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In this paper a new'method is forwarded of estimating the effect of
short-run macroeconomic fluctuations on concentration in the size distrib-
ution of personal income. In particular, tﬁe impacts of changes in unemploy-
ment and participation rates and in the level of wage and salary income upon
the shape of a Lorenz curve are analyzed for each of three age groups in

the United States. It is found that increases in the participation rate and

decreases in the unemployment rate are consistent with an upward shift of
the Lorenz curve, while increases in the overall Tevel of wage and salary
income have differing effects on the shape of the Lorenz curve depending on

the age and relative position in the income distribution of a group.

I. Introduction

Recent years have seen a growing discussion of the distributional

impact of cyclical fluctuations in macroeconomic activity. Johnson [4],
Tobin [13], and Hollister and Palmer [3] have argued the importance of Tow
unemployment policies largely on distributional grounds. And Schultz [10],
Thurow [12], and Metcalf [8] have attempted to measure exactly what the
impacts are of macroeconomic fluctuations upon inequality in the size dis-
tribution of income. This paper is written in the spirit of the latter
contributions, but offers an approach that differs substantially from the
earlier ones. Whilst Schultz focused on aggregate inequality measures such
as the Gini coefficient, this paper examines inequality behaviour at a dis-
aggregative level within distributions. Metcalf based his study on fitting
Tognormal density functions to empirical income distributions; but the pre-
sent approach is distribution-free in that it does not constrain the data

to satisfy any particular distribution. Furthermore, none of the earlier
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papers examined the functional mechanism 1fnking income inequality to short-
run cyclical fluctuations, so that one of the objectives of this paper is
to identify the various channels through which macro fluctuations affect

distributional inequality by means of a simple a priori model.

The approach used in this study involves first analyzing inequality
changes in a set of quantile income levels spanning a distribution, expressing
standard inequality measures in terms of tﬂe income quantiles, and then
deriving the behaviour of these measures implicit by the behaviour of the
underlying set of income quantiles. The inequality measure used in this
paper is the standard Lorenz curve. Fluctuations in economic aggregates
thus affect the shape of the Lorenz curve 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.

The outline of the paper is as follows. The next section presents
the basic model of income changes within ardistribution. Section III discusses
the estimation procedure and results based on annual Bureau of the Census data
for 1947-1970. Section IV compares these results with some of Metcalf's
findings. Section V examines the impTications of the results for the
Lorenz curve of a distribution. And Section VI summarizes the principal

findings of the paper.

IT. A Model of Distributional Changes

One possible approach to studying the behaviour of a Lorenz curve is

to examine the behaviour of its derivative, the relative mean income curve
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Tllustrated in Figure I. The ordinate of this curve is simply y(i)/u where
y{i} (for 0 < i < 100) denotes the i'th quantile income level and u is the

mean income for the distribution [5].: If one is able to explain the be-

haviour of mean income and a set of income quantiles, one can then explain

FIGURE I

Relative Mean Income Curve
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their ratio; i.e., one can explain the fluctuations of a set of points on
the relative mean income curve, and thus of the curve itself. One can then
integrate up and analyze how the associated Lorenz curve and impTied income
shares fluctuate. The essential idea is tﬁat a study of fluctuations in
the shape of the Lorenz curve can be reduced to an analysis of the behav-
iour of mean income and a sét of income quantiles of a distribution, and

of the channels through which macro fluctuations affect these individual
mean and quantile levels. Consequently, we now turn to the development of

a simple empirical model of the channels through which macro activity affects

the incomes of individual recipients.
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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 um‘ts.2 As an empirical convenience,
the quantiles selected for study will be the nine income deciles corresponding
toi=10, 20, ..., 90; and to allow for a more detailed analysis, individuals
will also be disaggregated by age. Thus we have a population of individual
income recipients who are ranked by age (represented by the variable a)
and by their relative position in the income distribution (indicated by the
decile index i ), and we can let ¥ (a,i) represent the average gross money
income of individuals of age a at the i 'th decile position in the income
distribution. Now y(a,i) can be decomposed according to a stochastic

identify into components derived from different sources:

y(a,1) = YE(a,i) + YU(a,i) + YPB(a,i) + YPF(a,i) + YTR(a,i) + YTP(a,i)
+ YK(a,i) +vy(a,i) (1)

where YE(a,i) is the average income received from employment; YU(a,i) is
average unemployment benefits received; YPF(a,i) and YPB(a,i) represent farm
proprietary income and business and professional proprietary income; YTR(a,i)
and YTP{a,i) are relief transfers and pension transfers; YK(a,i) is average
capital income in the form of rents, interest, and dividends; and v(a,i) is
a random term assumed to represent remaining minor sources of income. The

first two Tabour income components can be further factored into

i

YE(a,i)
and Yu{a,i)

