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ABSTRACT

Distribution processes are usually only compared with re-
spect to their result, i.e. the distribution of income
among individuals (or households). This limitation is un-
safisfactory when a broad welfare theoretic conception of
economic justice is borne in mind: Not only the 'static’
inequality as exhibited by a given distribution of income
has to be taken into account. Full consideration has to
be given as well to the underlying mechanism by which in-

come is distributed, i.e. the 'imputation mechanism'.

Given a model of the imputation mechanism, it is possible

+o- construct measures of 'process inequality' (as opposed

to measures of 'static' inequality of a particular distri-
bution of income). This is done for the 'chance' model

which is related to the conception of 'unequal opportuni-
ties'. On the basis of a 'Dynamic Equity Principle' the
measure 6 of process inegquality is derived. It is shown
that the measure 8 of process inequality contains normatively
relevant information which could not be obtained by taking

only 'static' inequality measures into account.
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I. PROCESS INEQUALITY: AN INTRODUCTION™

Economic justice refers to the process of distributing
social welfare. This process consists of two components,
each of which is important when income inequality is borne

in mind:

- First, the outcome of the distribution process, i.e.

a particular allotment of income among individuals.

~ Secondly, the properties of the distribution process;

i.e. the mechanism by which income 1is alloted among

individuals.

This second component of a distribution process may con-

veniently be called the 'imputation mechanism'. The term

refers to rules of economic interaction, determining what
individuals actually get: Individuals get what the mecha-
nism imputes to them. Thus an imputation mechanism models
the 'distributional side' of economic activities (it is not

just a device of calculating 'shadow prices' )1)

The two components of a distribution process - viz, the im-
putation mechanism and the particular distribution of in-
come - have to be discussed to some extent separately if
one tries to give a full account of economic inequality.

A restriction of equity considerations just to the outcome
of a distribution process is bound to miss an importaﬁx
feature of economic justice._This may be illustrated byJé
simple example. Take the notion of 'discrimination' which
certainly is related to-;conomic justice: It is argued that
women are discriminated against if, for example, women get

lower pay than men though they have the same productivity

x) I am grateful to Hanns Abele and Tony Atkinson for help-
ful suggestions and to Peter Mitter for his permission
to use some material from our joint work on 'Inequality
in a Markovian Framework' and some results of his paper
on 'Two Stochastic Models of Income Mobility'. Remaining
errors and shortcomings are solely my responsibility.
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and engage in identical occupations as men. In this case,

it is not only inequality due to different earnings of men
and women which matters. Additionally, the way by which

this inequality is generated is thought to be unjust. Dis-
crimination does not only refer to the result of the dis-
tribution process but to some features of the process it-
self, viz., the 'unequal treatment between male and female
employees which does not directly result in cost minimisation

in monetary terms in relation to labour utilisation'Q).

The example of discrimination illustrates an important
aspect of economic justice, (being the background concept
of inequality): People do not only care about how much they

get, but also about the way they get their sharea). Or, to

put it in more general terms: The working properties of an
imputation mechanism are themselves of normative interest
when inequality is borne in mind. This is due to the fact
that there is generally no one~to-one correspondence bet-
ween the structure of an imputation mechanism and the actual
distribution of income. Consider once more the example of
discrimination. Let us assume that the same distribution of
income has emerged from two different processes. The first
process exhibits discrimination against women, whereas in
the second process women's productivity is lower, but they
are not discriminated against by entrepreneurs. In the second
case, it is the difference in acquisition of human capital
rather than economic discrimination which causes income in-

)

equalityq . From a normative point of view, people may pre-
fer the distribution process without discrimination, though
the resulting distributions of income are identical in both
cases. This implies, in terms of a social welfare function,
that 'discrimination' is diminishing social welfare in addition
to the losses caused by the unequal distribution of income.

The existence of discrimination relates to a property of the



imputation mechanism itself and is not identifiable solely
from a given distribution of income. Thus it is necessary

to evaluate in addition to the static inequality of a given
income distribution, the built-in inequality of the under-
lying imputation mechanism. )

Any’attempt~to construct an operationally meaningful measure

for process inequality has to cope with two difficulties:

- First, a decision has to be made about which models of
the imputation mechanism are to be used in the analysis

of process inequality.

- Secondly, it is necessary to state certain principles
upon which the identification of process inequality can
be based.

We can hardly expect to solve these two problems - of fin-
ding a descriptive framework and a normative standard - by
discussing them in general terms. Rather it is preferable

to consider the difficulties involved by these two decisions
in relation to a particular model of the distribution pro-
cess. Such a model is proposed in the following part II of
the paper. It should, however, be made clear that the parti-
cular model proposed is quite a separate point from our |
general concern with the necessity of studying process in-
equality (as opposed to static inequality of a current dis-

tribution of income).
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II. MEASURING PROCESS INEQUALITY: THE 'CHANCE' MODEL

It is widely held that economic inequality is unjust as

far as unequal opportunities are concernedS). However,

it is by no means clear what an economic or social system
offering equal opportunities should look like. As a star-
ting point we may consider the income dimension of unequal
opportunities. How are the opportunities to experience

an’ increase (or a decrease) in income distributed? To answer
this question, we need a model of the imputation mechanism
relating a set of input variables to the distribution of
income changes. The simplest models of this type available
are stochastic models. Stochastic models relate the chances
of income change to the actual level of income. The pre-
sent level of income is used as an inputvariable to determine
the chance of success and failure. Though the income level
is a very rough approximation of an individual's position,
it is by no means far-fetched to use the income level as a
criterion to classify a population for the purpose of dis-

cussing economic inequality within the distribution processS).

