sample of countries as in 
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Lucas' study, they extended the time period from 1952-67 to 1952-77, and (2) 

they applied Zellner's seemingly unrelated system equation estimation 

technique (SUR) and also ordinary least squares technique without and with the 

first order serial correlation correction since they argued that it might be well 

that the error terms in estimated OLS equations across countries were 

contemporaneously and serially correlated. For the period 1952-67, they found 

that the Spearman rank correlation coefficient between the estimates of the 

inflation-output tradeoff parameters and the variances of aggregate demand 

variables was negative and significant at the 5 percent level both for the OLS 

estimation, with and without first-order correlation and, for the SUR estimation. 

For the longer period 1952-1967, the estimates were found to be significant at 

the 1 percent level in all cases. Finally, their conclusion was that over the 

period 1952-77, the variance hypothesis gains stronger support, which is 

reinforced by allowing for serial and contemporaneous correlation of error 

terms. 

In another paper, Koskela and Viren (1980b) used Finnish time-series 

quarterly data for the period 1948-1977 and annual cross-country data on the 

Scandinavian countries for the period 1950-76 in order to test the variance 

hypothesis under the above empirical methodology. First, their test was 

performed using Finnish quarterly data for the period 1948:1-1977:IV, which 
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were divided into three subperiods.^ For cross-regime analysis, they 

concluded that time series data from Finland supported the variance hypothesis 

by simply comparing the movements on three inflation-output tradeoff 

parameters with those of variances of Ax,. Then, they turned to another test 

using annual cross-country data from the five Scandinavian countries. Their 

single-equation estimates for the real output equation provided mixed evidence 

in terms of the variance hypothesis. In addition, they found that the results 

from the SUR estimates were more unfavorable to the variance hypothesis. 

Froyen and Waud (1980) reexamined international evidence on 

inflation-output tradeoff parameters under the Lucas model which were modified 

by Cukierman and Wachtel (1979).^ More specifically, they tested the following 

three implications of the modified Lucas model: (1) the estimated 

inflation-output tradeoff parameter and the variance of changes in the 

aggregated demand variable, a\x> should be negatively correlated, (2) ô x̂ sind 

the variance of changes in the aggregate price level, cf^p should be positively 

^They divided the whole period into three subperiods such as 1948-1956, 
1957-1966 and 1967-1977 with different variances of Ax,. 

^The Lucas model modified by Cukierman and Wachtel (1979) differs from 
the original one In the following respects: (1) modified model could be 
interpreted as a many-goods model, rather than a single good model at 
separate islands; and (2) there are as many equilibrium conditions as there are 
goods or markets, that is, individual market equilibrium enters into the model. 
This is the most important difference, since in the original Lucas model, there 
was no individual market equilibrium condition. Rather, the only equilibrium 
condition is on the aggregate economy. For other differences between both 
models, see Cukierman and Wachtel (1979, p. 579). 
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correlated, and (3) n and <f^p should be negatively correlated. Their study was 

based on both annual and quarterly data for the period 1956-76 for the 

industrialized countries. They estimated the reduced form output equation (2.1) 

for the whole period and for two subperiods for each of ten countries.^ By 

looking at the sign of simple correlation coefficient between the tradeoff 

parameters and the variances of changes in nominal GNP, they made 

cross-country comparisons. Their findings only supported the second 

implication of the modified Lucas model, that is, positive and significant 

correlation between G^^ and â p̂. The first and last implications did not receive 

such strong support from both data sets. In addition, they tested all 

implications under intra-country comparisons of the estimated parameters."^ 

They found that the estimates from the quarteriy data provided little support for 

the Lucas hypotheses. The behavior of the estimates was found to be 

consistent with the predictions of the model only in the United Kingdom. 

However, their results from annual data were inconclusive. 

^In order to split data into two regimes, they used three techniques. Those 
techniques are: (1) to split data in half, (2) to split according to the maximum 
value of (o^AP2-a\pi), and (3) to split according to maximum value of 

"̂ Three kinds of intra-country comparisons were made. In the first one, the 
estimates of n, G^^ and a^p from the two subperiods were examined. In the 
second one, the Chow test was applied to see whether the estimated 
coefficients of reduced form output equation are stable across the two 
subperiods. In the last one, dummy variable approach is applied to test for a 
shift in the value of the coefficient of n across the two subperiods. 



17 

Alberro (1981) extended the Lucas study from a sample of 18 countries 

to 50 countries. The main difference between his sample and Lucas's was the 

number of volatile countries in the sample: Lucas included two volatile countries 

in his sample of 18, but Alberro extended those countries to six in his sample of 

40 countries. However, Alberro could not increase types of observed nominal 

income behavior. He divided sample countries into the stable and volatile 

countries in terms of the behavior of the variances of aggregate nominal 

demand and prices as in Lucas's study.^ All the evidence presented in his 

paper confirmed the Lucas hypothesis on the Phillips curve. 

Kormendi and Mequire (1984) argued that the Lucas evidence was weak 

to reject the policy invariant models. In order to prove the weakness of the 

model, they quoted that "unfortunately, because nominal income is identically 

real income times the price level, the negative cross-country relation uncovered 

by Lucas can be shown to be predicted by a class of policy invariant Phillips 

curve models as well."^ They developed a methodology to test Lucas' 

proposition in terms of the relation between the variances of nominal shocks 

and the effects of such shocks on real output which could avoid the problems 

on Lucas' original test. Briefly, their methodology requires a distributed lag 

^In fact, Lucas (1973) pointed out that two observed types of nominal 
income behavior, highly volatile and expansive policies of Argentina and 
Paraguay and the relatively smooth and moderately expensive policies of the 
remaining sixteen countries were somewhat disappointing. 

^For complete explanation and proof, see Kormendi and Mequire 
(1984, pp. 877-878). 
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effects of nominal shocks on real output by depending on the specification of 

such effects.^ 

Finally, using the annual data from 47 countries and unanticipated 

monetary growth as nominal shock variable, Kormendi and Mequire tested the 

Lucas proposition. They found a significant and negative relation between the 

inflation-output tradeoff parameter accumulated over time and the variance of 

monetary shocks, consistent with the Lucas proposition. 

Jung (1985) argued that the methodology employed in the cross-country 

studies was improper, being based on simple cross-country correlations 

between n and c^^, between n and <f^p, and between (f^ and a\p, where the 

coefficient measuring supply responses to unanticipated relative price changes, 

y, and the variance of specific market demand shocks, ô ^ were constant across 

countries. According to him, since there is no reason to believe that these 

parameters are constant across countries, partial rather than simple correlations 

are the correct measures of these relationships. 

Using an extended sample on 19 industrial countries and 37 developing 

countries, Jung (1985) reexamined the Lucas model for the Phillips curve in 

terms of three relationships presented by Froyen and Waud (1980). For the 

industrial countries, his findings showed that all three relationships implied by 

the Lucas model among the inflation-output tradeoff coefficients and the 

^Kormendi and Mequire (1984) specified the effects of shocks such as the 
peak effect, the nonnegative effect and the long-run neutral effect. 
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variances of nominal shocks and of the general price level were confirmed by 

both partial and simple correlation coefficients. On the other hand, for 

developing countries, all three relationships were only moderately supported. 

According to Jung (1985), his findings for the industrial countries were in 

conflict with what Froyen and Waud (1980) found for the group of 10 industrial 

countries, but strengthened Lucas' (1973) and Alberro's (1981) findings in the 

sense that the result was based on the measure of partial correlation. 

Katsimbris (1990) argued that Jung's findings from the measure of partial 

correlation were subject to aggregation bias because of possible cross-country 

and/or within-country differences of the parameters y and G^̂ , and of differences 

in the stage of development. In order to explore the robustness of the 

cross-country evidence, he calculated simple and partial correlation coefficients 

for a number of overlapping random samples. His results were in complete 

conflict with Jung's for developed countries , but was consistent for developing 

countries. 

More recently, Odedokun (1991) divided the 111 countries into 90 

developing countries and 21 developed countries in order to update the 

previous empirical studies on the Lucas proposition. He employed annual data 

for the period 1958-1985 and changes in the log of gross national income as 

aggregate demand shocks. In order to see whether the Lucas proposition is 

valid for two groups of countries, he applied both the Spearman rank correlation 

and the simple correlation procedures to the estimated inflation-output tradeoff 
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parameters and the variances of the changes on the gross national income. 

According to his estimated Spearman rank correlation coefficients, the inverse 

relationship between the inflation-output tradeoff parameter and the variance of 

the changes in the nominal income was statistically significant at the 10 percent 

level for developed countries and at the 5 percent level for developing 

countries. On the other hand, according to his simple correlation estimates, the 

proposition was found to be statistically significant at the 5 percent level for 

developed countries and at the 10 percent level for developing countries. 

Since the estimated inflation-output tradeoff parameters for 21 

developing countries and 6 developed countries were found to be implausible. 

Odedokun (1991) applied the same empirical methodology to the remaining 69 

developing countries and 15 developed countries.® His correlation coefficient 

was statistically significant at the 5 percent level for 15 developed countries, 

and was statistically insignificant at any acceptable level for the 69 developing 

countries. Thus, his overall conclusion was that the Lucas proposition was valid 

for developed economies but not for developing economies. 

One of the recent evidence of cross-country studies was found in the 

study of Christensen and Paldam (1991). By using full information maximum 

likelihood estimation technique and also by switching the nominal shift variable 

®The implausible value of the inflation output tradeoff parameter means that 
the parameter dos not statistically satisfy the restrictions of the model, so the 
necessary condition for the validity of Lucas's hypothesis is not fulfilled. In his 
paper, Odedokun (1991) found 21 developing countries and 6 developed 
countries whose inflation-output tradeoff parameters were less than zero. 
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from GNP to the nominal money stock, Christensen and Paldam reexamined 

the original Lucas 1973 model. Since they employed changes in the log of 

actual money stock as nominal shift variable in Lucas model, their test was a 

joint test of the Lucas model and the quantity theory of money. While the data 

sample in their test covered 24 countries for the period 1953-1985, the test was 

made for 48 estimates which were obtained from 24 countries in two separate 

sample periods, 1953-67 and 1968-85. Their estimated simple correlation 

coefficient between the inflation-output tradeoff parameter and the variance of 

the changes in nominal money stock across countries indicated that at the 5 

percent level the model was rejected in 40 of the 48 cases. Their conclusion 

was that the basic version of the Lucas model has stand on shaky ground. 

Parkin, Bentley and Fader (1981) modified Lucas's basic hypothesis by 

explicitly modeling openness, the trading relations between an individual 

economy and the rest of the world. In their modified Lucas model, two 

alternative economies were constructed, one in which the exchange rate was 

flexible and the other in which it was fixed. Predictions in terms of the nature of 

the tradeoffs between output and inflation were derived for both cases and 

hypotheses were tested by estimating the following regression equation. 9 

^In order to minimize the degrees of freedom, they formed estimating 
equation (2.1) for the entire period. Therefore, it is not exact reduced form 
output equation. However, the reduced form real output equations for both 
flexible exchange and fixed exchange regimes are found on page 138 in Parkin, 
Bentley and Fader (1981). 
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ye,t=7ii(Ax,-5)D,+7C2(v,+w,)D,+7C3(v,+w,)(1-D,) 

+Y(1 "m)(w,+pw,.i)+?iy, ,.1+e,, (2.2) 

where y^, and Ax, have the same meaning as in equation (2.1); D, is a dummy 

variable taking a value 1 for a flexible-exchange year and 0 otherwise; 5 is the 

mean of Ax, for flexible-exchange years; m is the share of domestic output in 

the domestic consumption bundle; v, is the shock in foreign inflation, while w, is 

the shock in the change in real terms of trade; and the expression 

(w,..,-HpAw,.i) is the expected real terms of trade. 

From their reduced form real output equations, they argued that in the 

case of flexible exchange rates, cyclical real output would respond positively to 

domestic nominal demand surprises and to foreign price surprises but there 

were no strong predictions concerning the cross country relationship among the 

slope of the inflation-output tradeoffs. In the case of fixed exchange rates, they 

found that the cyclical output of an economy would be unresponsive to 

domestic nominal demand surprises, but would respond otherwise to the same 

things as in the flexible exchange rate case. It was predicted that under flexible 

exchange rates the smaller the variance of foreign surprises was, the larger the 

response of real output to foreign shocks was. 

Employing time series data from each of the 21 countries from 1953-

1978, Parkin et al. (1981) focused on the relationship between estimated 7C3 and 

total variance of external and internal shocks. Their results suggested that the 
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estimated model was rejected on a variety of sign and parameter-value criteria 

for only 2 of the 21 countries in the sample. For the 19 countries whose data 

did not reject the model, the cross-country relationship between the slope of the 

short-run tradeoff and the variance of the foreign shock was not found in the 

data."*̂  Similariy, the cross-country relationship between the slope of the 

tradeoff and the variance of foreign shocks predicted by their model was not 

found in the data. 

Ram (1984) extended the empirical components of the studies by Lucas 

(1973) and Parkin et al. (1981) by using the nonlinear regression procedure and 

a sample with 79 countries for the period 1960-1978 (annual). He compared 

the performance of the two models: "closed economy model of Lucas" and 

"open economy model of Parkin et al." within cross-country prediction. First, he 

estimated the inflation-output tradeoff parameter from Lucas's real output 

equation, and the variances of the changes in nominal income for each country. 

By looking at the Spearman rank correlation coefficient between n an o^^, he 

found that the relationship between the two was negative and significant at 

almost any acceptable level. Then, Ram (1984) relaxed the closed economy 

assumption and estimated the real output equation of Parkin et al. (2.2) for 

each country. His first finding was that the explanatory power of the Parkin et 

al. (1981) real output equation was as good as that of the Lucas model. The 

second finding from the Spearman rank correlation coefficient between the 

^°This hypothesis was predicted by Lucas model, not by their model. 
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coefficients of the foreign surprise variable, 7C3 and the variances of foreign 

surprises was that the cross country prediction of the Parkin et al model for the 

fixed exchange regimes received only limited support from data. Ram provided 

two possible explanations for the failure of the Parkin et al. model from the 

data: (1) the limited number of observations for each country might lead to less 

precise estimates of the Parkin et al. equation which contains more parameters 

than the Lucas model; and (2) the dispersion in the variances of foreign 

surprises is not large enough for a precise test of the cross-country prediction. 

Intra-Countrv Studies 

Besides cross-country studies, there has been a number of studies which 

tried to test the Lucas propositions within a single country. The empirical 

methodology of most of the studies, which includes this group, was to split the 

whole period into two or more subperiods and then to compare the estimated 

parameters. 

Lawrence's (1983) study was the first attempt at intertemporal 

examination of the variance hypothesis. Applying a modified empirical 

methodology of Lucas, he investigated whether the volatility of supply shocks 

as opposed to demand shocks was responsible for any alleged instability of the 

Phillips curve of the United Kingdom during the 1957-1977 period. Lawrence 

split data into two regimes, 1957-1972 and 1972-1977, by observing the moving 

variances of the logarithmic price level as an indicator of the covariances of the 
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unanticipated price level. His moving variances indicated that around mid 1972 

the variance of the price (unanticipated) increased dramatically and remained at 

a higher level, thereafter.""^ His main proposition, according to new classical 

model, was that if the variance of aggregate nominal disturbances was lower 

under the fist regime than that under the second regime, the inflation-output 

tradeoff in the short-run would be favorable for the first regime relative to the 

second regime. 

By comparing two-point estimates of the inflation-output tradeoff 

parameters and the corresponding variances of unanticipated demand and 

supply, and of the unanticipated price, Lawrence found that the deterioration of 

the United Kingdom's short-run Phillips curves across regimes was associated 

with a significant increase in the variance of the unanticipated price level. On 

the other hand, according to his two-point estimates, this higher variance was 

not significantly attributed to volatile aggregate demand shocks, but rather to 

more volatile supply shocks. 

Abrams, Froyen and Waud (1983) argued that the studies using ordinary 

least squares estimation techniques were only able to capture variation in the 

output-inflation tradeoff by testing for discrete shifts between subperiods for a 

given country. The purpose of their paper was to examine the nature of the 

variability of inflation output tradeoff in the United States, in Canada and in the 

^ În his study, Lawrence used monthly industrial production as real output. 
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United Kingdom for the period 1957:1-1976:IV by using "the stochastic 

coefficient regression technique" of Swamy and Mehta (1975) to allow for the 

possibility that the tradeoff parameter varies continuously over time. They 

found that the stochastic coefficient technique was least appropriate for the 

United States and most appropriate for the United Kingdom for the given 

period. For Canada, their results indicated that it was less strong than for the 

United Kingdom but stronger than for the United States. They concluded that 

their results, with evidence of significant variability in the output-inflation 

tradeoff, were generally supportive for the implication of the Lucas type model. 

In another paper, Froyen and Waud (1984) attempted to see whether the 

deterioration of the output-inflation tradeoff in the British economy for the period 

1957:11-1980:IV could be explained in terms of the Lucas effect.""̂  The output 

equation constructed from their modified Lucas model was equation (2.3). 

Assuming a^ and a^ to be a function of the forms (2.4) and (2.5), respectively, 

and placing them into equation (2.3), they estimated the resulting output 

equation under OLS technique.''^ 

^^Actually, they incorporated two more effects, the Friedman effect and the 
supply side effect as well as the Lucas effect into their specification. 
According to the Friedman effect, there exists a direct negative relationship 
between the variability of the inflation rate and the natural rate of the real 
output. For further information about the Friedman effect, see Friedman 
(1977). 

^^Since Abrams et al. (1983) in their previous paper found the variability of 
inflation-output tradeoff for the U.K., they assumed that the coefficients ocg and 
Og were the function of moving variances of the inflation rate. 
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yc,t=ao+aiC^Ap+oc2Ax,+o(3Mt+atyc,t.i+£t , (2.3) 

where, 

a2=Yio+Yii<̂ 'Ap,t . (2.4) 

and 

a3=Y2on2iCy'Ap,t • (2.5) 

According to their findings, aggregate demand shocks, Ax,, had a significant 

effect on real output with the expected positive sign; however, the coefficient on 

Ax, did not change significantly in the manner suggested by the Lucas effect, 

implying the lack of the Lucas effect for the United Kingdom. 

In addition, using similar technique in another of their papers, Froyen and 

Waud (1985) investigated the movement in the relation between the inflation 

rate and the growth rate of the output in the United States for the period 

1959:11-1980:IV. Their results suggested that the new classical view of the 

variance of aggregate demand shocks did not play a significant role, but the 

supply-side shocks, which were measured by import and energy prices 

separately, played a significant role in the observed shift. 

Deriving a "variance-covariance test" methodology under the Lucas 

model, Cutler (1989) investigated the roles of aggregate demand and supply 

disturbances and of their variances on the U.S. business cycle episodes. 

Estimating a set of standard reduced-form solutions for the inflation rate and 
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cyclical real output (standard reduced form equations of the Lucas model), he 

decomposed the resulting bivariate error structure into estimates for aggregate 

supply and demand disturbances and their variances.̂ "^ 

Contrary to the estimates of Froyen and Waud, Cutler's estimates 

indicated that aggregate demand disturbances and their variances have 

dominated most business cycle episodes of the United States over the last 20 

years, especially the 1981-1982 recession, appeared to have been caused 

entirely by aggregate demand disturbances and variances since aggregate 

supply disturbances were found to have a positive effect on output in the same 

period. On the other hand, both aggregate demand and supply disturbances 

were found to contribute jointly to a loss of output during the 1973-1975 

recession. 

Another similar study in terms of empirical methodology came from 

Cover (1989). Cover applied variance-covariance bound test to determine 

whether unexpected price level changes affect output in the manner predicted 

by Lucas. The test was applied to annual data from 25 countries separately. 

The variance-covariance matrix estimates were also used to obtain conditional 

estimates of the sensitivity of the output to unexpected price level changes, 

which in turn were used to determine whether the sensitivity of output to 

unexpected price level changes declines as the variance of unexpected price 

"̂̂ His specific variance and covariances which are derived from estimated 
reduced form output and inflation equations are var(p)=[(a^^-Ha^J/ 
(1+07)2], var(y)=[(eY)V^-ha'j/(1-H0Y)' and cov(py)=[eYa'^-a'j/(UeY)'. 
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level increases. His results provided reasonable support for the Lucas 

hypothesis, but also suggested that purely real theories of business cycles were 

"clearly" inappropriate for Italy, West Germany and the United States. 

More recently, in another paper Katsimbris (1990) tested the validity of 

the three relationships of the new classical model over time on a country-by-

country basis. Employing annual data on the 39 countries, Katsimbris 

estimated equation (2.1), which also incorporated supply shocks (A|i) as 

another explanatory variable, as "rolling" over a 15-year moving period for each 

of 39 countries. He also computed a^^„ a\p, and a\^ , over a fifteen-year 

moving period and tested the three relationships by regressing K on o^^ and 

a\^, K on c\p and a\p on a^^ and a\^. His results suggested that a negative 

association between n and a^^ was supported for 26 percent of the countries, 

and that the same relationship between n and cr\^ was supported for only 23 

percent of the countries. A similar association between K and (f^^ was found in 

39 percent of the countries, while the positive association of (f^^ with G^^ and 

o^^^ was found in 64 percent of the countries. 

Kim and Nelson (1989) argued that in testing two propositions of the new 

classical model separately or together, the assumption of constant variance of 

aggregate demand disturbances over time was a potential violation of the 

rationality principle. According to their argument, the variance conditional on 

information available at the time of forecasting might be time varying due to a 

continuously changing policy regime that was represented by evolutionary 
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regression coefficients rather than the constant coefficients and variance used 

by the majority of the studies. They proposed an econometric methodology in 

which the learning process of rational agents could be proxied to a time varying 

parameter model, thus generating the recursive forecast errors and their 

conditional variances. 

In the same paper, by using conditional unanticipated money and their 

conditional variances which come from the Kalman filtering estimation of the 

"Barro (1976) type money equation" for the United States, Kim and Nelson 

investigated the validity of Lucas explanation of the new classical model as well 

as other possible explanations. However, their test results strongly rejected the 

second proposition of the new classical model. 