PR(a,i) . ER (a,i) . W (a,i)
PR(a,i) . UR (a,i) . UB (a,i), (2)

n

1. See [10], p. 78.
2. See [11].
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where PR(a,i) is the group's average labour force participation rate;
ER(a,1) = 1 - UR(a,i) is its employment rate; W(a,i) is wage and salary
income per employed person in the group; and UB(a,i) is the average unem-
ployment benefits per unemployed person. Content is now given to these
relationships by (a) relating the age - and decile - specific variables in
(1) and (2) to economic aggregates, and (b) se?ectfng which variables in

(1) and (2) to retain or drop for particular age and income groups.

Since the right-hand side variables in (1) and (2) are generally
unobserved, they will be assumed to be nondecreasing linear functions of

observed aggregates. That is,

PR(a,1) = 8ppla,i) + appla,i) PR(a) appla,i) > 0
ER(a,1) = spp(a,i) + acpla,i) ER(a) aplasi) > 0
W(a,i) = Gw(a,i) + aw(a,i) W aw(a,i) >0
UB(a,i) = Sypla,i) + aypla,i) W apla,i) >0
YPB(a,1) = pp(a,i) + appla,i) W apgla,i) >0 (3)
YPF(a,1) = opela,i) + ap-(a,f) YPF app(a,i) > 0
YTR(a,1) = 6;pla,i) + arpla,i) YTR arplasi) >0
YTP(a,1) = 8pp(a,i) + appla,i) YTP arp(a,i) > 0
YK(a,i) = 5, (a,i) + o (a,i) YK o (a,i) > 0.

PR(a) and ER(a) are average participation and employment rates for members
of age group a, while the rest of the right-hand side variables in (3) are
averages over all age groups. It will be noted that unemployment benefits
have been assumed a function of wage income, W, because of the institutional
way that individuals' unemployment benefits are closely tied to their recent

wage earnings. Business and professional proprietary income has also been
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assumed dependent on W because the supply curve of labour for the self-

employed is assumed elastic to wages in alternative employment opportunities.

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

7 the resulting equations can be written compactly for all n observations as
y(a,i) = x{(a) 8 (a,i) + v(a,i) (4a)

where y(a,i) is now a column vector of n observations on the i'th decile
for the a'th age group; x(a) is an n x 12 matrix of observations on terms
involving the right-hand side variables in (3); B(a,i) is a conformable
column vector of coefficients derived from the alpha and deTta coefficients
in (3); and v(a,i) is now an n-dimensional column vector of random terms.
In analogous fashion, it will be assumed that we can also write a mean
income equation

u(a) = x(a)B(a,u) + v(a,u) (4b)
for each age group. In general, the elements of x(a) include observations
on composite terms such as PR(a}.W or PR(a).ER(a) as well as on simple
terms such as-YPFzand YTR. Consequently, (4) is linear in the betas, but
nontinear 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
mean and decile incomes in the form of (4), one can then characterize
changes in the overall income distribution for each age group by the set of

one mean and nine decile equations

y(a,10) x(a) x 8(a,10) v(a,10)
. ) . Sl I At

y(a,90) \ " x(a) 8(a,90) v(a,90)

u(a) B{a,n) v(a,u)




or more compactly,

y(a) = X(a)B(a) + v(a) (5)

In summary, then, equation (5) with its appropriately signed coefficients
sets out in formalistic fashion the channels through which quantile changes

occur in the income distribution.

