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CYCLICAL IMPACTS ON THE PERSONAL DISTRIBUTION OF INCOME 

BY CHARLES M. BEACH* 

This paper advances a new method for analyzing short-run cyclical changes in inequality in the size 
distribution of income. Instead of fitting probability densities or studying aggregate measures of inequality 
such as a Gini coefficient, this distribution-free approach focusses on fluctuations in a set of disaggrega- 
tive income quantiles spanning a distribution. It is applied to seven age groups of adult male income 
recipients, and a systematic pattern of cyclical fluctuation in income concentration is revealed, particu- 
larly so at the lower end of the distributions for prime aged males. 

I. INTRODUCTION 

With the initiation of the war on poverty and the growth of public interest in the 

“quality of life’, attention has been turning toward problems of the distribution of 

output. One aspect of this shift in concerns is the recent interest in the distribu- 

tional characteristics of macroeconomic fluctuations. Unemployment is viewed, 

for example by Phelps [19], not just as an indicator that aggregate output is failing 

to grow at its potential, but also as an economic burden that is borne unequally by 

members of the population. Associated with different points on a Phillips curve 

trade-off are different distributions of income. To the extent that monetary and 

fiscal policy affect aggregate output and employment, they can also affect the 

distribution of that output. This paper attempts to analyze the distributional 

aspects of cyclical changes in aggregate economic activity, and thus to serve as a 

basis for an analysis of the distributional aspects of government stabilization 

policy. 

Johnson [10], Tobin [27], and Hollister and Palmer [9] have argued the 

importance of low unemployment policies largely on distributional grounds. And 

Mirer [17], Schultz [21], Thurow [26], and Metcalf [14] have attempted to 

measure the impacts of macroeconomic fluctuations upon inequality in the size 

distribution of income. This paper is written in the spirit of the latter contribu- 

tions, but offers an approach that differ substantially from the earlier ones. Whilst 

Schultz focused on aggregate inequality measures such as the Gini coefficient, this 

paper examines inequality behaviour at a disaggregative level within distribu- 

tions. Metcalf and Thurow based their studies on fitting lognormal and incomplete 

beta functions to empirical income distributions; but the present approach is 

distribution-free in that it does not constrain the data to satisfy any particular 

distribution. And unlike Mirer’s microsimulation approach, the current proce- 

dure analyzes Bureau of the Census time series distribution data. 

The approach used in this study involves characterizing a distribution by a set 

of quantile income levels and relating short-run fluctuations in each of these 

quantiles to corresponding fluctuations in macroeconomic activity via a set of 

*The author wishes very much to thank without implicating Ray C. Fair of Yale University, Orley 
C. Ashenfelter and Alan S. Blinder of Princeton University, as well as an anonymous referee for this 
Journal. The research for this paper was generously supported by a Canada Council grant and is 
gratefully acknowledged. 
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constrained reduced-form equations. Measures of income inequality are then 

expressed in terms of these quantiles, and the implied cyclical behaviour of 

income inequality is derived from the estimated quantile reduced-form equations. 

Fluctuations in economic aggregates thus affect inequality only indirectly via their 

impacts on a set of income quantiles. Such an “indirect quantile approach” makes 

more efficient use of the distributional data available than previous studies, while 

offering substantially more flexibility and a high level of disaggregation. The 

approach is quite general and can be applied to many different situations, but is 

illustrated in this paper with a set of distributions of male income recipients 

disaggregated by age. 

The outline of the paper is as follows. The next two sections set ovt and 

implement the basic model of income changes within a distribution. Section IV 

discusses the estimation procedure and results based on annual Bureau of the 

Census data. Sections V and VI then examine the implied partial and total 

behaviour of cyclical fluctuations in income concentration. Some possible exten- 

sions of the basic model and approach are then discussed in the concluding Section 

VII. 

II. A MODEL OF QUANTILE INCOME CHANGES 

The basic idea behind the indirect quantile approach is to link changes in key 

macroeconomic variables to changes in the pattern of income concentration via 

their effects on a set of quantile income levels. Consequently, the first stage in the 

analysis is the development of a simple reduced-form model of the channels 

through which macro activity affects individual quantile income levels. The 

second stage, expressing measures of income concentration in terms of these 

income quantiles, will be developed below in Section V. 

In the analysis that follows the basic income-receiving unit will be the 

individual rather than the family. This avoids complications associated with 

changing composition of family units,’ and with cyclical fluctuations in the number 

of family units.* Also, as an empirical convenience, the quantiles selected for 

study will be the nine income deciles y(1), y(2), ... , y(9),° although a finer set of 

quantiles could be readily employed.* 

Now y(i) can be decomposed according to a stochastic identity into income 

components derived from different sources: 

(1) y(i) = YE(i)+ YU(i)+ YPF(i)+ YTR(i)+ YTP(i) + YK(i) + v(i) 

" See [21], p. 78. 
? See [22], pp. 512-513. 
> The i-th decile represents that income point such that 10i percent of the distribution have 

incomes less than or equai to this level and 100—-10i percent have incomes that exceed it. We are 
modelling the behaviour of relative income positions and not the income levels of particular 
individuals. Relative income groups are thus similar to but not the same as a constant group of 
individuals. Particular occupational groups, for example, might move from one relative income group 
to another over time, so that the mean for a particular relative income group pertains to a shifting 
group of individuals. 