Cross-lndustrv Studies 

According to the new classical explanation of Lucas (1973), the response 

of real output in a specific market or industry to aggregate demand shock varies 

with two factors: specific industry demand and supply shocks, and aggregate 

demand and supply shocks. In other words, the response of real output in the 

specific industry to aggregate demand shocks is expected to increase, whereas 

with specific industry shock, it is expected to decrease. 

Among this group of studies, the first one came from Kretzmer (1989). 

Using an incomplete-information model in the Lucas-Barro tradition and 

applying the empirical strategy developed by Kormendi and Mequire, Kretzmer 
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investigated the differential real effects of aggregate demand policy across 28 

U.S. industries for the period 1948-1978. Since Kretzmer treated monetary 

policy as aggregate demand policy, his study also uncovered a range of 

evidence on the interaction of monetary policy and the industries of the U.S. 

economy. According to his results, the cross-regime evidence, which was 

industry, showed a positive association between the variance of relative shocks 

to an industry and the real effect of aggregate nominal shocks in that industry. 

This conclusion was robust among all industries except agriculture, forestry and 

fisheries, and petroleum and coal products. Finally, his conclusion was that the 

use of many regimes adds data and power to the tests, regardless whether the 

regimes were industries, countries or time periods. 

Kandil (1990) extended Kretzmer's study in terms of the number of 

industries used in testing procedure. However, he preferred to use the original 

test procedure of Lucas rather than the technique originated by Kormendi and 

Mequire. Specifically, he investigated the following proposition implied by Lucas 

model: "The response of industrial output to aggregate demand shocks 

increases in response to a rise in the average inflation rate of industrial output 

price and a rise in the variability of the demand for this output." Although the 

data he examined consists of the aggregate output figure in the U.S. into 12 

basic industries, each of the basic industries was further divided into finer 

industries (48 industries as total) according to the two-digit SIC classification for 

the period 1948-1986. While the findings of Kandil shed some light on 
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important factors distinguishing the response of real output across industries to 

aggregate demand shocks, his evidence was not in total agreement with the 

implications of the new classical explanations. 

Summary of Literature 

Related to the Phillips curve, rational expectations-natural rate hypothesis 

was both theoretically and empirically set out in Lucas (1973). Hanson (1980), 

Koskela and Viren (1980a), and Alberro (1981) extended the Lucas sample 

data in terms of time period and countries and confirmed the main implication of 

the Lucas model. In addition, Jung (1985) and Odedokun (1991) produced 

satisfactory results for the Lucas hypothesis on developed countries, while 

Koskela and Viren (1980b) provided mixed results for the Scandinavian 

countries. By explicitly including openness to the Lucas model. Parkin et al. 

(1981) could not produce the evidence for the variability hypothesis on cross

country sample data. Using the same model and different statistical technique. 

Ram (1984) confirmed Lucas' findings. 

Froyen and Waud (1980) added two more implications derived from the 

Lucas model to empirical literature. With both cross-country and intra-country 

comparisons, they could not find sufficient results for all propositions except 

one. Among the intra-country studies, Lawrence (1983) and Abrams (1983) for 

the United Kingdom and Cutler (1989) and Cover (1989) confirmed the 

implications of the Lucas model, while Froyen and Waud (1984), Katsimbris 
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(1991) for the United Kingdom and United States, provided no strong evidence 

for support the Lucas model. 

In general, the cross-country studies found satisfactory results for the 

Lucas model. On the contrary, the findings of the intra-country studies were too 

weak to confirm the implications of the model. However, the findings of most of 

the studies suffer from the problems caused by the assumption of the fixed 

inflation-output tradeoff parameters and variances of aggregate demand, supply 

and price disturbances over time. 



CHAPTER III 

THEORETICAL FRAMEWORK: THE LUCAS MODEL 

This chapter first provides a description of the Lucas model and then 

outlines the arguments behind the propositions of the model. The following 

model was originated by Lucas (1973;1976), and has been widely used in 

empirical studies. In this current study, the Lucas model is also utilized.'' 

The Lucas model is the an imperfect information rational expectations 

model. The basic premise of the Lucas model is that in a perfectly competitive 

environment, economic agents can not distinguish relative from general price 

movements. This premise leads Lucas to suggest a theory of natural rate 

based on the notion that rational economic agents operate in widely scattered 

markets over which demand is distributed unevenly. In terms of the island 

problem, where islands represent different markets, industries, locals or 

employers, agents are attempting to forecast the general price level. Since 

they can observe their own island price, they can rely on the historically given 

relationship between it and the overall price index to make a better forecast 

than one based on previous economy wide information. The model consists of 

the supply and demand sides of the aggregate economy. 

^Even though our basic implication in this study is to treat the coefficients of 
the reduced form equations as time varying, in this chapter, time subscription 
will not be included to facilitate reading. 

34 
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Aggregate Supply (Lucas Suppiv) Function 

In order to derive the aggregate supply function in this model, let us start 

with the supply of output in any individual market at time t. Assume that the 

supply of output in market z at time t is described by equation (3.1). 

yl^-ynt-^Yak^^ (3.1) 

where y, is the current output of market z at time t; y ,̂ is the normal component 

of y,; and yc,(z) is the cyclical component of y,. Furthermore, the normal 

component of the current output of market z is assumed to follow a time trend, 

yn,=a-i-pt while the cyclical component is specified as the following equation. 

y^=y[pl^-Ep,\llst)]^Xy^_^ +Viy, (3.2) 

where p,(z) is the current price of market z at time t; p, is the overall price level 

at time t; l,(z) is all information set available to market z at time t; Ep,l l,(z) is the 

expectations of economy-wide price level conditional on information set at 

market z at time t; Y is relative price parameter; s, is the stochastic aggregate 

supply shocks; w, is the stochastic specific market supply shocks at market z at 
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time t ;̂ and X is the speed of adjustment. 

According to equation (3.2), the cyclical output of market z at time t 

varies with the relative prices, aggregate supply shocks, market specific supply 

shocks and its own past value. One of the most controversial issues between 

the new classical rational expectations model and the others has been based 

on the inclusion of lag value of the cyclical output into supply function. Since 

we believe that the argument on this subject is related more to an empirical 

issue rather than to a theoretical issue and since the inclusion of this variable 

into the supply function does not make any significant difference in the solution 

of the model, we will leave this argument to the next chapter and will continue 

the model with the lag value of cyclical output on the right hand side. 

The information set available to market z consists of two components: 

observed market specific price level p,̂  and of the history summarized in the 

mean or in expected value of the current economy-wide price level at time t, 

Ep,. The observed market specific price level may be written as equation (3.3). 

Ptz-Pt'-Zp (^-^^ 

^Actually, in the original Lucas model (1973), it is implicitly assumed that 
aggregate and specific market shocks are equal to zero. Later, Lawrence 
(1983), Cutler (1989) and Waud and Froyen (1983) among others included 
aggregate supply shocks in Lucas model. However, it does not mean that they 
include the measure of supply shocks as a separate variable beside demand 
shocks into reduced form equations. Most studies which incorporate supply 
shocks allowed their models the possibility to capture these effects from the 
residuals of the estimated reduced form equations. 
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where z is the white noise term for a specific market price level and is assumed 

to be normally and independently distributed with (0,c\). In addition, p, is 

assumed to be normally and independently distributed with (p,a^p). Given the 

available information set with its distributions, the process is to express the 

expectations of economy wide price level of economic agents in market z at 

time t. This yields the following expression with the variance, <̂ â p where 

(^=<^J(G^^-f-(f^y O is a fraction of the conditional variance in p,(z) due to the 

relative price variation. 

E(p,| m-E{p,\ p^Epi-{^-^)pl^^^Ep,\ II (3.4) 

Equation (3.4) can be also expressed as the projection of economy-wide 

price level on p,(z) and Ep,. The weights (1-0) and O can be seen as 

elasticities since all variables are defined in their log forms. O depends on the 

joint distribution of aggregate and specific demand and supply shocks. 

In order to arrive at the aggregate supply function, following Lucas' 

method, equations (3.2) and (3.4) are combined, and the resulting equation is 

substituted into equation (3.1). Averaging over all markets, the aggregate 

supply function is given as equation (3.5). 
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The slope of this function depends on the relative price parameter, y, and 

the signal extraction parameter, ^. In other words, the slope varies directly 

with O, which is the ratio of relative price dispersion across markets ĉ ^ to total 

dispersion cf^+cfp. 

From equation (3.5), when economy-wide shocks, â p are equal to zero, 

all shocks in the economy are attributed to specific market z, then O is equal to 

unity implying that the slope of aggregate supply function will be represented by 

y. In other words, when general prices are stable, that is, relatively small cf^, 

the supply curve approaches the limit value of y. In this extreme case, there 

will be a policy tradeoff along the lines of the Phillips curve. In the other 

extreme case, where market specific shocks are equal to zero, all shocks in the 

economy are represented by economy-wide shocks and then the aggregate 

supply curve becomes vertical, since 0 = 0. In this case, the policy response 

will be zero. 

Aaoreaate Demand Function 

The demand side of the model is specified in the following manner. 

Equation (3.6) is the aggregate demand function as postulated by Lucas (1973). 
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yt=-Pt+Xf, (3.6) 

and 

Xf=Xf_^+AXt. (3.7) 

The variable p, is the overall price level, x, is an aggregate demand or an 

exogenous shift variable. It is also assumed that x^-x^.^ is a sequence of 

independent, normal variates with mean 6 and variance cr̂ .̂ Lucas assumes 

that aggregate demand is unit elastic in order to focus on the potential 

expectational effects on the supply side.^ 

Solution of the Model 

In order to solve the model in terms of y, and p,, first set equation (3.1) 

equal to (3.6) and then solve for p,. 

1 +<E>Y 

^Arak (1977) challenged with Lucas's unit elastic demand assumption. She 
argued that if the true elasticity is not unity, Lucas's method will return biased 
estimates of the supply response to aggregate demand shocks. She 
developed tests of the Lucas model that did not support Lucas's assumption 
for the United States. However, Lucas (1977) replied that her results were not 
robust because her test methodology assumed an definite fit of his model. 
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After taking expectations of equation (3.8), solving for Ep, yields equation (3.9). 

Epf=-a -Bt'Xy f_^ ^Xf_^ +6. (3.9) 

Note that Ex,=x,.i+6, Ey„,=a+pt and Ew,=0. If equation (3.9) is substituted into 

(3.8) and the resulting equation is solved for p„ the following equation is 

obtained as the solution equation for the overall price level. 

1+Y$ ^+y^ ^3.,Qj 

1+Y<E> 1+Y^ 

In order to get a solution for output, equations (3.8) and (3.9) are 

substituted into equation (3.1) yielding the following equation. 

1+Y<> 1+Y<E> (3_.i.|) 

1 +Y$ 

Finally, to obtain the resulting equation (3.10) in terms of the inflation 

rate Ap,, first equation (3.6) is solved at the same lag for x,.i and then the 

resulting expression is substituted into equation (3.10). Equation (3.12) is the 

inflation equation of the model. Similarly, if equation (3.11) is modified in terms 

of y ,̂,.!, equation (3.13) is obtained. Both equations (3.12) and (3.13) are the 

standard reduced form inflation and output equations, respectively. 
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APr-B+^lAXf+(^ -T:)AXf_^ ^^^Yct-^ ^^IP (̂ '̂ ^^ 

and 

ycr-^Ti^TiAx^^Xy^^_^^Uzn, (3-13) 

where n = 70/(1+70) or more explicitly it is. 

2 
yo2 

7 X = -

On + 0^(1 + Y ) 

(3.14) 

and where. 

Wf U^f= r r -

1+Y^ 1+7^ 
u^r--—-Wf u^^^^-^Wf. (3.15) 

If the expression in equation (3.14) is investigated, it is seen that the 

inflation-output tradeoff parameter is expressed in terms of ô p and ô -̂ '"̂  order 

to explore the association between n and cf^, and between K and c^^, it is 

useful to rewrite n in terms of (f^ and G^^. From the definition of the variance, 

the variance of the aggregate price level equals 

ol'E{prEp,\l,.,f. (3.16) 
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If equation (3.9) is subtracted from equation (3.10), equation (3.17) is 

obtained and then using that resulting equation, the variance of the aggregate 

price level is expressed as equation (3.18). 

Pf-EPt\lt-r -T^iAXrw;), (3.17) 
1 +Y* 

and 

o\'E{p,-Ep,\l,.,f- (_L^)2[o^o=J, (3.18) 
1 +Y* 

Finally, O and TC are derived as a function of ô ^ and G^^. Substituting 

equation (3.18) into O and then replacing the resulting O into the expression in 

equation (3.14), we obtain % as following expression. 

7r= ^ / ^ ; . (3.19) 
(a;f+o^^+o^(1+Y)) 

Propositions of The Lucas Model 

The Lucas Model described above has three testable propositions across 

the populations or over time under some specific assumptions. 
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Proposition I 

The response of real output (y ,̂) to a change in the key nominal 

aggregate shift variable (Ax) becomes smaller the larger the variance of that 

change. In other words, the relationship between TC and ô ^ is hypothesized to 

be negative. Obviously, this proposition comes from the following expression 

under the assumption that aggregate supply elasticity, the variances of specific 

market supply and demand shocks and of the aggregate supply shocks are 

stable across the populations or over time. 

dn -y^z 
2 

< 0. 
dol (a^+o^+o^(1+Y))^ 

The validity of this proposition crucially depends on whether those 

assumptions hold in practice. Even though this proposition seems simple in 

itself, the question about the validity of the proposition arises in testing it 

empirically rather than theoretically. 

Proposition II 

The responsiveness of real output (y^J to a change in the key nominal 

aggregate demand variable (Ax) becomes smaller the larger the variance of 

aggregate supply shocks: the negative association between inflation-output 

tradeoff parameter and variance of aggregate supply shocks. Once more the 

necessary assumption for this implication is the stable elasticity of aggregate 
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supply and stable variances of both aggregate and specific market demand 

shocks. This proposition also comes from the following expression: 

dn -yol ^ _̂ 

dal (0^+0^+0^(1+7))2 

Proposition III 

The final proposition implied by the Lucas model suggests a negative 

relationship between the inflation output tradeoff parameter and the variance of 

the changes in the aggregate price level."̂  It means that as the variance of the 

changes in the aggregate price level, â p increases (decreases), the response 

of real output, ŷ ., to the aggregate demand shocks, (Ax), will decrease 

(increase). In order to see this negative relationship, the partial derivative of 

equation (3.14) is taken with respect to <f . 

dn -y^z 
2 

< 0. 
del (0^0^(1 n ) ) ' 

The validity of this proposition also depends on the assumption of stable 

elasticity of aggregate supply function and of stable specific market supply and 

demand shocks over time or across the populations. 

"̂ This proposition is originally derived and empirically tested by Froyen and 
Waud (1980). 



CHAPTER IV 

METHODOLOGY AND DATA 

The purpose of this chapter is to present empirical procedures and 

analytical tools used in this study in order to investigate the validity of the basic 

propositions of the Lucas model under "time varying parameter technique." 

This study uses the standard Lucas model described in the previous chapter. It 

is appropriate to start by modifying the reduced form aggregate supply function, 

equation (3.13), to a function whose parameters vary over time. Although the 

solution of the model has two reduced form equations, following Lucas (1973) 

and subsequent researchers, only the reduced form aggregate supply equation 

is used to estimate the inflation-output tradeoff parameters and other 

parameters of the model.^ 

If the time subscript is included with the parameters of the reduced form 

output equation, then the following equations (4.1) and (4.2) are obtained: 

^Although the solution of the Lucas model has two reduced form equations, 
inflation and real output equations, previous studies including Lucas's discard 
inflation equation in their estimation. One reason, as noted by Lucas (1976), 
is that no rational economic behavior enters into the way one gets from 
reduced form output equation to reduced form inflation equation. Another 
reason is that if the reduced form output equation is perfectly true, so that the 
residuals are white noise, then reduced form inflation equation is nonivertible. 
It also does not make any sense to estimate both equations. 

45 
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where O^=-TC,6„ and 

2 
Y O , 

^ r , , \ . (4.2) 
(O^^+O^^+O^(1+Y)) 

All parameters have the same meaning as in Chapter II, but are now treated as 

time varying 2 

The Rationales to Estimate Coefficients 
as Time Varying 

There are two rationales needed to include time subscripts into the 

coefficients of the reduced form supply equation. One of them is related to the 

theoretical issue. In the real world, both quality and quantity of information are 

not fixed. They are changing as fast as the technology is changing. Since 

information is bought and used by rational economic agents to predict 

aggregate price level, there is no reason to assume that the value of O is fixed 

^Since it is assumed that there is a period by period variation in TC caused 
by a period by period variation in the variances of aggregate demand, supply 
and price disturbances, and since the theoretical structure of the inflation-output 
tradeoff parameter is in the observed form, the propositions derived by the 
partial differential technique in Chapter III still hold as long as the specific 
assumptions for each of the propositions hold. 



47 

over time under a changing information environment. To treat the value of O, 

say, in 1965 the same as in 1983 is too restrictive. It is natural to expect 

different values of O under different economic policy regimes. As noted by 

Lucas (1976), policy evaluations based on the fixed coefficients model are 

meaningless. Because the equations in an econometric model represent the 

optimal decision rules, they vary systematically with the structure of forecasting 

series which is a function of policy variables. If the policy variables change, it 

influences the behavioral equations and parameters of the economic actors. 

The best way to formulate and estimate the econometric model is with varying 

coefficients. If the possibilities are accepted to treat the value of O as not 

constant over time, then at least TC and 5 should be treated as the time varying 

parameters in equation (4.1). This is the obvious result from the expression in 

equation (4.2). 

Other rationale are related to econometric issues. Even when the 

underlying parameters TC, X, and a are stable over time, situations arise in which 

a time varying parameter approach will prove to be effective. Whenever there 

are specification errors such as omitted variables or linear approximation of 

nonlinear forms, the fixed parameter approach will provide biased, inefficient 

and inconsistent estimates. Any econometric function such as equation (3.13) 

is essentially an approximation of reality. It can therefore be subject to the 

exclusion of some unknown relevant variables. When parameter variation over 
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time is due to excluded variables which are highly relevant, it would be more 

plausible to include them. There are some cases in which the inclusion of 

excluded variables in a linear fashion may not eliminate the variability of 

parameters even where they are included. The evidence presented by Duffy 

(1969) shows that variation in parameters related to excluded variables would 

produce variation in the coefficients of included variables in the regression 

unless the omitted variables are uncorrelated with both the dependent variable 

and the independent variables. Another difficulty that also lends support in 

certain time varying parameter models occurs when the underlying data are 

aggregated and indexed at discrete time points. As noted by Sims (1971), if 

the aggregate variables are collected from an underiying process which is 

continuous over time, the parameters of the intertemporally aggregated 

associations would be varying, not fixed over time. 

Once equation (4.1) is specified such that the underlying parameters are 

time varying, the question becomes how to estimate the unknown parameters 

a, TC, and X over time. In this study, the Kalman filter estimation technique is 

used to estimate the best, linear and unbiased time varying coefficients of 

equation (4.1). 

The Kalman filter estimation technique has been traditionally employed 

by control engineers and other physical scientists in different subjects. It has 

begun to receive increased attention from nonenginereeing scientists more 
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recently, because of an enlarging body of evidence that the usual regression 

assumption of stable parameters often emerges invalid.^ As showed by 

Harvey (1982), the Kalman filter estimation technique can be used in the 

estimation of missing or aggregated observations, in the modelling of data 

revisions, in the estimation of unobserved components models, and in the 

estimation of regression models with time varying parameters. 

Even though the Kalman filter estimation technique does have potential 

applications for an important group of economic and statistical problems, this 

technique is not a substitution for the traditional econometric techniques, but it 

is complementary to them. When the Kalman filter is applied to the classical 

linear regression model, it is shown to be a generalization of ordinary least 

squares. The evidence by Watson (1981) suggests that it can do all and more 

than ordinary least squares can do. Watson shows that the Kalman filter can 

always provide optimal estimates whenever ordinary least squares does, and is 

also capable of doing so even when ordinary least squares is not. 

One potential problem in estimating the reduced form supply equation 

(4.1) comes from the inclusion of lagged detrended output as a regressor. If 

the time varying coefficients of this variable are around unity, then estimated 

time varying parameters a and TC could be a downward biased. In order to 

^For more information about the areas in where the Kalman filter estimation 
technique can be used, see Harvey (1982), Meinhold et al. (1983) and Athans 
(1974). 
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avoid this problem, assuming X equal to one and then using the first difference 

of the detrended output as a dependent variable (Ayc,,=yc,,-?iyc,,.i), the resulting 

reduced form supply function is estimated. The first supply equation which 

contains lagged detrended output as a regressor is named model I. In this 

model, X is assumed to be less than one. It is the original reduced form 

equation (4.1) with IA.I<0. The second supply function is named model II where 

X is assumed to be equal to one and hence the dependent variable is 

differenced once. 

Specification of the State Space Forms 

In the Kalman filter estimation technique, the first necessary step is to 

construct the state space form, which consists of measurement and transition 

equations. Measurement equations represent observation (or forecasting) 

equations (4.3) and (4.7) for models I and II, respectively while the transition 

equations (4.4)-(4.6) and (4.8)-(4.9) describe the process of unobserved time 

varying coefficients for models I and II, respectively. 

Model I: 

y,,=oc,+Tc,Ax,+?i,y,,.i+e,̂  e, - nid(0,v) (4.3) 

a,=TiC^.i+rii, (4.4) 

Tc,=T2Tt,.i+ri2, (4.5) 

?4=t3Vi+r|3t -Ht - nid(0,q). (4.6) 
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Model II: 

^yc,t=a,+7CtAx,+e, ŝ  - nid(0,v) (4.7) 

a,=tiCx,.i+Ti,, (4.8) 

Tc,=T2Tc,.i+Ti2, Tj, - nld(0,q). (4.9) 

where cc,, TC, and A, (b=[a,Tc,>L]) are the unobserved time varying coefficients of 

the measurement equation; z^, z^ and z^ (T=[TI,12,^3]) are unknown coefficients of 

the transition equations; v is the unknown variance term of the errors in the 

measurement equation; q is the unknown variances of the residuals in the 

transition equations. 