1. Stochastic processes as descriptive models.Stochastic

models have been critized for not providing an explanation
for distribution processes in terms of economic variables7).
Though this criticism is correct, it is not an objection
against‘the use of stochastic processes as descriptive
models. We may interpret a stochastic model as a framework
of ofganizing data about distribution processes. This parti-
cular way of organizing the data is of special interest
since it reveals certain implications of a distribution
process, viz., how chances of failure and success are re-
lated to income levels. It may be difficult to interpret
this 'income chance' relation as the 'structural' form of

a causal relationship. However, even if we consider the

relation as a quasi 'reduced' form (of an unknown 'true'



model of the imputation mechanism) we gain important in-
formation8). Since people care about chances and opportunities,

we may use stochastic models as a framework to discuss desir-

N
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able equity properties of an imputation mechanism. E.g.,
certain types of 'income chance' relationships may serve as
points of reference in discussions concerning the désign

of economic institutions. An equity-minded economist may
inquire about the implications of an observed set of pro-
perty rights for the distribution of opportunities. One way
to tackle this problem is offered by the use of stochastic
models. Stochastic models organize the data of income mo-
bility as if the imputation mechanism generates income dis-
tribution in patterns that observe the rules of stochastic

processes. In this case stochastic processes serve as des-

criptive models of the imputation mechanism. Thus we may

analyze built-in inequalities as exhibited in the framework

of stochastic processes.

It should be stressed that such an analysis of built-in
inequality is directly related to the general structure

of the stochastic process and not to particular states

(of income distribution). The stochastic process used in
the following section will be first-order Markovian. Thus
the general structure of the imputation mechanism is mo-
delled by a transition matrix. To this transition matrix -
rather than to a particular state, may it be an equilibrium

or not - does the discussion of process inequality refer to.

2. Notation. It may be useful to give a list of the symbols

used to describe the process before discussing some of its

properties.

i1, J ... indices of income classes

«.. number of income classes
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t «+. index of time period

n ... proportionality factor for grading
income

5 «.. income class i

Pij - chance to ascend from income class i to
income class j

q ... chance to descend from top class

bk ... chance to ascend from bottom class

c .. ratio between q and r; ¢ = r/q

P ... transition matrix P = (pij)

h(t). ..., distribution vector at time t
h(t) = (hl(t), hz(t)? .o hi(t), . hk(t))

g »+.. vector of equilibrium distribution

A .++ index of 'static' inequality related either
to h(t), or g.

§ .+. index of process inequality related to P.

3. Basic properties of the CHANCE - model. The CHANCE - model

is a special type of a stochastic process. The imputation

mechanism exhibits the following properties:

(1)

(ii)

(1ii)

~

The distribution of income is discrete. Income is divi-
ded into classes following a pattern of equiproportional

distance.

The chances to experience an increase or decrease of
income or to stay at the same income level deﬁgnd
only on the current level of income.‘These chances
are the same for all individuals within one income

class.

In each class there is a positive chance to stay as
well as to move. Within one time period the change
of income is limited to a step into one of the imme-

diately adjacent classes.
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The states are defined by income classes:
(1) K: = K, .n s 1 i< k R n>1

The distribution process consists in the transformation
of a given distribution at time t:

(2) h(t) = (hl(t); hz(t),...,hi(t),..,hk(t) )

into another distribution at time t+1:

(3) h(t+1) = (hl(t+1), h2(t+1),..., hi(t+1),..b hk(t+1) )
The imputation mechanism is modelled by the transition matrix:
(u) P = (p..) 1§_i,j§;k

The transformation process is:deseribed by:

(5) h(t+1) = P' h(t)

iAssumption (iii) ensures that P is banddiagonal:

(8) P:: = O li-5 [>4

p;5>0 : li-31<1

. Thus P is indecomposable and the process is ergodic.

This implies that there exists a distribution g,

(7) g = (gl, Epseres Byseees gk)

such that
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(8) g =P g

This equilibrium distribution g depends only on the off-

diagonal elements of P:

p P ...po- 3
(9) g. = 12 23 i-1,1 g 1 <i< k

1 Ppq Pgpee+Pjy joq 1

where g4 is to be chosen such that:

(10)

It may be of interest to note that the assumption about
the banddiagonal structure of matrix P is not an analyti-
cally necessary restriction. It is rather a convenient -

10). The length of the transition

technical simplification
period has to be chosen such that it is not too unrealistic
to assume that an individual cannot transgress more than

one income bracket within one period. Obviously the length

of the time interval is related to the distances between

~ the income classes i.e. to the choice of the grading factor

4. Dynamic Equity Principle. Using the transition matrix

as a model of the imputation mechanism, we may proceed to
the next question: What principles should guide the ana-
lysis of process inequality? Such principles should reflect
an egalitarian point of view (otherwise the whole attémpt
to evaluate process inequality will be of little normative
interest). Furthermore, it must be possible to classify

and order at least partially the alternative transition

matrices according to the equity principleil).