“See, for example, Gray [8] in which a comparison is made of black and white income 
distributions in terms of vigintiles. 
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where YE(i) is the average income received from employment; YU(i) is average 

unemployment benefits received; YPF(i) represents farm proprietary income; 

YTR(i) and YTP(i) are relief transfers and pension transfers; YK(i) is average 

capital income in the form of rents, interest, and dividends; and v(i) is a random 

term assumed to represent remaining minor sources of income. The first two 

labour income components can be further factored into 

YE(i) = PR(i)- ER(i)-- W(i) 

and 

(2) YU(i) = PR(i) - UR(i) - UB(i), 

where PR(i) is the quantile group’s average labour force participation rate; 

ER(i) = 1— UR‘(i) is its employment rate; W(i) is wage and salary income per 

employed person in the group; and UB(i) is the average unemployment benefits 

per unemployed person. Content is now given to these relationships by (a) relating 

the decile-specific variables in these equations to economic aggregates, and (b) 

selecting which variables in (1) and (2) to retain or drop for particular decile 

groups. 

Since the right-hand side variables in (1) and (2) are generally unobserved, 

they will be assumed to be nondecreasing linear functions of corresponding 

observed economic aggregates. That is, 

(3) PR(i) = dpr(i)+ app(i)PR Apr(i)=0 

ER(i) = Ser(i)+aer(i)ER @pr(i)=0 

W(i) = 5y(i) + ay(i)W ay(i)=0 

UB(i) = dup(i) + aup(i)W a@yp(i)=0 

YPF(i) = 5pr(i) + app(i) YPF a@pp(i)=0 

YTR(i) = 5zp(i)+a7R(i)YTR  azr(i)=0 

YTP(i) = Syp(i) + azp(i) YTP a7p(i)=0 

YK(i) = 6x (i) + ax(i) YK ax(i)=0 

It will be noted that unemployment benefits have been assumed a function of 

average wage income, W, because of the institutional fashion in which individuals’ 

unemployment benefits are closely tied to their recent wage earnings. 

When the relationships in (2) and (3) are substituted into (1), the resulting 

equations can be written compactly for all n observations as 

(4) y(i) =.xB(i) + v(i) 

where y(i) is now a column vector of observations on the i-th decile; x is an n X 12 

matrix of observations on terms” involving the right-hand side variables in (3); 

B(i) is a conformable column vector of coefficients derived from the alpha and 

delta coefficients in (3); and v(i) is now an n-dimensional vector of random terms. 

In general, the elements of x include observations on composite terms such as 

° The twelve variables in x being ER, PR, PR - ER, ER - W, PR: W, W, PR- ER - W, YPF, 
YTR, YTP, YK, and the constant term. 
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PR - W or PR - ER as well as on simple terms such as YPF and YTR. Conse- 

quently, (4) is linear in the betas, but nonlinear in the aggregate variables of the 

analysis. The betas are also, in general, nonlinear functions of the coefficients in 

(3). The non-negativity constraints on the alphas imply that the coefficients 

corresponding to the simple terms YPF, YTR, YTP, and YK are also non- 

negative. Expressing the decile incomes in the form of (4), one can then charac- 

terize changes in the overall income distribution for each group by the set of nine 

decile equations, 

ya] fx o| fea] [oa] 

y(9) B(9) v(9) 

Le ee 200 pag: pk age ies Oo: 

or more compactly, 

(5) y=XB+v. 

In summary, then, equation (5) with its appropriately signed coefficients sets out in 

formalistic fashion the channels through which decile changes occur in the income 

distribution. 

Ill. IMPLEMENTATION AND MODEL CONSTRAINTS 

To allow for a more detailed comparative analysis of short-run distributional 

behaviour, the above model has been implemented for seven different age groups 

of adult males: ages 14-19, 20-24, 25-34, 35-44, 45-54, 55-64, and 65 and over. 

Now we should not be very optimistic about estimating (5) with a paucity of 

observations since it contains twelve coefficients for each decile equation. Conse- 

quently a second set of a priori constraints specifying the beta coefficients on some 

of the labour income terms to be zero has been imposed. In particular, the labour 

income terms in (4) have been assumed to fall into four categories. In Case I 

(assuined applicable for low-income prime-aged males), changes in both partici- 

pation and employment rates are assumed to have proportional impacts on decile 

incomes’ so that the labour income terms in (4) simplify to 

(6) B3(i)PR - ER+B;(i)PR - W+8-(i)PR- ER: W. 