A Brief Outline of the Kalman Filter 
Estimation Procedure 

In general, the elements of b, are not observable. However, it is generally 

assumed that they are known to be generated by a first-order Markov process. 

This process sets up in the forms of the transition equations. Since the Kalman 

filter is a recursive estimation technique, before running it the initial values of 

the unknown parameters a, TC, and X and of their variance-covariance matrix p 

besides the parameters of transition equations T'S, their variance-covariance 

matrix and the variance of the error terms of the measurement equation must 

be known. At this point in order to describe the estimation process of the 
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Kalman filter, we assume that all unknown parameters and matrix are known. 

The application of the Kalman filter to the specified state space equations (4.3) 

and (4.7) requires three successive steps. 

1. In the first step, by using the initial or unconditional estimates of 

b and their variance-covariance matrix p, the conditional estimates of b and 

their variance-covariance matrix are obtained from the following equations 

(4.10) and (4.11). 

bt/,.i='cb,.i (4.10) 

Pt/t.i=('cPt.i'c'+q)- (4.11) 

2. In the second step, the conditional y, the one step ahead prediction 

error h, and its conditional variance f, are estimated by using outputs of the first 

step and the following equations (4.12)-(4.14). 

yc,t/t-i=Xtbt/,.i (4.12) 

bt=yc,t-yc.t/t.i (4.13) 

tt=(XtPt/t.iXt+v). (4.14) 

3. In the final step, the unconditional b and its variance-covariance 

matrix p, are obtained by utilizing the outputs of the previous steps and the 

following updating equations (4.15) and (4.16). 
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Pt=Pt/t-r(Pt/t.iX,f \x,p,/,.,) (4.15) 

bt=b,/t.i+P,/t.iX'f \ y , ,-x,b,/,.,). (4.16) 

Once the filter completes all three steps and provides unconditional p 

and b, then the unconditional estimates enter into step 1, as being inputs and 

the filter again starts to work to complete all three steps for t+1 and continues 

until last time period, t-1. Therefore, the Kalman filter is known to be a 

recursive estimation technique through time. 

When the above prediction and updating equations are derived for the 

Kalman filter, all parameters and variance-covariance matrix are assumed to be 

known. However, finding the values of the unknown matrix and parameters is 

an important step in this technique. We have two types of unknown parameters 

and matrix. The first type requires the initial values for the unknown parameters 

tto, TCQ, and XQ and their variance-covariance matrix p. In this study, following 

Harvey's (1992) and Wolff's (1990) methods, the initial values for the first type 

of unknown parameters and matrix are set at values obtained from ordinary 

least squares estimates of equation (3.13), based on a few initial observations. 

The second type of unknown parameter and matrix is generally not 

available from prior information. These are three coefficients of the transition 

equation T^, Xg, and T3, the variance-covariance matrix of these parameters p, 

and the variance of the unconditional residuals in the measurement equation v. 



54 

Since no prior information on those parameters and matrix are available at this 

point, they will be obtained as optimum estimates from running the Kalman filter 

under the optimum routine. In this study, the variance-covariance matrix of the 

innovation of the transition equation q is approximated by |LLV; where v is the 

variance-covariance matrix of OLS estimates of the coefficients of the 

measurement equation based on a few initial observations and |x is a scaler 

that maximizes the predictive performance of the model. With the initial values, 

the Kalman filter is run to generate the innovations h, and its conditional 

variances f,. The following log likelihood function will be maximized to get 

optimum estimates for the second type of unknown parameter and matrix. 

L(TI,T2,T3,M.,V) = -0.5Z(logl ftl+h,f\h,) 

The simplex method, which uses the simplex algorithm, is employed to 

maximize the likelihood function. This is a sophisticated type of search 

algorithm which does not require that the derivatives of the function be known. 

However, the major disadvantage of this method is that it cannot provide 

standard errors of the estimated parameters. 

Finally, using both prior and optimum values for the unknown parameters 

and matrix, the Kalman filter is run to get the time varying parameters o ,̂ TC,, 

and X^ of equations (4.3) and (4.7). Even though the estimated coefficients of 
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the models are concentrated, it is necessary to make diagnostic tests to see 

whether the state space models are correctly specified. As recommended by 

Engle and Watson (1981), one effective technique of testing the 

appropriateness of the model is to check for whiteness or lack of serial 

correlation in the conditional errors (h,;,.̂ ). Two techniques are applied to see 

whether the specified models are appropriate. The first one is a crude check 

on model adequacy. Comparisons are made of the sample autocorrelations of 

the heteroscedasticity adjusted one period ahead measurement errors with 

negative and positive bounds 2n''''^. By judged 2n'^^, if the residual 

autocorrelations are found within the bounds, then a decision is made that there 

is no evidence about inadequacy of the fitted model. The second technique is 

the Ljung-Box Q statistics. The test statistics of the heteroscedasticity 

corrected one period ahead residuals are computed for four lag periods, Q(8), 

0(16), Q(24) and Q(32), and then the null hypothesis of no serial correlation in 

error terms is tested against the alternative hypothesis. 

Once time varying parameters, especially inflation-output tradeoff 

parameters, of both partial and full adjustment models are obtained, the 

propositions of the Lucas model as described in Chapter III will be empirically 

tested. In order to proceed with the specified tests for both models, each of the 

following specifications is estimated under the ordinary least squares technique. 

Whenever the serial correlation of residuals is suspected, the Hildreth-Lu 
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method, a grid search procedure, is used to correct the serial correlations of the 

OLS error terms. 

1. Testing the relationship between the inflation-output tradeoff parameter 

and the variance of the aggregate demand shocks under the assumption of 

stable variance of the aggregate supply shocks: to test this proposition, the 

following equation is estimated: 

TCt=ao+a,aX,t+Uit. (P1) 

where a\x,t 's the variance series of the aggregate demand growth. For this 

proposition, the model suggests that â  be negative and statistically significant 

while ao be significant and positive. 

2. Testing the previous proposition without the assumption of stable 

variance of the aggregate supply shocks: the following equation is estimated to 

test the second proposition. 

7tt=bo+bia^Ax,t+b2CJ^EP(iP),t+U2t5 ( P 2 ) 
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where O^̂ EPOP).! 'S the variance series of aggregate supply shocks. According to 

the model, it is expected that b̂  and b^ are negative and statistically significant 

and that bo is positive. 

3. Testing the relationship between the inflation-output tradeoff parameter 

and the variance of aggregate price shocks: equation (P3) is estimated to test 

this proposition. 

7^=Co+Ci(J^^p,t+U3„ (P3) 

where cr̂ ^p, is the variance series of the changes in the aggregate price level. 

In order to test the relationships that are hypothesized by the Lucas 

model in the context of the above specifications, an observable variance series 

of the shock variables in addition to the time varying inflation-output tradeoff 

parameters series must be available. However, while the time varying 

estimates of the inflation-output tradeoff parameters are available at this point, 

the time varying variances of aggregate demand supply disturbances are not. 

Because only one outcome from the distribution of the shocks is observed at 

each point in time, this alone is not enough to produce an estimate of variances 

of the shock variables. Therefore, a time varying measure of the variances of 

the aggregate and supply shocks needs to be produced. Following Abrams 

et al. (1983), King (1982) and Katsimbris (1990), the moving variance measures 
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are constructed from the actual changes in aggregate demand and supply shift 

variables, and aggregate price measure as a proxy for c/^,, o^^^p,, a^ ,̂p, and 

Ĉ  AP,f 

The major question on construction of moving variances of these 

variables arises from the choice of periods. It is an arbitrary choice as to how 

many periods should be used to construct varying variance measures. 

However, in order to rule out the arbitrariness, c '̂s are computed at each point 

in time using observations from the past 4 quarters to 15 quarters 

for each variable. Thus, 12 different measures are produced for each of the 

variance measures. 

A Brief Outline of the Technigues Used 
by Previous Intra-Country Studies 

Even though there have been a few studies which tested the hypotheses 

that are implied by the Lucas model for a given country, it is appropriate to 

outline their techniques along with the possible shortcomings. For this purpose, 

the previous intra-country studies are categorized into the following three 

groups. 

1. Most of the intra-country studies using ordinary least squares 

estimation technique have attempted to test the Lucas hypotheses by simply 

comparing two or three estimates of inflation-output tradeoff parameters with 
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the corresponding variance estimates. In other words, their tests were based 

on the simple comparison of the estimates between subperiods for a given 

country. This technique requires first that the data is split into two or three 

subperiods, and that the reduced form output equation is estimated for the 

subperiods. The Chow test was generally applied in order to split data into two 

regimes. Obviously, these studies are only able to capture a variation in the 

output-inflation tradeoff by testing for discrete shifts between subperiods for a 

given country. If the discrete shifts occur more often or the inflation-output 

tradeoff varies continuously over time, then this procedure suffers from the 

problem of inefficiency and bias and the conclusion derived from the test 

statistics would be misleading. 

2. Another technique which reduces the possible problems in the first 

technique has been used by Abrams et al. (1983). Abrams et al. tested the 

Lucas hypotheses in a way that allowed the inflation-output tradeoffs to vary 

continuously over time. They used the stochastically varying parameter 

estimation technique of Swamy and Mehta. The assumption about the 

coefficients in their model specification was that they are stochastically 

distributed. After generating the stochastically varying inflation-output tradeoff 

parameters, they estimated the simple correlations between the realizations of 

the tradeoff parameters and moving variances of the aggregate demand and 

supply measures. Although this technique has several advantages over the 
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cross-regime studies, the estimates of this technique could suffer from specific 

problems. As noted by Hsio (1991), under Swamy's assumption the simple 

regression yields an unbiased and consistent estimator, if the (1/N)(X'X), where 

N is the number of observation and X is a matrix which is a collection of the 

sample observations on all explanatory variables, converges to a nonzero 

constant matrix. However, the estimators are inefficient. If the pattern of 

parameter variation is the subject, an estimator ignoring parameter variation is 

incapable of shedding light on the pattern of the variation. Another difficulty 

noted by Hsio (1991) and also by Swamy and Mehta (1975) is that the 

estimator of the variance-covariance matrix of the coefficients is not necessarily 

nonnegative definite. 

3. More recently, Katsimbris (1989;1990) applied a moving regression 

technique for equation (3.13) which also incorporates the supply shocks as well 

as the demand shocks. He regressed equation (3.13) as rolling over a 15-year 

moving period in order to get varying inflation-output tradeoff parameters. After 

estimating the moving TC and variances of the demand and supply shocks, he 

tested the Lucas propositions by regressing TC on a^'s. Since the degree of the 

freedom of his moving regressions is low (12 observations), his estimates 

probably suffer from the problems of low degrees of freedom. In addition, the 

question is why the moving OLS regressions were estimated over a 15-year 

moving period, not over a 14-or 16-year period. The estimates should be 
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sensitive to the choice of the number of moving periods significantly, if it is 

believed that the parameters are not fixed over time."̂  

Variables and Data 

The data in this study are quarterly and seasonally adjusted. It covers 

the period from 1964:1 to 1987:IV for both the United States and the United 

Kingdom. 

Aggregate real output measure (y) is "real gross national product" for the 

U.S. and "real gross domestic product" for the U.K. Both variables will be used 

to estimate the real cyclical output measure (y^J. The source for both variables 

is OECD Main Economic Indicators. 

Aggregate demand shock variable (Ax) is the first difference of the 

natural logarithm of nominal GNP for the U.S. and of nominal GDP for the U.K. 

Those series are obtained from real GNP and GDP and from their implicit price 

level series for both countries in OECD Main Economic indicators. 

Aggregate price shock variable (AP) is the first difference of the natural 

logarithm of GDP's and GDP's implicit price levels for the U.S. and the U.K. 

respectively. The source for both variables is OECD Main Economic Indicators. 

"̂ In order to see whether the estimates are sensitive to the number of 
moving periods, we applied Katsimbris's moving regression technique for our 
data set. For this purpose, we used the 15 and 16 moving periods. As 
expected, we found significant differences among the estimates. 
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Aggregate supply shock is proxied by the change in the natural logarithm 

of the relative price of fuel (AEP,) and of the relative price of imports (AlP,) for 

both countries. The relative price of fuel is measured by the difference of the 

first difference of the natural logarithms of the nominal price of fuel and the 

implicit price deflator. Similarly, relative price of imports is obtained by the 

difference of the first difference of the natural logarithms of nominal price of 

import and the implicit price deflator. The source is OECD Main Economic 

Indicators for the price of fuel and International Financial Statistics for the price 

of imports. 



CHAPTER V 

EMPIRICAL RESULTS AND ANALYSIS 

This chapter starts with the presentation and evaluation of the results 

from running the Kalman filter for both models, along with the identification of 

the possible subperiods with regard to the time pattern of the inflation-output 

tradeoff parameters. The empirical estimations and results for each of the 

Lucas propositions are presented next and analyzed. Finally, the findings of 

this study are compared with those of previous intra-country studies. 

United States 

Estimation of Time Varying Inflation-Output 
Tradeoff Parameters 

Model I 

Before running the Kalman filter to get time varying a's, TC'S, and X's, the 

initial values of the unknown parameters of the state space model and their 

variance-covariance matrix are estimated by using the OLS at the expense of 

the first 16 observations. The initial values of the unknown parameters and 

their variance-covariance matrix are reported in the first column of Table 1. 

By using those initial values, the Kalman filter is run under the routine of 

optimization in order to get estimates of the rest of the unknown 

parameters which are z„ 1=1,2,3., \i and G^^. The optimum values of these 

unknown parameters are found in the second column of Table 1. As seen from 
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TABLE 1 

Initial and Optimum Values for the Unknown 
Parameters Used in Kalman Filter Estimation 

Model I, United States 
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o(^=-0.0137 
TCo= 0.8292 
X^= 0.6496 

â ii= 0.00000374 
(3^22=0.00786100 
0̂ 33= 0.00066440 
ai2 =-0.00015300 
ai3 = 0.00001560 
0*23 = 0.00000390 
o^, = 0.00198000 

To = 0.982 
Ti = 0.983 
-Cg = 1.000 

G^, = 0.003106 
LL =3.578120 

Table 1, the optimum values of all three AR(1) coefficients of the transition 

equations are fairly close to unity, while the optimum value of the scaler [i is 

significantly greater than zero. Essentially, all of these optimum values indicate 

that there is time variation on the parameters a, TC, and X to some extent. 

Once given the optimum and initial values of the unknown parameters 

and their variance-covariance matrix, we again ran the Kalman filter from 1967:1 

to 1987:IV to obtain the unconditional time varying parameter estimates. Table 

2 reports the estimates of three time varying parameters a, TC, and X. The 

estimates of all three coefficients are found to be sufficient to satisfy the 

model's restrictions. In all cases, the estimate of a satisfies its restriction a<0. 

Only in eight cases, the estimate of the inflation-output tradeoff parameter TC 



65 

TABLE 2 

Time Varying Parameter Estimates 
Model I, United States 

Entry CC, TC. K 

67:1 
67:11 
67:111 
67:IV 
68:1 
68:11 
68:111 
68:IV 
69:1 
69:11 
69:111 
69:IV 
70:1 
70:11 
70:111 
70:IV 
71:1 
71:11 
71:111 
71:IV 
72:1 
72:11 
72:111 
72:IV 
73:1 
73:11 
73:111 
73:IV 
74:1 
74:11 
74:111 
74:IV 
75:1 
75:11 
75:111 
75:IV 
76:1 

-0.012518488792 
-0.008542501860 
-0.008370595326 
-0.010459844408 
-0.009824456843 
-0.010689479871 
-0.009245112955 
-0.013825784152 
-0.015236001749 
-0.016918986727 
-0.016988497896 
-0.017765216089 
-0.002659822241 
-0.006794184088 
-0.004544459123 
-0.015362812257 
-0.015484972165 
-0.017463472094 
-0.016887615674 
-0.016899402133 
-0.018289069710 
-0.015670684352 
-0.015633779212 
-0.015872642847 
-0.015877086947 
-0.019074291083 
-0.018420896401 
-0.015220187767 
-0.012613459977 
-0.012483424048 
-0.017884633851 
-0.022822316848 
-0.032512692981 
-0.031585338666 
-0.026424877260 
-0.026950253527 
-0.028995489000 

0.8740181989751 
0.7238507782002 
0.7045450785011 
0.7340194445274 
0.6690836911761 
0.7531466087243 
0.7002656504178 
0.8402647957200 
0.9573983398716 
1.0019094215397 
0.9811169328251 
1.0117646935079 
0.1793308253048 
0.1912359711803 
0.2242336999028 
0.6891535187410 
0.7096218403730 
0.7195239850833 
0.7044764004071 
0.7045071457417 
0.8119761907306 
0.9386328884815 
0.9175325338041 
0.9382381217301 
0.9402025934455 
1.0263951073809 
0.9997118663141 
0.7864087045216 
0.6900957011402 
0.6418367502179 
0.6026624967795 
0.6548827676975 
1.0894661776103 
1.0441287191064 
0.7508190844441 
0.8453487772789 
1.0832810590008 

0.9303798220106 
0.9558427494599 
0.9537857567196 
0.9150621115748 
0.9006963307532 
0.9261412281015 
0.9432659744166 
0.8861564160889 
0.9113240579445 
0.8857556251914 
0.8744840652637 
0.8721658399102 
0.7961553356659 
0.7837312252984 
0.7691708587935 
0.7420170375200 
0.7413744603960 
0.6905804428200 
0.6931492541006 
0.6937634484419 
0.6969563871174 
0.8998274060567 
0.8824624885928 
0.8941263433644 
0.8993684561285 
0.8211336844215 
0.8261630644460 
0.8019420141018 
0.8230225171994 
0.8086406069672 
0.6945832285647 
0.7136048630830 
0.7486942690735 
0.7643445130127 
0.7722750964052 
0.7787173385668 
0.8263852663011 
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Entry a, TC, \ 

76:11 
76:111 
76:IV 
77:1 
77:11 
77:111 
77:IV 
78:1 
78:11 
78:111 
78:IV 
79:1 
79:11 
79:111 
79:IV 
80:1 
80:11 
80:111 
80:IV 
81:1 
81:11 
81:111 
81:IV 
82:1 
82:11 
82:111 
82:IV 
83:1 
83:11 
83:111 
83:IV 
84:1 
84:11 
84:111 
84:IV 
85:1 
85:11 
85:111 
85:IV 
86:1 

-0.022929609336 
-0.020577055526 
-0.019437961940 
-0.019963806162 
-0.018162750677 
-0.016756381775 
-0.021650528188 
-0.021267897019 
-0.017447801222 
-0.016937074711 
-0.016400814625 
-0.018229459790 
-0.018620780962 
-0.019298419146 
-0.019194618582 
-0.018584991301 
-0.024606616249 
-0.025226919153 
-0.021296021592 
-0.022513135185 
-0.018322593464 
-0.017807730696 
-0.022799742856 
-0.022494018181 
-0.022308219287 
-0.023798257385 
-0.023448881480 
-0.023668152008 
-0.025263093943 
-0.024288002538 
-0.023954394071 
-0.025530503688 
-0.017806442828 
-0.013989066725 
-0.012167694287 
-0.011799451201 
-0.011487874889 
-0.010975369800 
-0.010625241201 
-0.008718870939 

0.9535498453512 
0.8947163043515 
0.8176023109043 
0.8701289914451 
0.7678931388972 
0.8555872990628 
0.9954563691844 
0.9989634845987 
0.8018759900157 
0.7867874839175 
0.7502017812838 
0.7856205146983 
0.7812406744180 
0.8532550425440 
0.8464734385947 
0.8129802322428 
1.0446139596269 
0.9284995041996 
0.6853458738886 
0.7688252001111 
0.6643559437221 
0.6153355106007 
0.8010506644947 
0.7920674914471 
0.8002000278540 
0.8961796327721 
0.8592586504088 
0.8701181872889 
0.9612577755542 
0.9626341618689 
0.9540681694473 
1.0785725628033 
0.9823872674582 
0.8724814056624 
0.8034617406567 
0.7949448568226 
0.7780927452750 
0.7764624954297 
0.7597310028880 
0.7516427082934 

0.8912854184813 
0.9080273440537 
0.8995686954092 
0.9125269506200 
0.8977546356822 
1.0228683585644 
0.9415044222225 
0.9525841550670 
0.9417823424342 
0.9515283524364 
0.9421492691343 
0.8957592149915 
0.8811006309341 
0.8957340149352 
0.8936608875058 
0.8919651110679 
0.8545397139675 
0.8646851575852 
0.8562405389188 
0.8705532376849 
0.9168500638351 
0.9088644725441 
0.9086633041323 
0.9107132339771 
0.8574594318994 
0.8915475124290 
0.8518237252852 
0.8358252537955 
0.8213049459228 
0.8084800780597 
0.8093290419511 
0.8264229888525 
0.9415993949348 
0.9763272711449 
0.9860462083226 
0.9918583276595 
0.9932080327036 
1.0054945812596 
1.0083452449655 
1.0587768142277 
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Entry 

TABLE 2 (continued) 

Ot TC, X, 

86: 
86: 
86 
87 
87 
87 
87 

II 
III 
IV 
1 
II 
:lll 
:IV 

-0.011906674904 
-0.013403704084 
-0.007631958849 
-0.007182314509 
-0.006642910395 
-0.006362243204 
-0.005871817161 

0.8903458393391 
0.9049152145538 
0.6091788599220 
0.5490163024918 
0.5582738403566 
0.5488043235154 
0.5724573664085 

1.0435416579673 
1.0196497898283 
1.0013769270110 
0.9887727256933 
1.0139840027959 
1.0213851619357 
1.0691646069053 

does not fulfill its restriction 0<TC<1. It is positive, but slightly greater than unity 

in those cases. For the coefficient X, we find ten cases wherein the absolute 

value of X is greater than unity, complying with its restriction. 