Instead of attempting at a very general equity principle,

we will restrict ourselves to a rather particular aspect



of the equity considerations related to the imputation'
mechanism. Furthermore, these equity considerations will
be put into a particular formulation which is related to
our previous choice of the CHANCE- model as model of the

imputation mechanism.

Dynamic Equity Principle:

(1) The chance of an increase in income should be negatively

correlated to the current level of income.

(2) The chance of a decrease in income should be positively

correlated to the current level of income.

Though it may be hard to find a general ethical postulate
from which this particular principle could be derived there
are several intuitive conceptions of economic justice which
are expressed in this principle. First of all, the Dynamic
Equity Principle asks for a kind of 'regression towards the
mean' built-in to the imputation mechanism. This reflects

an egalitarian point of view. Another equity argument raised

- in favour of this principle may run as follows: Those who

are already well off are .less deserving of an increase in
income than those who are in a worse income positionlz). This
point of view brings out the 'dynamic' aspect of this prin-
ciple, viz., that the change of income should be related

to the current level of incomels).

The difficulty to find a coherent normative background for
the Dynamic Equity Principle is partly due to the 'reduced

form' in which it is expressed. This notion of a (norma-

“tive) reduced form parallels the econometric concept of a

(descriptive) reduced form in which income data are orga-
nized by stochastic models. Though a reduced form expresses
a relation which is thought to be valid it is difficult to
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justify the relation directly; may that be either with
reference to causality (descriptive model) or regarding

economic justice (normative standard)lu).

5. Reflecting Barriers. To illustrate some applications

of the Dynamic Equity Principle consider the so called
'vicious circle of poverty'. The existence of such a vicious
circle indicates that the underlying imputation mechanism

does make it very difficult for the poor to ascend above

the poverty line. Under such circumstances there exists a

kind of reflecting barrier which inhibits upwards income

mobility for the lower income classes. This obviously vio-
lates part 1 of the dynamic equity principle. Another example
is provided by bureaucratic systems where it is very un-
likely to fail once you are alreédy at the top. In this.

case there are guasi-reflecting barriers with respect to
downwards mobility.

The concept of quasi-reflecting barrierslS)

(i.e. very

small non-zero off-diagonal elements in the transition
matrix P) fits well into our intuitive notion of process
inequality within the dynamics of income distribution. The
existence of reflecting barriers is a special case of the
violation of the monotonicity property of the Dynamic Equity
Principle. We may classify transition matrices into a simple
dichotomy according to whether the off-diagonal non-zero
elements are monotonic functions of the income level. If

the imputation mechanism does not exhibit the monotonicity
property there is a violation of the dynamic equity principle.
Though it is of interest for empirical research in income

6)

inequality1 to study the existence of reflecting barriers,
we have to restrict our theoretical analysis to imputation
mechanisms observing the monotonicity property. By this

restriction we will gain further analytical results without
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excluding imputation mechanisms which are underlying the
standard stochastic models, i.e. the 'proportionate effect
models'.

6. MONOTONE-model. Consider the claés of CHANCE - models ex-
hibiting the monotonicity property: The non-zero off-dia-

gonal ¢ elements of the transition matrix P are a monotodic
function of the income level. Let us call imputation mecha-
nisms of this type MONOTONE. A simple example of a MONO-

TONE model is provided by the following transition matrix P.

1-r r 0 0
a6 %72 1-(q65"%) - (r6)  ps o
0 a1t 1-(qs ¥ 17y o peitly it
P =
s K2
0 : 0 q i-q

P is characterized by four parameters:
q ... downwards mobility in the highest income class
r ... upwards mobility in the lowest income class
8§ ... the factor by which upwards mobility is increased
and déwnwards mobility decreased.

k ... number of income classes

 These parameters have to observe the following restrictions

i-1 Kk-i-1

0 < ré < 1 s 0 < qgé < 1 where 1<i<k-1<e

(11)
0 < 1-(rs*™h) - (g6 e 1 where 2<i<k-1 <
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The theee parameters characterizing P can be employed to
compare different imputation mechanisms of MONOTONE typé.
First we may classify MONOTONE models with respect to the
dynamic equity postulate. This can be done by referring to

parameter ¢ . There are three cases:

§>1 'amplifier of dynamic inequality' (AMPL)
$ =1 'proportionate effect' (PROPOR)

8<1 'regression towards the mean' (REGRESS)

The AMPL case obviously exhibits a tendency to increase in-
come inequality: The richer you are the less are the chan-

ces to fail and the greater are the chances to succeed. The
poorer you are, the higher the chances to fail and the less

are the chances to experience an increase of income.

The PROPOR case is frequently discussed in the literature
on stochastic modeis of income distribution. Those models
are built on the assumption that the 'law of proporticnate
effect’ holdsl7).

lities depend only on the relative size of the change of

This implies that the transition probabi-

income. This amounts within the framework of the CHANCE-
model to identical non-zero off-diagonal elements of the
transition matrix P. Looking at the 'proportionate effect’
assumption not as a 'law', but rather from a normative
point of view, we observe that it violatés the Dynamic
Equity Postulate. Thus we may conclude that the 'propor-
tionate effect' is an undesirable pfoperty of an imputation

mechanism.