In Case II, everyone in the labour force in the decile group is assumed to be 

employed, but not everyone is a full-time participant in the labour force.’ This 

situation is assumed to characterize the upper-income groups sixty-five and over 

who would be expected to retire from the labour force should they become 

unemployed; the upper-income groups aged twenty to twenty-four who would 

not be expected to suffer much unemployment, but some of whose members may 

not be in the labour force the full year because of educational commitments; and 

* ie:Spr = 5ER = 5us =0. 
ie: Spr =QeR =0, SER =1. 



also the bottom deciles for the young group fourteen to nineteen whose incomes 

are so low® that their members are assumed to be only marginally attached to the 

labour force.” In Case III (assumed relevant for some oider middle-income 

groups), all members of a decile group are assumed to be fully employed 

throughout the year.'° And in Case IV (basically for middle- and upper-income 

prime-aged males), all members of a particular decile group are assumed to be 

fully participating in the labour force and fully employed.'' The bottom two 

deciles for the oldest group sixty-five and over were, in addition, taken to be 

independent of wage fluctuations since their labour force attachment is assumed 

to be minimal.’ 

The nonlabour terms also need to be further constrained. Farm proprietary 

income and relief transfers will occur in equations only for low decile income 

levels among recipients aged twenty to sixty-four. Pension benefits are assumed to 

be received only by those of retirement age. Capital income accrues in substantial 

proportions only to the very top quantile groups among prime aged males and to 

those sixty-five and over.'* Since the top quantile estimated in the model (the 90th 

percentile) lies substantially below this high income group, capital income has 

been omitted from all decile groups but those sixty-five and over. Thus only a 

fraction of the terms in equation (4) will appear in the equation for any particular 

decile level, and the matrix of independent variables in (5) may be rewritten as 

x(1) . 0 

0 x(9) 

where now the submatrices of independent variables corresponding to each decile 

equation are no longer the same. 

Finally, there exists a set of adding-up constraints upon the coefficients in (5). 

Basically we have been trying to allocate the changes in aggregate independent 

variables among a set of individual income levels. But in so doing, one would wish 

that the individual impacts would sum up to the total impact of the initial 

change—or alternatively, the average impact upon the individual income quan- 

tiles would equal the mean impact upon the distribution; i.e., 

: [20 ono 

® The four lowest income deciles had estimated mean values of $89.70, $179.60, $269.60, and 
$359. 50 over the 1947-1970 period. 

* This is not to deny a potentially powerful indirect effect of employment rates upon income via 
participation rates according to discouraged worker or additional worker effects. See also the 
discussion at the end of Section V below. 

* ie: Ser = Sup = pr = 0, Spr = 1. 
ie: Spr = - SER = - i, apr -— AER =(0. 

'2 In 20], Table 1 it is estimated that groups aged sixty-five and over with family income under 
$3,000 in 1962 (ie: the 47th percentile) received only 14 percent of their income in the form of wages 
and salaries, 11 percent in property income, and 74 percent in pensions, annuities, and other income. 

In op. cit., it is shown that for groups aged less than sixty-five, only those with family incomes 
above $25,000 in 1962 (ie: essentially the top 1 percentile) received on average more than 9 percent of 
their incomes from capital, 
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where f(y) is the probability density function of an age-specific income distribu- 

tion and yw is the corresponding mean of the distribution. Analogous constraints 

can also be formulated for each of the other.independent variables in the model. 

But since only nine quantile equations are estimated for each distribution, (7) 

must be implemented as an approximation discussed in Appendix I of this paper. 

As there indicated, these adding-up constraints on the beta coefficients across 

decile equations can in general be specified in the conventional linear form 

(8) RB=r 

where R and r have number of rows equal to the number of adding-up constraints 

imposed on the coefficients of the quantile equations. 

In summary, then, the “seemingly unrelated” equations in (5) together with 

the three sets of constraints introduced above constitute the proposed model of 

decile income behaviour that is estimated in this paper. 

IV. ESTIMATION OF THE MODEL 

In order to estimate the quantile model subject to the adding-up constraints 

in (8), estimates were first obtained for the dependent income decile levels by 

linear interpolation from the Bureau of the Census Series P-60 on Consumer 

Income for each year from 1947 to 1970. Since these estimates of the dependent 

variables are assumed to be related to the true decile levels by an additive error 

term, the equation in (5) can be rewritten with a new error term, 

(9) y=XB+u, 

where the intercepts have been adjusted so that u has zero mean. 

Data on the independent variables in (9) have been drawn from the annual 

national accounts in the Survey of Current Business (and deflated by adult 

population figures drawn from the Census Bureau’s Series P-25 on Population 

Estimates) and from the Handbook of Labor Statistics. Thus YTR, for example, is 

mean relief transfers per adult in the United States, while YTP is mean old-age 

benefits and pension transfers per person aged sixty-five and over, W is mean 

wage and salary income per employed adult male in the population, and PR and 

ER are age-specific male participation and employment rates. 

Since the adding-up constraints employed in the regression analysis are only 

approximations to true constraints in (7), they have been imposed upon the 

coefficients of only those variables that appear in almost all the nine decile 

equations for a given age group. Consequently the constraints actually imposed 

are those corresponding to the wage income and participation rate variables for 

the first, second, and seventh age groups, and to W alone for the remaining four 

prime-age groups. 