By judged 2n'''̂ ^=0.218, the autocorrelations of the heteroscedasticity 

corrected one period ahead residuals appear to be fairiy small and therefore 

show no evidence about inadequacy of the model. The autocorrelation terms of 

the residuals are reported in Table A l . In addition, the null hypothesis that 

states no autocorrelations in the residuals was rejected at the 5 percent level, 

which indicates the appropriateness of the model specification. The Ljung-Box 

0 statistics are Q(8)=8.49, 0(16)=14.36, Q(24)=22.92, and Q(32)=28.84. 

As seen from Table 2, time variation on the inflation-output tradeoff 

coefficient is in fact significant. The estimated coefficients range 

from a minimum of 0.1793 (in 1970:1) to a maximum of 1.089 (in 1975:1). More 

specifically, when the time pattern of this parameter is examined, 10 distinct 
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TABLE 3 

Descriptive Statistics Related to Time Varying 
Parameters, Model I, United States 

Mean® 

Standard Error® 

Variance® 

Minimum® 

Maximum® 

67:I-69:IV 

70:1-70:111 

70:IV-71:IV 

72:1-73:111 

73:IV-74:IV 

75:1-80:111 

80:IV-81:III 

81:IV-84:III 

84:IV-86:HI 

86:IV-87:IV 

a, 

-0.016930 

0.006290 

0.000039 

-0.032512 

-0.002659 

-0.012530 

-0.004667 

-0.016420 

-0.016976 

-0.016200 

-0.021815 

-0.019984 

-0.022445 

-0.011385 

-0.006738 

TC, 

0.8005 

0.1769 

0.0313 

0.1793 

1.0895 

0.8292 

0.1982 

0.7054 

0.9389 

0.6752 

0.8852 

0.6835 

0.9025 

0.8074 

0.5675 

\ 

0.8827 

0.0917 

0.0084 

0.6906 

1.0692 

0.9129 

0.7830 

0.7122 

0.8457 

0.7684 

0.8839 

0.8881 

0.8699 

1.0337 

1.0189 

compute(d from the whole period, 1967:1-1987:4 

subperiods could be easily identified. Thus, the whole period could be split into 

10 subperiods for illustrative purposes. The computed means of all three 

parameters for the 10 subperiods are given in Table 3. In regard to the 
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mean values, the worst deterioration in the U.S. inflation-output tradeoff 

parameter occurs from the first subperiod 1967:1-1969:IV with the mean value 

of 0.829 to the second subperiod 1970:1-1970:111 with the mean value of 0.198. 

However, in the subsequent subperiod 1970:IV-1971:IV, significant 

improvement is observed on the tradeoff parameters; the mean value 

increases from 0.1982 to 0.7054. A similar improvement also occurs from the 

third subperiod 1970:IV-1971:IV to the fourth subperiod 1972:1-1973:111. Another 

deterioration occurs from the fourth subperiod 1972:1-1973:111 to the fifth 

subperiod 1973:IV-1974:IV; the mean value decreases from 0.939 to 0.675. 

Finally, a similar pattern is also observed from the period 1984:IV-1986:111 with 

0.807 to the period 1986:IV-1987:IV with 0.568. 

Model II 

Table 4 shows the initial and optimum values of the unknown parameters 

and variance-covariance matrix being used in state space model II with ^ 1 . In 

terms of optimum values, there are no significant differences between both 

models. As in the previous model, the optimum values again indicate that there 

is some degree of variation on both a and TC. 

The Kalman filter estimates of a and TC for the period 1967:1-1987:IV are 

reported in Table 5. Even though the magnitude of the estimates of the 

inflation-output tradeoff parameters differs from that of model I, the time 

patterns of the estimated inflation-output tradeoff parameters are almost the 



70 

TABLE 4 

Initial and Optimum Values for the Unknown 
Parameters Used in Kalman Filter Estimation 

Model II, United States 

ao=-0.0105 
TCo= 0.8660 

0̂ 11= 0.00000599 
cĵ 22= 0.01493210 
a,2 =-0.00027941 
â e = 0.00293000 

To = 0.9927 
Ti = 0.9889 

(j^ = 0.003200 
|i =3.031865 

same. However, the time variation on the estimated parameters is found to be 

generally higher than that on the parameter estimates in model I, as expected. 

So the coefficient estimates of the inflation-output tradeoff range from a 

minimum of 0.133 (in 1970:1) to a maximum of 1.33 (in 1976:1). In terms of 

satisfying the coefficient restrictions, this model is unsuccessful when compared 

to model I. There are seventeen cases where TC does not fulfill its restriction. 

In all seventeen cases, the estimate of TC is greater than one. However, in all 

cases, the estimate of a satisfies its restriction. 

Table A2 presents the residual autocorrelations of this model. In 

comparing each autocorrelation term with 0.23, there is no strong evidence 

about inadequacy of the model. Yet, when we compare the autocorrelation 

terms of this model with those of model I, we see that the autocorrelations of 

this model tend to be higher than those of the model I. In addition, the Ljung-

Box Q test statistics yield similar results. The appropriateness of the model is 
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TABLE 5 
Time Varying Parameter Estimates 

Model II, United States 

Entry ^ ^ 

67: 
67: 
67: 
67: 
68: 
68. 
68: 
68 
69 
69 
69 
69 
70 
70 
70 
70 
71 
71 
71 
71 
72 
72 
72 
72 
73 
73 
73 
73 
74 
74 
74 
74 
75 
75 
75 
75 
76 
76 

1 
II 
III 
IV 
1 
II 
III 
IV 
1 
II 
III 
IV 
1 
II 
III 
IV 
•1 

-II 
:lll 
:IV 
:l 
:ll 
:lll 
:IV 
:l 
:ll 
.III 
:IV 
:l 
:il 
:lll 
:IV 
:l 
:ll 
:lll 
:IV 
:l 
:ll 

-0.011194285989 
-0.008162730600 
-0.007716485493 
-0.010807627945 
-0.009051506211 
-0.010600048471 
-0.010471653772 
-0.017948403247 
-0.018818742451 
-0.021689349744 
-0.022078340498 
-0.021107641752 
-0.005039646039 
-0.007369460576 
-0.004543108577 
-0.015330690549 
-0.016558800675 
-0.019680294275 
-0.018829375693 
-0.016343769116 
-0.018885204669 
-0.018686407555 
-0.018749267062 
-0.017483464585 
-0.016214839740 
-0.020566211498 
-0.023454239286 
-0.018914941897 
-0.018537915081 
-0.018380677019 
-0.021728541760 
-0.023546596163 
-0.028993654140 
-0.032364309744 
-0.028147216105 
-0.029426566962 
-0.032289690239 
-0.026059936265 

0.8850010836737 
0.7471792557889 
0.6918577950866 
0.7602428907535 
0.6184287101859 
0.7190253179365 
0.7093682792154 
0.9832315883441 
1.0450464061756 
1.1341719857383 
1.1162429248846 
1.0650516794995 
0.1332475755554 
0.1569715801251 
0.2393132720751 
0.7501094651152 
0.8498341135636 
0.9003253667249 
0.8843037168629 
0.7788566757308 
0.9542899132617 
1.0814945293582 
1.0324481765272 
0.9546839889114 
0.8832009281947 
0.8892310350442 
0.9636288702181 
0.6913789058281 
0.6750823384222 
0.6603882580963 
0.5457048283730 
0.5630483121121 
0.8222034085967 
1.2426732350837 
0.9875410569504 
1.1175027800090 
1.3338800850347 
1.1594546936207 
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TABLE 5 (continued) 

Entry ^ TC, 

76:111 
76:IV 
77:1 
77:11 
77:111 
77:IV 
78:1 
78:11 
78:111 
78:IV 
79:1 
79:11 
79:111 
79:IV 
80:1 
80:11 
80:111 
80:IV 
81:1 
81:11 
81:111 
81:IV 
82:1 
82:11 
82:111 
82:IV 
83:1 
83:11 
83:111 
83:IV 
84:1 
84:11 
84:111 
84:IV 
85:1 
85:11 
85:111 
85:IV 
86:1 
86:11 

-0.023390732796 
-0.021203768506 
-0.021694834510 
-0.018257826317 
-0.020596795508 
-0.024444285311 
-0.024388636150 
-0.018732768381 
-0.018682249807 
-0.017524658351 
-0.020002556925 
-0.021236134388 
-0.023637839349 
-0.023399137188 
-0.023512341357 
-0.029214833279 
-0.028835410870 
-0.024926089741 
-0.026113539930 
-0.020691041857 
-0.020415403824 
-0.023620065010 
-0.021563755223 
-0.018351826335 
-0.019066676341 
-0.013777722537 
-0.012669896962 
-0.018195500491 
-0.017377692044 
-0.015594234538 
-0.015992803304 
-0.014253049150 
-0.013208258559 
-0.012211598756 
-0.012119519434 
-0.012015990788 
-0.011747444500 
-0.011412562721 
-0.009431816666 
-0.012101060166 

1.0835096665867 
0.9345001004663 
0.9651694094341 
0.7801434507094 
0.9848788237208 
1.0969170721551 
1.1078609923092 
0.8101761871942 
0.7946637236128 
0.7179893499200 
0.7199572296406 
0.7208239218714 
0.8712445949928 
0.8594774263806 
0.8672543815340 
1.0936253020541 
1.0203566488507 
0.7824162795570 
0.8527739762990 
0.6972509218859 
0.6767676791135 
0.8058014252714 
0.7074990023109 
0.7056122496546 
0.7357686117845 
0.5445908359467 
0.6531295662805 
1.0541124247676 
1.0684958236991 
0.9477927411519 
0.9653300230150 
0.9281922533496 
0.8854429406651 
0.8393289310095 
0.8301737248397 
0.8203562342739 
0.8231735972878 
0.8059532319022 
0.7837534403614 
0.9141071299536 
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TABLE 5 (continued) 

Entry 

86:111 
86:IV 
87:1 
87:11 
87:111 
87:IV 

Ot 

-0.014012352547 
-0.007716321928 
-0.007172950366 
-0.006839446283 
-0.006543411393 
-0.006455190002 

T^ 

0.9581126921802 
0.6187136284647 
0.5495352825431 
0.5647786852541 
0.5579524580426 
0.6146172636693 

not rejected at the 5 percent level with Q(8)=8.50 and 0(16)=18.93, but it is 

rejected at the same significance level with Q(24)=37.68 and Q(32)=45.32. 

By investigating the time pattern of the inflation-output tradeoff 

parameter, the whole period is divided into 11 subperiods and the simple 

average value of the tradeoff parameters for each subperiod is computed. 

These statistics are presented in Table 6. As seen from the last column of 

Table 6, the mean values of the subperiods are similar to those in model I; the 

lowest mean of TC is 0.177 in the subperiod 1970:1-1970:111; whereas the highest 

one is 1.06 in the subperiod 1975:11-1978:1. 

The findings from both models on the variability of the U.S. inflation-

output tradeoff parameter are not consistent with those of Abrams et al. (1983). 

As was previously noted, applying the stochastically varying parameter 

estimation technique of Swamy and Mehta (1975) to the U.S. from 1957:1 to 

1976:1, Abrams et al. found no evidence which supported the hypothesis that TC 

was time varying in a period-by-period sense. There are three possible 

explanations for the difference between this study's and Abrams et al.'s 
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TABLE 6 

Descriptive Statistics Related to Time 
Varying Parameters 

Model I, United States 

Mean® 

Standard Error® 

Variance® 

Minimum® 

Maximum® 

67:I-69:IV 

70:1-70:111 

70:IV-71:IV 

72:1-73:111 

73:IV-75:I 

75:11-78:1 

78:11-80:1 

80:11-81:1 

81:11-83:1 

83:11-86:111 

86:IV-87:IV 

cq 

-0.017739 

0.006588 

0.000043 

-0.032364 

-0.004543 

-0.014137 

-0.005650 

-0.017349 

-0.019149 

-0.021683 

-0.02&188 

-0.020841 

-0.027272 

-0.018769 

-0.013548 

-0.006945 

T̂ t 

0.83149 

0.21504 

0.04624 

0.13324 

1.33388 

0.87290 

0.17651 

0.83269 

0.96557 

0.65963 

1.06616 

0.79519 

0.93729 

0.69080 

0.90174 

0.58112 

computed from whole period, 1967:1-1987:IV 
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findings: (1) The estimation technique used in this study significantly differs 

from Abrams' et al. As was discussed in Chapter IV, the estimation technique 

in this study, based on the Kalman filter, always provides optimal estimates 

whenever OLS does. On the other hand, there is no question about efficiency 

on the estimates of this study. However, there is no guarantee that the 

stochastically varying parameter estimation technique of Swamy and Mehta 

provides optimal estimates whenever OLS does. Unfortunately, it is possible to 

estimate the inefficient and/or biased coefficients under that technique. (2) The 

model specifications of this study also differ from theirs. In their specification, 

they allowed the parameters to stochastically deviate around the mean. This 

specification is too restrictive. In this study, the parameters of the regressions 

are allowed to systematically vary over time. (3) The time period covered by 

both studies also differs. While their study covers the period from 1957:1 to 

1976:11, this study covers the period from 1967:1 to 1987:IV. 

The Effects of the Variances of Aggregate Demand 
Disturbances on the Inflation-Output Tradeoff 

Parameters under the Assumption of Zero Variance 
of Aggregate Supply Disturbances 

Model I 

The OLS results with the correction of serially correlated error terms of 

the equation (PI) are reported in Table 7. The estimate of ao is positive and 

statistically significant in all regressions at the 1 percent level. The estimated 
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TABLE 7 

The Effects of the Variances of Aggregate Demand Disturbances on 
Inflation-Output Tradeoff Parameters, 1967:11-1987:IV, 

Model I, United States 
(t-statistics in parentheses) 

Number of quarters on 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

— 

ao 

0.887"* 
(22.8) 

0.866"* 
(21.9) 

0.879 *" 
(20.1) 

0.878 *" 
(18.6) 

0.927 *" 
(16.3) 

0.900 *" 
(16.1) 

0.877 *" 
(15.0) 

0.885 "* 
(13.8) 

*** 

0.897 
(12.9) 

0.891 *" 
(12.6) 

0.867 *" 
(12.2) 

0.840 *" 
(11.6) 

ai 

-754.20 *" 
(4.50) 

-558.98 *" 
(3.67) 

-649.43 *" 
(3.55) 

-633.64 *" 
(2.92) 

-1022.32*" 
(4.00) 

-789.28*" 
(3.02) 

-606.58 " 
(2.07) 

-666.98" 
(2.02) 

-756.13" 
(2.06) 

-712.46" 
(1.89) 

-524.02 
(1.33) 

-321.27 
(0.76) 

R̂  

0.523 

0.488 

0.487 

0.461 

0.501 

0.464 

0.434 

0.431 

0.431 

0.426 

0.415 

0.407 

significant at 0.01 level, 
significant at 0.05 level. 
significant at 0.10 level. 
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coefficient of the moving variances of the aggregate demand disturbances is 

found to be negative, as expected, and statistically significant at least at the 5 

percent level in all except the last two regressions, indicating a strong and 

negative relationship over time between the inflation-output tradeoff parameter 

and the variance of the aggregate demand disturbances. Interestingly, it is 

observed that the effect of the variances of the aggregate demand disturbances 

on the inflation-output tradeoff parameter is significant at the 1 percent level 

when the number of quarters constructing cĵ x̂,t 'S between 4 and 9. If it is 

between 10 and 13 quarters, the effect becomes significant at the 5 percent 

level. Besides the statistically significant and negative effect of the variances of 

the aggregate demand disturbances, the effect of the variances on the inflation-

output tradeoff parameter reaches a maximum when the number of quarters 

constructing the variance of aggregate demand disturbances is 8. The 

estimated coefficient of that measure is -1022.32, implying that the U.S 

inflation-output tradeoff parameter would decrease by 11 percent if the variance 

of aggregate demand disturbances increases from 0 to 0.0001. 

Model II 

Table 8 summarizes the OLS results of the equation (PI) for model II. 

Even though the estimated coefficients of this model still suggest a strong and 

negative association between the inflation-output tradeoff parameter and the 

variance of aggregate demand disturbances, the statistical significance level of 
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TABLE 8 

The Effects of the Variances of Aggregate Demand Disturbances 
on Inflation-Output Tradeoff Parameters, 1967:11-1987:IV, 

Model II, United States 
(t-statistics in parentheses) 

Number of quarters 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

ao 

0.917'" 
(16.4) 

0.899 ••• 
(16.3) 

0.912 ••• 
(15.4) 

0.896 ••" 
(14.5) 

0.976 ••• 
(13.2) 

0.973 ••• 
(13.0) 

0.940 •*• 
(12.5) 

0.921 ••• 
(11.7) 

*** 

0.939 
(11.1) 

0.945 *" 
(10.9) 

0.963 *" 
(10.6) 

0.898 *" 
(10.1) 

ai 

-749.03 *" 
(3.53) 

-571.08 *" 
(3.07) 

-672.08 *" 
(2.98) 

-533.96* 
(1.98) 

-1160.02*" 
(3.70) 

-1113.79*" 
(3.55) 

-848.89 " 
(2.39) 

-703.66* 
(1.76) 

-838.50 * 
(1.90) 

-875.26 * 
(1.93) 

-1008.98" 
(2.10) 

-517.60 
(1.02) 

R̂  

0.507 

0.491 

0.487 

0.457 

0.510 

0.504 

0.467 

0.450 

0.453 

0.453 

0.456 

0.437 

-

*" significant at 0.01 level. 
significant at 0.05 level. 

* significant at 0.10 level. 
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the negative association is generally lower than that in model I. The constant 

term is found to be positive and significant in all 12 regressions at the 1 percent 

level. The estimated coefficient of the aggregate demand variance is negative 

and significant in 5 regressions at the 1 percent level, in 2 regressions at the 5 

percent level and in 4 regressions at the 10 percent level. It is negative but 

insignificant in the last regression at any acceptable level. As in model I, the 

effect of the variance of the aggregate demand disturbances on the inflation-

output tradeoff is at a maximum when the number of quarters constructing the 

variance of the demand shocks is 8. The estimated coefficient of the aggregate 

demand variance under this measure is -1160 which is consistent with the 

estimated coefficient of model I. 

According to the OLS results of both models, the U.S. evidence provides 

strong support for the first hypothesis of negative association between the 

inflation-output tradeoff parameter and the variability of the aggregate demand 

disturbances. These findings are consistent with those of Katsimbris 

(1989,1990), Cover (1989) and Cutler (1988), but they are in sharp contrast 

with the findings of Abrams et al. (1983) and Froyen and Waud (1980). 
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TABLE 9 

The Effects of the Variances of Aggregate Demand and Supply 
Disturbances on Inflation-Output Tradeoff Parameters, 

1967:11-1987:IV, Model I, United States 
(t-statistics in parentheses) 

Number of quarters on 
2 2 

^ AX,t' ^ AEP.t 

(4,4) 

(5,5) 

(6,6) 

(7,7) 

(8,8) 

(9.9) 

(10,10) 

(11,11) 

(12,12) 

(13,13) 

(14,14) 

(15,15) 

bo 

0.904 *" 
(22.2) 

0.874 *" 
(20.4) 

0.881 *" 
(18.3) 

0.909 *" 
(17.6) 

*** 

0.988 
(16.5) 

0.929 *" 
(14.7) 

0.912*" 
(13.6) 

0.959 *" 
(12.9) 

1.034 *" 
(11.4) 

*** 

0.957 
(11.0) 

0.916*" 
(10.4) 

0.889 *" 
(9.91) 

bi 

-772.67 *" 
(4.63) 

-566.31 *" 
(3.70) 

*** 

-651.04 
(3.53) 

-669.20 *** 
(3.11) 

-1076.35*" 
(4.33) 

-813.08*" 
(3.10) 

-646.68 *** 
(2.21) 

-768.50 ** 
(2.35) 

-1089.35*** 
(2.82) 

-800.16" 
(2.10) 

-577.75 
(1.46) 

-381.17 
(0.90) 

b̂  

-4.59 
(1.2) 

-1.94 
(0.45) 

-0.653 
(0.01) 

-6.67 
(1.22) 

-12.99" 
(2.11) 

-6.76 
(0.92) 

-7.02 
(0.96) 

-14.62* 
(1.78) 

-22.50 " 
(2.27) 

-13.32 
(1.31) 

-10.47 
(0.96) 

-10.48 
(0.92) 

R̂  

0.531 

0.489 

0.484 

0.470 

0.527 

0.469 

0.440 

0.452 

0.466 

0.438 

0.422 

0.414 

*" significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 



81 

The Effects of the Variances of Aggregate 
Demand and Supply Disturbances on the 

Inflation-Output Tradeoff Parameters 
Model I 

The OLS results of the equation (P2), which includes the variances of 

the energy price measure as a proxy for the variances of the aggregate supply 

disturbances and the variances of the aggregate demand disturbances, are 

reported in Table 9. Once again, the association between the inflation-output 

tradeoff coefficient and the variability of the nominal aggregate demand 

disturbances is found to be negative and statistically significant in all except the 

last two regressions. Moreover, the findings on the relationship between the 

inflation-output tradeoff parameter and the variability of the nominal aggregate 

demand disturbances are the same as those in equation (PI) in terms of 

magnitudes and time patterns of the coefficients. The estimated coefficient of 

the variance of the aggregate demand disturbances does not show any 

significant change when the variance of energy price measure enters into 

equation (P2). This is an indication that the previous coefficient estimates do 

not suffer from the exclusion of the energy-related supply side effects. This 

time the peak effect of the variances of the demand growth occurs when the 

number of quarters on the moving variances is 12. The value of the coefficient 

estimate is -1089, which is also comparable to the previous estimate. 