Only the 'regression towards the mean' (REGRESS) case is
compatible with the Dynamic Equity Postulate. Within this
class of REGRESS imputation mechanisms the analysis can

be carried one step further.



7. 8§-inequality in REGRESS-models. The class of REGRESS-
models is characterized by the range of the three para-

meters p, q, and d:

O<r,qg<1
(12) 0<s <1

0« 1—1‘5:"-1

_q6k~1-1<

1 2<i<k-1 <=

For any given p and g the parameter § represents the
strength of the equalizing forces built into the imputation
mechanism. The larger ¢ is,the weaker are the regression
towards the mean tendencies. Thus we may use the parameter

§ as a measure of process inequality.

The parameter 6 has some advantages and some drawbacks.

The major advantage of 8 is to be found in the possibility
of ordering REGRESS-models. The use of a scalar as dynamic
inequality index offers a simple way of ordering. Such an
ordering is independent of the levels of q and r, provided
the parameter & is interpreted as 'relative strength' of
the regression towards the mean tendency. The value of ¢
measures the REGRESS property relative to the level of q
and r. A slight disadvantage in using 6 as inequality
measures arises from the restrictions imposed on it. These
restrictions are necessary to preserve the 'stochastic'
properties of the matrix P. This implies that 6 has to be
chosen from a set which observes for given g, r and k the
restrictions of (12). However, these restrictions are no
substantial limitation in the applicability of measure 8.
This is for twb reasons: First, whenever the CHANCE - model
is estimated:from empirical data then restriction (12) is ob-
served automatically. Secondly, in constructing examples
there is always the possibility to observe formula (12)

a priori. There is only one case in which the restriction

(12) is a substantial limitation to the analysis. These
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are the AMPL-models with 6>1. However, this class of models
is not of special interest in the context of income dis-
tribution since such a system is only stable when income

is concentrated mainly in the bottom and the top class.

From these comments on various 'chance'-model of the impu-
tation mechanism, on the dynamic equity principle,and on
the measure derived from it, we may proceed to the third
problem to be discussed: Does 'process inequality' contain
normatively relevant information about income inequality?
Or is process inequality anyway fully reflected in the
outcome of the distribution process, i.e., in the static
inequality exhibited by the distribution of income? These
two questions amount to the problem whether there exists

a monotonic function between the measures of process in-
equality and the static inequality measures related to
the distribution of income. The next section will show
that there does not exist generally such function within
the framework of REGRESS-models. The two types of inequa-

lity measures are in some sense independent from each other.

8. Independence properties of the S=-measure. It is the ad-

vantage of using stochastic models of the imputation mecha-
nism that we can distinguish 'short-run' effects from 'long-
run' effects of process inequality. Within the framework

of the 'chance'-model we may call the change of a given
distribution of income from one period to the next, the
short-run effect of the imputation mechanism P. This change
of static inequality may be indicated by some inequality

index Ae

(13) | Xt =X (£(t))

where f(t) is the discrete distribution of income at time t.

Thus the short-run effect of P on ) is:
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ACE(E)) - A(E(E+1))
A(E(L)) - A(P'E£(L))

The short run effect of process inequality is the change of

a static inequality index defined on the distribution of

income.

The long run effect of process inequality is related to the

question what will the distribution of income look like
when the imputation mechanism is applied repeatedly on to
the same population. To this we can give a straightforward
answer, since all 'chance' processes are ergodic having in-
variant distributions. Thus the long run effect of process
inequality can be represented by using an inequality index

for the equilibrium distribution g:
(15) M) = APy

With help of the two concepts - short and long run effect -

'~ the independence problem can be divided into three questions:

(i) Does the existence of regression towards the mean, i.e.

§<1, imply a short run reduction of static inequality?

(ii) Does short run reduction of static inequality imply
that the underlying PMIL-model does not violate the
dynamic equity axiom? ‘

(iii) Does a lower process inequality, as measured by 6,
imply a lower static inequality of the correspon-

ding equilibrium distribution?

If the process inequality index is expected to exhibit in-

formation additional to the static inequality indices
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(related to the distribution of income) then the questions
i - iii have to be answered in the negative. This is actually

the case.

§.1.'Short run independence I'. Consider a distribution f(t),

where

(16) £f(t) = (0,0...,fi(t),..., 0)

-

'‘All persons have the same income in time t. The banddiago-

nal P operates such that:

an F(t+1) = (0,....0,f, _

i 1(t+1),fi(t+1),fi+

1(t+1),0...,0)

where

£, _q(£+1)20,£, (£+1)>0, £, - (t+1)>0
This implies
(18> CAlECE)) <« alE(E+1))

Thus there is a short run increase of static_inequality;
though P exhibits the REGRESS property:

This example does not only prove an independence property
of measure &. it indicates another important feature of

process inequality:

Whenever §6>0, 1>p, q>0 then there exists process

inequality.

The inequality parameter ¢ reflects only the relative

degree of inequality. Thus it is not counter intuitive
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that a process exhibiting even comparatively low built-in
inequality may transform a state of equal personal income
into a state to which an increased index of inequality

corresponds.