We should not be very optimistic about estimating (5) with a

paucity of observations, however, since it contains twelve coefficients for
each quantile equation. Consequently a second set of constraints specifying
some of the beta coefficients to be zero has been imposed. In particular,
three specifications of the labour terms in (4) have been used. In Case I
(applicable to low decile groups), it is assumed that bothrpakticipation

and employment rates have an impact on decile incomes, and that these im-
pacts occur via proportional response functions; i.e., 6PR= SER = SUB =0,

so that the Tabour income terms in (4) simplify to
Bs(a,i) PR(a).ER(a) + Bs(a,i) PR(a).W + B-(a,i) PR(a).ER(a).W. (6)

In Case II (applicable largely to secondary workers), everyone in the labour
force in the decile group is assumed to be employed, but not everyone is a
full-time participant in the Tabour force; i.e., GPR = agp = 0, and 5ER = 1.
And in Case III, all the members of the decile group are assumed to be in

the labour force and fully employed, so that Spg = Spp = 1 and Opg = ogg = 0.

The nonlabour terms also need to be further constrained. Farm
proprietary income and relief transfers will occur in equétions only for
Tow decile income levels. Pension benefits are received only by those of
retirement age. Capital income accrues lTargely to the top quantile groups

and the retired. Thus only a fraction of the terms in equations (4) will
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appear in the equation for any particular decile or mean, and the matrix

of independent variables in (5) may be rewritten as

~ x(a,10) ﬁ:::::zs
x x(a,90)
* . x(a,m)

o d

Finally there exists a third set of constraints upon the derivatives
of the independent variables and thus upon the coefficients of the equations
in {5). For each age group, there exists an income density function f(a;y)

with an assoctiated mean income of

100
w@) =f  ylast) 7 (aw) dy (ash). (7)
1=0

Thus if W, say, were to shift up by a dollar, the resulting distribution
of the shift among income groups in the f(a;y) density would have to satisfy

the adding-up constraint

f;(ay(a;i%;(a;y))dy (a;i) = Sgéa) . o

Analogous constraints can also be formulated for each of the other inde-
pendent variables. However, since the distribution is being approximated
by only nine deciles in this paper, the left-hand side of (8) must be re-
placed by some weighted average of these deciles such as

9

9 ;103
(.10) j.i (_A%W_J_))

L)

with an adjustment on the right-hand side for the weights summing to only
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.90.1 The approximation 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 analysis.

In summary, then, the "seemingly unrelated" equations in (5) to-
gether with the three sets of constraints introduced above constitute the

model of decile income behaviour that has been estimated.

III. Estimation of the Model

In the empirical work to follow, the model is estimated for indiv-
idual males of three age groups, 20-24 years (a=1), 35-44 years (a=2), and
55-64 years (a=3), although the model could easily be estimated for any
other age and sex categories. Estimates for the income deciles were ob-
tained by Tinear interpolation and estimates of the means were taken

directly from the U.S. Bureau of the Census Series P-60 on Consumer Income

for each year from 1947 to 1970 and from the Bureau's Technical Paper No. 17
on "Trends in the Income of Families and Persons in the United States: 1947-

1964." Since the estimates of the dependent variables in the above model

1. Implicit in this weighting scheme is the assumption that the
mean income for a distribution with the top five percent and bottom five
percent truncated is the same as the mean income for the whole distribution.
But for a skewed distribution this is an invalid assumption. Since the
mean of the truncated income distribution would be expected to be slightly
less than the mean of the overall distribution, the weight on the right-
hand side of (8) has been reduced from .90 to .85 so that the constraint
actually imposed is

(.10) Zg(az(a;w,j)): .85 oula) . (9)
J=1 oW ol
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are assumed to be related to the true means and decile levels by an additive

error term, the equation in (5) can be rewritten as

¥ (a) = x(a)B (a) + u(a), (10)

where the intercept terms have been adjusted so that u(a) has zero mean.

Data on the independent variables in (10) have been drawn from the

U.S. 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 Labour Statistics. Thus

YTR, for example, is mean relief transfers per adult in the United States.
W, on the other hand, is the mean wage and salary income per year over only

the employed adult male population.

Since the ad&ing-up constraints outlined in the last section are
only approximations, they have been imposed upon the coefficients of only
those variables that appear in almost all the ten equations for a given age
group. Consequently the only constraints that have been imposed are those
corresponding to the wage income and participation rate variables for the

first age group, and to W alone for the remaining two groups.