On the other hand, the estimated coefficient of the variability of the 

aggregate supply shocks is negative in all regressions, but only in three 



TABLE 10 

The Effects of the Variances of Aggregate Demand and Supply 
Disturbances on Inflation-Output Tradeoff Parameters, 

1967:11-1987:IV, Model I, United States 
(t-statistics in parentheses) 
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Number of quarters 

(4,4) 

(5,5) 

(6,6) 

(7,7) 

(8,8) 

(9,9) 

(10,10) 

(11,11) 

(12,12) 

(13,13) 

(14,14) 

(15,15) 

bo 

*** 

0.904 
(21.8) 

0.853 ••• 
(19.4) 

• ** 

0.884 
(18.7) 

0.905 *" 
(17.0) 

0.950 *" 
(15.2) 

0.905 *" 
(14.9) 

0.885 *" 
(13.7) 

0.888 *" 
(12.7) 

0.910*" 
(11.7) 

0.929 *" 
(10.9) 

0.919*" 
(10.6) 

0.871 *" 
(10.1) 

bi 

-744.57 *" 
(4.44) 

-562.31 *" 
(3.67) 

-644.83 *" 
(3.50) 

-607.23 *" 
(2.75) 

-1015.51 *" 
(3.92) 

-787.57 *" 
(2.99) 

-607.22 " 
(2.05) 

-667.98 " 
(2.00) 

-772.72 " 
(2.07) 

-797.00 " 
(2.05) 

-623.78 
(1.52) 

-382.00 
(.88) 

b2 

-39.52 
(1.30) 

26.02 
(0.75) 

-10.97 
(0.31) 

-52.64 * 
(1.66) 

-38.42 
(1.14) 

-8.16 
(0.22) 

-12.96 
(0.33) 

-3.99 
(0.09) 

-16.36 
(0.36) 

-39.13 
(0.79) 

-55.47 
(1.07) 

-31.84 
(0.69) 

R̂  

0.533 

0.492 

0.485 

0.478 

0.501 

0.465 

0.434 

0.431 

0.432 

0.430 

0.421 

0.410 

' 1 

significant at 0.01 level, 
significant at 0.05 level. 
significant at 0.10 level. 
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regressions this negative relationship is statistically significant at the 10 percent 

level. Moreover, the size (in terms of the absolute value) of the effect of the 

supply variability on the inflation-output tradeoff parameter is small on the 

average, when compared to the demand variability even though it is assumed 

that the relationship between the two is statistically significant. The maximum 

effect of the variability of the supply disturbances on the inflation-output tradeoff 

occurs when the moving variances of the disturbances are produced on the 

lags of 12 quarters. The estimated coefficient of this measure is -22.5; thus, 

under the assumption of the zero variance of the aggregate demand shocks, 

the inflation-output tradeoff parameter would decrease by 22 percent when the 

variance of the aggregate supply disturbances increases from 0 to 0.01. 

When the variance of the import price measure is proxied to the 

aggregate supply variance in place of the variance of the energy price measure, 

and is entered into regression equation (P2), the variance of the import price 

measure does not add anything at all to fit of the regressions. Table 10 

presents the estimation results of equation (P2). The estimated coefficient of 

the variance of the import price disturbances is statistically insignificant in all 

regressions. This evidence shows that there is no relationship between the 

inflation-output tradeoff parameter and the variance of the import price 

disturbances. However, the variance of the aggregate demand disturbances 

does still have a negative and significant effect on the inflation-output tradeoff 

parameter. Moreover, the size and statistical significance level of this effect on 



TABLE 11 

The Effects of the Variances of Aggregate Demand and Supply 
Disturbances on Inflation-Output Tradeoff Parameters, 

1967:11-1987:IV, Model II, United States 
(t-statistics in parentheses) 
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Number of quarters 
2 2 

(4,4) 

(5,5) 

(6,6) 

(7,7) 

(8,8) 

(9,9) 

(10,10) 

(11,11) 

(12,12) 

(13,13) 

(14,14) 

(15,15) 

bo 

0.943 *" 
(16.7) 

0.912*" 
(15.8) 

*** 

0.914 
(14.2) 

0.934 *" 
(14.1) 

*** 

1.060 
(14.2) 

1.050 *" 
(13.8) 

0.998 *" 
(12.2) 

*** 

1.020 
(12.3) 

*** 

1.110 
(10.0) 

1.040*" 
(9.78) 

*** 

1.03 
(9.33) 

0.953 *" 
(8.71) 

bi 

-769.45 *" 
(3.66) 

-577.81 *" 
(3.09) 

-672.23 *" 
(2.96) 

-571.83 ** 
(2.14) 

*** 

-1212.37 
(4.02) 

-1161.67*" 
(3.81) 

-884.43 " 
(2.54) 

-819.90** 
(2.09) 

-1231.14*** 
(2.66) 

-995.42 ** 
(2.18) 

-1039.32" 
(2.17) 

-575.31 
(1.13) 

b2 

-7.28 
(0.15) 

-3.38 
(0.62) 

-0.48 
(0.08) 

-8.18 
(1.18) 

-17.80" 
(2.36) 

-17.51 " 
(2.17) 

-12.53 
(1.43) 

-18.34* 
(1.88) 

-26.75 " 
(2.30) 

-17.59 
(1.47) 

-13.96 
(1.06) 

-11.72 
(0.87) 

R2 

0.521 

0.493 

0.487 

0.465 

0.541 

0.530 

0.479 

0.473 

0.487 

0.467 

0.463 

0.442 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 
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the inflation-output tradeoff parameter are almost identical to those in all 

previous regression equations. 

Model II 

Table 11 reports the OLS estimation results of equation (P2) when the 

variance of energy price disturbances is used as a proxy for the variance of the 

aggregate supply disturbances. Once more the relationship between the 

inflation-output tradeoff parameter and the variance of the aggregate demand 

disturbances is found to be inverse and statistically significant in all regressions 

except the last one at the 5 percent level. This negative association is also 

found to be statistically stronger than that suggested by Table 9; the inclusion 

of the variances of energy price disturbances into the tradeoff parameter 

equation makes the statistical significance level of the estimated parameter b̂  

stronger. 

On the other hand, the estimated coefficient of the variance of energy 

price disturbances is negative in all regressions. But, it is significant only in four 

regressions at the 10 percent level. As in model I, the magnitude of the 

estimated coefficients is fairly small compared to that of the coefficients of the 

aggregate demand variances. The OLS results of this model indicate that the 

effect of the aggregate supply variance on the inflation-output tradeoff 

parameter is negative, but not very significant. 



TABLE 12 

The Effects of the Variances of Aggregate Demand and Supply 
Disturbances on Inflation-Output Tradeoff Parameters, 

1967:11-1987:IV, Model II, United States 
(t-statistics in parentheses) 
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Number of quarters 

^^ ^ AX,V ^ AlP.t 

(4,4) 

(5,5) 

(6,6) 

{7,7) 

(8,8) 

(9,9) 

(10,10) 

(11,11) 

(12,12) 

(13,13) 

(14,14) 

(15,15) 

bo 

0.959 *" 
(16.3) 

0.915*" 
(15.6) 

0.918*" 
(14.4) 

0.919*" 
(13.5) 

0.983 *" 
(12.5) 

0.959 *" 
(12.2) 

*** 

0.924 
(11.6) 

0.895 ••• 
(10.8) 

*** 

0.924 
(10.1) 

0.983 *" 
(9.50) 

*** 

1.03 
(9.15) 

0.896 *" 
(8.91) 

bi 

-731.57 
(3.54) 

-563.14*" 
(3.02) 

-661.91 *" 
(2.92) 

-510.50* 
(1.87) 

-1156.70*" 
(3.64) 

-1117.93*" 
(3.54) 

-845.11 " 
(2.38) 

-696.42 * 
(1.75) 

-821.36 * 
(1.86) 

-961.09 " 
(2.06) 

-1140.16" 
(2.29) 

-514.13 
(1.00) 

b2 

-95.66 " 
(2.56) 

-33.52 
(0.77) 

-11.70 
(0.26) 

-42.48 
(1.07) 

-12.23 
(0.29) 

22.05 
(.49) 

23.54 
(0.49) 

37.49 
(0.75) 

18.45 
(0.34) 

-38.68 
(0.65) 

-68.50 
(1.05) 

2.27 
(0.04) 

R̂  

0.545 

0.494 

0.488 

0.464 

0.511 

0.506 

0.468 

0.454 

0.453 

0.455 

0.461 

0.437 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 
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When equation (P2) is estimated with the variance of the import price 

disturbances, the effect of the variance of the aggregate demand disturbances 

on the tradeoff parameter again is negative and significant. The estimate of b̂  

is negative in all regressions. However, it is significant in 5 regressions at the 1 

percent level, in 3 regressions at the 5 percent level, and in 3 regressions at 

the 10 percent level. Contrary to the variance of the aggregate demand 

disturbances, there is no evidence that the tradeoff parameter is influenced by 

the variability of the import price disturbances. The estimated coefficient of the 

variance of the import price disturbances is statistically insignificant in the last 

11 regressions at any acceptable level. 

Finally, the OLS results of both models suggest that the second 

proposition of a negative relationship between the inflation-output tradeoff 

parameter and the variability of the aggregate supply disturbances is not 

supported for the U.S., when the import price measure is proxied to the 

aggregate supply disturbances. However, when the energy price measure is 

proxied to the aggregate supply shocks, the results provide weak evidence for a 

supply-side effect. On the other hand, the estimated coefficients of the 

variance of aggregate demand disturbances strongly support the hypothesis of 

a negative relationship between the tradeoff parameter and the variance of the 

demand shocks. The results of this study for the second hypothesis are 

consistent with those of Cutler (1988), Katsimbris (1990) and Froyen and Waud 

(1986). 
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TABLE 13 

The Effects of the Variances of Aggregate Price Disturbances 
on Inflation-Output Tradeoff Parameters, 

1967:11-1987:IV, Model I, United States 
(t-statistics in parantheses) 

Number of quarters on 
<7 AP,t 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

Co 

*** 

0.836 
(28.2) 

0.841 *" 
(26.2) 

0.844 *" 
(24.6) 

0.849 *" 
(23.5) 

0.863 *" 
(21.2) 

0.872 *" 
(19.1) 

0.868 *" 
(18.8) 

0.875 *" 
(17.1) 

0.878 *" 
(16.1) 

0.894 *" 
(14.1) 

0.878 *" 
(14.7) 

0.851 *" 
(15.3) 

Ci 

-1059.28*" 
(5.79) 

-1164.83*" 
(5.12) 

-1247.46*" 
(4.72) 

-1352.22*" 
(4.41) 

-1705.59*" 
(4.89) 

-1941.91*" 
(4.86) 

-1781.10*" 
(3.95) 

-1956.15*" 
(3.81) 

-2002.49 "* 
(3.54) 

-2378.90*" 
(3.75) 

-1941.05*" 
(2.90) 

-1263.32* 
(1.79) 

R̂  

0.575 

0.549 

0.532 

0.519 

0.541 

0.539 

0.501 

0.493 

0.481 

0.483 

0.455 

0.425 

significant at 0.01 level, 
significant at 0.05 level. 
significant at 0.10 level. 
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The Effects of the Variances of Aggregate 
Price Disturbances on the Inflation-Output 

Tradeoff Parameters 
Model I 

In order to test the third proposition of the Lucas model, equation (P3) is 

estimated under the OLS technique. The OLS results with the correction of 

serial correlation of the residual terms are presented in Table 13. According to 

the third column of Table 13, the estimated coefficient of the variance of the 

aggregate price disturbances is negative in all regressions, but it is significant in 

the first 11 regressions at the 1 percent level, and in the last regression at the 

10 percent level. The estimated coefficients of the variance of the aggregate 

price disturbances range from -1059 to -2378 in all regressions. Undoubtedly, 

these estimates provide strong support for the proposition that there is a 

negative relationship between the inflation-output tradeoff parameter and the 

variance of the aggregate price disturbances. In addition, the results imply that 

there should be a positive association between the variance of the aggregate 

demand and of the aggregate price disturbances. 

Model II 

When equation (P3) is estimated for this model, the same estimates and 

results are obtained, as in model I: negative and statistically significant 

coefficients. The coefficient of the variance of the price shocks is found to be 

significant in all except the last regression at the 1 percent level. When the 
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TABLE 14 

The Effects of the Variances of Aggregate Price Disturbances 
on Inflation-Output Tradeoff Parameters, 
1967:11-1987:IV, Model II, United States 

(t-statistics in parentheses) 

Number of quarters 
0" "J^P,! 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

Co 

0.872 "• 
(20.3) 

0.877 •*• 
(18.6) 

0.879 ••• 
(17.3) 

0.879 ••• 
(16.8) 

0.904 ••• 
(14.3) 

0.913 ••• 
(13.4) 

*** 

0.907 
(13.5) 

*** 

0.904 
(13.3) 

*** 

0.919 
(12.2) 

0.923 *" 
(11.9) 

0.944 *" 
(10.8) 

0.884 "* 
(12.7) 

Ci 

-1191.96*" 
(5.24) 

-1318.11 *" 
(4.62) 

-1350.82*" 
(4.03) 

-1314.39*" 
(3.32) 

-1991.17*" 
(4.49) 

-2181.14*" 
(4.30) 

-1997.76*" 
(3.49) 

-1893.09*" 
(2.94) 

-2236.94 *" 
(3.17) 

-2308.34*" 
(2.98) 

-2794.91 *" 
(3.39) 

-1298.26 
(1.51) 

R2 

0.576 

0.551 

0.527 

0.500 

0.542 

0.532 

0.502 

0.483 

0.487 

0.480 

0.489 

0.445 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 
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coefficient estimates of this model are compared with those of model I, the 

sizes of the effects of the variances on inflation output tradeoff parameters of 

model II are found to be slightly larger than those of model I. 

Again both models suggest that the U.S. evidence provides strong 

support for the third hypothesis of the Lucas model, that the response of the 

real output to the aggregate demand shocks increases (decreases) as the 

variability of aggregate price shocks decreases (increases). These findings are 

consistent with those of Jung (1985), Katsimbris (1989,1990), Cover (1987) and 

Cutler (1988), Lawrence (1983), and Froyen and Waud (1980). 

As was seen from Tables 7-14, each of the three Lucas hypotheses 

takes support from the U.S. evidence for the period 1967:1-1987:IV. The 

support for the first and last hypotheses is strong while weak support is given 

for the second one. The overall results are completely consistent with the 

findings of Jung (1985), Katsimbris (1989,1990), Cutler (1988), and Cover 

(1987) for the U.S., and partly consistent with the findings of Froyen and Waud 

(1980), and of most cross-country studies. 

In addition to the OLS estimates, the cross-regime correlation coefficients 

between n and G^'S are computed for each variables separately by using the 

estimates in Tables 15 and 16. The purpose for estimating the cross-regime 

correlation coefficients is to see whether the cross-regime comparison, widely 

used by previous studies, would provide the same results as the OLS did. 
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TABLE 15 

Cross-Regime Comparison of Estimates' 
Model I, United States 

67:I-69:IV 

70:1-70:111 

70:IV-71 :IV 

72:1-73:111 

73:IV-74:IV 

75:1-80:111 

80:IV-81:III 

81:IV-84:III 

84:IV-86:III 

86:IV-87:IV 

TC, 

0.8292 

0.1982 

0.7054 

0.9389 

0.6752 

0.8852 

0.6835 

0.9025 

0.8074 

0.5675 

<^ AX 

0.000056 

0.000744 

0.000216 

0.000050 

0.000069 

0.000128 

0.000215 

0.000126 

0.000011 

0.000053 

<^AEP 

0.000247 

0.001879 

0.000274 

0.007173 

0.000696 

0.003013 

0.002842 

0.001341 

0.020977 

0.002974 

<^AIP 

0.000099 

0.000655 

0.000679 

0.000397 

0.002810 

0.000642 

0.000828 

0.000192 

0.000193 

0.000239 

^ A P 

0.000014 

0.000575 

0.000068 

0.000252 

0.000051 

0.000016 

0.000029 

0.000012 

0.000030 

0.000014 

71, represents the mean value of the time varying inflation-output 
tradeoff parameters under the corresponding subperiod. 

Table 15 presents the cross-regime estimates of the parameters which come 

from the Kalman filter estimation of model I. For model I, the computed cross-

regime simple correlation coefficient between the mean values of n and the 

variances of the aggregate demand growth is -0.826, and is significant at the 1 

percent level. Similarly, the correlation coefficient between the mean values of 

K and the variances of the aggregate price shocks is -0.685, and is significant 

at the 5 percent level. On the other hand, the correlation coefficient between 

the mean values of K and the variances of the aggregate supply shocks is 
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TABLE 16 

Cross-Regime Comparison of Estimates' 
Model II, United States 

67:I-69:IV 

70:1-70:111 

70:IV-71:IV 

72:1-73:111 

73:IV-75:I 

75:11-78:1 

78:11-80:1 

80:11-81:1 

81:11-83:1 

83:11-86:111 

86:IV-87:IV 

71 

0.873 

0.177 

0.833 

0.966 

0.660 

1.066 

0.795 

0.937 

0.690 

0.902 

0.581 

_2 
<7AX 

0.000056 

0.000744 

0.000216 

0.000025 

0.000041 

0.000011 

0.000003 

0.000006 

0.000024 

0.000003 

0.000053 

_2 
<7AEP 

0.000247 

0.001879 

0.000274 

0.007173 

0.000788 

0.000453 

0.003457 

0.002194 

0.002547 

0.011826 

0.002974 

<̂ AIP 

0.000099 

0.000655 

0.000679 

0.000397 

0.003388 

0.000418 

0.000815 

0.000131 

0.000360 

0.000164 

0.000239 

_2 
C^AP 

0.000014 

0.000575 

0.000068 

0.000025 

0.000041 

0.000011 

0.000003 

0.000057 

0.000024 

0.000003 

0.000014 

rc, represents the mean value of the time varying inflation-output 
tradeoff parameters under the corresponding subperiod. 

Statistically insignificant regardless of the measure of the aggregate supply 

shocks. 

For model II, the cross-regime parameter estimates are reported in Table 

16. Once more the correlation coefficient between the inflation-output tradeoff 

parameters and the variances of the aggregate demand growth is negative 

(-0.80) and significant at the 1 percent level. In this model, the correlation 

coefficient between the tradeoff parameters and the variances of the aggregate 
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price disturbances is -0.80, and is significant at the 1 percent level. On the 

other hand, the estimated correlation coefficient between the mean values of 

the tradeoff parameters and the variances of the aggregate supply disturbances 

is negative, but insignificant. 

The Pearson correlation coefficients among the estimates in both models 

provide strong support for the first and last hypotheses of the Lucas model, 

whereas they do not support the second hypothesis of the Lucas model. These 

results are not consistent with the OLS results. 

United Kingdom 

Estimation of Time Varying Inflation-Output 
Tradeoff Parameters 

Model I 

The initial and optimum values of the unknown parameters and the 

variance-covariance matrix of state space model I of the U.K. are shown in 

Table 17. As seen from the second column of Table 17, the variation in all 

three coefficients of the measurement equation a, n, and X are appropriate to 

the random walk, since the estimated AR(1) parameters of the transition 

equation are almost equal to unity and also since the optimum value of |i is 

significantly different from zero. Note that if the AR(1) parameters of the 

transition equation are equal to one, while fx is equal to zero, then it can be 

concluded that there is no significant time variation on the estimated 



TABLE 17 

Initial and Optimum Values for the Unknown 
Parameters used in Kalman Filter Estimation 

Model I, United Kingdom 

95 

OQ = -0.0236 
KQ = 0.8292 
Xo= 0.6496 

(7̂ 11 = 0.000047 
(7̂ 22 = 0.092800 
0̂ 33 = 0.151670 
ai2 = 0.000813 
ai3 = 0.002270 
a23 = 0.094780 
a", = 0.004840 

1 

to = 0.998 1 
Ti = 0.998 
T2 = 0.999 

G^, = 0.004811 
î =0.49918 

1 

i 

parameters and that the fixed parameter technique such as the OLS is 

appropriate. 

Given the estimates of innovation variances and initial values of the 

unknown parameters, the Kalman filter is run from 1967:1 to 1987:IV to get the 

time varying parameter estimates of the regression equation (4.3). Table 18 

reports the Kalman filter estimates of a, TC, and X. The coefficient constraints of 

the model are satisfied in all except 10 cases for K and except 8 cases 

for X. In all 10 cases, the estimate of n is found to be larger than unity. In 7 

cases, the estimate of X is larger than unity. On the other hand, in all cases 

estimate of a is negative, fulfilling its constraints. 