8.2. 'Short run independenceII'Consider the following

REGRESS-model, in which P is characterized by the properties

of (19):
(1) k is an odd number

1]

(ii) »r q = 0.5

]

O
Vv
(@

(19) (1ii) &

(iv) TFor m = (k+1)/§

let p < qGK-m-l

< p(Sm—

m,m"l

1

and Pm,m+1

Condition (iii) implies the existence of quasi-reflecting

barriers in income class Kgp. However, this does not imply
necessarily a short run increase in static inequality. Con-
sider the following example. Let a P as characterized by
(19) operate on an distribution f(t):

(20) £(t) = (fl(t), fz(t),...fi(t),...fk(t))
where
(21) f1<t) = fz(t) = L., ='fi(t) T ... = fk(t)

When P operates on f(t), then

(22) ACECE) > A(£(t+1))

Thus there is a reduction in short run inequality though

the matrix P does not observe the Dynamic Equity Principle.



~

™y

- 18 -

8.3. 'Long run indepencence'. Consider the following class

of PMIL-models of the imputation mechanism. Income is graded
into five classes, starting with K1 = 2000 and a grading
factor n = 0.58. Furthermore ¢ = r/q = 3.0. This implies
that the chance to ascend from the lowest income class Kl
is three times larger than the chance to descend from the
highest income class K. What is going to happen to the
values of the inequality index of the equilibrium distribu-
tions, when the process inequality index varies monotoni-

cally?

Index of process Gini-coefficient of the
inequality § , equilibrium distribution
corresponding to §

.098
.149
.189
.189
.150
.128

O W NN v w

The discussion of the three questions (i), (ii), and (iii)
has proved that the measure § exhibits an independence
property with respect to the traditional measures like the
Gini coefficient. This holds true for the short and the
long runlg). The measure & of process inequality con-
tains information that is not reflected in the inequality
indices for the current (or equilibrium) distribution of

income. However, two questions may arise:

- Do MONOTONE-models resemble any process compatible with

empirically observed data?
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- Granted that the §-measure contains information not con-
tained in static measures. Is this additional information

relevant to a normative evaluation of economic inequality?
The following two sections will be devoted to these problems.

8. England vs Shorrocks' Land. In a recent paper A.F.
' 20)

Shorrocks presents data on income mobility of English
male employees during the period 1963-~1969. Income is gra-
ded into five classes, but no assumption is made about
banddiagonality. The matrix M is based on direct obervations

of individual income mobility..

[0. 64 0.29 0.04 0.03 0.00
0.1u4 0.56 0.26 0.03 0.01
(23) M= ]0.02 0.22 0.54 0.21 0.01
0.01 0.0u 0.27 0.5u 0.1y
(0.00 0.01 0.05 0.27 0.67,

The entries of this matrix M reflect the chances to move

- from-one income class into another income class within a

time period of three years. Assuming that the matrix M re-
presents the results of a Markov process which is based on
year-to-year changes, we may ask the following two questions:
What does the equilibrium distribution corresponding to a

process characterized by M look like? Secondly, does a pro-

" cess of MONOTONE type exist which leads to approximately

the same equilibrium distribution as the process M?

To answer these questions consider first the equilibrium

distribution corresponding to M:
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(2w) g = (0,12, 0.25, 0.29, 0.30, 0.11)

There is an easy way to check whether the equilibrium

distribution of (24) can be generated by a MONOTONE
processfz?): Consider a MONOTONE-model with

(25) ¢ = r/q = 1.
For guch processes the followigg holds true:

(28)

Biv1 | g2i-k
g4 .

From this we obtain
s2 _ Bi-1 * &

Making use of (27) we may calculate from the equilibrium
distribution (24) three values of §. Each of these three
values is close enough to 0.8 such that we may draw the

‘following conclusion: A MONOTONE-model characterized by |

(28) c = r/q = 1
§ = 0.8

provides a sufficient explanation for the equilibriuﬁ

distribution (24) of the process characterized by M which

is based on empirical observations. This is confirmed by
the equilibrium distribution(29) corresponding to a MONO-

TONE-model as defined by (28):

(29) g = (0.12, 0.23, 0.29, 0.23, 0.12)

(=
*

Though Shorrocks infers from his data that the assumption

of proportionate effect cannot be rejected, it is fair to
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argue that quite a different state of affairs is conceivable.
Let us turn from England (through Shorrocks' glasses) to
Shorrocks' Land (through MONOTONE-glasses): In Shorrocks'
Land the poor had enough political power to bargain for a
set of property rights which ensure that the imputation
mechanism observes the Dynamic Equity PrincipleZZ). Agree-
ment was reached that the poor in the lowest class should
stand the same chance to ascend as the rich in the top class
have to descend; thus ¢ = r/q = 1. Then the §-Inequality
factor was fixed with 6 = 0.8. This was thought to be a
victory of the Dynamic Equity Faction in the constitutional
committee of Shorrocks' Land. When some critics confronted
this faction with the fact that the equilibrium distri-
bution for Shorrocks' Land was nearly the same as in England,
the Dynamic Equity Faction took the following view: Though
in the long run little is to be gained in static inequali-
ty over England, the resulting equilibrium distribution

is achieved in Shorrocks' Land by a process to be preferred,
viz., by a process observing the Dynamic Equity Principle,

(whereas in England this prindiple is violated).