Several econometric problems now arise in estimating the model specified in 

(8) and (9). First of all, inspection of (6) reveals that, in the Case I situation, two of 

the labour income terms (with coefficients B; and B;) are extremely collinear. The 

approach taken to handle this multicollinearity problem is to specify the B.(i) 

coefficients a priori, and then fit the equations subject to these additional restric- 

tions. This procedure is facilitated by the fact that B; is simply apg(i) + aya(i), 
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where ays = UB(i)/W and apg = PR(i)/PR. Thus, given observations on PR 

and W, it is sufficient to specify values for only UB(i), the unemployment benefits 

members of a particular decile group receive on average, and PR(i), their average 

participation rate. Thus resulting a priori beta coefficients are shown in Table I 

below with no “‘t-ratios”’. 

Secondly, since the study uses time series data, it would be expected that the 

disturbances in (9) would be serially interdependent as well as contemporaneously 

correlated. Parks [18] and Kmenta and Gilbert [11] suggested a procedure for 

handling first-order serial correlation in the framework of Zellner’s seemingly 

unrelated equations without cross-equation coefficients constraints. The 

estimators used in this study generalize Parks’ procedure so as also to incorporate 

the adding-up constraints. For details on the resulting “constrained Parks” 

estimation procedure and proof of its conventional asymptotic properties, see 

Appendix II. 

The constrained Parks coefficients estimates together with their “‘t-ratios” 

are set out in Table 1 with each block of results corresponding to a different age 

group. The dependent variables for each set of equations are listed across the top 

of each block, and the terms appearing on the right-hand side of each equation are 

listed down the left-hand column. Thus by glancing down a column, one can read 

off the coefficient estimates for any equation within a given block. All the 

coefficients with a priori expected signs turn out to have their correct signs. The 

R”’s (although not entirely appropriate in a multi-equation framework) vary from 

0.48 to 0.82 over the first nine equations, and then rise to 0.98 or above in 

forty-nine of the remaining fifty-four equations. The estimated autocorrelation 

coefficients have t-rations of 2.0 or more in twenty-six of the sixty-three equa- 

tions. 

Of more interest for the purposes of this paper, however, are the distribu- 

tional impact patterns implicit in the above regression results. Table 2, laid out in 

the same format as Table 1 contains the partial elasticities (evaluated at the mean) 

of the decile income levels estimated from the above equations. According to the 

model developed in the previous section, all of these elasticities should be 

non-negative; and as can be seen in Table 2, all but one are. 

To assist in interpreting these figures, several highlights should perhaps be 

commented on. Firstly, one may notice a rather substantial difference in the 

impact patterns between the secondary age groups, fourteen to nineteen and 

sixty-five and over, and the remaining groups aged twenty to sixty-four. Fluctua- 

tions in participation and employment rates for the latter group have their greatest 

impacts at the lower end of the income distribution; while, for the former 

secondary aged group, the strongest impacts occur at the middle and upper 

portions of the distributions since the bottom decile groups likely have the 

weakest labour force attachment among adult males. Similarly, most males 

twenty-five to sixty-four are fully employed and receiving incomes almost entirely 

in the form of wages and salaries; so it should not be surprising that their wage 

income elasticities are approximately unity. Among younger and older workers, 

however, the wage income elasticities differ noticeably from unity, particularly 

among the lower deciles. Among older workers, this may be due to most 

low-income males sixty-five and over receiving their incomes largely from 
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pensions and old-age assistance. And among younger males wage increases may 

be dampened by the cyclical entry and exit of young workers particularly at the 

bottom end of the distributions, and perhaps also by the relatively large post-war 

increase in the supply of young workers. 

Second, is the result that for prime aged males there appears to be a slight 

U-shape in the wage income elasticities across deciles (as illustrated in Figure 1 for 
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Figure 1 Profile of wage—income elasticities for group aged 45-54 

the age group 45-54). One possible hypothesis to account for the dip in the 

elasticities over the middle decile groups may be the rigidifying effects that union 

agreements have upon the wage incomes their members receive. Lewis [12] 

among others has found evidence to suggest that unions have tended to make 

their members’ money wages somewhat rigid against short-run movements in the 

incomes of non-unionized workers. A recent study by Massad [13] indicates that 

the effects of unionism are concentrated in the middle deciles of the income 

distribution for adult males. Consequently, a slight dip in the elasticities around 

the middle of the prime aged distributions would appear quite reasonable. 

Third, non-labour income appears in general to have relatively inelastic 

effects upon the decile income levels. Relief transfers and farm proprietary 

income both affect low-income deciles quite inelastically. Interest income has 

moderate effect on the upper segments of the distribution for older males. And 

one can also see quite clearly how the impact of pension assistance transfers 

declines across deciles for the oldest age group. 
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In summary, then, the estimation results appear on the whole to be quite 

reasonable and to indicate a substantial difference in the impact patterns between 

middle-aged males and younger and older male income recipients. 

V. CYCLICAL SENSITIVITY OF INCOME INEQUALITY 

Since the objective of this paper is to analyze cyclical fluctuations in income 

concentration, attention must now be turned to the use of the above results in an 

analysis of inequality. In a classic 1945 paper [5] May Jean Bowman argued that 

no aggregate statistic is entirely satisfactory as an index of inequality. Accord- 

ingly, this paper characterizes inequality in a disaggregative fashion by a set of 

statistics that can be computed from the results already obtained. The indirect 

quantile approach allows one to examine almost any measure of inequality one 

might be interested in, but perhaps the simplest to analyze on the basis of our 

results is a set of relative median income figures, y(i)/ y(5), for each distribution. 