Comparing the residual autocorrelations with the bound of 0.23 (=2n"''^), 

no evidence is found about any inadequacy of the this model. The 



96 

TABLE 18 

Time Varying Parameter Estimates 
Model I, United Kingdom 

Entry Ot TC. X, 

67:1 
67:11 
67:111 
67:IV 
68:1 
68:11 
68:111 
68:IV 
69:1 
69:11 
69:111 
69:IV 
70:1 
70:11 
70:111 
70:IV 
71:1 
71:11 
71:111 
71:IV 
72:1 
72:11 
72:111 
72:IV 
73:1 
73:11 
73:111 
73:IV 
74:1 
74:11 
74:111 
74:IV 
75:1 
75:11 
75:111 
75:IV 
76:1 

-0.023886435357 
-0.024380727754 
-0.021365789385 
-0.021188557899 
-0.017790315184 
-0.021501497156 
-0.020603129239 
-0.017707839442 
-0.018821949100 
-0.017426063649 
-0.018120915089 
-0.019213218485 
-0.019336539617 
-0.019563501295 
-0.019953433081 
-0.017542711514 
-0.020243709401 
-0.020252753477 
-0.019637183548 
-0.017911435485 
-0.016507558237 
-0.016713489744 
-0.017428971223 
-0.016815685168 
-0.014809462982 
-0.009996958079 
-0.012708873885 
-0.014823965550 
-0.012364619608 
-0.012401736657 
-0.012704048228 
-0.014484510728 
-0.015564346251 
-0.015478438493 
-0.019493116870 
-0.020584208866 
-0.017472890957 

0.7655368510179 
0.7503991580170 
0.6392570847588 
0.4873936680639 
0.8612832396090 
0.8078311877486 
0.9130706001339 
1.0020875127777 
0.9967559367141 
1.0893885798986 
1.0354066094671 
0.9874287036265 
0.9868600550103 
0.7063886610470 
0.6911504910508 
0.8070205521019 
0.8123137273247 
0.7760520530863 
0.8045272388893 
0.8290089843353 
0.8028213583717 
0.7602667952059 
0.7406457608614 
0.8194402192692 
0.9605622960315 
0.9757445859131 
0.7527606039842 
0.6564502851196 
0.6707437969956 
0.5236677463861 
0.5079276011535 
0.4458067054815 
0.3217374777929 
0.3279426059543 
0.2769238937924 
0.5858925012268 
0.6864967859191 

0.519071651245 
0.490110604657 
0.488147103433 
0.383812753702 
0.720901913118 
0.539762561694 
0.641965814920 
0.815184141261 
0.770092078323 
0.874799500441 
0.809596591131 
0.732836483515 
0.727291928192 
0.526606034055 
0.499782440246 
0.669082100692 
0.572909247218 
0.547696947118 
0.593081907106 
0.674912793581 
0.703327423740 
0.668620912763 
0.624750104884 
0.703767776108 
0.891545918029 
1.092077353885 
0.835241003921 
0.689078664931 
0.785449112217 
0.683129766664 
0.659490763820 
0.548361340672 
0.424183450940 
0.430638037960 
0.255521086451 
0.404835413568 
0.603207998205 
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TABLE 18 (continued) 

Entry Ot T^ K 

76:11 
76:111 
76:IV 
77:1 
77:11 
77:111 
77:IV 
78:1 
78:11 
78:111 
78:IV 
79:1 
79:11 
79:111 
79:IV 
80:1 
80:11 
80:111 
80:IV 
81:1 
81:11 
81:111 
81:IV 
82:1 
82:11 
82:111 
82:IV 
83:1 
83:11 
83:111 
83:IV 
84:1 
84:11 
84:111 
84:IV 
85:1 
85:11 
85:111 
85:IV 
86:1 

-0.015109374497 
-0.015041312722 
-0.015318832165 
-0.019480812291 
-0.019351763429 
-0.018111359506 
-0.017428413139 
-0.019345347819 
-0.015610563395 
-0.018679832874 
-0.018952065375 
-0.020149830257 
-0.020139485881 
-0.025484922184 
-0.021910793508 
-0.024449571228 
-0.029013431964 
-0.028303262393 
-0.032800435250 
-0.033367034383 
-0.035147987732 
-0.030005723840 
-0.023846159741 
-0.025460464190 
-0.026500742030 
-0.024591577849 
-0.028992926106 
-0.029863321009 
-0.027260422454 
-0.026934485881 
-0.022644118115 
-0.017841832841 
-0.017945004647 
-0.021276361449 
-0.020894472291 
-0.018816461687 
-0.013171513015 
-0.015762050584 
-0.019676094604 
-0.016469654473 

0.6985567619647 
0.7050856323777 
0.6737524399277 
0.6412849030247 
0.6598756395413 
0.6992688760768 
0.8231162009704 
0.7847733143987 
0.9728439437770 
0.9194196832910 
0.8797822994509 
0.8806157658123 
0.8813120438745 
0.7680713315896 
0.9369101896962 
0.8482646636432 
0.6780612876354 
0.4370368621842 
0.4411333823375 
0.4133559842974 
0.6544832054933 
0.9357190902581 
0.9172693976722 
0.8528651847275 
0.7421486988622 
0.8704627152535 
0.8970830802992 
1.0120829570335 
0.3793021749233 
0.4216526586769 
0.5031568261666 
0.5426075992050 
0.7594942650782 
0.6856823506009 
0.6291865763387 
0.7477346643019 
0.9142307325829 
0.8362522955858 
0.8732062026139 
1.2741793223041 

0.698149581902 
0.704402806231 
0.669510918949 
0.490732572811 
0.505992116217 
0.576669042110 
0.692754437328 
0.588097098879 
0.852078680172 
0.693220920633 
0.655274209510 
0.612471652477 
0.612603328748 
0.306545391454 
0.531810601920 
0.374970270314 
0.120554728122 
0.008517165771 
-0.10175396124 
0.008018744601 
0.272843529166 
0.743792611680 
0.984751582945 
0.873385887559 
0.753617950126 
0.913268210465 
0.763694204450 
0.789851022591 
0.366917049231 
0.385783906365 
0.548506953872 
0.705914755251 
0.871389176238 
0.688075676620 
0.678423738239 
0.816328097440 
1.121116841004 
0.970944901662 
0.862998756094 
1.211336034922 
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TABLE 18 (continued) 

Entry ô  TC< A^ 

1.4075060026111 1.444342037218 
1.4099317322083 1.286332546143 
1.0780124348038 1.022403388750 
1.0772388668272 1.021982454952 
1.0669176707987 1.001459637286 
0.9122569835244 0.868330441376 
0.9211707609208 0.968837431748 

86 
86 
86 
87 
87 
87 
87 

II 
III 
IV 
1 
II 
III 
IV 

-0.012875152039 
-0.017136320924 
-0.017778770913 
-0.017751202574 
-0.018077267581 
-0.018626314353 
-0.016096185451 

autocorrelations of the one step ahead residuals shown in Table A3 seem fairiy 

small, indicating that no serial correlation in the residuals of the model occurs. 

A similar result is obtained from the Ljung-Box Q test statistics. The null 

hypothesis of no serial correlation in the residuals is not rejected at the 5 

percent level, showing the adequacy of the specification. The Ljung-Box Q 

statistics are Q(8)=10.04, Q(16)=15.91, Q(24)=17.59 and Q(32)=19.90. 

From the third column of Table 18, the time variation on TC is found to be 

between 0.2769 (in 1975:111) and 1.409 (in 1986:11). By identifying the sharp 

changes in the estimates of TC, the whole period is divided into 10 subperiods. 

The subperiods and the mean values of all three estimates in the subperiods 

are presented in Table 19. The computed statistics indicate that the worst 

deterioration in the mean value of the inflation-output tradeoff parameters 

occurs in four subperiods. It decreases from 1.00 in the second subperiod 

1968:111-1970:1 to 0.78 in the third subperiod 1970:11-1974:1 and then to 0.400 in 
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TABLE 19 

Descriptive Statistics Related to Time Varying Parameters 
Model I, United Kingdom 

Mean* 

Standard Error® 

Variance® 

Minimum® 

Maximum® 

67:1-68:11 

68:111-70:1 

70:11-74:1 

74:11-75:111 

75:IV-77:III 

77:IV-80:I 

80:11-81:11 

81:111-83:1 

83:11-85:1 

85:II-87:IV 

^ 

-0.01983 

0.00505 

0.00003 

-0.03515 

-0.00997 

-0.02168 

-0.01875 

-0.01670 

-0.01502 

-0.01756 

-0.02020 

-0.03170 

-0.02703 

-0.02170 

-0.01667 

TC, 

0.7813 

0.2217 

0.0491 

0.2769 

1.4099 

0.7186 

1.0015 

0.7853 

0.4007 

0.6688 

0.8695 

0.5248 

0.8897 

0.5836 

1.0701 

0.6683 

0.2662 

0.0709 

-0.1075 

1.4443 

0.5236 

0.7674 

0.6924 

0.5000 

0.5817 

0.5919 

0.0616 

0.8317 

0.6327 

1.0709 

computed from the whole period, 1967:1-1987:IV 

the fourth subperiod 1974:11-1975:111. The third worst deterioration occurs from 

the sixth subperiod 1977:IV-1980:1 to the seventh subperiod 1980:11-1981:11. 

The mean value of TC declines from 0.869 to 0.525. The final deterioration 

exists from the subperiod 1981:111-1983:1 to the subperiod 1983:11-1985:1. 
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On the other hand, significant increases in the mean value of TC are observed 

from the subperiod 1967:1-1968:11 to the subperiod 1968:111-1970:1 and similarly 

from the subperiod 1983:11-1985:1 to the subperiod 1985:11-1987:IV. 

Model II 

The initial and optimum values of the unknown parameters of model II 

are reported in Table 20. As in model I, the optimum values of both coefficients 

of transition equation and of the scaler \i suggest that the time variation in both 

parameters is significant. In addition, they also show that the variability on both 

a and TC is significantly different from that on the coefficients of model I. If the 

optimum values are evaluated, a higher time variability for this model than for 

the previous model can be expected. 

Table 21 presents the estimates of a and TC for model II. Only in 14 

cases, the estimate of TC does not fulfill its constraint; in 2 cases, 1975:1 and 

1975:111, it is negative and in 12 cases, it is greater than one. On the other 

hand, the estimate of a satisfies its constraint in all cases. 

As in model I, the residual autocorrelations of this model are fairiy small. 

They are reported in Table A4. By evaluating the Ljung-Box 0 test statistics, 

we could not reject the null hypothesis that there is no serial correlation in the 

residual terms at the 5 percent level. The Ljung-Box 0 test statistics are found 

to be Q(8)=6.55, 0(16)=13.10, Q(24)=20.41 and Q(32)=28.17. Both test 

statistics indicate that there is no evidence about the inadequacy of model II. 
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TABLE 20 

Initial and Optimum Values for the Unknown 
Parameters used in Kalman Filter Estimation 

Model II, United Kingdom 

Oo = -0.0183 
TCo= 1.0482 

a^1 = 0.0000128 
â 22 = 0.0328600 
G^2 =-0.0005928 
a^, =0.0623560 

To = 0.9686 
z, = 0.9485 

(7 ,̂ = 0.006916 
î = 1.842500 

1 

From the last column of Table 22, the variability on TC is substantial, as 

expected. The maximum value of TC is 1.16 (in 1978:11) while the minimum 

value is -0.0422 (in 1975:111). If the estimates of this model are compared with 

those of model I, estimates of this model are found to be much larger than 

those of model I until 1972s, but are significantly less for later periods. In this 

model, the deterioration of the inflation-output tradeoff parameters is 

significantly worse for the subperiods 1973:11-1974:111 and 1974:IV-1975:111, 

comparing to model I. The mean value of TC is 0.02 for the period 1974:IV-

1975:111 and 0.435 for the period 1973:11-1974:111. 

Summing up for the estimates of both models, it can be argued that the 

variability on the inflation-output tradeoff parameters is serious. The findings on 

the variability issue are in complete agreement with those of Abrams et al. 

(1983) for the U.K., even though the estimation technique used in this study 

significantly differs from their technique. 



102 

TABLE 21 

Time Varying Parameter Estimates 
Model II, United Kingdom 

Entry 

67:1 
67:11 
67:111 
67:IV 
68:1 
68:11 
68:111 
68:IV 
69:1 
69:11 
69:111 
69:IV 
70:1 
70:11 
70:111 
70:IV 
71:1 
71:11 
71:111 
71:IV 
72:1 
72:11 
72:111 
72:IV 
73:1 
73:11 
73:111 
73:IV 
74:1 
74:11 
74:111 
74:IV 
75:1 
75:11 
75:111 
75:IV 
76:1 

a. 

-0.016085223838 
-0.018346787543 
-0.013995404000 
-0.009772226075 
-0.013429762293 
-0.019510114387 
-0.018887084102 
-0.018092211909 
-0.019866521007 
-0.018251455599 
-0.017806046106 
-0.017371555974 
-0.018930193722 
-0.016200090594 
-0.014806929877 
-0.015183349401 
-0.021530397196 
-0.021860302316 
-0.019893937605 
-0.020703865032 
-0.020674704944 
-0.022501313477 
-0.022662255667 
-0.023351176256 
-0.026103282673 
-0.013267841135 
-0.012856968489 
-0.011017613212 
-0.018287217226 
-0.018157078749 
-0.016098683529 
-0.011985035826 
-0.009574562925 
-0.011467417022 
-0.012749870931 
-0.024602989310 
-0.025603717906 

Tt, 

1.007409156543 
1.057580522581 
0.869635000084 
0.632870172246 
0.927612045977 
1.094907288686 
1.037568542277 
0.988834120590 
1.032049028557 
1.010854124548 
0.986064664114 
0.917663122809 
0.957994187056 
0.757308657602 
0.611145729745 
0.659096140542 
0.870924832661 
0.895733052095 
0.764575473706 
0.745624269888 
0.733244997941 
0.912652926109 
0.874720743761 
0.918473803057 
1.059302420228 
0.608917378193 
0.480595675735 
0.182284257585 
0.480463385923 
0.486760427655 
0.368187742468 
0.074744512645 
-0.04153653508 
0.087870761856 
-0.04228719397 
0.635889424375 
0.720867431686 
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TABLE 21 (continued) 

Entry 

76:11 
76:111 
76:IV 
77:1 
77:11 
77:111 
77:IV 
78:1 
78:11 
78:111 
78:IV 
79:1 
79:11 
79:111 
79:IV 
80:1 
80:11 
80:111 
80:IV 
81:1 
81:11 
81:111 
81:IV 
82:1 
82:11 
82:111 
82:IV 
83:1 
83:11 
83:111 
83:IV 
84:1 
84:11 
84:111 
84:IV 
85:1 
85:11 
85:111 
85:IV 
86:1 

CC, 

-0.023598368217 
-0.024557460461 
-0.022956127800 
-0.029487527948 
-0.029467740180 
-0.029035209597 
-0.033123024614 
-0.031401288644 
-0.034275709061 
-0.034346057602 
-0.031910133358 
-0.033316997975 
-0.033135494776 
-0.024380885962 
-0.027624256491 
-0.025904268618 
-0.025287365483 
-0.030970017475 
-0.028753256708 
-0.026582400931 
-0.022372544918 
-0.019208979364 
-0.021310676364 
-0.020606870589 
-0.016395300525 
-0.016259980381 
-0.021771239487 
-0.024022705118 
-0.011617418597 
-0.011741049924 
-0.010940394386 
-0.009285203641 
-0.014234680770 
-0.013078960357 
-0.012679626207 
-0.012868773563 
-0.012130090169 
-0.011954303643 
-0.017131764983 
-0.017179569784 

^x 

0.664648288944 
0.761849113150 
0.677065568057 
0.733374177075 
0.758316342271 
0.794771226436 
1.024569306611 
0.872571626741 
1.163480450521 
1.108687041644 
0.967591353604 
0.990106390779 
0.986545394746 
0.235661385954 
0.566796582725 
0.407385333537 
0.260175706364 
0.581761433818 
0.528246680007 
0.633642945087 
0.512131696754 
0.424270888894 
0.618150117670 
0.678212947254 
0.547270849928 
0.530548621156 
0.917006803554 
1.049880907225 
0.551715465615 
0.587661927007 
0.563612032471 
0.505527731491 
0.714940115891 
0.717902447414 
0.681935470659 
0.702665940862 
0.708882712290 
0.668704750954 
0.853633048533 
1.002396907653 
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TABLE 21 (continued) 

Entry 

86 
86 
86 
87 
87 
87 
87 

II 
III 
IV 
1 
II 
:lll 
:IV 

CC, 

-0.012261938285 
-0.014435205332 
-0.014508948501 
-0.013927966491 
-0.013803648042 
-0.012095346630 
-0.013447156133 

TC, 

0.844877994414 
0.915740879347 
0.914015226588 
0.874061071242 
0.836213382334 
0.715178069373 
0.733908103469 



TABLE 22 

Descriptive Statistics Related to Time 
Varying Parameters 

Model II, United Kingdom 
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Mean® 

Standard Error® 

Variance® 

Minimum® 

Maximum® 

67:1-70:1 

70:11-72:1 

72:11-73:1 

73:11-74:111 

74:IV-75:III 

75:IV-77:III 

77:IV-79:II 

79:III-85:IV 

86:I-86:IV 

87:I-87:IV 

a, 

-0.019650 

0.006760 

0.000046 

-0.034346 

-0.000929 

-0.016951 

-0.018851 

-0.023650 

-0.014941 

-0.011421 

-0.026215 

-0.033100 

-0.018800 

-0.014521 

-0.018836 

TC, 

0.71970 

0.26475 

0.07100 

-0.04153 

1.16348 

0.96300 

0.75500 

0.94100 

0.43510 

0.01970 

0.71180 

1.01600 

0.60570 

0.91900 

0.60572 

computed from whole period, 1967:1-1987:IV 
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The Effect of the Variances of Aggregate Demand 
Disturbances on the Inflation-Output Tradeoff 

Parameters Under the Assumption of Zero 
Variance of Aggregate Supply Disturbances 

Model I 

Table 23 presents the OLS estimation results of equation (PI) for model 

I. As seen from the third column of Table 23, the U.K. evidence is not strongly 

supportive for the first proposition, which states that there is no significant and 

negative relationship between the inflation-output tradeoff parameter and the 

variance of the aggregate demand disturbances. The estimated coefficient of 

the variance of the aggregate demand disturbances does not appear 

statistically strong enough to accept the proposition. According to the OLS 

estimates, the first proposition is statistically significant only in one regression at 

the 1 percent level, in one regression at the 5 percent level, and in four 

regressions at the 10 percent level. By examining Table 23, it is seen that the 

effect of the aggregate demand variances on the tradeoff parameter is either 

positive or negative, but is statistically insignificant when the number of quarters 

used to construct the moving variance of the aggregate demand disturbances is 

between 4 and 7. Particularly after 12 quarters, the effect becomes large and 

statistically significant. The peak effect of variance of the aggregate demand 

disturbances on the tradeoff parameter occurs when moving variances are 

constructed under the span of 15 quarter periods. The estimated coefficient of 

this measure (15 quarters) is -569.85. According to this estimate, the inflation-

output tradeoff parameter could decrease by 5.8 percent when the variance of 
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TABLE 23 

The Effects of the Variances of Aggregate Demand Disturbances 
on Inflation-Output Tradeoff Parameters, 1967:11-1987:IV, 

Model I, United Kingdom 
(t-statistics in parentheses) 

Number of quarters on 
constructing o^^, 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

ao 

0.793 ••• 
(10.4) 

0.776 ••• 
. (9.48) 

0.774 ••• 
(9.17) 

0.830 •" 
(10.6) 

0.867 ••• 
(11.2) 

0.856 •" 
(10.6) 

0.872 ••• 
(11.0) 

0.850 ••• 
(10.3) 

0.903 •" 
(10.5) 

0.930 ••• 
(10.9) 

*** 

0.890 
(10.2) 

0.971 "* 
(11.1) 

ai 

-10.23 
(0.14) 

42.37 
(0.41) 

47.63 
(0.41) 

-131.31 
(1.01) 

-250.33 * 
(1.70) 

-215.02 
(1.27) 

-266.62* 
(1.59) 

-198.12 
(1.12) 

-355.53 * 
(1.80) 

-440.67 ** 
(2.21) 

-332.91 * 
(1.63) 

-569.85 *** 
(2.73) 

R̂  

0.615 

0.616 

0.616 

0.619 

0.628 

0.621 

0.625 

0.619 

0.651 

0.660 

0.649 

0.689 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 

» » ^ » ^ ' — * • " * * •- "^ 
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the aggregate demand disturbances increases from 0 to 0.0001 level. 

Regarding the same OLS regression, the inflation-output tradeoff parameter 

would be 0.97 under the zero variances of the aggregate demand and supply 

disturbances. 

Model II 

The OLS estimation results of equation (PI) under model II are found in 

Table 24. Apparently, the estimated coefficient of the aggregate demand 

variance in all except the first three regressions provides strong support for the 

first proposition. In the last six regressions, the estimated coefficient of the 

aggregate demand variances is negative and significant at the 1 percent level. 

As the number of periods used in producing the demand variance measure 

increases, the negative effect of the variance of the aggregate demand 

disturbances on the tradeoff parameter becomes notable. Again, as in model I, 

the maximum effect of the aggregate demand variances on the inflation-output 

tradeoff parameter is captured in the last regression. The estimated coefficient 

of the demand variance is -724.33. 

Even though both models suggest some degree of variation on the 

inflation-output tradeoff parameter, the estimated parameters of model I appear 

to have a downward bias because the lagged dependent variable in model I 

could capture some variation on the rest of the parameters. In fact, the time 
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TABLE 24 

The Effects of the Variances of Aggregate Demand Disturbances 
on Inflation-Output Tradeoff Parameters, 1967:11-1987:IV, 

Model II, United Kingdom 
(t-statistics in parentheses) 

Number of quarters 
on o'ix,! 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

ao 

0.725 ••• 
(9.52) 

0.745 ••• 
(9.42) 

*** 

0.717 
(8.61) 

0.796 "* 
(10.5) 

0.838 *** 
(11.4) 

0.823 *** 
(10.8) 

0.886 *** 
(12.4) 

0.850 *** 
(11.5) 

0.882 *** 
(11.2) 

*** 

0.900 
(11.2) 

0.886 *** 
(10.7) 

0.929 *** 
(10.6) 

ai 

-71.20 
(0.77) 

-127.19 
(0.99) 

-44.00 
(0.31) 

-287.10* 
(1.89) 

*** 

-420.46 
(2.58) 

-372.72 " 
(2.08) 

-574.56 *** 
(3.35) 

-458.03 *** 
(2.54) 

-578.75 *" 
(2.97) 

-635.59 *** 
(3.16) 

-589.42 *" 
(2.85) 

*** 

-724.33 
(3.28) 

R̂  

0.530 

0.532 

0.527 

0.544 

0.555 

0.540 

0.572 

0.546 

0.570 

0.578 

0.569 

0.587 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 
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variation on the estimates of n in this model is greater than that in the first 

model. While it is 0.049 in model I, it is 0.070 in model II. Therefore, both 

models differ in capturing the potential effects of the aggregate demand 

variances on the inflation-output tradeoff parameters. When the variance of the 

aggregate demand shocks increases from 0 to 0.0001 level, model II indicates 

that the inflation-output tradeoff parameter would decline 0.078 percent, which 

is 35 percent higher than that in model I. 