10. Normative interrelations. Does the argument of the Dynamic

Equity Faction stand to reason? Does it not draw too strict

a line of demarcation between the 'rules of the game' and the
resulting outcomes? Though such a distinction is useful for
analytical purposes it can be rather misleading when used

in a normative evaluation of alternative distribution pro-
cesses. One should not infer from the necessity to distin-

guish in descriptive models between the current distribution

of income and the underlying imputation mechanism, that from
a normative point of view these two components of the dis-
tribution process are to be evaluated separately. Such a
separate evaluation could not be done unambigously, since
pedple frequently let their normative evaluation of a given

distribution of income depend on the way it was achieved.
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People are more willing to accept a given level of static in-
equality once they have been convinced that it is the out-
come of a 'fair game' (whatever their criteria of 'justice'

of 'fairness' may be)23)

. On the other hand, an. imputation
mechanism that is thought to be 'fair' in principle may
loose substantially in normative evaluation when ~ from

a normative point of view - disastrous distributions of
income emerge. Even among those who believe that a compe-
titive market imputes 'just' rewards to those engaged in
economic activities, some may find a pure market imputation
system unbearable if it would lead to large scale poverty.
Thus the losses of welfare implied by static and by process

inequality are interdependent.

To this interdependence Professor Sen has referred to in-
directly when writing: 'The relation between inequality
and rebellion is indeed a close one, and it runs both ways.
That a perceived sense of inequityis a common ingredient
of rebellion in societies is clear enough, but it is also
important to recognize that the perception of inequity,
and indeed the content of that elusive concept, depend
substantially on possibilities of actual rebellion.'zu)
Obviously rebellions and even more revolutions try to
change the imputation mechanism. Partly because they try

to change the distribution of income, partly because they
detest the working properties of the old imputation mecha-
nism itself; as was the case in the Russian and Chinese
revolutions. This illustrates once more the conclusion to

be drawn from the above considerations: Process and static

inequality are normatively interrelated but there is no

one-to-one correspondence. Thus welfare economics should

consider process inequality in an adeguate analytical

framework to gain a fuller concept of income inequality.

- A restriction to just the distribution of income will not do.
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11. The descriptive framework reconsidered. The construc-

tion of an analytical framework for studying process in-
equality is not only impeded by the difficulties of fin-
ding an adequate normative standard. Already the choice

of the descriptive framework is a more complicated task

in the case of process inequality than in the field of
static inequality. (There is general agreement to use dis-
tribution functions as descriptive framework for measuring
static inequality.) Already the choice of the descriptive
framework, i.e. a model of the imputation mechanism, is
crucial since not all models reveal built-in dinequality

to the same extent. Some models of the imputation mecha-
nism start from assumptions which exclude a priori pro-
cess inequality. Consider as an extreme example a model

of a competitive tatonnement process of a pure exchange
economy. Such a tatonnement process is always 'distribu-
tionally neutral'. As commodities are exchanged at equi-

librium prices, no trader can loose or gain in terms of

‘money income. Even less extreme models which are applied

in empirical research in the field of income distribution
make assumptions which partly beg the gquestion. E.g. in

25) it is assumed

the unrefind basic human capital model
that life income is equalized for the entire population.
One has not to be a radical economist to question this
assumption which makes it rather difficult to find any
process inequality in the earnings function. Thus the
choice of the descriptive framework already depends on

the economist's sensitivity towards process inequality.

This sensitivity towards process inequality is clearly
reflected in our choice of the CHANCE - model as descrip-
tive framework for discussing built-in inequality. How-
ever, the CHANCE:- model is subject to two substantial
limitations. First, it is a reduced form model,and,se-

condly, it does only consider the income dimension of.
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social welfare. These shortcomings are partly balanced
by the favorable features of the CHANCE - model. Its ana-
lytical framework offers the opportunity: '

- to organize systematically empirical data on distribution

processes;

- to make a clear descriptive distinction between the impu-

tation mechanism and a particular distribution of income;
- to consider changes of the imputation mechanism over time;
- to identify process inequality;

- to analyze the relation between static and process in-

equality.

With respect to this last item, viz., the relation between
process and static inequality, the paper has by no méans
made use of all analytical possibilities offered by the
CHANCE = model?®’,

model needs further consideration: Our analysis has pro-

Especially one aspect of the CHANCE -

ceeded on the assumption of an "eternal population'. This

is a useful device to bring out some characteristics of

the imputation mechanism. In reality, however, we observe

an influx and outflow of income units to and from the im-
putation mechanism. The structure of such a 'birth-and-death'’
processes 1s another important dimension of income inequa-
lityzs).
positions are. It is an advantage of the CHANCE - model

It indicates how unequally distributed starting

that it provides an explicit link between the structure
of the influx of income units into the economic system,
the dynamics of the imputation mechanism, and the observed

distribution of income.