Since we have already obtained estimates of the elasticities of the decile levels to 

fluctuations in key economic aggregates, we can easily obtain the elasticities of the 

decile ratios from the figures in Table 2,'* and these appear in Table 3. The format 

of this table differs from that of earlier tables in that each block of figures 

corresponds to a single independent variable such as wage income or an employ- 

ment rate. One can thus see the pattern of elasticities over different age groups (by 

glancing down the columns). It should also be noted that comparison has been 

eased by transforming age-specific participation and employment rate elasticities 

in Table 2 into elasticities with respect to average participation and employment 

rates for all adult males.’ 

Several features of the results in Table 3 deserve comment. First of all, it can 

be seen that (contrary to Schultz’ aggregative findings in [21]) income inequality 

does appear on the whole to be noticeably sensitive to fluctuations in overall 

participation and employment rates, and less so to cyclical changes in the level of 

per capita wage income. Indeed at the lower ends of the prime-age distributions, 

the participation and employment rate impacts turn out to be rather highly elastic. 

Second, and as a corollary to the findings of the previous section, the 

inequality impact patterns presented in Table 3 differ substantially between the 

youngest and oldest distributions and the rest of the distributions. Postive values 

below the median represent a reduction in income inequality since the corres- 

ponding relative median income ratios shift up toward unity, while positive values 

above the median represent an increase in concentration since the corresponding 

upper deciles are diverging further away from the median of the distribution. 

Negative entries in Table 3 can be interpreted in converse fashion. Consequently, 

one can see from the table that, for males twenty to sixty-four, cyclical increase in 

participation and employment rates result in reduced income inequality (basically 

'* By the simple rule that the elasticity of a ratio is equal to the difference in the elasticities. 
'S The transformation was obtained by using a constrained Parks procedure to regress simultane- 

ously the logarithms of each of the age-specific participation and employment rates on the logarithms 
of their respective overall average rates subject to the explicit adding-up constraint (thus yielding 
estimatcs of the elasticity factors of the age-specific rates with respect to their corresponding overall 
rates, and then multiplying the age-specific elasticities in Table II by these elasticity factors. 

For details, see [1], pp. 149-153. 

43 



by raising the lowest deciles up towards the medians), while the effects of wage 

increases depend upon the age and decile position of a particular group. Among 

younger workers twenty to thirty-four, cyclical increases in wage income tend to 

be disequalizing over both upper and lower regions of the distributions. While 

among older workers thirty-five to sixty-four, incomes tend to become slightly less 

concentrated over lower portions of the distributions and slightly more so over the 

upper portions—essentially as a consequence of the slight U-shape in the profile 

of wage-income elasticities across deciles that was pointed out in the previous 

section. And finally, among young and older secondary aged males, increases in 

wage income tend to be generally disequalizing, while participation and employ- 4 

ment rate changes have mixed effects. 

More generally, then, inequality among secondary aged males fourteen to 

nineteen and sixty-five and over tends to fluctuate procyclically, while among the 

, SS eee TABLE 3 

EsTIMATED RELATIVE MEDIAN INCOME ELASTICITIES ACROSS AGES AND DECILES 

(a) Wage Income Elasticities 

deciles 

age: 1 2 3 4 5 6 7 8 9 

14-19 —0.162 -0.174 -0.178 -0.181 0 0.084 0.023 0.131 0.164 ; 
20-24 —0.849 -0.599 -0.338 -0.039 0 0.057 0.054 0.071 0.068 ; 
25-34 —0.027 0.008 -0.007 —-0.008 0 0.009 0.024 0.094 0.097 
35-44 0.102 6.062 0.021 0.001 0 0.056 0.084 0.082 0.142 
45-54 0.134 0.100 0.100 0.016 0 0.018 0.067 0.084 0.144 
55-64 0.291 0.133 0.074 0.043 0 -0055  -00@2 0.019 0.012 
65+ —0.182 -0.182 -0.094 -0.115 0 0.079 0.099 0.299 0.355 

Te (b) Participation Rate Elasticities 

deciles: 

age: 1 2 3 4 5 6 7 8 9 

14-19 —-0.119 0.159 0.259 0.304 0 0.447 1.04 1.09 1.73 
20-24 1.40 1.11 0.608 0.160 0 -O0179 -0.232 -0310 -0.368 q 
25-34 2.37 1.39 0.882 0.560 0 0 0 0 0 q 
35-44 2.88 1.29 0.654 0 0 0 0 0 0 
45-54 4.15 1.95 1.00 0 0 0 0 0 0 
55-64 1.59 0.841 0.798 0.387 0 -O0351. -O361 -G3as* -O2301 
65+ —1.49 —1.49 ~O.872. --@.113 0 0.908 —0.036 0.869 0.466 