The findings, especially from model II, are consistent with the findings of 

Abrams et al. (1983) and Jung (1985), but in sharp contrast with the findings of 

Froyen and Waud (1980, 1984), Katsimbris (1989, 1990) and Lawrence (1983). 

In addition, the results are in agreement with those of the previous empirical 

studies based on cross-country comparisons. 

The Effects of the Variances of Aggregate Demand 
Supply Disturbances on Inflation-Output 

Tradeoff Parameters 

Model I 

Table 25 demonstrates the OLS results of the regression equation (P2), 

which includes the variance of the energy price disturbances as an independent 

variable in addition to the variance of the aggregate demand disturbances. The 

constant term is positive and statistically significant in all regressions at the 1 

percent level. According to the estimates, the short-run inflation-output tradeoff 

parameter would fall between 0.795 and 0.965, if the moving variances of the 

aggregate demand and supply shocks are individually equal to zero. Contrary 
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TABLE 25 

The Effects of the Variances of Aggregate Demand and Supply 
Disturbances on Inflation-Output Tradeoff Parameters, 

1967:11-1987:IV, Model I, United Kingdom 
(t-statistics in parentheses) 

Number of quarters 
2 2 

on o Ax,t. cf AEP.t 
(4.4) 

(5,5) 

(6,6) 

(7,7) 

(8,8) 

(9.9) 

(10,10) 

(11,11) 

(12,12) 

(13,13) 

(14,14) 

(15,15) 

bo 

0.803 *** 
(9.39) 

0.786 *** 
(8.58) 

0.771 *" 
(8.29) 

0.824 *** 
(9.25) 

*** 

0.856 
(8.90) 

0.815*** 
(8.42) 

0.838 *** 
(8.66) 

0.812*** 
(8.16) 

0.902 
(7.91) 

*** 

0.916 
(8.35) 

*** 

0.837 
(7.25) 

0.947 *** 
(8.51) 

bi 

-11.38 
(0.16) 

44.84 
(0.43) 

46.26 
(0.40) 

-132.44 
(1.02) 

-247.93 * 
(1.69) 

-207.76 
(1.22) 

-259.37 
(1.54) 

-193.70 
(1.09) 

-355.40 * 
(1.75) 

-434.38 ** 
(2.15) 

-305.65 
(1.47) 

-557.69 *** 
(2.64) 

b2 

-3.13 
(0.30) 

-3.67 
(.29) 

1.27 
(0.10) 

2.51 
(0.17) 

3.99 
(0.22) 

14.44 
(0.77) 

12.39 
(0.61) 

14.35 
(0.69) 

0.108 
(0.01) 

5.20 
(0.23) 

20.94 
(0.81) 

9.38 
(0.38) 

R̂  

0.616 

0.617 

0.616 

0.620 

0.628 

0.624 

0.627 

0.622 

0.652 

0.658 

0.652 

0.670 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 

Sk-S^'WV.ik.^^ w ^ . 
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to the constant term, the coefficient estimate of the variance of the aggregate 

supply disturbances which is derived from the changes in the actual energy 

price measure, is mostly positive, but statistically insignificant. On the other 

hand, the relationship between the inflation-output tradeoff parameter and the 

variance of the demand disturbances is negative in 10 of 12 regressions, but 

significant only in one regression at the 1 percent level, in one regression at 

the 5 percent level and in two regressions at the 10 percent level. These 

results provide weak evidence to support the first proposition. However, for the 

supply side, the OLS results indicate that no association between the variance 

of energy prices and the inflation-output tradeoff parameter exists. The 

estimated coefficient of the variability of the energy price measure is not 

statistically different from zero regardless of the number of the quarters used in 

producing the variance of the energy price measure. The estimates on the 

variance of the energy price measure are consistent with the estimates of 

Froyen and Waud (1984), but inconsistent with the estimates of the Lawrence 

(1983) for the United Kingdom. Froyen and Waud (1984), when using the 

energy price measure to proxy aggregate supply shocks, found similar results. 

However, according to the estimates of Lawrence, the deterioration in the U.K. 

inflation-output tradeoff parameter would be attributed to increases in the 

variances of the aggregate supply disturbances rather than the variances of the 

aggregate demand disturbances. 

«riuiH^bStn 
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When the variance of the import price measure is used as a proxy for 

the variance of the aggregate supply disturbances in equation (P2), again no 

evidence that supports the first or second hypotheses of the Lucas model is 

found. The OLS results of equation (P2) for this model are reported in Table 

26. The estimated coefficient of the variance of the import price measure is 

insignificant in all regressions. Similarly, in all regressions except the last one, 

the estimated coefficient of the aggregate demand variability is found to be 

insignificant. The evidence in this model does not provide any significant 

support for the first and second hypotheses of the Lucas model. 

Model II 

The OLS results of equation (P2), when the energy price measure is 

proxied to the aggregate supply, are reported in Table 27. The estimated 

coefficient of the variance of the energy price shocks is positive in 9 of 12 

regressions, but statistically insignificant in all regressions. The insignificant 

estimates suggest that there is no negative or positive effect of the variability of 

energy price shocks on the U.K. inflation-output tradeoff parameters. This 

result is consistent with the result of model I. On the other hand, the estimated 

coefficient of aggregate demand variance is negative and statistically significant 

in most regressions: It is significant in six regressions at the 1 percent level and 

in three regressions at the 5 percent level. Thus, the hypothesis of a negative 

association between the inflation-output tradeoff and the variability of the 

•ai^i^taHftjiM^^w » ^ifwjv ^Atm.fc.'^-^^a^A.aafcitf'fc^ 
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TABLE 26 

The Effects of the Variances of Aggregate Demand and Supply 
Disturbances on Inflation-Output Tradeoff Parameters, 

1967:11-1987:IV, Model II, United Kingdom 
(t-statistics in parentheses) 

Number of quarters 

on a^AX,t' <^Aip,t 

(4,4) 

(5,5) 

(6.6) 

UJ) 

(8,8) 

(9,9) 

(10,10) 

(11,11) 

(12,12) 

(13,13) 

(14,14) 

(15,15) 

bo 

0.791 *** 
(10.2) 

0.783 *** 
(9.99) 

0.788 *** 
(9.96) 

0.854 *** 
(12.1) 

0.884 *** 
(12.1) 

0.881 *** 
(11.4) 

*** 

0.877 
(10.7) 

0.858 ••• 
(10.1) 

*** 

0.929 
(10.9) 

0.946 *** 
(11.0) 

0.924 *** 
(10.3) 

0.958 *** 
(10.1) 

bi 

-13.27 
(0.18) 

67.66 
(0.62) 

86.19 
(0.70) 

-54.24 
(0.39) 

-203.19 
(1.30) 

-162.44 
(0.90) 

-257.06 
(1.38) 

-185.36 
(0.93) 

-269.04 
(1.24) 

-365.06 
(1.59) 

-248.86 
(1.08) 

-626.92 *** 
(2.61) 

b2 

2.40 
(0.15) 

-14.29 
(0.74) 

-23.70 
(1.09) 

-40.74 
(1.59) 

-26.75 
(0.95) 

-33.45 
(0.98) 

-6.28 
(0.17) 

-8.95 
(0.22) 

-40.66 
(0.99) 

-30.51 
(0.68) 

-40.57 
(0.87) 

25.44 
(0.54) 

R̂  

0.616 

0.619 

0.622 

0.631 

0.631 

0.625 

0.625 

0.620 

0.656 

0.660 

0.653 

0.670 

"* significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 

•^s..). V Mi^ JfJt. IU^.JN^d«&K^^k^AK.^^% kL ..^. ..^>^,.^^^>^^M.v>.i^^oci.j.4.t.m.u^^.mj^j*j.^4^gg>-f> " < '•:^^-' 



115 

TABLE 27 

The Effects of the Variances of Aggregate Demand and Supply 
Disturbances on Inflation-Output Tradeoff Parameters, 

1967:11-1987:IV, Model II, United Kingdom 
(t-statistics in parentheses) 

Number of quarters 

(4,4) 

(5,5) 

(6,6) 

(7,7) 

(8,8) 

(9,9) 

(10,10) 

(11,11) 

(12,12) 

(13,13) 

(14,14) 

(15,15) 

1 

bo 

0.700 *** 
(7.77) 

0.729 *** 
(7.87) 

0.708 *** 
(7.28) 

0.839 *** 
(9.43) 

0.888 *** 
(9.74) 

0.847 *** 
(8.94) 

0.930 *** 
(9.80) 

0.856 *** 
(8.99) 

0.927 *** 
(8.89) 

0.920 *** 
(8.68) 

0.900 *** 
(8.11) 

0.949 *** 
(8.24) 

bi 

-65.45 
(0.70) 

-124.55 
(0.96) 

-41.94 
(0.30) 

-305.71 ** 
(2.04) 

-455.21 *** 
(2.82) 

-397.31 ** 
(2.23) 

-603.76 *** 
(3.56) 

-464.46 ** 
(2.53) 

-616.65*** 
(3.13) 

-651.08 *** 
(3.18) 

-601.23 *** 
(2.84) 

-736.08 *** 
(3.26) 

ba 

7.12 
(0.53) 

4.59 
(.30) 

2.71 
(0.15) 

-13.63 
(0.83) 

-14.47 
(0.78) 

-6.25 
(0.32) 

-14.21 
(0.73) 

-1.85 
(0.10) 

-13.38 
(0.61) 

-6.32 
(0.27) 

-4.79 
(0.18) 

-6.78 
(0.26) 

R̂  

0.532 

0.533 

0.527 

0.547 

0.558 

0.540 

0.574 

0.546 

0.572 

0.580 

0.569 

0.587 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 

»tiMi i - f i -^wf-- - '^T-«-*^'g'" '^ '^ '" '^*^' - '^- '^-^- i i ' i i^nk^^- '^"*" ' ' ' lTJr?T7 
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aggregate demand growth is strongly supported by this model. Once again, the 

maximum effect of the variance of the aggregate demand disturbances occurs 

when the number of quarters in producing such variances is 15, with the 

estimated coefficient of -712. 

Table 28 summarizes the OLS results of the same equation, when the 

import price measure is proxied to the aggregate supply side. The estimated 

coefficient of the variances of the import price shocks is negative in all 

regressions, but significant only in three regressions at the 5 percent level, thus 

providing weak support for the second hypothesis. However, the estimated 

coefficients of the variability of the aggregate demand disturbances strongly 

support the existence of a negative correlation between the inflation-output 

tradeoff and the variability of the aggregate demand growth. 

Both models significantly differ in terms of providing support for the first 

two hypotheses. While the support for the first proposition is weak for model I, 

it is strong in model II. Under model I, no support exists for the second 

proposition, regardless of which variance of the measure is used as a proxy for 

the aggregate supply variance. Under model II, the evidence provides only 

weak support for the second proposition when the import price measure is used 

as a proxy for the aggregate supply shocks. When the energy price measure is 

used as a proxy for the aggregate supply shocks under model II, the evidence 

again does not support the second proposition. The overall findings on the 

second proposition of the Lucas model are partly consistent with those of 



117 

TABLE 28 

The Effects of the Variances of Aggregate Demand and Supply 
Disturbances on Inflation-Output Tradeoff Parameters, 

1967:11-1987:IV, Model II, United Kingdom 
(t-statistics in parentheses) 

Number of quarters 
o n G ^ , t , o AiP.t 

(4,4) 

(5,5) 

(6,6) 

(yj) 

(8,8) 

(9,9) 

(10,10) 

(11,11) 

(12,12) 

(13,13) 

(14,14) 

(15,15) 

bo 

0.729 *** 
(9.44) 

0.757 *** 
(10.0) 

0.751 *** 
(10.1) 

0.870 *** 
(14.9) 

0.891 *** 
(14.5) 

0.885 *** 
(13.6) 

0.913*** 
(13.3) 

0.874 *** 
(11.9) 

*** 

0.901 
(11-4) 

0.898 *** 
(10.7) 

0.898 *** 
(10.5) 

0.931 *** 
(10.1) 

bi 

-118.09 
(1.19) 

-98.44 
(0.73) 

-19.78 
(0.13) 

-142.28 
(1.06) 

-327.26 ** 
(2.12) 

-294.32 * 
(1.68) 

-482.37 ** 
(2.60) 

-401.03 ** 
(1.99) 

-488.57 ** 
(2.15) 

-646.73 ** 
(2.48) 

-524.59 ** 
(2.09) 

-712.17*** 
(2.69) 

b2 

-1.64 
(0.65) 

-19.48 
(0.78) 

-35.19 
(1.28) 

-100.24*** 
(3.62) 

-65.20 ** 
(2.11) 

-65.57 ** 
(1.98) 

-43.35 
(1.12) 

-32.65 
(0.76) 

-36.33 
(0.80) 

-4.24 
(0.10) 

-25.13 
(0.48) 

-4.55 
(0.10) 

R̂  

0.548 

0.535 

0.534 

0.599 

0.571 

0.555 

0.577 

0.549 

0.573 

0.577 

0.570 

0.587 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 
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Abrams et al. (1983), Froyen and Waud (1984), Lawrence (1983), and 

Katsimbris (1988,1992). 

The Effect of the Variances of Aggregate Price 
Disturbances on the Inflation-Output Parameters 

Model I 

Table 29 reports the coefficient estimates of equation (P3) under model I. 

In general, the evidence in this model suggests a sizeable negative effect of the 

variability of the aggregate price disturbances on the tradeoff parameter, 

supporting the third hypothesis of the Lucas model. The estimated coefficient 

of the variability of the aggregate price shocks is negative in all 12 regressions, 

but is statistically significant in 8 of 12 regressions at the 5 percent level. The 

results also indicate that a negative and significant effect of the variance on the 

tradeoff parameter is evident when the variance measure is constructed from 7 

to 14 quarters. The estimated coefficients of the price variability in this range 

do not show any significant change. They range from -482.77 to -740.32. If 

these coefficients are compared with the coefficients of the aggregate demand 

variability in the previous equations (PI or P2), it is evident that the estimated 

coefficients are comparable in terms of the size of their effects on the inflation-

output tradeoff parameter. This consistency implies that higher variability of the 

aggregate price shocks is significantly attributed to volatile aggregate demand 

shocks. 
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TABLE 29 

The Effects of the Variances of Aggregate Price Disturbances 
on Inflation-Output Tradeoff Parameters, 1967:11-1987:IV 

Model I, United Kingdom 
(t-statistics in parentheses) 

Number of quarters 
on o'^p t 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

Co 

0.791 *** 
(11.0) 

0.805 *** 
(11.4) 

0.804*** 
(11.4) 

0.844 *** 
(13.5) 

0.849*** 
(13.9) 

0.844 *** 
(13.7) 

0.882 *** 
(14.8) 

0.871 *** 
(14.1) 

0.889 *** 
(13.6) 

0.892*** 
(13.1) 

0.896*** 
(12.9) 

0.848 *** 
(11.0) 

Ci 

-25.54 
(0.13) 

-185.06 
(0.39) 

-159.13 
(0.73) 

-535.35** 
(2.16) 

-547.90** 
(2.32) 

-482.77** 
(2.02) 

-765.95*** 
(3.15) 

-648.63 ** 
(2.50) 

-734.80*** 
(2.74) 

-733.90 ** 
(2.62) 

-740.32 *" 
(2.64) 

-402.55 
(1.28) 

R̂  

0.615 

0.619 

0.618 

0.634 

0.636 

0.630 

0.653 

0.638 

0.667 

0.666 

0.667 

0.645 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 

•> I. iiiM>-|*Ti>fltifM^ri-""'---'''^"t^k1ifcUlWitirWmi 
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Model II 

The OLS results of equation (P3) under model II are shown in Table 30. 

By exploring the estimated coefficients of the variance of the aggregate price 

disturbances, it is found that the association between the tradeoff parameter 

and the variance of the price disturbances is negative and statistically significant 

in all regressions at the 1 percent level. 

A comparison of this model with model II in terms of the coefficient of the 

variability of the price disturbances reveals that the absolute values of the 

coefficients in this model are almost twice those in model II. When the number 

of quarters in producing the variance measure is 10, both models suggest that 

the effect (absolute value of the coefficients) reaches its maximum. However, it 

is -765.95 in model I, while it is -1542.24 in this model. As was previously 

discussed, this difference is due to the inclusion of the lagged real output into 

or from the right hand side of the regression equation in model I. The 

estimates of model I appear to suffer from the inclusion of the lagged 

dependent variable into the right hand side of the regression. Therefore, the 

estimated coefficients of model I appear to be underestimated. 

Finally, both models provide strong support for the hypothesis of 

negative association between the inflation-output tradeoff and the variability of 

the aggregate price disturbances. These results are completely in agreement 

with the findings of Lawrence (1983), Froyen and Waud (1980), and Abrams et 

al. (1983), but are inconsistent with the findings of Katsimbris (1988). 
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TABLE 30 

The Effects of the Variances of Aggregate Price Disturbances 
on Inflation-Output Tradeoff Parameters, 1967:11-1987:IV 

Model II, United Kingdom 
(t-statistics in parentheses) 

Number of quarters 
on o \ p , 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

Co 

0.776 "• 
(13.4) 

0.786 "• 
(14.4) 

0.794 "• 
(15.1) 

0.850"' 
(17.3) 

0.848 •" 
(18.1) 

0.861 •" 
(18.6) 

0.897'" 
(16.9) 

0.865'" 
(15.6) 

*** 

0.846 
(13.0) 

0.881 *** 
(11.4) 

0.839 *** 
(10.7) 

0.812*** 
(9.80) 

Ci 

-892.94 *** 
(3.62) 

-915.28*** 
(3.53) 

-908.48 *** 
(3.55) 

-1362.13*** 
(5.35) 

-1250.66*** 
(5.26) 

-1288.34*** 
(5.64) 

-1542.24*** 
(6.29) 

-1228.14*** 
(4.67) 

-1092.92*** 
(3.70) 

-1331.70*** 
(4.03) 

-1001.19*** 
(2.97) 

-791.08 ** 
(2.18) 

R̂  

0.590 

0.582 

0.577 

0.636 

0.623 

0.636 

0.678 

0.614 

0.600 

0.620 

0.585 

0.564 

significant at 0.01 level, 
significant at 0.05 level, 
significant at 0.10 level. 

t.'i.n.u^vum. uu.vi.li. LH .̂majJL4. t ^ L L i g,t-r_ejr-g±-g?3<».J'z: 
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TABLE 31 

Cross-Regime Comparison of Estimates' 
Model I, United Kingdom 

67:1-68:11 

68:111-70:1 

70:11-74:1 

74:11-75:111 

75:IV-77:III 

77:IV-80:I 

80:11-81:11 

81:111-83:1 

83:11-85:1 

85:II-87:IV 

K 

0.719 

1.002 

0.785 

0.401 

0.669 

0.870 

0.525 

0.890 

0.584 

1.070 

_2 

0.000418 

0.000131 

0.000552 

0.000225 

0.000233 

0.000345 

0.000189 

0.000058 

0.000175 

0.000128 

C^AEP 

0.000790 

0.000070 

0.001415 

0.002674 

0.002144 

0.001617 

0.002068 

0.003200 

0.003513 

0.007167 

Ô AIP 

0.001275 

0.000017 

0.002539 

0.001621 

0.000595 

0.000850 

0.001184 

0.002550 

0.001820 

0.000739 

C^AP 

0.000100 

0.000008 

0.000078 

0.000109 

0.000032 

0.000252 

0.000169 

0.000012 

0.000029 

0.000027 

TC, represents the mean value of the time varying inflation-output 
tradeoff parameters under the corresponding subperiod. 

In order to compare the performance of the OLS results with the cross-

regime correlation results, the Pearson correlation coefficients are computed 

using the cross-regime parameter estimates. Table 31 presents the simple 

average value of the inflation-output tradeoff parameters and the variances of 

all four variables under model I for each subperiod. 

In model I, the correlation coefficient between the mean value of the 

tradeoff parameter and the variances of the aggregate demand disturbance is 

negative (-0.14), but statistically insignificant at any acceptable level. Similarly, 
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TABLE 32 

Cross-Regime Comparison of Estimates' 
Model II, United Kingdom 

67:1-70:1 

70:11-72:1 

72:11-73:1 

73:11-74:111 

74:IV-75:III 

75:IV-77:III 

77:IV-79:II 

79:III-85:IV 

86:I-86:IV 

87:I-87:IV 

n 

0.963 

0.755 

0.941 

0.435 

0.020 

0.718 

1.016 

0.606 

0.919 

0.790 

^ A X 

0.00243 

0.000411 

0.000506 

0.001060 

0.000292 

0.000233 

0.000501 

0.000157 

0.000159 

0.000203 

^AEP 

0.000382 

0.000242 

0.000088 

0.003710 

0.004300 

0.002144 

0.001242 

0.003172 

0.013300 

0.005670 

^ A I P 

0.000567 

0.000130 

0.000487 

0.003676 

0.000230 

0.000595 

0.000469 

0.001467 

0.001011 

0.000353 

<^AP 

0.000053 

0.000020 

0.000010 

0.000455 

0.000119 

0.000032 

0.000043 

0.000242 

0.000027 

0.000017 

^ ̂ z^ represents the mean value of the time varying inflation-output 
tradeoff parameters under the corresponding subperiod. 

it is negative (-0.28) but insignificant between the mean value of the tradeoff 

and the variance of the aggregate price disturbances. A similar result is 

obtained for the correlation between the mean value of the tradeoffs and the 

variance of the aggregate supply disturbances. Interestingly, no cross-regime 

evidence supports the propositions of the Lucas model. The cross-regime 

results are in sharp contrast to the OLS results in model I. 
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The cross-regime estimates of model II are reported in Table 32. As in 

model I, all four Pearson correlation coefficients in model II are not statistically 

different from zero, and provide no support for the hypotheses of the Lucas 

model. However, the t-statistics of the correlation coefficients in model II are 

higher than those in model I. 