ITI. CONCLUSIONS

. There are two components to be distinguished in the

analysis of distribution processes. First, the current
distribution of income and, secondly, the imputation
mechanism. A comparison of distributional states is usually
restricted to the output of a distribution process, i.e.

to the distribution of income. This limitation seems to

‘be unsatisfactory once it is recognized that people do

not only care about how much they get, but as well about
the way they get their share. Thus the imputation mecha-
nism has to be included in the comparison of distribution
processes, regardless whether the comparison is carried

out for descriptive or normative purposes.

The construction of an analytical framework for compa-
risons of imputation mechanisms with respect to 'pro-
cess inequality' has to face two difficulties: First,
the choice of a descriptive framework, i.e. a model of
the imputation mechanism. Secondly, the formulation of
a normative standard upon which an operational measure
of process inequality may be justified. Different models
of the imputation mechanism imply different measures of
process inequality. Thus such measures can only be used
when comparisons are restricted to the same model of

the imputation mechanism.

As a descriptive framework we have chosen a model of
the imputation mechanism which refers to the conception
of 'unequal opportunities'. The CHANCE - model relates
the opportunities to experience an increase (or de-
crease) of income to the present level of income. The
CHANCE - model organizes data on income mobility as if

the imputation mechanism generates income distributions



observing the rules of some particular stochastic pro-

cesses.

As a normative standard for our analysis we have formu-
lated a Dynamic Equity Principle: The chance of expe-

riencing an increase of income should be negatively corre-
lated to the level of income; whereas the chance of ex-

periencing a decrease of income should be positively

‘correlated to the level of income.

Within the framework of CHANCE-- models the Dynamic
Equity Principle is applicable to two types of analysis.
First, we may check whether an imputation mechanism ob-
serves the Dynamic Equity Principle. Secondly, we may try
to evaluate the degree of built-in inequality. The 're-

flecting barriers' are an example for the first type of

-analysis, whereas the measure & can be used for a compa-

rative evaluation of imputation mechanisms of MONOTONE

type.

Measure 'd' of process inequality contains normatively
relevant information sui generis which cannot be ob-
tained by considering only the static inequality exhibi-
ted by the current (or equilibrium) distribution of
income. There does not exist generally a monotonic func=
tion relating the static inequality indices to the
measure 'S' of process inequality. This holds true for
the short and the long run. Though there does not exist
a one-to-one correspondence of process and static in-
equality, it is necessary from a normative point of view

to evaluate both types of inequality simultaneously.
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NOTES

10

OQur use of the term 'imputation mechanism' is closer
to the meaning originally attached by the Viennese
School rather than to the current usage in linear pro-
gramming. Within game theory the original meaning has
partly been preserved. Cf Neumann - Morgenstern 1953,
esp. § 4.

Chiplin - Sloane 1876, 729

Consider a libertarian having the chance to get the same

amount of income accruing from the market place or from
a social security system. Would he be indifferent?

This systematic difference in acquiring human capital
indicates, however, the existence of social discrimi-
nation against women.

Cf the introductory chapter in Jencks et al 1872.

At least not in societies.influenced by the ‘spirit of
capitalism'.

Lydall 1968, 19 is gquoted frequently on this subject.

Shorrocks 1975, takes a different line of defense of
stochastic models. Cf also his comments in Atkinson,
ed., 1976, 92.

Cf Feller 1968, 396 pass.

This simplification is necessary to obtain the simple
algebaric expression (9) for the equilibrium distri-
bution associated with the transition matrix. The
recursive formula (38) for the equilibrium distribution

"~ is easily obtained from (20)

g4 % Pq11 81 * Ppq &

"

30y 2 T P12 8 * Pyp ¢ By * P3y &3

fa -+ 09

® Pr-1,k ®x-1 ¥ Pxx 2k

The recursive formula is obvious for the first equation.
In the second equation g, is substituted by the expression
obtained from the first &quation, and so on. The same
procedure can be started from the last equation. The
assumption of banddiagonality, however, is essential for
obtaining such a simple formula.
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18

The problem of gaining sufficient discriminatory power

by using relatively weak normative assumptions has attrac-
ted interest in the discussions on the welfare theoretic
background of inequality indices. Cf Atkinson, 1370;
Dasgupta - Sen - Starrett 1973.

It is interesting to note, that the Dynamic Equity Prin-
ciple may be related toan implicit postulateof efficiency.
Such postulate would be built upon the following concept:
Economic activities are carried out in a hierarchical
social framework. This hierarchy determines two factors

simultaneously: First, the extent to which a decision

taken by a person affects the total population; (the in-
fluence is increasing from bottom to the top). Secondly,
the. income that is received by a person at a specified
level of the hierarchy. The 'efficiency' version of the
Dynamic Equity Principle asks the following. Those who
are at the top have to make stronger efforts not to de-
cline from their position, than those who are at a lower
level of the hierarchy. This is justifiable on efficien-
cy grounds because the relative social impact of deci-
sions taken by a person increases- monotonically towards
the top. '

The Dynamic Equity Principle asks for a kind of inter-
temporal compensation by relating income mobility to
the current level of income. A notion of compensation
is also to be found in Sen's Weak Equity Axiom. Cf. Sen
1973, 18.

The justification of normative standards is a difficult
task not only with respect to process inequality. In

the field of measuring static inequality similar questions
have been raised, e.g. whether from a normative point

of view 'mean independence' is a desirable property of

an inequality measure. Cf Sen 1973, 69 pass., Kolm 1976.