Several econometric problems now arise in estimating the model
specified in (9) and (10). First of all, inspection of (6) reveals that,
in the Case I situation, two of the labour income terms (with coefficients
Bs and By) are extremely collinear. The approach that has been taken to
this multicollinearity problem is simply to specify the Bs(a,i) coefficients
a priori, and then fit the equations subject to these restrictions. This

procedure is facilitated by the fact that 8s is simply aPR(a,i).aUB(a,i),
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where o = UB(a,i)/W and dPR = PR(a,i)/PR(a). Thus, given observations on
PR(a) and W, it is sufficient to specify values for only UB(a,i), the un-
employment benefits members of a particular age and decile group receive on
average, and PR(a,i), their average participation rate. The 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 expect-
ed that the residuals in (10) would be serially interdependent as well as
contemporaneously correlated. Parks [9] suggested a procedure for hand-
Ting first-order serial corretation in the framework of Zellner's seemingly
unrelated equations without cross-equation coefficient constraints. The
estimators used in this study generalize Parks' procedure so as to incorp-
orate the adding-up constraints. The resulting estimation procedure can be
summarized briefly as follows: (1) run the constrained Zellner seemingly
unrelated regressions to obtain estimates of the residuals and thence-of: -~
the autocorrelation coefficients; (2) transform the variables in each
equation according to a first-order Markov autoregressive scheme; and (3)
calculate the constrained Zellner estimates of the beta coefficients of
the transformed equations. Under conventional assumptions, it can be
shownI that the resulting"constrained Parks" estimators are consistent and
asymptotically efficient. This procedure has been used to estimate simult-
aneously the ten equations in each of the three age groups subject to the

adding-up constraints discussed above.

The coefficient estimates together with their "t-ratios" are set

out in Table I with each block of results corresponding to a different age

1. See [1], pp. 125-126.




- 12 -

(o0 1) (5027 2) TdA
v0° 1 oL 2
(v6€°€) ULA
vLoLL
(86°%/) |(eL72€) |(LL v¥) |(60°GS) |(8°001) (g0°2L) | (8€°0L) M
6186° 268°1 | 89| VAR vE86° [158" Less*
M (2)4d
612" 0£2" AN
(96°8%) | (¥0"2€) | (¥G°0L) [(2)¥3°(2)dd'M
L901* LEpE” 6£02°
(0£0°1) | (286°1) | (0l§°€) (2)43° (2)ud
2'¥69- "Lbh2 " 1965
(969°0) |(¥£8°2) |(89S°1) |(S59°L) |(S0p°1) (948°2) | (860°€) | (51€71) | (951°2) | (£96°¢) Jue3SU0)
88°99 | "8€ll- | 6'82¢~ | G /yz2~- 09" ¥6 0°9€2 L vzz L* 908 *Live- "2219-
(2)0 [(06°2)f |(08°2) |(0L2)8 |(09°2)8 | (05°2)6 | (0v°2) | (0£°2)4 (02°2)4 | (01°2)f
(2=®) tp-g¢ seby
(0S£°L) | (922°1) 4dA
68l 1l 09€6°
(026°2) | (0sz2°¢) | (859'2) ULA
2€0°8 8LY°6 188" L
e (0£°6S) [(66°2S) |(cz2°1¢€)
£608° 2659 | 29¢6" 8l2° L92" £62" 652 £GL” G60° M (1)ud
(€16°L) [(96v°¢) |(¥68°0) (L)dd
2W6l- | ‘6€he- |L°4G8- ‘
(ZL°11) (25" LL) | (w2 ) | (9L0°L) | (669°9) | (€9v°Z) | (82L°9) (L)d3" (L)dd M
ISitL: 28s1° £190° £610° - G6LL" - 20LL" - 2560° -
(6£0°0) (Lv2° L) | (£L2°0) | (6Ss°0) | (¥95°2) | (802" ¥) (£8¢°¢) (L)¥3°(1)yd
£8°62- 0" 209- ¢'lZl~ | £'98¢ 2691 822 ‘vLLL
(294°2¢) |(268°2) |(618°¥) |(S/8°L) |[(g9y°€) (2£0°2) | (S2870) | (19L°L) | (¥20°€) | (££9°2) que)suU0)
8°248 | "00/2 " 980€ 1591 "96€1 G /96 L* LY 0°8£9- "Ghel- 2Ll
(DY 1(06°1)6 1(08°1) [(0£51)E |(09°1)% (08" )4 | (ov" )£ | (o 1)E | (0z°1)E | (oL 1)