Le aaa 

(c) Employment Rate Elasticities 

deciles: 

age: 1 2 3 4 5 6 7 8 9 

14-19 —0.952 -0.952 -0.952 —-0.952 9 0.589 0.137 0.482 1.655 
20-24 2.18 1.78 0.678 0.118 0 -0.200 -0.458 -0.458 —-—0.458 
25-34 2.89 1.56 0.858 0.440 0 0 0 0 0 
35-44 2.60 1.02 0.377 0 0 0 0 0 0 
45-54 3.63 1.53 0.585 0.339 0 -0.142 -0.142 -0.142 -0.142 
55-64 1.37 0.794 0.774 0.400 0 0 0 0 0 
65+ 0 0 0.050 



remaining groups aged twenty to sixty-four, it tends to move anticyclically at least 

in so far as the participation and employment rate effects are concerned. This 

basically reflects the hypothesis that the very low-income secondary workers have 

only a very weak commitment to the labour force so that it is the middle- and 

upper-income secondary groups whose incomes are more responsive to participa- 

tion and employment rate fluctuations. Those who are still employed at age 

sixty-five and over receive more on average than those who are living off pension 

and old-age assistance income—thus cyclical upturns tend to raise already rela- 

tively high incomes and recessions tend to low them back towards the median of 

the distribution. Among lower decile teenage income recipients on the other 

hand, some may have part-time or part-year employment in service jobs that are 

not as cyclically sensitive as higher paid industrial jobs. In addition, the relatively 

large increase in the supply of young workers over the post-World War II period 

may have tended to dampen expansionary wage increases employed members of 

this group receive.'° As a further consideration, it could be argued that the 

procyclical behaviour of income inequality over the lower portions of both distri- 

butions may also be partially due to the choice of the individual as the income 

receiving unit used in this study. In recessions, formerly low-income secondary 

workers may simply drop out of the labour force, earn no income, and thus not be 

counted in the income distribution; while in economic expansions, they may 

re-enter the lower end of the distribution, thus attenuating or concealing any 

upturn in relative median incomes that might otherwise have occurred. Conse- 

quently, one must be particularly careful about making normative statements 

concerning the behaviour of income inequality of these two distributions. 

VI. COMBINED CYCLICAL CHANGES IN THE DISTRIBUTION 

Cyclical changes in the pattern of income inequality, however, are the result 

not of macro variables fluctuating singly in isolation but of their simultaneous 

variation. What we are basically interested in, then, are the total or combined 

effects of fluctuations in such factors as wages, participation rates, and employ- 

ment (or unemployment) rates rather than just the partial effects analyzed in the 

last section. The model of quantile behaviour so far presented, however, has 

incorporated no macroeconomic behavioural assumptions, but has attempted 

simply to translate given changes in key economic aggregates into disaggregated 

distributional changes. Consequently, such a quantile model can be readily 

appended to any annual macro model that simultaneously determines these 

economic aggregates so as to analyze the total distributional impacts of their 

fluctuations. In this section are described the results of three simulation experi- 

ments based on the labour supply models of Bowen and Finegan [4] and Wachter 

{28}. 

Two principal factors that will be assumed to generate cyclical distributional 

changes among adult males are wage income and unemployment rate changes. 

But these in turn affect levels of participation rates and unemployment benefits. 

According to the work of Tella [24], Dernberg and Strand [7], and Bowen and 

"© For a more detailed discussion of this effect, see [1], pp. 209-213. 
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Finegan, the participation rates of secondary aged males appear to vary inversely 

with the unemployment rate—the so-called ‘‘discouraged worker effect’’, that 

during recessions many such workers who have difficulty finding employment 

simply drop out of the labour force, and that when economic conditions improve, 

they enter it again responding to improved job opportunities. According to 

Mincer’s neoclassical approach [15, 16], however, participation behaviour should 

reflect the labour-leisure trade-off by showing sensitivity to real wages. More 

recently, Wachter has «..tempted to integrate this latter approach with a perma- 

nent income hypothesis and a theory of relative wage adjustment. Increases in 

permanent real wage income are expected to have a “‘permanent” effect upon 

participation behaviour of secondary workers according to the outcome of 

conflicting income and substitution effects. Furthermore, a deviation of current 

real wage income from permanent wage income has an additional “transitory” 

effect of uncertain a priori sign upon participation behaviour; but once current 

wages fall back to their permanent wage level, this transitory effect ceases to 

operate. Empirically, Wachter finds that for young secondary aged males, the 

permanent wage effect is negative while the transitory wage effect is not statisti- 

cally significant; and for older secondary aged males, the permanent effect 

remains negative, while the transitory effect turns out positive and strong. In 

summary, then, cyclical fluctuations in economic activity would be expected to 

affect participation behaviour through three distinct channels: an unemployment 

rate effect, a permanent wage effect, and a transitory wage effect. The outcome of 

these sometimes conflicting effects depends on their relative magnitudes. 

In addition, one would also expect unemployment benefits to vary directly 

with the unemployment rate. This has in fact been incorporated in the present 

model of quantile behaviour by tying unemployment benefits per unemployed 

person linearly to per capita wage income to reflect institutional arrangements 

concerning benefit levels. Thus with benefits per person determined by wage 

levels, total unemployment benefits do vary in proportion with the unemployment 

rate. 