The term 'reflecting barrier' is borrowed from the
theory of stochastic processes. Cf Feller 1968, 342 pass.

Empirical research is not bound to make rather general
analyses of imputation mechanisms. Special cases attract
as ‘'facts' interest even though no systematic comparisons
with other imputation mechanisms can be carried out.

Cf Steindl 1965, 95 pass. this principle has played an
important part in the derivation of Pareto's Law. CIf
also Champernowne 13973.

This restriction is due to the fact that the second
largest eigenvalue of the transition matrix is sensi-
tive with respect to the number of income classes. For
a detailed analysis. Cf Mitter 1977.
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22

The lndeoendence property' refers to a negative result:
There does generally not exist a monotonic function re-
lating static inequality indeces to the measure of pro-
cess inequality. However, such functions do exist in
special cases. A notable example are MONOTONE-models
with ¢ = p/q = 1 and 0<8<1. The equilibrium distribu-
tions of such models are symmetrical with respect to
the income cdlasses. As § decreases the equilibrium dis-
tribution looses symmetrically weight on its tails.

Thus the new equilibrium distribution Lorenz dominates
the old one. Cf Rothschild - Stiglitz 1973, Mitter -

Wagner 1977.

Shorrocks 1976, 576.
Mitter 1877

An lmputatlon mechanism is always related to a set of
property rights which provides the framework of a penalty-
reward structure. (Furubotn - Pejovich 1972, 1137 pass.)
This penalty-reward structure of economic lnteractlon may

_ exhibit considerable asymmetry favouring some social

23

24
25

26

27

groups and discriminating against others. Such an asymmetry
corresponds to the built-in 1necuallty of imputation meckha-
nisms. Thus from the pamt of view of the 'contractual
theories of distribution' we may consider the degree of
process inequality as being part of the contractual
agreement reached in a pre-constitutional stage. (Uf

Bush - Buchanan 1974).

For a sample of alternative principles cf Sen 1973,
77 pass. —.

Sen 1973, 1.

Cf Mincer 1976-.

Stochastic models, eg.g. mover - stayer models, can be _
used to identify directly discrimination. Cf McCall 1971.

The structure of such a 'birth and death' process can
be used to control the distribution of income. Cf
Bartholomew 13973, 395 pass.



™

&

€

- REFERENCES

Atkinson, A.B., (1970), On the Measurement of Inequality,
Journal of Economic Theory, 2, 24u4=-263.

Atkinson, A.B., ed. (1976), The Personal Distribution of

Incomes, London; Allen & Unwin.
Bartholomew, D.J., (1973), Stochastic Models for Social

Processes; London; Wiley.

Buchanan, J.M. - Bush, W.C., (1974), Political Constraints
on Contractual Redistribution, American Economic
Review, Pap. & Proc., 64, 153-157.

Champernowne, D.G., (1973), The Distribution of Income between

Persons, Cambridge: University Press.

Chiplin, B. - Sloane, P.J., (1976), Personal Characteristics
and Sex Differentials in Professional Employment,
Economic Journal, 86, 729-7u5,

Dasgupta; D. - Sen, A. - Starret, D., (1973), Notes on the

Measurement of Inequality, Journal of Economic
Theory, 6, 180-187.

Feller, W., (1968), An Introduction to Probability Theory
and its Application, Vol.I, New York, Wiley.

Furubotn, E.G. - Pejovich, S., (1972), Property Rights and
Economic Theory: A Survey of Recent Literature,

Journal of Economic Literature, 10, 1137-1162.

Jencks, C., et al., (1972), Ineguality, Harmondsworth; Penguin.
Kolm, S.C., (1976), Unequal Inequalities, Journal of Eco-

nomic Theory, 13.

Lydall, W., (1968), The Structure of Earnings, Oxford:
Clarendon, 1968.
McCall, J.J., (1971), A Markovian Model of Income Dynamics,

Journal of American Statistical Association, 66,439-447.

Mincer, J. (1976), Progress in Human Capital Analyses of

the Distribution of Earnings, in: Atkinson, A.B.,
ed., (1976) 136-176.



Mitter, P., (1977), Two Stochastic Models of Income Mobi-

lity,. Discussion Paper 3/77, Economics Depart-

" ment, Institute for Advanced Studies, Vienna.
Mitter, P. ~ Wagner, M.,(1977), Inequality in a Markovian

Framework, Discussion Paper 1/77, Economics De-

partment, Institute for Advanced Studies, Vienna.
Neumann, J. - Morgenstern, 0., (1346), Theory of Games and

Economic Behaviour, Princeton: University Press
Rothschild, M. - Stiglitz, J.A., (1973), Some Further Re-

sults on the Measurement of Inequality, Journal

of Economic Theory, 6, 188=20u.
Sen, A., (1373), On Economic Inequality, Oxford: Clarendon.
Shorrocks, A.F. (19768), Income Mobility and the Markov

Assumption, Economic Journal, 86, 566-578.
Shorrocks, A.F., (1975), On Stochastic Models of Size
Distributions, Review of Economic Studies, 42,
631-641.
Steindl, J., (1965), Random Processes and the Growth of

Firms, London; Griffin.