SIUBLIL44D0) uoLssaubay BU3 JO SSJBWLFST SyAEq Pauled3suo)
I 319yl

(1=®) v2-02 s9by



(eov-0) |(2zL°L) | (b0s°¢€)
1££°0 £68° | 8€6°2
(099°2) |(vev-2) | (1£8°2)
b 99° 11 90" 1 9GE°6
~(9€769) [(£1°€2) | (98°42) | (z2°18) | (12'8%)
| 2v8L° | 028 1L voL°1 cL16° S18.°
(LL"Z%)
6018" Log* 092" 681" E1°
(LrL-g)
WA
(£6%2z2) | (e6°1LL) |(981°9) | (8lL°t)
€8l 1582" 8061° 9180°
(08L°L) | (eoL"1) |(Z1£°0) | (266°1)
"€6LL- “veLl "6621 "8202
(L18°€) |(eeL70) |(092°0) | (L0£°L) | (2072) | (190°¢€) (7LO°L) | (60g"L) {(z£0°L) | (1¥L°2)
L70EE | 8L°59 90°€/- G'¢l2 07862 "€51E 6°2.8 "LOLL- l2sL- €822~
(€)1 [(06°¢)d | (08°e)A | (ose)h | (09°€)A | (05°€)X [ (ov€)A (0e“e)k |(0z'e)k | (oL°e)A

d4dA
LA

M
M*(€)ud

(€)4d

(€)43°(€)dd M

(£)43° (£)4d

JURISU0Y

SQUaLdLi4o0) uoLssaubay ayl

40 S33BWL]S] Sided pauLedlsuo)
(Penuizuo)) 1 379YL

(0£=e) $9-gG saby



- 13 -

~group. The dependent variables for each set of equations are Tisted across
the top of each block, and the terms appearing on the right-hand side of
each equation are listed down the Teft-hand column. Thus by glancing down
a column, one can read off the coefficient estimates for any equation with-
in a given block. All the coefficients with a priori expected signs turn
out to have their correct signs. F-tests of the adding-up constraints
resulted in a rejection at the ninety-five percent level of confidence in
only one case (for the second age group). But since the constraints in

(8) are essentially identities, they have been retained in the regression
analysis. The estimated autocorrelation coefficients of the regressions
vary between -.089 and .670 with twelve of the thirty coefficients having

t-ratios of 2.0 or more.

More interesting, however, are the partial elasticities (evaluated
at the mean) of the mean and decile income tevels implicit in these estimated
equations. These are presented in Table II which is in the same format as
Table I. Thus by scanning horizontally across the page, one can read off
the profile of wage income elasticities, say, as one moves from lower to
higher deciles. According to the model developed in Section II, all of
these elasticities should be non-negétive; and as can be seen in Table II,

all are.

To assist in interpreting these figures, several highlights should
perhaps be commented upon. As one would expect, participation and employment
rate elasticities have their greatest impact at the bottom ends of the dis-
tribution. Most of the males of these ages, however, are fully employed

and are receiving incomes almost entirely in the form of wages and salaries.
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Thus it should not be surprising that their wage income elasticities are

approximately unity.

More interesting, however, are the patterns of the wage income
elasticities across deciles for the three distributions. For the first
group, males twenty to twenty-four, the elasticities rise from .063 to
.804. Several possible reasons can be suggested for this increase. From

(1) to (2) and the substitution constraints in (3), one can see that

& (1,1)= o,(1,1) PR(T,1) ER(1,1) + oyp(11) PR(1,) UR(1,1),

50 that two contributing factors for low wage income elasticities at the
bottom end of the distribution may be Tow participation rates for members

of these decile groups and low unemployment benefits (i.e. a small aUB(l,i))
young workers receive. Furthermore, a small response of decile wage income
to changes in overall wage levels (i.e. a small uw(1,i)) may be due to the
dampening effect of relatively high unemployment among low-income secondary-
aged workers. As one moves up the range of deciles, one would expect the
depressing effect of these factors upon the wage income elasticities to be

attenuated so that the elasticities should tend toward unity.