Combining Bowen and Finegan’s estimates of the discouraged worker effects 

with Wachter’s estimates of permanent and transitory wage effects on participa- 

tion rates and the unemployment benefits effect of the present model,'’ one can 

simulate economic changes in illustrative fashion by adjusting only the aggregate 

wage level and overall male unemployment rate. Accordingly, three cyclical 

swings have been simulated for this paper. In the first, representing an upswing in 

economic activity, the unemployment rate has been assumed to decline from 6.5 

to 3.0 percent and per capita wage income to increase at a rate of ten percent (five 

points real and five points inflation) from its mean over the 1947-70 period. In the 

second simulation, a recession has been characterized by a rise in the unemploy- 

ment rate back up from 3.0 to 6.5 percent and a wage increase at a rate of only one 

percent (with an inflation rate of two percent). In the third simulation representing 

a rather severe recession, the unemployment rate has been assumed to rise from 

3.0 to 9.0 percent and wage income (both nominal and real) to decline at a rate of 

two percent. Estimates of implied relative median income ratios were obtained at 

'” For details on the simulation procedure, see Beach [2], pp. 28-30. 
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the beginning and end of each simulation, and the changes were expressed as . 

percentages of the average ratio values over the 1947-70 period so one could see 

the relative magnitudes of the resulting distributional impacts. These figures are 

present in Table 4. 

As is again evident from these results, there appears to be a definite combined 

patern of cyclical fluctuation in income concentration particularly at the lower 

ends of the distribution for prime aged males. This is illustrated in Figure 2 below 
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Figure 2 

for the group aged twenty-five to thirty-four. While the upper decile levels change 

relative to the median by less than two percent, the bottom deciles fluctuate 

relatively by ten to twenty percentage points. 

And again, similar to the partial results noted earlier, the combined inequal- 

ity behaviour for the youngest and oldest age groups differs substantially from that 

of the prime age groups. While the lower portions of the relative median income 

curves for the groups aged twenty to sixty-four vary procyclically (rising during 

expansion and falling during recessions), the corresponding portions of the curves 

for the youngest and oldest age groups appear to move anticyclically, while the 

upper portions fluctuate procyclically—thus resulting in the upper decile groups 

gaining most during expansions and losing most during recessions. Among 

secondary aged males fourteen to nineteen, the employment and participation 

rate changes turn out to be the dominating factors. Among the group sixty-five 
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and over, however, wage income and participation rate changes are the dominat- 

ing factors, particularly the latter via strong and reinforcing discouraged worker 

and transitory wage income effects. In sum, then, the combined or total cyclical 

effects may indeed be fairly substantial over particular disaggregated regions of 

the personal income distribution. 

TABLE 4 
ESTIMATED PERCENTAGE CHANGE IN RELATIVE MEDIAN INCOME OVER SIMULATED 

CYCLICAL CHANGES 

(a) Simulated Expansion 

2 3 4 6 7 8 

32. . ~soe... ~9.04 5.10 4.10 7.18 
-0.359  -1.03 0.096 Gam —i.o2 ise 
5.90 299 < 151 0.126 0.334 1.27 
4.44 1.66 -0.001 0.761 1.12 1.13 
6.72 3.41 1.40 —3.47 0.308 0.585 
4.63 3.75 2.07 —0.653 -0.471 0.336 

~S.02: = b2). 143 2.64 1.41 5.83 

(b) Simulated Recession 

deciles: 

age: 3 4 6 7 8 9 

14-19 2.19 1.99 —4.05 —4.95 —6.28 -—13.26 
20-24 —4.01 -0.777 1.11 2.19 2.73 2.43 
25-34 “2. . “Bie 0.014 0.037 0.142 0.148 
35-44 ~ioo 0 0.085 0.126 0.127 0.214 
45-54 “ae: '=h2i 0.558 0.632 0.661 0.750 
55-64 . 2.71 —1.40 —0.074 —0.053 0.038 0.031 
65+ 0.786 -0.477 —1035 0.198 -0.641  -0.047 

(c) Simulated Depression 

deciles: 

age: 3 8 9 

14-19 4.61 Re Se 
20-24 Sao 4.34 3.69 
25-34 —5.41 —0.399 -—0.414 
35-44 —2.44 -0.356 -0.602 
45-54 =$.25 0.458 0.208 
55-64 3.23 . -0.108 -—0.089 
65+ 1.98 “295... -2325 

VII. ExTENSIONS OF THE MODEL 

This paper has attempted to provide a useful and novel framework for 

studying in detaii the distributional aspects of short-run macroeconomic fluctua- 

tions. The indirect quantile approach that is forwarded involves first explaining 

the cyclical behaviour of a set of quantile income levels of a distribution by means 

of regression analysis, and then deriving the implied behaviour of various income 
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inequality measures from the quantile equations. Thus, while income quantiles 

are the primary subjects of regression analysis, it is the resultant systematic 

fluctuations in the various inequality measures which are the basic objects of 

investigation. 