A Comparison of Findings from the Analyses of the OLS 
Regressions and Cross-Regime Correlations 

On the whole, in the case of the Unites States, no significant material 

difference exists in the evidence that results from models I and II, even though 

the reduced form output equation of which the adjustment coefficient of lagged 

real output is restricted to unity suffers from the inadequacies in the fitted 

model. Regarding both models, the rational expectations-natural rate theory is 

found to be valid for the U.S. 

In addition, the conclusions which come from the time series estimates 

under the OLS regressions are also obtained from the cross-regime correlation 

analyses. Only the first and third propositions are strongly supported by the 

U.S. evidence. Since the conclusions in cross-regime analyses are qualitatively 

similar, they are applicable for the U.S. Surprisingly, the performances of both 

analyses are similar. This finding suggests that a fair number of shifts in 

regimes, which exist in the U.S. inflation-output tradeoff parameters, makes the 

cross-regime correlation approach a good analysis for dealing with the 

underlying propositions. As previously noted, the inflation-output parameter 
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estimates in cross-regime analysis are obtained from the Kalman filter 

estimation technique. Therefore, one may find similar results from the analysis 

of the inflation-output parameters which come from the estimation of the OLS 

regression equation for the subperiods.'' The findings of both analyses are in 

complete agreement with the results of Katsimbris (1988) on the U.S. 

Estimating the real output equation as a rolling regression over a 15-year 

moving period, Katsimbris first generated time series data on the inflation-output 

tradeoff parameters and the related variance terms, and then examined the first 

and third propositions by the means of the simple correlations. His correlation 

coefficient was -0.38 for the first proposition and -0.70 for the third proposition. 

Both correlation coefficients were statistically significant at the 1 percent level. 

In the case of the United Kingdom, there is a significant material 

difference in the evidence that results from the estimation of the OLS 

regressions and the cross-regime correlation analysis. The OLS results of both 

models I and II support the first and third propositions, while the cross-regime 

correlation analysis provides no evidence on any proposition. Obviously, the 

reason that the findings of both analyses differ in supporting the propositions 

must be due to the time pattern of inflation-output tradeoff parameters. As 

already stated, the variability in the U.K. tradeoff parameters appears to be a 

random walk rather than discontinuous shifts. Therefore, the cross-regime 

În order to obtain similar results, the necessary procedure is not only to 
identify the subperiods but also to efficiently estimate the parameters for the 
identified subp)eriods. 

KflUVJi iL'K.'^WL.'An: 
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correlation analysis is unable to capture the true variability in the estimated 

inflation-output tradeoff parameters, even though they are estimated in light of 

variability. It is undesirable if a parameter continues to vary in the given 

subperiod since the averaged tradeoff parameter can be unrepresentative of 

the true parameters. Therefore, in the case of the United Kingdom, the 

conclusions derived from the cross-regime correlation analysis are likely to be 

misleading. This evidence indicates that the cross-regime correlation analysis 

can not be used to test the Lucas hypotheses if the inflation-output tradeoff 

parameters are varying over time. The results of the cross-regime analysis are 

consistent with the findings of Katsimbris (1988,1990) although Katsimbris' 

conclusion on the U.K. is in sharp contrast with the conclusion of this study. 

His correlation coefficients related to the first and third proposition are negative, 

but statistically insignificant at any acceptable level.^ 

^In the 1988 paper, his correlation coefficients are computed from the 
generated time series inflation-output tradeoff parameters and corresponding 
variance terms. It does not mean that his study is a cross-regime 
comparison for a given country. On the other hand, in the 1992 paper, 
Katsimbris replaced the OLS regression technique to the cross-correlation 
analysis. 



CHAPTER VI 

SUMMARY AND CONCLUSION 

Since the early 1970s, the existence of stagflation in the world and the 

theoretical development in the business cycle area have discredited the view of 

a stable inflation-output tradeoff popularized during the 1960s. Undoubtedly, 

the most modern one among the explanations of the short-run Phillips curve is 

provided by Lucas. 

In his influential study, Lucas (1973) modeled an economy with many 

markets wherein individuals have instantaneous information on the equilibrium 

price in their own market but only delayed information about the aggregate 

price level. Since supply decisions are made on the basis of relative prices, 

individuals in any given market should forecast the current general price level in 

order to decide how much to supply. The different markets of the economy are 

affected by two types of random shock: (1) an aggregate shock, which affects 

demand in all markets in the same manner, and (2) a market-specific shock. 

The equilibrium price in the market depends on perceptions about the 

general price level, since the supply in each market depends on the relative 

price as it is perceived at the time by individuals in that market. Individuals 

know that the price movements they observe in their own market reflect 

movements common to all prices as well as changes in the relative price in 

their own market. Therefore, a current unanticipated increase in the aggregate 

127 
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nominal demand (which ultimately increases all prices in the same proportion) is 

temporarily and partly interpreted as an increase in relative prices. This causes 

a temporary increase in production. Thus, a short-run positive relationship 

emerges between unanticipated changes in the aggregate nominal demand and 

the general price level on the one hand and the level of economic activity on 

the other hand. 

The Lucas model for the short-run Phillips curve has an originally 

interesting implication: the higher the variance of the rate of growth in 

aggregate demand, the less a given unanticipated shock to the rate of the 

aggregate demand growth affects real output. In other words, the short-run 

inflation-output tradeoff parameter is negatively associated with the variance of 

the unanticipated shocks of the policy instrument. In the extreme case, when 

this variance becomes very large, the inflation-output tradeoff parameter tends 

toward zero and the unanticipated part of the policy instrument has no effect on 

real output even in the short run. Later, Froyen and Waud (1980) extend the 

implications of the Lucas model by adding two more empirically testable 

propositions: (1) the relationship between the short run inflation-output tradeoff 

parameter and the variances of the aggregate price disturbances is negative, 

and (2) the variances of the aggregate demand and price disturbances are 

positively correlated with each other. 

In the literature, there has been a body of studies which attempted to 

empirically test the propositions derived from the Lucas model. While some 
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studies were testing the propositions under a cross-country sample, some of 

studies tested them under an intra-country or cross-industry sample for a given 

country. However, the unique assumption of virtually all studies was to treat 

the variance estimates of the aggregate demand, supply, and price 

disturbances, and the coefficient estimates of the reduced form output equation 

(including the inflation-output tradeoff parameter) as constants over time for a 

given country."* In fact, this assumption was too restrictive for both the 

theoretical and the empirical implications of the model. First of all, there is no 

reason to assume that the behavioral equations and parameters of the 

economic individuals are constant over time. Secondly, whenever there are 

specification errors such as omitted variables, a fixed parameter technique such 

as OLS will probably provide biased, inefficient, and inconsistent estimates. 

Therefore, the main objective of this study was to scrutinize the empirical 

validity of each of the following propositions by allowing for the short-run 

inflation-output tradeoff parameters and the variances of the disturbances being 

time varying: 

(1) The effects of aggregate demand disturbances on real output should 

be inversely related to the variability of such disturbances. 

^Exceptions include Froyen and Waud (1980,1984), Abrams et al. (1983) 
and Katsimbris (1989,1990). 
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(2) The effects of aggregate demand disturbances on real output should 

be negatively associated with the variability of aggregate supply 

disturbances, and 

(3) The relationship between the variability of the aggregate price 

disturbances and the effects of aggregate demand disturbances on 

real output should be negative. 

The parameter estimation on the reduced form output equation was 

performed by using the Kalman filter estimation approach. This technique was 

chosen as the major analytical tool in this study because of the many 

advantages it has over all other procedures such as moving OLS regressions, 

splitting whole period into two or three subperiods, and stochastically varying 

estimation technique of Swamy and Mehta in terms of the optimal estimates. 

The Kalman filter can do all that ordinary least squares can do and more. 

Therefore, it can always provide optimal estimates whenever ordinary least 

squares does and it is also capable of doing so, when the ordinary least 

squares is not. 

Summary of Results 

Significant time variation was found In the estimated inflation-output 

tradeoff parameters of each country. In regard to the specified state space 

models and to the case of country, differences were found in the variability of 

the inflation-output tradeoff parameters. In general, the variability in the U.S. 

^ -^ -^ \.Krm 
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tradeoff parameters was lower than that in the U.K's. For example, the 

variance of the estimated inflation-output tradeoff parameters was 0.046 in the 

U.S., while it was 0.071 in the U.K. (see Tables 6 and 22). For each country, 

the variability of inflation-output tradeoff parameters in model I (wherein the 

measurement equation includes the lagged detrended output on the right hand 

side) was lower than that in model II (wherein the coefficients on lagged 

detrended output in the measurement equation were restricted to unity, and 

thus the dependent variable is the first difference of detrended output). 

In the case of the United States, the variance of the tradeoff parameters 

was estimated to be 0.031 and 0.046 in models I and II, respectively. However, 

in terms of the appropriateness of the specified model and the satisfaction of 

the coefficient restrictions, it was found that the performance of model I was 

higher than that of model II. For example, by judging Ljung-Box O statistics 

and 2n'''^ measure, no evidence on the inappropriateness of model I could be 

detected. Yet, there was some indication that model II suffered from the 

specification of state space. In addition, the number of cases in which the 

coefficient estimates of inflation-output tradeoff parameters did not satisfy their 

restrictions in model II was found to be twice that in model I. 

On the contrary, for the United Kingdom, there was no significant 

indication that the performance of both models was different. The computed 

Ljung Box Q test statistics did not produce any evidence on the 

inappropriateness of either model specification. In addition, the effectiveness of 

7iTT". ° ^"•^^—M^mmrnM—iMrTTBwnrrwTrnnMMw-rriiT-rTT 11 i >. ^^ i 
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both models, in terms of the fulfillment of coefficient restrictions, was found to 

be similar. The estimated tradeoff parameters did not satisfy their restrictions 

only in 10 and 14 cases under model I and II, respectively. However, both 

models significantly differed in signifying the variability in the coefficient 

estimates. The variance of the estimated inflation output tradeoff parameters 

was 0.049 and 0.071 in models I and II, respectively. 

Regarding the regression equation (PI) of model I (wherein the inflation-

output tradeoff parameters are regressed only on the moving variances of the 

aggregate demand disturbances) in the case of the United States, the 

coefficient estimates of moving variances of the aggregate demand shocks 

were found to be negative and significant in 10 of 12 regression specifications. 

The maximum effect of the aggregate demand variance on the tradeoff 

parameter occurred when the number of quarters in constructing moving 

variances was 8. The estimated coefficient of this variable was -1022, implying 

that the U.S. inflation-output tradeoff parameter would decrease by 11 percent if 

the moving variance of aggregate demand disturbances increased from 0 to 

0.0001 levels. Similar but less significant results occurred with model II from 

the estimations of equation (PI). For example, in 7 of 12 regressions of this 

model the estimated coefficients of unanticipated demand variances were found 

to be statistically significant at the 5 percent level. Whereas, in 10 of 12 

regressions of model I, they were significant at the same level. 

- ^ - - ^ - \j^j'i 
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In the case of the United Kingdom, mixed results were obtained from the 

estimated regressions of equation (PI) in both models. In model I, the negative 

relationship between inflation-output tradeoff parameter and the aggregate 

demand variance was statistically significant only in 2 of 12 regressions at the 5 

percent level while in model II, it was in 8 regressions. However, according to 

both models, the maximum effect of the demand variances on the tradeoff 

parameter existed in last regression equation. The coefficient estimates were 

found to be -569 and -724 in models I and II, respectively, suggesting that 

inflation-output tradeoff parameter would decrease by 0.06 to 0.08 if the 

variance of the aggregate demand disturbances increases from 0 to 0.001. 

In addition to the variances of the aggregate demand disturbances, when 

the variances of the aggregate supply disturbances are included into equation 

(PI), the relationship between the tradeoff parameter and the variance of the 

demand disturbances did not show any qualitatively significant change in the 

cases of both countries; again, a negative and significant association results. 

However, for the second proposition, the OLS estimations showed the mixed 

and insignificant results for each of the two countries. For instance, when the 

energy price measure was proxied to the aggregate supply side, only in the 

case of the United states, the coefficient of the variances of aggregate supply 

disturbances was found to be negative and statistically significant only in 3 of 

12 regressions at the 10 percent level. However, when the import price 

measure was proxied to the aggregate supply side, in the same cases, no 

•^K«>A.\, V l ^ S . I .V WV i. L 4.-V --. fc v'w ta^ ^^iCTLtLr <..i. ^'LJ-^1 \. ±'»il^r.^!^*"-f>m mm^m 
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estimated coefficient was statistically significant at any acceptable level. 

Similarly, in the case of the United Kingdom, the estimated coefficient of the 

variances of the import price disturbances was found to be negative and 

statistically significant only in 3 of 12 regressions at the 5 percent level while 

the coefficient estimate of the variances of the energy price shocks was not 

statistically different from zero in all regressions. Therefore, the evidence on 

both countries demonstrated that there was no negative significant correlation 

between the tradeoff parameters and the variances of aggregate supply 

disturbances. 

With equation (P3) of both models (where the inflation-output tradeoff 

parameter was regressed on the variance of the aggregate price disturbances), 

a negative and statistically significant association between the tradeoff 

parameter and the variance of the aggregate price shocks was found for the 

U.S., regardless of the number of quarters used in producing such variance. 

The results obtained from both models were also qualitatively and quantitatively 

similar. The maximum effect of variances of the aggregate price shocks on the 

tradeoff parameter (in model I) occurred when the moving variances of price 

shocks lasted to 13 quarters. The coefficient estimates for such variance was 

-2378, signifying that the tradeoff parameter could decline by 27 percent if the 

moving variance of the price shocks raised from 0 to 0.0001. 

Qualitatively similar but quantitatively different results were obtained for 

the United Kingdom. Model II was found to be superior to model I in terms of 

• 1 I T i» i t -
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providing strong evidence on the validity of the third proposition. Both models 

suggest negative and significant a correlation between the tradeoff parameter 

and the variances of price shocks. In addition, the absolute values of the 

estimated coefficients in model II were found to be significantly larger than 

those in model I, as expected. For example, the estimated minimum coefficient 

in model I was -766, while it in model II was -1542. These estimates implied 

that the tradeoff parameter would have decreased by 9 and 17 percents 

according to models I and II, respectively. If the moving variances of price 

shocks increased from 0 to 0.0001. 

Finally, with the cross-regime correlation coefficients, the first and third 

propositions were strongly supported by-the evidence of the United States. This 

is consistent with the OLS results. No propositions took support from the 

evidence of the United Kingdom, which is inconsistent with the results of the 

time series analyses. 

Conclusion 

The findings of this research on the U.S. and the U.K. for the period 

1967:11-1987:IV provide a strong support for rational expectations natural rate 

model of Lucas; there is a negative relationship between the inflation-output 

tradeoff parameter and the variances of the aggregate demand, supply, and 

price disturbances over time. The support for the first and third propositions of 

the Lucas model is strong while it is weak for the second proposition of a 
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negative association between the tradeoff parameters and the variances of the 

^ggi'egate supply disturbances. 

These results are consistent with those of Abrams et al. (1983), in the 

United Kingdom for the period 1957-1976, there was an inverse relationship 

between the variability of inflation-output tradeoff and the volatility of changes in 

price and aggregate demand. On the other hand, since they could find no 

significant evidence to support the stochastic coefficient specification for the 

U.S. inflation-output tradeoff, they could not test the underiying propositions for 

the United States. This study indicates that the first and third propositions are 

supported not only for the United Kingdom, but also for the United States. 

The findings of this study are also consistent with Lawrence's "main 

conclusion," in the United Kingdom for the period 1957-1977, the deterioration 

of short-run Phillips curves across regimes was associated with a significant 

increase in the variance of the unanticipated price level. However, Lawrence's 

second conclusion that the higher variance of unanticipated price level was not 

significantly attributed to variance of aggregate demand shocks, but rather to 

higher variance of supply shocks is not strongly supported by this study. Our 

results suggest that higher variability of aggregate price shocks is significantly 

attributed to volatile aggregate demand shocks rather than aggregate supply 

shocks. 

Although the conclusion of this study is not in agreement with the overall 

findings of Katsimbris (1989,1990), it is consistent with Katsimbris' results only 

• • ' f^* 
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on the evidence of the United States. The findings here are also consistent 

with Jung's (1985) empirical conclusions even though this study significantly 

differs from his study in terms of the empirical procedures and the sample data. 

Jung's empirical estimations indicated that the first and third propositions 

implied by Lucas's model are confirmed for the industrial countries by both 

partial and simple correlation coefficient methods. 

However, the findings on the first and second propositions from our study 

are in conflict what Froyen and Waud (1980) found for the group of ten 

industrial countries. Froyen and Waud's empirical estimation concluded that the 

variations in estimates of the variance of the aggregate demand disturbances 

do not provide a sufficient explanation of variations in estimates of the 

inflation-output tradeoff or of inflation variability both for across countries and for 

a given country between subperiods. This conclusion was also supported by 

the later studies of Froyen and Waud (1984,1985). In their first study, Froyen 

and Waud investigated whether the deterioration in the inflation-output tradeoff 

in the United Kingdom could be explained in terms of the Lucas model. They 

found that aggregate demand shocks had a significant effect on real output with 

the expected positive sign, but that inflation-output tradeoff was not affected by 

the variability of such shocks. However, their results provided some evidence 

that inflation-output tradeoff was negatively influenced by the variability of 

supply shocks, when the energy price measure was used to proxy the 

aggregate supply shocks. In their second study, they asked the same question 
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for the United States. Their results for the United States were similar to those 

for the United Kingdom: only the greater the variability of the aggregate supply 

shocks, the less the output response to such shocks. 

The findings obtained from this study are both conclusive and decisive 

on both country cases, model specifications, empirical procedures, and the 

tested propositions. Therefore, the assertion of this study follows that the 

short-run inflation-output tradeoff parameter is not fixed and that the over time 

variability in this parameter is associated with the variability of the aggregate 

demand and price disturbances justifiable in terms of the rational expectations-

natural rate model. 

Although this study is decisive on its objectives and findings, there are a 

number of limitations to this research. First, only two countries were covered in 

this study. Even though both countries differ regarding the structures of the 

economy and regarding the followed demand policies, both are advanced 

countries. Therefore, in connecting this study with the conclusion of Odedokun 

(1991), for which the natural rate is valid for the developed and not for 

developing countries, it is suggested that the time varying parameter estimation 

technique can be applied to the developing countries. Secondly, in this study 

by following most of the previous studies, GNP (or GDP) is used as a proxy for 

the instrument of the demand policy. Thus, the methodology of this research 

can be repeated for the other instruments of the demand policy. Third, non-

domestic shocks affecting the real output and the inflation-output tradeoff 
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parameter were not included in the model. Further research can be done by 

using similar empirical methodology for the modified Lucas model in terms of 

the open economy, such as for the model of Parkin et al. 

In spite of these limitations, the major contribution of this study to the 

literature is the fact that the findings on the intra-country tests, which are 

derived from the sophisticated estimation technique provide strong support for 

both the theoretical arguments of the rational expectations-natural rate theory 

and also the empirical studies, which produced evidence on the negative 

relationship between the inflation-output tradeoff parameter and each of the 

variances of the aggregate demand and price shocks. 
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APPENDIX 

AUTOCORRELATION TERMS OF THE RESIDUALS 

Lags 

1-5 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 

Lags 

1-5 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 

TABLE Al 

United States, Model 1 

Autocorrelations of Corrected Residuals 

0.049998 
-0.097053 
-0.125887 
0.041955 
0.079662 

-0.002088 
-0.077522 

0.232425 
0.005511 

-0.073957 
-0.013757 
-0.052462 
-0.043474 
0.047231 

-0.080577 0.067731 
-0.086198 -0.059137 
-0.017406 0.058785 
-0.147161 0.007614 
0.128746 0.140569 
0.151827 -0.054443 

-0.090776 -0.017555 

TABLE A2 

United States, Model II 

Autocorrelations of Corrected Residuals 

-0.011298 
-0.073167 
-0.186922 
-0.123510 
0.180683 
0.033841 

-0.105168 

0.230203 
0.056920 

-0.149345 
0.014554 
0.042822 

-0.033529 
0.021738 

-0.114824 0.120097 
-0.074323 -0.012383 
-0.039636 -0.020291 
-0.136207 0.146375 
0.218335 0.163803 
0.187052 -0.066151 

-0.146959 -0.147249 

-0.101827 
-0.114440 
0.121947 

-0.082455 
0.002114 
0.094094 

-0.060528 

-0.015531 
-0.128853 
0.110447 

-0.114539 
0.041424 
0.060288 

-0.162388 
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TABLE A3 

United Kingdom, Model I 

Lags Autocorrelations of Corrected Residuals 

1-5 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 

0.125347 
-0.005049 
-0.141621 
0.025919 
0.053747 
-0.018506 
0.025485 

0.189832 
-0.032215 
-0.038024 
-0.072086 
-0.000642 
-0.020575 
-0.021590 

0.135968 
-0.048074 
-0.065412 
-0.031834 
0.017491 
0.075797 
-0.009188 

0.196299 
-0.052055 
-0.146970 
-0.070842 
0.026136 
-0.011685 
-0.123741 

TABLE A4 

0.023439 
-0.069396 
-0.050931 
0.008101 
0.102819 
-0.006415 
0.053883 

United Kingdom, Model II 

Lags Autocorrelations of Corrected Residuals 

1-5 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 

-0.104938" 
0.051286 
-0.090178 
0.088062 
0.155577 
-0.002318 
-0.004093 

0.086408 
-0.070496 
0.064024 
-0.097870 
0.126759 
-0.184523 
-0.038681 

0.120581 
-0.047429 
0.056376 
0.021138 
0.009355 
-0.031985 
0.007146 

0.060090 
-0.005284 
0.006540 
0.061001 
-0.094948 
-0.119395 
-0.011167 

-0.161483 
0.103726 
-0.173239 
0.024063 
-0.024836 
-0.070926 
0.118561 