For the second age group, and to some extent for the third as well,
the wage income elasticities appear to be slightly U-shaped across deciles
(see Figure II). 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 [6] among others has found evidence to suggest that unions tend to

make their members' money wages somewhat rigid against short-run movements
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FIGURE II

Profile of Wage-Income Elasticities for Group Aded 35-44
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in the incomes of non-unionized workers. And a recent study by Massad [7]
indicates that the effects of unionism are concentrated in the middle deciles
of the income distributidn for adult males. Consequently, a slight dip in
the elasticities around the middle of the second and third distributions

would appear quite reasonable.

In summary, then, the estimation results appear on the whole to be
quite consistent with a priori expectations and established empirical findings,

and at the same time reveal some interesting new distributional detail.

IV. Comparison With Metcalf's Results

In a recent paper in the American Economic Review [8], Metcalf also

obtained some estimates of mean and decile elasticities that may be com-

pared with those in Table II. His approach, however, differed in a number
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of respects from the one in this paper. In particular, he estimates three
equations for each of six distributions of the real incomes of families
classified by Tabour force participation and marital status, whereas the
present study concerns the money income of individual males classified by
age. Thus to ease comparison, only Metcalf's results for families with a
male head and wife not in the Tabour force will be examined. In addition,
the age-specific participation and employment rate elasticities in Table
IT have been transformed into elasticities with respect to average part-
icipation and employment rates for all adult ma]es.] A second difference
between the two studies is that two of the three dependent variables in
Metcalf's regressions are decile ratios zyo = § (10)/y(50) and zgo =
y(90)/y(50), rather than decile Tevels used in this study. Third, the
estimation procedures used in the two studies differ substantially in that
Metcalf follows a two-stage Teast squares principal components approach that

does not adjust for serially correlated errors or a priori constraints on

1. The transformation was obtained by using a constrained Parks
procedure to regress simuitaneously the Togarithms 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 estimates of the elasticity factors of PR(a) and ER(a) with respect
to PR and ER respectively), and then multiplying the age-specific elasticities
in Table II by these elasticity factors:

9. Ty(a,i), PR " Ny(a,i),PR(a)" "PR(a),PR"

For details, see [1], pp. 149-153.
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the regression coefficients.' And fourth, Metcalf's results were obtained
over the period 1949-1965, while the present study covers the lengthier
period 1947—1970. With these differences in mind, one may compare in

Table III the elasticities of ziq, H, and zgo‘imp1icit in Metcalf's results

and in the results of-Tab1e II.

TABLE III

Comparison of Metcalf's Elasticities with Those of this Study*
M210,PR 1,PR r]-Zgo,PR N210,ER MLER Nz90 ,ER

‘Metcalf's. Results | 0 0 0 -.969 b44 1 - 518
Results of this 1.797 | .673 -.140 2.964 366 -.149
Study 2.651 0 0 2.363 0 0

2.096 0 -.207 1.737 0 0

M210 M n{;:w Nz, W N210,P MLP | Nze, P

Metcalf's Results| 1.354 | .933 | -1.000 1.828 0 -.967
Results of this -.607 | .710 .134 0 0 0
Study .080 | .981 .150 0 0 0

.201 .933 0 0 0 0

*z210 = $(10)/5(50), 259 = y(90)/5(50).

As can be seen from the table, while the income level elasticities
(i.e. of,ﬁ) are of roughly similar magnitudes, the income ratio elasticities
(i.e. of z3, and zgq) frequently differ substantially. To evaluate their

reasonableness, it is useful to derive the decile Tevel elasticities implicit
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in the ratio elasticities. Since the mean and median family income levels
for the distribution Metcalf is working with do not differ greatly in size,
1t should not affect the results materially to assume that, as a rough
approximation,the median income elasticities are equal to their respective
mean income elasticities (presented in Table III). From this assumption,
one can estimate Metcalf's elasticities for y(10) and y(90) implicit in
Table III; and they are presented along with the corresponding elasticities
of this study in Table IV. Examination of these figures reveals that both
of Metcalf's wage elasticities are very different from the figure of

approximately unity that one would expect. Furthermore, three of Metcalf's

TABLE IV

Comparison of Decile Income Elasticities

"y(10),PR | Ty(90),PR | "y(10),ER | Ty(90),ER

Metcalf's Resultsg 0 0 -.425 .026
Results of this 2,402 .465 3.114 0
Study 2.651 0 2.363 0