The approach has been illustrated in this paper with a disaggregation by age 

and deciles for male income recipients, although various other disaggregations 

such as by sex, race, or occupationa! groups, or by finer quantile breakdowns could 

alternatively have been used. From a technical point of view, it would also be 

desirable to loosen some of the rigid parameter constraints employed in the 

model. The parameters of the response function in (3) are likely to vary over time, 

so that perhaps a more flexible approach could be based on a random coefficients 

procedure for seemingly unrelated equations such as recently suggested by Singh 

and Ullah [23]. The adding-up constraints that are actually implemented are also 

only approximations to the true constraints in (7), so that they could perhaps be 

reformulated stochastically and handled by a Theil-Goldberger [25] mixed 

estimation procedure. 

From a macroeconomic point of view, a more extensive simulation analysis 

based on a more elaborate macro model would allow one to trace a wage- 

unemployment rate trade-off, so that one could explicitly evaluate some of the 

distributional costs of movements along such a trade-off. One could also obtain 

estimates of some of the distributional costs of inflation by simulating the effects of 

allowing different sources of income to grow at different rates, and by deflating 

different quantiles by different price indices. One could thus incorporate all 

together price effects, differential income effects, and unemployment rate effects 

of inflation upon the distribution of income. In addition, one could use the 

estimated quantile equations to interpret and evaluate some of the factors behind 

short-run fluctuations in income concentration that have occurred in the recent 

past, particularly in the recessions since World War II, and to investigate whether 

there has been any shifting in the underlying structure of income inequality 

associated with possible shifting of the Phillips curve in recent years. Finally, from 

a theoretical point of view, it would be useful “‘to close” our model of distribu- 

tional behaviour and macro fluctuations by linking up the work in this paper with 

suggestions by Blinder [3] for analyzing the feedback of fluctuations in the size 

distribution of income upon aggregate output itself via a set of distributional 

consumption and wage functions. One could then analyze the interactions 

between output generation and income distribution in a more fully consistent 

framework. 

APPENDIX | 

Implementation of the adding-up constraints 

In order to implement the adding-up restrictions in equation (7) in the text, 

the left-hand side of (7) is replaced by a weighted average of the estimated income 

deciles. 

(Al) (0.10) § (2, 
j=l 
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Since mean income has not been estimated in this study, the right-hand side of 

equation (7) is replaced by the derivative of a linear combination of the two deciles 

adjacent to the estimated mean, with an adjustment for the weights in (A1) 

summing to only 0.9. The approximation to (7) that is implemented is assumed 

also to hold only at the means so that the independent variables appearing in the 

constraint itself are evaluated at their means over the period of observation. 

Consequently, the implemented constraints can be expressed as general linear 

nonhomogeneous restrictions on the beta coefficients of the model. 

APPENDIX II 

Constrained parks estimation procedure 

In the regression model estimated in Section IV of the paper, it is assumed 

that there is a set of nine “‘seem‘ngly unrelated”’ equations, written jointly as 

(A2) y=XB+u, 

where the coefficients are subject to a set of adding-up constraints, 

(A3) RB =r, 

and where the disturbances for each equation are assumed to be contemporane- 

ously correlated as well as serially dependent. In particular, the disturbances for 

the i’th equation are assumed to follow a first-order Markov autoregressive 

process, 

u(i, t) = p(i)u(i, t— 1) + e(i, t) 

where «(i, t) has conventional white noise properties. 

The “constrained Parks” estimation procedure then involves the three steps: 

(1) obtain the Zellner seemingly-unrelated estimates of the coefficients in (A2) 

subject to the adding-up constraints in (A3); (2) calculate the residuals from the 

estimates in the first step and thence compute an estimate of the autocorrelation 

coefficient 

Yi-si(i, ta(i, t—1) 

Yre2t(i,t-1) ” 

and (3) transform all the variables in the i-th equation by the matrix 

A(i) = 

— pli) l 0 

P(i)= 

0 a ae 

and compute constrained seemingly-unrelated estimate of the B coefficients of the 

transformed equations. 

It can readily be shown that such estimators are consistent and asymptotically 

efficient under conventional assumption. Suffice it to simply sketch the outlines of 

such a proof. By a slight modification of the consistency argument Zellner 
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originally presented [29] for his seemingly unrelated regressions without cross- 

equation constraints, it can be demonstrated that the Zellner estimates incor- 

porating the constraints are also consistent. Consequently, with nonstochastic 

independent variables, the corresponding residuals f(i, t) converge in distribution 

to u(i, t), and p(i) computed from these residuals converges in probability to p(i). 

Thus, if the i-th equation is transformed by P(i), the vector of transformed 

disturbances converges in distribution to a vector of intertemporally independent 

disturbances. We thus have a set of equations in the transformed variables which 

are asymptotically identical with Zellner’s seemingly unrelated equations whose 

coefficients are again subject to the constraint in (A3). Since the constrained 

Zellner estimator applied now to the transformed equations is known to yield 

coefficient estimates which are consistent and have the same asymptotic normal 

distribution as the constrained Aitken estimators based on a known covariance 

matrix, the same properties hold for the constrained Parks estimators. 

Queen’s University 

Kingston, Canada 
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