2.303 0 1.737 0
0| Tyleo) i | y(0),e | My(s0),p

Metcalf's Results - 2.287 .| .. -.067 1.828 -.967
Results of this .063 .806 0 0
Study 1.033 1.103 0 0
1.190 .989 0 0
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elasticities have wrong signs according to the model specified earlier in
this paper. A rise in the employment rate should raise income Tevels, and
substantially so in the case of the bottom deciles. The wage income
elasticity for the ninth decile should be positive and close to unity.

And a rise in the price Tevel, ceteris paribus,should reduce real income

proportionally so that both of Metcalf's price elasticities should be
approximately -1. The conclusions that follow from these rather curious
results are (1) it would seem that the procedure of estimating separate
equations for income Tevels rather than for income ratios yields much more
satisfactory results; and (2) Metcalf's principal conclusions that "increases
in real wages and employment rates tend... to lower the relative, but not

the absolute, position of high income families"  and that "increases in the

price level have a parallel effect"1 are suspect,

V. Short-Run Fluctuations in the Lorenz Curve

According to the "indirect quantile approach" outlined at the be-
ginning of this paper, income deciles are the basic objects of regression
analysis, but it is thé standard inequality measures which are ultimately
the subjects of concern. In particular, this paper focuses on how the
shape of the Lorenz curve fluctuates in response to short-run changes in
wage income, participation, and employment rates. To carry out such an
analysis, one need only express the ordinates correspohding to 1 =10, 20,
.«+5 90 on the Lorenz curve in terms of the underlying income levels
y(10), y(20}, ..., y(90) and the mean, and then evaluate the derivatives of

the ordinates in terms of the derivatives implied in Table I. Specifically,

1. Metcalf [8], p. 667.
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it is shown in the Appendix to this paper that if B(i) represents the pro-
portion of total income received by the lower {1 percent of the distrib-

ution, the Lorenz curve ordinate . -

B(a,i) = .10 z'/10 ('y(a‘,lo(j;l)'_),‘+‘y(a;30j)
L 3=1 2u(a)
is simply the area under the mean income

curve (see Figure I) over the interval [0,i]. Consequently, the wage

income derivatives, say, of the Lorenz curve ordinates are

3B(a,i) - 10 £1/10 ] ay(a,10(j-1) ) , 3y(a,10j)
oW : =1 2ula) ol oW .

_(y(a,w(‘j—l) ) + y(a,103) ) ( su(a) )]
2u{a)“ oW .

Calculating estimates of the decile and mean derivatives from the results
in TabTe I and evaluating the decile and mean income levels at their means
over the period 1947-1970, one obtains the figures in Table V. To illustrate
the interpretation of these figures, consider the employment rate derivative

2
of the Lorenz curve ordinate B(2,30) which can be seen to be 20.31(10)
or .2031. That is, a one percentage point fall in the unemployment rate

for this age group would be expected to result in a rise in the income share
of the lower thirty percent in the distribution of .2031 percentage points
(for example, from an average income share of 12.40 percent to 12.60 percent).
SimiTarly, the estimated increase in the income share of the Tower fifty
percent of income recipients in the oldest age group of a $100 increase in
average wage and salary income is 3.79‘5(10)'2 or .038 of a percentage point
(thus raising the group's income share, say, from an average of 22.17 percent

to 22.21 percent).
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More generally, several highlights of the figures in Table V may
be commented upon. First of all, participation rate increases shift the
Lorenz curves up towards the ?abso]ute equa]ityf diagonal thus resulting
in a decrease in the Gini concentration ratio, while increases ih the

unemployment rates have the opposite effect.

Secondly, increases in the overall wage level appear to have
differing impacts depending on the age and position in the income dis-
tribution of the group being studied. For youhg workers, the Lorenz curve
shifts out imp?ying a more unequal distribution; for older workers it shifts
in implying the opposite; and for middle-aged income recipients, the central
portion of the curve {corresponding to the trough of the elasticity profile
in Figure II) tends to shift down while the rest of the curve moves up to-
ward the equality diagonal. Thus during periods of economic expansion, the
falling unemployment rate and rapidly rising wage Tevel have conflicting
impacts on the shapes of the Lorenz curves for younger workers and for
middle-income middie-aged workers, and have reinforcing impacts on the curves
for older workers and for the rest of the middle-aged recipients. During
recessionary periods with increasing unemployment rates and gradually rising
wage levels, just the opposite occurs: for the first two groups, the im-
pacts of these factors reinforce each other in lowering the Lorenz curve,

while for the remaining two groups, these factors have conflicting impacts.

Third, since the Lorenz curve for the middle-aged group does not
fluctuate in or out uniformly in response to an increase in W, the Gini
coefficient (or indeed any single measure of overall income inequality)

is not a particularly appropriate tool for measuring inequality change in
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such a case since it indicates only the net effect of a set of conflicting
impacts. This underscores the usefulness of the approach in this paper
of analyzing changes in income concentration in a disaggregated fashion
since this allows one to see (a) whether or not analysis of a Gini co-
efficient is appropriate in a certain situation, and (b) where within a
distribution the changes in income concentration occur. That is, a dis-
aggregated approach allows one to analyze the whole pattern of inequality

change within a distribution.

VI. Summary

The problem this paper has addressed is the estimation of how the
pattern of inequality in the size distribution of income fluctuates with
changes in aggregate economic activity, and particularly with changes in

unemployment rates, participation rates, and wage and salary income.

It has been argued that a useful approach to analyzing changes in
the pattern of income concentration as illustrated by the fluctuating
shape of a Lorenz curve is to consider the behaviour of a set of income
quantiles. This indirect procedure of first analyzing variations in the
quantiles rather than dire§t1y estimating an equation to explain some
aggregate index of concentration has the advantages of being very general
and flexible, of aiding in the specification of regression equations, and

of yielding much more detailed results than previously obtained.

A simple empirical model of the channels through which changes in
aggregate economic variables affect a set of income deciles was developed

with attention paid to age and income differences, and was estimated by a
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constrained Parks regression procedure, The estimation results turn out

to be very reasonable and quite consistent with a priori expectations.

One of the principal findings was that the impact pattern of changes in

the level of wage and salary income differed among age groups. In particular,
younger workers did not appear to benefit as much from higher overall wage

and salary Tevels as older workers, and the wage income elasticity profile
across deciles for the middie aged income recipients appeared to dip

noticably over the middie deciles.

The results of this decile analysis were then compared with some
analogous regression results recently obtained by Metcalf by a somewhat
different approach. It was found that in his equations where the dependent
variables were decile ratios rather than decile levels a number of implied

elasticity coefficients were of unreasonable sign and magnitude.

The estimation results of this paper were then used to derive the
implied cyclical behaviour of the Lorenz curve for each age group. In
particular, it was found that, while changes in participation and unem-
ployment rates essentially move the Lorenz curves uniformly in or out in
an a priori expected fashion, changes in the level of wage and salary income
have differing effects depending on the age and gquantile Tevel of a group.
Consequently an analysis of disaggregated change in income concentration
appears to be more informative and useful then some summary measure of

overall concentration such as the Gini coefficient.
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"APPENDIX

Since the derivative of a Lorenz curve is a relative mean income
curve illustrated in Figure I of this paper, to find an estimate of the
Lorenz curve ordinate B(i), one need merely integrate the area under an
estimated relative mean income curve. If y(i)/ﬁ and y(i-lO)/u are the
ordinates corresponding to two adjoining decile levels, then the area
under the relative mean income curve over this decile interval may be
approximated by the area of the trapezoid given by joining the ordinates

by a straight line:

(o) =10/ + ()

Therefore the total area under the relative mean income curve over the
interval [0,i] can be approximated simply by the sum of a set of adjoining

trapezoidal areas:

210 (0 (y(w(j-ﬁ) ) + y(mj))
j=1 2y )
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